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tions is complex and cumbersome, due to the loss of process time incurred
when exchanging transmitters BACKGROUND OF THE INVENTION
and the need to have several transmitters available at any time. Although
the pressure sensor range lim- The present invention relates to a
transmitter   5   itation contrains any solution, a need to extend the
having a pressure sensorforsensing pressure and an   transmitter
measurement capability still exists. overpressure protection means for
limiting the pres- sure applied to the pressure sensor when the applied
SUMMARY OF THE INVENTION pressure exceeds a preselected limit. Pressure
transmitters are now designed to meas-  10  The present invention relates
to a transmitterwith ure process fluid pressure within a selected pressure
a first pressure sensor sharing an overpressure pro- range. Some
transmitters eg. as disclosed GB-A-       tection means with at least one
additional pressure 2165055 have overpressure protection devices to
sensor which serves to extend the measurement ca- prevent pressure sensors
damagefrom pressures ex-     pability of the transmitter. ceeding a
preselected pressure limit. The applied   15   The transmitter senses at
least one applied pres- pressure is connected to an isolator arrangement
sure and comprises a first pressure sensor for sens- which uses an
incompressible fluid to transfer the ap-  ing pressure. The invention can
be practiced with a plied pressure to the pressure sensors. After the ap-
differential pressure transmitter, which senses a dif- plied pressure
reaches a preselected limit, an over-  ference between two applied
pressures, a gauge pressure protection device inhibits the isolator fluid
20   pressure transmitter wherein a pressure difference is from further
transfer of pressure to the sensor. How-  measured between an applied
pressure and a refer- ever, various measurement problems still exist due to
ence pressure which is usually atmospheric, and with limitations of typical
pressure sensors.              absolute pressure transmitters, which is a
type of One limitation is that a typical pressure sensor  gauge transmitter
in which the reference pressure is measures pressure within a pressure
range which is  25   vacuum. Various types of pressure sensors can be
narrower than the desired range of measurement for    used in each
transmitter type; some examples are many applications. While a pressure
sensors pres-    those based on pressure induced changes of capac- sure
measurement range (PMR) is a selected design     itance, resistance and
resonant frequency. A differ- parameter, it is not arbitrarily wide and
excessive  ential transmitter made according to the present in- pressure
causes inaccuracy ordamage to the sensor.  30   vention has overpressure
protection means for isolat- This transmitter range capability problem is
generally  inglycoupling the two pressures to a pairof separated
accommodated by using multiple transmitters with      volumes of
substantially incompressible isolator fluid overlapping ranges, with each
transmitter having      and to a pair of pressure inlets. The overpressure
pro- sensors measuring different pressure ranges. Some     tection means
limit further increase in pressure ap- transmitters use multiple pressure
sensors to com-  35   plied to the sensor by the isolator fluid when the
dif- pensate errors in the pressure measurement without   ferential
pressure exceeds a preselected limit below addressing the problem of
transmitter range capabil-  which no sensor damage occurs. The transmitter
also ities. A common implementation of multiple pressure   has at least one
additional pressure sensor having a sensors is line pressure compensation,
where the      pair of additional pressure inlets, each additional inlet
measured pressure is compensated by the line pres-  40   being open to one
of the two volumes of isolator fluid sure measurement sensed by another
pressure sen-      so that such additional pressure sensor shares the sor
in the transmitter.                               overpressure protection
means with the first pressure USA-4445383 discloses a single plate that
car-    sensor and also provides the transmitter with an ex- ries a
plurality of different pressure sensors, having  tended measurement
capability. different ranges, whereby a number of pressure   45      In a
first preferred embodiment, this extended transducers providing a number of
ranges is provided  measurement capability is achieved by selecting first
as one unit For each diaphragm pressure sensor, the   and second sensors
having pressure measurement choice of dimensions will be
madefirstforstrength of  ranges (PMR) each substantially different from the
the device by specifying a diameter small enough to   other. An example is
a second pressure sensor having contain the pressure being measured.
50   a second PMR wholly overlapping and extending be- US-A-4818994
discloses a transmitter having       yond the PMR of a first pressure
sensor. This type of more that one pressure sensor, each pressure sensor
selection scheme effectively extends the transmitter having a differentfull
scale pressure range. The pres-  PMR through the use of additional pressure
sensors, sure sensors are preferably solid state pressure sen-  each one
which has a successively wider PMR than sors with integral overpressure
stops in each pres-  55  the other extending the transmitter PMR. When a
sure sensor so that an individual pressure sensor is  transmitter of this
type senses a pressure represen- not damaged by pressures beyond its full
scale.       tative of flow, a further increase in output accuracy at The
use of multiple transmitters in some applica-  low flow rates is realized.
Alternatively, pressure sen- 2    



3                   EP0572375B1                      4 sors having PMRs
substantially the same may be      clamps the overpressure protection
device 12 and the used in orderto provide redundancy. Redundancy en-  multi
sensor assembly 14 together. The electrical out- sures that critical
measurements will be obtained and  put from the multi sensor assembly 14 is
connected also provides self-correction when used in a transmit-  to
control electronics 16, which controls the sensor terwith self diagnostics.
