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[57] ABSTRACT

An automatic transducer selection system for fluid pres-
sure measurement functions by using two or more trans-
ducers witih different measurement ranges [of accu-
racy} and also by incorporating comparator circuitry
which automatically selects the transducer reading
nearer to full scale. An electronic signal or output from
the comparator 1s preferably nested such that a continu-
ous voltage is generated in accordance with the fluid
pressure being measured, this making the system appear
to function as a single transducer with a wide measure-
ment range of high accuracy.

6 Claims, 3 Drawing Sheets
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AUTOMATIC TRANSDUCER SELECTION
SYSTEM FOR PRESSURE MEASUREMENT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

‘The invention relates to measuring and testing gener-
ally and to fluid pressure measurement, in particular.

2. Description of the Related Art

There are several methods for the measurement of
pressures in fluid dynamics research. One particularly
useful approach employs either piezoresistive or metal-
lic strain gauges bonded to either a silicon or a stainless
steel diaphragm. With the proper compensation proce-
dures to account for zero balance and thermal effects,
these devices are very useful in the determination of
fluad pressure levels in wind tunnels and other environ-
ments and also are sufficiently inexpensive to allow
large numbers to be used in a research facility.

As with any other strain gauge device, there are
limits to the range and accuracy of this specific strain
gauge installation. For example, the accuracy of these
devices depends upon the minute deflection of a thin
diaphragm with a strain gauge installed on its surface.
The application of pressure to this diaphragm causes it
to deflect, thus introducing in the surface a strain which
1s detected by the strain gauge and which is also propor-
tional to the load applied. Appropriate calibration and
compensation procedures permit the applied pressure to
be measured as a function of the electrical output of the
strain gauge.

Range limitations occur because of the inherent re-
striction imposed by the applied pressure level to which
the diaphragm can be exposed before exceeding either
its linear response range or its ultimate stress limit, thus
deforming the diaphragm and the strain gauge into a

region of either nonrepetable results or failure.
In order to obtain maximum accuracy, it is desirable

to maximize the amount of deflection. In other words, it
1 preferably to obtain a large deflection for a small
applied pressure. However, in doing so, a transducer is
Iimited 1in its amount of permissible overpressure, thus
limiting its range of accurate measurement.

This conflict between desired accuracy and maxi-
mum range results in users being left with a choice
between very accurate transducers with a limited range
of safe overpressure and less accurate transducers that
can be safely exposed to a wide range of high overpres-
sure.

One method of minimizing this problematic choice
involves electronic conditioning and amplifying of the
output signal using a so-called auto ranging technique
by which a variable gain is applied to the strain gauge
output such that the final output simulates a nearly full
scale reading, regardless of the applied pressure.

A major disadvantage of this method is that noise is
also amplified along with the electrical signal. Further-
more, the output 1s still in reality the result of a small
movement of the diaphragm.

Thus, the solution before undertaking most tests is to
match carefully the transducer size with the pressure
range expected to be encountered. Of course, this solu-
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2

tion 1s not applicable to tests wherein the measured fluid
pressure varles over a wide range.

SUMMARY OF THE INVENTION

Two or more pressure transducers of different ranges
are used with a circuit that electronically selects the
output from the transducer reading closest to full scale.
Each successive transducer has a larger range than its
preceding transducer. For example, a first transducer
may have a scale of zero to two pounds per square inch
and a second transducer may have a scale of zero to 15
pounds per square inch.

A primary feature of the invention is to have all of the
pressure ports connected together in parallel so that all
transducers are exposed to the same pressure. Similarly,
all reference ports are also connected together.

A further object of the invention is to rely on the use
of a new generation of pressure traducers with strain
gauges fabricated as an integral part of the Diaphragm.
A key advantage of these strain gauges is that they are
capable of being exposed to large over pressures with-
out damage and with a lack of any significant pressure
hysteresis.

