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[57] ABSTRACT

Apparatus and accompanying methods are disclosed
herein for use in a Coriolis mass flow rate meter for
producing an ‘“absolute” frequency output. This
method is illustratively implemented within a mi-
crocontroller through use of various software steps,
two internal timers and one external gate. The fre-
quency signal present on this output advantageously
contains a number of pulses having an approximate 50%
duty cycle over a relatively wide dynamic range
wherein the number of such pulses occurring during
any timing interval is proportional to the measured mass
flow rate but without substantially any extraneous
pulses that would otherwise occur due to nested inter-
rupt processing. As such, use of such a frequency output
advantageously ensures that internally and externally
maintained totalized mass flow values will not substan-
tially diverge, if at all, over time.

18 Claims, 11 Drawing Sheets
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CORIOLIS MASS FLOW RATE METER HAVING
AN ABSOLUTE FREQUENCY OUTPUT

CROSS REFERENCE TO RELATED
APPLICATION

This application describes and claims subject matter
that is also described in co-pending United States patent
application entitled . “CORIOLIS MASS FLOW
RATE METER HAVING FOUR PULSE HAR-
MONIC REJECTION” that has been filed simulta-
neously herewith, assigned Ser. No. 217,012 and has
been assigned to the same assignee herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to apparatus and accompanying
methods for use in a Coriolis mass flow rate meter for
producing an absolute frequency output signal and spe-
cifically such an output signal that is proportional to
measured mass flow rate.

2. Description of the Prior Art

Currently, Coriolis mass flow rate meters are finding
increasing use as an accurate way to measure the mass
flow rate of various process fluids.

Generally speaking, a Coriolis mass flow rate meter,
such as that described in U.S. Pat. No. 4,491,025 (issued
to J. E. Smith et al on Jan. 1, 1985), contains one or two
parallel conduits, each typically being a U-shaped flow
conduit or tube. Each flow conduit is driven to oscillate
about an axis to create a rotational frame of reference.
For a U-shaped flow conduit, this axis can be termed
the bending axis. As process fluid flows through each
oscillating flow conduit, movement of the fluid pro-
duces reactionary Coriolis forces that are orthogonal to
both the velocity of the fluid and the angular velocity of
the conduit. These reactionary Coriolis forces cause
each conduit to twist about a torsional axis that, for a
U-shaped flow conduit, is normal to its bending axis.
The amount of twist imparted to the conduit is related
to the mass flow rate of the process fluid flowing there-
through.

Total mass flow of a process fluid that passed through
a Coriolis mass flow rate meter is readily determined by
totalizing the value of the mass flow rate provided by
the meter. Having an accurate measure of totalized flow
is extremely important in many applications, such as
custody transfer. As such and for purposes of redun-
dancy, mass flow totalization is performed both within
the meter electronics (“internal” totalization) and also
remotely therefrom (“remote” totalization). Internal
totalization is typically performed by a microprocessor
or a similar device existing within an electronic system
(the “meter electronics”) that forms part of the meter.
The internal totalized mass flow value is typically
stored in non-volatile random access memory (NOV-
RAM) located within the meter electronics, appropri-
ately updated on a periodic basis by the microprocessor
and at the request of a user either locally displayed or
telemetered over a communication port, e.g. a serial
port, to a remote location for display. For remote total-
ization, the measured mass flow rate is usually provided
by the meter electronics as a scaled frequency output,
typically ranging from between user selected maximum
and minimum frequency values that correspond to user
selected maximum and minimum flow rates. This fre-
quency output is routed to an external totalizer, such as
a mechanical or electrical counter, that is mounted at a
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user location. Thus, if the microprocessor should fail for
whatever reason thereby rendering the internal total-
ized mass flow inaccessible, then the totalized flow
appearing on the remote totalizer can be used to pro-
vide a measure of the totalized mass flow that occurred
up to the time of failure.