Electronics in the transmitter   5   output in a known manner and provide
output repre- condition the pressure sensor output signals to gen-
sentative of the differential pressure to a loop 18, typ- erate the
transmitter output.                       ically signalling according to a
two-wire current loop (e.g. 4-2OmA) communication standard. BRIEF
DESCRIPTION OF THE DRAWINGS                       Overpressure protection
device 12 is formed of 10 an upper section 19a and a lower section 19b
which Figure 1 is a part schematic, part cross-sectional  are joined along
an Interface 1 9c using gold o-rings view of a differential pressure
transmitter made  27,27 or other suitable seals. The lower section 19b
according to the present invention and having a  has two threaded holes
25,25for mounting. In the up- multiple sensor assembly;
per section 19a, the deflection of isolator diaphragm Figure 2 is a
cross-sectional view of a multi sen-   15  20 by the applied pressure
P[err] pressurizes the volume sor assembly used in the transmitter shown in
of substantially incompressible isolator fluid 24, FIG. 1;
transmitting the pressure to multi sensor assembly 14 Figure 2A is a plan
view of the base of the inte-  via passageways 26, 28 and 30 and to an
overpres- grated sensor block shown in FIG. 2 taken about  sure cavity 34
via passageway 32. In like fashion, iso- line 2a;
20  lator diaphragm 22 couples applied pressure P2 Figures 3A and 3B are
plots representing trans-  through a volume of substantially incompressible
flu- mitter errors plotted as a function of pressure as  id 36 to an
overpressure cavity 44 via passageways a percentage of PMR;
38,40 and 42 and to multi sensorassembly 14via pas- Figure 4A is a part
schematic, part cross-       sageway 48. The size and thickness of the
isolator sectional view of a differential pressure transmit-  25
diaphragms 20 and 22 are selected to be highly com- ter made according to
the present invention and  pliable within the desired PMR. Gold o-rings 29
and used in a flow measurement application;          47 or other suitable
seals seal passageways 30 and Figure 4B is a graph representing pressure as
a  46 to the Inlets of multi sensor assembly 14. Pressure percentage of
measurement range for the trans-   difference between the two volumes of
isolator fluid mitter in FIG. 4A;                          30   24 and 36,
which are introduced into the upper sec- Figure 4C Is a graph representing
flow as a per-  tion 19a at two openings 52,52 sealed by ball and centage
of measurement range for the transmit-   screw combinations 53,53 deflects
an overpressure ter in FIG. 4A;                                  diaphragm
45 separating the pair of overpressure Figure 5 is a part schematic, part
cross-sectional  cavities 34 and 44. The volumes of the two isolator view
of a gauge or absolute pressure transmitter  35  fluids 24 and 36 are
approximately equalized to les- made according to the present invention;
sen transmitter errors due to fluid expansion mis- Figure 8 Is a cross
sectional drawing of a multi  match, since some Isolator fluids increase
approxi- sensor assembly used in the transmitter and      mately 20% in
volume over a temperature range of shown in FIG. 5 and;
-40 to 125 degrees Centigrade. The fluid volumes are Figure 7 is a cross
sectional drawing of an alter-  40   preferably chosen so that at low
temperatures, the nate multi sensor assembly used in the transmit-
isolator diaphragms do not bottom against the isolator ter in FIG. 1 and
shows an optical and piezoelec-  diaphragm supports when the difference
between tric membrane pressure sensor.                   the applied
pressures is within a preselected pressure limit. Accordingly, the fluid
volume must be selected DETAILED DESCRIPTION OF THE PREFERRED          45
sothat its expansion at high temperature does notap- EMBODIMENTS
ply excessive pressure to the inner major side of the isolator diaphragms,
distending them and introducing In FIG. 1, a differential pressure
transmitter 10  measurement errors. When differential pressures ex-
measures a difference between two applied pres-     ceeding a preselected
differential pressure limit are sures P[err] and P[err] pressurizing an
overpressure protec-  50  applied to the transmitter 10, enough isolator
fluid 24 tion device 12. The overpressure protection device 12  or 36 is
displaced into or out of the overpressure cav- couples the two applied
pressures to pressure sen-  ities 34 and 44 to substantially fully support
the iso- sors in a multi sensor assembly 14 and protects the  lator
diaphragms 20 or 22 against isolator diaphragm multi sensor assembly 14
when differential pressures  supports 21 or 23, inhibiting transfer of the
applied greater than a preselected limit are applied. Use of  55   pressure
to the multi sensor assembly 14. For exam- the shared overpressure
protection device 12 avoids  pie, when the pressure P[err] exceeds pressure
P2 by the need for integral overpressure protection in each  more than the
preselected differential pressure limit, pressure sensor In the
sensorassembly 14. Clamp 15  the deflection of isolator diaphragm 20
displaces 3    



5                   EP 0 572 375 B1                  6 enough isolator
fluid 24 into the overpressure cavity  lect the output of the pressure
sensor with the widest 34 to allow the isolator diaphragm 20 to bottom
range for conversion to transmitter output. In this against the isolator
diaphragm support 21. After the  way, the electronics select the most
accurate pres- isolator diaphragm 20 bottoms, further increases in  sure
sensor output at a given measured pressure. P[err] cannot be transmitted to
the isolator fluid 24 and   5   Each of these configurations can be
utilized sepa- the fluid forced out of the other cavity 44 deflects the
rately or simultaneously. isolator diaphragm 22 outward.
The differential pressure sensors 88 and 90 are A first preferred
embodiment of the multi sensor  capacitive pressure sensorsfabricated of a
brittle ma- assembly 14 of FIG. is shown in FIG. 2. Pressure in-  terial
such as silicon. This embodiment uses batch lets 80 and 82 in a ceramic
header 84 couple incom-   10  fabrication, where multiple sensors are
fabricated si- pressible isolator fluids 24 and 36 to the integrated
multaneously on a single substrate of brittle material. sensor block 86
made of a silicon base 107 and a    Usually multiplesubstrates are
processed together in glass cap 105 sealed together. The Integrated sensor
a group, typically resulting in a lower cost of fabrica- block 86 comprises
a differential pressure sensor 88,  tion than if each sensorwere fabricated
singly. An ad- an additional pressure sensor 90 and a temperature  15
vantage of this manufacturing technique is to ensure sensor92. The
temperature sensor 92 measures tem-   that processing variations between
groups of sub- perature near the differential pressure sensors 88  strates
are small, promoting tight control over sensor and 90 and the electronics
16 uses its output to com-  specifications. A further advantage is that the
two pensate temperature induced pressure sensor errors  pressure sensors 88
and 90 are adjacent to each in a known manner. A ceramic cap 94 is joined
to the   20   other on the silicon base 107, so that the amount of ceramic
header 84 by suitable means such as glass   process variation between these
batch fabricated frit seal 96. A metal feedthrough 100 is deposited un-
sensors is smallerthan the process variationsfortwo der the glass frit seal
96 to connect electrical signals  other pressure sensors far apart on the
substrate. In from the integrated sensor block 86 to the exterior of
particular, photolithographic variations which affect the sealed multi
sensor assembly 14. Ball bonded   25   dimensions of components, film
thicknesses varia- wire bundles 98 and 102 or other connective devices
tions which affect parameters such as metal plate conduct electrical
signals from the integrated sensor  spacing or resistivity of conductors
and doping uni- block 86 to the metal feedthrough 100 and from there
formity variations which affect component resistivity, to the electronics
16. The electronics 16 combines  are all contributing factors to overall
variation in sen- the outputs of the pressure sensors 88 and 90 to pro-  30
sor performance. Process variations are usually non- vide a single improved
output representing differen-  uniform across the substrate and depend on
the type tial pressure. In a first configuration when sensors  of
processing equipment and sequence. have substantially the same PMR, the
output can be      The capacitive sensing functions of pressure an average
of the two sensed pressures, provided,   sensor 88 and 90 are performed by
two pairs of metal that the two sensed pressures have substantially the
35  electrodes 103a,103b, deposited on opposite facing same value. In such
case, when the two sensed pres-  sides of two cavities 104a,1 04b,
respectively forming sures are markedly different values, the transmitter
a capacitor in each of the differential pressure sen- can provide an output
signal indicating a transmitter  sors 88 and 90. The difference in pressure
between malfunction, e.g. 25mA output when the signalling   isolator fluid
24 and 36 deflects the diaphragms method employs a 4-2OmA current loop
communica-  40   108a,108b, changing the spacing in each pairof metal tions
