CAPACI.TI VE PRESSURE TRANSDUCER 5 The present invention relates to a
capacitive pressure transducer. ‘According to one aspect of the present
~ipvention, .a.10  capacitive pressure transducer includes a transducer
housi ng; a sensor housing having a central 1cavity and bei ng nounted :
relative to the transducer housing; diaphragm neans supported gg- tpb -
sensor. housi ng and extendi ng across the central cavity to ther _§§§iV| e
tRe"15 central cavity into two central chanbers, -said di aphragm neans
bei ng defl ectabl e under pressure and-at least a portion thereof being
.conductive to provide a first capacitor plate; each of said centra
chanmbers having a conductive surface portion spaced from the di aphragm 20
means for providing second plates of a pair of variable sensor capacitors,
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each fornmed wi-th the di aphragm neans conprising the first plate; - a pair of

i-sol ators, said isolators each having an isolator chanber and an isol ator
di aphragm di sposed-t herei n; separate passageway neans 25 coupling each

i sol ator chanber to a CHEMIITIVE PRESSURE: TRANSPECERhanbers; - neans to
permt applying separate pressures to the respective isolator diaphragns at
a static linme pressure, each isolator chanber, its associ ated passageway
means and connected central chanber 30 enclosing a substantially

i nconpressi bl e f[LH(LTﬂéﬂifﬂéﬁﬂﬁYﬁﬁvéﬁﬁﬂdh deflatels 1o andapaaigivg t he
capacitance of. the variable sensor_ capacitors responsive to the -la -
differential betRERFFYHR E‘(%ﬂsl‘ﬁ"qqﬁe pressures applied to the isolator
- di aphr agns, means foraquysdiosd [to s @spent woife théopaegent 4ny95ddM-oR
spaced fr(”ﬂérnaégggégtive pressure transducer includes a transducer
' housing: a sensor housing having a central cavity and
being mounted relative to the tfansduce:.housing;
diaphragm means supported on said sensor housing and
- _extending across the central cavity to thereby divide the
15 central cavity into two_central'chambérs, said diaphragm .
means being deflectablé'under pressure and at least a '
portion thereof being conductive to provide a fi;st’
capacitor plété;-each of said central chambers having a
conductive surface portion spaced from the diaphragm
20 means for providing second plates of a pair of variable
- sensor capaéitors, each formed with the diaphragm means
comptising the first plate; a pair of isolators, said

jisolators each having an isolator chamber and an isolator'

diaphragm disposéd'therein; séparate passageway means

25 . coupling each isolatorjchamber_to a_separate one of the

' central chambers; means to permit applying separate
pressures-to'the'respective isolator diaphragms at a
static line pressure, each isolator chamber, its-
associated passageway means and connected central chamber

30 | ehclosing a substantially incoméressible fluid, the

' _diaphraém means deflecting and changing the capacitance

of the variable sensor capacitors,responsive tq'the' '



usi ng, the

sensor housing and the di aphragm neans being 5 constructed

warp and to deflect .to reduce error in capacitance indicated by the

ri able sen

sor capaC|tors as the di aphragm neans defl.ects in response to.
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ffces adjacent t he di aphragm on OppOSIte S|des thereo

The pressure applled to the respectlve 1solator
dlaphragms will act on the sen51ng dlaphragms _
.respectlvely,_and if there is a dlfferentlal in pressure
on opp051te sides of the sen51ng diaphragm, the sensing
'dlaphragm deflects cau51ng a.change in capac1tance
between the sensing dlephragm and the respective second

- plate. The sensor housing and'the”sensing diaphragm are
constructed so that as the static line pressure changes,
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that is the pressure levels on both isolator diaphragms

' becomes greater or less, the sensor housing and the.

sensing diaphragm'warp,end deflect to reduce errors in
indiceted"capaCitaneepas the diaphragmudeflects“in
response to the same differential in the-static line
pressures, but at’ different statlc pressure levels.
Accordlng to another aspect, the 1nventlon comprlses
a capacitive pressure transducer 1nclud1ng a sensor
hous;ng with an internal cav1ty, a deflectable,
electrlcally conductlng sensing dlaphragm mounted on the’
sensor housing and dividing the cavity into first and
second cav1ty sectlons, said sensor housing hav1ng a
central axis lying generally normal to said dlaphragms, a
f1111ng of insulation mater1a1 1n each of said cav1ty



to-formchanmbers permtting deflection of said di aphragm under | oads towar ¢
the respective recessed surface, means 5 on the respective recessed .
surfaces forming capacitor plates which in conbination with the dlaphragm
formfirst and second sensing capacitors geddrally symetrical with each

ot her relative to the diaphragmat a rest .position having capacitance
vqg;eS-C[err] and C2, respectively, means 10 I ncl uding an isolator to

previ de pressure to opposite sides of said diaphragmtending to deflect
sai d di aphragm when pressures on opposi te sides are different fron1each
other to thereby | ower the capacitance val ue of one -of the sensing
capacitors and raise the value_of the other 15 - senS|ng capacitor, the

reference p05|t|o%PQﬁ1?%%' Fakh R iatigp materde ey GF@@@EFE on
opposi te sides ofshiEasesipidpacens ©eeladiagHirdde ey loWi:sb.‘ytet A adisTeihereRs

dth ff t f elast t f t h I
material and the EerEorm HORRPRE P Vi bR I of ANhh e ARnEAL
to insure that thm@endlm&ds)ftmanpmﬂwnmsrmmue rmetsfse&zﬂmtﬂamcmeans .
spacing at regt posi{}ON-Of éé‘@nﬁégf&é’%éa%d R L% ag'éa)b fAYYy to a

constant under. .changi ng pr sures nagnltu es on osi'te sides of
said 25  di aphra@mtmnﬂu%smmmmmqmavm igphragm foymy first -

sectional view Ofaﬁ’d pé@éémeséﬁamgwﬁams flgé%fé‘z@ld.@n(‘s@nwéﬂ}:ﬂdﬁ wla;mant
i nvention; Figure 2 secti gnal éhﬁt$1 ensor _housin

“anot her enbodi ment3eh 5ehs ?th‘b%s'i’?lg B {% & & dePc°L§i’1‘q"1°n
Figure 3is a grammwatgadmam@eLWameﬁ Cesndids trempsticisreliyn avszorsd

‘(""1} 2 oa;] gpbggeneg%g%uamg F Gy oL PLL S WS NG AT & Prddultle (d) dpptidite
P sides of said diaphragm- tendlng to deflect said diaphragm

‘when pressures on opposite sides are different from each.
other to thereby lower the capacitance value of one of
the 'sensing capacitors and raise the value of the other
15 sensing capacltor, the reference position of the
diaphragm being reached when. the pressure on opposite_

. sides of the diaphragm is equal; characterized'by the
dimensions and the coefficients of elasticity of the
diaphragm, the 1nsu1at10n materlal aqa the iensor*Bousing

_293_ 1n relation to the diaphragm dlameteixto 1nsure that the
product of dlaphragm stretch times the capac1tance
spacing at rest position of the dlaphragm remains
substantially equal to a constant under changing
pressures of egual magnltudes on opp051te sides of sa1d
25 dlaphragm.
BRIEF DESCRIPTION'OF THE DRAWINGS
Figure lis a seCtional'view of a pressure

transducer made in accordance with the instant invention;
_ ' Figure 2 is a'secticnal view of the sensor housing
30 of another embodiment of the sensor hou51ng of the
' pressure transducer. . '




19 ) v. differential pressure for five different 5 calibrations having °
om 0 PSI G (pounds, per square inch gauge) static line pressure applied to
th sides of the transducer to 2000 PSIG to both sides of such
ansducers; Figure 4 is a graphi c repre@sentation of the resul'ts 10 of .

testing a transducer in accord with an enbodi ment of the invention show ng
output deviation in percent v. differential |ine pressure to show
tenperature effect (unconpensated) for several calibrations; Fi gures 5A anﬁ{
5B are illustrative cross-sectional 15 - -representations show ng the eff.ect
of |ncrea5|ng static line pressures on a capacitive sensing cell such as

