DESCRI PTI ON MAI NTENANCE EXPERT SYSTEM FOR MEASURI NG | NSTRUMVENT Techni cal
Field The present invention relates to a neasuring instrunment, such
as a flowreter, a thernoneter, a baroneter, and a spectroneter (densineter,
densitonmeter) , and nore particularly, to a mai ntenance expert systemfor a
measuring instrunment, which is capable of recording information on an
operation state observed in a neasuring instrunent and, in a case of
occurrence of a problemin the measuring instrunent, providing assistance
to a field engineer in diagnosin8E§C8§€g§OHf the probl em Background Art

I n general, exanples of neasuring instrunents include a flowreter, a
thernnneter,Mﬂiﬁ%ﬂﬂﬁﬁQﬁ,E&ﬁﬁﬁﬁi%ﬁﬁﬁﬁM(ﬁﬁﬁeNEKSHﬁEﬁGniMﬁTRQMEﬁﬁtoneter)

and those neasuring instrunments each have a function of constantly
observing a neasurenent result of the neasuring instrunent. In addition, in
the neasuring instrunent, various sensors performstate nonitoring, that

i's, noletbninglr&gailding in what condition the neasuring instrunment is
bei ng oper at ed. Exanpl es of the flowneter include a positive

di spl acenent Tht@weaiear: andeatConimliscdd evnehensuthagposs t iweesk Spuagenent

fl owmmeter includes a neasuring chanber having a rotor, which rotates
as a flowmeter, a thermometer, a barometer, and a spectrometer
(densimeter, densitometer}, andmore particularly, to amaintenance
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 & spectrometer
(densimeter, densitometer}, and those measuring instruments each
have a function of constantly observing a measurement result of
themeasuring instrument. Inaddition, inthemeasuring instrument,
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 Corioclis flowmeter. The positive displacement

flowmeter includes a measuring chamber having a rotor, which rotates



in proportion to the volune of a fluid to be nmeasured flow ng through a

fl ow tube, provided therein, and determ nes the flow rate based on the
rotation of the rotor rotating in proportion to the volunme of the fluid to
be neasured flowi ng into the neasuring chanber. The Coriolis flowreter is a
mass flowreter in which one end or both ends of a flow tube through which a
fluid to be neasured is flowi ng are supported, and which utilizes a fact
that a mass flow rate is proportional to a Coriolis force acting on the

fl ow t iBECAHATEH Asta tthepeol Anatsifch 0sEid ratheoneprsuredye qyeimes dhedpghhen
oscillation is generated in a direction perpendicular to a flow direction
of theaffbaw ttullee witttovtideds Gpportiad podndsteenhgesitdesl.f1low rateFoashdr, the
spectronmeter such as a densineter or a densitonmeter uses an anal yzi ng

devi ceonorti¢e gurted: iyn af ithe sotpcerotat anal iz erromnd javrdetcether yol meeby
ioni zing a conpound by the ion source and anal yzi ng the conpound based on a
spect rofm the fluidheotbermoaeteed Whbebngsiabol bRerweeBhring aRasuerng
tenperature, neasures the tenperature by utilizing such a physica
phenoneRe Tt @si dl L an@emiett Bt 0P ta seAEs 8dmbY e eI &HAIIH 8nehan@er bythher,
the baroneter is a device for neasuring a pressure, which is a force acting

per unkfddréfa flow tuddRSHIMASWRERE & NSILIHTRD! Be SRR FERS 13Uk 81 AFOM
probl enms. When a problem has occurred to such a nmeasuring instrunent, a

field engi 58850 L08BS 4 IWISREE NG ZBRASUELRY LRSErAnRIs AMAgh Lhe fLel d
engi neer inspects the measuring instrunent, he/she uses a technique of

trOUb'?ﬁQﬁQE%EQn%% tp a C g$8%$§29%988 9%§5§§gpheéﬂgoghea.Eﬁg@cgﬁﬁﬁeﬂ in

whi ch cause pro ound udi'ng possi ses of the
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adm ni stration. a technique of "trou i hg

in a case mh§£§ta neasur j.n in%;runenkagg!qgrha%ﬁgee% i% peratian sgddenly
stops opefaAtingy %%dl%aasciﬁlgﬁﬁsﬁﬁ T SRS PErtorfed Qv férection o

troubl gghopt LNg, ,SOMROPENE R CONSLLLULLNG L RE SYSLEM g g ghecked one by one.

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 compound based on a spectrum.

The thermometer, which is an instrument for measuring
temperature, measures the temperature by utilizing such a physical
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.



Description is given by taking as an exanple the Coriolis flowreter, which
is a typical flowreter anong neasuring instrunments. The Coriolis flowreter
is a nmass flowneter in which one end or both ends of a flow tube through
which a fluid to be neasured is flowi ng are supported, and which utilizes
the fact that a mass flowrate 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 Thad&eahswauget kironbt Behegppoptica gsitis bewhg chiShricaTae
Coriolis flowreter is well known, and the shape of the flow tube in the
Cori ol ©§ tfHeopmrebéeni s dbassl by eddlmdd novwec sl e oayes o f £ st papghemt ube
type and a U shaped tube type. Then, the Coriolis flowreter, which
is a typdcaict & owmbberi apdngteddsuaifiglistchmerd sstemsadmimsstihohmet er in
whi ch a nmeasuring tube, through which a fluid to be neasured flows, is
suppor sedhat tkeehhiemesof her@idlesrubtvhen ia geady dompexkbmphepfit kecanpport ed
measuring tube is alternately driven in a direction perpendicular to a
supporyhkr8es edasindiifstreneaitsivgieh paopesén dnrabpkeat iassubibeniyate is
detect ed between the supported portions positioned at synmmetric positions
of thespBRSUIIRG AUk aindt fchaliRepBAS WdrhdteSPEChek@oiieacent l tperti on.
The phase difference signal represents an anount proportional to the nass
flow ral-8unPEEh8sEYALNIcbABbnanEE ¥BnEEeaUenaYy taeCcanstant arkhenBhasg

di fference signal can be detected as a tine difference signal between
observgpiog, pggktions of the neasuring tube. When the frequency for
alternately driving the nmeasuring tube is made equal to the eigen frequency
of the nmeasuyj a.go t.drive.frequengy a| zcordi ng
to the densi@%QgFE?EEO?Iﬁ%dg?ggﬁebge%ég%ég,g%h?%heggggﬁgsgg%iggggoﬁﬁg
measur i tube with small drive -enerqgy.. Accordi ngl LN recent years, it
nae bebhou EeRRo R e i bEo e Rt fomkd TRREFaKERRS:
frequency, .and 1he phase difference signal is detecgted as the ti

i 11 or SRECS Ykt 5 FLOWRe LRSS Bas (T BHTRAE obR MHEd CBoaeReARUPPRY
instrunment, and a field engineer cqones to inspect the nmeasuring_instrunent,
many c88e8 Of & héOotr bebf Iy PEER Briedt By %@ FTRTY- € di%géPWFBH t he
fl ommeter have no reproducibility, Accordingly, the field engineer

esti naBés FH@p€§E§@ro?n@h%hb?%bm%%4%%e%i%?%é@mﬁiﬁéFﬂéﬁt§§?s Lgvr £8GPt
depending on the field engineer's skill, he/she may m stakenly estinmate the
cause bf NP POkt ArdtReCox ipldmgf 9res EGdretor dlxe f LpEstitke dyhiifgha

| onger tinme period required for the solution to the problem
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 iswell 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 inwhich a measuring
tube, through which a fluid to be measured flows, is supported at
both ends therecf, and when a central portion of the supported

measuring tube is alternately driven in a direction perpendicular



Amanuf acturer of products sets a maintenance period in advance for its own
delivered products, and, for a given period of tinme after the delivery,
guarantees the securing of replacenent parts or the provision of

mai nt enance for the users of the products. The mai ntenance period of the
products is determ ned based on a suppliable period of the replacenent
parts, the life of the parts, or the |ike. For exanple, JP

2005- 327201 A proposes a nmi ntenance support programfor performng a

rel i abFpia pupparfFsi snen aphappaibi fereasedismadqRrprent ipaRAtknansess
information including failure information, replacenent information, update
infornﬁlbwnraaﬁdishéetEREedfbehweappahatasppmmted mpetiedsbpokitionedhe

pl ace of operation of the apparatus (including various units, such as a
producét symmedutt dogidicsgparft fha meadutipe tubguapnens batls psidenyiah
device, a product nodel, a part nodel, and a plant), and on shi pping

i nf or maéspacof tichetlmppaeatus]l ipradtidirng shhepiphgseatdi f g osmed | eignd@si gn
information, and the |ike of the apparatus. The mai nt enance support
pr ogr agepied En2OQr 32 phobd rtabneXti@ehe it ot Bok Rratefasit adseRrhgnat i on
of itenms including, for exanple, a product type, apart type, and a nodel,

whi ch grgrexagphes etehdentificatbpBthntor ARLI pRaSE bherapparat Ysgnamd a
busi ness type and a custoner nane, which are exanpl es of custoner

i denti Eaﬁagéoaet@&%aagsoa Qiméhslﬁﬁeéé%@sm?%lf BELRXBAULLBErGaLEHhat i on
or the I'tke of a tailure occurrence probabilify density function or an

“nre|'§95£t£¥n%“8§ttﬂg %%%Qu&?? ectpLo a result of the data extraction.

Furt he considering the fact Wi th the maintenance support program

desor bed | nwﬂg?%%oe%;%aggmggﬁgg;Lle%;ﬂstgsp LY L Abe Bl ygan be

i nproved by setting aratus or part of a
t del t i i bl.e t f t t f det

ZSpaFSfﬁgﬂatdoe Bt b PR & s RE s M6ERE08s st S %5%1% 88es a

contr ol m f or mater treatpent f ities which can contlnuo

oo fr ke ERbaRRE ST CannhE o BEAkBEaSACPROREES Eon tRRedRBRy v SE ﬁa.pnent

a nepbrane treatnent facility in order to, supply taggmater Qr

of

regeneFéPéﬁ'V%F@?m%?sgf%%léﬂﬁﬁg1?P?béﬁa a9 - 5y MRA Fl?gé%#ﬁ%WPtUS|ng a
menbr ane. _Di scl osure of the Invention However, JP 2005-327201 Ais
di rect 882t d @ﬁévﬁaﬁﬁ?éﬁﬁncé“§mﬁﬂﬁﬁg%ﬁogWhﬁqQﬁ”%ﬂﬁ¥ﬁﬁhlﬁ& d&cabeRna
desired conbi nation of itens including, for exanple, a product type, a part
type, GAEMANRIRSE1GHitendnEEe ShmPrasusingderes Ritchhe 99T SLRAVEBAY! t he
apparatus, and a business type and a customer nanme, which are exanpl es of
cust onend; dentifdsatié cirshoenai voal ofs ded eqypisal as Ughe dridef gi f&raenrceng
calculation or the like of a failure occurrence probability density
functienmgoelan unreliability function with respect to a result of the data
extraction, and thus has a problemin that, unlike the present invention,

it is inpossiWhetr &oppoblereras oddiermed niceranea speriingr e thyniche ,f radd

engi neer, assistance to the field engineer in diagnosing the cause when the
t roubl eshoetdngnysnper f esmes d®riddidraiy nich duiSinguieRt.rument, 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 regquired

for the solution to the problem.



Further, JP 2009-178713 Ais directed to the control systemfor water
treatnent facilities which can continuously support the setting of a

mai nt enance and i nspection frequency for equi pnent of a menbrane treatnent
facility in order to supply tap water or regenerated water of stable
quality and quantity by water treatnent using a nenbrane, and thus has a
problemin that, unlike the present invention, it is inpossible to provide,
in the maintenance perfornmed by the field engineer, assistance to the field
engi neer i n Hiraghdeciigrero tausduahs setiver DpolbErgNeebierg ddsipadranaed for
t he measuring instrunent. Further, considering that the neasuring

i nst rufrent itecewvuedepovereduppbyucia, aansdsefnneaegimennpasiedngfi hsmeunent
is installed for measurenment in such a place that a substance to be

nmeasur adter aine alebpdhiey £ ontai s A tfHeammhird rgaef appéxpkoashanpprosf
structure is required. Note that, even if there is no need for

ext er ngk fIwirosigRby, of M rIeagtartfe EdrNghd UMY Y IWHheE briceld®s .0NThe
battery for constantly retaining data, such as a conventional SRAM

(vol atinhenBARAYE ped 1BACKEPH 8 RrbAE tisSi S\@S€SERI Ned BREellord $sippRsshhke to
perform mai nt enance by opening a cover of the measuring instrunent under

such apeenyhrONTRRL - M 88Smd e Ranas tieofi dd8 rhaild @y tisS sPRiHLnikBan an
energy level which may set fire to an anbient gas, or unless the battery is

provided w th,a e%?afr@%@r ?fg_ 28652397 96 £ EQB Beelan iy S R Qﬁﬁ 8@t hat

t hose conponents are not directly expose tg the gas . Thus, 1n ﬁe case of
. . . hat.t >,

converPF Sarh P S Eo R 8 F 2l R R e ALy SR B e Rl R 16383 2

expl osion-pr.oof structure. . Th%ﬁ%%%ﬂﬁﬂ_%ﬂjﬁfﬁgffﬁusig vgﬁ ghe

pr essuP BEGPHER AR TS BTE pPESF St F OB e WL G 1 10T T SWRG %FoBPems.

That is, it i t. to.h back bat t bui | h i, nt d

1 a bhPPEEPRTBACKURTBRIT BT SURTRGT dBbtOTTa T SO att dld y Hip6LsFbre to

erf orm mai nt enance/ i hspection .in an_expl Qsi v as at nospher.e.
P apparatus, which gre fed back froﬁ)t e p é%e o ope&ation 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 including, for
example, a product type, a part type, and a model, which are examples
of identification information of the apparatus, and a business type
and a customer name, which are examples of customer identification
informaticn 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.



The present invention has an object to provide a nmaintenance expert system
for a nmeasuring instrunment, which is capable of, on an occasion of

mai nt enance/ i nspection/repair after installation of a measuring instrunent,
provi di ng assistance to a field engineer in diagnosing a cause at the tine
of troubl eshooti ng. In order to solve the above-nentioned problens,
according to claim1l of the present invention, there is provided a

mai nt enance expert systemfor a nmeasuring instrument including a flowreter,
a thernnneteFurbh%ﬁroﬁ@ﬂéﬁdeéﬁEGat§§eé hat ,( gehsh nelhermagehsnebatt er)

t he measuring instrunment, including a CPU including a plurality of
i nter nauppon’erpmmmedesandbh@um@P 2006nER78A LA, weddpvilgrehpabsloty
signals fromvarious sensors which detect a state of the nmeasuring

i nst r unEnthampd cchlaukati ng anpmessant & vakbengf a am iohj@cinds thamimgasared
based on detection values of the various sensors; a power supply

Ci r cui thé eippaatd et b HeONh rero S wopet mepdedRF) t tikeinpassibhg icptrdoent ; a
display unit for displaying detection input data, which is input fromthe
vari ougr $60%$0L Sat ok o Bt cafd riifey ARasHs£fhviad U BE $lnejobjegtcd enbe

measured, which is calculated by the CPUy;
maintenance, JP 2009-178713 A proposes a control system for water
treatment facilities which can continuocusly support the setting
of amaintenance 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.

