DESCRI PTI ON FI ELD EQUI PMENT PHOTCELECTRI C SENSI NG SENSI TI VI TY ADJUSTMENT
Technical Field The present invention relates to a setting operation
portion to be provided to a field device, and nore particularly, to a
phot oel ectric sensing sensitivity adjusting device for a field device,

whi ch adjusts photoelectric sensing (optical switch) detection sensitivity
of an optical switch for switching a setting content, and also to a nethod
t herefor. Background Art B@g %grgl"&ield device" collectively refers
to such neasuring instrunments as FRgde 1P ownet ers, tenperature measuring
i nstrunents, d gressure nmeasuring instruments, and also refers to contro

an
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plant facilities or factory facilities, regardl ess of indoors or outdoors.
As a typical field device, there exists a flowneter for measuring the flow
rate of a fluid flow ng through a pipe of a plant, or a batch counter
(pre- séechpipeér Firdd controlling, with a conmbination of a flowreter and a
val ve, the operation of the valve based on a flow rate signal fromthe
flowreter. The prdapnthémveminyrnofefhbse tomst sahbnhy Grergproom ged tdidrh a
di splay portion or an operation portion for meking various settings through
to be provided to a field device, and more particularly, to a
photoelectric sensing sensitivity adjusting device for a field
device, which adjusts photoelectric sensing (optical switch)
detection sensitivity of an optical switch for switching a setting

content, and also to a method therefor.

Background Art

The term "field device" collectively refers to such measuring
instruments as various flowmeters, temperature measuring
instruments, and pressure measuring instruments, and also refers
to control instruments, valves, and the like, which are mainly used
in, for example, plant facilities or factory facilities, regardless
of indoors or outdoors.

As a typical field device, there exists a flowmeter for
measuring the flow rate of a fluid flowing through a pipe of a plant,
or a batch counter (pre-set counter) for controlling, with a
combination of a flowmeter and a valve, the operation of the valve
based on a flow rate signal from the flowmeter.

Further, many of those instruments are provided with a display

portion or an operation portion for making various settings through



a view of the display portion. Exanpl es of the flowneter, which is
one kind of the fielddevice, include a positive displacenent flowneter and
a Coriolis flowreter. The positive displacenent flowreter generally

i ncl udes a neasuring chanber having a rotor, which rotates in proportion to
the volune of a fluid to be neasured flow ng through a flow tube, provided
therein, and determnes the flow rate based on the rotation of the rotor
rotating in proportion to the volune of the fluid to be nmeasured fl ow ng
into theVheWsafi hfecHaRPeRrY PRETLTBRIiolis flowreter is a mass flowreter in
whi ch one end or both ends of a flow tube through which a fluid to be
measur ed i s Fxemphgs afdsuppovneder antighiichong kinded tho htelddavigmmss
flowrate is proportional to a Coriolis force acting on the flow tube

(whi chinsladéubposntiwech suslci ddnanofilpynet ebea g adiat ied) i siépwosteld.at i on
is generated in a direction perpendicular to a flow direction of the flow
t ube wrhé dde tsivppditsedapenrins beowge f¢ xeghneltad Iposntilvéedissphaseaenmgnt
flowmeter is comonly known as in the technol ogy disclosed in, for exanple,
JP 3529R8db82. hfvihdes ,rdther ,Cahiieh sothewseiarprapbehi b s Fbownet er,

is commonly known as in the technol ogy disclosed in, for exanple, JP

2005- 22¢2381rpuidheoppsi hk¥gudapkasanngt thirowsst ar rdosckased bRodPd3929201
therein, and determines the flow rate based on the rotation of the
rotor rotating in proportion to the volume of the fluid to be measured
flowing into the measuring chamber. The Coriolis flowmeter is a
mass flowmeter in which one end or both ends of a flow tube through
which a fluid to be measured is flowing are supported, and which
utilizes a fact that a mass flow rate is proportional to a Coriolis
force acting on the flow tube (which is a tube in which oscillation
is to be generated) when oscillation is generated in a direction
perpendicular toa flow direction of the flow tube with the supported
points being fixed.

The positive displacement flowmeter is commonly known as in
the technology disclosed in, for example, JP 3529201 B2. Further,
the Coriolis flowmeter, which is amass flowmeter, is commonly known
as in the technology disclosed in, for example, JP 2005-221251 A.

The positive displacement flowmeter disclosed in JP 3529201
B2 has a counter built in a casing structured by a casing main body
and a cover. The casing is separately structured from the counter.

The flow rate calculated by the counter is displayed as a numerical

value on an LCD indicator provided to the counter. The flow rate



B2 has a counter built in a casing structured by a casing main body and a
cover. The casing is separately structured fromthe counter. The flow rate
cal cul ated by the counter is displayed as a nunerical value on an LCD

i ndi cator provided to the counter. The flow rate displayed on the LCD

i ndi cator can be visually recognized through a wi ndow of the cover.

