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Invention relates to pressure sensors of the type use
to measure the pressure of a process fluid. Mre
specifically, the present invention relates to a
pressure sensor configured to neasure both a
differential pressure as well;.as a |line pressure.
Transmitters are used in process nonitoring and
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Transmitters are used in process monitoring

and control systems to measure <various process
variables of industrial processes. One type of
transmitter measures pressure of process fluid in the
procesg. Various techniques have been used in the
pressure sensors used in such transmitters. One well
known technique is to use a deflectable diaphragm. A
capacitance is measured with  respect to the
diaphragm, with the diaphragm forming one of the
capacitive plates of the capacitor. As the diaphragm
is deflected due to applied pressure, the measured
capacitance changes. In such a configuration, there
are a number of sources of inaccuracies in pressure
measurements.

One technique which addresses these
inaccuracies is set forth in U.S. Patent No.
6,295,875 entitled, "PROCESS PRESSURE MEASUREMENT
DEVICES WITH IMPROVED ERROR COMPENSATION" issued
October 2, 2001 to Frick et al. which is incorporated
herein by reference in its entirety. This patent

describes a differential ©pressure sensor  that



Cct ober 2 ,d2001 to Frick et al . which is
wo JobhgopR’r ated herein by reference in its enti '
patent describes a differential pressure Seg&%&%ﬁmﬁh&&m4
thatincludes an additional electrode for use in
reduci ng neasurenment inaccuracies. However, in some
installations it is desirable to neasure an absolute
(l'ine or gauge) pressure in addition to a differentia
pressure neasurenent. |In such an application, an
addi tional pressure sensor is typically required to
nmeasure the line pressure. SUMVARY A pressure sensor
assenmbly for sensing a pressure of a process fluid
i ncl udes a sensor body having @ cavity fornmed therein.
The cavity is configured to couple to a first process
fluisdaressurs, Aqdefisssabbeedapheagion nuddeivaviedycing
defl ects in response to the first process fluid,
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10 pressure of a process fluid includes a sensor body
having a cavity formed therein. The cavity is
configured to couple to a first process £luid
pressure. A deflectable diaphragm in the cavity
deflects in response to the first process fluid

15 pressure. A first primary electrode ig coupled to a
wall of the cavity and forms a first primary
capacitor between the first primary electrode and the
deflectable diaphragm. A first secondary electrode is

_coupled to the wall of the cavity to form a first

20 secondary capacitor between the first secondary
electrode and the deflectable diaphragm. Line
pressure of the process fluid is calculated as a
function of variation in the first priméry capacitor
and the first secondary capacitor due to changes in

25 the size of the cavity from the first process fluid
pressure. A method is also provided.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a process measurement system
with a process transmitter constructed in accordance

30 with the present invention.



pressure. A nethod is al so provided. BRI EF DESCRI PTI ON
OF THE DRAW NGS Figure 1 shows a process neasurenent

weysisasvaast h a process transmitter construct edPCml/US2006/020254
accordance with the present invention.Figure 2 is
schematic view of a transmtter of Figure 1 . Figure 3
shows a cross sectional view of a portion of the
process transmtter of Figure 1 . Figure 4 is a
simplified cross sectional vi.ew of pressure sensor 56
for use in illustrating operation of the present
invention. Figure 5A is a graph of line pressure
versus primary sum effective g%p and Figure 5B is a
graph of line pressure versus ring sumeffective gap.
Fi gures 6A and 6B are graphs of |ine pressure versus

ring sum pri maryesksn 2ands ( EbhgmgaREPRLERN Vb fyap)t ¥emsmitter
(ring gap/primary gap) g . Figures 7A and 7B are three
di meP5i BHEFTYrlaphs of |ine pressure versus primary

transfer functjigon yersusyriag Sustpsi ngégtwﬂ}ﬁ}l:ivglé%e of a

8A is a graph o i ne pressure versus ring sum primry
sumpbrivien oo thansferedsinctamemitatersof Frggme= 8B. i s

a graph of slope oc versus nom nal .pri.neyy transfer .
Bunct i on. DETAILES DEACRLPTI ON“HE Thidsent o7 Reent T tonal

provi-des ¥F PRMEMMS sensor 56 for use in illustrating
operation of the present invention.

Figure 5A is a graph of line pressure
versus primary sum effective gap and Figure 5B is a

10 graph of line pressure versus ring sum effective gap.

Figures 6A and 6B are graphs of line
pressure versus ring sum/primary sum and (ring
gap/primary gap)x+(ring gap/primary gap)vy.

Figures 7A and 7B are three dimensional

15 graphs of 1line pressure versus primary transfer
function versus ring sum/primary sum.

Figure 8A 1is a graph of 1line pressure
versus ring sum/primary sum at various transfer
function values.

20 Figure 8B is a graph of slope « <versus
nominal primary transfer function.

DETAILED DESCRIPTION

The present invention provides an apparatus

and method for determinipg line pressure for a multi-

25 electrode capacitance-based pressure Sensor. By
computing the ratios of sums, or sums of ratios, of
appropriate capacitances in a multi-capacitance based
pressure sensor, the 1line pressure of the process

fluid can be determined.



and nethod for determning line pressure for a

wo 20/ fo§lsect rode capaci t ance-based pressure seR§As 0020254
conmputing the ratios of sums, or sums of ratios, of

appropriate capacitances in a nulti-capacitance based
pressure sensor, the line pressure of the process

fluid can be determ ned. Figure 1 shows generally the

envi ronment of a process neasurenent system 32 .

