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FLOW MEASUREMENT WITH DIAGNOSTICS
' BACKGROUND OF THE INVENTION

Fluid flow meters are used in industrial
process control environments to measure fluid flow and
provide flow signals for £flow indicators and
controllers. Inferential flow meters measure fluid
flow in a pipe by measuring a pressure drop near a
discontinuity within the pipe. The discontinuity
(primary element) can be an orifice, a nozzle, a
venturi, a pitot tube, a vortex shedding bar, a target
or even a simple bend in the pipe. Flow around the
discontinuity causes both a pressure drop and
increased turbulence. The pressure drop is sensed by
a pressure transmitter (secondary element) placed
outside the pipe and connected by impulse 1lines or
impulse passageways to the fluid in the pipe.
Reliability depends on maintaining a correct
calibration. Erosion or buildup of solids on the
primary element can change the calibration. Impulse
lines can become plugged over time, which also
adversely affects calibration.

Disassémb_ly and inspection of the impulse
lines is one method used to detect and correct
plugging of lines. Another known method for .detecting
plugging is to periodically add a “check pulse” to the
measurement signal from a pressure transmitter. This
check pulse causes a control system connected to the
transmitter to disturb the flow. If the pressure

- transmitter fails to accurately sense the flow

disturbance, an alarm signal is generated indicating
line plugging. Another known method for détecting
plugging is sensing of both static and differential
pressures. If there is_ inadequate correlation between
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oscillations in the static and differential pressures,
then an alarm signal is generated indicating line
plugging. Still ano'ther" known method for detecting
. line plugg:.ng is to sense static pressures and pass
5 them through hJ.gh pass and low pass filters. Noise
' signals obtained from the fllters are compared to a
threshold, and if variance in the noise is less than
the threshold, then an alarm signal indicates that the
line is blocked. - o
10 These known methods rely on providing static
pressure sSensors Or ‘disassembly of the flow meter or
use of an external contro_l system for diagnostics,
increasing' coinplexity and reducing reliability. These
known methods do not prov:.de for diagnosing the
15 condition of the primary element. There is thus a
need for a better dlagnostlc technology providing more
predlctlve, less reactive maintenance for reducing
cost or improving rel:.ablllty.
20 'A fluid flow meter diagnoses the condition
' of its prifnary element or impulse lines. The”primary
element and the impulse lines together form a
dlfferentlal pressure generator This differential
:pressure generator generates a dlfferentlal pressure
25 that represents the flow rate. The differential
pressure is coupled to a differential pressure sensor
in the fluid flow meter. h
A difference circuit ‘coupled to the
differential pressure sensor generates a difference
30 output representiné' the sensed differential pressure
minus a moving average of the sensed differential
pressure.
A calculate circuit réceives the difference
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output and calculates a trained output of historical
data obtained during an initial training time. The
calculate circuit also calculates a monitor output of
current data obtained during mwmonitoring or normal
operation of the fluid flow meter.

A diagnostic circuit receives the trained
output and the monitor output and generates a
diagnostic output indicating a current condition of
the préssure generaf:or' relative to an historical
condition.

A flow circuit is also coupled to the sensor
and generates an output indicating the flow rate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration of a typical fluid
processing environment for the diagnostic flow meter.

FIG. 2 is a pictorial illustration of an
embodiment of a transmitter used in a fluid flow meter
that diagnoses the condition of its impulse " lines
and/or primary element.

FIG. 3 is a block diagram of a fluid flow
meter that diagnoses a condition of its pressure
generator.

FIG. 4 is a block diagram of a fluid flow
meter that diagnoses the condition of its impulse
lines.

FIG. 5 is a block diagram of a fluid flow
meter that diagnoses the condition of its primary
element.

FIG. 6 is a flow chart of a process
diagnosing the cdndition of impulse lines.

FIG. 7 illustrates a diagnostic fluid flow
meter that has a pitot tube for a primary element.

- FIG. 8 illustrates a diagnostic fluid flow
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meter that has -an in-line pitot tube for a primary
element.

FIG. 9 illustrates a diagnostic fluid flow
meter that has an integral orifice plate for a primary
element. _

FIG. 10 illustrates a diagnostic fluid flow
meter than has .an orifice plate clamf.oed between pipe

- flanges for a primary element

FIG. 11 1llustrates a d:l.agnostlc flu:.d flow
meter that has a venturi for a primary element.