Ideally, the value of the totalized mass flow produced
by internal totalization should always equal that pro-
duced by remote totalization. However, in practice,
both totalized values have been known to diverge over
time. The cause of this divergence has been traced to
the circuit within the meter electronics that generates
the frequency output. Hence, even though the totalized
reading produced through internal totalization, i.e. by
the microprocessor itself, within the meter electronics is
accurate and the remotely totalized reading is the one in
error, a user nevertheless remains uncertain as to which
reading is truly correct: the internal totalized reading
provided by the meter or the remote totalized reading
that appears on the external user equipment.

Various factors are responsible for this divergence.
First, many frequency output circuits provided on Cori-
olis mass flow rate meters utilize analog components.
These circuits generally operate by applying a digitized
mass flow rate value through a digital to analog (D/A)
converter and from there, in scaled analog form, to a
voitage to frequency (V/F) converter to yield a scaled
frequency output signal. Unfortunately, D/A and V/F
converters utilize analog circuitry. As such, these con-
verters have inherent errors such as offsets, gain errors,
temperature effects and the like that are typically asso-
ciated with analog circuitry. Consequently, the fre-
quency value contains an error component which, in
turn, typically results in an excessive number of pulses
being generated over a given time. Other frequency
output circuits that are commonly used in Coriolis mass
flow rate meters employ a microprocessor that loads an
output value into a timer on an interrupt basis, such as
once every tube oscillation cycle. The timer repeatedly
decrements this value at a pre-defined clock rate such
that an overflow occurs at the desired output fre-
quency. The overflow is used as the frequency output
signal. Unfortunately, in microprocessor based imple-
mentations, several interrupts are generally used by a
control program executing within the meter electronics.
As such, it is not uncommon that one or two other
interrupts could occur in succession before the first
interrupt, e.g. a tube period interrupt, was fully pro-
cessed, thereby necessitating nested interrupt servicing.
When this occurs, servicing of each immediately prior
interrupt is suspended until the most recently occurring
interrupt is fully serviced. As such, a tube period inter-
rupt could be processed somewhat later than when it
actually occurs, thereby delaying the time when the
timer would otherwise be updated with a new value for
the output frequency. Inasmuch as the timer is continu-
ally providing output pulses, such a delay could cause
the timer to produce an extra output pulse before it has
been updated.

In addition to the problem of divergence, known
frequency output circuits possess additional drawbacks
which limit their use in a Coriolis mass flow rate meter.
First, these circuits oftentimes do not provide square
pulses but rather during each timing interval produce a
burst of rather narrow pulses that each have the same
pulse width and which is followed by a dwell period.
Ideally, the frequency output should provide square
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pulses with an approximately 50% duty cycle. Use of
square pulses is particularly important if a remote total-
izer is to be connected to the frequency output of the
meter electronics. For if pulses having a duty cycle
much shorter than 50% are to be used, then the remote
totalizer, particularly if it is mechanical, may not have
sufficient time to respond to each of the pulses. Second,
frequency output circuits known in the art, particularly
those that utilize a microprocessor running on an inter-
rupt basis, have a tendency to occasionally produce a
narrow extraneous pulse (commonly referred to as a
“glitch”). Such a glitch can impart error into a remotely
totalized count. Third, frequency output circuits known
in the art are frequently unable to produce a frequency
output signal that has a sufficiently wide dynamic range.
Specifically, frequency output circuits can not produce
pulses having a sufficiently low or high frequency
thereby limiting the resolution of the frequency output
signal. In particular, in an analog component based
frequency output circuit, the V/F converter, due to its
analog nature, has an inherently limited dynamic range.
In a digital component based frequency output circuit, a
sixteen bit timer is frequently used. Unfortunately, a
resolution of 216 which equals approximately 1 part out
of 65,000 is generally insufficient to provide adequately
low pulse rates for most applications that involve mea-
surement of low mass flow rates. If two such timers are
used in series, then sufficient resolution occurs but at the
added cost of a second counter. Now, to increase the
maximum pulse rate of the frequency output signal, the
clock frequency that is applied to these timers can be
increased. However, increasing the clock frequency for
a given sized timer also increases the minimum pulse
rate of the frequency output signal. As such, frequency
output circuits known in the art disadvantageously pos-
sess a restricted dynamic range. Lastly, frequency out-
put circuits known in the art tend to be quite complex
and costly thereby increasing the manufacturing cost
and sales price of the Coriolis mass flow rate meter.