When or after the positive displacenent floweter is nounted to a
predet erm ned position_of a pipe, the direction of the coynter |s adjusted
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of the counter housing) can be viewed fromthe upright direction of the
front suviBeev WhehDEhEOPB%itive di spl acement flowneter disclosed in JP
3529201 B2 is nounted, the adjustnment is perforned as well so that the
front surfacther athefgegntee nomitherey léwpdarensnthel apreght id meuniced
t hereof through the wi ndow of the cover. Further, as is wdely
known, tbhe pCedietleirsifnlecivpes et 108 @imasgipé ovirtet i riegtilincht driiee endnderbot h
ends of a flow tube through which a fluid to be neasured is flowing are
suppor t egdamtevhisoht ud t Ithzesrbhe dwuacfaddatf ahevassurfienw (sakeiifdcally,
proportional to a Coriolis force acting on the flow tube (which is a tube
i n whi ehe0sebht aghphats ¢0 thee generadehouiany)osaid e varwies! geder ahed in a
direction perpendicular to a flow direction of the flow tube with the

suppor g€ gRt NtEi Retdihd | ¥gd. tHbe shape ehirkheel | owrhehe die t BesCeikel i s
flowmeter is classified into two major types of a straight tube type and a
U-shapgdshbubech¥Re: flowmeter disclosed in JP 3529201 B2 is mounted, the
adjustment is performed as well so that the front surface of the
counter can be viewed from the upright direction thereof through
the window of the cover.
Further, as is widely known, the Coriolis flowmeter is a mass
flowmeter in which one end or both ends of a flow tube through which
a fluid to be measured is flowing are supported, and which utilizes
the fact that a mass flow rate is proportiocnal to a Coriolis force
acting on the flow tube (which is a tube in which oscillation is
to be generated) when oscillation is generated in a direction
perpendicular toa flowdirection of the flow tube with the supported
points being fixed. 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.
As described above, the Coriolis flowmeter is amass flowmeter
in which a flow tube, through which a fluid to be measured flows,

is supported at both ends thereof, and when a central portion of

the supported flow tube is alternately driven in a direction



As described above, the Coriolis flowreter is amass flowreter in which a

fl ow tube, through which a fluid to be neasured flows, is supported at both
ends thereof, and when a central portion of the supported flow tube is
alternately driven in a direction perpendicular to a support line, a phase
di fference signal proportional to a mass flow rate is detected between the
supported portions positioned at symetric positions of the flow tube at
its both ends,with respect to the central port.ion. , Then, mhen t he
frequeﬂ%{}p?BélﬁPi@Fnaﬁ | § of PRPAFT He 9 ot UBRA$S (i Seqiac t 51PR8le] gen
frequency of the flow tube, a constant drive frequency can be obtai ned
accor dPROPPBLLAB2 deiaiat asf Fhev fIalia ltsod%EeﬁE%L@ﬂ?%Ne%|t@ﬁ EHBBPESSEr i vi ng
the flow tube with small drive energy. Accordingly, in recent years, it has
been aPebhkOnS ReTthkened adr pyanekeif bostubenatoh hacef fen wl@@@éneys The
phase difference signal is proportional to the nass flow rate, but assum ng
t hat abdthvenflseguthcyegpecbonsbabhe thetphaspodifiberence signal can be
detected as a tine difference signal between observation positions of the
flow tube. Then, whenrecedftreyansy foe aflitelrdadeviycdr hasndete Provicded with
a feature that the settings thereof can be changed on the spot through
touch openadiée aqual to thW khgkhefpequeatgno oftite Nl afkagt aswbhehibng
device (SW enpl oyi ng photoelectric sensing, the setting operation for the
field deyieerikeqnentor g B8 bbeashetl hbeewghniheot enehdenerali e @Red
light-emtter-beamtransm ssive material (for exanple, glass). The

princi pi gi 8ft ABe A d Higte SIS RN dRAETES %iﬂv’l@xfi_!r €RAtAGw SULEGHI thY sAgyice
(SW enploying optical sensing, is as follows.” That is, the optical switch

perforgg; sui éﬁé‘hﬁ'ﬁ (%W&Q%ﬁdl%ﬁ) iRy relne YHaPE] PP 104 s PdenVieRohingh!

emtted froma [ight emtter suc
practice to drive the flow tube at the eigen frequency. The phase

difference signal is proportional to themass flow rate, but assuming
that a drive frequency is constant, the phase difference signal
can be detected as a time difference signal between observation
positions of the flow tube.

In recent years, the field device has been provided with a
feature that the settings thereof can be changed on the spot through
touch operation.

With the provision of a non-contact switching device (SW)
employing photoelectric sensing, the settingoperation for the field
device is performed on the spot through the touch operation on a
light-emitter-beam transmissive material (for example, glass).

The principle of an optical switch, which is a non-contact
switching device (SW) employing optical sensing, is as follows.
That is, the optical switch performs switching (SW operation) by

being turned on or off when light emitted from a 1light emitter such



as an LED has been received by a photodetector such as a comrercially
avai l abl e photo IC, or being turned off or on when light emtted fromthe

| ight emtter such as an LED has ceased to be received by the photodetector
such as a photo IC The non-contact swi tching device (SW described
above generally has such a configuration as illustrated in FIG 11.
Specifically, a non-contact sw tching device (SW 500 includes a |ight
emtter ( for exanple, LED) 510 and a photodetector ( for exanple,

comer e a1 PERVES BBPR 1t o7 eCPYsRohoandetretrrghiclerstd PMesciaddnpl e,
LED) 510 and the photodetector (for exanple, photo IC) 520 are each
surrouddedlphple phghe bFocks reeBng uenrired 5300 othen iwjien daiothite emiftged
exanpl e, LED) 510 and the photodetector (for exanple, photo IC) 520 are