FIG. 12 illustrates a diagnostic fluid flow
meter that has a nozzle for a primary element.

‘FIG. 13 illustrates a .diagnostie fluid flow
meter that has an orifice plate for a primary element.

FIG. 14 is a flow chart of a process of
diagnosing the condition of a primary element.

FIG. 15 is a flow chart of a process of
diagnosing the condition of both impulse lines and a
primary element. '

FIG. 16 is an 111ustrat:|.on of a transmitter
with remote seals. and d_.:.agnost:.cs .

FIG. 17 is a schematic illustration of a
transmitter with diagnostic features connected to a
tank to measure a time integral of flow in and out of
the tank.

Ww’m

In FIG. 1, a typical environment for dlagnostlc
flow measurement is illustrated at 220. In FIG. 1,
process variable transmitters such as flow meter 230,
level transmitters 232, 234 on tank 236 .and integral
orifice flow meter 238 are shown connected to control
system 240.  Process variable transmitters can be
configured to monitor one oOr more Pprocess variables
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associated with fluids in a process plant such as
slurries, 1liquids, vapors and gasses in chemical,
pulp, petroleum, gas, pharmaceutical, food and other
fluid processing plants. The monitored process
5 variables can be pressure, temperature, flow, level,
PH, conductivity, turbidity, density, concentration,
chemical composition or other properties of fluids.
Process variable transmitter includes one or more
sensors that can be either internal to the transmitter
10 or external to the transmitter, depending on the
installation needs of the process plant. Process
variable transmitters generate one or more transmitter
outputs that represent the sensed process variable.
Transmitter outputs are configured for transmission
15 over long distances to a controller or indicator via
communication busses 242. In typical fluid processing
plants, a communication buss 242 can be a 4-20 mA
current loop that powers the tranémitter, or a
fieldbus connection, a HART protocol communication or
20 a fiber optic connection to a controller, a control
system or a readout. In transmitters powered by a 2
wire loop, power must be kept low to provide intrinsic
safety in explosive atmospheres.
In Fig. 1, integral orifice flow meter 238
25 is provided with a diagnostic output which is also
coupled along the communication bus 242 connected to
it. Control sYste.m 240 can be programmed to display
the diagnostic ou_.tput for a human operator, or can be
" programmed to alter its opération when there is a
30 diagnostic warning from flow meter 238. Control
system 240 controls the operation of output devices
such as control valve 244, pump motors or other
controlling devices.
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In Fig. 2, an exploded view of a typical
diagnostic transmitter 82 according to the present
invention is shown generally. Transmitter 82 includes
a flange 83 for rece_iving a _diﬁferential pressure, a
different:i.a_.i pressure sensor 31, electronics including
an analog to digital converter 84, a microprocessor

 system 88, a digital to analog converter 96, and a

digité.l communications circuit 100. Transmitter 82 is
bolted to. flange ada{pter 87. Mi'croproce_ssor 88 is
programmed with diagnostic algorithms as explained by
examples shown in FIGS. 3, 6,. 14 and 15. Flange
adapter 87 connects to impulse pipes which, in turn,
connect to flow around a primary flow element (not
shown in FIG. 2). The arrangement of transmitter 82
of FIG. 2 is explained in more detail in FIG. 3.