Disclosure of the Invention

However, JP 2005-327201 A is directed to the maintenance
support program for extracting data in a desired combination of
items including, for example, a product type, a part type, and a
model, which are examples of identification information of the
apparatus, and abusiness type and a customer name, which are examples
of customer identification information of the apparatus, and for
executingcalculationor the like of a failure occurrence probability
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 troubleshooting is performed for

the measuring instrument.



areal-time clock I1C (RTC) connected to the CPU via a bus |line, for
measuring tine; 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,
and storing a calculation result obtained through a cal cul ati on perforned
by the CPU based on the input values fromthe various sensors. I n
order to solve the above-nentioned problens, according to claim2 of the
present inveReFBReri R KO (R intBelah e lexPbFeckydtiemtiisy canrEdusyagem
instrunment, the EEPROM and the FeRAM of the flowreter included in the
measur £ay Waist ¥ rrsRtmggdofaicdd itd eg dhirh eae awltddriansly gs@woasécbhding to
data input to the CPU, data and a timng at which the calculation result is
saved, settanfr efuenogintehanhechnthéngpkctliani dnengesnty Fersavsdpment I n
order to solve the above-nentioned problens, according to claim3 of the
presendfi aveativoame i trdnemaerat nf sectaicey exp ertdesy stoe isnifopll ya tepaseatengor
instrunment, the display unit of the neasuring instrument according to claim
1 or 2rbgsnarbvsedatiaieob oSl By igng.l ikgsedd guantdwiubatiateeropeeatinenct i ne
period of the neasuring instrunent, a recomnmended repl acenent timng of
conpongpi fgUsfdmbirahBe ALATWINHabNSbiruBRRM Di tdaErl, vahl Oke&he present

mai nt enance/ i nspection timng of the neasuring instrunent. I n order

to sol ygvtheishovie Menligyed Hobb @Feyv 1@ of dlitng #:0i el A dnde pEritBemBresent
invention, in the maintenance expert systemfor a neasuring I nstrument

accor dbg&r;eofﬁ@yd QRg i Pket, 8l 4B de 4@ St ol FEASHIENAA nek$ {VARALNBASNE
function of logging the state of the neasuring instrunment, a fdnction of

masur{ﬂg_@&g@gg@ﬁ s tk%uBE%Eﬂ%o%fing;h?sf?@Ef‘éw&di LWIPRLa B HRCT T ON
of detecting an recoréﬁng a power abnornality cause y an I nstant aneous

power Eggkgﬂgegggurring i medi ately after power-on, and a function of

di spl ayi'ng an i ndication that the neasuring instrunent is in a warmup

peri od. 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 if 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 1s necessary, and 1t is 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 safeguard, and a protection mechanism
is provided so that those components are not directly exposed to

the gas. Thus, inthe case of using amemory which relies on abattery



In order to solve the above-nentioned problens, according to claim5 of the
present invention, in the maintenance expert systemfor a neasuring

i nstrunment according to any one of clainms 1 to 4, the neasuring instrument
further includes a tenperature neasuring |IC for neasuring an internal
tenperature of the neasuring instrunment, the tenperature neasuring |IC being
connected to the CPU and accommpdated in a hernetically seal ed casi ng of

t he measuring instrunment. In order to solve the above-nentioned

pr obl ef8F éégéﬂaﬂﬁg fatar afrb 8f f£hecpresEArnRrAvEeRfMoniti ASt RetnBRAVenance
expert systemfor a neasuring instrunment according to claim5, the

measur FAgafaBtr anPRESEuscareghetroh ekpRoRilOBrPngodndtrogging -t he i nt er nal

t enper at ur e. In order to solve the above-nentioned probl ens,
accordi ng toThéaehrZeof ahe gumsmtus nventirgn, the t heesaumeemandetexpert
system for a measuring instrument, the function of |ogging the state of

t he neasploafohAptpofiest rickd e hawsashei figh iowinqpeob leasor dThgt tics ,any one
of clains 4 to 6 includes: a first function of, every time an event

i ndi calsngot heast aie hefvd hebAeRsPr bagtengtbuhEOit oSt o, arl @&lent @£assi gn
a tinmestanp of an el apsed tine, |ogging el apsed operation tine (cumul ative

time) dahalomicBackup $0 0dr RS BEbODNdEH B PeEIDeh &f i dd1el P BABUELAB1 e
instrunment, as "B data", and also |ogging a neasured tine value of the

r eal - t £ g8t 06K hia (B AUEied GG ahaah Gosied &l Ve igh d RenEeBAMrc .

a second function of, in order to assign a tinestanp of" a tine (el apsed)

when power isnsheal{n 1Whiech ich ABE AL ltegpfa@faé d pdi 6 ghagcghe

state of the measuri ng i nstrunent, recordi ng e a sed-ti me save data of

measur g &kgeﬁgék&ﬁ £x tahﬂzﬁ%%%'rflﬁn'g”ﬁn%'t%ﬁehg (é?ﬁﬁhafs QA Je bhe

EEPROM en t power 1s s
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 barometer, 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 fromvarious 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



a third function of, as an option of the function of assigning and
recording (logging) the tinmestanp, recording real date and real tine in
association therewith as "G data" in the FeRAM and a fourth
function of, when the power is shut off during operation in the optional
function, recording, as a real-tine tinmestanp, the neasured tine val ue of
the real-tine clock IC (RTC) as "F data" in the EEPROM In order to
sol ve the above-nenti oned probl ens, according to claim8 of the present

i nvent FBRUT | AT PR & i iRttt 8e8%R&st toyshekFY oran e Bepsy teAsYRLHENt
the operation-time-period nmeasuring function in_the nmeasuring instrunment
accor dPRgthe ahyeehetofbel BRRBULeHe WhFﬁbIE§e§aﬂﬁélﬁﬁﬁétbﬁntgﬁ fBHsur i ng
the operation time period of the nmeasuring instrunment, and in the

oper at i on-t | agepdritddrenedsakiliy (RUGttdaomedtedrddrha 6PYumd atleis héne,
operation tine period (elapsed tine) inmediately after the neasuring

i nstruffentmegsacingatéde;operation-ti me-period neasuring data, which is
obtai ned by performng tine nmeasurenent every one hour by the internal

ti mer count eanbEEPROM ncdiee SR ts e @redrid eg@ped) lasetl héotBsdakangi n t he
FeRAM In order to solve the above-nentioned problens, according to
claim Qa0h thpupresesvhei gpept haa, in the maintenance expert system for
aneasuring instrunment, the abnornal -power-on detecting function in the

neasuring i nghIreTeN c8668FHEAT d Pnampoeeadf pakal itk 4£be sgcdﬁc‘dgrﬁﬁ§uthe
function of detecting and recording (logging) the power abnormality caused

by powesghyte Qb t9CGHEE LAY dJHRM AL 84 ¥nafd®Yy, L8 JTRASWY N8N BREEUABAL 1S
powered on, and in the abnormal - power-on detecting function: a cumnulative

time fromuimedialely alisiohne anldynli o (daediale! %fhteeEthBa?%)éﬁr'on)

of the measuring 1 nstrument” unti e I nstantaneous power failure ) is

obtain oL (o3 , d . h lative tine is short (for
exanplgg %ﬂ%egg %goﬁggﬁés Ek%ﬁt%ﬁ?,V$%§88%m§?8§§%8fna|ity is considereg to
have occurre

. fy Bbnor il s poyeron detection data Juhi o Lndicates 3, pyrber
of tines the %ome aﬁﬁo?nngtyE%g dect rE&, 'S ?ecogﬁ%ﬁ’fioggég)gbg "D
data® ETaE£%2of 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-menticned prcbhlems, 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.



FeRAM and the abnornal - power-on detection information is displayed on the
di splay unit of the neasuring instrunent. In order to solve the
above-nmenti oned probl ens, according to claim 10 of the present invention,
in the maintenance expert systemfor a measuring instrunent, the

war m up- period indicating function in the neasuring instrunment according to
any one of clainms 4 to 9 includes the function of displaying the indication
that the measuring instrument has just been powered on and is in the

war mup peri I)H,Olé?g# te sPbveda apopermeatinarear T Al $mcEsIPriRg EPapsed
time since the power-on of the neasuring instrunment is neasured by the

i nt er nakaimneoicsbaterepent tinventhiongPdn thd ndienteranes iegFpatasyshen
measuring instrument is in the warmup period is displayed on the display
uni t ofotrhe meesurimy linstrumert afaooratigiover peyi cdeodf télmims 1 to 3in
order to solve the above-nentioned problens, according to claim21l of the
pr esenthenmeatiuohngi insheumannt Baaneeferpeibnsyst eopghdngatheasueikagof
instrunment, the internal-tenperature nonitoring/logging function in the
measur t g ndEUrITRNE nateamndhiy 4 Fuary ieheo dinetlsainimhah oprdthicdrudemet he
function of nonitoring the tenperature inside the neasuring instrunent

hernetpealiby seatpd k¥atheifgsingtanfieheggknguhbeibanmper abueeriagdahn the
internal -tenperature nonitoring/logging function: after the neasuring

i nstrupeRbri$ngcChi yahRe MRlRs{d1an Hatanfiq the 4eMPeERLHESnEBASUPLREYI C 'S
regularly recofded (logged), along™w th the tinestanp, as
'nternféi&ﬁﬁeeaé&akfihﬁgiﬂaéaiFﬁgngagfﬂgrtBewbgtshoagnaegp%ﬁﬁEE&%n bFH
data") 1n the FeRAM an upper-Iimt value and a lower-limt value are
provid i . i ; re. . I Lop_i.s nmade
For 't na rRter sng P aiedy A AP LR L AL 1 ARC A DR TR TR, e
deterninat% nis NG an indication to that effect is displayed on the
displa? anrt: In order to solve the above-nentioned probl ens,

according to_claim12 of t{he present invention,, in the nmaintenance expert

System o Al f6 FALTE (i EDoF e ERRRENE R B FBE L G e oF

cl ai s i to gl fﬁt‘ggres t he el ,arPsed-,ti me _savg dat a é"A datae'éz ar]icll

el apselt=fedl 29 SRESTRL S (W Hat Yty 10 the maIntenre (S RGIY §YEHE™

above-nenti oned probl ens, according to claim 13 of the_present invention,

i n t hefRAI AtRPANCE K Pt BYRGEMIGTO T Mgadier PRY PRSt PhnetR M8 He YeRAM

according to anyone of clains 1 to 12 stores: the el apsed operation tine

(cunul BRPVEeE $ R ng dins trumendt & theitngnehBdest It BRMGARTBIF eRs Ydidod of

t he measuring instrunment; power-abnormality-occurrence count data ("D

dat a") IFAdgirdee 3 fgr 1@ 2RUMFEarrefl EPRRer 2 Her  olerh ibpaswhlny ¢ NBag usedilnr ed;

data ("G data") obtained by | ogging issuance/renoval of an alert being a

war ni nghressampemid:f maaabainocald i hgiagt emrimmetadkesubt $hef CPU and

sel f-di agnosi s, and power-off tine; the internal-tenperature |log data ("H

dat a") acbbtmmnddtby recar dnagmeéhechéhpesabled meEasiuredef nthhe meesmetingal | y

seal ed neasuring instrunent; and an initial real-tinme set value ("Z data").
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

10



In order to solve the above-nentioned problens, according to claim 14 of
the present invention, in the maintenance expert system for a neasuring
instrunment, the real-tinme clock IC (RTC) according to any one of clains 1
to 13 switches between two nodes of an el apsed-tinme tinestanp node and a
real -tinme tinmestanp node to performtine neasurenment for each of the two
nodes. In order to solve the above-nentioned problens, according to
claim15 of the present invention, there is provided a mai ntenance expert

syst entP&r 2 NFREITE PR R ST HIARNt FRR I ARt R AowRssdmd dbeneitmbRePér, a

baroneter, and a spectroneter (densineter, densitoneter), the neasuring

i nst r uRBAtMEABNOHLG G- IEBIIBE 41 EBRnReePuBbbRG| et Bineite prsdatinggtoin a
hermetically seal ed casing, a nmeasuring instrunent for determ ning a nmass
fl ow rang and/ of aldémsi dytof 6aihklibdese be neasured, the Coriolis

fl owret er incl uding: a CPU including a plurality of internal
ti mer count easfimsid fhacicngnaof yrotdmnt ofee areesievitngnd bpat snoftlst ghaks from
vari ous sensors which detect a state of the Coriolis flowreter; controlling
t he drb¥i fige neasritmy thetehyealt ecoate) yirdorndert he dsolgh ubeiaksaamp
alternate-driving frequency, which is the same as an eigen frequency of the

flow tybein QE&?Q&H&mebﬂ@@gﬁh@@a&b@iméﬁa@i@ﬂiﬁfihe ecyphate: thd temence
and/or an oscillation frequency proportional to a Coriolis force generated

in theggkaw twhen and gcatsvhat bparathibawtialee giridte &f UtHet RechaurBagUr ed;
a power supply circuit for activating (ON) or stopping (OFF) the Coriolis
fl owret 8Lt rument, 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 cff 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 inventiocn, in the maintenance expert system

11



a detector for detecting the Coriolis force generated in the flow tube, by
alternately driving the flow tube by the driving neans inplenented by a
combi nation of a coil and a magnet in the flow tube; a
di splay unit for displaying detection input data i nput fromthe various
sensors to the CPU and the flowrate of the fluid to be neasured, which is
obt ai ned through a cal culation by the CPU based on the Coriolis force
generated in the flow tube; a real-time clock I1C (RTO
connecfey @om@ﬁ§U€FQBVF§SEIBH§nFPnébefﬁpeﬁﬁﬁéﬁprﬁﬁm?rﬁﬁ¥lod measuring an
EEPROM connected to the CPU via a bus line, for storing data input to the
CPU; afdnction in the meagnr FeRAMStasEttedCEorERBICRI2TIYa0RE INfSCLRABS f or
storing input values fromthe various sensors via the CPU, and storing a
cal cul atticorl imsihideplbtta fedcthrough meacalciiathencperdoromrd Ine rRgicRU
based on the input values fromthe various sensors.

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 1in 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 tTimes the power

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

12



According to the present invention, it is possible to provide, on an
occasi on of mai ntenance/inspection/repair after installation of the
measuring instrument, the assistance to the field engineer in diagnhosing a
cause at the tine of troubl eshooting. Further, according to the
present invention, data fromeach of the sensors can be stored w thout the
provision of a built-in backup battery, and hence it is possible to open

t he measuring instrument for maintenance/inspection, and also to_perform
mai nt eFiaRBY/ ianshieles edRogmagmporere onFig ek iondndpamagies thdippbsEad

I nvention, the nmeasuring instrunment itself perfornms data |ogging, and
hence, oni theudiapyapeeditocfothe mhesprane ohstseme¢ptace of installation) |,
it is possible to easily grasp the situation of the site sinply by having
t he nmeasuri nbniostewirensol vsdllfe abbuenmdnt dohhd prerkl et Ukerco rBriingf to
Description of the Draw ngs FIG 1 is a schematic diagramof a
mai Nt epdate EXPErths piieartol naeneds| i ivg thesha ireat adce extidrg Eostbr

present invention.

for a measuring instrument, the warm-up-pericd 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 casing and logging the temperature, and in the
internal-temperature monitoring/logging function: after the
measuring instrument is activated, detectiondata of the temperature
measuring IC is regularly recorded (logged), alongwith the timestamp,

as internal-temperature logdata indicating the internal temperature

13



FIG 2 is a circuit configuration diagramof a CPU of the maintenance
expert systemfor a neasuring instrunment, which is illustrated in FIG I,
according to a first enbodi nent. FIG 3 is a basic flowchart of a
time measuring systemin an el apsed-tinme tinestanp node. FIG 4 is
a flowchart of tinmeneasuringprocessing of a real-time clock I1C (RTC) in the
el apsed-tinme tinmestanp node. FIG 5 is a flowchart for detecting
abnormal power-on in the el apsed-tinme tinestanp node. FIG 6 is a
| oggi n§"H| dacahhrinuted FARAManaeveRperfbimékanplue endoa) lawerobémited in
the el apsed-tine tinmestanp node. FIG 7 is a basic flow chart of a
functioaled¢ dispbapividednvilfidi catsbertt Hat s swasle | perpesatunentand &n a
war m up peri od. FIG 8 is a basic flow chart of the time measuring
syst emi¢pheamirationneisi mestlanpfoondethe recorded (logged) internal

temperature; and when a result of the determination i1s 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

1 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 wvalue ("Z data"™).