di sposédoimnthe iLsghat edibhrer sscht hat ahi GhD brist ted skdomot be Iregletived t t er
(for exanple, LED) 510 does not directly enter the photodetector (for
exanpl By phet phb€pdb2BctAbogachhas| agbhoew tiCer (for exanple, LED) 510
surrounded by the Iight blocking structure 530, there is fornmed an opening
531 so that Thghtn&irddethdt omuie-Hirght deriitker (§Wpr dxadmpliead LEBovR10 is
emtted upward frominside the light blocking structure 530. Further, above

t he phgtadehbettOhalsf du@xagpkentpfatrathbh 220 Surdaundeds bynt kel i ght.
bl ocki ng structure 530, there is forned
Specifically, a non-contact switching device (SW) 500 includes a
light emitter (forexample, LED) 510 and aphotodetector (forexample,
commercially available photo IC) 520, and the light emitter (for
example, LED) 510 and the photodetector (for example, photo IC)
520 are each surrounded by a Light blocking structure 530. The light
emitter (for example, LED) 510 and the photodetector (for example,
photo IC) 520 are disposed in an isolatedmanner so that light emitted
from the light emitter (for example, LED) 510 does not directly
enter the photodetector (for example, photo IC) 520.
Above the light emitter (for example, LED) 510 surrounded by
the light blocking structure 530, there is formed an opening 531
so that light emitted from the light emitter (for example, LED)
510 is emitted upward from inside the light blocking structure 530.
Further, above the photodetector (for example, photo IC) 520
surrounded by the light blocking structure 530, there is formed
an opening 532 so that the light emitted from the light emitter
(for example, LED) 510 enters the light blocking structure 530 from

apredetermineddirectionafterbeingreflectedbya light reflector.

A top side of the light blocking structure 530 is covered with



an opening 532 so that the light emtted fromthe light emtter (for
exanpl e, LED) 510 enters the |ight blocking structure 530 from a
predeterm ned direction after being reflected by a light reflector. Atop
side of the |ight blocking structure 530 is covered with a
light-emtter-beamtransm ssive material (for exanple, glass) 540. Thus,
the light-emtter-beamtransm ssive material (for exanple, glass) 540
serves as a top cover of the light blocking structure 530, and corresponds
to a gaalssglé%v@mlbﬁerﬂaﬁa@ftéagémisﬁ@vaemagéreaéh i(6AToPXaTR6Gsi AG26F)t he
field device. In the optical switch 500 having the above-nenti oned
confi gut@t i oFhusi,ghthe sléphstamityeenbeand tregranitfs iveghraeeriabr (EPar
exanple, LED) 510, and the light emtted fromthe light emtter (for

exanpl examiDy, 5§Dass) ehit 0t edrfeenmashe tpencnyes30Lf thredightvelokéihgght

bl ocki ng structure 530. Further, the photodetector (for exanple, photo IC)
520 i sstcapabhee df3onatianttye seaedy itoga idle ssncodentpdrtghtn HEamsthéiapeni ng
532 formed above the |ight blocking structure 530. In such a state,
when adévobé petteehoor(deheaking obj eat) £f3504 sug¢hcas a finger, is put
over the light-emtter-beamtransm ssive material (for exanple, glass) 540,
the light enihtedd r(bgattﬂ&ﬂ i ght cemi t5e0 (Hovigyxame, abbEP:-héBtangethen
fromthe opening 531 fornmed above the |ight blocking structure 530 is

refl eC%@Hf?éfuiQ@ibhghiiéﬁt‘i lectoh skdgtasgt LA teRkeetdmSat 1SUEt anidtkicnger,

whi ch has beéen put over the light-emtter-beamtransm ssive material (for

I I 40 i ' ; d
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above structure 530, the result that the light is

recei V?PoPyeéa{}ﬁp]pg],OtIJ%e)‘t g‘fboirs gnqrtt%)&agplpﬁ’tkp@%tp%rrﬁfnlgeggi)rﬁoégeod above
the light blocking structure 530. Further, the photodetector (for
example, photo IC) 520 is capableof constantly receivingthe incident
light from the opening 532 formed above the 1light blocking structure
530.
In such a state, when a light reflector (detection object)
550, suchasa finger, isput over the light-emitter-beamtransmissive
material (for example, glass) 540, the light emitted from the light
emitter (for example, LED) 510 and then from the opening 531 formed
above the light blocking structure 530 is reflected by the light
reflector (detection object) 550, such as a finger, which has been
put over the light-emitter-beam transmissivematerial (for example,
glass) 540, and is then caused to enter the opening 532 formed above
the light blocking structure 530, with the result that the light
is received by the photodetector (for example, photoreflector) 520.
With this, the switch is turned on. This switch on enables

the settings or the like of the field device to be changed.