In FIG. 3, a block dlagram shows a f:Lrst

‘embodiment of a fluid flo_w_mgter_ 80 adapted to sense

fluid flow 22 in pipe 24, . Fluid flow meter 80
includes a .pressure generator. 26 that includes a
primary element 28 and impulse llnes 30 that couple
pressures generated in the fluid flow around the
primary element 28 to a differential pressure sensor
31 in a pressﬁre t_:c_'ansmitter_az_. The term “pressure
generator” as used in this application means a primary
element (e.g., an orifice plate, a pitot tube, a
nozzle, a venturi, a shedding bar, a bend in a pipe or
other flow discontinuity adapted to cause a pressure
drop in flow). together with impulse pipes or impulse
passageways that couple the pressure drop from
locations near the primary element to a location
outside the £flow pipe. The spéctral and statistical
characteristics 'of this pressure presented by this
defined “pressure generator” at a location outside the
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flow pipe to a connected pressure transmitter 82 can
be affected by the condition of the primary element as
well as on the condition of the impulse pipes. The
connected pressure transmitter 82 can be a self-
contained unit, or it can be fitted with remote seals
as needed to f£it the application. A flange 83 on the
pressure transmitter 82 (or its remote seals) couples
to a flange adapter 87 on the impulse lines 30 to
complete the prés sure connections. Pressure
transmitter 82 couples to a primary flow element 28
via impulse lines 30 to sense flow. The pressure
transmitter 82 comprises a differential pressure
sensor 31 adapted to couple to the impulse lines 30
via a flange arrangement. An analog to digital
converter 84 couples to the pressure sensor 31 and
generates a series of digital representations of the
sensed pressure at 86. A microprocessor system 88
receives the series of digital representations of
pressure at 86 and has a first algorithm 90 stored
therein calculating a difference between the series of
digital representations 86 and a moving average of the
series of digital representations. A second algorithm
22 is also stored in the microprocessor system 88 that
receives the difference calculated by algorithm 90 and
calculates a trained data set of historical data
during a training mode and calculates a current data
set during a monitoring mode and generates diagnostic
data 94 as a function of the current data set relative
to the historical data indicating changes in the
condition of pressure generator 26. A digital to
analog converter 96 coupled to the microprocessor
system 88 generates an  analog transmitter output 98
indicative of the sensed flow rate. A digital

PCT/US00/04978 _ .
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communication circuit 100 receives the diagnostic data

- 94 from the michproce$sor system 88 and generates a

transmitter output 102 indicating the diagnostic data.
The analdg output 98 and the diagnostic data 102 can
be coupled-to indiéatprs'or controllers as desired.

' In FIG. 4; a block diagram shows a further
embodiment of a fluid flow meter 20 adapted to sense
fluid flow 22 in pipe 24.  The fluid flow meter 20 in
FIG. 4 is similar tpithe fluid flow meters 80 of FIG.
3 and the same reference numerals used in FIGS. 3 are
also used in FIG. 4.for_similax elements. Fluid flow
meter 20 _inciudes_ a _piessure generator 26 that
includes a primary element 28 and impulse lines 30
that couple pressures generated in the fluid flow
around the primary . element . 28 to a differential
pressure sensor 31 in a'préssure transmitter 32. The
pressure transmitter 32 can be a self-contained unit,
or it can be fitted with remote seals as needed to fit
the application. . A flange on the pressure
transmitter 32 (or its remote seals) couples to a
flange adapter on the impuise lines 30 to complete the
pressure . connections. A flow circuit 34 in the
pressure transmitter 32 couples to the sensor 31 and

.generates a flow rate output 36 that can couple to a

controller or indicator as needed.

In FIG. 4, a difference circuit 42 couples
to the sensor 31 and generates data at a difference
output 44 representing the sensed pressure minus a
moving average. A calculate circuit 46 receives the
difference output 44 and calculates a trained output
48 of historical data obtained during a training mode
or time interval. After training, calculate circuit
46 calculates a monitor output 50 of current data
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obtained during a monitoring mode or normal operation
time of the fluid flow meter 20.
In FIG. 4, a diagnostic circuit 52 receives

-the trained output 48 and the monitor output 50 and

generating a diagnostic output 54 indicating a current

"condition of the pressure generator 26 relative to an

historical condition. 1In FIG. 4, calculate circuit 46
stores the historical data in circuit 56 which
includes memory. -
' In difference circuit 42, the moving average
is calculated according to the series in Eq. 1:
m

Ay = 2 (Py) (W)  Eq. 1

k=0
where A 1is the moving average, P is a series of
sequentially sensed pressure values, and W is a
numerical weight for a sensed pressure value, m is a
number of previous sensed pressure values in the
series. Provision can also be made in difference
circuit 42 to filter out spikes and other anomalies
present in the sensed pressure. In FIG. 4, the
historical data comprises statistical data, for

example, the mean (M) and standard deviation (o) of
the difference output or other statistical
measurements, and the diagnostic output 54 indicates
impulse 1line plugging. The calculate c¢ircuit 46
switches between a training mode when it is installed
and a wonitoring mode when it is in use measuring
flow. The calculate circuit 46 stores historical data
in the trainiﬁg mode. The diagnostic output 54
indicates a real time condition of the pressure
generator 26.
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In FIG. 4, statistical data, such as the mean p

and standard deviation o, are calculated based on a

' relatively large number of data points or flow

measurements. The corresponding sample statistical
data, such as sample mean X ‘and sample standard
deviation_s,:are Caiculated”from a'relatively smaller
number of data points; Typically, hundreds of data
points are used to calculate statistical data such as

B and o, while only about 10 data points are used to
calculate sample statlstlcal data such as X and s. The
number of data points durlng monitoring is Kkept
smaller in ordexr to pfovide diagnostics that is real
time, or completed in ‘about 1 second. Diagnostic
circuit 52 indicates 1line plugging if the sample
standard deviation s devia:es from the standard

deviation 6_by a preset amount, for example 10%.