Figure 1 shows process piping 30 containing a fluid

under pressure coupled to the process neasurenment
system 32 for neasuring a process pressure. The

process measurenent system 32 includes inpul se piping

34 connected to the piping 30" %The i npul se pi ping 34

is connected to a process pressure transmtter 36. A
primary eregeré 33, showd aerRraAiif | EReplatwiroemind | of a
tube, flow nozzle, and so on, contacts the process
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process measurenent device that receives process
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and converts it to a standardi zed transm ssion signa
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33, such as an orifice plate, venturi tube, flow

10 nozzle, and so on, contacts the process fluid at a
location in the process piping 30 between the pipes
of the impulse piping 34. The primary element 33
causes a pressure change in the fluid as it passes
past the primary element 33.

15 Transmitter 36 1is a process measurement device
that receives process pressures through the impulse
piping 34. The transmitter 36 senses a differential
process pressure and converts it to a standardized
transmission signal that is a function of the process

20 pressure.

A process loop 38 provides both a power signal
to the transmitter 36 from control room 40 and
bidirectional communication, and can be constructed
in accordance with a number of process communication

25 protocols. In the illustrated example, the process
loop 38 is a two-wire loop. The two-wire loop is used
to transmit all power to and all communications to
and from the transmitter 36 during normal operations

with a 4-20 mA signal. A computer 42 or other

30 information handling system through modem 44, or



bi di recti onal communi cati on, and can be constructed in

wo ReEHogance wi th a nunber of process comuni Gt @®Bo06/020254

protocols. In the illustrated exanple, the process
loop 38 is a two-wire |oop. The two-wire loop is used
to transmt all power to and all conmunications to and
fromthe transmtter 36 during normal operations wth
a 4-20 mA signal. A conputer 42 or other information
handl i ng system t hrough nodem 44, orother network
interface, is used for communication with the
transmtter 36. A renpte voltage power supply 46
powers the transmtter 36. Figg%f 2is asinmlified

bl ock di agram of pressure transhitter 36. Pressure

transmtter 36 includes a sensor nodule 52 and an

el ecbth8iCsndoastk 72 reenied ,t oget hesed hifeixghcammunication
dat abys_ 66. Sensor nodul e el ectronics 60 couples to
pres¥hER sERR ort TSN I YT ed6i-ved An Ht®ed Voltage power

di ff geBE4akgP e-h4. ogpection 58
coup?egﬁsgnsorb§%é¥% gﬁéaﬁgggag?geg?g??él converter 62
An opti Baghreenger dtsur @ sesioqplBB3ied adbbock diagram of

i lustrated al gng wi t.h sensqr_nodul e nenory, 64 . The

o BFBRFBE Dot ER Lo a B ESRRGHp 1 BrARgE brer 36
74, 16b@GHEBNIC SsSTRIBN YmdBELE €526 andi il ad1é6: 2O €9 board
signal conversion 78 and dlma%tal comuni cati on bl ock

80. VR agevPdadcetomerneBcHmtRG s& Fatepusn §6s. Sensor
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t he phéshntreécwierdd oani spwtidd ndtiédetrensiueh gpressure 54.

10 The data connection 58 couples sensor 56 to an‘analog
to digital converter 62. An optional temperature
sensor 63 1is also illustrated along with sensor
module memory 64. The electronics board 72 includes a
microcomputer system 74, electronics memory module

15 76, digital to analog signal conversion 78 and
digital communication block 80.

In accordance with techniques set forth in
U.S. Patent No. 6,295,875 to Frick et al., pressure
transmitter 36 senses differential pressure. However,

20 the present invention is mnot 1limited to such a
configuration.

Figure 3 is a simplified cross-sectional
view of one embodiment of a sensor module 52 showing
pressure sensor 56. Pressure sensor 56 couples to a

25 process fluid through isolation diaphragms 90 which
isolate the process fluid from cavities 92. Cavities
92 couple to the pressure sensor module 56 through
impulse piping 94. A substantially incompressible
£ill fluid fills cavities 92 and impulse piping 94.

30 When a pressure from the process fluid is applied to



configuration . Figure 3 is a sinplified

WO ﬁ,b@isjngectl onal view of one enbodi nent of a pg§ASBRH06/020254
nodul e 52 showi ng pressure sensor 56 . Pressure sensor

56 couples to a process fluid through isolation

di aphragnms 90 which isolate the process fluid from
cavities 92 . Cavities 92 couple to the pressure
sensor nodul e 56 through inpulse piping 94 . A
substantially inconpressible fill fluid fills cavities
92 and inmpul se piping 94 . Wen a pressure fromthe
process fluid is applied todi aphragns 90, it is
transferred to the pressure sepsor 56. Pressure sensor
56 is formed fromtwo pressure sensor halves 114 and
116 and filled with a preferably brittle,
subsdaptaldns | roonpriessibl etpahefeaked05toA thaphymgmure
106 is suspended within a cavity 132,134 formed within
t he SBHH T6. An outer wall of the cavity 132, 134

carries electr%gégg&ﬁ§ 144,148 apd 13Q. HesRLaA%rom two

generally, be referred to as primary el ectrodes 144
and ﬂm&smﬁd sensodahgluessédénderd Elecanddédllsd anidh a

eCtrOdE orm capacit ith respect to
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can

be rrﬁé@é:fﬁdlt@oés mrlmzyhﬁa@nseoend@r ysagpaﬁaé@rmwﬁn a
illustrated in Flgure 3, the various electrodes in

sens@?VEEYalézcb@ | E@rredaditdynt -f gPERPOEORPer Y Outer

G248 B g Eppatst 3a10% 404 Al didkeroges
146,144,148 and 150. These can, generally, be

10 referred to as primary electrodes 144 and 148, and
secondary or secondary electrodes 146 and 150. These
electrodes form capacitors with respect to the
moveable diaphragm 106. The capacitors, again, can be
referred to as primary and secondary capacitors.