Wth this, the swtch is turned on. This switch on enables the settings or
the like of the field device to be changed. Specifically, the
light emtter ( for exanple, LED) 510 is installed with an emtting angle

t hereof set so that, when the light reflector (detection object) 550, such
as a finger, is put over the light-emtter-beamtransm ssive material (for
exanpl e, glass) 540, the light emtted fromthe light emtter (for exanple,
LED) 510 and then _fromthe openlng 531 formed above the |ight bl ocking
structure 530PFSiFifRretYedthy LhE Fi@ﬁ%tFéFlégPSreFBQPéétigﬁDbbFéQt}SSSO,
such as a finger, and is then caused to enter through the opening 532
f or mediagbybleAarityRn gk ng 280l gctigeegBEet so that FgheRdihe 3h§ht

phot odet ector (for exanple, photo IC) 520 is installed with a receiving
angl e raéteotosefdebechapnt pbjkrght Seli t saghf asmat Kenpeght Lenbutepvetor
exanple, LED) 510 is received after entering through the opening 532 forned
above the light-drhiocke mgpeAm dotaurseisdiive materiaRegbodiarpmguich glass)
non-contact switching device (SW enploying the photoel ectric sensing, a
gener ab4opt tical 1 Sglghadmisut ¢¢ hi ngn dehea de gis: desidridred fior éRaz2@06, 234536 A.
JP 2006- 234526 A describes an optical signal sw tching device which can
easi | yssetamd deteactiom dihst apeaial p8fl ecthed daifowve ldrghtl igdeeblbrgiakenent ,
and can prevent a malfunction. Further, with regard to the optical signal

SwWi t chipgudenies 3 i Palanle JREUBP R3] 1 dRERR file ck HEsEs t bt Doh 3Bgektd
sensitivity adjusting circuit 22 which adjusts the detection sensitivity

for a 56§l ecladawaVve: H50M hey L Ied 856554 NG SLESBR N OghDI8Ebpeniaqof the
| nvent i on Such™an opti cal - sensi ng non-contact sw'tching device (SW

500 dogs, ek fUbT saobgpgh%ﬁgﬁgge{ thEk‘i’ng i l-aRak, AuBapi on even if the

entire device IS covere Ight transmssive material (for exanple,

gl ass. T ansparenl. bl aaLl nofheel BeRAUSAcLhe dateel i anotargeh eho' e

phot odet ect o or ~ éxanpl e optical -sensing

282; g??%%%t%%g\émgtw%mhn gg%é%gﬁgsa\ggalseg %%?%o%%e%?gﬁ%kggecﬁehf%%ﬁp% :S'LW ed

- e per ! er 1 on O ermetica sea_ e
Siruct prs NSt B (el Loueh L Ll doige chiom.a umay beg Y
the ligg%eggk5tg£rgggﬁ gég éghié51%3§l§grmed above the light blocking
structure 530.

Regarding such a non-contact switching device (SW) employing
the photoelectric sensing, a general optical signal switchingdevice
is described in JP 2006-234526 A. JP 2006-234526 A describes an
optical signal switching device which can easily set a detection
distance of reflection of a 1ight receiving element, and can prevent
amalfunction. Further, with regard to the optical signal switching
deviceof Patent Document 3, thereisadescriptionaboutasensitivity

adjusting circuit 22 which adjusts the detection sensitivity for

a reflected wave from the light receiving element 16.

Disclosure of the Invention



The optical -sensi ng non-contact sw tching device (SW 500 configured as
descri bed above perforns the SWoperation by receiving and detecting |ight.
Li ght exists everywhere in the natural world, but, on the other hand, I|ight
is a detectionnmediumwhich is difficult for a human being to grasp
gquantitatively in a direct manner. Thus, there is a problem of malfunction
or operation failure, and, in general, various ways have been devi sed.
Specifically, the follow ng ways have been devised for the optical-sensing
non- cont act S4¢h ehioRf dead ceetSW9 B0~ coptpcthe bHot byeteviee (F'0r °BRanpl e,
photo IC) 520 is configured to detect only a wavelength identical to the
wavel edge$h roft sudiferemnpaddménonef e d pghrasionedr fyhofiex e 11 EDE 510
(optical BP filter); (2) emission light emtted fromthe light emtter
(for exatpte,detEd? BdOdwerddd ckiertedatl ighredebasmisedtvieninagerial (for

andt hephot odet ector (for exanple, photo I1C) 520 detects only such |ight

t hat i sxsypCdy afi zed, witdhdhatent mingtid,3)etche bevaluse icgbt datwunt pnof
light to be detected by the photodetector (for exanple, photo IC) 520 is

det er ni feget ahEl tHeS PhotyletlcREos i(FoRr exhfiplel Ophbeo drt eEIMA sl @¥ghr . and
(4) surroundings of the light emtter (for exanple, LED) 510 and the

phot odet £cd0F 1 £4 PL s X8R EroNW LA &) R0 @ enPatddiadd Y(aW) enid helyagover ed
with the light blocking material 530 so that only the Iight of the

ggg_e‘:té&{?aﬁ%&@ttﬂa% el 5RALO 4 BEoRNAPERE BELEE b8 X R eonBAeL 8Nl O
of hermetically sealed structure without any direct touch to the
device from a human being by changing the direction (directivity)
or the amount of light emitted from the light emitter (for example,
LED) 510.

The optical-sensing non-contact switching device (SW) 500
configured as described above performs the SWoperation by receiving
and detecting light. Light exists everywhere in the natural world,
but, on the other hand, light is a detectionmediumwhich isdifficult
for a human being to grasp quantitatively in a direct manner. Thus,
there is a problem of malfunction or operation failure, and, in
general, various ways have been devised.