standard. In a second configuration, the pres-  electrodes 103a,103b and
effecting a change in ca- sure sensors have PMRs different from one or each
pacitance. The additional differential pressure sensor other and can be
arranged in order of successively  90 measures a narrower range of
differential pres- widening PMRs. The sensor having the narrowest
sures than differential pressure sensor 88 and has bi- PMR is the most
accurate pressure sensor and the   45  directional overpressure stops
11Oa,11Ob for protec- sensor having the widest PMR is the sensor with the
tion from higher pressures measured by the differen- least accuracy. The
PMR of the transmitter is the   tial pressure sensor 88. FIG. 2A is a plan
view of the same as the PMR of the sensor having the widest     silicon
base 107, showing the metal electrodes PMR. The PMR of a sensor having a
wider PMR than    103a,103b and the temperature sensor 92. another sensor
wholly overlaps and extends beyond   50  In FIG. 3A, typical maximum
non-correctable er- the upper range limit (URL) of the other pressure sen-
rorofthe outputs of the two differential pressure sen- sor. In such a
transmitter with two sensors, the elec-  sors 88 and 90 as a function of
the PMRof transmitter tronics select the output of the more accurate
sensor,  10 is shown. The vertical axis 120 shows maximum which has the
narrower PMR, for conversion to trans-  non-correctable sensor error as a
percentage of the mitter output at pressures within the PMR of the most  55
URL of transmitter 10 and the horizontal axis 122 accurate sensor. When the
transmitter measures      shows applied pressure as a percentage of the PMR
pressures between the most accurate pressure sen-   of transmitter 10. The
maximum non-correctable er- sor URL and the transmitter URL, the
electronics se-  ror of differential pressure sensor 88, represented at 4



7                   EP0572375B1                      8 line 124, intercepts
the vertical axis at E. The PMR of  mitter 10 because the maximum
non-correctable er- this sensor is substantially the same as the transmit-
ror during the first 25% of the transmitter 10 PMR is ter 1 0 PMR,
represented at the 1 00% on line 128. The  four times less than the maximum
non-correctable er- maximum non-correctable error for additional differ-
ror during the remainder of the transmitter 10 range. ential pressure
sensor 90, represented at line 126, in-   5   This Is important for
pressure measurements close to tercepts the vertical axis at E/4 and its
PMR extends  the transmitter's lower range limit, since error as a to 25%
of the URL of transmitter 10, represented at  percentage of measurement
becomes larger as the line 129. The maximum non-correctable error is sub-
pressure approaches the lower range limit. From FIG. stantially Independent
of pressure and Is proportional  3B, the extended measurement capability is
ex- to the sensor's URL. Because the pressure sensor 88   10   pressed
alternatively by noting that the presence of hasa PMRfourtimeslargerthan
that of pressure sen-   differential pressure sensor 88 extends the
transmit- sor 90, the maximum non-correctable error is four   ter PMR,
although at the expense of higher levels of times larger as well. In other
words, a sensor having  error. a wide measurement range has more
non-correctable       An alternative method of extending the measure- error
than a sensor having a narrower measurement  15   ment capability of the
transmitter 10 is to incorporate range. The transmitter 10 maximum
non-correctable   at least two pressure sensors having substantially the
error combines the error characteristics of the two  same PMR in the
transmitter 10. The transmitter 10 sensors and is shown in FIG. 3B.
span is unaffected and the level of accuracy through- In FIG. 3B, the
maximum non-correctable trans-   out the PMR is constant However, this
redundancy mitter 10 error, represented at line 130, is reported as   20
extends the measurement capability of the transmit- a percentage of
transmitter URL on the vertical axis  ter 10 by providing extra security
forcritical measure- 132 and applied pressure as a percentage of PMR of
ments and transmitter self-correction features. In transmitter 10 on the
horizontal axis 134. Added
FIG.3B,apreselectedpressurelimitoftransmitterl0 transmittercapability is
demonstrated because of the  is shown as 150% of the transmitters PMR at
140, fourfold decrease in maximum errors during approx-  25  and is chosen
such that all structural damage occurs imately the first 25% of the
transmitter 10 PMR, con-  at applied differential pressures higher than the
limit. tributed by the additional differential pressure sensor  In FIG. 3B,
maximum non-correctable error increases 90.
steadily at pressures exceeding the transmitter over- Consider an example
where differential pressure  pressure limit, represented by line segment
142. The is applied to transmitter 10 and increased from the   30
transmitter 10 operates according to a known set of lower to the upper
(100%) transmitter range limits,  specifications before and after
applications of pres- corresponding to traversing the horizontal axis of
FIG.  sures exceeding the preselected limit. The specifica- 3B from left to
right. The electronics 16 conditions the  tions are furnished by the
manufacturer or seller and output of each sensor output to substantially
remove  usually employ specifications defined according to correctable
errors such as differential pressure non-  35   Scientific Apparatus Makers
Association (SAMA) linearity, line pressure non-linearity and temperature
Process, Measurement and Control (PMC) 20.1- related non-linearities,
leaving non-correctable errors  1973, a document for process measurement
control such as noise and both pressure and temperature     terminology and
tested to methods defined in Generic hysteresis. Conditioned output from
additional differ-  Test Methods document SAMA PMC 31.1-1980. The ential
pressure sensor 90 is selected and converted   40  criteria for selection
of such limits as well as methods tothe output of transmitter 10 until the
end of thatsen-  of extending transmitter measurement capability ap- sor s
URL is reached, corresponding to the 25% mark  ply equally well to other
types of transmitters such as on the horizontal axis. At this point,
electronics 16 se-  gauge or absolute. lects and converts the output of the
differential pres-  FIG. 4Ashows a transmitter represented byfunc- sure
sensor 88 as the transmitter 10 output. In this  45  tional block 400
measuring applied pressure P[err] and configuration of pressure sensors,
the electronics se-  P2 through taps 403,403, located upstream and lect the
output of the most accurate sensor at a given  downstream from a flow
restriction 401 in a pipe 402. pressure. At some specified point afterthe
initial 25%  The flow in pipe 402, represented by an arrow f, is of the PMR
of transmitter 10, the overpressure limit  substantially proportional to
the square root of the dif- of the additional differential pressure sensor
90 is ex-  50  ference between P[err] and P2. The two pressures de- ceeded
and one of the sensor's overpressure protec-  flect isolator diaphragms,
represented by functional tion stops 110a or 110b is engaged to
preventfurther  blocks 404,404, which cause two separated volumes
deflection of the diaphragm 108b. This is different  of substantially
incompressible isolator fluid 406,406 than the overpressure protection for
the transmitter,  to pressurize and transmit the applied pressure to which
protects all the sensors in the transmitter by  55   pressure sensors in
the transmitter 400. A first pres- bottoming an isolator diaphragm against
an isolator  sure sensor410 has a pairof pressure inlets 412,412 diaphragm
support.                                  open to the pairof separated
volumes of isolatorfluid In summary, there is an added capability In trans-
406,406 and provides an output signal representative 5    



9                   EP0572375B1                    10 of the applied
differential pressure, represented at  al pressure sensor 416, indicated at
432, is expanded line 414. There is an additional pressure sensor 416  to
the range indicated at 438 between .35k(URL)[err] having a pair of pressure
inlets 418,418 open to the  and .71k(URL)[err]. Finally, the range of
remaining first volumes of isolatorfiuld 406,406, designed to have a
pressure sensor 410, indicated at 434, becomes the PMR of one half that of
the first pressure sensor 410   5   flow measurement range indicated at 440
be- and an output signal representative of the applied dif-  tween
.71k(URL) [err] and k(URL)[err]. Increased accuracy ferential pressure,
represented at line 420. The re-  is achieved throughout 71% of the flow
measurement maining additional pressure sensor 422 also has a  range, as
contrasted to 50% of the pressure measure- pair of pressure inlets 424,424
open to the volumes  ment range of FIG. 4B. of isolator fluid 406,406, a
PMR of 25% that of addi-  io  In summary, the improved transmitter displays
a tional pressure sensor 416 and output 426 represen-  higher percentage of
accuracy as a percentage of tative of the applied differential pressure. As
dis-  measurement range in a flow measurement applica- cussed earlier, the
pressure sensor having the nar-  tion than in a pressure measurement
application. rowest PMR, or equivalently the additional pressure  In FIG.