The results achieved by the invention are made possi-
ble because the strain gauges associated with this new
generation of pressure transducers can be exposed to
large overpressures without being damaged and with a
lack of any significant pressure hysteresis.

These and other features, objects and results obtained
by the ivention will become more readily apparent
from a review of the following brief description of the

drawings and the subsequent detailed description of the
preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a schematic representation of a first embodi-
ment of the invention.

FIG. 2 1s a graphical representation of the possible
results obtainable by the first embodiment of the inven-
tion.

FIG. 3a 1s a graphical representation of the output
obtainable from a first transducer used in a second em-
bodiment of the mmvention.

F1G. 35 1s a graphical representation of the output
obtainable from a second transducer used in the second
embodiment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A schematic representation of a first embodiment of
the mvention is shown in FIG. 1. Initially, a sensor §,
which may be any one of a strain gauge, a capacitive
pressure sensor, or an inductive pressure sensor, mea-
sures pressure 1n 2 fluid line (not shown). A first trans-
ducer 10 1s denoted 1n FIG. 1 as No. 1 and operates in
a low pressure range of, for example, zero to two
pounds per square inch. A second transducer 20 as
denoted No. 2 and operates in a high pressure range of,
for example, zero to 15 pounds per square inch. A fluid
line 30 for measured pressure branches into two ports 31
and 32 leading to the transducers 10 and 20, respec-
tively. Thus, the ports 31 and 32 are effectively con-
nected together in parallel so that the transducers 10
and 20 are exposed to the same measured pressure.
Similarly, a fluid line 40 for a reference pressure
branches mto two ports 41 and 42, also leading to the
transducer 10 and 20, respectively; thus, the ports 41
and 42 are effectively connected together in parallel so
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that the transducers 10 and 20 are exposed to the same
reference pressure.

This arrangement is made possible because, for exam-
ple, these strain gauges can be exposed to large over-
pressures without being damaged. Also, this arrange-
ment is made possible because these strain gauges can be
exposed to large overpressures without undergoing an
significant pressure hysteresis. In other words, subject-
ing the strain gauge to pressures substantially greater
than the pressures of the working range of the strain
gauge does not adversely affect the accuracy of the
strain gauge on subsequent measurements within the
working range thereof.

An electronic signal or output from the low-range
transducer 10 is routed via a first electrical line 15 to a
first instrumentation amplifier 50 which amplifies the
low-level output in mullivolts to a high-level output in
the range of about one volt to five volts maximum. At
the same time, an electronic signal or output from the
high range transducer 20 is routed via a second electri-
cal line 25 to a second instrumentation amplifier 60
which likewise amplifies the low-level output in milli-
volts to a high-level output in the same range of about
one volt to five volts maximum. The amplified output
from the first instrumentation amplifier 50 is then routed
via a third electrical ine 55 to a comparator 70. Simi-
larly, the amplified output from the second instrumenta-
tion amplifier 60 is also routed via a fourth electrical line
65 to the comparator 70. It will be readily apparent that,
while two transducers have been illustrated, additional
strain gauge transducers with successively broader op-
erative pressure ranges may be added when larger over-
all ranges of pressure are to be measured, each of the
added transducers also furnishing an output signal
which is amplified and supplied as an input to the com-
parator 70. |

The comparator 70 selects from among the various
inputs the one input for which the respective pressure
transducer is outputting at a level most closely ap-
proaching, but below, the full range or maximum mea-
surable pressure level for that respective transducer and
generates, from the selected input, an output signal
which is transmitted via a fifth electrical line 75 to a
visual display or other data recording device (not
shown). In the illustrated two-transducer arrangement,
the selection function may be accomplished by continu-
ously monitoring the signal generated by one of the
transducers, for example, the high-range transducer 20,
to determine if the monitored signal is below or above a
predetermined threshold level, such as 129% of the full
range or maximum signal level corresponding to the
monitored transducer, with the low-range transducer
signal being selected for output signal generation when
the monitored signal is below the threshold level and
the high-range transducer being selected otherwise.