In FIG. 5, a fluid flow meter 60 is shown that
diagnoses the condition of the primary element 28. The
fluid flow meter 60 in FIG. 5 is similar to the fluid
flow meter 20 of FIG. 4 and the same reference
numerals used in FIG. 4 are also used in 5 for similar
elements. In 5, the diagnostic output 62 indicates a
condition of the primary element 28, while in FIG. 4,
the diagnostic output 1nd1cates a condition of the
impulse lines 30. In FIG. 5, calculate circuit 46
calculates and stores data on power spectral density
(PSD) of the difference output 44 rather than

statistical data which is used in FIG. 4. The power
spectral density data is preferably in the range of 0
to 100 Hertz. _ The center frequency of a bandpass

filter can be swept across a selected range of
frequencies to generate a continuous or guasi-
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continuous power spectral density as a function of
frequency in a manner that is well known. Various
known Fourier transforms can be used.

Power spectral density, Fi, can also Dbe
calculated using Welch'’s method of averaged
periodograms for a given data set. The method uses a
measurement sequence x(n) sampled at fs samples per

second, where n = 1, 2, ...N . A front end filter
with a filter frequency less than fs/2 is used to
reduce aliasing in the spectral calculations. The

data set is divided into F,; as shown in Eq. 2:

M

Iy N 2 E . 2
Fk,i = (l/M) ' 2 xk (n) e’JznlAfn q

n=1

There are F,; ovérlapping data segments and for each
segment, a periodogram is calculated where M is the
number of points in the current segment. After all

-periodograms for all segments aré evaluated, all of

them are averaged to calculate the power spectrum:
L

Fi = (1/L) Z Fk,i Eq- 3

k=1

Once a power spectrum is obtained for a training mode,
this sequence is stored in memory, preferably EEPROM,
as the baseline pow_e'r spectrum for comparison to real
time power spectrums. Fi is thus the power spectrum
sequence and i goes from 1 to N which is the total
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number of points in the original data sequence. N,
usually a power of 2, also ‘sets the £frequency

-resolution of the spectrum estlmatlon. Therefore, Fi

is also known as the s:Lgnal strength at the i®

frequency. . The power spect;_rum typically includes a
large number points at predefined frequency intervals,
defining a shape of the spec_itr_é.l power distribution as
a function of frequency.

In the detect'i_on of the . primary element
degradation, a relatively larger sample of the
spectral density at baseline historical conditions and
a relatively smaller sé.mple of the spectrai density at
monltorlng conditions are compared. The relatively
smaller sample allows for a real time indication of
problems in about- 1 second. An increase in the
related frequency components of the power spectrum can
indicate the degradation of the primary element. Using
orifice plates as primary elements, for example,
changes as high as 10% are observed in spectral
components when the orifice plate is- degraded to a
predetermined level. The amount of change can be
adjusted as needed, depending on the tolerable amount
of degradation and the type of primary element in use.
The amount of change needed to indicate a problem is
arrived at experimentally for each type of primary
element arrangement. Fuzzy logic can also be used to
compare the many points of the power spectrums.

In FIG. 6, a flow chart 120 of a method of
diagnosis performed in a  pressure transmitter
couplable to a primai'y flow element via impulse lines
is shown. The aigorithm starts at 122. A moving
average is subtracted from diffei‘ential pressure data
as shown at 124 to calculate a difference. During a
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train mode, historical data on the calculated
difference is acquired and stored at 126 as

statistical data p and o, for example. During an
operational MONITOR mode, current data on the
difference is acquired and stored at 128 as
statistical data X and s. The smaller sample of
current data is compared to the larger sample of the
historical data to diagnose the condition of the

