DESCRIPTION

MATINTENANCE EXPERT SYSTEM FOR MEASURING INSTRUMENT

Technical Field

The present invention relates to a measuring instrument, such
as a flowmeter, a thermometer, a barometer, and a spectrometer
{(densimeter, densitometer), andmore particularly, toamaintenance
expert system for a measuring instrument, which is capable of
recording information on an operation state observed in a measuring
instrument and, in a case of occurrence of a problem in the measuring
instrument, providing assistance to a field engineer in diagnosing

a cause of the problem.

Background Art

In general, examples of measuring instruments include a
flowmeter, a thermometer, a barometer, and a spectrometer
{(densimeter, densitometer), and those measuring instruments each
have a function of constantly observing a measurement result of
themeasuring instrument. Inaddition, inthemeasuringinstrument,
various sensors perform state monitoring, that is, monitoring
regarding in what condition the measuring instrument is being
operated.

Examples of the flowmeter include a positive displacement
flowmeter and a Coriolis flowmeter. The positive displacement

flowmeter includes a measuring chamber having a rotor, which rotates



in proportion to the volume of a fluid to be measured flowing through
a flow tube, provided therein, and determines the flow rate based
on the rotation of the rotor rotating in proportion to the volume
of the fluid to be measured flowing into the measuring chamber.
The Coriolis flowmeter is a mass flowmeter in which one end or both
ends of a flow tube through which a fluid to be measured is flowing
are supported, and which utilizes a fact that a mass flow rate is
proportional to a Coriolis force acting on the flow tube (which
is a tube in which oscillation is to be generated) when oscillation
is generated in a direction perpendicular to a flow direction of
the flow tube with the supported points being fixed.

Further, the spectrometer such as a densimeter or a
densitometer uses an analyzing device configured by an ion source,
an analyzer, and a detector, thereby ionizing a compound by the
ion source and analyzing the compcocund based on a spectrum.

The thermometer, which 1is an instrument for measuring
temperature, measures the temperature by utilizing suéhaiphysical
phenomenon as a change in property caused by temperature change.
Further, the barometer is a device for measuring a pressure, which
is a force acting per unit area.

Those measuring instruments sometimes suffer from problems.
When a problem has occurred to such a measuring instrument, a field
engineer comes to inspect the measuring instrument. When the field
engineer inspects the measuring instrument, he/she uses a technique

of troubleshooting.



The technique of troubleshooting is amethod in which the cause
of the problem is found by excluding possible causes of the problem,
and such amethod is adopted ina field such as system administration.
Such a technique of troubleshooting is used, for example, in a case
where a measuring instrument which has been in operation suddenly
stops operating and measurement cannot be performed. In the
troubleshooting, components constituting the system are checked
one by one.

Description is given by taking as an example the Coriolis
flowmeter, which is a typical flowmeter among measuring instruments.
The Coriolis flowmeter is a mass flowmeter in which one end or both
ends of a flow tube through which a fluid to be measured is flowing
are supported, and which utilizes the fact that a mass flow rate
is proportional to the Coriolis force acting on the flow tube (which
is a tube in which oscillation is to be generated) when oscillation
is generated in a direction perpendicular to a flow direction of
the flow tube with the supported points being fixed. The Coriolis
flowmeter is well known, and the shape of the flow tube in the Coriolis
flowmeter is classified into two major types of a straight tube
type and a U-shaped tube type.

Then, the Coriolis flowmeter, which is a typical flowmeter
among measuring instruments, is amass flowmeter in which ameasuring
tube, through which a fluid to be measured flows, is supported at
both ends thereof, and when a central portion of the supported

measuring tube is alternately driven in a direction perpendicular



to a support line, a phase difference signal proportional to a mass
flow rate i1s detected between the supported portions positioned
at symmetric positions of the measuring tube at its both ends with
respect to the central portion. The phase difference signal
represents an amount proportional to themass flow rate, but assuming
that a drive frequency is constant, the phase difference signal
can be detected as a time difference signal between observation
positions of the measuring tube.

When the frequency for alternately driving the measuring tube
is made equal to the eigen frequency of the measuring tube, a constant
drive frequency can be obtained according to the density of the
fluid to be measured, which enables driving the measuring tube with
small drive energy. Accordingly, in recent years, it has been a
common practice to drive the measuring tube at the eigen frequency,
and the phase difference signal is detected as the time difference
signal.

When a problem has occurred to a measuring instrument, and
a field engineer comes to inspect the measuring instrument, many
cases of the troubleshooting performed by the field engineer for
the flowmeter have no reproducibility. Accordingly, the field
engineer estimates the cause of the problem by his/her experiences.
As a result, depending on the field engineer's skill, he/she may
mistakenly estimate the cause of the problem and set a
wrongly-estimated cause, resulting in a longer time period required

for the solution to the problem.



Amanufacturer of products sets amaintenance periodin advance
for its own delivered products, and, for a given period of time
after the delivery, guarantees the securing of replacement parts
or the provision of maintenance for the users of the products. The
maintenanceperiodof the products isdeterminedbasedonasuppliable
period of the replacement parts, the life of the parts, or the like.

For example, JP 2005—3272013&proppses a maintenance support
program for performing a reliability anaiyéis on an apparatus based
onequipmentmaintenanceinformafioﬁincludingfailureinformation,
replacement information, update information, and the like of the
apparatus, which are fed back from the place of operation of the
apparatus (including various units, such as a product, a product
type, a part, a part type, equipment, a-system, a device, a product
model, a part model, and a plant), and on shipping information of
the apparatus, including shipping date information, design
“information; and the like of the apparatus.

The maintenance support program of JP 2005-327201 A is for
extracting data in a desired combination,of{items_in;luding, for
example, a product type, a part type, and a model, which are ’éﬁ-{.;;r}ples
of identification information of the app‘ar.atus,. énd a‘ business type
and a customer name, which are examples of customer identification
information of the apparatus, and for executing calculation or the
like of a failure occurrence probability density function or an
unreliability function with respect to a result of the data

extraction.



further, considering the fact that, with the maintenance
support program described in JP 2005~327201 A, while the reliability
of the product can be improved by setting a maintenance timing for
the apparatus or the part of a set model, it is impossible to perform
prioritization for determining an apparatus to be subjected to the
maintenance, JP 2009-178713 A proposes a control system for water
treatment facilities which can continuously support the setting
of amaintenance and inspection frequency for equipment of a membrane
treatment facility in order to supply tap water or regenerated wate’f‘

of stable quality and quantity by water treatment using a membrane.

Disclosure of the Invention

However, JP 2005-32720t A is directed to the maintenance
support program for extracting data in a desired combination of
items including, for example, a product tybe, a part type, and é
model, which are examples of identification information of the
apparatus, and a business type and a customer name, which are examples
of customer identification information of the apparatus, and for
executingcalculationorthelikeof afailure occurrenceprobability
density function or an unreliability function with respect to a
result of the data extraction, and thus has a problem in that, unlike
thepresent invention, it is impossible toprovide, inthemaintenance
performed by the field engineer, assistance to the field engineer
in diagnosing the cause when the troubleshcoting is performed for

the measuring instrument.
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Further, JP 2009-178713 A is directed to the control system
for water treatment facilities which can continuously suppert the
setting of a maintenance and inspection frequency for equipment
of a membrane treatment facility in order to supply tap water or
regenerated water of stable quality and quantity by water treatment
using a membrane, and thus has a problem in that, unlike the present
invention, it is impossible toprovide, in the maintenance performed
by the field engineer, assistance to the field engineer indiagnosing
the cause when the troubleshooting is performed for the measuring
instrument.

Further, considering that the measuring instrument receives
power supply, in a case where the measuring instrument is installed
for measurement in such a place that a substance to be measured
or an atmosphere contains a flammable gas, an explosion-proof
structure is required.

Note that, even i1f there is no need for external power supply,
in a case of using a memory which relies on a battery for constantly
retaining data, such as a conventional SRAM (volatile memory), a
backup battery is necessary, and it 1is impossible to perform
maintenance by opening a cover of the measuring instrument under
such an environment unless the capacity of the battery is smaller
than an energy level which may set fire to an ambient gas, or unless
the battery is provided with a safeqguard, and a protection mechanism
is provided so that those components are not directly exposed to

thegas. Thus, inthe case of using a memory which relies onabattery



for retaining data, such as a conventional SRAM, it is not easy
to adopt a pressure-resistant explosion-proof structure.

Therefore, an apparatus having the pressure-resistant
explosion-proof structure has the following problems. That is, it
1s not easy to have a backup battery built thereinto, and even if
a built-in backup battery is provided, it is practically impossible
to perform maintenance/inspection in an explosive gas atmosphere.

The present invention has an object to provide a maintenance
expert system for a measuring instrument, which is capable of, on
an occasion of maintenance/inspection/repair after installation
of a measuring instrument, providing assistance to a field engineer
in diagnosing a cause at the time of troubleshooting.

In order to solve the above-mentioned problems, according to
claim 1 of the present invention, there is provided a maintenance
expert system for a measuring instrument including a flowmeter,
a thermometer, a barcmeter, and a spectrometer (densimeter,
densitometer), the measuring instrument, including:

a CPU including a plurality of internal timer counters and
having a function of receiving inputs of signals from various sensors
which detect a state of the measuring instrument and calculating
a measured value of an object to be measured based on detection
values of the various sensors;

a power supply circuit for activating (ON) or stopping (OFF)
the measuring instrument;

a display unit for displaying detection input data, which is



input from the various sensors to the CPU, and the measured value
of the object to be measured, which is calculated by the CPU;

a real-time clock IC (RTC) connected to the CPU via a bus line,
for measuring time;

an EEPROM connected to the CPU via a bus line, for storing
data input to the CPU; and

an FeRAM connected to the CPU via a bus line, for storing input
values fromthe various sensors via the CPU, andstoringacalculation
result obtained through a calculation performed by the CPU based
on the input values from the various sensors.

In order to solve the above-mentioned problems, according to
claim 2 of the present invention, in the maintenance expert system
for ameasuring instrument, the EEPROM and the FeRAM of the flowmeter
included in the measuring instrument according to claim 1 are
selectively used according to data input to the CPU, data and a
timing at which the calculation result is saved, or a frequency
with which the calculation result is saved.

