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PRESSCRE TRA .. 'iSl\-llTIER ISOL.\.TION DL.\PI:IRAGjYI 
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?:-ess~=e ==ansmi::ers have a pressure sensor 
~cl.!p:ed to an ~sol.a:~on diaph:agm. !'!'le isolation 
~~aphragm iso!ates the ?ressure sensor from corrosive 
p=ocess !luics being sensed. ?ressure is trans:erred 

: ~. 1,. !rom -:he isolation diaphragm to :he sensor :hrouqh a 
fit, 1r.·.~·,sllbs~ancia!.ly incom'Cressible isolation !lu.:.d carried .:.n 
6 I ' • 

; : : ~a passageway. a. s. ?atents ~o. 4, 833, 922 em:itled 
. 

1

MCD~:..AR ?R::SSURE ~RA..~s~:~TER and No. 5,094,:09 entitled 
• J~SSUR,E TU...~SM:T':'ER W:TH STRESS !SOLA'!'ION DEPRESSION 

show pressure t:ra::.smi::-;e:-s o: -:~.:.s ~:;-oe. - . .. ... 

..;j,.:~ :!- : ...... ,,o· "'ec.,.ed ~o co.,.,...os'vA ma .. e .... ;a1s -·~-~, ~~ -~ ~~ J ~ - .-- - ~ w -- -

~hich may damage its structure. Sapphire and ceramic 

:naeerials are well suited for isolation diaphraqms 
because of their ruggedness and corrosion resistance. 
3owever, stresses applied to seal a diaphragm made of 
-=hese materials tend to chanqe the diaphragm's stiffness 
or shape and cause errors. Furthermore, diaphragms made 
of these materials have not been able to displace a ---= suffici·ent quantity of fluid to obtain accurat:e pressure 

---

:neasurements . A practical seal that is not susceptible 
~o corrosion has not been available. 

SQMMARY OF TBE INYENT!ON 
The present invention is a transmitter for 

?=ovidinq an output indicative of pressure of process 
::luid · The transmitter includes a first passageway 
:illed with isolation fluid extending from a first port 
~o a sensing means, and a second passageway for 
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=ecei·1:.~g p:-ocess ::.:.:.~=. ar-.d ~av:..:!g a second port. An 

:so~ation diaph=agm se9a=a:es =~e !i=st port f!"om the 

second po=: and isola:es p=ocess =:~id !=om isolation 

:::.iid. A seal ac:acer.-: -:~e diaphragm couple.s the 

~ diaphragm ':o ':~e ?rocess =:~id ?ressure. ~he seal is 

. . 
• '.J 

... . . 

. 'd . 
~e.:. :JY a S .,;..s"a ... - ~a· 1 ·1 -..,..., - ... __ --. spr:.:ig :hat is !'lOt 

s-.sceptib!.e ':o cor=os :.on. :''..!='::te:::-:nore, a diaphragm 

as seml:>ly car:yi:ig :he diaph:::-ag:n is :noum:ed in a stress 

isolation mount. 

SR!gF QESCR:?~!ON OF ~~E QSAW!NGS· 

Figure 1 .!.s a c!"oss-sec-=iona: !ragmentary view 
l ·' r. -
1tLt1lo: a pressure transmi::er i:i accordance with the present 

.i.• 1 l 
N; ! : :.nvention. 
' ~ • Fic;u:-e 2 is a c=oss-sec::.onal view o: an 
' : 5 .i~olation diaphragm shown in :igure l. . . 