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

claim 14 of the present invention, in the maintenance expert system

14



FIG 9 is a flowchart of time neasuring processing of the real-tine clock
IC (RTC) in the real-tinme tinmestanp node. FIG 10 is a flow chart
for detecting power shut-off in the real-tine tinestanp node. FI G
11 is an error-logging flow chart in the real-tinme tinmestanp node. FIG 12
Is a circuit configuration diagramof a CPU of the maintenance expert
systemfor a neasuring instrunent, which is illustrated in FIG 1,

according to a second enbodi nent. . .
for a measuring instrument, the real-time clock IC (RTC) according

to 'any one of claims 1 to 13 switches between two modes of an
elapsed-time timestampmode anda 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, ina hermetically sealed casing,
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
frequencyof the flow tube; detecting, byanelectromagneticpickoff,
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 Coricolis force generated

15



FIG 13 is a basic flow chart of an internal-tenperature nonitoring
function in the el apsed-tine tinmestanp node. FIG 14 is a basic flow chart
of a function of displaying an indication that the neasuring instrunent is
in the warmup period. FIG 15 is a basic flow chart of an

I nternal -tenperature nonitoring function in the real-tine tinmestanp node.
Best Mode for carrying out the Invention Referring to the draw ngs,
description is given of a maintenance expert systemfor a nmeasuring

i nst r uB RS ELBNHURE  BY elfinfdif sy drd ViR da RéopriedembyithredriBangs
appl i ed.

means implemented by a combination of a ccil 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 1line, 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 values 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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The "mai ntenance 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 abnornal state) observed in, particularly, such a
measuring instrument as a flowreter, a thernoneter, a baroneter, or a
spectroneter (densineter, densitoneter), and, in a case of problem
occurrence in the neasuring instrunent, provides assistance to a field
engi neer in dia nqsin? the cause of the problem In this description, a
systenﬂﬁﬁFéHmBngFB§§ &sBrstfanBé AatexanpAing t RBJopER&e oN1§haté 8nvt he
measuring instrunment at the time of maintenance is referred to as the

"mai nt 8AGAJ® gpfer the e of Meceiphice ol imetabhat hppl i & IhpehiBdble
description. [First enbodi nent] The mai nt enance expert system
accor dingetsifllye gpeeperithe mientatdrer o tlyst ehtehs thppy obiydbsyingt hheespect
to a nmeasuring instrunent such as a flowreter, a thernoneter, a baroneter,
or a spesatuotmpednEtdensiemet et sedénsetameer o, thssmshaficetueea.fi el d

engi neer in exam ning the operation state of the measuring instrunent when
mai nt enance (nmai ntenance/inspection/repair) is perforned for the measuring
i nstrunent. In this enbodi ment, description is given by taking as

an exagplerapeatkebiksohl ewneher prahiiehsis a typical flowreter having a
measur enent control function for acquiring the mass flow rate and/or the

density of arthbuid it0abe-HBASHI8Giagram of afth&3 nilehsSnde SCHRIML kG sPieagr am
of the mai ntenance expert systemfor a neasurenent control apparatus

(corregapndi AB-LA-kRE. 1RERSUILAG LRSLEUTRG! ol RkhErcClAkMBhyeaad e same

applie ereinafter) “in the Coriolis flo ter acc ing to the present

LA BTEAE USRS L kUSRS, Rucaetloueast a0ty o
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. 4isaflowchartoftimemeasuringprocessingofareal-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 logging flow chart used when an event (for example,
error} has occurred in the elapsed-time timestamp mcde.

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 sysiem 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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In the figure, a neasuring instrunent 1 constituting the maintenance expert
systemincludes a CPU circuit 2, a power supply circuit 3, a detector 4
for detecting a Coriolis force acting on a flow tube, a display unit 5 for
di spl ayi ng necessary informati on such as a neasured val ue, and an

i nput/output (1/0O circuit 6. In the figure, reference nuneral 7
denotes a communi cation tool such as a conmuni cation control apparatus for
renote control. ~ FIG 2 is a configuration diagramof the CPU circuit
2 of the mai hlenallele@pdldovspbasin fart Aot €orinl RO BBt IWinckhpes
illustrated in FIG 1, according to the first enbodi nent. Ref erring
to Fl Gedal-theeCPUnebteupt m@dencl udes a CPU 9 provided with a function of
receiving inputs of signals fromvarious sensors; controlling driving neans
i mpl ement ed B¥Ga édnhisnain oarodralegoigingndlavwnagreett, im ther ebplakttimenat el y
drive the flow tube at an alternate-driving frequency, which is the sane as
t he ei genebtenpemeydeof the fl ow tube; detecting, by an el ectromagnetic

pi ckof f, a phase difference and/or an oscillation frequency proportional to

the Coriolisptorcezgeses atetbinic tdenfiqyrdthen whietgddie 41 ewdrabefi she
alternately driven in the direction of rotation; and calculating the flow

rate ofathechhHibd tephernedswead sdY o hsadhPhOi hBF eugbnt hewhliew twbe.

The power supply circuit 3 is a device for activating (ON) or stopping

(OFF) the,Corhoblsihl pwaet er. sTRhe QW tBURPLYEEhHC dinbodimgngQnnect ed to
the CPU circurt 2, and when the power "supply circuit 3 is powered on, power

is supplied t he ,CP I et e acki vat i [ oY N1 2
pp ??G 3L %hgﬁ%gdﬁ%l$${%ﬁ%¥ttﬁk ud lﬁgeEﬂgﬁgﬁgg,gf%?gE :

Wth the actlvafion §) Clrcui e Coriolis riven
to Staﬁ&n?@%%%ﬁb”%uﬁ@%ighowh 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) obsexrved 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

18



rate of the fluid to be nmeasured which is flow ng 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 neans inplenented by the
conbi nation of the coil and the magnet in the flow tube. The detector 4 is
driven by the power supplied fromthe 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 oth¢heanpai 8t 6he PRSI @ed, IvhitdH § st EintePby tabrefeti ¥aichy the
CPU circuit 2, detection input data fromthe various sensors based on the
Cor i ol peoY bies agensitange imexapininwtheoe raie il 8phhg odrihe Beaaybeng
configured by, for exanple, an LED display, but in recent tinmes, liquid
cryst ainssrusedt kbn tths thibediofennainbenanbe dissprafexmeéd 5oi ssobhegured
by a liquid crystal display. The input/output (I/0O circuit 6 is a circuit
for i ntudintgndata edelcadt edsbymt he Heard iousfisensohs dznd AppCPEsdirr this 2,
and exchangi ng data between an external apparatus and the CPU circuit
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 inexamining 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 fiow 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 cirxcuilt 2, a power supply
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2. The input/output (1/0O circuit 6 is driven by the power supplied from
the power supply circuit 3, thereby receiving data fromthe various sensors
and exchanging data with the external apparatus. The communi cation tool 7
is located at a position distanced fromthe Coriolis floweter, and
exchanges data with the CPU circuit 2 via a comunication cable or the

| i ke. The conmunication tool 7 is capable of controlling the CPUcircuit 2

froma renote | ocati on, . o )
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 CPUcircuit 2 includes a CPU S provided
with a function of: receiving inputs of signals fromvarious 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 CPU circuit 2. With the activation of the CPU circuit

2, the Coriolis flowmeter is driven to start measuring the flow
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and is capable of substantially controlling the Coriolis flowreter.

As illustrated in FIG 2, the CPUcircuit 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 tenperature neasuring IC 10 is connected to
the CPU 9 via a bus line (not shown). Further, a real-tinme clock IC (RTC)
11, anEEPROM 12 beinga rewitable non-volatile nenory, and an FeRAM
(ferroelectric nenory) 13 being a non-vol atile sem conductor nenory which
utilizeateer¥ deredtriid hysherteasiines ¥bdedi afel poding V1 zat st flew

spont aneous pol arizations with "1" and "0" are connected to the CPU 9 via
bus |ihese.The real-tinme clock IC (RTC) 11, the EEPROM 12, and t he FeRAM
(ferroelectric nmenory) 13 are connected to the CPU 9 by using a serial
interface. The d&bhecper nhrdetfemics itdre dfonive imifnrermageaceyted igyshem 1
configured as descri bed above is data | ogging, and a tinme neasuring system
pl ays abownpdrd,ably abterndielhidsiethadi e filowat bioe ldy the khtitveimyg fibackup
battery) is not provided, and hence though the real-time clock IC (RTC) 11
i's provigedmehtetShi MRS st dihiei A Ht Poifi fOF MU WA I eala tHhae rbighe tneasyhenent .
To address this, in this enbodi nent, the tinme measurenment i s executed using

two nogeswofusd. elrersgdtbbiBrtd MRSHRNPADSE tAdpawkeasupp MBed ifiRst @RB node.
In the el apsed-tine tinmestanp node, the tinme neasurenent is started at the

pover - 98y EF AR Iy 80rcufP 3( ThdeHETor QNN B8 RATRGRRUSNA det@BEelS
continued whil'e the flowreter (converter) is operating. This function is

di sabl f {RctPEofeplpd | {8 JMBLATHdTRIS (A R&1FEICHIPBA L REXbn 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 senscrs based on the Coriolis
forcegeneratedinthe flowtube. Thedisplayunit S5maybeconfigured
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 inpuiting
data detected by the various 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 receiving data from the
various sensors and exchanging data with the external apparatus.

The communication tool 7 is located at a position distanced
from the Corioclis 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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In the real-tinme tinmestanp node, after the converter is powered on, an
operator sets actual date and real time (hours, mnutes, seconds) in
advance, and then starts the tinme neasurenent ( flowreter) . The tine
measurenent thus started is continued until the power is turned off or

until the node is shifted to the el apsed-tine tinmestanp node.

Swi t chover between the two nodes is perforned by the operator using the
communi cation tool 7 or the lik n this enbodi nent, the EEPROM 12
and t haPfdrRARRPRELE G éhﬂpFFénFré%uly)C%:%Jehﬁ}go*eha&?rwsaifi’-wméﬁﬁrpu eces
of data are stored therein. The EEPROM 12 stores el apsed-tine save
data (referr@d tblustraeftiar FIGnd2 el dps EFY earchilfe? s @reaidecr eiehred to
as "F data") . The FeRAM (ferroelectric nmenory) 13 stores: el apsed
oper at tha €PWed ( andlltée CEUt Py mipvidedfbitlednteraal’ Blogratpubbeng a
total operation time period of the flowneter (converter) ;

power - abpoyBmlartdy 98¢ cuFnenicer cambndatditiehel rbthdtoias, 'aDtdapatature

i ndi cating the nunber of tines a power abnormality has occurred; data
(refermedstipiag I'dldat & conohkicaienieto hhd 087 hgikhe bussbane efnoreatvnet an
alert being a warning nmessage and of an alarmcalling attention, results of

sel f - dragopsrs a Bduh poes cObEXITOERTE N el RAl ELERMel Aludied Dgedat aabref erred
to as "H data") obtained by recording the tenperature neasured in the

her net healiyi1seah edndh@petaid Georvaniel ferrgdteabri Aiddmreals beimgset

value (referred to as " data")
a non-volatile semiconductor memory which utilizes ferroelectric
hysteresis to associlate positive and negative spontaneocus
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
serial interface.

The primary function of the maintenance expert system 1
configured as described above is data logging, anﬁfa 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 is 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-onfrom0:00:00 (0 hours, 00minutes, 00 seconds},

and is continuedwhile the flowmeter (converter) is operating. This

function is disabled in the real-time timestamp mode to be described
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The mai nt enance expert system configured as described above has a function
of logging the state of the flowneter, a function of nonitoring/logging the
internal tenperature, a function of neasuring the operation tine period of
the flowmeter, a function of detecting and recording a power abnormality
caused by an instantaneous power failure occurring imrediately after the
power-on, and a function of displaying an indication that the flowreter is
in a warmup period. Next, those functions are described. (1)

Fl owref@KLst at e |1 oggi ng function : This is the function of |ogging the
state of the flowreter, and includes the follow ng functions. a)
Every tinme ahnéyentedimdives khgeshanprwde,of f e the qorsreartegcesipewerador der
to assign a tinmestanp of the el apsed tine, the el apsed operation tine
(cumul ahj vent ppeyatiarasenhi ehtiglt Heteokatl opelatine theerpermodubést he

fl ommeter (converter), is logged as the "B data"” in the FeRAM

(f erroskechds( inmedvarcd 3ahdithg i diea niow £ e ltdind resemnr ymert dAgownthetrhe

| oggi ng of the el apsed operation tine (cunmulative tine) data ("B data"), a

measur glet t iffe i At 0dmd e Hread stiafeeel askcdfr (RI&E ddti s wlspdwegged as
event log data ("G data") in the FeRAM (ferroelectric nenory) 13. b)

I n ordenrhedassi gR uhtliilMess <01 s bhe fidedlr 4 ehapsed)saenide 1 pewehmps shut
of f, which is one of occurring events indicating the state of the

fl owmrelghe .t he el apsed-tinme save data of the neasured

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

The FeRAM (ferroelectricmemory) 13 stores: elapsed operation
time (cumulative time) data (referred to as "B data™) being a total
operation time period of the flowmeter (converter) ;
power—-abnormality-occurrence count data (referred to as "D data")
indicating the number of times a power abnormality 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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time value of the real-time clock I1C (RTC) 11 is recorded as the "A data"
in the EEPROM 12 bei ng the non-volatile nenory when the power is shut off.
c) As an option of the function of assigning and recording (logging) the
timestanp, the real date and the real tine are recorded in association
therewith as the "G data" in the FeRAM (ferroelectric nenory) 13 being the
non-vol atil e nmenory. d) When the power is shut off during the
operation in the optional function, as a real-tinme tinmestanp, the neasured
time viduesofZtéetaeht-tinme clock IC (RTC) 11 is recorded as the "F data"
in the EEPROM 12 being the non-volatile nmenory. (2) .Operation-tinme-period
measuri ng f ublce imyintenance Bapsritssyhtehuerrf biredd mEndesicagberdealbpeeat i on
time period of the flowreter (converter) . In order to cunul ate the

oper athas 4 i Tenperdmd { dlapsied ttihee stiarmeedifatbey fabvaetehe &1 dwneteen
(converter) is activated, the operation-tine-periodneasuring data, which is
obt ai nefl hynpebt-angi/dggthagt ithe neasereatntemperytane, haurflwyctimn i afer nal
timer counter built inthe CPU 9, is recorded (logged) as the "B data" in
t he FeRAM(Fengoehecdpd Ca s riyimd peiory dhehroflvehmatice aefonytidhe
operation-tine-period nmeasuring data is counted up in the FeRAM