In order to solve the above-mentioned preblems, according to
claim 3 of the present invention, in the maintenance expert system
for a measuring instrument, the display unit of the measuring
instrument according to claim 1 or 2 has a function of displaying,
based on a cumulative operation time period of the measuring
instrument, a recommended replacement timing of components used
in the measuring instrument or arrival of a maintenance/inspection

timing of the measuring instrument.



In order to solve the above-mentioned problems, according to
claim 4 of the present invention, in the maintenance expert system
for a measuring instrument according to any one of claims 1 to 3,
the measuring instrument has a function of logging the state of
the measuring instrument, a function of measuring an operation time
period of the measuring instrument, a function of detecting and
recording a power abnormality caused by an instantaneous power
failure occurring immediately after power-on, and a function of
displayinganindicationthat themeasuring instrument isinawarm-up
periocd.

In order to solve the above-mentioned problems, according to
claim 5 of the present invention, in the maintenance expert system
for a measuring instrument according to any one of claims 1 to 4,
the measuring instrument further includes a temperature measuring
IC formeasuring an internal temperature of themeasuring instrument,
the temperature measuring IC being connected to the CPU and
accommodated in a hermetically sealed casing of the measuring
instrument.

In order to solve the above-mentioned problems, according to
claim 6 of the present invention, in the maintenance expert system
for a measuring instrument according to claim 5, the measuring
instrument has a function of monitoring and logging the internal
temperature.

In order to solve the above-mentioned problems, according to

claim 7 of the present invention, in the maintenance expert system
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for a measuring instrument, the function of logging the state of
the measuring instrument in the measuring instrument according to
any one of claims 4 to & includes:

a first function of, every time an event indicating the state
of the measuring instrument occurs, in order to assign a timestamp
of an elapsed time, logging elapsed operation time (cumulative time)
data, which is a total operation time period of the measuring
instrument, as "B data”, and also logging a measured time value
of the real-time clock IC (RTC) as event log data ("G data”) in
the FeRAM;

a second function of, in order to assign a timestamp of a time
(elapsed) when power is shut off, which is one of occurring events
indicating the state of the measuring instrument, recording
elapsed-time save data of the measured time value of the real-time
clock IC (RTC) as "A data" in the EEPROM when the power is shut
off;

a third function of, as an option of the function of assigning
and recording (logging) the timestamp, recording real date and real
time in association therewith as "G data" in the FeRAM; and

a fourth function of, when the power is shut off duringoperation
in the optional function, recording, as a real-time timestamp, the
measured time value of the real-time clock IC (RTC) as "F data"
in the EEPROM.

In order to solve the above—-mentioned problems, according to

claim 8 of the present invention, in the maintenance expert system
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for a measuring instrument, the operation-time-period measuring
function in the measuring instrument according to any one of claims
4 to 7 includes the function of measuring the operation time period
of the measuring instrument, and in the operation-time-period
measuring function, in order to cumulate the operation time period
{(elapsed time) immediately after the measuring instrument is
activated, operation-time-period measuring data, which is obtained
by performing time measurement every one hour by the internal timer
counter built in the CPU, is recorded (logged) as the "B data" in
the FeRAM.

In order to solve the above-mentioned problems, according to
claim 9 of the present invention, in the maintenance expert system
forameasuring instrument, the abnormal-power-ondetecting function
in the measuring instrument according to any one of claims 4 to
8 includes the function of detecting and recording (logging) the
power abnormality caused by power shut-~off occurring immediately
after the measuring instrument is powered on, and in the
abnormal-power-on detecting function: a cumulative time £from
immediately after the activation (immediately after the power-on)
of the measuring instrument until the instantaneous power failure
(OFF) is obtained through a subtraction, and when the cumulative
time is short (for example, three seconds or shorter), the power
abnormality is considered to have occurred; abnormal-power-on
detection data, which indicates a number of times the power

abnormality has occurred, is recorded (logged) as "D data" in the

12



FeRAM; and the abnormal-power—on detection information is displayed
on the display unit of the measuring instrument.

In order to solve the above-mentioned problems, according to
claim 10 of the present invention, in the maintenance expert system
for a measuring instrument, the warm-up-period indicating function
in the measuring instrument according to any one of claims 4 to
9 includes the function of displaying the indication that the
measuring instrument has just been powered on and is in the warm-up
period, and in the warm-up-period indicating function, the elapsed
time since the power-on of the measuring instrument is measured
by the internal timer counter built in the CPU, and the indication
that the measuring instrument is in the warm-up period is displayed
on the display unit of the measuring instrument for a given period
of time.

In order to solve the above-mentioned problems, according to
claim 11 of the present invention, in the maintenance expert system
for a measuring instrument, the internal-temperature
monitoring/logging function in the measuring instrument according
to any one of claims 6 to 10 includes the function of monitoring
the temperature inside the measuring instrument hermetically sealed
by the c¢asing and logging the temperature, and in the
internal-temperature monitoring/logging function: after the
measuring instrument is activated, detectiondata of the temperature
measuring ICis regularly recorded {(logged), alongwiththe timeéstamp,

asiﬁternal—temperaturelogdataindicatingtheinterﬂaltémperature
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("H data”) in the FeRAM; an upper-limit value and a lower-limit
value are provided with respect to a sample temperature, and a
determination is made for the recorded (logged} internal
temperature; and when a result of the determination is NG, an
indication to that effect is displayed on the display unit.

In order to solve the above—mentioned problems, according to
claim 12 of the present invention, in the maintenance expert system
for ameasuring instrument, the EEPROM according to any one of claims
1l to 11 stores the elapsed-time save data ("A data") and
elapsed-real-time save data {("F data™).

In order to solve the above-mentioned problems, according to
claim 13 of the present invention, in the maintenance expert system
for a measuring instrument, the FeRAM according to any one of claims
1 to 12 stores: the elapsed operation time {(cumulative time) data
("B data") being the total operation time period of the measuring
instrument; power-abnormality-occurrence count data ("D data")
indicating the number of times the power abnormality has occurred;
data ("G data") obtained by logging issuance/removal of an alert
being a warning message and of an alarm calling attention, results
of self-diagnosis, and power-off time; the internal-temperature
log data ("H data™) obtained by recording the temperature measured
in the hermetically sealed measuring instrument; and an initial
real-time set value ("Z data™).

In order to solve the above-mentioned problems, according to

claim 14 of the present invention, in the maintenance expert system
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for a measuring instrument, the real-time clock IC (RTC) according
to any one of claims 1 to 13 switches between twoc modes of an
elapsed-time timestampmode and a real-time timestampmode toperform
time measurement for each of the two modes.

In order to solve the above-mentioned problems, according to
claim 15 of the present invention, there is provided a maintenance
expert system for a measuring instrument including a flowmeter,
a thermometer, a barometer, and a spectrometer (densimeter,
densitometer), the measuring instrument including a Coriolis
flowmeter obtained by accommodating, inahermetically sealedcasing,
a measuring instrument for determining a mass flow rate and/or a
density of a fluid to be measured,

the Coriolis flowmeter including:

a CPU including a plurality of internal timer counters,
and having a function of: receiving inputs of signals from various
sensors which detect a state of the Coriolis flowmeter; controlling
the driving means, to thereby alternately drive the flow tube at
an alternate-driving frequency, which is the same as an eigen
frequency of the flow tube; detecting, by anelectromagneticpickoff,
a phase difference and/or an oscillation frequency proportional
to a Coriolis force generated in the flow tube; and calculating
a flow rate of the fluid to be measured;

a power supply circuit for activating (ON) or stopping
{OFF) the Coriolis flowmeter;

a detector for detecting the Coriolis force generated

15



in the flow tube, by alternately driving the flow tube by the driving
means 1lmplemented by a combination of a coil and a magnet in the
flow tube;

adisplayunit fordisplayingdetection input data input
from the various sensors to the CPU and the flow rate of the fluid
to be measured, which is obtained through a calculation by the CPU
based on the Coriolis force generated in the flow tube;

a real-time clock IC (RTC) connected to the CPU via a
bus line, for measuring time;

an EEPROM connected to the CPUvia abus line, for storing
data input to the CPU; and

an FeRAM connected to the CPU via a bus line, for storing
input values from the various sensors via the CPU, and storing a
calculation result obtained through a calculation performed by the
CPU based on the input wvalues from the various sensors.

According to the present invention, it is possible to provide,
on an occasion of maintenance/inspection/repair after installation
of the measuring instrument, the assistance to the field engineer
in diagnosing a cause at the time of troubleshooting.

Further, according to the present invention, data from each
of the sensors can be stored without the provision of a built-in
backup battery, and hence it is possible to open the measuring
instrument for maintenance/inspection, and also to perform
maintenance/inspection at any time.

Further, according to the present invention, the measuring
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instrument itself performs data logging, and hence, without any
need to go to the place of use (place of installation), it is possible
to easily grasp the situation of the site simply by having the

measuring instrument itself returned to the manufacturer.

Brief Description of the Drawings

FIG. 1 is a schematic diagram of a maintenance expert system
for a measuring instrument according to the present invention.

FIG. 2 is a circuit configuration diagram of a CPU of the
maintenance expert system for a measuring instrument, which is
illustrated in FIG. 1, according to a first embodiment.

FIG. 3 is a basic flow chart of a time measuring system in
an elapsed-time timestamp mode.

FIG.4isaflowchartof timemeasuringprocessingofareal-time
clock IC (RTC) in the elapsed-time timestamp mode.

FIG. 5 is a flow chart for detecting abnormal power-on in the
elapsed-time timestamp mode.

FIG. 6 is a 1logging flow chart used when an event (for example,
error) has occurred in the elapsed-time timestamp mode.

FIG. 7 is a basic flow chart of a function of displaying an
indication that a measuring instrument is in a warm-up period.

FIG. 8 is a basic flow chart of the time measuring system in
a real-time timestamp mode.

FIG. 9 is a flow chart of time measuring processing of the

real—-time clock IC {(RTC) in the real-time timestamp mode.
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FIG. 10 is a flow chart for detecting power shut-off in the
real-time timestamp mode.

FIG. 11 is an error-logging flow chart in the real-time
timestamp mode.

FIG. 12 is a circuit configuration diagram of a CPU of the
maintenance expert system for a measuring instrument, which is
illustrated in FIG. 1, according to a second embodiment.

FIG. 13 is a basic flow chart of an internal-temperature
monitoring function in the elapsed-time timestamp mode.

FIG. 14 is a basic flow chart of a function of displaying an
indication that the measuring instrument is in the warm-up period.

FIG. 15 is a basic flow chart of an internal-temperature

monitoring function in the real-time timestamp mode.