Figure 3 is a cross-sectional view of a seal. 
Q'!:'T'P._"':"!'::':"" ri;:-sc~!'':J,,.!'I"'~' ('l"!O" "'~':" ':JO::;'-:'';;'~~::;on ;:'MBOO~MEN'T'S 

..... _,,,._.'.,,} .,,,_ .... __ - --.J~ .J ... -··- .. ='--· ,,:'l..;\,---..J =·· -·· - -
F.!.gure l s~ows press~=e c=ansmi~cer 10 having 

transmitter body 12, flange 13 and sensor body 14 in 

~J accordance with the present invention. Sensor body l~ 

includes pressure sensor 16, and transmitter body 12 

i~cludes transmitter circuitry 20. Sensor circuitry 18 

is coupled to transmitter circuitry 20 through 

communication bus 22. Transmitter circuitry 20 sends 

~nforma~ion related to pressure of process fluid over a 

two wire communication circuit. 

Sensor body 14 includes isolator assemblies 24 

and 26, in accordance with the present invention. 

Assembly 24 is shown in. greater detail in Figure 2 · 

Pressure sensor 16 measures a difference in pressure 

between pressure Pl in passaqeway 28 and pressure P2 in 

passaqeway 30 of flanqe 13. Pressure Pl is coupled to 

sensor 16 throuqh passaqeway 32 via isolator assembly 
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24. ?:-essu::::-e ?2 :s co~p.:.ed -:o senso:- :s :!'l:-ough ?assageway 34 via iso:a:o:- assemb:y 26. ?assageway 32 ex4:ends th::::-ou9h coup!i~g 36 and :~be 40. 
ext:ends -:hrough coupli~q 38 and :ube 42. 

Passageway 34 

Passageways 32 ar.d 34 are !illed with a :-elative:y i~compressible :luid such as oil. Coupl.i:igs 3 6 and 38 a::-e ~hreaded in4:.o se~sor body 14 and p::-ovide a long :lame-que~c~i:tg ?ath bet:ween the i:tterior o: sensor body carry!.ng sensor ci=cui~::::-y 18 and process fluid contained in passageways _..; 28 and 30 . 

. 1 .1, Isolator assem.o~y 24 includes sea~ 44-5~~eferably fusion bonded to isolation diaph:::agm 46. f;'!his is shown in Figu:-e 2 ir: g::-eate::- detail. Seat 44 
! r 

and diaphragm 46 are sapphi.:-e i:i one embod.imen: and :s =e~amic in ano:he:- embocime~-:. ?assa;ew2y 32 ex-:e~cs 
. . 

t:!lrough seat 44 :o 4 6 . ?c!y<:e<::-a!!-.:.c:-oe-:~:·:e:'!e ~?'!:'FE:) sea:. 49 :.ies "Qe:ween c~ap~::::-agr.: 45 and =:a~ge :3. ce=a~ic sp=i~gs 50 and 52 a:-e positioned in PTFE seal 58 and spaced apart by ~him 20 54. Shim 54 includes a horizontal passage to allow fluid communication with both sides of springs sdJand ' . 52. Passageway 55 extends between passageway 28 and ceramic diaphragm 46. Sea~ 44 is separated from sensor body 14 by washer 56 and silicon :-ubber 58. 
25 Isolator assembly 26 includes sea~ 60 preferably fusion bonded to isolation diapli=agm 62. PTFE seal 64 separates diaphragm 62 f:-om flange 13. Ceramic springs 66 and 68 are contained within PTFE seal 64 and separated by shim 70, which is typically ceramic. 30 Passageway 71 extends through shim 70 and ceramic springs 66 and 68 thereby providing fluid communication between diaphragm 62 and passageway 30. Washer 72 and· silicon rubber 74 separate seat 60 from sensor body 14. 

11Hn1i1i1i11r ! 
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!t is des:.~ab:e ~o use a ceramic or sapphire 

diaphragm because i~ wil: ~ct react with process !luid. 
=~=~hermore, brittle materials such as these tend to 
have reduced hysteresi.s providing improved accuracy. 