5, a gauge pressure transmitter 130 sensor 422, has the least maximum
non-correctable  15  measuring a difference between an applied pressure
error. The electronics 428 selects the most accurate  P[err] and a gauge
reference pressure, PREF, is shown. of the pressure sensoroutputs 426,420
and 414, con-  The pressure P[err] acts on the overpressure protection
verting them to output 430 representing either flow in  device 132 which
couples the applied pressure to the pipe 402 or the applied differential
pressure  pressure sensors in a multi sensor assembly 134. A across the
orifice 401.                       20  clamp 136 or other appropriate
hardware fixes the Pressure transmitter 400 measures flow in proc-  multi
sensor assembly 134 to the overpressure pro- ess control. For the same
transmitter, the percentage  tection device 132. Outputs indicated at 133
electri- of flow measurement range affected by increased ac-  cally connect
the multi sensor assembly 134 to elec- curacy of additional pressure
sensors is larger than  tronics 138. The electronics 138 operates on the
out- the percentage of pressure measurement range af-  25  put in a known
manner and provide output represen- fected by the same additional pressure
sensors in a  tative of the applied gauge pressure to a loop 140, pressure
measurement application. The difference is  typically signalling according
to a two-wire 4-20mA attributable to the non-linear relationship between
communication standard. flow and pressure. FIGS. 4B and4Cshowthe percen-
The overpressure protection device 132 is tage of measurement range
affected by the additional  30  formed in lower section 168 and upper
section 170 of pressure sensors 416,422 in pressure and flow meas-
stainless steel orsome other material providing struc- urements,
respectively.                           tural integrity and joined along an
interface 172. The FIG. 4B shows differential pressure as a percen-  upper
section 170 is sealed to the lower section 168 tage of transmitter 400 PMR,
extending from zero to  using gold o-ring 182,183,183 or other suitable
seal. the URLapplied pressure. Additional pressuresensor  35  Avolume
ofisubstantially incompressible isolatorfluid 422 output represented at
line 426, is selected for  144 enters the overpressure protection device
132 at conversion to transmitter 400 output in the range in-  casting
opening 174 sealed by a ball and screw com- dicated at 430 between zero
applied pressure       bination 178 or othersuitable seal. The lower
section and .125URL. Additional pressure sensor4l6 output,  168 has two
threaded holes 180,180 for mounting. represented at line 420, is selected
for conversion to  40  Applied pressure P[err] deflects the isolator
diaphragm transmitter 400 output in the range indicated at 432  142 of the
overpressure protection device 132. Such between .125URL and.50URL.
Finally, first pressure  deflection pressurizes the isolator fluid 144
filling sensor410 output, represented by line 414, is select-  passageways
146, 148 and 150 which couple pres- ed for conversion to transmitter 400
output for range  sure to the multi sensor assembly 134 and also filling
indicated at 434 of the transmitter measurement  45  passageway 152, which
couples pressure to an over- range. The additional pressure sensors provide
in-  pressure cavity 154. A gold o-ring seal 156 or other creased accuracy
throughout 50% of the flow meas-  suitable hardware seals passageway 150 to
the multi urement range.                                    sensor assembly
134. A passageway 158 connects FIG. 4C shows flow as a percentage of
transmit-  the gauge reference pressure, P[err] to an overpres- ter 400
flow measurement range. Using the propor-  50  sure cavity 160. The
reference pressure is sometimes tionality of flow to the square root of
pressure given  changed from gauge pressure to substantially va- by
cuum pressure and an absolute pressure measure- f = k (P)[err]
ment is made. The absolute pressure measurement where f Is flow, k is a
proportionality constant and P  requires no additional hardware and is a
typical mod- is the difference between P[err] and P2. The range of ad-  55
ification made to a gauge pressure transmitter by ditional pressure sensor
422, indicated at 430 is ex-  workers in this field. The pressure
difference be- panded to the range indicated at 436 between zero  tween the
volume of isolatorfluid 144 and the refer- and .35k(URL)[err]. In like
fashion, the range of addition-  ence gauge pressure, [err] deflect an
overpressure 6    



11                  EP0572375B1                     12 diaphragm 164
separating the two overpressure cav-  sure limits are set accordingly so
that the overpres- ities 154 and 160. When the difference between P[err]
sure protection device protects the sensors from and the gauge reference
pressure, PREF, exceeds a  these pressures. The unidirectional overpressure
preselected gauge pressure limit the overpressure  stop 224 is a silicon
boss which bottoms against an protection device 132 inhibits transfer of
the applied   5   inner surface of a depression 227 formed in an upper
pressure to the multi pressure assembly 134 by dis-  glass support 225. As
in the preferred embodiment of placing enough isolator fluid 144 into the
overpres-  the differential transmittershown in FIG. 1, this addi- sure
cavity 154 to substantially fully support the iso-  tional gauge pressure
sensor 208 extends the meas- lator diaphragm 142 against isolator diaphragm
sup-  urement capability of the gauge transmitter 130 by in- port 166.
Accordingly, the overpressure cavity 154   10  creasing transmitter
accuracy throughout the lower must accommodate the volume of isolator fluid
144  regions of the transmitter span. normally lying behind the isolator
diaphragm 142      In FIG. 7, an alternate multi sensorassembly 134 when an
overpressure condition occurs.             for the gauge transmitter 130
explained in FIG. 5 is In FIG. 6, a first preferred embodiment ofthe mul-
shown. A pressure inlet 300 in a ceramic header 302 ti sensorassembly 134
is shown. A pressure inlet 200   15  provides for passage of the isolator
fluid 144 into an in a ceramic header 202 provides passage for the
integrated sensor block 304 comprising a gauge pres- pressurized isolator
fluid 144 from passageway 150  sure sensor 306 and an additional gauge
pressure into an integrated sensor block 204 comprising a   sensor308.