Best Mode for carrying out the Invention

Referring to the drawings, description is given of a
maintenance expert system for a measuring instrument according to
embodiments, to which the present invention is applied.

The "maintenance expert system" used herein refers to a system
which records information on an operation state (data on an operating
condition in a normal state or an abnormal state} observed in,
particularly, such a measuring instrument as a flowmeter, a
thermometer, a barometer, or a spectrometer (densimeter,
densitometer), and, in a case of problem occurrence in the measuring

instrument, provides assistance to a field engineer in diagnosing
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the cause of the problem. In this description, a system which
provides assistance inexamining the operation state of themeasuring
instrument at the time of maintenance is referred to as the
"maintenance expert system". Hereinafter, the same applies in this
description.

{First embodiment]

The maintenance expert system according to the present
invention is a system which provides, with respect to a measuring
instrument such as a flowmeter, a thermometer, a barometer, or a
spectrometer (densimeter, densitometer), assistance to a field
engineer in examining the operation state of themeasuring instrument
when maintenance (maintenance/inspection/repair) is performed for
the measuring instrument.

Inthisembodiment, descriptionisgivenbytakingasanexample
a Coriolis flowmeter, which is a typical flowmeter having a
measurement control function for acquiring the mass flow rate and/or
the density of a fluid to be measured.

FIG. 1 is a schematic diagram of the maintenance expert system
for ameasurement control apparatus (corresponding to the "measuring
instrument" in the "CLAIMS", and the same applies hereinafter) in
the Coriolis flowmeter according to the present invention. Inother
words, FIG. 1 illustrates a configuration diagram of the measuring
instrument which executes the maintenance expert system.

In the figure, a measuring instrument 1 constituting the

maintenance expert system includes a CPU circuit 2, a power supply
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circuit 3, a detector 4 for detecting a Coriolis force acting on
a flow tube, a display unit 5 for displaying necessary information
such as a measured value, and an input/output (I/0) circuit 6.

In the figure, reference numeral 7 denotes a communication
tool such as a communication control apparatus for remote control.

FIG. 2 is a configuration diagram of the CPU circuit 2 of the
maintenance expert system in the Coriolis flowmeter, which is
illustrated in FIG. 1, according to the first embodiment.

Referring to FIG. 1, the CPU circuit 2 includes a CPU S provided
with a function of: receiving inputs of signals from various sensors;
controlling driving means implemented by a combination of a coil
and a magnet, to thereby alternately drive the flow tube at an
alternate-driving frequency, which is the same as the eigen frequency
of the flow tube; detecting, by an electromagnetic pickoff, a phase
difference and/or an oscillation frequency proportional to the
Coriolis force generated in the flow tube when the flow tube is
alternately driven in the direction of rotation; and calculating
the flow rate of the fluid to be measured which is flowing through
the flow tube.

The power supply circuit 3 is a device for activating (ON)
or stopping (OFF) the Coriolis flowmeter. The power supply circuit
3 is connected to the CPU circuit 2, and when the power supply circuit
3 is powered on, power is supplied to the CPU circuit 2, thereby
activating the CPUcircuit 2. With the activation of the CPUcircuit

2, the Coriolis flowmeter is driven to start measuring the flow
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rate of the fluid to be measured which is flowing through the flow
tube.

The detector 4 detects the Coriolis force generated in the
flow tube, by alternately driving the flow tube by the driving means
implemented by the combination of the coil and the magnet in the
flow tube. The detector 4 is driven by the power supplied from the
power supply circuit 3, and the Coriolis force generated and detected
in the flow tube is sent to the CPU circuit 2 as detection data.

The display unit 5 displays the flow rate of the fluid to be
measured, which is obtained by calculating, by the CPU circuit 2,
detection input data from the various sensors based on the Coriolis
forcegeneratedinthe flowtube. Thedisplayunit 5maybeconfigured
by, for example, an LED display, but in recent times, liquid crystal
is used. In this embodiment, too, the display unit 5 is configured
by a liquid crystal display.

The input/output (I/0) circuit 6 is a circuit for inputting
data detected by the wvarious sensors to the CPU circuit 2, and
exchanging data between an external apparatus and the CPU circuit
2. The input/output (I/0) circuit 6 is driven by the power supplied
from the power supply circuit 3, thereby reéeiving data from the
various sensors and exchanging data with the external apparatus.

The communication tool 7 is located at a position distanced
from the Coriolis flowmeter, and exchanges data with the CPU circuit
2 via a communication cable or the like. The communication tool

7 is capable of controlling the CPU circuit 2 from a remote location,
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and is capable of substantially controlling the Coriolis flowmetex.

As illustrated in FIG. 2, the CPU circuit 2 is provided with
the CPU 9, and the CPU 9 is provided with internal timer counters
9A, 9B, and 9C. Further, as an additional function, a temperature
measuring IC 10 is connected to the CPU 9 via a bus line (not shown).
Further, areal-time clock IC (RTC) 11, an EEPROM 12 beingarewritable
non-volatile memory, and an FeRAM (ferroelectric memory) 13 being
a non-volatile semiconductor memory which utilizes ferroelectric
hysteresis to associate positive and negative spontaneous
polarizations with "1" and "0" are connected to the CPU 9 via bus
lines. The real-time clock IC (RTC) 11, the EEPROM 12, and the FeRAM
(ferroelectric memory) 13 are connected to the CPU 9 by using a
gserial interface.

The primary function of the maintenance expert system 1
configured as described above is data logging, andra time measuring
system plays an important role. In this embodiment, a built-in
battery (backup battery) is not provided, and hence though the
real-time clock IC (RTC) 11 is provided, it is impossible to perform
truly real-time time measurement. To address this, in this
embodiment, the time measurement 1s executed using two modes of
an elapsed-time timestamp mode and a real-time timestamp mode.

In the elapsed-time timestamp mode, the time measurement is
startedat thepower-on from0:00:00 (0 hours, 00minutes, 00 seconds) ,
and is continued while the flowmeter (converter) is operating. This

function is disabled in the real-time timestamp mode to be described
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next.

Inthereal-time timestampmode, after the converter is powered
on, an operator sets actual date and real time (hours, minutes,
seconds) in advance, and then starts the time measurement (flowmeter).
The time measurement thus started is continued until the power is
turned off or until the mode is shifted to the elapsed-time timestamp
mode.

Switchover between the two modes is performed by the operator
using the communication tool 7 or the like.

In this embodiment, the EEPROM 12 and the FeRAM (ferroelectric
memory) 13 are provided, and different pieces of data are stored
therein.

The EEPROM 12 stores elapsed-time save data (referred to as
"A data") and elapsed-real-time save data (referred to as "F data").

The FeRAM (ferroelectric memory} 13 stores: elapsed operation
time {cumulative time) data (referred to as "B data") being a total
operation time period of the lewmeter (converter);
power—-abnormality-occurrence count data (réferred,to as "D data")
indicating the number of times a power abno}mality has occurred;
data (referred to as "G data") obtained by logging the
issuance/removal of an alert being a warning message and of an alarm
calling attention, results of self-diagnosis, and power-off time;
internal-temperature log data (referred to as "H data™) obtained
by recording the temperature measured in the hermetically sealed

flowmeter (converter); and an initial real-time set value (referred
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to as "Z datam).

The maintenance expert system configured as described above
has a function of logging the state of the flowmeter, a function
of monitoring/logging the internal temperature, a function of
measuring the operation time period of the flowmeter, a function
of detecting and recording a power abnormality caused by an
instantaneouspower fallureoccurring immediatelyafter the power-on,
and a function of displaying an indication that the flowmeter is
in a warm-up period.

Next, those functions are described.

(1) Flowmeter—-state logging function

This is the function of logging the state of the flowmeter,
and includes the following functions.

a) Every time an event indicating the state of the flowmeter
occurs, in order to assign a timestamp of the elapsed time, the
elapsed operation time (cumulative time) data, which is the total
operation time period of the flowmeter (converter), is logged as
the "B data" in the FeRAM (ferrcelectric memory) 13 being the
non-volatilememory. Alongwiththeloggingoftheelapsedoperation
time {cumulative time) data ("B data")}, a measured time value of
the real-time clock IC (RTC) 11 is also logged as event log data
("G data") in the FeRAM (ferroelectric memory) 13.

b) In order to assign a timestamp of the time (elapsed) when
the power is shut off, which is one of occurring events indicating

the state of the flowmeter, the elapsed-time save data of themeasured
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time value of the real-time clock IC (RTC) 11 is recorded as the
"A data" in the EEPROM 12 being the non-volatile memory when the
power is shut off.

c) As an option of the function of assigning and recording
(logging) the timestamp, the real date and the real time are recorded
in association therewith as the "G data" in the FeRAM (ferrcelectric
memory) 13 being the non-volatile memory.

d) When thepower is shut cff duringtheoperationintheoptional
function, as a real-time timestamp, the measured time value of the
real-time clock IC (RTC) 11 is recorded as the "F data" in the EEPROM
12 being the non-volatile memory.

(2) Operation-time-period measuring function

This is the function of measuring the operation time period
of the flowmeter (converter). In order to cumulate the operation
time period (elapsed time) immediately after the flowmeter
(converter) isactivated, the operation-time-periodmeasuringdata,
which is obtained by performing the time measurement every one hour
by the internal timer counter built in the CPU 9, is recorded (logged)
as the "B data" in the FeRAM (ferroelectric memory) 13 being the
non-volatile memory. The operation-time-period measuring data is
countedup in the FeRAM (ferroelectricmemory) 13, andthe information
is updated.

(3) Abnormal-power-on detecting function

This is the function of detecting and recording (logging) a

power abnormality which occurs when the power is shut off immediately
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after the flowmeter (converter) is powered on. The cumulative time
from immediately after the activation (immediately after the
power-on) of the flowmeter (converter) until the power is shut off
is obtained through a subtraction, and when the cumulative time
is short {(for example, three seconds or shorter), a power abnormality
is considered to have occurred. Then, the abnormal-power-on
detection data, which indicates the number of times a power
abnormality has occurred, is recorded (logged) as the "D data™ in
the FeRAM (ferroelectric memory) 13 being the non-volatile memory.

The information detected by the abnormal-power-on detecting
function 1is displayed on the display unit 5 of the flowmeter
(converter).