5 However, a major problem with such a design is to 

provide adequate stress isolation so that bolting an~ 
sealing stresses do not change the sti!.fness or shape of 

-:!'le diaphragm and cause e:-rors. The invention addresses 

~hese problems by minimizing sealing stresses by using 
:o a spring-loaded PTFE seal which minimizes contact 

sealing forces on the isolation diaphragm and by 

:5 

I 

~roviding s~::"ess isolation from the bolting forces 

1!::ecess·a:-y t:o contain li!'le pressures of up t.o 6000 psi . .. 
~For optimum corrosion resistance, the invention uses a ' . , . 
~ corrosior. res is tan-: spring. 

A ~ ..... .: ..... ~ /2 
.., __ .... __ _ iso:a:.or 

:.~:.ck:-.ess 

w' , , !"'.ave a 

. 
, - ..... ,.,,0...,.. 
-C- -:::--

-..,-...., -_ •• c... c::. 

:-=:is ca~se s -:::e 
one. One 

: 
b=~~~:e c:.aph=agm to be s~:.t:er -:han a me~al 

so:'.-l~icn is -:o p=ovide a co=:-uga-:ed diaph::agm. Ho:we.ve=, 
' ' -:.~.:..s is not possible :o:.- a b:.-i.t:t:le diaphragm; qs.:.ng 

.......... ,., .... ~ p.., , ...... .; ..... , .: ... ..,.. .,... t•.;.... ~-' :.~ .... c ... __ e ..... -ec ... no-ogy. A .::>-----e .... sola,_o_ .ec: ... __ es '5 .... ess 
4 • • 

I 

;so 1 a·i·o" "o~ ~a"gh~ ~~ ~he .. .... ..... •• •" '- ... .... ... ..... ....lo art. 
Isolation assemblies 24 and 2 6 are st:.=ess 

25 isolated !rom sensor module !4 ~hrough s~~.:..cor. =ubbe= 

seals SS a:id 74. This reduces st:=ess on assemb:~es 24 

a:id 2 6 because ":he or.ly solid cor.nection -:o mod~.:e : 4 .:..s 

a:-ound co\!pl.:ngs 36 a:id 38 a:ld washe:-s 56 and 72. 

F~:-the:- 1 assemblies 24 anc 26 a=e isola'ted !:-om ::a:ige 

30 13 by sea:s 48 and 50. !none embodiment, these sea:s 

a:-e o: ?':'FE because o: i-:s sealing p=ope:--:.i.es a:ic 

co=ros:o~ =esis'ta~ce. 

lfiii~11nr 
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PTFE is capable of "cold flow." Over t:.me, 
PTFE tends to change its shape in response to applied 
pressure. One solution is to provide a coiled metal 
spring in PTFE seals 48 and 64 of corrosive res:.stant 

5 metal. Figure 3 is a cross-sectional view of seal 48 

using a coil spring 80. Alternatively, the spring can 
~e of a ceramic material with better cor=osion 
::esistance. The spring should provide sufficient 
deflection to accommodate tolerances in the parts and 

:o should make up for any creep in the PTFE that occurs 

~ c; -_, 

vith time. 
t; The present invention provides a technique :fo:: 

·-1 • 

~roviding a spring to a seal produced from a material 
! which is resilient and corros.:.on resi.stant, such as 
' ?TFE. Ceramic springs 50 and 52 urge PTFE seal ?8 ~o 

" . . . 
ma~~~a:~ ~:s =~are. . . • • - ~ - -P.. 

\.:----·· ...... --·· . . . . - . ·-· _____ ,.,,,..._ -----.- .... -
--=-:'••-C.-::n• C:.::..;t:.,--..! -'-:: _.:::; 

discussed herei~, the same discussion applies for 
diaphragm asse~~ly 26.) Passageway 55 ~hroug~ sp~ings 

52 and 50 and shim 54 allows process fluid to actµate 
20 C.iaphragm 46 and trans!er pressure Pl !rom passageway 28 . .r 

to passageway 32 :or measureme!'lt by pressu:::e self cf-° :6 
a~d sense:- circuitry 18. Ceramic springs 50 •ar.C. 52 

p=ovide sufficient de!lection to accommoda~e to:e:::a~ces 

in the parts to be sealed and to make up !o::: a~y creep 
25 ~n the ~~FE that occurs w~th t~rne. The sp=~~gs a:so 

apply sut:icient force t~ cause the PTFE to ::ow ~~to 
irregular~ties ir. the surfaces to be sealec. 