(ferrogkecidticeaMY Yand 3redadding | 0f poill aibiSrnpdet edcaided by an
Abnor mal - power - on “‘det ecting function This is the function of

det ect iﬂgtéﬂéaﬁ%@fwg %hﬁﬁ%r(ﬂﬁ%l%f@%c@u?ﬁ%ﬁ 1 akagk Bakil s i chhopswes-BhAgn the

power is shut o i lately
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 (ferroelectric memory) 13 being the
non-volatilememory. Alongwiththe loggingoftheelapsedoperation
time (cumulative time) data ("B data"), a measured time value of
the real-time clock IC (RTC) 11 is aiso 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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after the floweter (converter) is powered on. The cumul ative tinme from
imedi ately after the activation (imrediately after the power-on) of the

fl ommeter (converter) until the power is shut off is obtained through a
subtraction, and when the cunulative tinme is short ( for exanple, three
seconds or shorter) , a power abnornmality is considered to have occurred.
Then, the abnormal - power-on detection data, which indicates the nunber of
times a power abnormality has occurred, is recorded (logged) as the "D
dat a" thmehealFe®Mf (the red ectie ehamt YIC 1RTERi Ad dise ra6pTd6Haas| Ehfrenory.
The information detected by the abnormal - power-on detecting function is

di spl ayBddanat hin ditep| EEPRON t15 hefincha hfd owmetverl atddevaenery. whan the

War m up- period indicating function This is the function of displaying
an i ndpgattronst hattt bEff| owneter (converter) has just been powered on and
is in the warmup period. The el apsed tinme since the power-on of the

fl owmret er (convaested )opisidreasiingd Hurdtd dmboer Balksigntey eadnretobdihty i n
the CPU 9, and the indication that the flowreter (converter) is in the

war m UIPl@Q?iLﬁQ) ithedi sRkayedp PR hehee di spltayandicheSredl thnefd ovieterded
(converter) for a given period of tine. (5) Operation-tine-period nmeasuring

functi 9f associatAdhErebaldchsPravidedatar theneuranzal iiverebapsedrtbne of
the fl oweter (converter), and when the curnul ative el apsed tine obtained by

Cunvla&%ﬂsrggelgpsééagoeh&iﬁenpeahgeimeaaEﬁegyevery one hour by the
ti | CPU 9

i nterna r countef built 1 n the has™r eached

d) Whenthepowerisshutoffduringtheoperationintheoptional
function, as a real-time timestamp, the measured time value of the
real-time clock IC (RTC) 11 is recorded as the "Fdata" in the EEPROM
12 being the non-volatile memory.

(2} Operation-time-pericd 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 Iflowmeter
(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 inthe 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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the threshol d, a nessage recommendi ng an inspection of the flowreter
(converter) is displayed on the display unit 5. Next, description is
gi ven of operation of the maintenance expert systemw th reference to a
flow chart. FIG 3 illustrates a basic flow chart of the tine
measuring systemin the el apsed-tine tinestanp node. Referring to
FIG 3, when the flowneter (converter) is powered on, the flow starts.
After the start, first, in Step 50, the time of an internal register of the
real - tafreexci|tdekILopRrer (conwerimr )t 6s"PRYEadone hbue surggd-akiyig esme 00
seconds), January 1, 00 (year)". After the time of the interna

r egi st romf irrediedlelty nef téockheC {RTGjalion s (damedna8eéy 5Etem Shep 51,
an interrupt occurs in the internal timer counter 9A built in the CPU 9,
and t hgowatesnplof ither ftounteer9fcodsveetet p Urth'l tbeepbwer)is shut offt er
the internal tinmer counter 9A is set to "I h" (one hour) in Step 51, in Step

52, thesreptaihs® theskghCG( RIErrddcionyhieal wwhent the bamubeenvsetihe
"0:00:00 (O hours, 00 mnutes, 00 seconds), January 1, 00 (year)" starts

the ti{e sMRasUl£FEBkaMPI®, ik 80c6AABA ShoPPeA) Nut@Sve PAbEEERAUST v
January 1, 00 (year)".

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 is displayed on the display unit 5 of the flowmeter
(converter).

(4) Warm-up-period 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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After the real-tinme clock IC (RTC) 11 starts the time neasurenent in Step
52, in Step 53, the internal tinmer counter 9A, in which "I h" (one hour) has
been set, starts. After the internal tinmer counter 9A starts in Step
53, in Step 70, time neasuring processing of the real-tinme clock IC (RTC
11 is perfornmed. The tinme measuring processing of the real-time clock IC
(RTC) 11 is executed in accordance with a flow chart of the tinme neasuring
processing of the RTCIC (real-tine clock) 11 in the elapsed-tinme tinestanp
nmode, Whedhreshaldsamasahdanreeamanding an igppestienofythefilemmeRerst art
of the time neasuring processing of the RTCIC (real-tinme clock) 11, first,
t he tifeonwesteeiens dispheyRACohCtheedispilay thdtkp-11 is perforned in
Step 71, and then, it is determned in Step 72 whether or not an interrupt
has occurredNertt héesoatgphabnt iseyl caurderop®@adiuidit af thiee mERdt@navben it
is determned in Step 72 that there is no interrupt occurring in the

i nt er nakpkirAeEyeaunt @i tBArbifielrbnce the aCRUo®, chetprocessing returns to
Step 71, in which the time neasurenent of the RTC IC (real-tinme clock) 11
is perfornedrubi| @ yaiddeadOs ABasNterNBpt ch@roCsartid tike mekeurahgt i mer
counter 9A built in the CPU 9. Wien it is determined in Step 72 that

there E§s@@mi@he%hépblgﬁ%BBLkﬂ&ei@ih@%tb&?ehﬁah.tiner counter 9A built in
the CPU 9, in Step 73, data indicating a apse of one hour is stored as the

"B data” in pcpartiaghdy F_@@@'lrﬁséhéﬁ ttﬂéeffgﬁﬁéftéieﬂc!o?x‘%'(e%terﬂ)ci%%re)ﬂedl3-

Specifically, 1n the“particular address of the FeRAM (ferroelecCtric nmenory)

13, f j t - St i
2 bapsengicone dolid s added 0ot Al eadst oredegbagpecid wepevery

one hour’, eresultant is store e operation ft t he

fl s I i d h
(| ouml 6t o OMEEASD )t aner 1 K05 BILIRRS laperPoliats pdd te the

time pepr a o6 QTR Pe s’ oP Mgt Al Trad e GRer ner O SREE he.
el apsed 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 9A built in the CPU 9, and the internal
timer counter 9A i1s set to "1h" (one hour).

After the internal timer counter 94 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 9A,
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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time ("B data") stored in the particul ar address of the FeRAM
(ferroelectric nmenory) 13 has reached a preset tine period (for exanple,
8,000 hours). Wien it is determned in Step 74 that the el apsed tinme stored
in the particular address of the FeRAM (ferroel ectric nmenory) 13 has
reached the preset tine period (for exanple, 8,000 hours), the nessage
recomrendi ng an inspection is indicated on the displayunit 5 in Step 75,
andt hepr ocessi ngproceeds to Step 76. ~On the other hand, when it is
det er TAeRI® Jilepsmretisted Ho agrardenve BlEpsedlorngharp efatde) tikered in
the particular address of the FeRAM (ferroelectric nenory) 13 has not

r eachetlegherpnegsprocemeiper icdd thitoRIEx aifp| e5e sl Ooordoeksdk) t he prothssi ng
proceeds to Step 76. After the nessage recomendi ng an inspection is
i ndi cat¢bdpsadthemdi sphaytampt mbden 8héph75s ollabtertietd is HEGerdined in
Step 74 that the cunul ative el apsed tine ( "B data" ) stored in the
particul ar agideessiohll g afeRBAMHKH4 etnoeleCthe ¢ imemxyjudthdpsonetsiagched
the preset tinme period (for exanple, 8,000 hours), in Step 76, the tinme of
the ingeronk RrRegi sterrehithemeealotkyelcl oekrk€, (RRE) clhei Besstirkaen®: 00: 00
(0 hours, 00m nutes, 00 seconds), January 2, 00 (year)", and the processing
returngrt ehst BRPc7ic (real-thRet RIScRRNNEr i st BerFbiReAEABUEEEBNY 10f ahRe RTC
IC (real-tinme clock) 11 is continuously perforned, and the cunul ative

el apsednLhMe; £ " £ ¢l onitidy 86 isfﬁeghezpﬁlﬁé"cﬁékaér gy &g i?xftetr%p'%eﬁé%ﬂe

(ferroelecfric menmory) 13 is kept being recorded (logged).

fl OWBSE?QEQQV&E el iHEééPﬁaE?t‘F’]‘fgﬁﬁi A dQr 0809E; { €8 gpl(ef Oby &xanphey, the

oper at or I nishi ng neasuri ng owrate, a system ure due to an
aonor THL LY R AR en o gl N P50, 0, SLAR S AL LR bast <
uhi ch 13 04 USHERted EBnEL Qo & PABL L 1 £1GNRLRo! G2t pr 82NNk
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 2, in
Step 73, data indicating a lapse of cone hour is stored as the "B
data" in a particular address of the FeRAM (ferroelectric memory)
13. Specifically, i1n 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 (ferroelectric 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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Thus, in the basic flow of the tinme nmeasuring systemin the el apsed-tine

ti mestanp node which is illustrated in FIG 3, it is determned in Step 55
and Step 54 whether or not the power-off signal, that is, the shutoff
signal for the flowreter (converter) has been issued, that is, whether or
not the power-off signal has been detected when the flow of the tine
nmeasuring processing of the RTC IC (real-time clock) 11 in the el apsed-tine
timestanp node, which is illustrated in FIG 4, is being executed in Step
70. time WiBn data"y detared nbd Fhespéﬁtaguﬂmﬁ QQQ¥%ﬁﬁw9foF$esF@ﬁéM for
the flowreter (converter) has not been detected, the processing returns to
St ep 7®fernoahechr@ﬁememgmybf1Bhbaﬁ|ﬁ@aﬁhaéuﬁ|pgepﬁﬁcﬁg@EngeéﬂOﬂhéerc | C
(real-time clock) 11 in the el apsed-tine tinmestanp node, which is
i|lusteaasdlen & @0 4owonki nMﬁEwtdtbésedetermﬁneduﬁmfﬂxentﬁﬁ’thamdthahen it
is determned in Step 55 that the power-off signal for the flowreter
(conveelapgetastiheensdetredt eth theStpprbbculde aedapsed t offe ttepr @sBAMed by
the neasured tine value of the real-time clock I1C (RTC) 11 obtai ned when
the fl oreeteelbeonyern@horys ShaOfrkachest ehedBSsSavE iR (il daba”) in
t he EEPROM 12 being the non-volatile nmenory. FIG 5 illustrates a

flow chakhpler devesthdgrs) poves @l ddadbrineddigElapsedpeichr ohi fBst anp
node. SpeC|f|caIfy, t he fIOM/chart for detecting abnornmal power-on which is

i |l ust Eﬁ&i@@at@d%‘rﬁihédh§p§a9ru(?ﬁ@c3§hﬂ%ﬂcé;m\&} usgd r@@eéé‘:?ﬁt?ﬂ%@@@@ﬁ% power
failure (OFF) has occurred in the flowmeter (converter) due to abnornal

power - 98 Sgégaaganeously after the flowneter (converter) is powered on.
First, the fl owmeter (converter) is powered on, and a flow for

I
Step 81

f uth | d h
reasur 6™ Ptf%%%éie e feePobe el o S PR TRy T SR ST At k= no
fl t t off, wh t d t
read otif, ts PR e S8 Gy *ﬂ@ﬁ@'c'} 13 B0 e es KNRPEEoFtor e

el apsed . ti ne repres nted b d tinme value of the real-tinme clock
| C (RTE)meElp%tlafjné Oﬁhéﬁag‘ﬁé-efl ge\nﬁéhef‘o(‘l(’féﬁveﬁ‘?r Pr°§e§ﬁ&PgoPFOC\?ﬁﬁéh i's

stored _in the EEPROM 12, the flow for detecting abnornal power-on in the
el apseliot PHEPt /Rest anp node, which is illustrated in FIG 5, is disabled.

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 continucusly 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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When the save data ("A data") of the elapsed tinme, which is stored in the
EEPROM 12, is read out in Step 81, in Step 82, the elapsed tine data ("B
data") is added with the neasured tine value of the real-tinme clock IC
(RTC) 11 obtained when the flowreter (converter) is shut off, that is, the
save data ("A data") of the elapsed tine, and the resultant is stored in
the particular address ("G data") of the FeRAM (ferroelectric nenory) 13.
When the save data ("A data") of the elapsed tine represented by the

neasur ed ti nBhedikamstahd copgerters BRBARE PCVERES o1 Wé%rﬁﬁéﬁnt he

fl ommeter (converter) is shut off is added with the el apsed tine data ("B
dat a") {fendexhepiesuthanepesatoor Edniahing papshcinar thadfésy retedaka”) of
the FeRAM (ferroelectric nmenory) 13 in Step 82, it is determined in Step 83
whet hesystemofatherd idme ger isodrbasumediby ihetheappamtud ockd.C (RTQ) 11
until the power is shut off after the floweter (converter) is powered on

i s equahifazde sHor Beept hamfatheesesitifmwehard ¢fdrhexdms mpathrésag
seconds) fromthe time of "0:00:00 (O hours, 00 m nutes, 00 seconds),

Januar yyate@0if naad k1 ageleamtamd henkkoamet RodEcwniel tiey §i lilsispaweredian.