(4) Warm-up-pericd indicating function

This is the function of displaying an indication that the
flowmeter (converter) has just been powered on and is in the warm-up
period. The elapsed time since the power-on of the flowmeter
(converter) is measured by the internal timer counter built in the
CPU 9, and the indication that the flowmeter (converter) is in the
warm-up period is displayed on the display unit 5 of the flowmeter
(converter) for a given period of time.

{5) Operation-time-period measuring function

A threshold is provided for the cumulative elapsed time of
the flowmeter (converter), and when the cumulative elapsed time
obtained by cumulating the operation time period measured every

one hour by the internal timer counter built in the CPU 9 has reached
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the threshold, a message recommending an inspection of the flowmeter
(converter} is displayed on the display unit 5.

Next, description is given of operation of the maintenance
expert system with reference to a flow chart.

FIG. 3 illustrates a basic flow chart of the time measuring
system in the elapsed-time timestamp mode.

Referring to FIG. 3, when the flowmeter (converter) is powered
on, the flow starts. After the start, first, in Step 50, the time
of an internal register of the real-time clock IC (RTC) 11 is set
to"0:00:00 (0 hours, 00 minutes, 00 seconds), January 1, 00 (year)".

After the time of the internal register of the real-time clock
IC (RTC) 11 is set in Step 50, in Step 51, an interrupt occurs in
the internal timer counter 924 built in the CPU 9, and the internal
timer counter 9A is set to "1h"™ (one hour).

After the internal timer counter 9A is set to "1h" (one hour)
in Step 51, in Step 52, the real-time clock IC (RTC) 11 in which
the time has been set to "0:00:00 (0 hours, 00 minutes, 00 seconds}),
January 1, 00 {(year)" starts the time measurement from "0:00:00
(0 hours, 00 minutes, 00 seconds), January 1, 00 (year)”.

After the real-time clock IC (RTC) 11 starts the time
measurement in Step 52, in Step 53, the internal timer counter 93,
in which "1h" (one hour) has been set, starts.

After the internal timer counter 9A starts in Step 53, in Step
70, time measuring processing of the real-time clock IC (RTC} 11

is performed. The time measuring processing of the real-time clock
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IC (RTC) 11 is executed in accordance with a flow chart of the time
measuring processing of the RTC IC (real-time clock) 11 in the
elapsed-time timestamp mode, which is illustrated in FIG. 4.
Specifically, after the start of the time measuring processing
of the RTC IC (real-time clock) 11, first, the time measurement
of the RTC IC (real-time c¢lock) 11 is performed in Step 71, and
then, it is determined in Step 72 whether or not an interrupt has
occurred in the internal timer counter 9A built in the CPU 9. When
it is determined in Step 72 that there is no interrupt occurring
in the internal timer counter 9A built in the CPU 9, the processing
returns to Step 71, in which the time measurement of the RTC IC
(real-time clock) 11 is performed while waiting for an interrupt
to occur in the internal timer counter 9A built in the CPU 9.
When it is determined in Step 72 that there is an interrupt
occurring in the internal timer counter 9A built in the CPU 9, in
Step 73, data indicating a lapse of one hour is stored as the "B
data"™ in a particular address of the FeRAM (ferroelectric memory)
i3. Specifically, in the particular address of the FeRAM
(ferroelectric memory) 13, a lapse of one hour is added to the
already-stored elapsed time every one hour, and the resultant is
stored as the operation time period of the flowmeter (converter).
After the lapse of one hour is added to the elapsed time already
stored in the particular address of the FeRAM (ferrocelectric memory)
13, and the resultant is stored as the operation time period in

Step 73, it is determined in Step 74 whether or. not the elapsed
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time ("B data”) stored in the particular address of the FeRAM
(ferroelectric memory) 13 has reached a preset time period (for

example, 8,000 hours). When it 1s determined in Step 74 that the
elapsed time stored in the particular address of the FeRAM
(ferroelectric memory) 13 has reached the preset time period (for
example, 8,000 hours), the message recommending an inspection is
indicatedonthedisplayunit 5in Step 75, and the processingproceeds
to Step 76.

On the other hand, when it is determined in Step 74 that the
cumulative elapsed time ("B data") stored in the particular address
of the FeRAM (ferroelectric memory) 13 has not reached the preset
time period (for example, 8,000 hours), the processing proceeds
to Step 76.

After the message recommending an inspection is indicated on
the display unit 5 in Step 75, or after it is determined in Step
74 that thecumulativeelapsedtime ("Bdata"”) storedintheparticular
address of the FeRAM (ferroelectric memory) 13 has not reached the
preset time period (for example, 8,000 hours), in Step 76, the time
of the internal register of the real-time clock IC (RTC} 11 is set
to "0:00:00 (0 hours, 00 minutes, 00 seconds), January 2, 00 {year)",
and the processing returns to Step 71.

In this manner, the time measurement of the RTC IC (real-time
clock) 11 is continuously performed, and the cumulative elapsed
time ("B data") stored in the particular address of the FeRAM

(ferroelectric memory) 13 is kept being recorded (logged).
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The flowmeter {(converter) may be powered off for some reason
{for example, the coperator finishing measuring the flow rate, a
system failure due to an abnormality in the apparatus, etc.). In
this case, in Step 54 of the basic flow chart of the time measuring
system in the elapsed-time timestamp mode which is illustrated in
FIG. 3, a power—-off signal, that is, a shutoff signal is issued.

Thus, in the basic flow of the time measuring system in the
elapsed-time timestamp mode which is illustrated in FIG. 3, it is
determined in Step 55 and Step 54 whether or not the power-off signal,
that is, the shutoff signal for the flowmeter (converter) has been
issued, that is, whether ornot the power~off signal hasbeendetected
when the flowof the time measuringprocessingof the RTC IC (real-time
clock) 11 in the elapsed-time timestamp mode, which is illustrated
in FIG. 4, is being executed in Step 70.

When it is determined in Step 55 that the power-off signal
for the flowmeter (converter) has not been detected, the processing
returns to Step 70, inwhich the flow of the time measuring processing
of the RTC IC (real-time clock) 11 in the elapsed-time timestamp
mode, which is illustrated in FIG. 4, continues to be executed.
On the other hand, when it is determined in Step 55 that the power-off
signal for the flowmeter (converter) has been detected, in Step
56, the elapsed time represented by the measured time value of the
real-time clock IC {RTC) 11 obtained when the flowmeter (converter)
is shut off is stored as save data ("A data") in the EEPROM 12 being

the non-volatile memory.
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FIG. 5 illustrates a flow chart for detecting a power
abnormality in the elapsed-time timestamp mode. . Specifically, the
flow chart for detecting abnormal power-on which is illustrated-
in FIG. 5 1is a processing flow used when an instantaneous power
failure (OFF) has occurred in the flowmeter (converter) due to
abnormal power-on instantaneously after the flowmeter (converter)
is powered on.

First, in Step 80, the flowmeter (converter) is powered omn,
anda flow fordetectingan instantaneous power abnormalityisstarted
in the elapsed-time timestamp mode.

After the start of the flow in Step 80, first, in Step 81,
the save data ("A data") of the elapsed time represented by the
measured time value of the real-time clock IC {(RTC) 11 obtained
when the flowmeter (converter) is shut off, which is stored in the
EEPROM 12, is read out.

In Step 81, when there is no save data ("A data") of the elapsed
time represented by the measured time value of the real-time clock
IC (RTC) 11 obtained when the flowmeter (converter) is shut off,
which is stored in the EEPROM 12, the flow for detecting abnormal
power-on in the elapsed-time timestamp mode, which is illustrated
in FIG. 5, is disabled.

When the save data ("A data") of the elapsed time, which is
stored in the EEPROM 12, is read out in Step 81, in Step 82, the
elapsed time data ("B data"™) is added with the measured time value

of the real-time clock IC (RTC) 11 cobtained when the flowmeter
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(converter) is shut off, that is, the save data ("A data™) of the
elapsed time, and the resultant is stored in the particular address
("G data") of the FeRAM (ferroelectric memory) 13.

When the save data ("A data") of the elapsed time represented
by the measured time value of the real-time clock IC (RTC) 11 obtained
when the flowmeter (converter) is shut off is added with the elapsed
time data ("B data"), and the resultant is stored in the particular
address ("G data™) of the FeRAM (ferrocelectric memory) 13 in Step
82, it isdetermined in Step 83 whether or not the time periodmeasured
by the real-time clock IC (RTC) 11 until the power is shut off after
the flowmeter (converter) is powered on is equal to or shorter than
a preset time period (for example, three seconds) from the time
of "0:00:00 (0 hours, 00 minutes, 00 seconds}, January 1, 00 (year)"
set when the flowmeter (converter) is powered on.

When it is determined in Step 83 that the time period until
the flowmeter (converter) is powered off is not equal to or shorter
than the preset time period (for example, three seconds), the flow
for detecting abnormal power-on in the elapsed-time timestamp mode,
which is illustrated in FIG. 5, is terminated.

On the other hand, when it is determined in Step 83 that the
time period until the flowmeter (converter) is powered off is equal
toorshorterthanthepreset timeperiod (for example, three seconds),
in Step 84, the power—-abnormality-occurrence count is incremented
by one, and the resultant is stored in a power abnormality counter

("D data"), which is in a particular address of the FeRAM

32



{ferroelectric memory) 13.

When the power-abnormality-occurrence count is incremented
by one, and the resultant is stored in the particular address of
the FeRAM (ferroelectric memory) 13 in Step 84, in Step 85, an
indication that there was a power abnormality in the previous
operation is displayed on the display unit 5, and the flow for
detecting instantaneous abnormal power-on in the elapsed-time
timestamp mode, which is illustrated in FIG. 5, is terminated.

FIG. 6 illustrates an error-logging flow chart in the
elapsed-time timestamp mode. Specifically, the error-logging flow
chart of FIG. 6 is a processing flow chart used when the operation
state (the issuance/stopping of an alarm oxr an alert, results of
self-diagnosis, etc.) of the apparatus is logged (recorded) in the
elapsed-time timestamp mode.

First, when such an event as the issuance/removal of an alarm
or an alert, or the execution of the self-diagnosis has occurred
in the flowmeter (converter) in Step 90, in Step 91, the time measured
by the real-time clock IC (RTC) 11 at the time of the occurrence
of the event in the flowmeter (converter) is read out.