15 As illustrated in Figure 3, the wvarious
electrodes in sensor 56 are coupled to analog to
digital converter 62 over electrical connection 103,
104, 108 and 110. Additionally, the deflectable
diaphragm 106 couples to analog to digital converter

20 62 through connection 109.

As discussed in U.S. Patent No. 6,295,875,
the differential pressure applied to the sensor 56
can be measured using the electrodes 144-150. As
discussed below, the capacitance measured using these

25 electrodes can also be used to determine the line
pressure of the process fluid applied to the pressure
sensor 56.

Figure 4 is a simplified cross-sectional
view of sensor 56 used to illustrate operation of the

30 present invention. Figure 4 illustrates various



di aphragm 106 couples to analog to digital converter

wo 8des/1304_8ugh connection 109. A s di scussed i N pdrRis2006/020254
Patent No. 6,295,875, the differential pressure

applied to the sensor 56 can be neasured using the

el ectrodes 144-150. A s discussed bel ow, the

capaci tance neasured using these el ectrodes can al so
be used to determ ne the |line pressure of the process
fluid applied to the pressure sensor 56. Figure 4 is a
sinmplified cross -sectional view of sensor 56 used to
illustrate operation of the present invention. Figure
4 illustrates variouscapacitive val ues, M between

el ectrode 144 and di aphragm 106, My between el ectrode
148 and di aphragm 106, Rx between el ectrode 146 and

di apdumgim it ancth Dapaci tMy Ryebeée#rencikecibdde 19Q and
and dj aphragm 106. It has been di scovered that durin
an SP&aRTasm of0%r s PREERMRoFLEEETPRR Life 3 HipRiragm

appligd tg t B@t%sgﬂm&%ﬁa “1hgougly tcﬁ‘%zglgP%g%rhaﬁﬁs and

tubes 94 causes a deformation in the body
pr esmapa sENs Ry betwEean sipkiteddei 16 0perass diepbaages 186 .

ressure difference between the pressure wthin bod
G0 and the | fer MRS erdFFBnnBAECOVSEHE prbstyr St thy  an
transgB#deion TBES presswre diehfserenss pl wrlsesnkheressure
deformation in the body 220 . In the exanple shown in

Fi giarplsied otqr Ehel Prosfiye feweeer bhrausbn the R lary
Sk, o, iSRRI RBIETILg S theey 220 of
pressure sensor 56. The applied line pressure causes
10 a pressure difference between the pressure within
body 220 and the internal environment of the pressure
transmitter. This pressure differential causes the
deformation in the body 220. In the example shown in
Figure 4, a greatly exaggerated deformation is shown.
15 Specifically, the applied line pressure' causes
exterior walls 200 and 202 of body 220 to expand
outward to the positions shown in phantom at 200’ and
2027 . As the body deforms, the interior walls 126
and 128 of cavity 132, 134 also expand outward to the
20 position shown in phantom 126’ and 128’,
respectively. As the walls 126 and 128 move
outwardly, the electrodes 144, 146, 148 and 150 also
move in an outwardly position as illustrated in
phantom at 144’, 146’, 148’ and 150’, respectively.
25 This change in position of the electrodes 144, 146,
148 and 150 results in a change in the capacitance
values as measured at Mg, My, Rx and Ry. In accordance
with  the present invention, this change in
capacitance 1is used to measure the line pressure

30 applied to the pressure sensor 56.



outward to the positions shown in phantom at 200" and
202'. As the body deforns, the interior walls 126 and
wh286oBo0avity 132, 134 al so expand outward t oPCAIS2006/020254
posi tion shown in phantom 126" and 128', respectively.
A s the walls 126 and 128 nove outwardly, the
el ectrodes 144, 146, 148 and 150 al so nove in an
outwardly position as illustrated in phantom at 144",
146', 148' and 150", respectively. This change in
position of the el ectrodes 144, 146, 148 and 150
results in a change in the capacitance val ues as
neasured at Mk , My, Rx and Ry. In accordance with the
present invention, this changé&®n capacitance is used
to measure the line pressure applied to the pressure

sensor 56. A s psed,ded eibrd1e, CANAL| tEANSL- NANREN between
el ectrodes 144 and 148 and the di aphragm 106 is

ref ee¥ectredes d44riangt y 1é8pashdantbe addopheagm 106 is
Capaféf%{%eg%be%ge e%%e! SCt “\fp@%a%‘;‘ﬁ acD’:tha]cE.’LQ:a%%%”t heand the

cent'er ragm 1 i S reférred“‘to as a secondary
capafipaictandd detoedancel stthodde pHeseahdi Mt bad, the
the line pressure is determ ned as a function of the