When it is determined in Step 83 that the tinme period until the flowreter
(convegrt€r) 3] Sapowwrs £ of fod $nd0! Etalid,0 Dsrshyfesilghan tikeipsasal time
period (for exanple t hree seconds), the Tl ow for det ecti ng abnor mal

power -on in thesel apsas tddm 4 ifTRst arptARde ndhh&dshSind |disdtat a6 itheFl G

5 is termnated’ On the other hand, when it is determned in Step 83
t hat t?fa%!sga 9%@09111#'5{:&1 %hﬁoéé QUTRLEN o 9@%@%&%@3& snPeyer ed ofif jiss
equal shorter than t% preset tine period ( for exanple, three

SeCO”daégeafngngﬁ% §€‘ t5%ea19c9\é’% P@J‘%E‘Ehbﬁcyoro {:'rt &d&]@u@ %‘llal ty

I ncrenen tant 1s store In a power a I’lOI’

count e£h$§';Dis9'?tt Qsh\{%t}%@ 31gnalafc§) th'eC%&%m%e%ggr ?égn\%r{&? hee@o‘ween

issued, that is, whether or not the power-coff signal has been detected
when the flowof the time measuring processing of the RTCIC (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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(ferroelectric nmenory) 13. When t he power-abnormality-occurrence
count is increnented by one, and the resultant is stored in the particul ar
address of the FeRAM (ferroelectric nenory) 13 in Step 84, in Step 85, an
indication that there was a power abnormality in the previous operation is
di spl ayed on the display unit 5, and the flow for detecting instantaneous
abnormal power-on in the el apsed-tine tinmestanp node, which is illustrated
in FIG 5, is term nated. FIG 6 illustrates an error-1ogging flow
chart in theFékapseditlustrivest anpf hwdech8pécifixablbyecthagera opeweygi ng
flow chart of FIG 6 is a processing flow chart used when the operation

st at e ébhermsiiapciel shepplapsad-tamaltamemsoampmader t Speasifiitesldfy, the

sel f-diagnosis, etc.) of the apparatus is |ogged (recorded) in the

el apsedibwneharaesbanpetedeing abnorhbilspowaheonswhhicanievéniluasribed

i ssuance/ renoval of an alarmor an alert, or the execution of the

sel f - diagnosi sshas acgubtedsingt AeoH| aweEt fhefic@AvehkeahthReSUEPROReri N
Step 91, the tinme neasured by the real-tinme clock 1C (RTC) 11 at the tine

of thergeeyreeneerdf nhle eventrdd itheHd opimirsrd COVERTEFd et b GBALAUL.
After the time neasured by the real-time clock I1C (RTC) 11 is read out in

St ep 9&19&?Prtnﬁi%v?@r-c%rlﬂ%n%'t%l?l%%@letdu@y( aBrdat@ng SlRnke d (EBRyRREEKEUl ar

address o e FeRAM ( ferroelectric nenory) 13 is read out. After the
el apsejc_ist'gge%g data") is read out in Step 92, in Step 93, the content
(the issuancé/renoval of an alarmor an alert, the execution of the

Lf-di . . . I
Cconver tary FL5RG 2t SR SOl o Heal By aHAr n TRt fHe) sbenHEd Sy Elhe
| -ti K. 1C(RTC) .11 at.the t] f th f.th t ot
{ho. cuMDMAT " EPEREEa SRErA bhe CPHESEo B aRPHeY B THE Frighegrr el | °
(convertelr:’%l?_\é\/?%%h i,s.read _out from %gsﬁparti cul ar address of the FeRAM
[

(ferroefte REAYF118, tAPES5EGPe ‘the particular address ("G data")

of the FeRAM%ferroeI ectric menmory) 13. Then, the error lo %in flogw in the
el apsed-ti me? F%SF%%SE%HE,O%vt% Flov 1jrustheq &9 i FiESE- g ngepe fr nat ed.

The power-off time of the flowreter (converter) is also stored in the
parti ctih@r savdar dasa( (GRddeael) ot hESFERAREELeFiBE| EEPERECREREr PY EBe As
the power-off time, a resultant of adding the elapsed time data ("B data")
and t heeggvsedatame” Kadueacf shet headrapyedcipmE dAepr8dent dd pptepaed
measured time value of the real-tine clock IC (RTC) 11 obtained when the
f | owrevben(thaviernergtds (slemvegfte r) nreds i el of faf wéylchhaspowerednin $het or ed
(see Step 82 of FIG 5). In this enbodinent, up to 20 data itens can be
st or edEERROMelpar iscukap address ("G data") of the FeRAM (ferroel ectric
menory) 13, and new data itens which cone 21st and thereafter are
overwritten ont3xehelf iwisin tdataeciitseny swtviectia bas "Bedat 31 plogdt e kdtpsed
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, 1is 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 obtained when the flowmeter
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Further, in this enbodi nent, the neasurenent tinme of the real-tinme clock IC
(RTC) 11 is obtained through a cal culation perforned by discarding the
year, the date, and the hour of the time "0:00:00 (Chours, 00m nutes, 00
seconds), Januaryl, 00 (year)" set in the real-tine clock IC (RTC) 11. In
ot her words, only "00:00 (00 m nutes, 00 seconds)"” is used as the
nmeasurenment tinme of the real-tinme clock I1C (RTC) 11. FIG 7
illustrates a basic flow chart of the function of displaying an indication
t hat t h@CRBAVERT brls f9lvvimetidy) thati Asy hBheesaveigfe | Od dspecilf péathg, the
basic flow chart of the warmup-period indicating function, which is

i |l ustebeededitimeG and the gosddeassi ha SHwovwed har the fad bilserd aanaidddeeat i on
that the flowreter is in the warmup period is displayed so as to pronpt
the uséfGtoagale sif thei EaRABoNSedepral eonrio usinngyldetidcti on data obtai ned
i mredi ately after the flowreter (converter) is started up. This is because
t he fl ownet eWhécahnestee)ddtsE" R dstad] «i ahkeelapeel atialeyraptesehhed

fl ommeter (converter) is started up (activated), and thus there may occur

an errpy tihe hdes et @etinenyfdatfof the realTheibasileodd Dw(erant1bot Aened
war m up- period indicatingfunction, which is illustrated in FIG 7, starts

when tiigeRAWRY £iSwhbtBed @hvdrt©eP i 308huAbirer i § RRIGIERT tR)He1ppYWEH- ON in
Step 100, in Step 101, the nessage indicating that the flowreter

(converige)qdtss i(MBt AL 4@y My PREI Adsh B ghenlavedr-an iherd sRLaycUDLE 5.
After the nessage indicating that the flowreter (converter) is in the

war m upyRerLod s fsplhayedaa Fogadl ?Péﬂoé’féét?i%%é&@)ﬁ%% innsSLgp 102,

a setting Is _mide_ so t hat an interrupt occurs in the in timer counter
o0 oL DUt 4 Rk BLER LA L0 W S T A0 LI RO "
t hat akglyitq{ee'i:'é%eLtime 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 (forexample, 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
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occurs in the internal tinmer counter 9C at the fixed tine intervals (in
this enbodi nent, every 20 mnutes), the internal tinmer counter 9Cis
started in Step 103. After the internal tinmer counter 9Cis started
in Step 103, it is determned in Step 104 whether or not an interrupt has
occurred in the internal tinmer counter 9C. Wen it is determned in Step
104 that an interrupt has not occurred in the internal tinmer counter 9C

t he processin% does not proceed until an interrupt occurs in the internal
timer é68rtepleogtric memeryihé3ether hand, when it is determined in Step
104 that an interrupt has occurred in the internal tinmer counter 90, in
Step 105, théhapsthke@dvat cRIMyahidyt1drecylaire aoundodveinerpmested t he
war mup period, which is displayed on the display unit 5, is turned off,
and t heybasée #hdviclod tdwaliaamt ups perded iinmditdat pagtiicndeironddukisshois
illustrated in FIG 7, is term nated. FIG 8 illustrates a basic

f | ow chhet FeRAMhd feirtecieasutiicngesystyemlin irheSttegal 84, nent Soest &6p ande. I n
Step 120, node switching is set in the flowreter (converter), thereby
starti ngdi betfibawthAft ethddee kdoOwai poskar t@thdrmaStialy 120, the pPrepiddd, the

time of the internal register of the real-tine
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 or an alert, resultis 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 ogcurred
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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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 tine, the save
data ("A data") of the elapsed time, which is the neasured tinme val ue of
the real-tinme clock 1C (RTC) 11, is reset. After the real date and the real
time are set in the internal register of the real-time clock I1C (RTC) 11
in Step 121, in Step 122, the real date and the real tinme set in the
internal register of the real-time clock I1C (RTC) 11 are stored in a

parti cwhaﬁh%@&%%uxr%i #atae) T i FERAWEF ER F bePBEE FeswehBhbyRringd

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 out from the particular address of the FeRAM (ferroelectric
memoxry} 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, upto 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"O:OO:OO(Ohours,OOndnutes,OOseconds),Januaryl,OO(year)"

set in the real-time clock IC (RTC} 11. 1In other words, only "00:00
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When the real date and the real time set in the internal register of the
real-time clock IC (RTC) 11 are stored in the particular address ("Z data")
of the FeRAM (ferroelectric nmenory) 13, at the sanme tine, the timestanping
of the real date and the real tine set in the internal register ofthe
real-time clock IC (RTC) 11 is started. Then, the start tinme of the
timestanping is stored in the particular address ("G data") of the FeRAM
(ferroelectrlc menor After the real date and the real tinme are
stored (PR BmhRUpEFL i %él %?C%‘%i@}?b" $sig pEerhta® Ehst mere urerawt( fémeoetehpi ¢
menory) 13 in SteE 122, in Step 123, an interrupt occurs in the internal
timer teahtbimgAcharkt Ifn (REE)CPU-2, and the internal tinmer counter 9A is
set to "I h" (one hour). After the internal tinmer counter 9A is set
to "1h" (oneFhGury iinl8sepal3d, a aStiap I ¢hert eaf - theefvhotkohCofRTC)
11 starts the tinme neasurenent fromthe real date and the real tine.

After thepleghinti a® ldicdkatdionf RIGt thestanterthe {(fhewmeast) eireriin theSt ep
124, in Step 125, the internal tinmer counter 9A, in which "I h" (one hour)

has begargsetp Starisd. SpeciMfieillihe icheervadici MAowcoonbaet K staets in
Step 125, in Step 130, tinme nmeasuring processing of the real-time clock IC

(RTC) &émsupepéeﬁmdm&b@auﬂ@ FRASHIdNY WHDeesid 1a 16fs the deah Firoe

clock 1C (RTC) 11 is executed in accordance with a flow chart of
7, 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) is started
up. This is because the 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.

Thebasicflowchart of thewarm-up-periodindicating function,
which is i1llustrated 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 1is 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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the tinme neasuring processing of the real-tinme clock 1C (RTC) 11 in the
real -time tinestanp node, which is illustrated in FIG 9.

Specifically, after the start of the tinme nmeasuring processing of the
real-time clock IC (RTC) 11, first, the tinme nmeasurenent of the real-tine
clock 1C (RTC) 11 is perfornmed in Step 131, and then, it is determned in
Step 132 whether or not an interrupt has occurred in the internal tiner
counter 9A bujlt in the CPU 9. Wien it is determned in Step 132 that there
i s no PREBFPU toectrErrBal F iR CRUSLRE Ot idtetheobihted 9D EREETVALEhe CPU
9, the processing returns to Step 131, in which the tine nmeasurenent of the
real -t ke thbzle d(im)t,mvegy'pg@ fomvadsihi teewanE¢xep ¥ drimgyr caRUBEedpt to
occur in the internal timer counter 9A built in the CPU 9. When it is
det er nP@edlsi at8repdl132 Bhap fLA8re is an interrupt occurring in the internal
timer counter 9A built in the CPU9, in Step 133, data indicating a | apse
of one hour A$tstotled jastdmea? Bidetra'tountaerprCt isusttaraetdiries Stefp 168, FERAM
(ferroelectric nmenory) 13. Specifically, in the particular address of the

FeRAM { t ery aeteeint hednenetyp 1B whckapsevhoanm haterrspadaed cbeutred
al ready-stored el apsed tine every one hour, and the resultant is stored as

the operatheni ht8EnRErt0de Bf cbher &) OVOEt hdicanveard @ekermined iAf Gekpt he
| apse of one hour is added to the el apsed tine already stored in the

par ti cybar addeassn ol r fher R JRURIEEhMife FRIBENL 1 ISin@Pdoii@er
resultant is stored as the operation time period in Step 133, it is

det er npped. 49 8&&%@2@%{%&5 cdde slapsed, v Ll ?)%tc%'})s gtor ed

in the particul ar addre the FeRAM (ferroelectric nmenory) 13 has

reachegya pLEathat! FEmRE" LBARELQM oexanpl e, 8,000 hours).

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-period 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 switchingissetinthe 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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When it is determined in Step 134 that the el apsed tine stored in the
particul ar address of the FeRAM (ferroelectric nenory) 13 has not reached
the preset tinme period (for exanple, 8,000 hours), the processing returns
to Step 131. On the other hand, when it is determined in Step 134
that the elapsed tine stored in the particular address of the FeRAM
(ferroelectric nmenory) 13 has reached the preset tine period (for exanple,
8,000 hours), the nessage recommendi ng an inspection is indicated on the
di spl ayeghstes ¢h Grepramb;thml eechrideedithg Iletldr $&ePo 18depinagtep

In this manner, the tinme nmeasurenent of the real-tinme clock IC (RTC) 11 is
cont i nldas| yhperdak ed.e and the ctesll bineesel dpsadiet imsegnBldaegiytseror ed
in the particular address of the FeRAM (ferroelectric nenory) 13 is kept
bei ng cEddrdedaltoimedlock IC (RIMB 1lawmmeteprédanyerntar)iamdrragduwesed of f
for sone reason (for exanple, the operator finishing neasuring the flow
rate, a"zysiearfavcfutkedBeRhM dbcaboelsatiriy mBmbhe)apparatus, etc.). In
this case, in Step 127 of the basic flow chart of the tine neasuring system

in the real -whek thenksiloap: avgel yie ebal 3 iind sist fatted imt&thal Begaspever - of f
signal, that is, a shutoff signal is issued. Thus, in the basic flow

chart @f the tbHE-ARASUEIBEKSYSt efrCh theakgaktbikrBB thMeatapRri@dgiwhi ch is
illustrated in FIG 8, it is determned in Step 127 and Step 126 whet her

or not 5 5he-poWery ffr H110RA £hbhRERME, (EOBrSBVESES: 8ir@drd P13 hatf Lawet er
(converter) has been issued, that 1s, whether or not the power-off signal

12 Dobngd S et ancol et O i om, masug oot oo g L e

time timesta ichi1s

11 ust £lqtt?1% :irpcé:fn%l ?eg&gtggior}gt}?é(fggiggi}n@ c%to%gc f@QRTC) 1llis started.

Then, the start time of the timestamping is stored in the particular
address ("G data") of the FeRAM (ferroelectric memory) 13.

Aftertherealdateandthereal timearestoredintheparticular
address {("Z data") of the FeRBM (ferroelectric memcry) 13 in Step
122, in Step 123, an interrupt occurs in the internal timer counter
89A built in the CPU 2, 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 123, in Step 124, the real-time clock IC (RTC) 11 starts
the time measurement from the real date and the real time.