After the time measured by the real-time clock IC (RTC) 11
is read out in Step 91, in Step 92, the elapsed time ("B data")
stored in the particular address of the FeRAM (ferroelectric memory)
13 is read out. After the elapsed time ("B data”) is read out in
Step 92, in Step 93, the content (the issuance/removal of an alarm

or an alert, the execution of the self-diagnosis, etc.) of the event
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whichhasoccurred inthe flowmeter (converter), andaresult cbtained
by -adding the time measured by the real-time clock IC (RTC}) 11 at
the time of the occurrence of the event to the cumulative elapsed
operation time ("B data") of the flowmeter (converter), which is
read cut from the particular address of the FeRAM (ferrocelectric
memory) 13, are stored in the particular address ("G data"™) of the
FeRAM (ferroelectric memory) 13. Then, the error logging flow in
the elapsed-time timestamp mode, which is illustrated in FIG. 6,
is terminated.

The power-off time of the flowmeter (converter) is also stored
in the particular address ("G data") of the FeRAM (ferroelectric
memory) 13. As the power-off time, a resultant of adding the elapsed
time data ("B data”™) and the save data ("A data") of the elapsed
time represented by the measured time value of the real-time clock
IC (RTC) 11 obtained when the flowmeter (converter) is shut off
immediately after the power-on is stored (see Step 82 of FIG. 5).
Inthis embodiment, up to 20 data items canbe stored in the particular
address ("G data") of the FeRAM (ferroelectric memory) 13, and new
data items which come 21st and thereafter are overwritten onto the
first data item, which has been stored first.

Further, in this embodiment, the measurement time of the
real—-time clock IC (RTC) 11 is obtained through a calculation
performed by discarding the year, the date, and the hour of the
time "0:00:00 U)hours,OOndnutes,(ﬂ)seconds),January]d 00 {year)™

set in the real-time clock IC (RTC) 11. In other words, only "00:00
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{00 minutes, 00 seconds}" is used as the measurement time of the
real-time clock IC (RTC) 11.

FIG. 7 illustrates a basic flow chart of the function of
displaying an indication that the converter (flowmeter) is in the
warm-up period. Specifically, the basic flow chart of the
warm-up-period indicating function, which is illustrated in FIG.
7, 1s a processing flow chart used when an indication that the
flowmeter is in the warm-up period is displayed so as to prompt
the user to give sufficient consideration to using detection data
obtained immediately after the flowmeter (converter) is started
up. This is because the flowmeter (converter) itself is not stable
immediately after the flowmeter (converter}) 1s started up
{activated), and thus there may occur an error in the detection
data.

Thebasic flowchart of thewarm-up-pericdindicating function,
which is illustrated in FIG. 7, starts when the power is turned
on in Step 100. After the start by the power-on in Step 100, in
Step 101, the message indicating that the flowmeter (converter)
is in the warm-up period is displayed on the display unit 5.

After the message indicating that the flowmeter (converter)
is in the warm-up period is displayed on the display unit 5 in Step
101, in Step 102, a setting is made so that an interrupt occurs
in the internal timer counter 9C at fixed time intervals (in this
embodiment, an interrupt signal is issued every 20 minutes).

Then, after the setting ismade in Step 102 so that an interrupt
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occurs in the internal timer counter 9C at the fixed time intervals
(in this embodiment, -every 20 minutes), the internal timer counter
9C is started in Step 103.

After the internal timer counter 9C is started in Step 103,
it is determined in Step 104 whether or not an interrupt has occurred
in the internal timer counter 9C. When it is determined in Step
104 that an interrupt has not occurred in the internal timer counter
9C, the processing does not proceed until an interrupt occurs in
the internal timer counter 9C.

On the other hand, when it is determined in Step 104 that an
interrupt has occurred in the internal timer counter 9C, in Step
105, the message indicating that the flowmeter (converter) is in
the warm-up period, which is displayed on the display unit 5, is
turned off, and the basic flow of the warm—up-periocd indicating
function, which is illustrated in FIG. 7, is terminated.

FIG. 8 illustrates a basic flow chart of the time measuring
system in the real-time timestamp mode.

InStep 120, mode switching is set inthe flowmeter (converter},
thereby starting the flow. After the flow is started in Step 120,
in Step 121, the time of the internal register of the real-time
clock IC (RTC) 11 is set in accordance with the real date and the
real time. Along with the setting of the real date and the real
time, the save data ("A data") of the elapsed time, which is the
measured time value of the real-time clock IC (RTC) 11, is reset.

After the real date and the real time are set in the internal
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register of the real-time clock IC (RTC) 11 in Step 121, in Step
122, the real date and the real time set in the internal register
of the real-time clock IC (RTC) 11 are stored in a particular address
("Z data") of the FeRAM (ferroelectric memory) 13.

When the real date and the real time set inthe internal register
of the real-time clock IC (RTC) 11 are stored in the particular
address ("Z data") of the FeRAM (ferroelectric memory} 13, at the
same time, the timestamping of the real date and the real time set
inthe internal register of the real-time clock IC (RTC) 11 is started.
Then, the start time of the timestamping is stored in the particular
address ("G data"™) of the FeRAM (ferroelectric memory) 13.

Aftertherealdateandtherealtimearestoredintheparticular
address ("Z data™) of the FeRAM (ferroelectric memory) 13 in Step
122, in Step 123, an interrupt occurs in the internal timer counter
9A built in the CPU 2, and the internal timer counter 9A is set
to "1h" (one hour).

Affer the internal timer counter 94 is set to "1h" (one hour)
in Step 123, in Step 124, the real-time clock IC (RTC) 11 starts
the time measurement from the real date and the real time.

LAfter the real-time clock IC (RTC) 11 starts the time
measurement in Step 124, in Step 125, the internal timer counter
9A, in which "1h" (one hour) has been set, starts.

After the internal timer counter 9A starts in Step 125, in
Step 130, time measuring processing of the real-time clock IC (RTC)

11 is performed. The time measuring processing of the real-time
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clock IC (RTC) 11 is executed in accordance with a flow chart of
the time measuring processing of the real-time clock IC (RTC) 11
in the real-time timestamp mode, which is illustrated in FIG. 9.

Specifically, after the start of the timemeasuring processing
of the real-time clock IC (RTC) 11, first, the time measurement
of the real-time clock IC (RTC}) 11 is performed in Step 131, and
then, it is determined in Step 132 whether or not an interrupt has
occurred in the internal timer counter 9A built in the CPU 9. When
it is determined in Step 132 that there is no interrupt occurring
in the internal timer counter 9A built in the CPU 9, the processing
returns to Step 131, in which the time measurement of the real-time
clock IC (RTC) 11 is performed while waiting for an interrupt to
occur in the internal timer counter 9A built in the CPU 9.

When it is determined in Step 132 that there is an interrupt
occurring in the internal timer counter 9A built in the CPU 9, in
Step 133, data indicating a lapse of one hour is stored as the "B
data" in a particular address of the FeRAM (ferroelectric memory)
13. Specifically, in the particular address of the FeRAM
(ferroelectric memory) 13, a lapse of one hour 1s added to the
already-stored elapsed time every one hour, and the resultant is
stored as the operation time period of the flowmeter (converter).

After the lapse of one hour is added to the elapsed time already
stored in the particular address of the FeRAM (ferroelectric memory)
13, and the resultant is stored as the operation time period in

Step 133, it is determined in Step 134 whether or not the elapsed
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time ("B data") stored in the particular address of the FeRAM
(ferroelectric memory) 13 has reached a preset time period (for
example, §,000 hours).

When it is determined in Step 134 that the elapsed time stored
in the particular address of the FeRAM {(ferroelectric memory) 13
has not reached the preset time period (for example, 8,000 hours),
the processing returns to Step 131.

On the other hand, when it is determined in Step 134 that the
elapsed time stored in the particular address of the FeRAM
(ferroelectric memory) 13 has reached the preset time period (for
example, 8,000 hours), the message recommending an inspection is
indicated on the display unit 5 in Step 135, and the processing
returns to Step 131.

In this manner, the time measurement of the real-time clock
IC (RTC) 11 is continuously performed, and the cumulative elapsed
time ("B data") stored in the particular address of the FeRAM
(ferroelectric memory) 13 is kept being recorded (logged).

The flowmeter (converter) may be powered off for some reason
(for example, the operator finishing measuring the flow rate, a
system failure due to an abnormality in the apparatus, etc.). In
this case, in Step 127 of the basic flow chart of the time measuring
system in the real-time timestamp mode which is illustrated in FIG.
8, a power-off signal, that is, a shutoff signal is issued.

Thus, in the basic flow chart of the time measuring system

in the real-time timestamp. mode which is illustrated in FIG. 8,
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it is determined in Step 127 and Step 126 whether or not the power-off
signal, that is, the shutoff signal for the flowmeter (converter)
has been issued, that is, whether or not the power-off signal has
been detected when the flow of the time measuring processing of
the real-time clock IC (RTC) 11 in the real-time timestamp mode,
which is illustrated in FIG. 8, 1s being executed in Step 130.

When it is determined in Step 127 that the power-off signal
for the flowmeter {converter) has not been detected, the processing
returns to Step 130, inwhich the flowof the timemeasuring processing
of the real-time clock IC (RTC) 11 in the real-time timestamp mode,
which is illustrated in FIG. 9, continues to be executed.

On the other hand, when it is determined in Step 127 that the
power—off signal for the flowmeter (converter) has been detected,
in Step 128, the elapsed real time represented by the measured time
value of the real-time clock IC (RTC) 11 obtained when the flowmeter
(converter) is shut off is stored as save data ("F data") in the
EEPROM 12 being the non-volatile memory.

FIG. 10 illustrates a flow chart for detecting power shut-off
in the real-time timestamp mode.

First, in Step 140, the flowmeter (converter) is powered on,
and a flow for detecting power shut-off is started in the real-time
timestamp mode.

After the start of the flow in Step 140, first, in Step 141,
the save data ("F data") of the elapsed real time represented by

the measured time value of the real-time clock IC (RTC) 11 obtained
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when the flowmeter {(converter) is shut off, which is stored in the
EEPROM- 12, is read out.

After the save data ("F data”} of the elapsed time, which is
stored in the EEPROM 12, is read out in Step 141, in Step 142, the
save data ("F data"™) of the elapsed real time represented by the
measured time value of the real-time clock IC (RTC) 11 obtained
when the flowmeter {converter) is shut off, which is stored in the
EEPROM 12 with the measured time value of the real-time clock IC
(RTC} 11 obtained when the flowmeter (converter) is shut off as
the shutoff of the flowmeter (converter), is stored in the particular
address ("G data") of the FeRAM (ferroelectric memory) 13 in Step
142, and the flow for detecting the shutoff in the real-time timestamp
mode 1s terminated.