CapRFReic e TBAPATBEMMENSP cafact¥RT R FRe FApaci IeFRAATY
of g SLLONIRIYe Capaci (ar. JheSLiLaRaci LaRee vahues Lalkent

be used in a ratio of suns, or sumof ratios, in a
confingyenitiom, t cheducner rprsssure held i nteprogbed as a

measur e nts.oﬁ linpe pressureé%ﬁ? si.gnal _can_be ci
der IVEE YT e, T ¢ CAGRSCLPOES cabact t Rhea=pYs ippacitor
and the capacitance of a secondary capacitor. These
10 capacitance values can be used in a ratio of sums, or
sum of ratios, in a configuration to reduce errors in
the line pressure measurements.
A line pressure (P) signal can be derived
from the multi-electrode capacitance based
15 differential pressure sensor 56 described above.
This determination can be made by computing a ratio
of sums, or a sum of ratios of the appropriate
inverse active capacitance signals. As used herein,
active capacitance is that capacitance which responds
20 to movement of the center diaphragm (CD) relative to
the sensor cavity and excludes any stray capacitance.
The inverse of active capacitance is proportional to
the separation or gap between the two large area
(primary) electrodes separated by a relatively small
25 distance. The configuration illustrated above with a
center primary electrode and the ring secondary
electrodes can be used to determine line pressure
when the inverse active ring capacitances are divided

by the inverse active primary capacitances. More



differential pressure sensor 56 described above. This

wo A6g/BpPsnation can be made by conputing a ratcq, Rhoosn202s4
sums, or a sumof ratios of the appropriate inverse

active capacitance signals. As used herein, active
capaci tance is that capacitance which responds to
movenent of the center diaphragm (CD) relative to the
sensor cavity and excludes any stray capacitance. The
i nverse of active capacitance is proportional to the
separation or gap between the two |arge area (prinmary)
el ectrodes separated by a relatively small distance.
The configuration illustrated above with a center

primary el ectrode and the ring” secondary el ectrodes

can be used to determ ne |ine pressure when the

| NVepee idaldang ,i Ng ierpagirearege alerdi Wededdterlitied as
i nverse active prinmary capacitances. Morespecif

i calfig}lovisrie pressure can be deternined as fol | ows :

LP = &* )\ +.\/ I EQ 1 Adiffer :
equa IFV%S@%H)GM“%M”S@J tI\JNe)vvri tten as foll ?\/gs': 1

LP 3 | *di ¢ Rddt | Meatial LER FUW) fSfmhldRort can be
My/Ry). EQ 2 Where Mis the active capacitance of the

bri mriftene@s de@d1Ws:s the active capacitance of the

i | , f _t. i
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i1 ugladat egh | DsFie e rivihe cepastiaahsek afd thél ®rimary

proportionality constants. Line pressure can also be |
det &lAdt&PAssi n§ dssi hhee aitivee eapacitanee wfl ughe ring

Fbm@ﬁ%&mﬂd&é?“§]and v refer to the low and high sides of
10 the differential pressure sensor as illustrated in
Figure 4. The constants k and j are proportiomnality
constants. Line pressure can also be determined using
a single active capacitance value. However, in such
a configuration, the capacitance is particularly
15 sensitive to errors, for example, due to temperature
variations. In contrast, using the ratios discussed
above, a much greater signal to noise ratio can be
obtained, for example a factor 100 improvement over

the use of single active capacitance.

20 Figure 5A is a graph of line pressure (PSI)

versus primary sum-effective gap (um) showing the
temperature effect on the sum of the gaps between the
primary electrodes 144, 148 and the diaphragm 106
utilizing inverse capacitance. Figure 5B is a
25 similar graph utilizing inverse ring capacitance. As
illustrated in FIGS. 5A and 5B, measuring the line
pressure with inverse capacitance provides a very
steep slope or low gauge factor with large changes in
apparent line pressure (y-intercept) for small

30 changes in temperature. Figure 6A is a graph of line



a configuration, the capacitance is particularly
sensitive to errors, for exanple, due to tenperature
woanieatoars. | n contrast, using the ratios di SegsAamse006/020254
above, a much greater signal to noise ratio can be
obt ai ned, for exanple a factor 100 i nprovenent over
the use of single active capacitance. Figure 5A is a
graph of line pressure (PSlI) versus primry sum
effective gap (mm ) showi ng the tenperature effect on
the sum of the gaps between the primary el ectrodes
144, 148 and the di aphragm 106 utilizing inverse
capaci tance. Figure 5B is a sijnilar graph utilizing
i nverse ring capacitance. A sHiTustrated in FIGS. 5A
and 5B, neasuring the'line pressure wth inverse

capgotd HNGee PRRYARS 2iME Yo irh ASPi S ©pe Ui | 9 gRtgerdance
factor with | arge changes in apparent |ine pressure

(y- iwtter cepeation snakl vemiryss tiempeampdiratucad Hiflie 6B
6A is.a_gr of di e r iNO¢-S; | ;

oum 15 202aRaineE I PR cBTHpFake! Sl Ty REAP P Yimary
tem@%@%#&@ﬁjﬁﬁd ?&gﬂpﬂiﬁ&kys gapd aphiof ldoweygleessur evith
versus (rjng gap rimr a +.(rin apLprimary.
Gap) ST EeLdr danc %ﬁgﬁléﬁgﬁg%ﬁa 2% 5 1I§§s?g§t§@’ and
in H6Scohfrald €8 waRd d i aontress . t oat BeadgrsaNhsthe slope
FIGS. 5A and 5B, the slope of the LP signal is greatly
reduckd tie gh8r garpl f 46t og¥eahllyt Heeduagdt dpdgper Jauge

o LSESCERS Y LR e o LerBlal Yedca, by

6B | sempethatiré 0 agennaill erskasbve and tte alP| epsh. The

ﬁ?rtég&|¥emperature error in FIGS. 6A and 6B is similar
to comparable sensors and is at least partially
correctable. In the graphs of FIGS. 5A, 5B, 6A and
6B, the data was collected at a differential pressure
of 0.