- that .shown in Fig ng .2 | P PREFERRED EMBODI MENT A

. transducer which E$S¢Eraglgsls Dg gﬁfgﬁoyéng 5£Ff§F§HEF§I°E EeSHLBY Bauge.
pressure, fI(ﬁnamﬁgmgﬁrbnno@nsprduvhtpressambodmmenteofnthes1ﬂhennlgnnera1Iy
at 10. The trs%%%ﬂ‘t‘x‘éebe'r@@h%d%%rértQﬁﬂsﬂgﬁ?ﬁsh?#7w? 8t Lﬁé"gex}é }pi ch

supports :a seﬂ gr hou3|ng a pair t solato ousin a and 16b.
It is envisidddd tn¥r AdEEergatiagl PIQSSESG &RE iGHenﬁyfﬁérﬁnéluded in or
spaced fisom kaldbrgtidns hakengr €zom 0SPEIGLED éﬁﬂagdpéfesﬁﬁgfésfﬁggd by
arrows 18 an r ucer |n 0 u an act on
i sol at or dlagﬁ geﬁs %g%ékdaigg PESREEE Fv@gyiledDF ﬁbnﬁl SS R he
preferably amgamsdycs@ tOfBQQDstlendoabethosmddS|ofasuohventlonal nmanner .

The corrugatmgagsagcggsdlaphragns 22 and 24 represent a preferred |solator

| di aphragm construction haV|ng glurallty of convol utions, as desired.
* Chanbers 27 and 28igpre 4 .48 png aBplﬁlEﬁHFﬁﬁﬁﬁtiElaﬂd°§4thﬁ refapeEati on

Wi th thaorespéctieseihguai egans@acendia 6lccofhawbehsar 7emBdaZilent eogoupl ed
L0 passage- tpe invention showing output deviation in percent v.
differential line pressure to show. temperature effect
: (uncompensated) for several callbratlons.
Figures 5A and 5B are 1llustrat1ve cross-sectlonal

15 representatlons show1ng the effect of 1ncrea51ng static

line pressures on a capacltlve sen51ng ‘cell such as that

~shown in Figures 1 and 2.. : : '
DESCRIPTION OF THE PREFERRED _EMBODIMENT

A transducer which preferably is used for

20 differential pressure, gauge pressure, flow, level or
- other such. pressure measurement is shown generally at 10.
The transducer 1nc1udes a transducer houslng or frame 12
which supports. a sensor housing 14. and a palr of 1solator
- housings l1l6a and 16b. It is env1szoned that housings
25 14, 16a and 16b may be included in or spaced from hou51ng
12. The pressures to be sensed are represented by
arrows 18 and 20 at the transducer 1nput ports.
‘Pressures 18 and 20 act on 1solator dlaphragms 22 and 24,
| reSpectively. . Diaphragms 22 and 24 preferably are very
30 flexible and are formed in a conventlonal manner. The
corrugations 26 of dlaphragms 22 and 24 represent a
preferred 1solator dlaphragm construction. hav1ng a phnﬁﬂnty
of convolutions, as desired. Chambers 27 and 29 are



vvays 28 and 30, which preferably are formed by stainless steel tubing, but _

may be fofmed fromother suitable materials. 5 Sensor housi ng
14 is preterably ‘machined and formed froma netal such as stainless steel,
preferably an austenitic stain- |ess steel such as .304 is used. GEneraIIy,'
housing 14 is formed fromtwo portions 32 and 34 which preferably are '
substantially equal in size and when assenbl ed are general ly divided by a
18 ' sensor di aphragm 36. which is held at,its edges and will elastically
defl ect under differential pressures ‘and- i ch typically is subjected to a
desired‘radi al tdsfined byAdiaphiraghs @@nand 24 pind coapetari@B wiith htHeorespet2iaead

44 s f d in cavity -

46w th bores agvasdngy 188 neS TchBinoksT PRI ) SEGBIERTS BRNAL- o,
are_formed i-n poraysoR® a@ﬂ é(h.dhhncft @reﬁermbhycateefmeld prssajgrlessayteéd8 and
30, respectively ubeEe Hulgtﬁe); Pg@@ﬁ”%%gogtﬁﬂﬁsﬁﬂl%étﬁaégzﬁ@d 54 form .

continuations of the passag g com nunicate wWth a chanber -
53 defined i portion 32Seysas hewsiagni 8d.saprefiemablemachinedeand farngd from

material 60a in PoekhPEuR £4tRiMRSONSkee AT b1y ap2udelditgd sdniportion
34 by diaphragm 36 and the central section of material 6Qb in portion 34.

An el ectrical cotfficitielsgushs a8 2 f8 s rmﬁﬁ’?eﬁfﬂ']é( 4Boysgng s, fogmedng,
simlarly, a confioat oo 58rtibmsnsz:ratnad34 hhotlg prieferatd§ i @bmmltlﬂﬁy

Conductors 56 an&gx%? H’P%;Qg %gpgé}btlgd? %Tﬁgnefrlalli Qﬁvg 5§ 0r

chanbers with a non-conpressi & eract ricart Zonductlve
~portions ofld he $emgsr r@»al!hrwneiiélvéuphlxﬁahbyd iats Gtaitedges ranh ‘b:hlel gbastiicalbes

form ng passage-;4Q¥s: WRq ? 12&81@1&1 8;%8 Eg%ﬁ)cf %h?%gcg‘gléﬁl Y subj ected |

i nsul ati ve non- porous nateri a a an as g or ceramc,
filled 30 i nt% sadésired mdiahcdensiomd BHoransTad cone st@paﬁdcavstboﬁdedth o)

housing porti 0”%0%5 sy ﬁéf Al QE‘gf&mﬁﬁ”fnaﬁgrtfi%hmﬁ‘@hn@n ?i’ﬂﬁ'lﬁrﬁte‘ﬁ‘ I:&\trz%§p¢§ﬁ1te

to the plane forne J ol ni ng_ of portlons 32 central -
section of mat er-’\h&Pe%G’&Vbﬁﬁ 46ont Eh BoTeR 48t 3P 1§ é&rﬁﬁd HBuRSTFEOP ot BPrdudss
and 34, as msel | Sisahdﬂnﬂrafﬁﬂiﬁrﬂéd in portions 32 and 34 to communicate with passage-

ways 28 and 30, respectively. The interior openings of the conduits
52 and 54 form continuations-qf'thé passageways 28 and 30 to com- :
municate with a chamber 53 defined in portion 32 by diaphragm 36 and
the central section of material 60a in portlon 32 and a second chamber
20 55 defined in portlon 34 by diaphragm 36 and the central section of
material 60b in pqrt1on 34. Aan electrical conductor 56 is inserted -
‘through bore 42 to chamber 38 and, similérly, a conductor 58 is inserted
(- through bore 48 to chamber 46. Conductors S6 and 58 may be metal
. tubes to aid in filling the senSo:'chambeis_with'é.non-compressible
25  fluid. S ' |
The electrlcallv conductlve portions of the housing 14
are electrlcally insulated from the metzl tubes forming passage-
ways 28 and 30 and from conductors 56 and S5. An insulative non-
porous material 60a and éoﬁ_such as glass or cerémic, is filled
30 . into cavities 38 and 46 and bores 42 and 48 and is bonded to
" housing portions 32 and 34 along a surface fofning an angle ©
with Tespect to the plane formed bv the joining of portlons 32
~and 34. The central section of mat er1a1 60a aﬁd 60b ‘and the central
area of housxng port1ons 32 31d 54, as well as inner ends of .



