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tI g under éﬁfﬁ) c

plezoelectrlc

t a4 a valve driver. U S Patent 4,340,083 discloses a val ve

di ng a piezoelectric bar arranged in the valve reservoir and nounted

asa cantil evered berén ivehtite KexdAncpdlated f‘gkrﬂtﬁﬁmhﬁﬁw ifaular bei ng &l

nmount ed for

novement toward and away froma val ve seat surrounding a

control openi rRpntaol edesiese and tmAreaParkiaelamliof tana ddestice for sapkdl . |t
I's known al so taq use st ack, of Zo dISCS r wafers_as a driver
for an undarrpeaﬁl sﬁffﬁﬁat%ﬁggtgﬁt"ﬁt %Ej g& é?ﬁ %, RSES4T €81 oses the
use of a stackrnef salid QUnchachkLsdd ior digasass a dr| ver for appl i cations
whi ch require high speed, accuracy and no vibration. The known devices

position the pi ezoeFects iknownnterusen ac phezeelagtict atementi @sapdvatveire
protective co the ezoe
protect the sg’r'é gFOm g?“‘ét* (;3}9

nmechani cal
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Advant ages woul d ensue if a

flow of the fluid yet wherein the said

outsi de the véﬁ?@°?%§ﬁﬁ?ﬁﬁ Pa§op?#ﬂﬂ'QPHQQﬁﬂé?UéPEEFPF%tt?Qﬁ?§&uE§F RE not

contact the flgai.g GhYE € éggyy nded b iy g
economi cal to nanu?gg?ﬁ&g gﬁ& J'#qﬁectlve for’ ?ﬁ&ukﬁtengggs%ﬁ?%ose of
rapidly and.aamutnéeappximat&ohl¢fu;ﬂ:hnedtficum signal.
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a pi ezoel ect r imountedsal e canbilevdredpbeamceiltt thie fveetershoft dheontrol the
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It is known also to use a stack of piezoelectric

discs or wafers as a driver for an undamped@ spring-mass

system. U.S. Patent 3,614,486 discloéestthe use of a stack

of thin piezoelectric discs as a driver fér appliéat;ons

which require high speed;-acéhracyfand no vibration.

The known devices position the piezoelectric member

in contact with the fluid and require protective coatings

on the piezoelectric beam and electrical connections to

protect the same from chemical attack by the fluid.

Additionally, mechanical problems result from the fluid

contact with the piemelectric member.

Advantages would ensue if a fluid control device or

valve including a piezoelectric transducer could be

provided that functions to control the flow of the fluid

yet wherein the said piezoelectric transducer is located

outside the valve reservoir so that the piezoelectric

transducer does not contact the fluid.

A sfructure should

be provided that is simple, economical to manufacture and

highly effective for the intended purpose of rapidly and

accurately controlling fluid flow.



-2- Accordingly, the present I nvention prow des a flow control devi ce for
seLect1ver di spensi ng desired quantities of a fluid under pressure
conpr|5|ng a val ve body having a fluid chanber, inlet and outlet mean

muni cating with said fluid chanber with said inlet means capable of {!
be g connected to a source of said fluidgunder pressure, fluid contr ol
vque means for controlling such fluid di spensat | on through said out | et
meaps and ipcluding at |east one .valve seat a ent _said.outl et means,
a sealing menber nounted oGP ARE&H 5p g‘ff opergh 1°ntﬁrg‘éﬁl Yal ve
seat, an inpacti ny fiisov erongimydgalehlicenifior Bleéesealveﬂug fdisbensing deésbnedg,
or preventing COW@,@&%% & d *}quldumdel;tagﬁeesmehcsabﬂleyﬁgetaa$alve

desired sai d seal bei ng forned as a def or rab
di stortabl e by sedY hatinad r%\'&é‘r chambegpy 1?63& Gvfldeuﬁlf’?u?‘ﬁa??ght seal

at- the val vesseatcom\ﬁxﬁawﬁ-zg)ehw lsad ddfilvek ehamnbed Qlﬂthhea!a| ¥rléody -
isolated fromsaid fluid arl)qle

rlcaII conneat I a D C. power
source; sai-d driV&F? rf“lsawarPga de Iecta 0\656 grt%lgog ar lrjlgﬁe 8f QaX‘ﬁ %b‘éld
sai d i npacting newdgr, presbuttf, ddudld @Op@rtolloNaﬂepngeanwﬁgedcoohf‘olllng

ener gi sation or dg;g0ef Qi ffldilpeisatieondth¥hght Qaehl ewt.mexeﬁeghsosner move
said inpacting nenber to allow distortion_of or to distort the deformble