impulse lines. Comparisons of historical and current

 statistical data are made at 132, 134, 136 and a

selected diagnostic transmitter output is generated
at 138, 140, 142 as a function of the comparisons made
at 130, 132, 134, 136 respectively. After completion
of any diagnostic output, the process loops back at
144 to repeat the monitor mode diagnostics, or the
transmitter can be shut down until maintenance is
performed. If the diagnostic précess itself fails, an
error indication is provided on the diagnostic output
at 146. In the method 120 of diagnosis, the historical
data set comprises statistical data such as data on

the mean (0} and standard deviation (o) of the
calculated difference; the current data set comprises
current sample statistical data, such as the sample
average (X) and sample deviation (s) of the calculated
difference. The sample deviation (s) is compared to
the standard deviation (o) to diagnose impulse 1line
plugging, for example. Other known statistical
measures of wuncertainty, or statistical measures
developed experimentally to fit this application can
also be used besides mean and standard deviation. When
there is an unusual flow condition where X_is much

different than pu, the diagnostics can be temporarily
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suspended as shown at 130 until usual flow conditions
are reestablished. This helps to prevent false alamm
indications. _

In FIGS. 2- -5, the transm:.tter generates a
callbrated output and also a dlagnostlc output that
indicates if the pressure generator is out of
cal:LbratJ.on. In FIGS. 2-5, the primary element can
comprise a s:.mple pitot tube or an averaging pitot
tube. The averaging pJ.tot tube 63 can be inserted
through a tap 64 on a pipe as shown_:.n FIG. 7. An
instrument manifold 66, as shown in FIG. 8, can be

_coupled between the pressure generatdr 26 and a

pressure transmltter 68. . The primary element 28 and
impulse pipes 30 can be comb:.ned in an integral
orifice as shown in FIG. 9. An or:Lf:Lce plate adapted
for clamp:.ng between pipe flanges is shown in FIG. 10.
The prlmary element can compr:.se a venturi as shown in
FIG. 11 or a nozzle as shown in FIG. 12, or an orifice
as shown in FIG. 13. A standard arrangement of a
pressure generator can be used w:Lth a transm:l.tter that
is adapted to provide the diagnostics outputs. The
transmitter adapts i_tself to the characteristics of
the pressure generator dufing the training mode and
has a standard of comparison ‘stored during the

| training mode that is available for comparison during

the monitoring or operational mode. The standard of
comparison can be adjusted as needed by a technician
via the digital communication bus. In each
arrangement, the fluid flow meter provides a
calibrated flow rate output and the diagnostic output
of the transmitter indicates if the pressure generator
is out of calibration.

In FIG. 14, a flow chart 160 of a process

PCT/US00/04978 — -
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for diagnosing the condition of a primary element is
shown. The condition of the primary element can
include erosion or fouling of the primary elewment. The
method or algorithm starts at 162. Sensor data is
taken in a training mode or time interval as shown at
164. A power spectrum of the sensor data, minus the
moving average, is calculated at 166. The power
spectrum obtained is identified as the training power
spectrum at 168 and stored in non-volatile memoxry 170.
After completion of training, the process moves on to
monitoring or normal use. A further power spectrum of
current sensor data, mwminus the moving average, is
evaluated at 172, and the power spectrum so obtained
in stored in wmemory 174, that can be either RAM or
nonvolatile memory. At 176, the power spectrum Fi
obtained during training is compared to the power
gpectrum Fi obtained during monitoring. If there is a
significant difference between Fi and Fi which is
indicative of a problem with the primary element, a
primary element warning (PE Warning) is generated as

shown at 178. If the power spectrums Fi and Fi are
sufficiently similar, then no primary element warning
is generated. After the comparison at 176 and

generation of a PE Warning, as needed, program Eflow
moves to obtain new-real time sensor data at 180 and
the monitoring process moves on to a new evaluation at
172, or the flow meter can shut down when there is a
PE warning. The process 160 can loop continuously in
the monitoring mode to provide real time information
concerning the condition of the primary element.

In FIG. 15, a flow chart illustrates a
process 190 which provides diagnosis of both primary
element (PE) and impulse 1lines (IL). Program flow

PCTAUS00/04978 __ ..
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starts at 200. During a training mode illustrated at
202, sensor_dé.ta, minus a moving average, is obtained
and training power spectrum and training statistics
are stored in nonvolatlle memory as explained above.