-4- conductors. S6 and 58 are then contoured or recessed by grinding or
chining, preferably to provide a suitable stop surface for sensor -
lq i aphr agm 36.when the di aphragm 36 deflects under_an_over- rdnge pressure
pplied to the isolator diaphragns. Conduits 52, 5 54 ndy be a single
cyllnder as shown or a plurallty of small cyllnders in accord with the
teaching of U S. Patent No. 3,618,390 fﬁ'prOV|de di aphragm support in an.

over pressure gemdlictbss S6Aandigsaare ﬁﬂeﬁC&dﬂt@&Hd’ &Oﬁe&g‘stsweoﬁgi-sﬁdla I S t hexl.
de-. posited in.a I$¥er on_t f’ergE per. sur f ace of i al 60a gnd

in each housi R FSPTHIE aBTS hk§ BEOVidP2 ?Wéﬂe 48R BPpost tfg Tsi des of -
the sensor di aphsexgdi@ffhragd 36 ehed euhbrdtﬁh&ymcﬂﬁpﬂeﬂdc@smdwi-oro&e% and

58, t f f f
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bet ween Bousi B¢ wbcmsxﬁsleammmdoﬁas shosmd, Ica-yer;shﬁ'ilimdoGSsMIa : .
b f | .,61-gnd 63

continuous beggh gkds G tab gﬂe;’cﬂf agz’ﬁgﬁgrdﬂ ﬁt Pt \Wﬂn%“ 8 6(}%6 gdr‘ |

hence form ng two ca- paC| _ Sul tabl'€ coh
i s then coupl &@ Rrevs%ﬁﬂpm ngapm'tmcﬂn pyexpressures gordigliostri cal

potential as di aphragms%@tam%eei@&ﬁeapfy %eﬂa@&l@emﬁ&@apqsf phdfedelroma

non- 20 -~ conductive material and _have a conductive portion di sposed In

or on the di aPP¥iEsh 1D ¥ dRYRTORNth& ARDAT (Fuafecs of matexiahifile avh S0P
‘capaci t0o. AifWakcBbhdusinpBurt@bn Gk ks dmandcwr)l ehe L1ayeHs Facoreholive

portion. Bolts 70 t hen be- ad ed to r,essure forces on -
sensor housi n§*9%#. © ge%e Sensor d:.a.p raﬁms g %‘p §Eﬁ% Tifig} Y cpupled to .
i nconpr essi bl eofduciors S6candaS8si i-escpenenmlly,. ISeﬁsberui‘alphi-egi- |satprmeh SI de

f th t l'y_th t d.,58 1o th
o aphr agn cnabiSF i ofERY, drohl A HPIBEP GOS0, ARG BRESRIT)
i sol ating chaﬂtﬂanszf;xedndnm molsatioy between bowsiog pictibes Inadd 34  housing
portion;34, apghirg '6@93631% ont:. %ﬂs S S0ares Al khlhed
o’l g s and ¥ e

conduct ors-56 an are pinch eir-outer en Sul
| eadwi res are? meﬁéﬂat‘ﬂef%’[ Gatq?%é‘laﬁ |3<5lﬁ 6%, ease fiognine itvol ea-or

di aphr agns * 22pauidodd.C t BRd TNSt ANduiihbYe IcBRQEAY RS 64 Qsetifxédﬂcdubib& *ilenbef s 27

~and 29, ' sensor hous1ng 14 which is at the sane elnctrlcal potential as |
diaphragm 36. Senscr d1aphragﬂ 36 can also be formed from a non-

20 conduct1ve material and have a conductive’ portion disposed in or
on ths diaphragm to form such common plate for a varizble sensor
capacitor. A suitable conductor 64 is then coupled'to-such
conductive portion' Bolts 70 may then be added to taae up the .
pressure forces on sensor hous1ng 14. _

25 _ ' A sultable, substantially incompressible flLiu, such as
silicone o0il, is then filled into each side of the .tra: 1sducer'
assembly through conductors 56 and 58 to the sensor azaphragm

.- chamber formed in houszng portion 32 b\ diaphragm 36, and to
isolating chamber 27, and 51m113r1) to the sensor chacber 1n

30 | housing portion 34, and 1solat1ng chama 29. When such spaces

' are filled, conductors S6 and 58 are pinched off at their outer
ends and suitable leadwires are attached thereto. '

' ~ The action of pressure on isoiztor diaphragms 22 and 24,
the substantially incompressible-fluid in chambers 27 and 29,.



"

. . passageways 28 and 30, .and on sensing diaphragm 36 is fully
expl ai ned; for exanple, in United States Patent 3,618,390. The invention pf
t pe sen5|ng -di aphragm 36 bottoni ng out in an overpressure condition as
taught in U S. Patent 3,618,390 or 5 t he isol ating di aphragm 22 or 24
bott om.-ng out in an-overpressure. condi ti on may, as desired, be used with

t he. pfesent invention. The physical |ocation of isolator- dlaphragns 22 and
'24_spaced from sensor dlaphragn136 i s showd- sonemhat schematically, as the

| ocati on of 150! 3ot ALAAMIA0E 38, A4 34 Jeheiol diEbtG! 56 RLORD

vi di ng t‘hat such ns are ota ed so as ifed
mechani cal st ress;cpbtlhed tﬂwanexamelpr dasUnizechStargh Patent nt,o18, Jatssi bl e

fluid, to sensor fousiag i omhteesé&eﬁgrd,}gguﬂgﬂpsa%a%s%ﬁ{ ABLY 15 f1 xed Y.

rmunted i n housi-ng 1 I'S not requlre %%&&hgaﬂi
wel di ng. “As showaR. 3 OYEFRTESSULS con %Pﬂ‘éc?sbﬁ‘l‘ghéxi"’bl%sst? gt FEhoar e
formed fromgn ekretisoladinignsidpatrage 7Emt>ﬁr24abottm".&hgcdutl imlany ovexpiras suztehe

sensor housing 14 f mtransduc r _ho SI 12 an ort se ousi ng
14. Wth chanber §° 'ﬁif?l% Aast 38%’99 2 éﬁad |ﬁ2§ SQ eg"topeyneﬁ’(r%égpl n |
conduits 52 and 54) and t'mne phesibal smetmpflagoéasozﬁllimragmanu 8ad &dd
di aphragm 36 fi | L gjfbnl HERLIRY 83&1%&%‘15? s}fé&%fé‘n{wghﬁﬁ 's%héné%%&@ﬁ}'
pressures represe y arrows 1 cause hragm 36 to " -
defl ect proporti éﬁaﬁhet togatden \nfe ispkater - digphragnsadd 3nds 2% difaBPt £Fékical, pro-

rel aL ive toldl): ayewgdﬁ%v;hmt Gdcic hhﬂlglas:gmé\rw&&%cﬁfém% i3nho®ftot h@lﬂ%ﬂdﬁﬁ;@@d
is shown in Fig n:-this_ge nt the sens us i's
somewhat- wi der tﬁ%%hapﬁ%aler?ﬁsaﬁfeﬁfh%ﬁ %E‘Tﬂgethf PISRANTR t?’ﬁguﬁhﬁbg%i _
corresponds to Fng:SSLblévﬁlmhda waperts@lr hmstmg ¥4or ninij ea s gregoir hxiustllng 14
al phanuneri c desi S, abserved t | ncreased
RECTABLE 4%, EHRAL Tevmedh roRouRs I dinht MeBer iR 3o

w dt h of sensor
Fig. 2 than bor esha 1anble Fagidiydmomttedi as byORebding60B\s bbeowrhedn ifs rked to .

Lnclude a p9§t | 0B, ffeaSHY EIRRUST s p%ng!le\}lh?ﬁ]azje £5 8R4 from an electrical
insulative material to electr1callx isolate the sensor housing 14
~ from transduccr housing 12 and to support sensor housing 14.
' " With chambers 27, 29, passageuavs 28 and 30 (including
- openings in conduits 52 and 54) and the charbers betheen layers 61
20 and 63 and diaphragm 36 filled with incbmpressible fluid, differ-
 entials between pressures represented by arrows 18 and 20 will
cause diaphragm 36 to deflect proﬁortional to pressure differ-
°'entlal and its capacitance relative to layers 61 and 63 changes.
Another embodiment of the 1nvent101 is shown in Fig. 2.
25 In this embodlment the sensor hou51ng 14A is somewhat w;der than
| the embodiment of Fig. 1. While the numbering corfespondé to
Fig. 1, (with a éapital letter forming a part of the alphanumeric
de51gnat1ons thereof) it is obser\ed that with the increased ‘width
i  of sensor housing 144, bores 444 and 50A are somewhat deeper in
\\_ 30 Fig. 2 than bores 44 and 50, and material 604 and 60B, has been
 ‘filled to include a portion of such bores. An angle 8 is the |



i ncl uded angle fromthe pl ane of .di aphragm 36A at its rest position to
coni cal surface formng the recess in the respective housing portion in
ijch material 60A and 60B is filled. This angle determnes the effective ,
th of the material -60A, 60B (or 60a, 60b 5 in the first -formof the
~tnvention) which backs the capacitor plates 61A and 63A (or. 61 and 63).