Specifically, the following ways have been devised for the
optical-sensing non-contact switching device (SW) 500:

(1) the photodetector (for example, photo IC) 520 is configured
to detect only a wavelength identical to the wavelength of light
emitted from the light emitter (for example, LED) 510 (optical BP

filter);

(2) emission light emitted from the light emitter (for example,



For the adjustnent of the sensitivity (response position with respect to a
detection material ) of the non-contact switching device (SW, for exanple,
there are a nethod of adjusting the anount of |ight reaching the

phot odet ector (for exanple, photo IC) by mainly adjusting the |ight anount
of the light emtter, and a nethod of adjusting the amount of I|ight
reachi ng the photodetector ( for exanple, photo I C) by changing the

di nensions of the |ight blocking structure. . In the case of the

met hodLBP) &dPust Fhickpecdpbamprofet sHnine@eRing - 3¢ brorbaéreetsrteror
exanpl e, photo I1C) by adjusting the |light anount of the light emtter for

t he adffier mexanpileyhechersi ICVi t32( fespehse Qs t fephwililghteshert €6 a
detection material ) of the non-contact sw tching device (SW, as neans for
adj ust sygchhenfrgt wanbuhhadf timénbight emitter, electrical energy
(current/voltage) to be applied to the light emtter is adjusted by using
a vol un®) r esiestgvel (ligbn tdhewitherofiaddghitn tdebeasketafctidre et hbe of
adj usting the amount of |ight reaching the photodetector (for exanple,
phot 0 bEptb¥eEbaBgLNUEdhexdimpanrsi pastof I¢hedd gbtdbt ookl ngd staruc ke, as
means for adjusting the amount of |ight reaching the photodetector (for
exanpl gysphet8ikC) sbyraeansdotot hael bghkchlieakibgestr ugure, there is

provi ded structure in which a hole is opened in the |ight bl ocking

struct ;é&f 8rbsn@i 138968 H8d veeh Nand 4104 e+ t8lardnd t hmmhahiedehect or
|

so tha ght passes”through the hole. Thus, by enlarging or reducing the

si ze o%HéhShggggeg%E%g?”Q%%E %&%?ﬁ?ﬁﬁ“bﬂééﬁ“léﬂi5§§t5¥ét¥a9EiFhQ Lo s

adj ust e ecifically, a l'ustrated in FIG 12, the light emtter

: o : _ fed Tn FIG 1. Tgh
Connoct BEFE1Y ol Tt AL e PUaRPHE Bl GBSty e WSSt ng
th I St i, abl .St . 960, . | tical I ' I

o out BUE HOM the TRE emeel Spearci g ot Byt o1 EERs R il

signal |i.s detected by, the t tector (for exanple, photo I1C) 520, and is
t hen oﬁFBEteﬁgmBﬁeCN%EﬁgooEEgugggrgnal. Such adj ustment of the

sensitivity (response position with respect to detection nmaterial, of

t he non- cont gEF iJsOWﬁ Fgﬂﬁﬁﬁmﬁﬁgi t%‘g\/ﬁeri‘l%stjt%t¥ 3Irle§\ﬁoﬁ1§’epﬁ’%%3r1éh%n "t the
case of the nethod of adjusting the ampunt of |ight reaching the

phot odEEEREEF YT Braedestiica mﬁh@?bait)ofbph%ai%ﬂ%tat%swbﬁglaﬂﬁfr%l% t he
light emtter. Those problens are: a relatively | arge-scale adjustin%_iig
is reqdﬁWéd,for example, there are a method of "adjusting the amount o

light reaching the photodetector (for example, photo IC) by mainly
adjusting the light amount of the light emitter, and a method of
adjusting the amount of 1ight reaching the photodetector (for example,
photo IC) by changing the dimensions of the light blocking structure.

In the case of the method of adjusting the amount of light
reaching the photodetector (for example, photo IC) by adjusting
the light amount of the light emitter for the adjustment of the
sensitivity (responsepositionwith respect toadetectionmaterial)
of the non-contact switching device (SW), as means for adjusting
the 1light amount of the 1light emitter, electrical energy

(current/voltage) to be applied to the light emitter is adjusted



and it is difficult to realize automatic adjustnent because the nethod is
an adj usting nethod which depends on a sense of a person who perforns
adjustnment; the entire portion in question or part thereof needs to be
exposed out of the housing at the tine of the adjustnent; and the
adjustnment is difficult to performin the case of such a field device that
is covered with a sturdy housi ng. Further, the sane applies to the
met hod of adjusting the anmobunt of |ight reaching the photodetector (for
exanplley phiore & gobynehe@gl #goThe di mensions of the |ight bl ocking
structure. Further, regarding the optical signal swtching device of
JP 2006- 234526AheastUetam¢@dotuthées@@S$KHQﬁh? el lued iafy adijustiing2phet her e
is a description about performng the sensitivity adjustnent by a filter

ci rcuidm@int arf dénhvi ngacioi sg.tHdowkwendettketeri $fop epaw fé c phesor LBl i on
about how the sensitivity adjustnent is perforned. An object of the
presendy ichwerRtiingnthé diteprsd\vndeo sutle $ight &lensing vttycadrastarentaher a
non-contact switching device (SW enploying optical sensing that enables

the anpyptaPfudi oy e ambuaht oem i ief Adeh Bxpmplee phbEbBietecheradifust ed
autonatlcallymnthout exposing an inside of an instrunment to external air

and depeng, ?h&s&%@%ﬁméﬁhé)&?ﬂ 8h@r1ight blod Wiy deruceuse venthe
above- nentlone robl ems, "according to claim1, there is prOV|ded a