menber so as to atroiirding c?tdljs"e’ﬁd’aé’é'eof’azlge SgAGageirrenyafatdsayutlet
Wit hout eithep ofmesns, i apaedliing @fentieiry moumt@de b thet aalvegbsaydedl cod.
30

operate with said valve seat, an impacting member
engageable with the sealing member for allowing, or
preventing communication of the fluid chamber with said
outlet as desired said'sealing member being formed as a
‘15 deformable member distortable by said impacting member,
whereby to provide a fluid-tight'seal at the valve seat,
and a piezoelectric driver mounted on the valve body
isolated from said:flﬁid and electrically connectable to
a D.C. power source; said driver hav1ng a deflectable
20 portion arranged to engage said. 1mpact1ng member, sald
deflectable portion being arranged, on energisation or
de-energisation of the driver, tS:'\“é?é“’g;"ﬁy 1m‘;)ract1ng
member to allow distortion of or to distort the
- deformable member so as to allow it to disengage or
25 .-engage'the valve seat, without either of said impacting

- or driver members contacting said fluid.
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3 The preferred enbodi nents of this |nvent|on now wi I | be described, by vvay
L=txanple, with reference to the drawi ngs acconpanying thi's specrfrcatron
ch: FIGURE'1 is a partly schenati per spective view of 5 a fluid

deyi ce constructed in accordance with the invention; FIGURE Z is an
d séctional detail of the device shown in Figure 1, the housi ng o
'y enclosing the device being renoved; 10 ' FIGURE 3 is an :
enl arged sectional detail simlar to Figure 2 iIIustrating an alternate - .~

enbodi ment of the Vi ce ur e hausin enclo ng the =
devi ce being rerrt)vcei"g1 G%?ét?fp @%&??Esy"gcﬁien%ﬁng ”E s feet ! vjzivi ew of
15 a nodi beCdesd¥ibedl b Eﬁ%;msen&* 1, 0wl £ b FRrBh&E ald eheof fluid
_control devices; and FIGURE 5 is- an expl.oded perspective view of a nodified

enbodi nent of dthcinga/em:mpawmg &his spdedfdoatiom dhowidhs Figure 4. 20
Referring to Figures 1 and 2, there is |IIu%rated a referred epbodi nent

of the invention tHEXCURE {t83 RAEELYSRNeIRECr PaTSRE 'é*‘é? dEE Rharacter

10. The glevicg %Pu&f]%n@%élf Re0BoRPERIt taBCI A ldRBEaaNe RATH ey wi t hout
-residual notion e piezoelectric drive mechanism that 25 - provides .

the hi gh speedneestidn;on and. accuracy, actuates t he device 10 W t hout being =
in contact with the fluid to be controll ed, there%é avoi di ng nechani cal and

cheni cal probl ens WEGVRENR % SFoepiarged seckienal fiekatl 9ty tignfewiceievi ce
10 includes a gg@fr I Iﬂg&ggtfmgul af‘?\r}%@ %glﬁgllfefllt:!bglﬂ&lti%BBO port 2

14, a fluid ou port d an ele ower-.connect1o
- device being removed;

10 g FIGURE 3 is an enlarged sectional detall similar to
Figure 2 illustrating an alternate embodiment of the device
of Figure 1, the hous1ng normally enclosing the device being
removed; S ) -

FIGURE 4 is a partly schematic. petspectlve'ﬁieﬁ of
! 15 a modified form of the invention providing a plurality of
' . fluid control devices; and _
FIGURE S is ah exploded perspective view-of a modified
eﬁbodiment of the invention similar to the device shown in
Figure 4. . | o _

20 Referring.to Figures 1 and 2, there is illustrated

a prefetred embodiment of the invention that is identified

' generally by the reference eharaeter 10. The device 10
provides for high speed operations and accuracy without
residual motion. The piezoelectric driﬁe mechanism, that'

25 provides the high speed operation and accuracy, actuates the
device 10 without being in contact with the fluid to be
controlled, thereby avoididg mechanical and chemical problems
with the piezoelectric member. The fluid control device 10
includes a generally rectangular housing 12, a fluid inlet

30”' port 14, a fluid outlet port 16 and an electric power

connection 18.

Hoigge



Encl osed wiithin the housing 12 are a g_e_QFr_aI |y rectangul ar val ve hd
havi ng- a ¢hamber or passageway 22 cofmuntcating with the input pg
the outlet port:'16, a nmenbrane 24, a nounting block 26 a piezoel

driver 5 mechani sm 28, an .inpacting nenber. 30, and cl anpi ng .menber 32.
The fluid i-s contai neEpEasedewdthin h 'PﬁEs%%rﬂ?et‘rZZ‘d%???f@g‘IHy the val ve’

body .20 and th ' , i ti " h -
pi ezoel ectrit S.re%glr:')6 nec ?%Ig%h%sg?/ze& g'gb'%r ?ge ro%??ﬁg ?ﬁﬁﬁ;@%ke?%hanber
22 within the Fommun¥@htEndWd¥n26hé Sinputopeet 14 andorhecowtdet! porseas, 29.