Al though an angle [err] of apprOX| mﬂ.ely 45 is preferred for the =~ -
enmbodi nent s of hgs. begn .foynd that angl es from25 to -’
70[err] have"f‘éé‘ﬁg‘i e’d’giﬁ frr?ﬁ‘r 5%(?*§P§tﬁ‘l ft Li’&'ﬁgnt'?ﬂ%af' o T rP@P%B’r%nce
over known cemzheucdnieas shﬁ'facevmmbng:mmprre&ssfﬂf tﬁ&aﬂﬁpectﬁze housing
non-conpressive n he | l.at.i g met al The angl e
al so can, be ?Peraslgtﬁ)e wﬁ %‘?r%ggé ?@Ht%’fg g@%t‘?a? ia&fis g‘.?mfh%n%léns housi ng
which is perqtn;:edmmﬁsarthe Geﬁﬂeetq;ﬂ'eaﬂeptﬁ ofi almmgerﬁﬂAGQDmoSG):oﬁ\ME ig0bl s at
rest. 1 O T-HES th resent_invention is
| rrprovefrgent o'} thﬁef:"srtszgt e prbggés%ér gﬁgﬁﬁ@g?%ﬁgﬁe aﬁr“ésgﬁgagﬁ‘éﬁ‘)& the
transducer. Platepréldy and t63dnieniidleand 630he Adtheug: eh siglei € of epproxi-on

span error hasebpes™ eurgkdrerhsy %Prﬂi&’ @ﬁﬁ@dx\ﬁeﬂt?%‘% PELC %1%&,) ighange in

out put across the i nstrument -span 2Q housan pounds -per:
squar e i nch }888| fouda kRt @‘P%?-‘atﬁrenp?ses%r@ haye §'l§éh1%¢0m impxAvedicer s,

t he pressuresﬁamms/ auaatiﬁhe Qﬁpﬁ&%&d%ﬁ@fmh@ésb% L-xsﬁvsé‘désbi‘uéﬂ%nﬁ’ressure
. bei ng. s §nsed a(é% 'Ea'n% isolati: ng di a ' essure fromthe .
insi de 3 t 2 gF gxample, b‘y“f’ %&55%“'@ B getesrnedhen t he
i ncom 25 msplmsugbhetéﬂmudaﬂdemutind The mser;ulmusung:edﬁéﬁmal on -
outwardly i P0| SS s ratio., Further, . in known
met hods of nq%%ﬁ]i‘(gég ar %g]%%hg%aggi X3¢ ¢ vgrkrﬁgaﬁ%w&'eﬁ’%us‘f‘ﬁe‘}ﬂ@uﬁtl ng
mat eri al , upsApendiculahectocshe plavei of dimpleragal 365 (dep3s) whehtix fiorae t he

second pI at g¢Qf . each of 30 ~ the variable capacitors, has been relatively
“thin in_conparison to the insulative materi.al: thlckness in the central
aV|ty 18f t he _ One s1gn1f1ca1t adxaﬂ age of the present 1nve1txon is

_1nproxement of the static nressure ef‘ect ‘on the pressure span of
the transducer In przor art eraodlments, the e fect o-'statlc
pressure on span error has been found to be apprOtlmate y a one

_ percent (19) change in output across the 1nstrunent spaz per one
20 _ thousand (1000) pounds per square inch (PSI) chavge of static
pressure.  In such known tran<dg;ers, ‘the pressure on tie outside
of the sensor housing, caused by the pressure being'sénsed acting
on the isblating din?hragms,-ind ptesSure from the inside of the
sensor éhamber c: | by the pressure being sensed on the incom-
25 pressible fluid resulted in sensor houszng defor"atxon outwardly
in'a known manner, as par Poisson's ratio.

- Further, in krawn methods of manufacturxng such capac1-
tive t:ansduce:s ‘the insulating materlal, upon .whichk the con-
ductive material is dépositéd to forn the second plate of each of

30 the variable capacitors, has'been relat 1»e’» thin in ceczmparison to

the insulative material thxcknﬂss ‘in the ceatral cavity of the



-7- sensor housing as di sclosed herein. Wen the insulative material is
thin or when the insulating material to netal interface is sonewhat
paral1e| to the rest axis of the dlaphragn1(perpendicular to plane of the
diraphragm), the insulating material-netal inter- 5 faces (bond) 65a, .
65b, 65A; 65B are then subjected to a shear force which may cause the bond
0 Wweaken or fracture. - Wen pressure is applied to a sensor having a
fractured bond, such pressure causes the~ ?nsulatlng material to nove away

from the <di aphr aeﬁ@orThsum‘geammsafoswaxereﬁw aRen Bﬁéﬁhbﬁiatﬁﬁ&&meﬁihllO
undesi rabl e charJ |n cap Clt sgx([i gpreser.lt t|ve of the sens
0?‘“ B’c‘l

pressure, vhich? parrraal fp Peielsingeréacs. r’ré
pressure. \Wen sbhacl-&enmalilel ftortiﬁedrest aatsrocfathnedmpﬁragﬂne(pprpmﬁncular

- di scl osure, bon ar n and. h
consequently, qgtﬁ%ess‘?é& h "%81“6‘5%%3 tq‘e *@%tlgﬁ'*gahé%rwl q'%q% gﬁgﬁ)ng t he
i sol ators fiSom tfaeessi(Hend) 55?118 65k n$SA, I‘ﬁiﬁsﬂm themesubigsaed ttor 3p$*bﬁ3é' spaci ng

on-both sides ofgofdie wili@ mRP’ HSE Hhel 9&{:18@5%&%& lori Fdceasé NowRérati c |ine
pressure applied at 18, 20 due to sI| t war d tion ?fbt e sensor

portions 20 REEFSUTE S @PPIRY; FR "sé Bk r AJFRC U at T i ne
pressure increapeeshiie meamiﬁszﬂam&zmmxan toomower pway ifobi | theabout

thei r respect Ve feuial aKeSpd SN ol %maa@m.ﬁéeﬁtal&g@segsm; he two

housi ng portion ad acent ragm (as' shown by
arrows 70ALon t ledégigeble c&am in c(a’plaenansalrmtu awrzsentatm @fj ghe |S§nm

specifically sh ‘f@s d}eF'ﬁﬁchSﬁdertoSEéhsléﬁ%rtéﬁ%st Fdaﬁyé&% agife isthtaz r at l ve
only and apply e configurations of: Fi 9 gh way fla!
per haps best exr}F‘a? PEGSEFe-of TieBnthe SEn9T: 5§Q’WFP 'H’é"ri"?‘@h§ %2 and
34 at rest and ippefdént dﬁ&mbuﬂh BOWEAS 654, exnggsnatm mpubﬂaﬂlttanly (for .
SThtre 1) nooprodboraRBEtiel shLoRSRHO NS bR 0B, BEFRBUD corSub)® o,
be- tvveen tise dlﬁptma'gm 36 and capacitor pl ates 61 and 63 increases
By removxng the isolators from the side of the sensor
' housing, the capacitor plate spacing on both sides of the dia-
phragﬁiss increases with increasing static lihe pressure applied
at 18, 20 due to slight outward motion of the sensor portions
20 with respect to the sensor diaphragm. This static_liné pressure
| increase also causes portions 32 and 34 to warp slightly about
their respective neutral axes (shown in Figs. 2 and 5 at X-X)
as the two housing portions tend to contract adjacent the diaphragm
(as shown by arrows 70A in the F1gs. 2 § 5B). (The insulation
| 25.. material is not spec1f1ca11y shown in Figs. 5A or SB since these
Plgures are illustrative only and apply to the configuratidns
of Figé,.l aﬁd 2.) Such warping is perhaps best explained by
reference to Fig. S5A which shows portions 32 and 34 at rest and in
Fig. 5B which shows an exaggerated warp condition (for emphasis)
30 - as caused by increasing static line pressure. As the static line
pfessﬁre is increased the capacitance spacing (d) of Fig. 5A be-
" tween the dia?hragm 36 and capacitor plates 61 and 63 increases
to d' (as shown in Fig. 5B) and such spacing change is not repre-