Aceramic cap 310 isjoined to the ceramic gauge pressure sensor 206 and an
additional gauge  header 302 by suitable means such as glass frit seal
pressure sensor 208. A ceramic cap 210 is joined to  20  312. A passageway
313 allows the gauge reference the ceramic header 202 by suitable means
such as   pressure, P[err] to access the two gauge pressure glass frit seal
212. Ametal feedthrough 214 is depos-  sensors 306 and 308. A metal
feedthrough 314 is de- ited under the glass frit seal 212 to connect
electrical  posited under the glass frit seal 312 to connect elec- signals
from the integrated sensor block 204 to the  trical signals from the
integrated sensor block 304 to exterior of the sealed multi sensor assembly
134. Ball  25  the exterior of the sealed multi sensor assembly 134. bonded
wire bundles 216 and 218 or other similar   Ball bonded wire bundles 316
and 318 orsimilarcon- conductive devices connect the electrical signals
ductive devices connect the electrical signals from from the integrated
sensor block 204 to the metal  the integrated sensor block to the metal
feedthrough feedthrough 214 and from there to the electronics  314 and from
there to the electronics 138. 138.
30      The integrated sensor block 304 comprises an Integrated sensor
block 204 comprises gauge    upper section 351 and a lower section 357. Two
pas- pressure sensors 206 and 208, which sense pressure  sageways 353,352
couple the gauge reference pres- by means of piezoresistive strain gauges
222a,222b,  sure, P[err] to the gauge pressure sensor 306 and the formed by
diffusion, implantation or other known   additional gauge pressure sensor
308, respectively. manner of dopant introduction on sensing dia-  35  The
gauge pressure sensor 306 is an optical pressure phragms 221a,221b for
gauge pressure sensors       sensor and has a light source 354, an
elastomeric 206,208, respectively. Other pressure sensing mech-  crystal
355 which polarizes light as a function of the anisms such as changes In
capacitance, resonantfre-  pressure applied to the crystal and a light
receiver quency or polarization of light may be used and var-  356, all
affixed to the lower section 357 by glass frit ousversionsof all
fourmechanisms are known. Apas-  40  seals 358,358,358. The additional
gauge pressure sageway 226 in the ceramic cap 202 introduces the  sensor
308 has a piezoelectric crystal 359 bridging a gauge reference pressure,
P[err] to the gauge pres-  depression 360 in the lower section 357 of the
inte- sure sensors 206 and 208, the difference between   grated sensor
block 304. A corresponding recess 361 the gauge reference pressure and the
isolator fluid  in the upper section 351 fits over the piezoelectric 144
pressure deflecting and stressing the sensing   45  crystal 359 and glass
frit seals 362,362 secure the diaphragms 221 a,221 b.
crystal to the upper section. Another glass frit seal Gauge pressure sensor
206 measures a wider      363 seals both the piezoelectric crystal 359 to
the span of pressures than additional gauge pressure  lower section 357 and
the upper section 351 to the sensor 208, necessitating a unidirectional
pressure  lower section 357. Two electrical signals of opposite stop 224 to
protect the latter pressure sensor against  50   phase having appropriate
frequency are connected to pressures measured by the former even though the
two metallized areas 364a,384b on one side of the maximum deflection of
most piezoresistive strain   crystal. The crystal resonates as a function
of applied gauges is on the order of one to five microns. Perma-  frequency
and pressure, and metallized area 365 on nent degradation in sensor
performance will typically  the other side of the crystal conducts this
signal via occur after application of pressures exceeding five  55   ball
bonded wires to the exterior of the sealed multi times the highest
specified pressure the sensor    sensor assembly 134. measures. This
guideline applies forthe sensortypes   The PMR of additional gauge pressure
sensor discussed in this application, and preselected pres-  308
isfourtimes smallerthan the PMR of gauge pres- 7    



13                  EP 0 572 375 B1                   14 sure sensor 306.
Because maximum non-correctable        ing pair of separated volumes (34,
44, 406, 406) errors are substantially independent of pressure and    of
substantially incompressible Isolator fluid, are proportional to the
sensor's URL, the wider PMR     each acted on by a separate movable member,
of gauge pressure sensor 306 has more errorthan the     and coupled
correspondingly to the pair of pres- narrower PMR of additional gauge
pressure sensor   5    sure inlets (80, 82, 412, 418, 424), the overpres-
308. Agraph of the maximum non-correctable errorof      sure protection
means (12,404) limiting increase transmitter 130 versus the transmitter 130
PMR is       in Isolator fluid pressure ofone volume of isolator similar to
the graph shown in FIGS. 3A and 3B, since    fluid when the applied
differential pressure ex- the additional gauge pressure sensor 308 extends
the    ceeds a preselected limit, the additional pressure measurement
capability of the transmitter 130 by in-  10  sensor (90, 416, 422)
comprising an additional creasing accuracy at low pressure measurements.
differential pressure sensor (90,416,422) having The extended measurement
capability is alternative-     a pair of pressure inlets (80, 82, 418,
424), each ly expressed by noting that the presence of gauge       inlet
open to one of the part of volumes (34, 44) pressure sensor 306 extends the
transmitter 130         of isolator fluid so that the overpressure protec-
PMR, although at the expense of higher levels of er-  15  tion means (12,
404) is shared by the additional ror.