FIG. 11 illustrates an error-logging flow chart in the
real-time timestamp mode. Specifically, the error-logging flow of
FIG. 11 is a processing fliow chart used when the operation state
(the issuance/stopping of an alarm or an alert, results of
self-diagnosis, etc.} of the apparatus is logged (recorded) in the
real-time timestam§ mode.

First, when such an event as the issuance/removal of an alarm
or an alert, or the execution of the self-diagnosis has occurred
in the flowmeter (converter) in Step 150, in Step 151, the real
time measured by the real-time clock IC (RTC) 11 at the time of
the occurrence of the event in the flowmeter {converter) is read

out.
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After the real time measured by the real-time clock IC (RTC)
11 is read out ‘in Step 151, in Step 152, the content (the
issuance/removal of an alarm or an alert, the execution of the
self-diagnosis, etc.) of theevent whichhasoccurredinthe flownmeter
{converter), and the real time measured by the real-time clock IC
(RTC) 11 are stored in the particular address ("G data")} of the
FeRAM (ferroelectric memory) 13. Then, the error logging flow in
the real-time timestamp mode, which is illustrated in FIG. 11, is
terminated.

The power—off time of the flowmeter (converter) is also stored
in the particular address ("G data") of the FeRAM (ferroelectric
memory) 13. As the power-off time, the save data ("F data™} of the
real time represented by the measured time value of the real-time
clock IC (RTC) 11 obtained when the flowmeter {converter) is shut
off immediately after the power-on is stored (see Step 142 of FIG.
10). 1In this embodiment, up to 20 data items can be stored in the
particular address ("G data") of the FeRAM (ferroelectric memory)
13, and new data items which come 21st and thereafter are overwritten
onto the first data item, which has been stored first.

[Second Embodiment]

FIG. 12 is a circuit configuration diagram of a CPU circuit
2 of the maintenance expert system in the Coriolis flowmeter, which
is illustrated in FIG. 1, according to a second embodiment.

Referring to FIG. 12, the CPU circuit 2 is provided with a

CPU 20, and the CPU 20 is provided with internal timer counters
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20A, 20B, and 20C. Further, a temperature measuring IC 21 is
- connected to the CPU 20 via a bus line. Further, a real-time clock
IC (RTC) 22, an EEPROM 23 being a rewritable non-volatile memory,
and an FeRAM (ferroelectric memory) 24 being a non-volatile
semiconductor memory which utilizes ferrcelectric hysteresis to
associate positive and negative spontaneous polarizations with "1"
and "0" are connected to the CPU 20 via bus lines.

The CPU 20 illustrated in FIG. 12 has a similar function as
that of the CPU 9 illustrated in FIG. 2, and the internal timer
counters 20A, 20B, and 20C of the CPU 20 respectively correspond
to the internal timer counters 9A, 9B, and 9C of the CPU 2 illustrated
in FIG. 2.

Further, the real-time clock IC {(RTC) 22, the EEPROM 23, and
the FeRAM (ferroelectric memory) 24 are connected to the CPU 20
by using a serial interface.

The primary function of the maintenance expert system
configured as described above is data logging, and a time measuring
system plays an important role. In this embodiment, a built-in
battery (backup battery) 1is not provided, and hence though the
real-time clock IC (RTC) 22 is provided, it is impossible to perform
truly real-time time measurement. To address this, in this
embodiment, the time measurement is executed using two modes of
the elapsed-time timestamp mode and the real-time timestamp mode.

In the elapsed-time timestamp mode, the time measurement is

startedat thepower-onfrom0:00:00 {0 hours, 00minutes, 00 seconds),
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and is continued while the flowmeter (converter) is operating. This
function is disabled in the real-time timestamp mode to be described
next.

Inthe real-time timestampmode, after the converter is powered
on, the operator sets actual date and real time (hours, minutes,
seconds) inadvance, and then starts the timemeasurement (flowmeter).
The time measurement thus started is continued until the power is
turned off or until the mode is shifted to the elapsed-time timestamp
mode.

Switchover between the two modes is pérformed by the operator
using the communication tool 7 or the like.

In this embodiment, as in the first embodiment, the EEPROM
23 and the FeRAM (ferroelectricmemory) 24 areprovided, anddifferent
pieces of data are stored therein.

The EEPROM 23 stores the elapsed-time save data (referred to
as "A data") and the elapsed-real-time save data (referred to as
"F data").

THe FeRAM (ferroelectric memory) 24 stores: the elapsed
operation time (cumulative time} data (referred to as "B data")
being a total operation time period of the flowmeter (converter);
the power-abnormality-occurrence count data {referred to as "D
data™) indicating the number of times a power abnormality has
occurred; the data (referred to as "G data") obtained by logging
the issuance/removal of an alert being a warning message and of

analarmcallingattention, results of self-diagnosis, andpower—off
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time; the internal-temperature log data (referred to as "H data")
obtained by recording the temperature measured in the hermetically
sealed flowmeter (converter); and the initial real-time set value
(referred to as "Z data").

The maintenance expert system configured as described above
has the function of logging the state of the flowmeter, the function
of monitoring/logging the internal temperature, the function of
measuring the operation time period of the flowmeter, the function
of detecting and recording a power abnormality caused by an
instantaneouspower failureoccurring immediatelyafter the power-on,
and the function of displaying an indication that the flowmeter
is in a warm-up period.

Next, of those functions, five functions of (1) the
flowmeter~state logging function, (2) the operation-time-period
measuring function, (3) the abnormal-power—-on detecting function,
(4) the warm-up-period indicating function, and (5) the
operation-time-period measuring function are as described in the
first embodiment. Here, (6) an internal-temperature
monitoring/logging function is described.

(6) Internal-temperature monitoring/logging function

This is a function of monitoring the temperature inside the
hermetically sealed flowmeter (converter) and logging the
temperature, and includes the following functions.

After the flowmeter (converter) is activated, the detection

data of the temperaturemeasuring IC21 is regularly recorded (logged),
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along with the timestamp, as the internal-temperature log data
indicating the internal temperature ("H data”) in the FeRAM
(ferroelectricmemory) 24 being thenon-volatilememory. Alongwith
the recording (logging), an upper-limit value and a lower-limit
value are provided with respect to a sample temperature, and a
determination ismade for the recorded (logged) internal temperature.
Then, a result of the determination is recorded (logged), and at
the same time, when the result of the determination is NG, an
indication to that effect is displayed on the display unit 5.

Further, as an option, it is possible to associate the
internal-temperature log data indicating the internal temperature
with the real-time timestamp.

Then, when the detection data of the temperature measuring
IC 21 is egual to or larger than a given threshold in the
internal-temperature monitoring/logging function, the
warm-up-period indicating function is stopped.

FIG. 13 illustrates a basic flow chart of the function of
monitoring the internal temperature in the elapsed-time timestamp
mode. Specifically, the basic flow chart of the
internal~-temperature monitoring function, which is illustrated in
FIG. 13, isaprocessing flowchart used in a case where an abnormality
message (warning) is issued when an abnormality has occurred in
the temperature insidethehermetically sealed flowmeter (converter)
(internal temperature) while the temperatureinside thehermetically

sealed flowmeter (converter) {(internal temperature) is monitored

46



in the elapsed-time timestamp mode, and the internal-temperature
data i1s logged (recorded).

In this embodiment, the processing of the basic flow of the
internal-temperature monitoring function in the elapsed-time
timestamp mode, which is illustrated in FIG. 13, 1is performed
regularly (for example, every 10 minutes).

After the basic flow of the intérnal—temperature monitoring
function in the elapsed-time timestamp mode, which is illustrated
inFIG. 13, isstartedin Step 200, in Step 201, thedetection (measured
temperature) data of the temperature measuring IC 21 measuring the
temperature inside the hermetically sealed flowmeter (converter)
(internal temperature) is read out. After the detection (measured
temperature) data of the temperature measuring IC 21 is read out
in Step 201, in Step 202, the measured time value of the real-time
clock IC (RTC) 22 is read out.

After the measured time value of the real-time clock IC (RTC)
22 is read out in Step 202, in Step 203, the elapsed time ("B data")
stored in a particular address of the FeRAM (ferrcelectric memory)
24 is read out. After the elapsed time ("B data") is read out in
Step 203, in Step 204, the elapsed time ("B data") read out from
the particular address of the FeRAM (ferroelectric memory) 24 is
added to the measured time value of the real-time clock IC (RTC)
22, therebycalculating the elapsed operation time (cumulative time),
which is the total operationtimeperiodof the flowmeter (converter).

In Step 204, the measurement time of the real-time clock IC
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(RTC) is obtained through a calculation performed by discarding
the year, the date, and the hour of the time "0:00:00 (0 hours,
00 minutes, 00 seconds), January 1, 00 (year)" set in the real-time
clock IC (RTC) 22. In other words, only "00:00 (00 minutes, 00
seconds)" is used as the measurement time of the real-time clock
IC (RTC) 22.

After the elapsed operation time {(cumulative time}, which is
the total operation time period of the flowmeter (converter), is
calculated in Step 204, it is determined in Step 205 whether or
not the flowmeter (converter) has just been powered on and is in
the warm-up period. When it is determined in Step 205 that the
flowmeter (converter) has just been powered on and is in the warm-up
period, the processing proceeds to Step 208.

On the other hand, when it is determined in Step 205 that the
flowmeter (converter) is not in the warm-up period, it is determined
in Step 206 whether or not the temperature inside the hermetically
sealed flowmeter (converter) (internal temperature) falls within
a preset range.

When it is determined in Step 206 that the temperature inside
the hermetically sealed flowmeter (converter) (internal
temperature) does not fall within the preset range, in Step 207,
the abnormality message indicating that an abnormality has occurred
in the temperature inside the flowmeter (converter) (internal
temperature) is displayed on the display unit 5.

On the other hand, when it is determined in Step 206 that the
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temperature inside the hermetically sealed flowmeter (converter)
(internal temperature) falls within the preset range, in Step 208,
the detection data of the temperature measuring IC 21 and a resultant
obtained by adding the measured time value of the real-time clock
IC (RTC) 22 to the elapsed time ("B data") read out fromthe particular
address of the FeRAM (ferrcelectric memory) 24 are stored in a
particular address ("H data") of the FeRAM (ferrocelectric memory)
24.