sentative of the applied differential pressure. In
_ Pl _ _




~the-applied differential pressure:. In . -8- the described enbodi nents;

e. charige in capacitance caused. by - -J such warping is,
substantially conpensated for by the decrease i-n-di aphragm radial tension
caused by the contraction-adjacent the diaphragm Radial tension or
~prestress applied to the diaphragm5 -8at time of construction along’ '
Wi th' suitabl e therdessriles ansbdiikitts, I i ffness -
of the diaphra nt]tdecreaa ng th |ncr§£f§1§§§tgt§|ccpa%1§§g% g:%éegr ﬁi' rably -
the di aphragm® ﬁ& SPFRING S FubRtantiatiy I?°§P%\§Pt?fh\fpﬁg}’>'g§bﬁ decreasiecin '
charact eri st déaphrige mnplar'&asicﬂn c&ﬁls/einbilg.@iel Scd%?éiﬁ'ibn AajabdastRéic line

pressures, 10 | realized ‘at stati re sures above 500
psi. The foll dia l?1}Hlégrauat ons fL' P08, L PEPRTESE r?é’Pif%‘* ‘ﬁ! 3phTag ¢ .
conpensat fon &&cHimgi of) copstrustidre aleng Mbbchuneauleodmtelnemnsshﬁmtmatmnt i on
having a firstg £ e Iy ot crlbed

1€ a3 1nctheagiia?1§ fﬁgg}ngﬁﬁg? t]'he agﬂg%]degiseatgﬁ

herein: [err] err err e out put
signal fromt HgHH "F‘LE‘?"@?’:PL&I?“ ?‘éﬁﬁﬁ%‘r@apé@i&f&?@émﬂﬁ digpiragmaatemiadi t ance

of the 20 ' is high strength steel hav1ng good elastic t:haratzter:.sgfl.é':f?te'i‘hé’f C[err]
or C2. CL =1t t.he | es of rr] o Clerr]. Xp

di aphr agm def Fe@ensggﬁnnt ﬁg‘('ﬁnltf‘%? it P ﬁﬁseﬂs a’arlsthede line pressures,
pr essurell®Xo but mpacfulanmaslpaeﬂ ag saﬁatiernnéopressﬁfesc atoveesqmqge pr essur e.

"The following equatlons further explaln the static line
_ pressure compensat1on accord1ng to a preferred embodzment of the
instant 1nvent10n having a first capac1tor C1 and a second capac1--

tor C2 as descr1bed here1n°
15 0= - CH-CL l(g 1
CH+CL Yo 60 o N :
' ~ Where 0 = the output signal from.

@:-d' (as shown in Fig. 5B) and such spacing change is not repre- sentative s

_ the differential pressure -
) :Hcapac1tance ‘cell.
- | ' CH = the capacitance of the
20 o _ 3 -  greater of C, or C,.
«

the capac1tance of the
1lesser of C, or C,.

“ Xp = dlaphragm d:flectfon
. withldifferential- | e
25 o B :  pressure. '
- Xo = oapacitance spacing at

zero (0) static line
géﬁge pressure;'
_ Xo' = capacitaﬁee spacing at
30 o . o e S elevated static line
- | : | ' pressure.



Xo' = capacitance spacing at 30 . '

el evated static line pressure. - [err] .di'aphragm stretch at tinme of
censtruction.C i ni tial prestretch). [err]"' = diaphragmstretch at 0 5
-elevated static line pressure. Si nplifying: O [err] Wen the transducer is
formed in accordance with the present in- 10 vention as the static |ine
‘pr.essure increases, the capacitance-spaci ng. Xo increases to Xo' and the
di\aphragm stretch (6 ) de- 0 creases to Jerr] ". hol di ng the product
of Xo[err] substantially O equal to Xo[err] heﬂpe- émbrm strdtgheztual to

a constant, the diaphragm deflection (Xp) is responsijg € doRseQickigential
15 - pressure applied thereto and the output (0)- 1s thus independent of

static line pressure. A ‘transducer, made in accordanfifiah Pragtresiehlti nents

of Fig. 1 and Fig. 2, but not having an angl e [@r'r]= bﬁpﬁ@% 2bft&ch] amnd 70
rather having:a cyli ndr| cal, metal-insulating mferi dﬁ&ﬂerface ond 20

that is, the bond interface was first generally per p grats 1’@)‘?)[err])
from di aphragm 36 then general |y parallel ([err] = pfessuate.from di aphragm
36 generally as i’rﬂ‘ S Patent No. 3,618,390, was tested under act ual
| oadi ng condi ti ons I'S ly formof the intention did not then include
t he conpressive 2S. béh ﬁ ght herein, but rather had the prior art

shear bond.” The unaf Quechhﬁwhdea relfatmdd ah dcufdlinck OviRNOLKE bs@ﬁnf:rﬁc-t ure
10 vention as the stat1c 11ne pressure increases, the capac1tance
spac1ng Xo increases to Xo' and the diaphragm stretch (60) de-
- creases to 6 '. By holding the product of Xo-§ substantially
__equal to XO' 6 ! hence, substantially equal to a constant, the
d1aphragm deflectlon (Xp) is respons1ve to the dlfferentlal
15 pressure applied thereto and the output (0) is thus independent of
- static line pressure. _ _
A transducer, made in accordance with the embod1ments of
Fig. 1 and Fig. 2, but not having an angle 6 between 25° and 70°
_ rather having a cylindrical' metal- insulating material interfate bond;
20 ‘that 1s, the bond interface was first generally perpendzcular
" 6 = 90°) from dlaphragm 36, then generally parallel (6 = 0%)
from dlaphragm 36 generally as shown in U. S. Patent No. 3,618,390,
was tested under actual loadzng cond1t10ns. This early
~ form of the invention did not then include the compre551ve
25 bond taught hereln, but rather had the prior art shear bond.
The improved bond is helpful as taught to avoid bond fracture
and it is believed from:analyiation and evaluation that such
~ fracture did not occur'and therefere'the nature of the bond _
_ did not affect test results. In the embodiment tested
30 ‘the isolators i6a, 16b were separated from sensor housa.ng 14 and
' the output was cqrpensated for sensor housi ing 14 warp with a suitable