phot Oeiggrfavq %tﬁacéﬁﬁé'ltd ‘?hi¥haadh8§é'ﬂQoS@MéS%rP%h@r!L Q;Eiﬁ E%cﬁ@ﬂ i ng

non-contact sw tching device for a field device, capable of per orning

(e h”“n%’gﬁ.ﬁﬁéu%%tv'er ace§“ SE RS “'fr"d eth cdhrs L o BRE e ot 5 be
f?gﬁiﬁ?d%%‘f’eie%% EPFafol hate i RAFIRE) Bhetudn PEhe “BhLbRc TRRS: ey,
enlarging or reducing the size of the hole, the amount of passing
light (directivity of light) is adjusted.
Specifically, as illustrated in FIG. 12, the light emitter
(for example, LED) 510 of the non-contact switching device (SW)
500 is connected to a volume resistor (variable resistor) R560,
and by adjusting the volume resistor (variable resistor) 560, a
given optical pulse signal is output from the light emitter (for
example, LED) 510. The optical pulse signal is detected by the
photodetector (for example, photo IC) 520, and is then output as
an ON/OFF output signal.
Such adjustment of the sensitivity (response position with
respect to a detectionmaterial) of the non-contact switching device
(SW) has the following problems in the case of the method of adjusting
the amount of light reaching the photodetector (for example, photo
IC) by adjusting the light amount of the light emitter. Those

problems are: a relatively large-scale adjusting jig is required,
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t he operation portion including: a switching operation
portion for turning on/off a photoelectric sensor by bringing a |ight
reflector closer to the front surface formed of the light-emtter-beam
transm ssive material ; a data display screen for
di splaying a screen according to a switching node designated by the
swi tching operation portion, afterasw tchingoperation (ON operation)

i ngj elightrefl ectorcl oser

perfornedbébrln%bngth g

of t heswi t.chi ng operati onporti oni
Lo t heFflont $r PACELGRLENG CopEPALTEN SHoPIFM ot GOEHErFBE S REAHSRodEE of
di splay data |ncludin a_setting; and, a_photoel ectric
sensi néGEEHQi t$\A1 )?dégis&é’(nignﬁ‘ea PrcBRi6h RIPIRET R GpErRaF Bt PETSPN
sensitivity of the photoelectric sensor which is turned on/off by the
swi t chi"Rg Bp&fatrmenagorsiBant; the epgdrghposéiest dAnc wessileg senamitvity
adj usting device including: a light emtter including an LED
for entheragfl nghdsbyo bes myxmugss icad wift khenbeggifguat eite drimmlafagdle; a
regulator for LED driving with an output adjusting

adjustment; and the adjustment is difficult to perform in the case

of such a field device that is covered with a sturdy housing.

Further, the same applies to themethod of adjusting the amount
of light reaching the photodetector (for example, photo IC) by
changing the dimensions of the light blocking structure.

Further, regarding the optical signal switching device of JP
2006-234526 A, as details of the sensitivity adjusting circuit 22,
there is a description about performing the sensitivity adjustment
by a filter circuit 21 for removing noise. However, there is no
specific description about how the sensitivity adjustment is
performed.

An object of the present invention is to provide such stable
sensitivity adjustment for a non-contact switching device (SW)
employing optical sensing that enables the amount of light of a
light emitter (forexample, LED) tobe adjustedautomaticallywithout
exposing an inside of an instrument to external air and depending
on a sense of an operator.

In order to solve the above-mentioned problems, according to
claim 1, there is provided a photoelectric sensing sensitivity

adjusting device of an optical-sensing non-contact switching device

(SW) for a field device, capable of performing optimum sensitivity
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function, for supplying the energy (current or voltage) to the LED serving
as the light emtter; a light receiving device for receiving
the light which is emtted fromthe light emtter and reflected by bringing
the light reflector closer to the front surface formed of the

light-em tter-beamtransm ssive material; adigita
potentioneter for controlling increase or decrease of the energy (current
or voltage) to be supplied to the LED serving as the light emtter fromthe
regul A@¥FUSHRELED WRETEHY; ¢ a CPU for digitally controlling
the increase or the decrease of the energy (current or voltage) to be
supplied to Qmeomﬁlﬁtb@mim@rbéomhém@EQM@céhﬁ@téﬁtﬁrﬁﬂﬂﬁheofeéhﬁaféﬁlﬁor LED
driving, by controlling the digital potentiometer according to a control
progr adlewi ¢ im confighrsdgsmalas not to be exposed persvhatrnezbmiut ehrevghect ed
via a conmunication termnal unit, for controlling the CPU, and

a phototetestoonopoat i bght eemiletectbagmahrepsntcabisegnateenait édlesem t he
LED, converting the optical signal to an electrical signal, and outputting
the electthealikepnab. a frontNetefhbat thareofigercially avail able photo IC
or the like may be used as the photodetection portion, and there may be

provi ded a phot odetest &be Wit Lo | pertides, irslhdiggnal structure, a pul se
generator for outputting a given pulse signal, and an AND circuit for

outputting an AND si gnal, abl ichgé PSb¥BLR: bASAHAYT E62lt Ny ofybRYt from
t he photodetection portion and the given pul se signal
a photoelectric sensor by bringing a light reflector closer to the
front surface formed of the light-emitter-beam transmissive
material;