The val ve seat 29 is substantial|ly coplanar with the generally planar
surface 21 of tshmembrame [Rddy a2@cuntingrbiorkneé 2m ipiegoeleckric driyere

nmenber and can be_formed of a polynmer material .. S th terial .15
sol d under the*&&?ggﬁ‘f‘ 'tr‘&dgﬂﬂ%/‘k“d’fg o3l 014 &%‘Bo%i% ¥ 1e IS? 3%3/ of
various el ast OReS £901 & Y PontAlfed tirtirdly| RIthiif tRREhaRSer’ 22TdREIRE

sel ected on the basis of abrasion resistance and chem cal conpatability :
with the flui db3sthel vahse ibodycR0sdnd ithe membrae |24enwherdhy ddieeri stics. 20

The nenbrane 24 can be provided correspondin n dLnens&ons to.the
fectangul ar vallrPasbing Wcéﬂt‘%ﬂtweal’gﬁﬁg?gﬁqv*hﬁﬁ VX meghatRfBss, for

exanpl e 0.015 ijac e i's ; r
general Iy pl anaz;a ggrgf %%%J'lfflgf f?ﬁ‘g-t\[/%]\?é% 8ay %g&glh%ﬂ?épair?gﬁge ?‘nﬁi‘ém y 25

and resilient| yalveabydy taccds Rkpasged it pbevide & vatet S6at Bse nwhbrane 24
functi-ons as a gasket by sealing around the openings for nounting screws.
The nenbrane 2#4aivevseiat 29 fisusubstaphiaddy| ceplanar withcthe genexarlyh t he

I mpact i n_g rrerrbeprla%gteé&[ ii“:n ﬁ g&e&eet %ra 'vge 5 fr)r‘fne. on the nmenbrane 24.
| " The membrane 24 is a strong, pliable member and
can be formed of a polymer material, such as the material
15 sold under. the registered trademark of TEFLON by Dupont
Company, or any of various elastomers or rubber. The
material for the membrane 24 must be selected on the basis -
.of abrasion resistance and chemical 6ompata:bility with the -
fluid as well as i_ts-élaticity. and :esiliénc_e characteristics.
20 - The membrane 24 can be provided corresponding in dimensions
to the rectangular valve body 20, except with a generally
thin wall thickness, for example 0.015 inches(3-81i31@5%n)
The memsrane 24 is sgcﬁred to the upper,'generally planar
L = surface 21 of the valve body 20 and is arranged movably
25 and resiliently in a vertical'plane with the valve seat 29.
B The membrane i4 functions as a-gasket by sealing around the
openings for mounting screws. The membrane 24 provides a

fluid-tight seal at the valve seat 29 with the impacting

member 30 exerting-.a pfedeterminednforce on. the membrane

24.



per .
3 holinting screw 36. Correspondi peni ngs 38 are provided in the val ve

bodyN\20/ t o recelve tHemnﬁxnstsnges%rigie

36. convenlentl

necessary, -

dep

i ng sc}ems 36 are enployed to coupleﬁthe mounti ng bl ock 26, nenbrane
A\t he 'val ve body 20 and additionally to provide the cl anpi ng -ar ound
Openings 34 are provided in the menbrane 24 to al l.ow passage 5

recempinyeds $00eoupke &benti ng screws

APRGPS IO AROPEAT A 28 oot ORCvRIYA JRAY 7 e

control | ed. Th%mu&éhmgbleecgraﬁaé 0¥ SRginy Wo@ﬂ&W%hﬂﬂb&P recei ve

t he nounting screws

econ

screws 44. The Openihgs (34 are\prdvided ianphe ymentiraneoé |t aldovwl pagsays

menber

32,

the 15 . piezoelectric driver nmechanism 28, the spacer 52 and

the mounti®g blafkcR EB““MPFHGB@% IFQrEBSP%“%’G\/PBQEi'HF e aFBUPRIVGeS ock

26 to retain t 0 t the val ve
seat 29 in the&\?'alt\i}gaigidw?g‘agbg‘slﬁo a:é‘;\%('-f?rE |c%4308‘1°§ﬁe eérdgv%" SE
mount i ng bl ock 1@ 8e of aNe heuhthrd Ferewk! 36 wbnienmgerealabldsnenm ons to