. sem:m'diaghragm'36'prestre35; Sensor diaphragm 36 was 1.8 milsithick'



t occur and, therefore the nature of the bond did not affect test °

sults: In the embodi nent tested, 3§ the isolators 164, 16b were - 4
separated from sensor housing 14 and the output. was conpensated for sensor
housing 14 warp with a suitable senw di aphragm 36 prestress. _Sensor
di aphr agm 36 amdsapprexivakely Bi.tX inch 11051%{?&?%‘@@)%3@8&@9"&“3}213( nch in

di ameter and X fedPBtndn FE¥cE8SS £eaR 150 doo(rtbough -
prestress o oDese ag(%setimgﬁégéeggég%ggﬁ $b}é dgggﬁ e} and V\é rmed from
Ni Span C (N Sf¥h p% PSTrRay, Be AcaPtabig %&r F%ﬁ e BeSras P& 60a, |
60b, 60A, GOBlgvasR@maeréalz'ﬁa@d Mark); anﬁxsuiammrmm:riahg 14 was Ni Span C '-
mat eri al e i nches i ter aci tance. i g (Xo)
in the ce erg‘i%ars?lg‘p g%}' ﬁa'? %7&&0?@354%’& 'a g}sgrl%oa i@ggwe%e
“formed from sNiSpah €5 matérdal z(p@@dﬂﬁﬁ):ebnd %0 dnelpysr dnidiametesi. yCapacatings in
di.aneter and ng}e y

fornmed from 1%'%&%%%96%% h‘get %Pn esg%?égfétéﬂ% 130 e ?@%ﬁa}é’?sfsgg §§(§%h
testing are wt6bnwexey forped feons htaimless Isteelst(-'»p@ssmsanibwem iappsoxdue to

static line %@é rselﬁéﬁeecig RS Bd UrPShpid Wnklistss, G30P) PSIC

are | ess 2% acro rentlal ure spa 0t i nches
of . wat er. i&TI?e §agevsys ?35 & §°’§; HéHe d'"&ErQ/-Ds nﬁ‘}thﬁ%éh?%lalmbmz

hysteresis. TBactesmbt$afi such bqsmngwesshmmnm RigC CBUTOAs ashdwleRENdS not
only on the '&%taﬁ'ﬂlﬁ'ﬂﬂcﬁé%lXﬁoH? &le € orﬁﬁf.t@%.ﬁ@;ﬁ%gs&)é gt |§Ltml al

pressure. and statjc I|ne pressure b | SO on pr.evi ous ory of such
stress. 20 2eTo (0) PSIGytq tyofthousand i(RPAQ) BREGiare slesst thaned2byctdus present

i nvention, ashé rﬁffefansaﬁtprbsét%e% dnheftd %Bsﬂbcﬁﬁehég’”bf NraleBr KNGHE

transducers varjes erature, and Stathg pressure, is I nproved
because ti‘ui S0 At 8}’6" ]{f&jsgﬁgg eRhismatl d!er%'tlcﬂH)’ylséaTeséént &ehwith the

sensor housi mgchaiGeiay h)fseereshss:.sf mmmgomsagevapend&noﬁ&rﬁyd 30 are in
di rect contagh ¥hd nseRBheAUSIAR 4f sqggss rl@sgaused by d:.fferent:.al

pressure and static line pressure but also on the prev:ous h1story

@d' It is believed from anal yzati on and eval uati on that such fracture did
e

: _of such stress. :
20 Yet a further mprovement 1s atta:.ned by . the present

:mventmn, as the zero stab111ty of the transducer, wh:.ch in known
transducers vanes w1th both temperature a.nd stat1c pressure, is -
_1mproved because the J.solator housmgs are not in direct physical
contact w:.th the sensor housmg. Only the tubes formmg passageways

25 28 and 30 are in direct contact w1th sensor housmg 14 and these
tubes y:.eld to accomodate loads or changes due to temperature on
the isolators w1thout stress:.ng the sensor housmg 14.

‘A test also was conducted to demonstrate the improved
| uncompensated temperature. effect with respect to the stability
3.0. of the output capac:.tance s:.gnal of the present. invention of the
' :embodzment described above, such results are shown in F1g 4. The
"uncompensated" effect is the error present before any compensatmn

of an electncal s1gna1 is apphed Electrical signal compensation.



v
t ubes yield to accommpdate | oads or changes due to tenperature on the

i sol ators 'wi thout stressing the sensor housing 14. A test al so was
cenducted to-.denonstrate the inproved unconpensated tenperature. effect.
with respect to the stability 30 of the out pyt capacitance signal. of the
present invention of the enbodinment. descrlbeg above; such results are shown

i'n Fig. 4. The "unconpensated" effect is the error present before any
céapensatjon of an electrical signal is applied. Electrical signal
conpensation. is commonly used to reduce errors further, but it is

‘hi ghly advantageous to provide a structure having a | ow unconpensated
error.. Each curve of Figure 4 represents 5 a separate calibration
Several such calibrations were acconplished, seven of which are shown on

Fi 4 t .100 t 100[ e 00 F, :
o o0t err] F dRoReBmehiyrulgh. 39158aBke] BEEEGY) FushBEE, thee hathl i1
at 100[err] F. Thaighlyesdvhatageaust ite punﬁngeratsbnucbenetha#mngoa low
excel | ent Stab"PBEoﬁgQPEQté %&¥o&°“’tEQEHaEuP¥ét§£e§i§uPé &hfeg§Q§Sh£§nce

devi ation at 100]err or t ree calibratrons at t nEera ure was | ess
than .18% 5ThePnBEPRyster 6alibratders.t o FR¥enplf eneRceal APEAFLBRE! WEFRS.

':esultstat afSpeaEEb& uegneaat@éeeafberwﬁ5ch g0di BHowA bhHatigarebaptbne
enper ature from_hi ower__t.enp S ec y

enbodinents for @ 3583F P&Htaﬁ&PQrFSIgB§L§ héSFﬁ % ¥§é ghrgggﬂeﬁgloné
have been successhehl p°Festtheén 1008EGcagsfinl 2008Fs, andefseaééy draphPagm 36

was 20 f d | 5 o
El gi | oy C‘oorrTe EPQ”bH@%%E gthSe’lg'?le H$Hb E8§3EEGH§FEQ§Sg:%ggkﬁ;%gy|ZI 8% °

was al kali Hdad gwsgélegﬁeﬁﬁﬁéaﬂnyycepﬁiA@ §9§Gr§|&9§ teerpphghystgresis
“Regi stered Tradeauhkhb &agabheaaease5vhauabagai41maspanateantee 25

stainless steel. calibrations at that temperature was less than - .18%.
Thermal hyste:esis refere to the difference in
calibration results at a specific temperature after _

15 coming to that callbratlon temperature from higher and
lower temperatures respectively. '

Many embodiments formed of different materials and
having different dimensions have been successfully

' tested; in successful tests, the sensor diaphragm 36 was
20 formed from Havar steel of Hamiltdn Industries or Elgiloy
' alloy of Elgiloy Co. (Elgiloy is a Registered Trade '
Mark), insulative materiel_ao wes alkali lead glass,
speificaily Corning 1990 glass (Corning is a Registered
Trade Mark)_and the sensor housing 14 was dustenitic
25 stainless steel. :

One further-advantage.bf,the present invention is.
that since the isolator diaphragms are no longer an _
integral part of the sensor housing 14, the size of the
isolator diaphragms may be increased relative to the

30 sensor housing. This increase in size is important in
some instances to reduce the effects of tempefature and
other factors onfoverall_transdueer performance. '



e further advantage of the present invention is that since the-isol ator
laphragns are no longer an integral part of the sensor housing 14, the
size of the isolator di aphragns may be jncreased relative to the 30

sensor ‘housi ng. This increase in S|ze1}%'|nportant in some instances to-
reduce the effects of tenperature and other factors on overall -transducer
per f ormance. - I'la - Further, sensor. housing 14 preferably is

electrically isol ated from transducer hou5|ng 12 resultingin a
sinplification of the transducer circuitry when electrical isolationis =
desired which is often the 5 case for industrial pressure neasurenents.