In order to prevent oscillation or hunting, separate
threshold levels for rising and falling monitored signal
levels are, preferably, employed. In a three-transducer
configuration, selection of the output signal may be
accomplished by a monitoring of the level of the signal
generated by the intermediate-range transducer with
respect to separate lower and upper threshold levels at,
for example, 30% and 75%, respectively, of the full-
range signal for this transducer, with the low-range
transducer signal being selected when the monitored
signal level is below the lower threshold, the high-range
transducer signal being selected when the monitored
signal level is above the upper threshold, and the inter-
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mediate-range transducer signal being selected when
the monitored signal level is within the limits of the
lower and upper thresholds. In a similar manner, config-
urations having more than three pressure transducers
may employ output signal selection arrangements in-
volving the separate monitoring of the signals from
each of the intermediate-range transducers with corre-
sponding lower and upper threshold levels.

The comparator output signals over the line 75 may
be “nested”, as illustrated in FIG. 2, so that the output
signal of the comparator 70 continuously increases in
voltage with increasing pressure. This nesting is accom-
plished by varying the gain and the offset of the com-
parator output generating circuit in accordance with
the identity of the one transducer signal which has been
selected to generate the signal over the line 75. In this
mode, the output signal appears as that of a single trans-
ducer operable over the entire pressure range. As is
shown in FIG. 2, the output signal is generated from the
signal produced by the low-range transducer 10 when
the sensed pressure is two pounds per square inch (psi)
or less while the signal produced by the high-range
transducer 20 is employed when the sensed pressure is
above two psi.

Other forms of the output signal may be provided
and, for this purpose, an output selection switch 80 is
provided, communicating with the comparator 70 via a
sixth electrical line 85.

A second output mode is shown in FIGS. 3¢ and 35.
In this full mode, the full-range signal of the selected
pressure transducer is output without conditioning of
the signal and is accompanied by an identification of the
selected transducer. The selection switch also provides
for outputting of the signal corresponding to any one of
the transducers without regard to whether this trans-
ducer,1s the one selected by the comparator 70.

In the two alternative embodiments discussed above,
the present invention will appear as a compound trans-
ducer using either manual selection or automatic selec-
tion, but with higher accuracy over larger pressure
levels than a single standard transducer subject to vari-
able amplification.

To summarize the invention, the circuit is designed to
provide output in one of two modes: first, the nested
mode in which a single output signal is generated
throughout the full pressure range regardless of which
one of the transducers is selected as active; and second,
the manually selected mode in which the user selects
one of the transducers to furnish the output signal. FIG.
2 1s a depiction of the output in the first nested mode
while FIGS. 3¢ and 3b illustrate the output in the sec-

- ond full mode.

35

65

In regard to FIG. 2, the legend at the top indicates
which one of the two transducers is active at a given
pressure. Thus, when the measured pressure is below
the upper limit of the low-pressure transducer No. 1,
this transducer 10 is active and the output of the high-
pressure transducer 20 is ignored. When the measured
pressure exceeds that upper limit, the situation is re-
versed.

In regard to FIGS. 3aq and 3b, the pressure range for
each transducer is given on the abscissa of the corre-
sponding graph. The identification of the transducer
No. 1 or No. 2 is needed because, in this mode, the
output signal includes both the measured pressure and
identification of the particular transducer 10 or 20.

The present invention may also involve the organiza-

tion of several units shown in FIG. 1 into one or more
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groups for the measurement of more than one fluid
pressure at the same time. Multiplexing of the various
electronic signals or outputs 75 would then be possible,
thus providing the invention with a capability similar to
that of either mechanically or electrically scanned fluid
pressure measuring systems.

Furthermore, the automatic transducer selection sys-
tem of the present invention for pressure measurement
can be applied in any research environment where stan-
dard pressure transducers are used. The inventive sys-
tem may be especially advantageously used in environ-
ments where the measured pressure varies over a wide
range, such as in the measurement of fluid pressure in
airfoll wakes, and in situations where a reliable estimate
of the fluid pressure needed for proper transducer selec-
tion 1s not known beforehand.