15 A line pressure signal can also be obtained
when' the differential pressure and line pressure are
superimposed by combining either of the ratios
illustrated in equations 1 or 2 with a standard
differential pressure transfer function. 1In the case

20 of equation 1, such a combination results in a fit of
the data to a surface in three dimensional space with
line pressure being a function of a ratio from
equation 1 and the standard transfer function
(Mx — My)

. For example, FIGS. 7A and 7B are the views
(Mx + My)

25 of a graph of line pressure versus primary transfer
function wversus ring sum/primary sum. In this
example, 192 data points are fitted based upon using
a standard pressure transmitter at various 1line

pressure and differential pressure values. The



correctable. In the graphs of FIGS. 5A 5B, 6A and 6B,
the data was collected at a differential pressure of O
WO 200dl1i3oes pr essure signal can al so be obt ai nedpreinas2do0bn20254
differential pressure and |line pressure are
superi nposed by conbining either of the ratios
illustrated in equations 1 or 2 wth a standard
differential pressure transfer function. In the case
of equation 1 , such a conbination results in a fit of
the data to a surface in three dinensional space wth
line pressure being a function of a ratio from
equation 1 and the standard transfer function - . For
exanple, FIGS. 7A and 7B are thé-views (Mx +My) of a
graph of line pressure versus primary transfer

funcLbQpi ¥RESHSoRI NGE SYREPT 4 A8 ylaunh% red higg e%@ﬂggerates

192 data points are fitted based upon Using a standard
prestheecioaashittef bhevdatausntone piessure and

differential pressure_yal.ues. Thereor ation of the
axes in Flgureﬁ %uFFléétFﬁt@ngW? J%%HW?té%?at gom FIGS.
dat a7Apt gBa g anene FHYEESUBA Weraudl ahefsihepahary sum.
fromFIGS. 7A, 7B of line pressure versus ring

sunm Browsey 8RinisFiagueeaB P Lhp aphopr tdfe SheBe lgme in
eachpl Lige| %AF'xH#s%sSAné’rﬁiﬁélf ?ﬁ?ﬂgﬂ’ Ri_ TRy TElléétrated

illustrated ese figures, a’i's easi

segr égatéeesei thigqresat, chS|daEacﬁsbpadmiyrs&g&egated with

funceion, The.BLet.bn Eloue 88 LJdstrates fhat there,, o
in Figure 8B illustrates that there is no higher

10 order effect that warps or twists the plane and
confirms the simplicity of the ratio/transfer
function/line pressure relationship.

With the present invention, the ingtability
of the dielectric constant of the fill fluid caused

15 by heating, cooling, compression, decompression and
transients cancels out to a relatively large degree.
This is achieved by using more than one electrode on
either side of the diaphragm in the pressure cell to
obtain the line pressure signal.

20 In specific experiments, the precision of
the data provides an error band of +1-70 PSI 1line
pressure at a 95% confidence level. This level of
precision is sufficient for reducing zero and span
line pressure errors by a factor of 10 over a

25 standard configuration by correcting the differential
pressure transmitter output based upon the line-
pressure signal. Manipulation of the capacitance
data alone provides this improvement and no
additional line-pressure sensor is required.

30 Further, the present invention can be used to extract



order effect that warps or twi sts the plane and

confirnms the sinplicity of the ratio/transfer
woOuromiizens! i ne pressure relationship. Wth thepprasemns020254

invention, the instability of the dielectric constant

of the fill fluid caused by heating, cooling,

conpressi on, deconpression and transients cancel s out

to a relatively large degree. This is achieved by

using nore than one electrode on either side of the

di aphragmin the pressure cell to obtain the |line

pressure signal. In specific experinments, the
preci sion of the data provides an error band of +1-70
PSI line pressure at a 95% com¥f¢dence |evel. This

| evel of precision is sufficient for reducing zero and

spang | i N8eRbEESUNE el T Yo dWurfe T A81GRaPT HRs@¥Er hon  the
standard configuration by correcting the differentia

pr essersurednsapatéranoepualbasedagpdm mighout the use of
i nepressuyre.signal .. Manipulation_of the capacitan

dat 20 A ShAfad L on BREREPSbe ABRE a0 A O | Bagpnced
| i NnecPhESGUFLL BERSOI the nNagid retbsdurd hef gnhe cphesent used

i nvention can be used to extracta useable |ine ,
B esilr cdMHAt IRR e dvididon e ameadirdd PaFESIEEncand, 1in