After the storage into the particular address ("H data") of
the FeRAM (ferroelectric memory) 24 in Step 208, in Step 209, an
interrupt is set for the internal timer counter 20B built in the
CPU 20. When an interrupt has occurred in the internal timer countex
20B in Step 209, the internal timer counter 20B is started in Step
210.

After the internal timer counter 20B is started in Step 210,
it is determined in Step 211 whether or not an interrupt has occurred
in the internal timer counter 20B {in this embodiment, an interrupt
signal is issued every 10 minutes). When it is determined in Step
211 that an interrupt has not occurred in the internal timer counter
20B, the processing does not proceed until an interrupt occurs in
the internal timer counter 20B. On the other hand, when it is
determined in Step 211 that an interrupt (every 10 minutes) has
occurred in the internal timer counter 20B, the processing returns
to Step 201, and the readout of the detection data of the temperature

measuring IC 21 and Steps 202 to 211 are repeatedly executed.
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Next, description is given of the warm-up-period indicating
function of this embodiment with reference to a basic flow chart
of the function of displaying an indication that the flowmeter
(converter) is in the warm-up period, which is illustrated in FIG,
14.

Thebasic flowchart of thewarm-up-periodindicating function,
which is illustrated in FIG. 14, is a processing flow chart used
when an indication that the flowmeter is in the warm-up period is
displayed so as to prompt the user to give sufficient consideration
to using detection data obtained immediately after the flowmeter
(converter) isstartedup. Thisisbecausethe flowmeter (converter)
itself is not stable immediately after the flowmeter (converter)
is started up (activated), and thus there may occur an error in
the detection data.

Thebasicflowof thewarm-up-periodindicating function, which
is illustrated in FIG. 14, starts when the power is turned on in
Step 220. After the power is turned on in Step 220, in Step 221,
the detection (measured temperature) data of the temperature
measuring IC 21 measuring the temperature inside the hermetically
sealed flowmeter (converter) (internal temperature) is read out.

After the detection (measured temperature) data of the
temperature measuring IC 21 is read out in Step 221, it is determined
in Step 222 whether or not the measured temperature detected by
the temperature measuring IC 21 is equal to or lower than a preset

temperature (for example, 50°C).
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When it isdetermined in Step 222 that the measured temperature
detected by the temperature measuring IC 21 is not equal to or lower
than the preset temperature (for example, 50°C), the basic flow
of the warm-up-period indicating function, which is illustrated
in FIG. 14, is terminated.

On the other hand, when it is determined in Step 222 that the
measured temperature detected by the temperature measuring IC 21
isequalto<n:lowerthanthepresettemperature(forexample,50°C),
in Step 223, the message indicating that the flowmeter (converter)
is in the warm-up period is displayed on the display unit 5.

After the message indicating that the flowmeter (converter)
is in the warm-up period is displayed on the display unit 5 in Step
223, in Step 224, a setting is made so that an interrupt occurs
in the internal timer counter 20C at fixed time intervals (in this
embodiment, an interrupt signal is issued every 20 minutes).

Then, after the setting ismade in Step 224 so that an interrupt
occurs in the internal timer counter 20C at the fixed time intervals
(in this embodiment, every 20 minutes), the internal timer counter
20C is started in Step 225.

After the internal timer counter 20C is started in Step 225,
it is determined in Step 226 whether or not an interrupt has occurred
in the internal timer counter 20C. When it is determined in Step
226 that an interrupt has not occurred in the internal timer counter
20C, the processing does not proceed until an interrupt occurs in

the internal timer counter 20C.
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On the other hand, when it is determined in Step 226 that an
interrupt has occurred in the internal timer counter 20C, in Step
227, the message indicating that the flowmeter (converter) is in
the warm-up period, which is displayed on the display unit 5, is
turned off, and the basic flow of the warm-up-period indicating
function, which is illustrated in FIG. 14, is terminated.

Next, description is given of the internal-temperature
monitoring function in the real-time timestamp mode according to
this embodiment with reference to a basic flow chart of the
internal-temperaturemonitoring functioninthe real-time timestamp
mode, which is illustrated in FIG. 15.

The basic flow chart of the internal-temperature monitoring
function, which is illustrated in FIG. 15, is a processing flow
chart used in a case where an abnormality message (warning) is issued
when an abnormality has occurred in the temperature inside the
hermetically sealed flowmeter {(converter) {internal temperature)
while the temperature inside the hermetically sealed flowmetex
{converter) (internal temperature) is monitored in the real-time
timestamp mode, and the internal-temperature data is logged
{recorded).

In this embodiment, the processing of the basic flow of the
internal-temperaturemonitoring function inthe real-time timestamp
mode, which is illustrated in FIG. 15, is performed regularly (for
example, every 10 minutes).

After the basic flow of the internal-temperature monitoxing
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function in the real-time timestamp mode, which is illustrated in
FIG. 15, is started in Step 230, in Step 231, the detection {measured
temperature) data of the temperature measuring IC 21 measuring the
temperature inside the hermetically sealed flowmeter (converter)
(internal temperature) is read out. After the detection (measured
temperature) data of the temperature measuring IC 21 is read out
in Step 231, in Step 232, the measured real time of the real-time
clock IC (RTC) is read out.

After the measured real time of the real-time clock IC (RTC)
is read out in Step 232, it is determined in Step 233 whether or
not the flowmeter (converter) has just been powered on and is in
the warm-up period. When it is determined in Step 233 that the
flowmeter (converter) has just been powered on and is in the warm-up
period, the processing proceeds to Step 236.

On the other hand, when it is determined in Step 233 that the
flowmeter (converter) is not in the warm-up period, it is determined
in Step 234 whether or not the temperature inside the hermetically
sealed flowmeter (converter} (internal temperature) falls within
a preset range.

When it is determined in Step 234 that the temperature inside
the hermetically sealed flowmeter (converter) {internal
temperature) does not fall within the preset range, in Step 235,
the abnormality message indicating that an abnormality has occurred
in the temperature inside the flowmeter (converter} (internal

temperature) is displayed on the display unit 5.
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On the other hand, when it is determined in Step 234 that the
temperature inside the hermetically sealed flowmeter (converter)
{(internal temperature) falls within the preset range, in Step 236,
the detection (measured temperature) data of the temperature
measuring IC 21 and the measured real time of the real-time clock
IC (RTC) are stored in a particular address {"H data") of the FeRAM
(ferroelectric memory) 24.

After the storage into the particular address ("H data™) of
the FeRAM (ferroelectric memory) 24 in Step 236, in Step 237, an
interrupt is set for the internal timer counter 20B built in the
CPU 20. When an interrupt has occurred in the internal timer counter
20B in Step 237, the internal timer counter 20B is started in Step
238.

After the internal timer counter 20B is started in Step 238,
it is determined in Step 239 whether or not an interrupt has occurred
in the internal timer counter 20B (in this embodiment, an interrupt
signal is issued every 10 minutes). When it is determined in Step
239 that an interrupt has not occurred in the internal timer counter
20B, the processing does not proceed until an interrupt occurs in
the internal timer counter 20B. On the other hand, when it is
determined in Step 239 that an interrupt (every 10 minutes) has
occurred in the internal timer counter 20B, the processing returns
to Step 231, and the readout of the detection data of the temperature
measuring IC 21 and Steps 232 to 239 are repeatedly executed.

As described above,. the present system has the following
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features.

(1) The present system has the real-time timestamp mode and
the elapsed-time timestamp mode.

In the real-time timestamp mode, the operator sets the real
time in advance for the flowmeter after the power is turned on,
and thus the timestamp to be assigned for the data logging or the
like is issued based on the real time.

In the elapsed-time timestamp mode, zero-start is performed
upon the power-on, and thus the timestamp is issued based on the
elapsed time.

(2) The present system logs the operation state (the
issuance/stopping of analarmoranalert, resultsof self-diagnosis,
etc.) of the apparatus.

(3) The present system monitors the time period from the
power-onuntil the power-off of the apparatus, and records the number
of power abnormalities (short-time-period power-ons).

(4) The present system cumulates the record of the time period
from the power—-on until the power-off of the apparatus, sets the
threshold, and when the set threshold has been reached, issues a
message recommending an inspection.

(5) During the warm-up period immediately after the power-on,
an indication to that effect is displayed by the display device.

(6) The present system monitors and measures the temperature
inside the apparatus by the temperature sensor, and logs the data.

Further, a warning is issued to the display device at the time of
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a temperature abnormality.

Therefore, according to the present system, the data can be
utilized as reference data (reference data for troubleshooting)
for maintenance service after the delivery to a customer.

Further, according to the present system, in contrast to the
fact that the operation time period of the apparatus conventionally
starts immediately after the delivery, a more specific operation
timeperiodisgrasped foreachofapluralityofdeliveredapparatuses,
with the result that a timing for maintenance can be made more
specific.

Further, the present system can be utilized for a function
of monitoring the range of operating temperature of the flowmeter.

Further, according to the present system, it is possible to
issue a warning to the effect that a power abnormality occurred
at the time of the previcus power-on.

Still further, according to the present system, there is no
need to replace batteries because a backup battery is not used.

Still further, according to the present system, it is possible
to provide a notification that the flowmeter (converter) is in the

warm-up period, which enables appropriate usage.
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CLAIMS

1. A maintenance expert system for a measuring instrument,
the measuring instrument comprising: a detector for detecting
signals from measuring instrument sensors by a flowmeter, a
thermometer, a barometer, and a spectrometer (densimeter,
densitometer); a CPU circuit for calculating the input signals;
a power supply circuit; a display unit for displaying necessary
information; and an input/ocutput (I/0) circuit,

thepower supplycircuit supplyingpower totheabove-mentioned
components and sending a power—off signal as an event signal to
the CPU circuit,

the CPU circuit comprising: a CPU comprising a plurality of
internal timer counters and having a function of calculating; a
real-time clock IC (RTC); a rewritable non-volatile memory; and
a non-volatile semiconductor memory which utilizes ferrocelectric
hysteresis to associate positive and negative spontaneous
polarizations with "1" and "0",

the semiconductor memory recording, every time an event
indicating a state of the measuring instrument occurs, in order
to assign a timestamp of an elapsed time: elapsed operation time
(cumulative time) data, which is a total operation time period of
the measuring instrument; power-abnormality-occurrence count data
indicating a number of times a power abnormality has occurred; event
log data obtained by logging, each time the power abnormality occurs,

power-off time in association with real date and real time recorded
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in the real-time clock IC (RTC) as a measured time value of the
real-time clock IC (RTC); and an initial real-time set value, which
is the real date and the real time set in an internal register of
the real-time clock IC (RTIC),
the maintenance expert system being configured to:

at a time of power shut-off, that is, when the power—off
signal is "off", record in the non-volatile memory, in order to
assign a timestamp of a time {elapsed) when power is shut off, which
is one of occurring events indicating the state of the measuring
instrument, elapsed-time save data of the measured time value of
the real-time clock IC (RTC) when the power is shut off, or when
the power is shut off in an optional function, elapsed-real-time
save data, which is the measured time value of the real-time clock
IC (RTC) as a real-time timestamp; and

at a time of power-on, that is, when the power-off signal
is "on", read out the save data from the the non-volatile memory,
and add the save data to the semiconductor memory in which cumulative
eiapsed time is stored, t-o thereby provide assistance in diagnosing
a cause of a problem that has occurred in the measuring instrument
based on the elaﬁsed—time save data or the elapsed-real-time save
data on an operétion state observed in the measuring instrument,

which is stored in the semiconductor memory.