t he rectangul ar val ve body 20. The piezoelectric driver nechanism 28 is
provi ded as a exsbangimg ©f khe menbuapeoedrshould dtnbe mesessesy: han t he

di mensi ons the v Ive bo The ric.25 - driver
mechani sm 28 i é’%ﬂepag? Wb%s"? tuFRy %é)zfg‘etgi) 4 &8 BPezoel ectric,

for exanpig plqiggga?@gg,nenbers waf ers 48A, 48B, secured toget her. The

- overal l

nunber of the piezoe

ectric menbers 48A, 48B, secured together in a stack

deterni nes the total Themantifg BIck260tscprdvidelywsth ope@ndsis@r

nechani sm 28.
.mechani sm 28

—t———
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The total force that can be generated by the driver
to receive the mounting screws 36. ' Second openings 42 are

provided to receive mounting screws 44. The’ mounting screws

44 are.employed to couple the clamping member 32, the

piezeeleetric driver mechanism 28, the spacer 52 and the
mounting block.zs. ‘A third opening 46 is pnovided in the
mounting block 26 to retain the impacting member 30 in
position concentrie with the valve seat 29 in the valve body
20 and in a vertical plane therewith. The hounting block 26
can be substantially equal.in overall dimensions to the |
rectangular valve body 20.

The piezoelectric drxver mechanism 28 is provided as -

. & TeCtangular bar hav;ng overall dxmensions less than the

overall dimensions of the valve body 20. The piezoelectric

driver mechanism 28 is illustrated in Figures 2 and 3 as

two like’piezoelectric5 for example piezoceramic members,
wafers 48A, 48B, secured together. The number of the |
piezoelectric members 48A, 48B, secured together in a
stack determines the total force that can be generated by
the driver mechanism 28. The total force that can be

generated by the driver mechanism 28

openi ngs 42 are provided to recelve nounting

o

¥



6 increases in proportion to the nunber of pi ezoel ectric nenbers 48A, 48B _

provi ded in the stack. The number of "piezoel ectric menbers 48A, 48B is =
selected:to satisfy the operating requirenent of the particul ar '
application. The 5 pi ezoel ectric nmenbers 48A, 48B are secured toget
and are connected electrically in paralleﬁ. For exanple, the stack of
| +-ke piezoel ectric nmenbers 48A, 48B can provide a driver nechani sm ha
t hikekness of abowncﬂe&&em% (lﬁ‘offﬂbr[tﬁblh] td) thel hhauah ol ﬁ@&g@g@cgglc

connected 10 rlcaII rall el ¢on ectl
pi ezoel ectric ne ers aﬁdﬁngprgvﬁgﬁgﬁﬂPet%Ftﬁl EEFIP“PHthefart

"The el ectri cal pmzqsacimmmcomemem d8ayi 488 tis usleeeuppar tongakawey the

(¢}

1 t ovar d 4
Jelation to the ALrak s SR ks poPeoRdeabhiFoneBPTagAATnABRABAR: ude of

surfaces of the wyranlit WegulveRheloe ofRC AN EA-aRgul 3 ccoBRgC! oyl

a variable BEC power supply he piezoele tr|c rrver
cantilever rount &fezoslectriiccdeghershd§dgh48Bspaecsesared thegetbent ang

bl ock 26. The fr emecrbniectla puebeeheauuyclﬂrb&ealﬁEQhanrsﬂlZﬁah§1@fféﬂged
r edet &rm ned

t he novenent or d@&Pvdde endefivememecbenésa bavihg prehmekﬁékslafdabuﬁt _

mechani sm 28 |ncqq@&egnﬁﬁrK@SBQHGFaﬂ)tO hﬂﬁﬁgﬂéﬁs uggga# % of ohli cte
applied volg%ge val ve_10_can be"used as a P €°Varye

varyi ng the ‘level® SthﬁgaigﬁlﬁedpesPi&gés fi §erdes Ppnagstapesoﬁ hb¢na||y

closed valve 10; plieeopilesteliecnembetlsi Y8A BRANEBBSNE2BehSiNEENRILESA | Yhe
defl ected and holg &Qg Enethgpggklng menber 30 agai nst the nenbrane 24,