5 Next, impulse line dlagnostlcs (such as those
explained in process 128 in Fig. 6) are performed at
step 204 in FIG. 15. In FIG. 15, after impulse lime
diagnostics are performed current impulse line
statistics are compared to h'istorilc'al (training)

10 impulse line statistics (as detalled in processes 130,
132, 134, 136 in FIG. 6) at 206. If the comparison
indicates a problem with plugging of impulse lines,
then an 1mpulse line warning is generated as shown at
208. If no problem with the impulse lines is

15 apparent, .then program flow moves on to primary
element (PE) diagnostics at 210. At process 210,
power spectral dens:.ty for the current real time data
is calculated (as explained a.bove in connection with

~ FIG. 14) .. The current power spectral density is

20 compared to the h:.storlcal power spectral density at
212, and if there is a dlfference large enough to
indicate a problem with the prl_mary element, then a PE
Warning is generated as shown at 214. If the
differences in the power spectral densities are small,

25 then no PE warning is generated as shown at 216.
Program flow continues on at 218 to repeat the IL and
PE diagnostics, or the flow meter can be shut down if
there is a PE or IL warning .until maintenance is
pexrformed.

30 Any of the methods can be stored on a
computer-readable medium as a plurallty of sequences
of instructions, the plurality of sequences of
instructions including sequences that, when executed
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by a microprocessor system in a pressure transmitter
cause the pressure transmitter to perform a diagnostic
method relative to a primary element and impulse lines
couplable to the transmitter.

5 FIG. 16 illustrates a transmitter 230 which
includes remote seals 232, 234 connected by flexible
'capillary tubes 236, 238 that are filled with a
controlled quantity of isolation fluid such as silicon
oil. The isolator afrangement permits placement of

10 the sensor and electronics of transmitter 230 to be
spaced away from extremely hot process fluids which.
contact the remote seals. The diagnostic circuitry of
transmitter 230 can also be used to detect leaking and -
pinching off of capillary tubes 236, 238 using the

15 diagnostic techniques described above to provide
diagnostic output 239.

FIG. 17 schematically illustrates a
transmitter 240 which is connected to taps 248, 250
near the bottom and top of tank 242. Transmitter 240

20 provides an output 244 that represents a time integral
of flow in and out of the tank 242. Transmitter 240
includes circuitry, or alternatively software, that
measures the differential pressure betwgen the taps
248, 250 and computes the integrated flow as a

25 function of the sensed differential pressure and a
formula stored in the transmitter relating the sensed
pressure to the quahtity of fluid in the tank. This
formula is typically called a strapping function and
the quantity of fluid which has flowed into or out of

30 the tank can be integrated as either volumetric or

. mass flow, depending on the strapping function stored
in transmitter 240. The diagnostic circuitry or
software in transmitter 240 operates as explained
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above to provide diagnostic output 252. FIG. 17 is a
schiematic jllustration, and transmitter 240 can be
located either near the bottom or the top of tank 242,
with a tube going to the other end of the tank, often

called a “leg.” This leg can be either a wet leg

filled with the fluid in the tank, or a dry leg filled
with gas. Remote seals can also be used with
transmitter 240.

Although the presént invention has been described
with reference to preferred embodiments, workers
skilled in the art will recognize that changes can be
made in form and detail without departing from the
spirit and scope of the invention. For example,
various ‘function blocks of the invention have been
described in. terms of circuitry, however, many
function blocks may be implementgd.ih other forms such
as digital and analog circuits, software and their

 hybrids. . ~ When implemented in  software, a

microprocessor performs the functions and the signals
comprise digital values ~on which the software

. operates. .A general purpose processor programmed with

instructions that cause the processor to perform the
desired  process elements, application specific
hardware components that contain circuit wired to
perform the desired elements and any combination of
programming a general purpose procéssor and hardware
components can be used. Deterministic or fuzzy logic
techniques can be used as needed to make decisions in
the circuitry or software. Because of the nature of
complex digital circuitry, circuit elements may not be
partitioned into separate blocks as shown, but
components_usea for various functional blocks can be
intermingled and shared. Likewise with software, some