2. A maintenance expert system for a measuring instrument

according to claim 1, wherein the display unit has a function of
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displaying, based on a cumulative operation time period of the
measuring instrument, a recommended replacement timing of components
used in the measuring instrument or arrival of a

maintenance/inspection timing of the measuring instrument.

3. A maintenance expert system for a measuring instrument
according to claim 1 or 2, wherein the measuring instrument has
a functionof logging the state of themeasuring instrument, a functicn
of measuring an operation time period of the measuring instrument,
a function of detecting and recording a power abnormality caused
by an instantaneous power failure occurring immediately after the
power-on, and a function of displaying an indication that the

measuring instrument is in a warm-up period.

4. A maintenance expert system for a measuring instrument
according toanyone of claims 1 to 3, wherein themeasuring instrument
further comprises a temperature measuring IC for measuring an
internal temperature of the measuring instrument, the temperature
measuring IC being connected to the CPU and éccommodated in a

hermetically sealed casing of the measuring instrument.

5. A maintenance expert system for a measuring instrument
according toclaim 4, wherein the measuring instrument has a function
of recording a value of the temperature in the hermetically sealed

measuring instrument measured by the temperature measuring IC as

59



internal-temperature log data, and monitoring and logging the

internal temperature.

6. A maintenance expert system for a measuring instrument
according to any one of claims 3 to 5, wherein the function of logging
the state of the measuring instrument comprises:

a first function of, every time the event indicating the state
of the measuring instrument occurs, in order to assign the timestamp
of the elapsed time, logging elapsed operation time (cumulative
time) data, which is a total operation time period of the measuring
instrument, as "B data", and also logging the measured time value
of the real-time clock IC (RTC) as event log data ("G data") in
the semiconductor memory:

a second function of, in order to assign the timestamp of the
time (elapsed) when the power is shut off, whichisoneof theoccurring
events indicating the state of the measuring instrument, recording
the elapsed-time save data of the measured time value of the real-time
clock IC (RTC) as "A data"™ in the non-volatile memory when the power
is shut off;

a third function of, as an option of the function of assigning
and recording (logging) the timestamp, recording the real date and
thereal timeinassociationtherewithas"Gdata" inthesemiconductor
memory; and

a fourth functionof, when the power is shut off duringoperation

in the optional function, recording, as a real-time timestamp, the
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measured time value of the real-time clock IC (RTC) as "F data"

in the non-volatile memory.

7. A maintenance expert system for a measuring instrument
according to any one of claims 3 to 6,

wherein the operation-time-period measuring function
comprises the function of measuring the operation time period of
the measuring instrument, and

wherein, in the operation-time-period measuring function, in
order to cumulate the operation time period (elapsed time)
immediately after the measuring instrument 1is activated,
operétion-time—period measuring data, which 1is obtained by
performing time measurement every one hour by the internal timer
counter built in the CPU, is recorded (logged) as the "B data” in

the semiconductor memory.

8. A maintenance expert system for a measuring instrument
according to any one of claims 3 to 7,

wherein the abnormal-power—on detecting function comprises
the function of detecting and recording (logging) the power
abnormality caused by the instantaneous power failure (OFF)
occurring immediately after the measuring instrument is powered
on, and

wherein, in the abnormal-power-on detecting function: a

cumulative time from immediately after the activation {(immediately
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after the power-on) of the measuring instrument until the
instantaneous power failure {OFF) is obtained through a subtraction,
and when the cumulative time is short {for example, three seconds
or shorter), the power abnormality is considered to have occurred;
abnormal-power-on detection data, which indicates a number of times
the power abnormality has occurred, is recorded (logged) as "Ddata”
in the semiconductor memory; and the abnormal-power-on detection
information is displayed on the display unit of the measuring

instrument.

9. A maintenance expert system for a measuring instrument
according to any one of claims 3 to 8,

wherein the warm-up-period indicating function comprises the
functh1ofdisplayingtheindicationthatthen@asuringinétrument
has just been powered on and is in the warm-up period, and

wherein, in the warm-up-period indicating function, the
elapsed time since the power-on of the measuring instrument is
measured by the internal timer counter built in the CPU, and the
indication that the measuring instrument is in the warm-up period
is displayed on the display unit of the measuring instrument for

a given period of time.

10. A maintenance expert system for a measuring instrument
according to any one of claims 5 to 9,

whereinthe internal-temperaturemonitoring/logging function
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comprises the function of monitoring the temperature inside the
measuring instrument hermetically sealed by the casing and logging
the temperature, and

wherein, in the internal-temperature monitoring/logging
function: after the measuring instrument is activated, detection
data of the temperature measuring IC is regularly recorded (logged},
along with the timestamp, as internal-temperature log data
indicating the internal temperature ("H data™) in the semiconductoer
memory; an upper-limit value and a lower-limit value are provided
with respect to a sample temperature, and a determination is made
for the recorded (logged) internal temperature; and-when a result
of the determination is NG, an indication to that effect is displayed

on the display unit.

11. A maintenance expert system for a measuring instrument
according to any one of claims 1 to 10,

wherein the non-volatile memory comprises an EEPROM, and

wherein the non-volatile memory stores the elapsed-time save

data {("A data"™) and the elapsed-real-time save data ("F data").

12. A maintenance expert system for a measuring instrument
according to any one of claims 1 to 11,

wherein the semiconductor memory comprises an FeRAM, and

wherein the semiconductor memory stores: theelapsedoperation

time (cumulative time) data ("B data") being the total operation
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time period of the measuring instrument; the
power—-abnormality-occurrence count data ("D data™) indicating the
number of times the power abnormality has cccurred; data ("G data")
obtained by logging issuance/removal of an alert being a warning
message andof analarmcallingattention, resultsof self-diagnosis,
and power-off time; the internal-temperature log data ("H data"™)
obtained by recording the temperature measured in the hermetically
sealed measuring instrument; and an initial real-time set wvalue

("Z data"}.

13. A maintenance expert system for a measuring instrument
according to any one of claims 1 to 12, wherein the real-time clock
IC (RTC) switches between two modes of an elapsed-time timestamp
mode, in which time measurement is started at the power-on of the
measuring instrument from 0:00:00 (0 hours, 00 minutes, 00 seconds)
and is continued while the measuring instrument is operating, and
a real-time timestamp mode, in which after the measuring instrument
is powered on, an operator sets actual date and real time (hours,
minutes, seconds) in advance and then starts the time measurement,
and in which the time measurement thus started is continued until
thepoweristurnedofforuntil themodeis shiftedtotheelapsed-time
timestamp mode, to perform the time measurement for each of the

two modes.

14. A maintenance expert system for a measuring instrument,
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which is accommodated in a hermetically sealed casing to form a
Coriolis flowmeter comprising: a detector for detecting signals
from measuring instrument sensors by a flowmeter, a thermometer,
a barometer, and a spectrometer (densimeter, densitometer); a CPU
circuit for calculating the input signals; a power supply circuit;
a display unit for displaying necessary information; and an
input/output (I/0)} circuit to determine a mass flow rate and/or
a density of a fluid to be measured,

the power supplycircuit supplyingpower tothe above-mentioned
components and sending a power-off signal as an event signal to
the CPU circuit,

the CPU circuit comprising: a CPU comprising a plurality of
internal timer counters and having a function of receiving inputs
of signals from various sensors which detect a state of the Coriolis
flowmeter, and calculating a flow rate of the fluid to be measured
which is flowing through a flow tube; a temperature measuring IC
for measuring an internal temperature of the casing, the temperature
measuring IC being connected to the CPU via a bus line; a real-time
clock IC (RTC); a rewritable non-volatile memory; and a non-volatile
semiconductor memory which utilizes ferroelectric hysteresis to
associate positive and negative spontaneous polarizations with "1"
and "0",

the semiconductor memory recording, every time an event
indicating a state of the measuring instrument occurs, in order

to assign a timestamp of an elapsed time: elapsed operation time
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(cumulative time) data, which is a total operation time period of
the measuring instrument; power-abnormality-occurrence count data
indicating a number of times a power abnormality has occurred; event
log data obtained by logging, each time the power abnormality occurs,
power-off time in association with real date and real time recorded
in the real-time clock IC (RTC) as a measured time value of the
real-time clock IC {(RTC); internal-temperature log data obtained
by recording a temperature measured in the hermetically sealed
measuring instrument by the temperature measuring IC; and an initial
real-time set value, which is the real date and the real time set
in an internal register of the real-time clock IC (RTC),
the maintenance expert system being configured to:

at a time of power shut-off, that is, when the power-off
signal is "off", record in the non-volatile memdry, in order to
assign a timestamp of a time {elapsed) when power is shut off, which
is one of occurring events indicating the state of the measuring
instrument, elapsed-time save data of the measured time value of
the real-time clock IC (RTC) when the power is shut off, or when
the power is shut off in an optional function, elapsed-real-time
save data, which is the measured time value of the real-time clock
IC (RTC) as a real-time timestamp; and

at a time of power-on, that is, when the power-off signal
is "on", read out the save data from the the non-volatile memory,
and add the save data to the semiconductor memory in which cumulative

elapsed time is stored, to thereby provide assistance in diagnosing
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a cause of a problem that has occurred in the Coriolis flowmeter
based on the elapsed-time save data or the elapsed-real-time save
data on an operation state observed in the measuring instrument,

which is stored in the semiconductor memory.
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