differential pressure sensors (90,416,422), such Although the present
invention has been descri-      additional differential pressure sensors
(90,416, bed with reference to preferred embodiments, work-      422)
extending the measurement capability of ers skilled in the art will
recognize that changes may  the transmitter. be made in form and detail
without departing from the   20 scope of the invention, as defined in the
claims.    3. The transmitter of claim 1 or 2 wherein at least two of the
pressure sensors (88, 90) have pres- sure measurement ranges substantially
different Claims                                                  from one
another. 25 1. Atransmitter (1 0) forsensing at least one applied  4. The
transmitter of claim 1 or 2 wherein at least pressure and providing an
output representative      two of the pressure sensors (88, 90) have pres-
of the applied pressure, comprising: a first pres-   sure measurement
ranges substantial the same sure sensor (88, 206, 306, 410) having at least
as one another, and electronic means for combin- one inlet (80, 82, 200,
300, 403); overpressure   30  ing the outputs of the first and additional
pressure protection means (12, 132, 404) for coupling the     sensors to
provide a transmitter output. applied pressure to the pressure sensor inlet
(82, 200, 300, 410) including means for containing a  5. The transmitterof
claim 1,2 or3 wherein the pre- volume of substantially incompressible
isolator      selected pressure limit is selected from the group fluid
leading to the pressure inlet, the applied   35  of pressures greater, but
less than five times pressure causing a movable member (20, 22) to
greater, than a maximum pressure measured by act on the isolator fluid as
applied pressure        the pressure sensors. changes; the overpressure
protection means (12) limiting further increase in fluid pressure acting
6. The transmitterof any one of the previous claims at the sensor inlet
(80, 82) when the applied pres-  40  wherein at least one of the pressure
sensors (88, sure exceeds a preselected limit the transmitter     90) is
formed, in part or wholly, of brittle material being characterized by at
least one additional       (86). pressure sensor (90, 208, 308, 416, 418)
having a pressure inlet (80,92,200,300,418,422) open    7. The transmitter
of any one of claims 1-5 wherein to the volume of isolator fluid so that
the over-  45  two of the pressure sensors (88,90,206,306) are pressure
protection means (12) is shared by both    formed, in part orwholly, by a
single piece of brit- the first and additional pressure sensors (88, 90,
tie material. 206, 208, 416, 422). 8. The transmitter of any one of the
previous claims 2. A transmitter (10) according to claim 1 further  50
further characterized by a temperature sensor characterized by the
transmitter sensing two ap-     (92) measuring a temperature in the
transmitter plied pressures and providing an output repre-      for
compensating for temperature error in one or sentative of the two applied
pressures, wherein      more of the pressure sensors (88, 90). the first
pressure sensor comprises: a first differ- ential pressure sensor (88, 410)
having a pair of  55   9. The transmitter (10) of any one of the preceding
pressure inlets (80, 82, 412); and the overpres-     claims wherein the
overpressure protection sure protection means (12, 404) isolatingly cou-
means (12) comprises a chamber (34, 44) which pling the two applied
pressures to a correspond-    changes in volume as applied pressure changes
13                  EP 0 572 375 B1                  14    * 



sure sensor 306. Because maximum non-correctable       ing pair of
separated volumes (34, 44, 406, 406) errors are substantially independent
of pressure and    of substantially incompressible isolator fluid, are
proportional to the sensor's URL, the wider PMR     each acted on by a
separate movable member, of gauge pressure sensor308 has more errorthan the
and coupled correspondingly to the pair of pres- narrower PMR of additional
gauge pressure sensor   5    sure inlets (80, 82,412,418,424), the
overpres- r   308. Agraph of the maximum non-correctable errorof      sure
protection means (12,404) limiting increase transmitter 130 versus the
transmitter 130 PMR is      in isolator fluid pressure of one volume of
isolator similar to the graph shown in FIGS. 3Aand 3B, since     fluid when
the applied differential pressure ex- the additional gauge pressure sensor
308 extends the    ceeds a preselected limit, the additional pressure
measurement capability of the transmitter 130 by in-  io  sensor (90, 416,
422) comprising an additional creasing accuracy at low pressure
measurements.         differential pressure sensor(90,416,422) having The
extended measurement capability is alternative-     a pair of pressure
inlets (80, 82, 418, 424), each ly expressed by noting that the presence of
gauge       inlet open to one of the part of volumes (34, 44) pressure
sensor 306 extends the transmitter 130         of isolator fluid so that
the overpressure protec- PMR, although at the expense of higher levels of
er-  15  tion means (12, 404) is shared by the additional ror.
differential pressure sensors (90,416,422), such Although the present
invention has been descri-     additional differential pressure sensors
(90, 416, bed with reference to preferred embodiments, work-      422)
extending the measurement capability of ers skilled in the art will
recognize that changes may  the transmitter. be made in form and detail
without departing from the   20 scope of the invention, as defined in the
claims.   3. The transmitter of claim 1 or 2 wherein at least two of the
pressure sensors (88, 90) have pres- sure measurement ranges substantially
different Claims                                                  from one
another. 25 1. Atransmitter (1 0) forsensing atleastone applied  4. The
transmitter of claim 1 or 2 wherein at least pressure and providing an
output representative     two of the pressure sensors (88, 90) have pres-
of the applied pressure, comprising: a first pres-  sure measurement ranges
substantial the same sure sensor (88, 206, 306, 410) having at least     as
one another, and electronic means forcombin- one inlet (80, 82, 200, 300,
403); overpressure  30  ing the outputs of the firstand additional pressure
protection means (12, 132, 404) for coupling the    sensors to provide a
transmitter output applied pressure to the pressure sensor inlet (82, 200,
300, 410) including means for containing a  5. The transmitter of claim 1,2
or 3 wherein the pre- volume of substantially incompressible isolator
selected pressure limit is selected from the group fluid leading to the
pressure inlet, the applied   35  of pressures greater, but less than five
times pressure causing a movable member (20, 22) to       greater, than a
maximum pressure measured by act on the isolator fluid as applied pressure
the pressure sensors. changes; the overpressure protection means (12)
limiting further increase in fluid pressure acting  6. The transmitterof
any one of the previous claims at the sensor inlet (80, 82) when the
applied pres-  40  wherein at least one of the pressure sensors (88, sure
exceeds a preselected limit the transmitter    90) is formed, in part or
wholly, of brittle material being characterized by at least one additional
(86). pressure sensor (90, 208, 308, 416, 418) having a pressure inlet
(80,92,200,300,418,422) open    7. The transmitter of any one of claims 1-5
wherein to the volume of isolator fluid so that the over-  45  twoof the
pressure sensors (88,90,206,306) are pressure protection means (12) is
shared by both    formed, in part or wholly, by a single piece of brit- the
first and additional pressure sensors (88, 90,  tie material.