The amount o: energy that car. be stored by a 
sp:::~ng is given by the formula: 

. c! .. x 
E --==- v· sr>:!:ig . E 
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where Elpnlll is the ene:::-gy st.ored in the spring, olllU is 
t.he maximum working s~ress of the material, E is the 
:nodulus of elasticit:y and v is the volume of the 

~ material. Ceramic and o~her brittle materials eend to 
have a lower. alll&X and a higher E than metals. 
causes orau/E to be f=om 10 to 50 times lower for britt.l~ 
materials ·than for metal materials. To compensate !or 
this, the present invention uses a spring with a volume· 

:o between 10 and 50 times large than a corresponding metal 

.spring. The invention achieves this by extending t.he .. 
f~pring beyond the edges of the PTFE seal. !n add.:.~ion 

·1' 
~~o problems with their energy storage capacity, it. is 

! a:so diffic~!~ to fo=m miniature coils £rem ce:::-am~c and 
' 15 · ot~er brittle materials. Multiple ceramic spri~gs ca~ 

• 
Ho:es i~ :~e sp=~~g a::ow p~ocess ~luid to pass.~o ~he 

fo:-m diaphragms 46 and 62, p:-ocess :luid does i not. 
20 contact any cor~odible mat.erials in isolator assemq:ies .. , 

24 and 26. J ~ 
A brittle i.sola~o= assembly tends -:.o be•;s:.=.::. 

A~y change in s:i!!ness causes an e:::-=or i.n p:-ess~=e 

measl.:=emer:-:. To rn:..::.:..m:..ze changes i~ st.i:!!'less, -=~e 

25 inven~ion su==ounds ~~e ~solato= assemb:y wi.~h p=ocess 
fluid p::ess'l!re. '!'t.is is accomplished by usi:1c; a::. 
elas:ome:-ic suppo:::t. {s~:icon =ubber) wh~ct wi:l deve:op 
a hyc::os:a'tic force about. egua: ~o t.he p:::ocess ::~ic 

p:-essu:-e. The elastomeric suppo:::-: should be -:hin enoug!': 
30 so that it. will no~ ex::-ude o:::- expand excessively w~:h 

tempe=atu=e changes. ~his may exceec ~he capaci~y o: 
the sp:::-i~;. 
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The invention also employs fusion bonding 

.:-ather than.braze material t.o bond the diaphragm. The 

!usion bond is not susceptible to corrosion or creep. 

The diaphragms o! the present invention are 

s preferably used in pressure sensors that require little 

displacement. of the isolation fluid and have a low 

volume to minimize the total expansion of the fluid to 

obtain a pressure measurement. A sensor that provides 
reduced isolation fluid displacement is described in the 

: 0 pat.ent application entitled SUSPENDED DIAPHRAGM PRESSURE 

:.SENSOR, Serial No. 08/123,729, filed September 20, 1993 

r~y Roger L. Frick which is hereby incorpo::-ated by 
·.lo 

~ ref e~ence. 
' Although ~he present invention has been 

15 described with =e:erence to preferred embocime~~s, 
... ,,,.. __ _ 

• 
may be made in form anc de:.a.:.: w:~hout depa:--:.i~; ::-om 

:c::-. example, 

othe::- materials can be used :o::- ~he springs such as 

20 sapphire. 