The foregoing preferred embodiments are considered
ljustrative only. Numerous other modifications may
readily occur to those persons skilled in electronics
technology after reading this specification. Conse-
quently, the disclosed invention is not limited by the
exact construction and operation shown and described
above but rather is defined by the claims appended
hereto.

What I claim as my invention is the following:

1. A fluid pressure measurement system comprising:

at least two pressure transducers having successively

broader effective pressure sensing ranges, each of
the pressure transducers being capable of being
subjected to an overpressure equal to a maximum
pressure of the sensing ranges without an adverse
effect therein;

means for connecting the transducers in parallel to

the fluid pressure being measured and to a refer-
ence fluid pressure; and

comparator circuit means for receiving an amplified

analog output signal from each of the transducers[,

. said circuit];
said circuit means functioning to automatically select
one of the transducer amplified analog output sig-
nals which most closely approaches full-range out-

put signal of [a] ifs corresponding [transducer,
said circuit means also functioning to generate an

35

10

15

20

23

30

35

45

50

35

65

6

output signal from the selected transducer output
signal. } transducer and to generate conditioned ana-
log output signal from the automatically selected
transducer output signal;
said circuit means further functioning to generate selec-
tively either said conditioned analog output signal or
an unconditioned amplified analog output signal cor-
responding to a manually selected transducer output
signal, said correspnding output signal including iden-
tification of the manually selected transducer.
2. The fluid pressure measurement system according
to claim 1, wherein:
sald comparator circuit means includes means for
conditioning the output signal therefrom in accor-
dance with automatically selected one of the trans-
ducer output signals.
[ 3. The fluid pressure measurement system accord-
ing to claim 1, wherein: |
said comparator circuit means functions to generate
selectively either a conditioned output signal or an
output signal corresponding to the selected trans-
ducer output signal, said corresponding output
signal including identification of the selected trans-
ducer].
4. The fluid pressure measurement system according
to claim [3] I, further comprising:
switch means for selecting [an] one visually display-
able or recordable output signal from among the
output signals generated by the comparator circuit
means.
S. The fluid pressure measurement system according
to claim 1, wherein:
said pressure transducers are strain gauge-type trans-
ducers.
6. The fluid pressure measurement system according
to claim 1, wherein:
said pressure transducers are capacitive sensing trans-
ducers.
7. The fluid pressure measurement system according
to claim 1, wherein:

said pressure transducers are inductive sensing trans- -

ducers.
- - 4 *x - -



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : Re. 34,694

DATED > August 16, 1994
INVENTOR(S) : Leonard M. Weinstein page 1 of 2

It is certified that error appears in the above-tdentified patent and that said Letters Patent is herehy
corrected as shown below:

In column 1, line 42, "nonrepetable" should be

--nonrepeatable--.

In column 2, line 18, correct the spelling of --transduc-

ers--;

line 19, "Diaghragm" should be --diaghragm--;

line 21, "over pressures" should be --over-

pressures--;

line 57, "as" should be --is--; and

line 67, "transducer" should be

-—transducers--.

In column 3, line 7, "an" should be --any—-—;

line 17, "mullivolts" should bé

--millivolts--; and

line 55, before "the", insert --with--.
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PATENTNO. : pRe. 34,694

DATED . August 16, 1994 _
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UNITED STATES PATENT AND TRADEMARK OFFICE

It is certified that estor appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

In column 5, claim 1, line 41, after "approaches”, insert

--a--.

In column 6, claim 1, line 2, after "generate"”, 1insert

claim 1, line 9, correct the spelling of

--corresponding--; and

claim 2, line 15, after "with'", insert

--the—--.

Signed and Sealed this
Twenty-second Day of November, 1994

B o

BRUCE LEHMAN
Attesting Officer '
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