206,208,416,422). 8. The transmitter of any one of the previous claims 2. A
transmitter (10) according to claim 1 further  so  further characterized by
a temperature sensor characterized by the transmitter sensing two ap-
(92) measuring a temperature in the transmitter plied pressures and
providing an output repre-      for compensating for temperature error in
one or sentative of the two applied pressures, wherein     more of the
pressure sensors (88, 90). the first pressure sensor comprises: a first
differ- ential pressure sensor (88, 410) having a pair of  55   9. The
transmitter (10) of any one of the preceding pressure inlets (80, 82, 412);
and the overpres-    claims wherein the overpressure protection sure
protection means (12, 404) isolatingly cou-    means (12) comprises a
chamber (34, 44) which pling the two applied pressures to a correspond-
changes in volume as applied pressure changes    15                 EP 0
572 375 B1                 16 to permit the movable member (20,22) to
contact  2. Melwertgeber nach Anspruch 1, weiterhin da- 



a stop.                                           durch gekennzeichnet, daB
der Meawertgeber zwel aufgebrachte Drflcke erfaft und ein Aus- 10. The
transmitter of claim 9 further characterized  gangasignal erzeugt, des die
beiden aufgebrach- by the chamber being separated by an overpres-   5  ten
Drflckewiedergibt, wobei dererste Drucksen- sure diaphragm (45) Into a pair
of cavities (34,44)  sor folgendes aufwelst elnen ersten Differenz- each
filled by one of the separated volumes of    drucksensor (88, 410), der ein
Pear Druckeinlas- isolator fluid, the pressure difference between   se (80,
82, 412) aufweist; und die Vorrichtung the two cavities (34,44) deflecting
the overpres-  zum Schutz gegen Oberdruck (12, 404), die die sure diaphragm
(45).                      10      beiden aufgebrachten Drucke isolierend
zu ei- nem entsprechenden Paer getrennter Volumina 11. The transmitter (10)
of any one of the previous  (34,44, 406, 406) eines im wesentlichen inkom-
claims wherein the additional pressure sensor     pressiblen Isolierfluids
leitet, auf dasje ein sepa- (90, 208) senses pressures in a narrower range
rates bewegliches Element wirkt und des ent- than the first pressure sensor
(88, 204), and in-  is  sprechend zu dem Pear von Druckeinlassen (80, dudes
means (11 Oa, 11 Ob, 224) to prevent dam-   82, 412, 418, 424) geleitet
wird, wobei die Vor- age to the additional pressure sensor (90, 208)
richtung zum Schutz gegen Oberdruck (12,404) when pressure at the inlet
exceeds the range of   einen Anstleg des Isolierfluid-Drucks eines Iso- the
additional pressure sensor (90) but is within  lierfluld-Volumens begrenzt,
wenn der aufge- the range of the first pressure sensor.   20      brachte
Differenzdruck eine vorher ausgewahlte Grenze iibersteigt, wobei der
zusitzliche Druck- 12. The transmitter of any one of the previous claims
sensor (90, 416, 422) einen zusltzlichen Diffe- and electronic means (16,
138, 428) for combin-   renzdruckesensor (90, 416, 422) aufweist, der ain
ing outputs of the first and additional sensors to  Pear Druckeinilsse (80,
82, 418, 424) aufweist, provide a transmitter output.             25
wobei jeder Einala& fMr einen Teil des Volumens (34,44) des Isolierfluids
offen ist, so daB die Vor- richtung zum Schutz gegen Oberdruck (12, 404)
Patentanspriche                                       von den zusatzlichen
Differenzdrucksensoren (90, 418, 422) gemeinsam genutzt wird, wobei 1.
Meawertgeber (10) zur Erfassung von minde-  30     derartige zusatzliche
Differenzdrucksensoren stens einem aufgebrachten Druck und Erzeu-
(90, 416, 422) die Melfihigkeit des MeBwertge- gung eines Ausgangssignals,
des den aufge-        bers erweitern. brachten Druck wiedergibt, der
folgendes auf- welst einen ersten Drucksensor (88, 208, 306,  3.
Me~wertgeber nach Anspruch I oder 2, dadurch 410), der mindestens einen
Einlai (80, 82, 200,  3S  gekennzeichnet, daB  mindestens zwei der 300,403)
aufweist; eine Vorrichtung zum Schutz    Druckseneoren (88,90)
Druck-Meabereiche auf- gogen Oberdruck (12, 132, 404), um den aufge-
weisen, die Im wesentlichen voneinander unter- brachten Druckzum
DrucksensoreinlaB (82,200,      schiedlich sind. 300, 400) zu lelten, der
elne Vorrichtung fur die Aufnahme eines Volumens eines im wesentll-  40  4.
Me~wertgeber nach Anspruch I oder 2, dadurch chen inkommpressiblen
lsolierfluids aufwelst,     gekennzeichnet, daB  mindestens zwei der des
zum DruckeinlaB fGhrt, wobel der aufge-        Drucksensoren (88, 90)
Druck-Me~bereiche, die brachte Druck eln bewegliches Element (20, 22)    im
wesentlichen gleich sind, und elektronische dazu veranlalt, auf das
Isolierfluid zu wirken,   Vorrichtungen zum Kombinieren derAusgangssi- wenn
sich deraufgebrachte Druckverandert; wo-  45  gnale der ersten und
zusatzlichen Drucksenso- bei die Vorrichtung zum Schutz gegen Oberdruck
ren zur Erzeugung eines Me~wertgeber-Aus- (12) eanen welteren Anstieg des
am SensoreinlaB   gangssignals aufweisen. (80, 82) wirkenden Fluiddrucks
begrenzt, wenn dereufgebrachte Druckeine vorherausgewahlte    5.
Meiwertgeber nach Anspruch 1, 2 oder 3, de- Grenze Obersteigt; wobel der
Melwertgeber go-  50  durch gekennzeichnet, daB die vorher ausge-
kennzolchnet ist durch mindestens einen zu-       wahlte
DruckgrenzeausderGruppevon Drucken satzlichen Druckseneor (90,208,
308,416,418),     ausgewAhitwird, diegrO8er, aberwenigeralsfflnf der einen
fur des Volumen des Isolierflulds offe-  mal gr8Ber, ala ain maximaler
durch die Druck- nen DruckeinlaB (80,92,200,300,418,422) auf-      sensoren
gemessener Druck ist. weist, so daB die Vorrichtung zum Schutz gegen  s5
Oberdruck (12) sowohl von dem ersten als auch  6. MeBwertgeber nach einem
der vorhergehenden von zusatzlichen Drucksensoren (88, 90, 206,
Ansprflche, dadurch gekennzeichnet, daB min- 208, 416, 422) gemeinsam
genutzt wird.            destens einerder Drucksensoren (88,90) teilwei- 0
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so oder vollstandig aus sprodem Material (86)      nant un premier capteur
de pression (88,206, ausgebildet ist
306,410) qui comports au moins une entree (80,82,200,300,403); des moyens
de protection 7. Meawertgeber nach einem der Ansprnche 1-5,         contre
les surpressions (12,132,404) pour trans- dadurch gokennzoichnet, daB zwel
der Druck-   5    mettre la pression appliqu6e A l'entreo (82,200, sensoren
(88, 90, 206, 306) tbllwelse oder voll-   300,410) du capteurde pression,
comportantdes standig durch ein einzigea StOcksproden Mated-     moyens
destines a contbnir un volume de fluids als ausgebildet sind.