111ifi1ii1Rf 
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WHAT ;s CLAIHED IS: 
l. A transmitter for providing an output 
i:ldicative of a pressure of a process fluid, comprising: 

2. 

a body having a first passageway filled wit.h 
isolation fluid extending from a !irst 
port to a sensing means for providing a 
pressure related output and a second 
passageway carrying process fluid; 

an isolation diaphragm separating the first 
passageway from the second passageway 
and for preventing process fluid :::-om 
entering the first passageway; 

seal means for sealing the diaphragm and 
coupling the process fluid pressu:-e t.o 

the diaphragm; and 

rnat.er:a:.. 
,.,,. ...ne t:-ansmitter o: claim l wherein the seal 

mea~s comprises PTFE. 
3. The transmitter of claim l including a. s;>ring 

' 
h l . . . . •' adjacent 

4. 

adjacent. 

5. 

t.e sea means comprising ceramic. , ~ 
The transmitter of claim l includ~ng ~~pring 

the seal means comprising sapphire. 
The transmitter of claim 1 including a second 

\ 

spri::g adjacent the :first ·spring and fu:ictioning i:. 

coope=a~i.on with the tirs~ spring. 
6. The transmitter of claim 5 including a .. 

s~:.m 

between the first and second springs. 
i. The transmitter of claim . - whe:re:-n -:he 
isolation diaphragm is carried in a diaphragm assemb:y 
and the diaphragm assembly is substan~ially s-:::-ess 

·isolatec !=om body. 

Hllllll llllll lllll lllll ll Jiii 
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8 ; The transmitter of claim l wherein the· 
~so:a~ion diaphragm is carried in a diaphragm assembly 
subs~antially at a pressure of the process fluid. 
9. The transmitter of ·claim l including a coil 
spring adjacent the seal means. 
10. The transmitter of claim l wherein the 
isolation diaphragm comprises ceramic. 
11. The transmitter of claim l wherein the 
isolation diaphragm comprises sapphire. 
12. A transmitter for providing an output 
indica~ive of a pressure of a process fluid, comprising: 

13. 

a body having a !irst passageway filled with 
isolation fluid extending from a first 
port to a sensing means for providing a 
pressure related output and a second 
... -a-sm: .. -e- -assage'"'a'' ca .... -·.,:-~ -.---.,.=-c:s 
'-- •• --- - :::' w .! --.-··= :- ... --.., 

assembly sepa:-a-:.;..nc; 
• 

-~.:. -··-
passageway !:-om t:he second passageway 

I 

and :or preventing process !luiq :r-om 
entering the first passageway; ; ~ 

seal means for sealing the diaph~gm a!'ld 
I 

coupling the process fluid press~=e ~o 
the diaphragm; and 

a stress isolating mount coupl.:..:ig -:;:e 

isolator assembly to the body. 
~he ·~ansrn~·-e~ o~ c 1 a~m 1 2 ;nc 1 ud'ng a ~~~s-
••• '-"• .L ... --.... • ... .. ~·· - ... - --~ --- -

elo~ga~ed spring adjacent the seal means !or u=ging ~he 
sea: means against the diaphragm. 
14. The transmitter o: claim 13 wherein the sp::-:.n; 

comp=ises ceramic. 
, -
~::>. The t:ransmi-:ter o: claim 13 where:..r. the 

comp=:..ses sapphire. 

111111111111111111111111111111 
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16. The transmitter of claim 14 including a second 

elongated spring adjacent the first , spring and 

functioning in cooperation with the first spring. 
17. The transmitter of claim 16 including a s·him 

between the first and second springs. 

18. The transmitter of claim 12 wherein the stress 

isolating mount includes an elastomeric layer between 

the diaphragm assembly and the body. 
!.9. The transmitter of claim 12 wherein the 

isolation assembly includes a ceramic isolation 

, diaphragm . .. ,. 
1t 20. The transmitter of 
' ··}.· isolation assembly includes 

fi diaphragm . 

claim 12 wherein the 

a sapphire isolation 

• 

111111111111111111111111111111 
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