- _I'n summary, the sgugt 6#1 S peld e apparent to _
“those skilled in the art are realize ?%%? e Fﬁﬁ%%& ng%ts of the present

invention. electrigaylys.isplates Exeucitriansdycesshoasingnd@ucer |nclud|ng

‘a transducer fosidih auﬁenssatrmaw.cmt&&l%vwg tﬁeceetahelaue@fl t:xrettqtbgl
nounted relative to the transducer housmghélagl’:ﬁt ntneans supporte

sai d sensor HORN RLeHF S @RS c@a&?t?fﬁﬁntﬁéﬁeby

di vide the cecusalfa:avmquswmlt \prmﬁﬁeahneele&a‘bmtssal d di aphragm means
_belng ~In summary, the several llsted advantages as well as.
' those apparent to those skllled in the art are reallzed

from the 1mprovements of the present 1nvent10n..



deflectable untler pressure and at |east a portion thereof being conductive
to provide a first capacitor plate; each of said centra#—ehanbELs_hgyLﬂg___
conductive surface portion spaced from the di aphragm nea rovi di ng
second plates of a pair of variable sensor. capaC|tors ﬂ!j u unﬂlwu'he
di aphragm neans conprising the first plate; a pair S '
i sol ators each having an isol ator cthanber and an |solator dlaphragm

di Sposed t herei n; separate passageway means: coupl i ng each isol ator chamber
to a separate one of the central chanberst2Teans to pernit applying "

Separate pressgtRIMS? the respectlve i sol at or dlaphragns at a static line
pressure, each - 13- ol at gr chanber,, its associ ated passageway neans

and connected central ch mber eﬁeP8§Fﬁ§°& DIESERRE AFPPSEHESHDr essi bl e
fluid, the di aphcagdingans defl ecti ng and changlng t he capacitance of the
varlable sensor capaC|togst5§§ggggh¥ehbg g differential between the

static line pressures applié e |so ¢ di aphragms; neans for
physical |y supporting the Pe8FaFohgueing bé?FPBoﬁ §sa§§élfﬁéﬁitﬁe

and being mounted relative to the

transducet hous1ng. _
dzaphragm means supported on sald sensor
housing and extending across the
central cavity to thereby divide the
central cavzty into two central
chambers, said diaphragm means being
deflectable under pressure and at least
a portion thereof bezng conduct1ve to
prov1de a first capacitor plate;

.each of sa1d central chambers having a
conductiﬁe surface portion spaced'from
the'diaphragm'means for providing
second plates of a pair of variable
sensor capacitors, each'formed with the
d1aphragm means eompr1sing the first

'plate.

a pair of 1solators, said .isolators each
havxng an isolator chamber and an
isolator diaphragm di5posed therein;

‘separate’ passageway means coupling each _
isolator chamber to a separate one of
the central ohambers;'_ . _

means to'permie applying separate pressures
to the respective isolator diaphragﬁs
at a static line pressure, each



’'se sos—hQUSLngL;LDg_EEQESr housi ng and the di aphragm neans bei ng-
nstrycted to warp a o deflect to reduce error in capacitance in

gl T

apacitors-as the di aphragm means defl'ects in
ferential in the static line pressures on th

¢

'di cated -

.
e .

i.sol at or dr aphr dyne but at substantially different static pressure |evels.

2. A capacitive pressu

re transducer according to Claim1l further

characterized by .the dlaphragn1nean&1@elng supported with respect to the' LJ

‘'sensor housing to provid
A capacitive pressure tr

e.an initial prestress on the di aphragm nean

ahSAHREPT LRIRETY 165 @SFIF RS hr acteri zed

s. 3.
by the

i sol ators' being phy5|calIyassagﬁwafrmmamheandncmnnéuxedrqpnuran sol ati on.

4. A capaC|t|ve pressure

t | urther
characterized by the di ap 153{‘.% l]r;1sfllg ré Jclgsn‘;s sftt%?ée l materi al 't
changes in stress to subsiamomnt¢§stbhgeﬁknaéh thevﬁﬁﬁﬁhE?Qﬁ 't he sensor

housi ng under changes in
transducer according to
and di aphragm neans havi

Re@hs Cadt1\6cPLFS SAKE clhandi z?apscétlve press
‘Claim4 further character%fe t he sensor

nG2RRe} FIRFRPE Hhe 3%t

hat

ure
housi ng - -

eing of relative

~size so that the stress oeapaeldon@hragpomssms bdaﬁ@es to provide a maxi num -

error in output across-t
1% for each 68.9 BARS (1

mean
‘isol

sens

~the
.. bein
- redu

vari
mean

diff

the
- diff

_ 2,

according to C

0 ressure

ange on t
pressures’ appl1ed to the isolator
dlaphragms, _ : '

s for physlcally supportlng the

ators in a p051tlon spaced from the

or hous1ng,

sensor houszng and the dlaphragm means -

g constructed to warp and to deflect to

ce error in capacltance 1nd1cated by the

able sensor capac1tors as the diaphragm |

s deflects in response to the same

erentzal in the statlc line pressures on
1solator dlaphragms but at substantlally

erent static pressure levels.
A capac1t1ve pressure transducer
laim 1 further character1zed by the_

diaphragm means being supported with respect to the

sensor.housing to provide an initial prestress on the

diaphragm means.

3.
accord1ng to C
being phy51ca1
isolation.

A capacltxve pressure transducer
laim 1 characterlzed by the 1solators
ly spaced from the sensor hou51ng for

(5 EEaFe Rt AEBONEL R RO LB HGR OF | 05 théf?__

he



draphragn1neans at the sanme differential pressure. 6. A capacitive pressur
transducer according to Claim4 further characterized by the ‘sensor housin

agd dlaphragn1neans mat eri al bei ng such that the maxinumerre+—in_out put .
across ‘'t he span of response of the transducer is Iess ~68.9
BARS (1000 psi)  of static line pressure change on the ﬂﬂ!ﬁt
the sane differential pressure. 7. A capacitive pressure

acgording to Caim4 further characterized in that the sensor hou5|ng |s
formed fromnetal and includes the centralldeavity, the cavity being

partially filled with a ngn- pgr aci §yg fQQsﬂP%eiféﬁsé&E@}”Q .an

interface surface with the e sehsor sl n and-the centra
chambers are eagfce®dind 9 ?h%lmn%ufﬁftharnﬁbé¥¢%¥er%?ﬁﬁé@hdﬁ%@|ve surf ace

portions of thedﬂ@ﬂﬁf@émCﬁaaﬁSrlseﬂ@gnﬂoﬂsﬁﬁﬁéeddoﬂftii@téflﬁdaﬂhi‘ﬂ material,
the interface s mat er i apd_net al belng 5

of in
posi ti oned so agﬁ?ﬁgﬁﬁ %ﬁ 55?%% %% %@ﬁi?%ggfﬁh%$o?%%§e%ﬁﬁﬁﬁ htic line
pressures. 8. Awaaphngtoﬁetncesemserthemsdugeunéetochhmgpscnmusﬁamicfurther
characterized b¥1£2e §g€%9£ehou3|ng being electrically isolated fromthe
transducer housing aR [Solators.. 9. A capacitive pressure transducer-:
according to Caim2 wher®hn Aheapaettivespepssnee’ tERRPAREYFn neans i s

bet ween 3447.2 RARS-&$HRg 008 @Eaima@dfaﬁzﬁar%aiawrﬂwdp&y)thao A
g;ptagg've P e gl S0t T AIRILEE R0 RL LN LR SLAL had YhS S ERPLRERELT 200
of elasticity and being of relative size so that the R
stress on the diaphragm means changes.to provide a
maximum error in output across the span of response of
the transducer of‘leSS'than 1% for each 68.9 BARS '
(1000 psi) of static line préssuré change on the .
diaphragm heans at the same differential pressﬁre.

6. A capacitive pressure transducer '
accofding_to'CIaim 4 further characterized by the _
sensor housing and diaphragm means material being such -
that the maximum error in output across the span of
response of'the'transducef is less thaﬁ .25% per 68.9
BARS (1000 psi) of static line pressure change on the
diaphragm means at the same differential pressure.