PCT/US00/04978 _ .
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instructions can be shared as "'p'art: of several
functions and be intermingled with unrelated
instructions within the scope of the invention.
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WHAT IS CLAIMED IS:
1. A pressure transmltter adapted to couple to a
primary flow element via lmpulse lines to sense flow,

the pressure-transmltter comprising:

a differential pressure sensor adapted to couple
to the impulse lines;

an analog to digital converter coupled to the
pressure sensor and generating a series of
digital representations of the pressure;

a microproceséor-sYstem receiving the series of
digital' representations of pressure and
haVing'

a first algorlthm stored therein calculatlng
a dlfference between the series of
digital representations and a moving
average of the series of digital
representations, and having

a second algorithm stored therein receiving
the .'difference and calculating a
trained data set of historical data
during a training mode and calculating
a current data set during a wonitoring
mode and generating'diagnostic data as
a function of the current data set
relative to the historical data
indicating changes in the condition of

. flow sensing;

a digital to analog converter coupled to the
microproceesor system 'generating an analog
transmitter output indicative of the sensed
flow; and

a digital communication circuit - receiving the
diagnostic data from the microprocessor
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s'y.s_.'iiem and generating a transmitter output
- indicating the diagnostic data.
2. The pressure transmitter of Claim 1 wherein the
microprocessor system stores the trained data set.
3. The pressure transmitter of Claim 1 wherein the
moving average is calculated according to the series
m

A =. Z (Pj+k) (Wk)

k=0
where A is the moving average, P is a series of sensed
pressure values, and W is a weight for a sensed
ﬁressure value, m is a number of previous sensed
pressure values in the series.

4. The pressure transmitter of Claim 1 wherein the
trained data set comprises statistical data.
5. The pressure transmitter of Claim 1 wherein the

analog transmitter output comprises a calibrated
output, and the diagnostic transmitter output
indicates if the pressure generator is out of
calibration.
6. The pressure transmitter of Claim 1 wherein the
trained data set of historical data comprises power
spectral density of the difference.
7. A pressure transmitter adapted to couple to a
primary flow element via impulse lines to sense flow,
the pressure transmitter comprising:
a differential pressure sensor adapted to couple
to the impulse lines;
a flow circuit coupled to the sensor and
generating a flow output;
a difference circuit coupled to the sensor and
generating a difference output representing
the sensed pressure minus a moving average;
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a calculate circuit receiving the difference
outp_ut, calculating a trained output of
historical data obtéi_ned_ during training,
and calculating a monitor output of current
data obtained during wonitoring; and

a diagnostic circuit r_'e_cei_vi_ng the trained output
and the monitor -output and generating a
diagnostic output indicating a current
condition’ of flow sensing relative to an
historical condition of flow sensing.

8. A fluid flow meter adapted to sense fluid flow,
comprlsz.ng, _

a pressure generator having a primary element and
1mp_ulse lines couplable to the fluid flow;

a differential pressure sensor coupled to the

' impulse lines; '

a flow circuit coupled to the sensor and
generating a flow output;

a difference circuit coupled to the sensor and
generating a difference output representing
the sensed pressure minus a moving average;

a calculate circuit receiving the difference
output and calculating a trained output of
historical data obtained during training and
calcuiating a monitor output of current data
obtained during monitoring; and

a diagnostic circuit receiving the trained output
and the monitor output and generating a
diagnostic output indicating a current
condition of the pressure generator relative
to an historical condition.

9. A diagnostic method of performed in a pressure
transmitter coupled to a primary flow element via
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impulse lines, the method comprising:
calculating a difference between a pressure
sensed by the pressure transmitter and a
moving average of the sensed pressure;
acquiring and storing an historical data set of
the calculated difference during a train
mode of the pressure transmitter; -
acquiring and storing a current data set of the
calculated difference during a monitoring
mode of the pressure transmitter;
comparing the current data set to the historical
data set to diagnose the condition of the
primary element and impulse lines; and
generating a transmitter output indicating the
condition of the primary element and impulse
lines.
10. A computer-readable medium having stored thereon
instructions executable by a microprocessor system in
a pressure transmitter to <cause the pressure
transmitter to perform a diagnostic operation relative
to a primary element and impulse lines couplable to
the transmitter, the instructions comprising:
calculating a difference between a pressure
sensed by the pressure transmitter and a
moving average of the sensed pressure;
acquiring and storing an historical data set of
the calculated difference during a train
mode of the pressure transmitter;
acquiring and storing a current data set of the
calculated difference during a monitoring
mode of the pressun':e transmitter;
comparing the current data set to the historical
data set to diagnose the condition of the
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primary element and impulse lines;
generating a tramsmitter output indicating the
condition of the priwary element and impulse

lines.
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