After 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 seit, 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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When it is determned in Step 127 that the power-off signal for the

fl owreter (converter) has not been detected, the processing returns to Step
130, in which the flow of the time neasuring processing of the real-tine
clock 1C (RTC) 11 in the real-tine tinmestanp node, which is illustrated in
FIG 9, continues to be executed. On the other hand, when it is
determned in Step 127 that the power-off signal for the flowreter
(converter) has been detected, in Step 128, the el apsed real tine

repr esehpel by {REChebkuredEa9qiamhiige ssfcagancgaitinmg ElewkchertRre) 11
obt ai ned when the flowreter (converter) is shut off is stored as save data
("F dathe)time tihea EEPROV Mo ded signd hef ridre vsladt-itigmemedock. IC (RTC)FLG 10
illustrates a flowhart for detecting power shut-off in the real-tine

ti mest anptidesal-time tHmesdtamm nBidyp I40,clt Hes filldwsetrerttedcanveitGer P.i s
powered on, and a flow for detecting power shut-off is started in the

real -tine tigpstbfpcadUR, after tiAf cearthed shattinefmddwufironpkocS:epnd4o0,
first, in Step 141, the save data ("F data") of the elapsed real tine

repr esgit ele byebNet MRasuledkt Toe (RatYe10f Ehesteathbi gemel AekshEehBAE) 11

obtained when the flowneter (converter) is shut off, which is stored in

the EEPROMid2sedB-¢8RE Odck 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
cccurring in the internal timer counter 924 built in the CPU 92, 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, 1in 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 (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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After the save data ("F data") of the el apsed tine, 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 nmeasured tinme val ue of the

real -time clock IC (RTC) 11 obtained when the flowreter (converter) is shut
off, which is stored in the EEPROM 12 with the neasured tinme val ue of the
real -tinme clock 1C (RTC) 11 obtained when the flowreter (converter) is shut
off as the shutoff of the flowreter (converter), is stored in the

parti ctil®e dd8r cedq™c Yzed v the PerAMCHlerr seldass OfehbeyFeRBY n
Step 142, and the flow for detecting the shutoff in the real-tine tinestanp
mode | $fesEaphactdic memoryE| &3 hasi rrashedt aspapsekr simeoggiragdf (§axrchart
inthe real-tine tinmestanp node. Specifically, the error-1ogging flow of
FI G l1é¢xampaepr 8¢€88i hgukbdbw chart used when the operation state (the

i ssuance/ stopping of an alarmor an alert, results of self-diagnosis, etc.)
of the appar@has iitsikatgesr{iresdidett)ep 1 3hehaedhd elrepsedesimsnptoodd.
First, when such an event as the issuance/renoval of an alarmor an alert,
or theisxekdtipontdiulhe selfeskh aghadies REFEAMqEE TR liek tirie hetorgt en 3
(converter) in Step 150, in Step 151, the real tine neasured by the

real -t hee wdOGled bdRE6E ddeadt tihignd AR 104 theraseatgence afod Reuewent in

the fl oweter (converter) is read out. After the real time measured

by thetﬁéaFrbbgﬁsEhQCKekﬁiﬁBTE% é%ePSlBﬁad out in Step 151, in Step 152,
the content (the isSuance/renoval an alarmor an alert, the execution of

the self-di agHosis ochled hafl, Ui ¥ent Wil chase gaGisted 194 b Lauet o

(converter), and the real tife neasured the real-time clock 1C (RTC) 11

ar e stgiggseghtﬂwagmghar fddiess, (s &9@1@? Dladie FERANS eptaglect ric

nMenory the error oggln oW I'n e rea tlne tlnestanp node
whi ch k??rroe 1c ﬁéth ﬂé?l%?r%%% eQQEEe eset 1me Om%%i %Ertlge
of the conver I's "al"so “st’ored | e particular dréss ( G

data") of t ferroele tric menor t he power-off .tinme

save 213?8“‘%’5]% dgw( ?L”E% EF f?eisrﬁeagreey eecsoé‘ﬁfteé‘&iw tat%e lﬁ@é’?&F&&% ﬂﬁe

val ue of .the r aI-tlge 8 é C% btalng H ge fl owret e
(converPErFargdsAt CBef GVaF Ly af £8r °thE p it SPGPESSF§88 Step
142 of FIG 10% In this enbodlnent up to 20 data |tens can be stored in
the paFEFBGREr *8ddFEBs AL data”) of the FeRAM (ferroel ectric menory) 13,

and new data itens which cone 21st and thereafter are overwitten onto the
first data |¥@n¥hMﬁﬁ%ﬁ“ﬁ§§ Eé€htéﬂér@ﬁaﬁPF§WenFS%EdHHEEﬂﬁ%ﬂqﬁWﬁF:OC

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 (converier) may be powered off for some reascon
(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-cff signal, that is, a shutoff signal i1s 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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FIG 12 is a circuit configuration diagramof a CPU circuit 2 of the
mai nt enance expert systemin the Coriolis flowreter, which is illustrated
in FIG 1, according to a second enbodi nent. Referring to FIG 12,
the CPU circuit 2 is provided with a CPU 20, and the CPU 20 is provided
with internal tinmer counters 20A, 20B, and 20C. Further, a tenperature
measuring IC 21 is connected to the CPU 20 via a bus line. Further, a
real-tlne clock 1C (RTC) 22, an EEPROM 23 beln% a rewitable non-volatile
menor yi taridghe ERRARA (P F BRI 1edh 21@ Sheiot 4§ "etheirRr Aokdms Braerreft
sem conductor nenory which utilizes ferroelectric hysteresis to associate
posi ti §&98Ad. nelati Vo Jhenchiéeds popaniziet dlwe Wilowmeteryfgongeraes)
connected to the CPU 20 via bus lines. The CPU 20 illustrated in
FI G 1Rahadgeansissued, fuhwdt ilen @bethar of nde CRUPPWAY- T stgdalnhEEG 2,
and the internal timer counters 20A, 20B, and 20C of the CPU 20
r especbeerl getecktedpwhdnt bhehélpnt effnahet time teaptieisg9pro@Bssand O€ of
the CPU 9 illustrated in FIG 2. Further, the real-tinme clock IC
(RTC) 2Re thel EEPROM:P3ckand  {HEC FeRAM( ftérer aeladcttrime mémesyhmddmate,
connected to the CPU 20 by using a serial interface. The primary function
of thewhRtht ¢panteusxpeebdsyst @MG. 8, is 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 toStep 130, inwhichthe flowof the timemeasuring processing
of the real-time clock IC (RTC) 11 in the real-time timestamp mode,
which is 1llustrated 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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configured as described above is data | ogging, and a tinme neasuring system
pl ays an inportant role. In this enbodinent, a built-in battery (backup
battery) is not provided, and hence though the real-tinme clock IC (RTC) 22
is provided, it is inpossible to performtruly real-tinme tinme nmeasurenent.
To address this, in this enbodi nent, the tine nmeasurenment i s executed using
two nodes of the elapsed-tinme tinestanp node and the real -tinme tinestanp

node.
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 intheparticular
address ("G data™) of the FeRAM {ferroelectric memory) 13 in Step
142, and the flow for detecting the shutoff inthe real-time timestamp
mode is terminated.

FIG. 11 illustrates an error-logging f£low chart in the
real-time timestamp mode. Specifically, the error-logging flow of
FIG. 11 is a processing flow 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 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 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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In the el apsed-tine tinmestanp node, the tine neasurenent is started at the

power-on fromO : 00 : 00 ( O hours, 0O0Om nutes, 00 seconds) , and is
continued while the flowreter (converter) is operating. This function is
disabled in the real-tine tinmestanp node to be described next. In

the real-tine tinmestanp node, after the converter is powered on, the

operator sets actual date and real tinme (hours, m nutes, seconds) in

advance, and then starts the time neasurenent (flowreter)

measur ement RARERT e redli B8 MGHUCE MY Fhentepbuktne scltcmlﬁel& 6B?Cbr

until the node is shifted to the el apsed-tine tinestanp node.

Swi t chdVerisher@rdn qite Lo StRes1Pd, perf of FEA bhPA/hetBBercamiienisi Aghehe

comuni cation tool 7 or the like. In this enbodinment, as in the

first tabodigenrempiiel EEPRAM 23 agmd AthearFeRAM Y, fidee oexecttien mefoEhE 24

are provided, and different pieces of data are stored therein.
self-diagnosis, etc.) of theevent whichhasoccurredinthe flowmeter

(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 (ferrocelectric
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). In 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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The EEPROM 23 stores the el apsed-tinme save data (referred to as "A data" )
and the el apsed-real-tine save data (referred to as "F data") . The
FeRAM (ferroel ectric nmenory) 24 stores: the el apsed operation tine

(cunmul ative tine) data (referred to as "B data"”) being a total operation
time period of the flowreter (converter) ; the power-abnormality-occurrence
count data (referred to as "D data") indicating the nunber of tinmes a power
abnormality has occurred; the data (referred to as "G data") obtained by

| oggi n§0®he 2083 uaick/4¥novaluBiherr afefEMBELASIE S WHISHSNG 178k sge? hndSof ~ an
alarmcalling attention, results of self-diagnosis, and power-off tineg;

t he i ntennartednpeitdrurBU| Yy vdat a Ruefldineed ForiberH alacal)-tabearhedakby
recording the tenperature neasured in the hernetically seal ed fl owreter
(convei€efBTChE 4 e ERPROM.2Ba¢ing e rsetrivalhie fref-soledifle asmbEZydat a”) .
The mai nt enance expert system configured as descri bed above has the

funct i andofarl oggRAY t hietatleadfridiembhowpit 44 bhénfunct hon-eblatile
nmonitoring/logging the internal tenperature, the function of nmeasuring the

oper at senitonaupedodebriyhehi thwiet e zekhéetubel konrot Hekeekkb@gsand
recording a power abnormality caused by an instantaneous power failure

occurriBgotmmedipdLltyi @ hal rfdiea POV spoht adkdbulshBo f 4RCE L PD0NE WHitgplrayi ng an
indication that the flowreter 1s in a warmup peri od. Next, of those

functigng, nbirverbupshhenseaf tb1linthept! ovnpt gr pakat enkeggi ng function, (2)
the operation-time-period neasuring function, (3) the abnormal - power-on

detecting fupgli@by Adhi 1hheMAITBARHPRTEd1bNghgal ifghifunctH. QR 13Rda65) the
operation-tine-period nmeasuring function are as described in the first

??322‘2??%‘6856% tléggJer@gg%g‘&%kéheﬁﬂ%%w 8 f UQH}it Qﬁie_r‘%lcgg%ﬂgtﬂdgﬁt on
. nperature nonitofing/l oggi ng function
counters 20A, 20B, and 20C of the CPU 20 respectively correspond
to the internal timer counters 9, 9B, and 2C of the CPU 9 i1 lustrated
in FIG. 2.

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

The primary Zfunction 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) is 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 (Ohours, 00minutes, 00 seconds),
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This is a function of nonitoring the tenperature inside the hernetically
sealed flowneter (converter) and | ogging the tenperature, and includes the

foll owi ng functions. After the flowreter (converter) is activated,
the detection data of the tenperatureneasuring I1C 21 is regularly recorded
(logged) , along with the tinmestanp, as the internal -tenperature | og data

indicating the internal tenperature ("H data") in the FERAM ( ferroelectric
menory) 24 being the non-volatile nenory. Along with the recording
(Ioggi%@?}%ﬁpmﬁ&ﬁﬂe¢Wﬁﬂﬂ%ﬁh%§19W@353F0MEWMQé%QrNaﬁ@@%ﬁ@?%%bviaéasmjth
respect to a sanple tenperature, and a determ nation is made for the

r ecor dedn¢tbgued) di agktadlint ehparcatintemerhéneshanpgifde b hehdederdbafinati on
is recorded (logged), and at the same tine, when the result of the
determh@ation is NG an indication to that effect is displayed on the

di splay unit 5. Further, as an option, it is possible to associate
t he i nt er nal T4 ehpereat ntel neoyiklat aamnp thocit, | itk ¢ hehe ricervralt drehppoatued Wi th
the real-tinme tinmestanp. Then, when the detection data of the

t enper @h Pr ehdeaserd hgr | £et2d dStedualatie 01d Irger ikanhaugkyenihbeeshol d in
the internal -tenperature nonitoring/logging function, the warmup-period

i ndi cag&bgndyNahl Mvdrics! 8RB%hen starts Ehetikd méd sistsmdes (a1bamkeekh ow
chart of the function of nonitoring the internal tenperature in the

el apsegntifEnd MBS A EndMdenuaPeeiahiredl k¥, cbiiei Rash Cudd DIV \ahakowel §he

internal -tenperature nonitoring function, which is illustrated in FIG 13,

is a i : j : i e
Pﬁﬁgﬁéé ohit $£31‘P{t&*1&Eﬂe teed 18 si’f\il%%%‘a vhene é‘lrrhe%&iﬂﬁit{%é zcﬁe(x#pggrﬁg{%gr o

(warning) 1s issued when an abnornality has occur
i nsi de %gg hernetically sealed floweter (converter) (internal tenperature)
whi l e The fenperature inside the hernetically sealed flowneter (converter)

( I.nt ernal t e%fégﬂ&'}g} petwidl Icg{eegwo modes is performed by the operator

using the communication tool 7 oxr the like.

In this embodiment, as in the first embodiment, the EEPROM
23 and the FeRAM (ferrcelectricmemory) 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 toc 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

analarmcalling attention, results of self-diagnosis, andpower-off
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in the elapsed-tine tinmestanp node, and the internal-tenperature data is

| ogged (recorded). In this enbodi nent, the processing of the basic
flow of the internal-tenperature nmonitoring function in the el apsed-tine

ti mestanp node, which is illustrated in FIG 13, is perforned regularly
(for exanple, every 10 m nutes). After the basic flow of the
internal -tenperature nonitoring function in the el apsed-tine tinestanp
node, which is illustrated inFIG 13, is startedi nStep200, inStep201,

t hedet ttne ont ieralasta et I drpwmanarw)e dedadetat heefenpedataras mEadatang | C 21
measuring the tenperature inside the hernetically sealed flowreter

( convepbealinédritereaiordédmget be trepd s rwzrl oge s ukkdein tithe Herwmetiionlly
(measured tenperature) data of the tenperature neasuring 1C 21 is read out

i n Stepedlédd fhowhepe?0@;ortvertrmgsuaed theeinat lal ofedlhet imealsatti nelokock |1 C
(RTC) 22 is read out. After the neasured tinme value of the real-tine
clock kE=fBEERd220i asr8addaua”in Step 202, in Step 203, the el apsed tine
("B data") stored in a particular address of the FeRAM (ferroel ectric

MENDry) 24 ishéardh @tdnafdd eixddie: elapsedcbhiBglhr8ddad algsdsibeeRdbevt in
Step 203, in Step 204, the elapsed tine ("B data") read out fromthe

particyhar:radeness ieh dhedgoRAY thersealeetrie FRBRMYLe24 dife gddediba t he
nmeasured tine value of the real-tinme clock I1C (RTC) 22, thereby cal cul ating

e SESSGnaPSE L RLLLTRG UL AR A WRlog UK, | etk abnoaer ! on
of themégghiﬁhgetﬁ%(5H%£éEion time period of the flowmeter, the function
of detecting and recording a power abnormality caused by an
instantaneous power failure occurring 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 1indicating 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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(RTC) is obtained through a calculation performed by discarding the year,
the date, and the hour of the tine "0:00:00 (O hours, 00 m nutes, 00
seconds), January 1, 00 (year)" set in the real-tinme clock IC (RTC) 22. In
ot her words, only "00:00 (00 m nutes, 00 seconds)" is used as the
measurenent tine of the real-time clock I1C (RTC) 22. After the

el apsed operation tine (cunulative tine), which is the total operation tine
period of the flowreter (converter), is calculated in Step 204, it is

det er nithedgi Wibheph2o% LflestiaE , orashdthea hent¢ et eempeiortiare ekdg hdatfust
been powered on and is in the warmup period. Wien it is determned in Step
205 t handihetihowidtcer ittonvatt drpprmtjurst HEBn dedwetledion tdyved FsRAM t he
war mup period, the processing proceeds to Step 208. On the ot her
hand, Wwenro¢lestditeemongd 2hbSiep t2@ndmatoldiel Id nametrgr (Abmwewieh) is
not in the warmup period, it is determned in Step 206 whet her or not the
t enperehdr eetostiiegt heohetingl | cahl yppealedmi t ovakter afhaoaveswery1{mnter nal
tenperature) falls within a preset range. When it is determned in