Va'USBmeagééﬂfyéﬁfQHioﬂg? Ué@mﬂiﬁé& a?ﬁ%ﬁiOEQE%ékgéﬁre to
pressure sensor- [n nore advanced configurations, the
| i neppoesderea sagsafloancékcusadion. conbi nation with

i ferent a1 PESSSULe Ada kil SOTBCONLIMALLEN or tne
cal cgt-2hbPP. capacitor changes by about 0.2% as the line
10 bressure changes from 0 to 2000 PSI. Similarly, the
capacitance of the ring capacitor changes by about
0.7% over such a range. The change in capacitance is
substantially linearly zrelative to the change in
applied line pressure. The two capacitances are used
15 to accurately measure the applied line pressure.
Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that
changes may be made in form and detail without
20 departing from the spirit and scope of the invention.
In some embodiments the present invention includes
compensating the calculated line pressure based upon
the applied differential pressure. As used herein, the
"primary” electrodes and capacitors and "secondary"
25 electrodes and capacitors can be alternatively referred
to as "primary" and "secondary'", respectively.
The measured or calculated line pressure can be used
independently, or <can be wused to, for example,

compensate for errors in the measured differential



In one exanple, the capacitance of the primary
capacitor changes by about 0.2% as the |line pressure
wohasgses26rom 0 to 2000 PSI. Simlarly, the capaTiusane®20254
of the ring capacitor changes by about 0.7% over such
a range. The change in capacitance is substantially
linearly relative to the change in applied |line
pressure. The two capacitances are used to accurately
neasure the applied |ine pressure. Although the
present invention has been described with reference to
preferred enbodi nents, workers skilled in the art wl|l
recogni ze that changes may be de in form and detai
wi t hout departing fromthe sﬁﬂ it and scope of the
invention. In sone enbodinents the present invention
i nclydes, canpensatkngedteemsllciddnt etlati ntepr mesemeed line
baséd upon the applied differential pressure. As used
her ginessiure ‘cpni bar i=ed| Ee¥r 9HRRT A RAFRRi t or s and
"secondary" el ectrodes and capacitors can be
alternatively referred to as "primary" and
"secondary", respectively. The measured or cal cul ated
| ine pressure can be used independently, or can be
used to, for exanple, conpensate for errors in the
nmeasured differential pressure. It is contenplated that
the neasured |ine pressure can be used for other
purposes. WHAT IS CIAIMED IS: 1 . A pressure sensor
assenbly for sensing a pressure of a process fluid,
conprising; a sensor body having a cavity forned
therein, the cavity configured to



couple to a first process fluid pressure; a

defl ectabl e di aphragmin the cavity configured to
wdeabdeago425n response to the first process fl ui #CT/US2006/020254

pressure; a first primary el ectrode coupled to a wal

of the cavity to forma first primary capacitor

between the first primary el ectrode and the

defl ectabl e di aphragm a first secondary el ectrode

coupled to the wall of the cavity to forma first

secondary capacitor between the first secondary

el ectrode and the defl ectable diaphragm and circuitry

coupled to the first primary . capacitor and the first

secondary capacitor configurédb%b calculate a |line

pressure of the process fluid as a function of

var i ¥ADHALS EINTMEERIIS:t he first primary capacitor and

the first_secondary [ t h p t

Si 26l of 2t RECERT By T He ey | PoE 389 Pressure

pr essfir €. grocdéie fpphd atesmofielmym 1 wherein the

first secondary el ectrode %gﬁprises,at | east a.qgrtigl 3

ring. 3 . The app&FREGRE ofPAHai NfAVWher efn (RE/TTY  torme

therein, the cavity configured to

couple to a first process fluid
pressure;

a deflectable diaphragm in the cavity
configured to deflect in response to
the first process fluid pressure;

a first primary electrode coupled to a wall
of the cavity to form a first primary
capacitor between the £irst primary
electrode and the deflectable
diaphragm;

a first secondary electrode coupled to the
wall of the cavity to form a first
secondary capacitor between the first
secondary electrode and the
deflectable diaphragm; and

circuitry coupled to the first primary
capacitor and the first secondary
capacitor configured to calculate a
line pressure of the process fluid as
a function of wvariation in at least
the first primary capacitor and the
first secondary capacitor due to
change in the size of the cavity from

the first process fluid pressure.



defl ectabl e di aphragmis disc shaped. 4 . The

wo dPFoalsus of claim 1l wherein the first pri n%/U82006/020254
el ectrode conprises a center electrode. 5.

apparatus of claim1 wherein the cavity of the sensor

body is configured to couple to a second process fluid
pressure and further including a second primry

el ectrode arranged on the wall of the cavity opposite

the first primary electrode relative to the

defl ectabl e di aphragm and wherein the circuitry is
further configured to neasure a differential pressure
applied to opposed sides of the_deflectable di aphragm

by the first and second process fluid pressures. 6 .

The apparatus of claim5 wherein the differentia

pressure neasurﬁaeappESataﬁpeﬂsaﬁﬁﬁubaseWh@meuhethe first
calcul ated |ine pressure. . The apparatus of claim1
wher 8PFORFRT R avF15CbFOLRe %%‘HE%’rs%%dya‘Fs BRFF gut edPBELL
couplengo a second process fluid pressure and further

i ncluding a second primary el ectrode and a second
secohdary eIedfh@deawpagﬁ§dstoQ£\Mﬁlabm t Be odwngin the

oppo mary. el ectrode_and the first
seco% é?? ee%%?r%ﬁggﬁﬁ?%?l ?%S?he A hragm to
thergby form arﬁ@capgamatﬁar)ofcacpMimon belosredm tilee first

second r|nar€ el ectrode and the defl ectabl e di aphragm
and BYEERBNAR LeRBAFS %%E%%%?%? %e?%%%ﬁrtﬁ%egEE%ﬁ%

secogdary eleCTﬁngpﬁQQaEﬂg QQfEQQEﬂpHEVQkQRQﬁﬁg@Ee cavity

The apparatus of clarm /7 wherein t
of the sensor body is conflgured to couple to a

second process fluid pressure and further including a
second primary electrode arranged on the wall of the
cavity opposite the first primary electrode relative
to the deflectable diaphragm, and wherein the
circuitry is  further configured to measure a
differential‘pressure applied to opposed sides of the
deflectable diaphragm by the first and second process
fluid pressures.