The electricdl power connection 18 is prov;ded to :
the upper and lower surfaces of the piezoelectrzc driver
15 mechanism 28 and is connected to a variable D.C. power supply
| 50; The piezoelectric driver mechaniun 28 is cantilever
mounted at ;ts fixed end-through a spacer 52 to the
mounting block 26. The free-end of the piezoelectric
driver ﬁechanism 28 i#ﬂdfraﬁéed'to move toward and away from
20 the impacting mépbgr 36 in predetermined relation to the
polarity and level of the applied voltage. Thé amplitude
of the_movement or deflection of the free-end of the
piezoelectric'drivér'meéhanism 28_ipcreases‘corresponding
to increases in'the level of the'applied voltage, so that
25 valve 10 can be used as a throttle valve by varying the level
of the applied voltage. _
' Figure 2 illustrates a normaily closed valve 10; the
piesocelectric driver mechanism 28 is mechanically deflected
and holding the impacting menmber 30 agaigét the membrane 24,
30 and membrane 24'S§éinst the valve seat 2§;with thé.power
éource 50 deéctivated. Thé driver mechanism 28 is arranged

to provide a fluid-tight sealed engagement between the
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and nmenbrane 24 agai nst the valve seat 29 with the power source 50

deac‘iy. ed. The driver mechanism 28 is arranged to provide a fluid-tight

t he \eHeX \i cal

pi ezQe

power source 50 deactivated.. The free end of the

sealfe tg{:agenent bet ween t he 7 menbrade 24 and the val ve seat 29 m@th
-lec _
e ¥c driver nmechanism 28 is caused to further deflect and nove

away Nopfthe inpacting nenber 30 by activating the electrical 5 power

source 50, ther gyt i2di Ba aHAVAIVO sdatupgl withtherelptribarbpswer2. The ;-
anount of fluid flow can be controlled by varying the | evel of the voltage ™

applied to the poeree|59cdractivdbeds rBhshfnpenend ofnthe | Rigzophectrin
duration of the_applied 10 , vgltage. Figure.,3..llustrates_a.normally open
val ve 10 wherei ¥ %e' W&%ﬁﬁf’@ﬂtz%l é‘sd??‘?/seﬁﬂ'#gcﬁéﬁhse f §%£ esc%araf’gn’a"ev to
provide a path jQiy f#idnd hb O¥hgdeiang hmém&‘bg?] 1?2 adieat ity RAWCE1EUHICR150

I s deactivated The spacer 52 is provided wth 15 addi tional height than

i s used fors t hepowemeddurcel 58 cthexkby providingtadath o filaid flvws, the
free-end of the piezoelectric driver nmechanism 28 is disposed at a higher
posi ti on wher eb¥h¥oRSl chaBbEY R4 frominlet port 14 through the chanber 22

and past val ve seat ngkpaﬁéﬁh ;ﬁ?-g&ufgw 10wPc? be chhiforied BG4 ce 50

deacti vat ed.

The free-éen prezoelectric driver nechanli sm S

caused to def| egche AAWraIDVE thwaiodlthle appldedi tu thaTptezdilepyrictdriatdg t he
el ectrical power source 50, thereby throttling the fluid flow through

chanber 22. At meghanfemeRfi srdi alege| thy tige durphiopcsf e agplitde free end

of the piﬁépele%é{éégékiver mechani sm 28 noves the inpacting nenber 30

agai nst t

15

20

25

Figure 3 illustrates a normally open valve 10 wherein
the piezoelectric driver mechanism 28 is arranged to provide
a path for fluid £low through chamber 22 when the power
source 50 ie deactivated; The.spacer 52 is provided with
additional height than is.used for the.normally closed valve

-illustrated in Pigqre 2. .Thus, the free~end of the

piezoelectric driver mechanism 28 is disposed at a higher
position whereby the fluid flows from inlet port 14 through
the chamber 22 and past valve seat 29 to the outlet port 16
with the power source 50 deactivated. The free-end of the
piezeelectric driver'mechanism 28 is caused to deflect and
move towa:d.ehe impacting_member_30.by activatiné the
electrieallgower source 50, thefeby ;hrottling the f£luid
flow through chamber 22. At a predetermined level of
applied voltage, the freenend ef the_piezeelectric driver'
mechanism 28 moves the impacting member 30'egainst_the
membrane 24, such that the membrane 24 exefts a fluid-tight
sealing force on the valve.seat.29 and closes chamber 22.
‘The vertical dimension of the spacer 52 cah be used

tb_provide for a normally_closed'or.normally_opeh valve

-’

.