7. A capac:tive pressure transducer _
according to Claim 4 further characterized in that the
sensor housing is formed frdm,metal and includes the
‘central cavity, the cavity being partially filled with
a non-poroﬁs, insulating;material'forming an interface
surface with the metal of ‘the sensor housing, and the
central chamberS'are-eadh'formed in the insulating
material, the conductive surface portions of the
central chambers-being'diqused on the insulating
material, the inte:face_sﬁrface_of the ihsulating



g a support frame attached thereto and by said d
335 mﬂ j'ﬂ@ﬂ M on said support franme at a | ocation spaced from -
S d trans uce . 11. A capacitive pressure transducer: according to_;
Claiml further characterized by the separate passageway nmeans conpri.sing
tubi ng whiech will bend under- external |oads. 12. A capacitive pressure
transducer according to Caim1l further characterized by said sensor R
housi ng having a central axis | ying generally normal to said di aphragm e
means, said sensor housing conprising™k#router shell defining a pair of

~cavities Onmaaaﬁsaleaﬁada&tat beendi ppBizIonEAA8D, a%altd» gavi ties each bei ng
defi ned by caﬁ é a ; ces_which tap r from:it rag neans I nwardly .
BREPEFeSX 8

- toward the & FR™BF 88108, gﬁﬁfsfPBHFFhé éﬁh 8% neans, a

filling of ppeakaresw naterial in each of said caV|t|es sald i nsul at i on

mat eri al havi ng reces§ed iuggﬁggitgqbaﬁﬁ G stibe %ggggﬁggg&neans on - 16-

opposite sides thereof to fo FUERamber s permtting
defl ecti on é¢°9a¢§nﬁl59h?&§ﬁﬂnﬁaﬁ§rGH6€r°P§&é§t96W&Pé bive theéspect i ve

recessed sugfAssr ﬁaus:.ﬂgcﬁﬁiﬁbt e\xecm&s&auug sanadedcEraacehdi ng to Claim
12 further chara teri

¥ 52 Ldgin atign material being a glass of.
ceram ¢ nat EFRRP Bﬁﬁﬁeg°P8 Pﬁeaegvtgﬁ 3?&§§8§ S*14. A capacitive pressure.
transducer according BQ Chacapaa1t&wehpresbaracteansddcby said cavity
surfaces begegogseﬁ{gagbycigehca' whdd1BCtRe Peastlsd AROthe! e central,

axis to forman i
: diaphragm means is between 3447.2 BARS (50 000 psi)
and 13789 BARS (200, 000 pSI).-- '
10 A capac1tive pressure transducer
-according to Claim 1 further characterxzed by the
- transducer housing having a support frame attached '
thereto and by said. isolators.being ‘mounted on sazd
support frame at a locatlon spaced. from said
transducer hous:ng. : _
_ 11. A capacitive pressure transducer .
according to c1aim 1 further characterlsed_by the
separate passageway means comprising_tubihg which will
bend under external loads. | S S
_ ' 12. A capacitive pressure transducer o
according to Claim 1 further characterized by said -
'sensor_housing.haviné a central axis lying generally |
' normal to said diaphragm means, said-sehsor housing
comprising-anzoater shell defining a pair,of_cavities
on opposite sides of the diaphragm means, said
cavities each bezng defined by cavity surfaces which
taper from the d;aphragm means inwardly toward the
central axis in dlrectxon away from the diaphragm
means, a £illing of insulation material in each of
said cavities, said 1nsu1ation-mater1a1 having
recessed surfaces adjacent the diaphragm means on



§

aégle of between 20 and 70 wth respect to the central axis. 15. A.

cgpacitive pressure transducer according to Claim 14 further characterized
b$ the bond between the housing surfaces and the gl ass iuu al -
bei ng substantially in conpression. 16. A capacitive pr muﬂmuMMEMI
i'ncluding a sensor housing with an internal cavity, a defleftabléd S
électrically conducting sensing di aphragm nounted on the sensor housing and
didvi di ng the. cavity into first and second.cavity sections, said sensor
housi ng having a central aXIS Iylng geneLggly normal  to sald di aphragns, a
fitling of insulatign nate In each of said cavity sections, said
i nsul ati on nat 8PPREREVFA eFeEE§§€8fs&Pf§€€§ saidcesptead ghapleasm on
opposite S|desfbhepg@hlte1hgraecma&h&b& acrsahulaaagaihggtheansf said .
di aphr agm unde p cessed sur.face. neans on the

P 9 Lndgg ioa @aEngﬁﬁ b5 ?%Egg %e F&F&Ssﬁﬂu HrFﬁ C€4nbi nati on

respective -recessed Sur aces Orm-nAg cap
wi.t h 't he d|aphragn1forn1iﬂﬁstAaR§P301clve pressure t8ang@userond sensing

capaci tors gengeabkdifymeBt E1adh Wot hureﬁsh %a%crt@&ageaeb&%sﬁa di aphragm
at a rest position_haying capagitance values (err] respectively,

means i ncl udi ngPEHIPESPR: BREETIBLoPPABI R G488 P SEpaBirematesdadi said
dlaphragn1tendbogded dof thet cani dydsapliaage.when pressures on opposite
sides are different fro ach o] e mer t he. cap aci tance val ue
of one of the senS|ng CQ%EC|toréggsﬁggébgeggggsu FuérgPsFHE 8t her sensing
capaci t or, theaﬁepéﬂéneetﬁogiﬁlanléff?néhéraphﬂagntbeungdrbxchsdd '

cavity surfaces belng generally con1ca1, and belng

generated about the central axis to form an included
angle of between 20° and 70° with respect to the

' central axis. _ '

' 15._ A capac1t1ve pressure transducer
accordzng to c1a1m 14 further characterized. by the
bond between the housing surfaces and the glass or
ceramlc materzal being substant1a11y in compre551on.

16. a capacitive pressure transducer
1nclud1ng a sensor hou81ng with an internal cavity, a
deflectable, electrically conductlng sensing dlaphragm
mounted on the sensor housing. and d1v1dlng the cavity
into first and second cav1ty sectlons, .said sensor
hous1ng having a central axis lylng generally normal

~ to said d1aphragms, a £filling of insulation material
_in each of said cavity sections, said insulation
material having recessed surfaces adjacent the

~ diaphragm on opposite sides thereof to form chambers
‘permitting deflection of ‘said d1aphragm under loads
toward the respectxve recessed surface, means on the |
respective recessed surfaces formzng capacltor plates

- which in combinarion with the diaphragm form first and



act
phra
t he di ap

t-he—pressure—onr—opposi te si des of lhe di aphragm i s equal ;

nsions and the coefficients of elasticity of the

MINME"MI materi al and the sensor housing in felation to
elng sel ected to insure that the prodduct of

dlaphragn1stretch ti mes the capacitance spacing at rest position. of the

di aphragm renai ns substantially equal to a constant under changing
pressures of equal magnitudes .on oppo kte si des of said di aphragm 17.
capaci tive pressure transducer accordf
by the di aplecmn beinaidoraaphdirtonsa gmtezlatllt;ammeltirglcait wapth stainless.
steel and t ea%rg#ﬂéglfgléggég ég b %? % 3%S and t he housing

S ssure trans uc :

i s stainless
sensi ng di BAFHGAS IRMNG iARACiEanes sl urs & B8d Rith reference to. and

A capac] tive pr er with isolated

as shown 'rréspbé¥¥¥ﬁm¥yﬂhéﬂﬁ§MﬂHEiudzng an 1solator to provide

pressure to oppos1te s1des of sa1d diaphragm tending .
to deflect sald dlaphragm when pressures on OppOSlte '
51des are dlfferent from each other to thereby lower
the capacltance value of one of the sen51ng capacitors
and ra1se the value of the other sen31ng capac1tor,3
the reference p051t1on of the dzaphragm_belng reached
when the pressure on.opposite sides of'the_diaphragm

is equal; charaoterized_by'the,dimensions-and the .
coefficients of elasticity of the diaphragm, the

plnsulatlon materlal and the sensor hous1ng in relation

to the dlaphragm diameter be:.ng selected to J.nsure that the product
of dlaphragm stretch times the capac1tance spacxng at

‘rest p031t10n of the dlaphragm remalns substantlally

equal- to a constant under changlng pressures of equal
magnltudes on opp031te s1des of said dzaphragm. '

. 17. A capac1t1ve pressure transducer.
accordlng to Claim 16 further character1zed by the
d;aphragm being formed from a cobalt based, high
strength stainless. steel and'the'insulation material

is an alkali-lead glass and the houszng is stalnless'

steel
18. A capacitlve pressure transducer with

E isolated senslng dzaphragm substantlally as herein _
_descr1bed with reference to and as shown in the

accompany drawings.

|

'.A_' /\d‘
g to daim16 further characterized