6. The apparatus of claim 5 wherein the differential
pressure measurement is compensated based on the
calculated line pressure.

7. The apparatus of claim 1 wherein the cavity
of the sensor body is configured to couple to a
second process fluid pressure and further including a
second primary electrode and a second secondary
electrode coupled to a wall of the cavity opposite
the first primary electrode and the first secondary
electrode relative to the diaphragm, to thereby form
a second primary capacitor between the second primary

electrode and the deflectable diaphragm and a second



circuitry is coupled to the first and second primary

and secondary capacitors and determnes |ine pressure
wa0e6/1B2K* (| /Rx + | /Ry)/ (1 /M + |/ M) wher ei nPOTIUS2@6/020254

capaci tance of the first primary capacitor k is a

constant My is a capacitance of the second primary

capacitor Rx is a capacitance of the first secondary

capacitor, and Ry is a capacitance of the second

secondary capacitor. 9. The apparatus of claim?7

wherein the circuitry is coupled to the first and

second primary and secondary capacitors and determ nes

line pressure as: LP = j*{MIRx +W/I Ry) wherein M is

a capacitance of the first pwi%&ﬁy capacitor j is a

constant My is a capacitance of the second primary

capasddfddEy S SasaPaEdt ansetRéehhethir stsetrfNdaisbondary

capacitor, andRy is a capacitance of the second

sec cHertyreracindrihe gle flrctaipe dipphvragimai m 1
whergin the sepsor body, L8,50r ged Qfi A1 0hd (WRRWALOT the

conpri si ng
circuitry is coupled to the first and second primary

and secondary capacitors and determines line pressure

as:
LP=k*(1/Rx+1/Ry)/(l/ Mx +1/ My)
wherein My 1s a capacitance of the £first
primary capacitor
k is a constant
My is a capacitance of the second primary
capacitor
Ry 1s a capacitance of the first secondary
capacitor, and
Ry is a capacitance of the second secondary
capacitor.
9. The apparatus of claim 7 wherein the

circuitry is coupled to the first and second primary
and secondary capacitors and determines line pressure
as: '
LP= j*(Mx/Rx+ My/Ry)
wherein My is a capacitance of the first
primary capacitor
i is a constant
M, is a capacitance of the second primary
capacitor
Ry is a capacitance of the first secondary

capacitor, and



ceramc or glass. 11. A process transmtter for
measuring pressure of the process fluid including the
woressaeLssensor of claiml1 . 12 . A nethod of PCT/US2006/020254
determining a |ine pressure of a process fluid,
conprising: applying a pressure of the process fluid
to a sensor body having a cavity forned therein
i ncluding a defl ectable diaphragmin the cavity and a
first primary electrode which forns a first primry
capacitor with the diaphragm the sensor body further
including a first secondary electrode formng a first
secondary capacitor with a cavity; calculating the
i ne pressure of the process’ﬂZm d as a function of
variation in at least the first primary capacitor and

the secondary rcapacCiat Uaphies dehdehadgerhs e osidZ &cfondary
the cavity in response to the first process fluid

pressure .13 . The 9aa®id3t- clai m 12 wherein the
cavity of the . gsens | S.£onflgured ple t
oY %gpégggﬁé of Q%Q?ﬁr?hergr%gﬁuyﬁe(ﬁéhsor

second process u pressure an inc Ing a
secaudiypr i imr yeetwed r odé aar amdeddon ifrfse Iweddr ofcdryerising
cavicteyrénnpl)ipcosoili egltahses‘fi rst primary electrode relative
11. A process transmitter for measuring
pressure of the process fluid including the pressure
sensor of claim 1.
12. A method of determining a line pressure of
a process fluid, comprising:
applying a pressure of the process fluid to
a sensor body having a cavity formed
therein including a deflectable
diaphragm in the cavity and a first
primary electrode which forms a first
primary capacitor with the diaphragm,
the sensor body further including a
first secondary electrode forming a
first secondary capacitor with a
cavity;
calculating the 1line ©pressure of the
process fluid as a function of
variation in at least the first
primary capacitor and the secondary
capacitor due to change in the size of

the cavity in response to the first

process fluid pressure.



to the defl ectable diaphragm and further including

wo 20628kiisng a differential pressure applied t@-9RROGRM20254
sides of the defl ectable diaphragmby the first and

second process pressures. 14 . The nmethod of claim 12

i ncludi ng conpensating the differential pressure based
upon the calculated line pressure. 15 . The nethod of
claim 12 including a second prinmary el ectrode and a
second secondary el ectrode coupled to a wall of the
cavity opposite the first primary el ectrode and the-
first secondary electrode relative to the diaphragm
to thereby forma second prinmary capacitor between the
second primary el ectrode and tHe defl ect abl e di aphragm
and a second secondary capacitor between the second

secopdary el erlfé’,di%eEﬂgdt her defhegt abl aydbaphs agie 1avity
The nethod of claim 15 wherein calculating |ine

pr essiur éhies denespmi neddpy i$e copuiitdwred LRo- kOUPARX 8o a

[/Ry)I(1/ + 1/ erein Mk s a _capacit ) !
i 1 1P C R FL B kP E 5o S e g Lddfe
capagddamteppimbip seeentdopel RRMARRIACHE Ot wald of the

capaci tance of the first secondarycapacitor, and Ry is
a capatiBaneeresitfe thecohtrsecBrdBRryYc flaatinde relative

to the deflectable diaphragm, and further including
measuring a differential pressure applied to opposed
sides of the deflectable diaphragm by the first and
second process pressures.
14. The method of claim 12 including compensating
the differential pressure based upon the calculated
line pressure.
15. The method of claim 12 including a second
primary electrode and a second secondary electrode
coupled to a wall of the cavity opposite the first
primary electrode and the first secondary electrode
relative to the diaphragm, to thereby form a second
primary capacitor  between the second  primary
electrode and the deflectable diaphragm and a second
secondary capacitor between the second secondary
electrode and the deflectable diaphragm.
16. The method of claim 15 wherein calculating
line pressure is determined by the equation:

LP=k*(1/Rx+1/Ry)/(1/ Mx +1/ My)

wherein My is a capacitance of the first

primary capacitor
k is a constant
My is a capacitance of the second primary

capacitor



17. The method of claim 12 wherein calculating |line

wo RiEERse i s determned by the equation: j*{Mgids2i6/020254
Myl Ry) wherein MK is a capacitance of the first
primary capacitor j is a constant My is a capacitance
of the second primary capacitor Ris a capacitance of
the first secondary capacitor, and Ry is a capacitance
of the second secondary capacitor. 18. The net hod of
claim 12 wherein the sensor body is fornmed of a rigid
I nsul ator conprising ceramc or glass . 19. A process
transmtter for nmeasuring pressure of the process
fluid configured to carrying out the nethod of claim
12 . 20. A pressure sensor co‘r?p?‘l sing; a deflectable
di aphragm configured to receive first and second
pressures applg ed; 4 050RRSIARaFicdesf f thet FaRdtsesrshdary
primary el ectrodes configured to formfirst and
secondpri mary capactaRasit®Eh ae defl ectabl e

di aphragm first i%n% S %ﬁga%idgﬁgggdgfytﬁgeger&q@ secondary

configured to Tormfirs secon
capacitor.
17. The method of claim 12 wherein calculating

line pressure is determined by the equation:
j*(Mx/Rx + My/Ry)

wherein M, is a capacitance of the first
primary capacitor

j is a constant

M, is a capacitance of the second primary
capacitor

Rx is a capacitance of the first secondary
capacitor, and

R, is a capacitance of the second secondary
capacitor.

18. The method of claim 12 wherein the sensor
body is formed of a rigid insulator comprising
ceramic or glass.

19. A process transmitter for measuring
pressure of the process fluid configured to carrying
out the method of claim 12.

20. A pressure sensor comprising;

a deflectable diaphragm configured to
receive first and second pressures
applied to opposing sides;

first and second primary electrodes

configured to form first and second



secondary capacitors wth the defl ectabl e di aphragm

wo %bd/Edidsry configured to cal cul ate differentipr/ius2006/020254
pressure and further configured to calculate Iline
pressure as a function of variations in the first and
second primary capacitors and first and second
secondary capacitors . 21. The pressure sensor of
claim?20 wherein the circuitry is further configured
to conpensate differential pressure based upon the
calculated |ine pressure . 22. The pressure sensor of
claim20 wherein the circuitry determ nes |line
pressure as: LP k*(I/Rx + \/Ry)/ (I /M + |/ My) wherein
Mk is a capacitance of the fiTst™ primary capacitor k
is a constant My is a capacitance of the second
primary capacitor %fﬁnﬁfapamé%ﬁré he fiysin the
secondary capacitor, d 'Ry is a capacitance of the
second secondary cmmﬁﬁaqﬂabie dﬂﬂp¢WQ§mure sensor of

claim 20 mhere the Cir U|tr t erm nes
pressure as: N&?ﬁi ﬁé?ﬁ@ secondary electrodes

conflgured to form first and second
secondary capacitors with the
deflectable diaphragm;

circuitry configured to calculate
differential pressure and further
configured to calculate line pressure
as a function of wvariations in the

first and second primary capacitors

and first and second secondary
capacitors.
21. The pressure sensor of claim 20 wherein the

circuitry 1s  further configured to  compensate
differential pressure based upon the calculated line
pressure.

22. The pressure sensor of claim 20 wherein the
circuitry determines line pressure as:

LP=k*(1/Rx +1/Ry) (1] M +1/ M)

wherein My 1s a capacitance of the first
primary capacitor

k is a constant

M, is a capacitance of the second primary
capacitor

Rx is a capacitance of the first secondary
capacitor, and

Ry, is a capacitance of the second secondary

capacitor.



wherein MK is a capacitance of the first primry

’ capacitor | is a constant My is a capacitance of the

weeewndoq2si mary capacitor Rx is a capacitance 8CTUS2006/020254

first secondary capacitor, and Ry is a capacitance of
the second secondary capacitor. 24. The pressure
sensor of claim 20 including a tenperature sensor and
wherein the circuitry is further configured to
calculate mass flow as a function of a differentia
pressure, line pressure and tenperature.

-21-

23. The pressure gensor of claim 20 wherein the
" circuitry determines line pressure as:
LP= j*(Mx/Rx+ My/Ry)
wherein My, 1s a capacitance of the first
primary capacitor
j is a constant
My is a capacitance of the second primary
capacitor
Rx is a capacitance of the first secondary
capacitor, and
Ry ig a capacitance of the second secondary
capacitor.
24. The pressure sensor of claim 20 including a
temperature sensor and wherein the circuitry is
further configured to calculate mass flow as a
function of a differential pressure, line pressure

and temperature.