Step 2P§1tbabrthprbefiperatwine iRsded ey herdmis tal tymseahedrd| ounet gr
(converter) (internal tenperature) does not fall within the preset range,

in Stege2O¥mihhei 8RN MR FY rESASE.+A8H qablgag d halt & AP pehpBELEEY rBas
occurred in the tenperature inside the fl oweter (converter) (interna

temper Bk £)al fe dhopl sy o ST gndlpl i U trcordad NaoBRR  hand aphen it

is determned in Step 206 that the tenperature inside the hérnetical

seal edhL OWRECL RONMAIAETInd | PLEANR! oCRRES Adydnfld sl L1 fict heppr oset

range, | the detection data of the tenperature neasurihg I'C 21

and 2 LgakkeTbyobboLgd By codel0g, LA, PEOR B LhICvabus,olppegtonl Ui e
adr ess of VB ERAM CLerTooleplabe TRIOLY) p2oRrtester L0 2aPa" Lhgtl &
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 egqual 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, is aprocessing flowchart used in a case where an abnormality
message {warning) is issued when an abnormality has cccurred in
the temperature inside thehermeticallysealed flowmeter (converter)
(internal temperature) while the temperature inside thehermetically

sealed flowmeter (converter) (internal temperature) is monitored
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After the storage into the particular address ("H data") of the FeRAM
(ferroelectric nmenory) 24 in Step 208, in Step 209, an interrupt is set for
the internal tinmer counter 20B built in the CPU 20. Wen an interrupt has
occurred in the internal timer counter 20B in Step 209, the internal tiner
counter 20B is started in Step 210. After the internal timer counter
20B is started in Step 210, it is determned in Step 211 whether or not an
interrupt has occurred in the internal_ timer counter 20B (in this

enbodi Fenthe flapgedrhigte diigratanye nesised 28dethe10NFPATBESFSTPREATIES s
determined in Step 211 that an interrupt has not occurred in the internal

ti mer detates 208Jedhérprordsdi ng does not proceed until an interrupt
occurs in the internal tinmer counter 20B. On the other hand, when it is

det er mi ned i hn Stleps Zbbddiaterdan ithice propeséeéengr ¢t 10henbmgies )t liltas odcthered in
the internal tinmer counter 20B, the processing returns to Step 201, and the
r eadouindérhhe-tehpetbhoardatmoroftdiiend efpecatione teasird nglhfs2d-ahaeSt eps
202 to 211 are repeatedly executed. Next, description is given of

- the wat et gapi addendintaldmng § uneliodratetihis emmdiTEntin phrEekaeance to
a basic flow chart of the function of displaying an indication that the

fl owretegufgonyer Egr) ekdmpiel heviaym upmpaated) .Which is illustrated in
FIG 14. The basic flow chart of the warm up-period indicating

function, whigPeiscid Wastitaked, O RIE ilfern®ia tRERERSIAG hbawtehant used
when an indication that the flowreter is in the warmup period is displayed

S0 as EBnEE?HHtiO%%éJ% %P%%dgit&%esﬁﬁ&%gkﬁﬂFhIEQ | AR Al 9 §91USkRAteq

det ecti on data tal ne nredi ately after ownet er

conveg i a i_Si t t i i s not
St abl oL P ea el 5 oS se e PPE sy S TEeR R, S FEPUFLL hnkbatibd' ©
The babPBeHrafiee! 4R E R ot 1 e Sac oy Pihab o M g1 the
illustrated i FIG 14 tarts when, t i i St 220.
Aftor FRESHBRBHEPSIRE dBa on o s Do) Aarlaih s IoRetate (Harderess

dt t dat f the t t i 1C 21 i
{ho T SHEBFAEURL § S (e narnEE O Yy SOITET FhoRAEIE (ConTerearrd -
(internal te erature% is read out. After the detection (neasured
t enper BEUPBY28HES) oflatReCf chipR e e FeaLt MRS HE ™ s Fledd &6 RVt ep
221, it is determned in Step 222 whether or not the neasured tenperature
det ect &8 Byer KO kenpePhelr €04pddin MegIuc et tieeHadretof dihg sRal thES a

preset tenperature (for exanple, 500
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 (ferroelectric 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),
whichis thetotal operationtimeperiodof the flowmeter (converter).

In Step 204, the measurement time of the real-time clock IC
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When it is determned in Step 222 that the neasured tenperature detected by
the tenperature neasuring IC 21 is not equal to or |ower than the preset
tenperature (for exanple, 50C), the basic flow of the warm up-period

i ndicating function, which is illustrated in FIG 14, is term nated.

On the other hand, when it is determned in Step 222 that the neasured
tenperature detected by the tenperature neasuring IC 21 is equal to or

| ower than the preset tenperature (for exanple, 500C), in Step 223, the
messagERT@Ui tattlpined theotdbwietelcytabhient ee¥fpsmed Priedasaru@ingri od
is displayed on the display unit 5. After the nessage indicating that
t he f|oweeyesr(conwedaee) asdibhéehkowarofuphpetind I'8:dPspPayedhonrshe
display unit 5 in Step 223, in Step 224, a setting is nade so that an

i nt er rupmionoiwss 0N d$deondd ey T@ndaned , colntyerard0Csat in xde reab-tnmerval s
(in this enbodinment, an interrupt signal is issued every 20 m nutes).

Then, aféek the(metiing.i simesichéen ShePs 224n39 that0an (0ot efnupbspcolrs in
the internal tinmer counter 20C at the fixed tine intervals (in this

embodi gBEbndSYer¥s 20546 Nk efe rld@urtin@iale iR €Bunten1200mescsbakted in
Step 225. After the internal timer counter 20Cis started in Step

225, ifcisgpflefespined in Step 226 whether or not an interrupt has occurred
in the internal tinmer counter 200. Wien it is determined in Step 226 that

an 1t err uptaPas, Nl 89GHEERGLOO AP IGINALLRLTRE 1 COUNLRS) 200 dhes
processi ng does not proceed until an interrupt occurs in the internal tiner
Counte£thQ0tal operation time period of the flowmeter (converter), is
calculated in Step 204, it 1s determined in Step 205 whether or
not the flowmeter (converter) has just been powered on and is in
the warm-up period. When 1t is determined in Step 205 that the
flowmeter {converter) has just been powered on and 1s 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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On the other hand, when it is determned in Step 226 that an interrupt has
occurred in the internal tinmer counter 20C, in Step 227, the nessage
indicating that the flowreter (converter) is in the warmup period, which
is displayed on the display unit 5, is turned off, and the basic flow of
the warmup-period indicating function, which is illustrated in FIG 14, is
t er m nat ed. Next, description is given of the internal-tenperature

monitoring function in the real-tine timestanp node according to this
enbodi keRPe ipEure eies bR £ ho hemediicallavserdred 6 owmetent éFRAVErERPerature

nmoni toring function in the real-time tinmestanp node, which is illustrated
in FI Glinternal tempirathasdic falldw ehbhingfhe peciseteranpet enp&itaruzes,
nonitoring function, which is illustrated in FIG 15, is a processing flow

chart ubedstecd icasda v eifet an tabperatiuireynewssagey (Gadnandg)a resussartd when
an abnormality has occurred in the tenperature inside the hernetically

seal edolbt @ined asy (oihivey ttére) mehBuerdat ihenpel @t we)twhirkelt-hémkbeapecht ure
inside the hernetically sealed flowreter (converter) (internal tenperature)

i's noni¢qred)ize tbeHeal apsa8 thineestRapt Abl & e aansut Heolmires pakciegpeeat ure
data is | ogged (recorded). In this enbodi ment, the processing of the

basic fhore8t bhethBt ebhalr t@PReRIYL MRNiItHI NG funciiOnstdrédeineal -time
ti mestanp node, which is illustrated in FIG 15, is perforned regularly

(for %@F@i@ulgi‘ e YA Ds 41 (i _@%):a"?\f berciderdiagt q rbhoWeaak &h8 c nemory)
i nternal -tenperature nonitoring unction in the real-time tinestanp node,

which 4g illustrated in FIG 15, is started in Step 230, in Step 231, the
detection (measured tenperature) data of the tenperature nmeasuring |IC 21

reasur 09, SRcL SIHA B e L DR SEIELLGRLL Y ASPLES CPIIELAY o
(oasu.ed SSPRET BULFAaSBLA Ol AUE1FTPRL AR IPIBHL 18, LEGBIoLS, 800, Ot
(RTC) :.lr_rsltégggpgu}.é set for the internal timer counter 20B built in the
CPU 20. When an interrupt has cccurred in the internal timer counter
20B in Step 209, the internal timer counter 20B is started in Step
210.
Lfter the internal timer counter 20B is started in Step 210,
it is determined in Step 211 whether or not an interrupt has cccurred
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 1is
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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After the neasured real tinme of the real-tinme clock IC (RTC) is read out in
Step 232, it is determned in Step 233 whether or not the flowreter
(converter) has just been powered on and is in the warmup period. Wen it
is determned in Step 233 that the flowreter (converter) has just been
powered on and is in the warmup period, the processing proceeds to Step
236. On the other hand, when it is determned in Step 233 that the
fl ommeter (converter) is not in the warmup period, it is determned in
Step 234 whell®gk. clesRAiRHON dfpaienr el iths dermarheerdodc anfycatanad

fl owreter (converter) (internal tenperature) falls within a preset range.
Vhen i funstdenepfi Heds | gniSidinegs4 wiidt ndfenagsertat ar bapasi §éovhehart
hernmetically sealed floweter (converter) (internal tenperature) does .not
fall whfhthet fienptéset ofamgep liayiStem351dideet abmorinat | tlye nEssageter
indicating that an abnormality has occurred in the tenperature inside the
f 1 owmeteontentgel tis Jin theewaah-tenpeariatd)r ehiich ds sipllayedrared He BISpl ay
unit 5. On the other hand, when it is determned in Step 234 that
the tenperature inside the hernetlcally seal ed fl owreter (converter)
(internal tenperature) falls within the preset range, in Step 236, the

detection (negsuvresdctrammesad tf 8F thatwd raf-ddi e dramel dd LE£L IRQsURERYohC 21
and the neasured real tinme of the real-tine clock IC (RTC) are stored in a

parti cytharhagddr eppudfFhedd al'l ©fct he FaRAM theealiaet E&%w”%ﬂﬁ&f)ugéd
After the storage into the partlcular address ("H data") of the FeRAM

(ferr t p s:set for
t he |ﬁ§%§ﬁ %ﬁgvﬁgggﬁ%%ﬁ%§¥k%b§h%uF%QQPS%E gi%EU%§%K33%%n gﬁyp%ggpﬁuﬁ§ has

occur r&i’%gaf/QS éd‘%%;tg@'prto' ptggé{féeef t%O&A?JE‘e czﬁéﬁt LBfst E&?E@%n“ rer

count er start e I nterna |ner counte
20B is started Ste 23 |s det rnlne in Ste 239 e ? not an
Cnter r i Tt SRR e T A TR TR G &7 53R e  hraste

enbodi nent terru nal S. i ssued every 1 es)

Gotor megavehlar D SARindd AR5 hidig PR BECAGER g%%m% XGoPREFRELY nal
timer coun ZOB t he ocessi es not proce until an interrupt
occurleﬁeiﬁel?rﬂ%ﬁrﬁﬁaé)?nﬁmqﬁﬁﬁ%ﬁéi (ﬁ% %giqﬂﬁ %gPH@Ftﬁ§n Coﬁﬁﬁﬁt?g Vs
determned in Step 239 that an interru every 10 m nutes) has occurred in
t he |n%%rﬁEFrF?ﬁePpcéﬁﬁFéVaﬁeé)ftﬁ@dpFBE§s§Pﬁﬁer@PMrﬁ§cP6 Stlepr23y, 18nd the

readout of the detection data of the tenperature neasuring IC 21 and Steps
232 totkgodgkecképratialify execut ed.

Thebasicflowof thewarm-up-periodindicating function, which
is illlustrated 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 cf 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 egual to or lower than a preset

temperature {(for example, 50°C).
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As descri bed above,. the present system has the followi ng features.

(1) The present systemhas the real-tinme tinestanp node and the

el apsed-tine tinmestanp node. In the real-tinme tinestanp node, the
operator sets the real tine in advance for the flowreter after the power is
turned on, and thus the tinestanp to be assigned for the data | ogging or
the like is issued based on the real tine. In the el apsed-tine
timestanp node, zero-start is perforned upon the power-on, and thus the

ti mestanp i sWheBUdd HasEgrvaneharefhpsed4 tivet the meas\ygd FREpprasune
system | ogs the operation state (the issuance/stopping of an alarmor an

al ert, debsated yf thel femppaymosre megtseir)ingf I€HEL appartatgsial to or lower

than the preset temperature (for example, 50°C), the basic flow
of the warm—-up~period indicating functiocon, which is illustrated
in FIG. 14, 1is terminated.

On the other hand, when it is determined in Step 222 that the
measured temperature detected by the temperature measuring IC 21
is equal to or lower than the preset temperature (for example, 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)
ig 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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(3) The present systemnonitors the tine period fromthe power-on until the
power-of f of the apparatus, and records the nunber of power abnormalities
(short-tinme-period power-ons). (4) The present system cunul ates the
record of the tine period fromthe power-on until the power-off of the
apparatus, sets the threshold, and when the set threshold has been reached,
| ssues a nessage reconmendi nhg an i nspection. (5) During the warm up
period i medi ately after the power-on, an indication to that effect is

di spl ayed byORhedli¥hedy haegi-cehen it is dererpdngdedenttey A%mtigd #8rs and
measures the tenperature inside the apparatus by the tenperature sensor,
and | o§Btersunhthas Reekered dmang Agtesnpdstdler ccetrtel SAflGy ldefter at
the tine of a tenperature abnornality. Therefore, according to the
pr eseng2gysteen neheagat Indbra benqttihdtz ethea s Icefrertenc d chatva riteef) eriende dat a
for troubl eshooting) for maintenance service after the delivery to a
cust onehe 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 abnormelity has occurred in the temperature inside the
hermetically sealed flowmeter (converter) {(internal temperature)
while the temperature inside the hermetically sealed flowmeter
(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 functioninthe 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 monitoring
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Further, according to the present system in contrast to the fact that the
operation tine period of the apparatus conventionally starts imedi ately
after the delivery, a nore specific operation tinme period is grasped for
each of a plurality of delivered apparatuses, with the result that a timng
for mai ntenance can be nade nore specific. Further, the present
systemcan be utilized for a function of nonitoring the range of operating
tenperature of the flowreter. Furt her, according to the present

syst enfUPELienyda st &add 1isidife tdngstamryneser nehieh ekt ilHatstaraieredn
abnormality occurred at the tine of the previ ous power-on. Still
f urt heFIGackr dergfan-ehdnpiedert Uyt Srerthel e the drterelibn dmeaphaed
batteri es because a backup battery is not used. Still further
accor drkagprevatbaeprdseatosyhechsmperatupegmids wirg pLoyl desasunminid ithat i on
that the flownreter (converter) is in the warmup period, which enables
appr optemperasage. inf€idéMehe hermetically sealed flowmeter (converter)
(internal temperature) is read out. After the detection (measured
temperature) data of the temperature measuring IC Z1 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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1. A maintenance expert systemfor a neasuring instrument including a
flowreter, a thernoneter, a baroneter, and a spectroneter (densineter,
densitoneter), the neasuring instrument conprising: a CPU conpri sing
a plurality of internal tinmer counters and having a function of receiving

i nputs of signals fromvarious sensors which detect a state of the
measuring instrunment and cal cul ati ng a neasured val ue of an object to be
nmeasured based on detection values of the various sensors;

ower
suppl y circudr ther ogbeirviaandg Wa) isr 18t el (OFRR %@Pn%%%ﬂ}ﬁaﬁgthe

i nstrunent; a display unit for displaying detection input data,

whi ch tsmpﬂp@tureohm$imﬁ\nhé(hﬁ;mﬁﬂﬁnﬁkix(§aﬂi§dcp@Pwmﬁ@eﬁhécﬁﬁﬁgnt@a)vaIue
of the object to be nmeasured, which is cal culated by the CPU, a

real -t { hetetnek HdhfdREG)uconiedtledwi bhihetIGPYngsetarbogel i ive Stfegr 2d€asuri ng
tinme; an EEPROM connected to the CPU via a bus line, for storing

data ifpet de@edid SBPUmeAsured templraeRAM)comaest ed tichd heeffPelrutara bus
line, for storing input values fromthe various sensors via the CPU, and

stori ngedsgal 8yl BEi0ON SRS ihle ABhaured thaduging cBlttd akhontperf oloed by
the CPU based on the input values fromthe various sensors.
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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2. A mai ntenance expert systemfor a measuring instrunent according to
claim1, wherein the EEPROM and the FeRNM are sel ectively used according
to data input to the CPU, data and a timng at which the cal culation result
is saved, or a frequency with which the calculation result is saved.