~
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~menbrane 24, such that the menbrane 24 exerts a fluid-tight sealing force

ont-he, valve seat 29 and cl oses chanber 22. The vertical dinension of ’
spacer 52 can be used to provide for a nogmally closed or normally op
val ve. with the polarity of the electrical connection 18 determi ni
direction of novenent of the deflectable portion of the piezoelectri

‘dr'i ver mechani sm 28. Referripg t ur.es.4.a forms of
|dn§_e,nt i on ?Le |Y’¥-E§t‘?h<ﬁ Eﬂlz’é‘a&ré gb?cﬁﬁzﬁtﬁlf)ni;ﬂl c{:eiiui'd control
evirces-w thin 80&m ) Qﬁg ecfaBleseven
outlet ports 16§\e %é% ']%g he.LéfD{ hgié‘grﬁl‘,GFm ?66 ‘are provi ded. © A separate
and indivi dual - gbgeidn &l tﬁemmbemeceﬁc dgidér mechanismi@8.t 0 each of the

seven fluid control.devices thereby providing for se rate and |ndependent
operation of each. FiRpfiesring toaFignFendednfeh s Modd HOEWS oPE MRl ti pl e

val ve bod ncl ydi n J‘our f n I has a
chanber Zg'gconﬂ‘gg? J(jm[ ﬁﬁelﬁjp]lﬁ%pglr:%&)'lfqu Bg@idlggh%aél\é%rﬁ@g%ge? ports
16A, 16B, 16C, koRi&NsbritTol’ dANGRE WOLtKINOW Heusiny 123l ve seats 29A, 29B,

29C, 29D. Openings 38 are provided in the valve body 20' to receive
mounting screws 36'. rFe.gbranb 206 i@le;e@ertdl%oapﬁesmp“tbeﬁeral ly

pl anar surface -of the val rran abl.e and '
resiliently in PREE %e’r%'ci? gﬁPt ﬁ%ﬁn 16@1 VG 85E A’ggéQBz?ZQC 29D.
Eor r espondi ng teesggaw%aangﬁaﬁﬁauw iheevabue faiscefon 1apeRkngs 34'. are
provided in the rane 24" to allow passage of the nounting screws. 25

A mount i ngl®| ocpraégided tor eachilad whehseysanifiydd 4pntrol rdeyions heeredy

openings 34' in the, nenbrane 24" to r
'p: g - providing for separate aﬁ EEz.lnvdependent operation of each.

Figure 5 is an exploded perspective view of a multiple
' velve body including four fluid controi devices. The valve
body 20' has a chamber 22' connecting the input port 14' to

- 15 the.foﬁr outlet ports 16A, 16B, 16C, 16D and is arranged to
provlde four valve seats 293, 29B, 29C, 29D. Openings 38"
are provided in the valve body 20' to receive mounting
screws 36'. A membrane 24°' is secured to the upper,
general;y.planar surface of the valverbody 20* and is

20 erranged movable and reeilrently in the vertical planes '
with the valve seats 2§A.'293,'29c, 29D. Corresponding to
.the openings 38' in the valve body 20°', openlngs 34' are
-provided in the membrane 24" to allow passage of the
- mounting screws. _ _

- 25 . A mounting block 26' is provided with openings 40’
‘corresponding to openings 34' in the membrane 24' to receive
the mounting screws.36' that couple the mounting block 26°,
the membrane 24' and valve body 20'. A pair of openings

.42' are provided in the mounting block to receive mounting

30 screws 44' that couple the mounting block 26' to clamping

member 32' with the piezoelectric driver mechanism 28' and

the spacer 52' secured therebetween.



t he nnuntiﬁg screws. 36' that coupfe t he mounting bl ock 26", the nenbrane _
24" ‘and val ve body 20'. A pair of openings 42' are provided in the mount i ng/
ve nounting 30 screws 44" that couple the nounting bl ock

bl o
26'

ﬁaﬁbo recei
=0
t he’cer'f52'

| anpi ng nenmber 32' with the piezoelectric driver mechani sm 28"

and

secured therebetween. - 9 Openings 46A, 46B, 46C, 46D are

‘provided in th nti bl 26, t tain i t] b 30A, 30B,
SBEYI-SSD':'ARd a(raemérgﬁ%ggﬁgﬁ r%%ﬂeg%'r%gggl Eﬁa#g%&?%%&tﬁnvgﬁ%e seats 29A. .

u .

29B, 29C and Z86Ant 1hCpiBi126M0tl| AHa a0 infAdting member® BOARN30MY l30cGqual =
in overall dinensionS to the valve body 20°. The piezoelectric driver
mechani sm 28' 30&x|andcaré dlispeisedt in ddiel yestjonlapldanes whith £8B@ valdie 28C,

28D with a separate _electrical power connection 18A 18B.  18C, 18D 10
provided to eat8RYHRRNRRdRIC 2vAt39N.. The Mognting hhock 6 qreanpe 28,

éﬁﬁ‘séahk&iéﬁf‘t g%?ifi‘ &;&%Floéiﬁé?ﬂiohé ko RineZ 981 6E Wddy Menbers.