Consequently, a need exists in the art for apparatus
and accompanying methods to produce a frequency
output, particularly for use in a Coriolis mass flow rate
meter, that is accurate and has a sufficiently wide dy-
namic range. Furthermore, such an output should pro-
vide square frequency output pulses and be substantially
free of any glitches. In addition, the apparatus used to
provide such a output should be relatively simple and
inexpensive. Use of such apparatus and methods will
advantageously ensure that the totalized mass flow
readings produced internally within the meter will at all
times substantially match those that are produced re-
motely therefrom.

SUMMARY OF THE INVENTION

An object of the present invention is to provide appa-
ratus and methods for use therein that generate an accu-
rate mass flow rate frequency output signal for use in a
Coriolis mass flow rate meter.

A specific object is to provide such a signal which,
when remotely totalized, will produce a mass flow
reading that will, over time, track and not substantially
diverge from an totalized reading that has been inter-
nally generated within the Coriolis mass flow rate me-
ter.

Another object is to provide such a signal that has
square pulses, i.e. pulses with an approximately 50%
duty cycle, and is substantially free of any glitches.
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A further object is to provide such a signal that has a
sufficiently wide dynamic range over a desired range of
mass flow rates.

An additional object is to provide such apparatus that
is relatively simple and inexpensive to manufacture.

These and other objects are provided in accordance
with the teachings of the present invention by a Coriolis
mass flow rate meter that has means for determining, in
response to the measured mass flow rate value, a corre-
sponding number of output pulses that need to be pro-
duced during a current timing interval; means for total-
izing the number with prior values thereof to yield a
totalized pulse count value wherein the totalized pulse
count value has a first portion and a remainder portion;
a look-up table containing a plurality of first and second
timing values, wherein each of the first timing values
defines an “on” time for each of the output pulses to be
produced during a timing interval and each of the sec-
ond values defines an “on” time for a gate interval that
is sufficiently long to encompass the number of output
pulses to be produced during the timing interval; means
operative in response to the value of the first portion for
accessing one of the first values and a corresponding
one of the second values from the look-up table to yield
first and second timing values; and means, responsive to
the first and second timing values, for successively pro-
ducing a stream of substantially square pulses as the
output pulses on the frequency output signal during the
gate interval occurring during the current timing inter-
val, whereby the stream does not contain substantially
any extraneous pulses.

In accordance with a preferred embodiment of the
invention, the stream of output pulses is produced by
using two internal timers within a microcontroller
wherein one timer is set to produce a sequence of output
pulses, wherein each pulse has a pre-defined “on” time,
and a second timer is set to produce an output pulse
having an “on” time equal to the gate interval. Both
timers are loaded with new values at the beginning of
each timing interval and then instructed on essentially a
simultaneous basis to begin timing throughout the re-
mainder of the interval. Each timing interval is typically
1/64 second and established on an interrupt basis using
a real-time clock. The pulses produced by both timers
are then gated through an external AND gate using the
output of the second timer as a gate signal. By virtue of
this gating, the AND gate advantageously prevents the
occurrence of any extraneous output pulses that would
be generated through delays encountered through
nested interrupt processing from being applied to the
frequency output signal. In addition, by maintaining a
remainder in the totalized pulse count value and utiliz-
ing the non-remainder portion to establish the number
of pulses to be produced during the current timing inter-
val, the cumulative number of output pulses produced
on the frequency output signal will advantageously
match the number used to form the internally totalized
mass flow reading thereby ensuring that the internally
and externally totalized mass flow readings do not sub-
stantially diverge, if at all, over time.

BRIEF DESCRIPTION OF THE DRAWINGS

The teachings of the present invention may be clearly
understood by considering the following detailed de-
scription in conjunction with the accompanying draw-
ings, in which:

