a data display screen for displaying a screen
according to a switching mode designated by the switching operation
portion, after a switching operation (ON operation) of the switching
operationportionisperformedbybringing the light reflector closer
to the front surface of the operation portion to thereby switch
modes of display data including a setting; and

a photoelectric sensing sensitivity adjusting
device for adjusting optical detection sensitivity of the
photoelectric sensor which is turned on/off by the switching
operation portion,

the photoelectric sensing sensitivity adjusting device
including:
a light emitter including an LED, for emitting light
by being supplied with energy (current or voltage);

a regulator for LED driving with an output adjusting

12



out put fromthe pul se generator. In order to solve the

above- nenti oned probl ens, according to claim?2, there is provided a
phot oel ectric sensing sensitivity adjusting device of an optical -sensing
non-contact switching device (SW for a field device, in which the field
devi ce of the photoelectric sensing sensitivity adjusting device of an

opti cal -sensi ng non-contact switching device (SW for a field device
according to claim1l is _accommbdated in a sturdy housing intended for

on- si tBURGE ANt QoS UPRlYdmS BBR R RFIVf (LMY PEyvoltage) 14 §hgebEPo

sol ve the above-nenti oned problens, according to claim3, there is provided
a phot®eretryi essehsi hgBEneMityeEy adj usting devi ce of an optical -sensing
non-contact switching device (SW for a field device, which has an

aut omati ¢ sensitivatlyighdj raseaeangfderci¢ofdnreopivéap Sendiledti wbkabi ng:

a first step of resetting a current adjustnment |evel of the commercially
avai | abs eedi gt édl fpohenheoiegbt, emhitthri sndsedfiiacthd phoboehgihpi thsensi ng
sensitivity adjusting device of an optical -sensing non-contact swtching
devi ce1{@W frafidiwdtsd davisee acoorthag fromt asorfaoe 2fotmedetofanthe

adj ustnent level of the digital potentionmeter to a maxi mum sensitivity

| evel ;1ight-emitter-b8afe€onsnt €piok fatermkmi;ng whet her or not the |ight
of the LED which is emitting the light under a state of the first step is

detected by the photgdetesti 95:8Rf1bRBLBEOYbdedohisbUeiagPhatedakecter; a
third step of outputting, when the light of the LED is getected in the

Secondd?&g?a?% St anad éﬁr%%w&%m&uaﬁ%ﬂ;g g8) of o dwnn i fitd NGl @nwi per

term na e digital potentioneter to the digital potentioneter fromthe

Lerm nal "of The pot i gi _ m th
cry, oD AR e P e R T R B bt 78 e

I ncreased or decregsngb¥o;15i&P¥ai19iEghtrolling the increase or the

decrease of the energy (current or voltage) to be supplied to the
LED serving as the light emitter from the regulator for LED driving,
by controlling the digital potentiometer according to a control
program with a control signal;

a personal computer connected via a communication
terminal unit, for controlling the CPU; and

aphotodetectionportion fordetectinganoptical signal
emitted from the LED, converting the optical signal to an electrical
signal, and outputting the electrical signal.

Note that, a commercially available photo IC or the like may
be used as the photodetection portion, and there may be provided
a photodetector which includes, as internal structure, a pulse
generator for outputting a given pulse signal, and an AND circuit
for outputting an AND signal obtained between the electrical signal

output from the photodetection portion and the given pulse signal
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a fourth step of determ ning whether or not sensitivity of the w per
termnal of the digital potentioneter can be adjusted (up-shifted or
down-shifted) to fall within an adjustnent |evel range; and a
fifth step of determining, when the sensitivity adjustnent can be perforned
on the adjustnent level in the fourth step, whether or not the adjustnent

|l evel falls within the adjustnent |evel range (=27 to 5) of the w per

term nal ofttfe dig'tal gotentione er, in which the adjusted
sensi t YRy of *PHe %ﬁoPB PecEFlEr8eRSor is increased in a stepwise manner,
and the adjustnment is ended at a | evel at which an output fromthe
phot odet ect ot R i¥ dGtahgedr Ve the apaveraeptigned| ReCh N ahARENRSHII DR
probl ens, according to claim4, there is provided a photoel ectric sensing
sensi tF¥219 Adj G8EFRg 1§e ALY igtedarp dpholerg leehsi agsaopiednsarsisWLERi ng
devi ce éswv for a field device, in which the photoel ectric sensing
sensi t 397 Lyt hdy devileg o wvinceroical- 9pns vad noensongansreveidntlaiotg deit chi ng
device (SW for a field device according to any one of clainms 1, 2, or 3
has an(S@utfomret Ftetddesdtieonid whithamef Ore kshdept cealf tshvé phbtoehebtding:
a first step of determ ning whether or not a long period of tinme ( for
exanpl eené$Ongi nstresi oivlongesrdjusisisgicckssice| ywiel apsedpaftel-saeakahg of
out put fromthe photodetector becane ON
non-contact switching device (SW) for a field device according to
claim 1 is accommodated in a sturdy housing intended for on-site
installation in consideration of durability.