28B, 28C, 28D
48A, 48B, 48C,

38D. spacer

I's enp

between the frzetends of the piezoel ectric driver nechani sm 28A, 15
28C, 28D and the inpacting nenbers 30A; 30B, 30C, 30D to provide either all

normal | y open

si ngl e val ve 19

or al Mhacpiradelestoic Axiyeyuechanisk2§hdnsludegskauthed for a
il trated-in .Fi . d Dl lui d
Seitedselt et S AEE A 2B AR M L T

control devices

oyed to det.erm ne the separation

28B,

i ndependent , hidgarapecdlenaidal Opoiidd BRREEEIah WeADCLEB f asigupgp noti on for
each of the separate, closely-spaced valves. Alternatively, a multiple
val ve boll¢ (naprostides)teagach for individual control. The piezoelectric

15

20

25

drivers 28aA, 28B, 28C, 28D are illustratéd as a stack of
four like piezoelectric;mémhers 487, 488, 48C, 38D. A
spacer 52' is employed tb determine the separation between
the free—-ends of the piezdelectric;d:ivef mechanism 28a,
28B, 28C, 28D and the impacting members 30A, 30B, 30C, 30D
to provide either all normally open or all nbrmally closed
valves as.héreinbefore described for a single valve 10 as
illustrated in Figures 1, 2 and 3. | |
The multiple fluid control.devices illustrated in

Figures 4 and 5 provide f&;.independent, high speed operation
and accuracy without residual motion for each of the
separate, closely-spaced valves.

_ | Alternatively, a.multiple vaivg body (not-shoﬁn) can |
be provided with a élurality of inlet ports corresponding
to a plurality of outlet ports. The provisiog of multiple
inlet ports coult be useful in fihid cohtrol'logic.
applications. '

Fluid control dévices embodying the invention can

. be employed in a variety of different applications. Among

30

such applications éould-be selective dispensing of inks,

dyes or the like in the compute:_printing,field, controlled

-

L 2]

7



be provided with a plurality of inlet ports corresponding 25  to a
phyral ity of outlet ports. -The provi'sion of nmultiple inlet ports coul,
useful in, fluid control logic applications. Fluid control devices epbodynng -
the invention can be enployed in a variety9of different application P
Arrohg 30 rsuch applications could be sel ective dispensing of inks
or the like in the conputer printing field, controlled - dispensing
medi.ci nal s fromagaepefsingRfanesibinala P bunds, | itglanced rorl hekanng fluid
flow’in fluidic systens, anpng others. Although the inpacting menber 30 has
been illustratedof instance.spertreldingafluid faevvinidLlnidie fayskemd: ch can
cooperate wi'th the val ve seat 29 and nenbrane 24, it. will be understood
that menber 30 ﬁgﬁnﬂdwgmgsdifferent configuration within the purview of the
invention. For exanpl eal¢HRABA" tm) ifREcPEhd nieibePUSY Ak Bedd ahf1aBEFatid |

whi ch presents such'a 10 ~ cooperating surface with the val ve seat,

i ncludi ng tSe n@sbarsphiereCovi bakl o phevidepacsunfaree which ean ikeopexstieer
useful confi-gurations. For. descriptive, purposes only, the term ’
"pol yhedral - | ké’iﬁgnﬂé? valye §eak 4.pR¢ membrape 2 éﬁngﬁ{lé’f pgderstende any
configurati on OkpbiNAGILTE505hay have & WiFdlrent o fiGuPai 45 4 LA YPed-
CLAIMS: 1. Aflow control device for selectively dispensing desired
guantities of aphkuiew wilehepimeEntioncOorBuyr exagple, wehber [Bldwalyabe g a

fTuid chanber, inlet : .
) _ cylinder or a flattened ball which presents such a

10 cooperating surface with the valve seat, including the
member 24. Obviously, the impact member 30 may have other
useful configurations.- For.descriptive purposes oply, the
term "polyhedral~like member”, és used herein, shall be |
construed to include any configuration of'impact member

15 suitable for the purposes described.



and outlet means communicating with said f|UId ch with said inlet
means capabl e of being connected to a ur ce - of mwm "]M”a pressure,
~control valve neans for controlling such f t hr ough

out | et Meais i ncluding at | east one val ve seat a Jacenf sai d

¥t /means, i'ng menber nounted on_ 10 t he val ve_ body to co- operaté-/
gai d val ve seat, anlinpAcfilry rerbePlefguiesanfervFeleehiveln) ing
per fof al | yiigpen@ing a&ea&-eagqﬁamansat benao‘flhhe fhaes shesdhere W't hw
said outlet as desired, said rreHb bei ng ma% a‘%s g def rrrabl e
menber di st or t SAPTHFILE( alga "en«ggé‘?. avi‘fﬁﬁbgr EBY RS brow
fluid-tight seaindatoutbtletvuleaasseammuandaalpge!@ehesndcflllludfetph«mdmrt ed on
the val ve body J;59) %faqg ah&@‘tsﬁbgny daglagid skessihgaewn&@e@@ce@bée to a