isolant pratiquement incompressible aboutissant a lentr6e de pression, la
presslon appliques 8. Meswertgeber nach einem der vorhergehenden   10
amenant un el6ment mobile (20,22) A agir sur le AnsprOche, welterhin
dadurch gekennzeichnet,       fluids isolant loreque la pression appliques
varns; daB sin Temperatursensor (92) sine Temperatur      les moyens de
protection contre los surpressions In dem Me~wertgeber mllt, um
Temperaturfohler     (12) limitant l'blevation additionnelle de la pres- In
elnem oder mehreren Drucksensoren (88, 90)      slon du fluids qui agit A
l'entr6e (80,82) du cap- auszugleiheon.                             16
tour loraque la presslon appliquee depasse une limits preselectionnee; le
tranametteur etant ca- 9. Meowertgeber (10) nach einem der vorhorge-
ract6eisb par au molns un captour de pression hsnden Ansprfiche, dadurch
gekennzeichnet,         suppl6mentaire (90,208,308,416,422) qul compor- daB
die Vorrichtung zum Schutz gegen Ober-        to. une entrse de presslon
(80,82,200,300,418, K>     druck (12) sine Kammer (34, 44) aufweist, die,
20  424) exposee au volume de fluids Isolant, de sor- wenn sich der
aufgebrachte Druck Andert, ihrVo-    to que Is premier capteur de pression
et le captour lumenandert, damitdas bewegilche Element (20,      de
pression supplementaire (88,90,206,208,416, 22) inen Anschlag berulhron
kann.                  422) se partagent les moyens de protection contre
les suppressions (12). 10. Me~wertgeber nach Anspruch 9, weiterhin da-  25
durch gekennzeichnet, dalldie Kammerdurch el-   2. Transmettbur (10) selon
la revendication 1, ca- ns Oberdruckmembran (45) In sin Poar HohlrAu-
racterise on outre en ce qu'il mesure deux pres- me (34, 44) aufgeteilt
ist, von denen jeder durch  sions appliquees et d6livre un signal de sortie
re- elnes der getrennten Volumina des Isolierfluids    presentatif des deux
pressions appliquhes, Is gefOllt ist, wobei die Druckdifferenz zwischen
30  premier captsur de pression comprenant un pre- den beiden HohirAumen
(34,44) die Oberdruck-       mier capteur de pression differentielle
(88,410) membran (45) auslenkt.                             qui comporte
une pairs d'entrees de pression (80,82,412) et les moyens de protection
contre 11. Meowertgeber (10) nach einem der vorherge-        les
surpressions (12,404) qui relient de maniere henden Anspruche, dadurch
gokennzeichnet,  35     isolante les deux pressions appliqu6es A une pai-
daB der zusatzliche Drucksensor (90, 208)          re  correspondantb  de
volumes  separes DrOcke in einem engeren Bereich erfa~t als der
(34,44,406,406) de fluids isolant pratiquement in- orate Drucksonsor
(88,204) und eineVorrichtung     compressible, sur chacun desquels agit un
616- (110a, 110b, 224) aufweist, um sine Beschadi-      ment mobile s6parh
et qui sont relils respective- gung des zuatzlichen Drucksensors (90,208)
zu   40  ment A  la  pairs d'entrees de  pression verhindern, wenn sin
Druck am EinlaB den Be-       (80,82,412,418,424), les moyens de protection
reich des zusfitzlichen Drucksensors (90) fber-    contre lea surpressions
(12,404) limitant l'eleva- stoigt, aber innerhalb des Bereichs des ersten
tion de la pression de fluids isolant de lun des vo- Drucksensors Ist.
lumes de fluids isolant lorsque la pression diff6- 45     rentielle
appliqu6e depasse une limits prhsileo- 12. Meowertgeber nach einem der
vorhergehenden        tionnes, Is capteur de pression supplementaire
AnsprOche und sine elektronische Vorrichtung       (90,416,422) comprenant
un captourde pression (16,138,428) zum Kombinisren derAusgangssi-
diff6rentielle supplementaire (90,416,422) qui gnale der ersten und
zusltzlichen Sensoren zur     comports une pairs d'entr6es de pression
Erzeugung sines Melwsrtgeber-Ausgangssi-  50       (80,82,418,424), chaque
entree etant exposee A gnal.
lun desvolumes partiels (34,44) defluide isolant, de sorts quo lea capteurs
de pression diff6ren- tielle supplimentaires (90,416,422) se partagent
Rovendicatlons                                        les moyens de
protection contre les surpressions 55      (12,404), de tels capteurs de
pression diff6ron- 1. Transmetteur (10) pour mesurer au momns une
tiolle supplementaires (90,416,422) elargissant pression appliques et
delivrer un signal de sortle  les possibilit6s de mesure du transmettbur.
representatif de la pression appllqu6e, compre- 10    19                 EP
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3. Transmetteur selon la revendication 1 ou 2, dans  pressions dans une
plage plus 6troitb que le pre- loquel au moins deux des capteurs de
pression     mier capteur de pression (88,204) et comports (88,90) ont des
plages de mesure de pression qui  des moyens (110a,110b,224) pour Mviar
l'en- sont nettoment differentes l'une de I'autre.      dommagement du
captour de pression supple- 5      mentaire (90,208) loreque la presdion a
l'entreo 4. Transmetteur selon la revendication 1 ou 2, dans  d6passe la
plage du captsur de pression suppl6- loquel au moins deux des capteurs de
pression     mentaire (90) mals estdans les limits de la plage (88,90) ont
des plages de mesure de pression qui  du premier captour de presslon. sont
sonsiblement les memes, et des moyens electroniques sont prevus pour
combiner les si-  10  12. Transmetteur selon l'une quelconque des reven-
gnaux de sortie du premier capteur de pression    dications I A 11, avec
des moyens 6lectroniques et du capteur de pression supplementaire et de-
(16,138,42B) pourcombinerles signauxde sortie livrer un signal de sortie de
transmettour.       du premier captsur et du captour supplimentaire et
delivror un signal de sortie de transmetteur. 5. Transmettbur selon l'une
quelconque des reven-  15 dications I A 3, dans lequel la limitb de
pression pr6s6lectionnee est choisie dans le group. de pressions
superieures A une pression maximale mesureo par les capteurs de presslon,
mals infe- rieures au quintuple de cetto pression.   20 6. Transmettbur
selon l'une queloonque des reven- dications 1 A 5, dans lequel l'un au
moins des capteurs de pression (88,90) estfait, en partie ou entierement,
d'un materiau cassant (86).  25 7. Transmettour selon l'une queloonque des
reven- dications I A 5, dans loquel deux des capteurs de pression
(88,90,206,306) sont faits, en partie ou entierement, d'une seule pieoe de
mat6riau cas-  3o sant. 8. Transmetteur selon l'une quelconque des reven-
dicatlons I A 7, caract6rise6 en outre par un cap- tour de tbmperature (92)
qui mesure une tempe-  35 rature dans Is transmetteur pour compenser une
erreur due i la temperature dans l'un ou plu- sieurs des capteurs de
pression (88,90). 9. Transmetteur(10) selon l'une quelconque des re-  40
vendications I A 8, dane lequel les moyens de protection contre les
surpressions (12) compren- nent une chambre (34,44) qui change de volume
lorsque la pression appliqu6e varie, afin de per- mettre quo 1'61ement
mobile (20,22) entre en   45 contact avec une but6e. 10. Transmettour selon
la revendlcation 9, caracteri- s6 on outre en ce que la chambre ost divis6e
par une membrane desurpression (45) en une paire  5o de cavit6s (34,44)
remplies chacune de l'un des volumes separ6es de fluido isolant, la
difference de pression entre les deux cavites (34,44) defor- mant la
membrane de surpression (45). 56 11. Transmetteur(10) selon l'une
quelconque des re- vendications I A 10, dans lequel le capteur de pression
supplementaire (90,208) detecte les 11    