3. A mai ntenance expert system for a neasuring instrunment according to
claim1l or 2, wherein the display unit has a function of displaying, based
on a cunul ative operation tinme period of the neasuring instrunent, a
recormeR@EYEFEpl acement timing of conponents used in the neasuring
instrunment or_arrival of a maintenance/jinspection timng of the neasuring

i nstrument. (1) The presgnmisysésEnbasekperiealstoh fiomes Haags modsgand
instrunment according to any one of clains 1 to 3, wherein the neasuring

i nst r ubRat chapsadfbreei bhmestpvggirAget he state of the nmeasuring instrunent,
a function of neasuring an operation tinme period of the neasuring

i nstrunent, anfihetiesl -dfimgetéoeisigrantoriec ot Ué nepar powe rsedisndhealkc ey
caused by an instantaneous power failure occurring imrediately after
power - ohmeand adfancei 6orothdi §pbaypengranfirdi thti powehat st hernedsoni ng
instrument is in a warmup period. 5. A muai ntenance expert system
for a grasthiufEhadimeBidnmeeobdi Agstignadyfonetiod ddad Moglyilmey 4 wherein
the neasuring instrunment further conprises a tenperature neasuring IC for

nmeasuripgeansi nkenBal bhesperat yne ekatheimeasuring instrument, the
tenperature nmeasuring | C being connected to the CPU and accommodated in a

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/stoppingof 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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hernmetically seal ed casing of the neasuring instrunent. 6. A

mai nt enance expert system for a neasuring instrunent according to claimb,
wherein the measuring instrunent has a function of nonitoring and | oggi ng
the internal tenperature. 7. A mai ntenance expert systemfor a
measuring instrunment according to any one of clains 4 to 6, wherein the
function of logging the state of the nmeasuring instrunent conprises:

a first function of, ever Ei,ma an event indicating the state of the

measur #ngeTREFRENERL aBE@E%@,lFM'or der to assign a timestanp of an el apsed
time, |oggi ng el aned operation tinme_ (cumul ative tinme) data, which is a
total operatTRRACETAES pATEREDING He MBS BFPAGNENSY LNt thaslatg ganake and
al so logging a neasured tine value of the real-tine clock IC (RTC) as event
| og davhl{ilecdata"yefareneerdran (referencg dagandoruhEpirBAcshootanglder to
assign a tinmestanp of a tine (el apsed) when power is shut off, which is one
of occherimgirtenascendecuitagatherstheedef ivheyntasar cogtonstrunent,
recordi ng el apsed-tine save data of the neasured tine value of the

real -time cl Bekthé€r( Riordiid tdathe preddiet EERRENM , wWhancoirer powero itheshut

of f; a third function of, as an option of the function of assigning
and recactitngat thggipwyat hen tiimespanped recohdiagpaeaiugdabavandiveal 1yi me in
association therewith as "G data" in the FeRAM and

starts immediately after the delivery, a more specific operation
timeperiodisgraspedforeachofapluralityofdeliveredapparatuses,
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 previous power-on.

Still further, according to the present system, there is no
need to replace batteries because a backup battery is noct 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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a fourth function of, when the power is shut off during operation in the
optional function, recording, as a real-tine tinestanp, the neasured tine
value of the real-tinme clock I1C (RTC) as "F data" in the EEPROM 8.
A mai nt enance expert systemfor a nmeasuring instrunent according to claim
7, wherein the operation-tine-period nmeasuring function conprises
the function of nmeasuring the operation tinme period of the neasuring
i nstrunent, and wherein, in the}gferation-tine-period measuri ng
function, in order to cunul ate the Qﬁﬁﬁ ion tinme period (el apsed tine)
i mredi ately after the measuring instrunent i s activated, i
operation-ti te- fePROBLRBABGRI RGPEATaSYRRPEN TIPS BoIERREd 1By HESLSHRERG ti me
measur enent every one hour by the internal tiner counter built in the CPU,
i s recéPgéddineguEHYVERL ¢ he 2 AT + APALORANEL , and a sgpecArpEEEEnance
expert systemfor a neasuring instrunment according to claim8,
wher ei ndeheimbhermafiepahepmenedet ethé medsnctnon nednpiriesds colp rfisnogi-on of
detecting and recording (logging) the power abnornmality caused by the
i nst ant aneous pBWeronaiixarey (B0BE):reddiyr pAginteeds At elnye afdeemttcms amdsuri ng
instrunment is powered on, 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 (CN} 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 1line, for storing input
values from the various sensors via the CPU, and storingacalculation

result obtained through a calculation performed by the CPU based

on the input values from the various sensors.

2. A maintenance expert system for a measuring instrument

~according toclaiml, wherein the EEPROM and the FeRAM are selectively
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wherein, in the abnormal - power-on detecting function: a cunulative tine
fromimmediately after the activation (imedi ately after the power-on) of
the neasuring instrunment until the instantaneous power failure (OFF) is
obt ai ned through a subtraction, and when the cunulative tinme is short (for
exanpl e, three seconds or shorter), the power abnormality is considered to
have occurred; abnormal - power-on detection data, which indicates a nunber
of times the power abnormality has occurred, is recorded (|ogged) as "D
dat a" wped RCcEaRNNIg &oddahe Hnpior el tpevierU orflater aadi dr inkifngy @t VBARCH S

di spl ayed on the display unit of the neasuring instrunent. 10. A
mai nt ebla@ceadxpéetispsensufior iz meamyl,i My instremesncucebri wgich dhg one
of claims 4 to 9, wherein the warm up-period indicating function

conprisesctihetionctesnlof idi spiragiing the indication that the neasuring
i nstrunment has just been powered on and is in the warmup period, and
wherein, in the warmup-period indicating function, the el apsed tine since
t he power-on of the nmeasuring instrument is neasured by the internal tinmer

counter built, in hAentEhhnasdekpertndiysabnofiothat mtheureaguihpgrimehtunment
isin the warmup period is displayed on the display unit of the neasuring

i nstrugeRbrhohga gidMenipar beh ofyd ®Bin the displayAuiBE HLNangeanexpeht
system for a measuring instrunent according to any one of clains 6 to 10,

wher ei gt s%%ﬁxgg,: ;\%ﬁ%r&% ur 8 RNLEQLENGAL LY BY f MRS N LOWRT LRES the

function o tenperature inside the neasuring Instrunent

hermet | call,y; 563184 hehRe £ASLOGERGL 290 2008 MG AL HEBmpBREnt s

used in the measuring instrument or arrival of a

maintenance/inspection timing of the measuring instrument.

4. A maintenance expert system for a measuring instrument
accordingtoanyoneof claims 1to 3, whereinthemeasuring 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 andrecording a power abnormality
caused by an instantaneous power failure occurring immediately after
power-on, and a function of displaying an indication that the

measuring instrument is in a warm-up period.

5. A maintenance expert system for a measuring instrument
according toanyoneof claims 1 to 4, 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 accommodated in a
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wherein, in the internal -tenperature nonitoring/logging function: after the
measuring instrunment is activated, detection data of the tenperature
measuring 1Cis regularly recorded (logged), along with the tinmestanp, as
internal -tenperature log data indicating the internal tenperature ("H
data") in the FeRAM an upper-limt value and a lower-limt value are
provided with respect to a sanple tenperature, and a determ nation is nade
for the recorded_(logged) internal tenperature; and when a result of the
deternhﬁﬁWPBhcﬁélMG?eéﬁeﬁnGﬁéépgoﬁft5h?h§?a§FFé89 F§SBF§BP§§ed on the

di splay unit. 12. A mai ntenance expert systemfor a measuring

i nstrunment according to any one of clains 1 to 11, wherein the EEPROM
stores the el apsed-tine save data ("A data") and el apsed-real -tine save
data ("F dat&")A maintenaBceAexnentensntemefper & ppssemingr iasiwasaning
instrument according to any one of clains 1 to 12, wherein the FeRAM

st or esacthedéhgpsedl apebatwiterd imehéomendatingeibsheimdat das'Bfdataipnbei ng
the total operation tinme period of the neasuring instrunent;

power - afnfabmakbtyngcandr @bggiaguahedahaefhBRldakabprandreat i ng the nunber
of times the power abnormality has occurred; data ("G data") obtained by

| oggi ng i ssuance/ renoval of an alert being a warning nessage and of an
alarmcalling attention, results of self-diagnosis, and power-off tine; the

i nternal -tenper at Mé@nh@ﬁaﬂ@bae& b‘r@ah? eAbkairnadmbisu@¢agdi Ag trifent
tenperature neasured in the herietica Iy seal ed nmeasuring instrunent; and

an ini ghabraedldd ARyShie ¥2ldis 498 8, Wherein thé‘funét%h%fﬁ%%%@n%Xpe”

systemfor a neasurlng i nstrunent according to anyone of clai ns

wher el poEne Leal ol MReChogkuk CoORTEL colkahes igtaren L wo modes of an

el apsed-tine tinestanp node an a real-time tinestanp node to performtine

measur ement {of; gach. of (the LWo MRA&S, ine an e %t f‘n E%H NG& SXREL
nent | uge

system for a neasuring instru i'ng a hernometer, a

bar One%%rtheanrrctjeaas P 1encgt rl% tr%rme(n%egcszlcggts,erin ot r%iselrt %geégsign 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 EEPRCM when the power is shut
off;

a third function of, as an option ¢f 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
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the neasuring instrunment conprising a Coriolis flowreter obtained by
accommodating, in a hernetically sealed casing, a neasuring instrunment for
determining a nass flow rate and/or a density of a fluid to be neasured,
the Coriolis flowreter conprising: a CPU conprising a
plurality of internal timer counters, and having a function of: receiving

i nputs of signals fromvarious sensors which detect a state of the Coriolis

fl owreter; co trolki the drivjing neans, to tgereb lternately drive the
1 ow Lube at® ARUAFPEHRAEAr T HESTACRRMSE JRAPEE A PHe-SARRSES EARRel gen
frequency of the flow tube; detecting, by an el ectromagnetic pickoff, a
phase #fEhs oRte °RRAd/ BFNGh168ei T$ERTSH I r éfuentSA briobet th Geata® atlsri ol i s
force generated in the flow tube; and calculating a flow rate of the fluid
to be Heasured; time value of jhpoReplstppeycéPeiult fBECacapvali AgtedN) or
stopping (OFF) the Coriolis floweter; a detector for
det ectingth®eEEBRPYL i s force generated in the flow tube, by alternately
driving the flow tube by the driving nmeans inplenmented by a conbi nation of
a coil and a magnet in the flow tube;
8. A maintenance expert system for a measuring instrument
according to claim 7,
wherein the operation-time-period measuring function
comprises the function of measuring the operation time period of
the measuring instrument, and
wherein, in the operaticn—-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 1is obtained by
performing time measurement every one hour by the internal fLimer

counter built in the CPU, is recorded (logged) as the "B data" in

the FeRAM.

9. A maintenance expert system for a measuring instrument
according to claim 8,

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
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a display unit for displaying detection input data input fromthe various
sensors to the CPU and the flowrate of the fluid to be neasured, which is
obt ai ned through a cal culation by the CPU based on the Coriolis force

generated in the flow tube; areal-time clock IC (RTQ)
connected to the CPU via a bus line, for neasuring tine; 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 |ine, for

storing i nputRGEPiRs APomihe2PBPFBESBENSET S vide Hars 180y, Tuet 2%t i fig a
cal cul ation result obtained through a cal cul ation perforned by the CPU
based SHWMRhetiFpUtlRAFEEE Frpedtdes Varittes skagssitsivation (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 FeRAM; and the abnormal-power-on detection information is

displayed con the display unit of the measuring instrument.

10. A maintenance expert system for a measuring instrument
according to any one of claims 4 to 9,

wherein the warm-up-period indicating function comprises the
function of displaying the indication that the measuring instrument
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.

il. A maintenance expert system for a measuring instrument

according to any one of claims 6 to 10,
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whereintheinternal -temperaturemonitoring/logging function
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 FeRAM; an
upper—-limit value and a lower-1imit value are provided with respect
to a sample temperature, and a determination is made for the recorded
(logged) internal temperature; andwhena result of thedetermination
is NG, an indication to that effect is displayed on the display

unit.

12. A maintenance expert system for a measuring instrument
according to any one of c¢laims 1 to 11, wherein the EEPROM stores
the elapsed-time save data ("A data") and elapsed-real-time save

data ("F data™).

13. A maintenance expert system for a measuring instrument
according to any one of claims 1 to 12, wherein the FeRAM 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
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number of times the power abnormality has occurred; data ("G data")
obtained by logging issuance/removal of an alert being a warning
messageandof 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 value

("Z data").

14. A maintenance expert system for a measuring instrument
according to any one of claims 1 to 13, wherein the real-time clock
IC (RTC) switches between two modes of an elapsed-time timestamp
mode and a real-time timestamp mode to perform time measurement

for each of the two modes.

15. A maintenance expert system for a measuring instrument
includinga flowmeter, a thermometer, abarometer, and a spectrometer
{densimeter, densitometer),

the measuring instrument comprising a Coriolis flowmeter
obtained by accommcodating, in a hermetically sealed casing, a
measuring instrument fordeterminingamass flowrateand/oradensity
of a fluid to be measured,

the Coriolis flowmeter 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; controlling
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the driving means, to thereby alternately drive the flow tube at
an alternate-driving frequency, which is the same as an eigen
frequencyof the flow tube; detecting, byanelectromagneticpickoff,
a phase difference and/or an oscillation frequency proportional
to a Corioclis 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
in the flow tube, by alternately driving the flow tube by the driving
means implemented by a combination of a coil and a magnet in the
flow tube;

adisplayunit for displayingdetection input data input
from the varicus senscrs 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 CPUviaabus 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 values from the various sensors.
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