D. C. power” source; sai river _having a defl ectable_portion arrﬁn ed to
engage 20 saiSPunesacfi fgifefBuid wRAgrqBreEsuss) of gb?‘i‘l%?ln%? v &t ¥anged,
on ener gi satlorhéynsieoenebgms-auueago%ubhefdﬁmea;spenahtmrmmaagﬁ of or

nove sai d i npacti.n r to aIIo or.tion_of o.dis t
def or mabl e rrerrt?earl‘g(?ng‘g%% eePew® élusdéﬁ ﬁg %‘r%%%g%'gée %%%%w g\;aetseat
wi t hout either asfjaz®nt saiid pnpésttl ngaas,dal sealheabembeonmmnwg eni d %

fluid. .2. (A dg q&%ﬁ%%%@gtbocsLaP@»Ltbnw%thaﬁal da it | LatRans
conprise a plurality of separate outlets, -each conmuni cati ng W th ?ald

chanber; and saﬁ"ﬂ’ad’é"\i'-l"@e"HeHPIetﬁ‘d€§gégPPPéepV6F9I the ﬁ?a%hFQe“‘%'é%‘?ﬁ
i npacting and 5allou.drxﬂgverr w@bemmgopemnnmgambh o4 dhdefmmbébaxﬁmﬂ'i.ng :
member for sel th'Ve'.—Qédd ’Ag %-'igefd.r,"%‘ 18! deSEPREAhEMBES | 6L FngPON
~energl zing or d" energl ZI sa| ddriver. g . .

- formed as a deformable member distortable by said

15 impacting member, whereby to provide a fluid- tlght seal
at the valve seat, and a plezoelectrlc driver mounted
on the valve body 1solated from said fluid and
'eléctrically connectable to a D.C. power sburce; said
driver having a deflectable portion arranged to engage

20 said impacting member, said deflectable portion being
arranged, on energlsatlalor de-energisation of the driver,
tsgﬂsyg“ﬁﬁigeﬁggggflng member to allow distortion of or
to distort the deformable member so as to allow it to
disengage or eﬁgage the valve seat, without either of

25 said impacting or driver members contacting said fluid.

2. A device'according to claim 1 in which said
outlet means comprise a plurality of separate oﬁtlets,
‘each communicating with said chambér; and said device
includes a like plurality of valve seats, impacting and
5 driver members cooperatlng with said deformable sealing
member for selectlvely dlspen51ng fluid from said separate

outlets upon energizing or deenergizing said driver.



_nenber conpri ses 'a nenbrane 4. A deV|ce accordln 2
or 3 in wiich each inpacting member has % poI yheﬁ"ummlﬂiﬂlﬁ ' 5.
\ﬁédeV|ce according to any one of claims 1, 2 or 3* ntwh eac g

nmber has a ball-like. confjquration A deyi o] any of
clains 1 to 5 in whi eggrfi%%%ra?goﬁaﬁ'gz Begg#w; Fg nchored at one
e t her aj e e i g, adjacent the.
omy teGé ﬁ‘r‘ﬁzﬁéf% B?gé’ @g&ﬁ%&&gﬁéc glg%gcp‘%i%&% Sh& of clains 1 :
to.6in ' qid val ve body includes a nounting plate having each -
|npact|ng nember*supported thereby in registry with a respective val ve
seat. 8. A devi ce according to any one of clainms.1 to 7 in which said

def ormabl e menber is formed of an elastoneric or a rubber material .

4. A dev.ice according to any-one of claims 1, 2

' or 3 in wluch each impacting member has a polyhedral—like

(r-

configuration.

5. A device accord:.ng to any one of claims 1, 2
or 3 in which each impacting meznber has a ball-l:.ke

configuration.

-6+ A device 'adcording to any one of claims
1l to 5 in which each d_r-j.v'ef is a piezoceramic wafer anchored
at one end thereof on said valve body and each deflectable

portion is adjacent the opposite end of the wafer.

7. ' A device' according to any one of claims 1
to 6 in which said valve body includes a mounting plate
having each impacting member supported thereby in registry

with a respective valve seat.

B. A gdevice according to any one of claims
l to 7 in which said deform_able member is formed of an

elastomeric or a rubber material.