In order to solve the above-mentioned problems, according to
claim 3, there is provided a photoelectric sensing sensitivity
adjusting device of an optical-sensing non-contact switching device
(SW) forafielddevice, whichhasanautomaticsensitivity adjustment
function for optical sensing including:

a first step of resetting a current adjustment level
of the commercially available digital potentiometer, which is used
in the photoelectric sensing sensitivity adjusting device of an
optical-sensingnon-contact switchingdevice (SW) fora fielddevice
according to claim 1 or 2, to set an adjustment level of the digital
potentiometer to a maximum sensitivity level;

a second step of determining whether or not the light
of the LED which is emitting the light under a state of the first
step is detected by the photodetection portion provided inside a

photodetector;

a third step of outputting, when the light of the LED

14



a second step of determning that there is a malfunction when an ON state
has been kept successively for the long period of time (for exanple, 60

m nutes or longer) after the state of the output fromthe detector becane
ONin the first step, outputting a signal for changing (down-shifting) the
w per termnal to the digital potentioneter fromthe CPU, and setting the
sensitivity adjustnent |evel of the photodetector to be decreased by "1"

| evel ; a third step of determ ning whether or not the state of
the ouipuicteeird Ha Bhet DRGPREtTICR s 20N BURA BF¥ Shame nseASPrPRLE)1ng

adj ustment | evel of the photodetector is set to be decreased by the 111"

| evel on dhensebbhtiisgepa wiper terminag pduthk dieptefl pewensipPmagethe
sensitivity adjustnment |evel of the photodetector until the state of the
out put tbr ohet dégphal odetent dpmbeeonéso®FEhaf C8U wetermnidaipagailncoh&rohi rd
step that the sensitivity adjustnent |evel of the photodetector is

cont i nuons!yormeht reg atisedt hetall apet @bt 1 bee oait @utd thentPhie plbtedéetiagt or i s
ON, and a fifth step of determ ning, when the state of the

out put t heoaa{ het ot adstectar thecangst OEFpd et btofiotet e s tep inthatskhe
sensitivity adjustnment |evel of the photodetector has becone appropriate,
and engkngeggggggalbgguqhe (pongi bi¥hty adj ustment level of the

phot odet ect or, and in which the adjusted sensitivity of the optical

swi tch is decreased dJy @ 1SEEBY S€JERBPAL n 1 AFdiHd e AdbistideREniss terded at
the |l evel at which the output fron1the phot odet ector i s changed, thereby

aut Om%kﬁgké Yo 1R € Mgohhsfsaf@' et geteﬁtc&rsmet@g the k;aota'd%lst%w tch.

I n order ve t Ve mentT one pro according to claimb, there

is pro e hqt gel I5Ng e Wiy diyustiyg e n
opt | cal'® &%2?586%0%?0%%% D S o e
capable of perfgrning optinun1sen5|tiV|ty adj ust nent through control of a

di gi taf? Bg?én?P meter by a CPU, in which:

a fifth step of determining, when the sensitivity
adjustment can be performed on the adjustment level in the fourth
step, whether or not the adjustment level falls within the adjustment
level range (=27 to 5) of the wiper terminal of the digital
potentiometer,

in which the adjusted sensitivity of the photoelectric sensor
is increased in a stepwise manner, and the adjustment is ended at
a level at which an output from the photodetector is changed.

In order to solve the above-mentioned problems, according to
claim 4, there is provided a photoelectric sensing sensitivity
adjusting device of an optical-sensing non-contact switchingdevice
(SW) for a field device,

in which the photoelectric sensing sensitivity adjusting
device of an optical-sensing non-contact switching device (SW) for

a field device according to any one of claims 1, 2, or 3 has an
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a switching operation portion (man-machine interface) of the field device
is configured so as not to be exposed to external air through provision of
a light-emtter-beamtransm ssive nmaterial (glass, or the like) to a front
surface thereof; t he switching operation portion being
configured so as not to be exposed to external air with provision of a
light-emtter-beamtransm ssive material (glass, or the like) to a front
surface thereof, the smntchlng Eeration ortlon ionﬁrlsb g S

a sw t%ﬂFﬂﬂaBbSr GPFBRCpOPEi GHIFGEOPUFRFNG R oRPERFaa FHOLEEY edPFdd8fsor
conprising a light emtter and a photodetectaor, by bringing a |light
reflector closer td el sHRP W?F@Fmbééﬁﬁt"f%}ﬁ%§F\Fé3‘?r§t3e9¢%lper10d

a data display screen for displaying, on a screen, according to a

desi gnaf éd Mo dE0T % ©f SRimbIEL Haral Aaoughas S9Eeehs e bperlapised of

t he switching operation portion; and a photoelectric
sensi ngfsensat vty adj avtbng devincghadpbetiongteptiocalbedetmecONen
sensitivity of the photoel ectric sensor, t he photoel ectric sensing

sensitivity adjustasgcdevi secpofpidésenginang tEBt shehotic 4 Galdunartiabl e

output regulator; a digital potentioneter; and a CPU,
when an ON state has been kept successively for the long period
of time (for example, 60 minutes or longer) after the state of the
output from the detector became ON in the first step, outputting
a signal for changing (down-shifting) the wiper terminal to the
digital potentiometer from the CPU, and setting the sensitivity
adjustment level of the photodetector to be decreased by "1" level;

a third step of determining whether or not the state
of the output from the photodetector is ON even after the sensitivity
adjustment level of the photodetector is set to be decreased by
the "1" level in the second step;

a fourth step of controlling the sensitivity adjustment
level of the photodetector until the state of the output from the
photodetector becomes OFF after determining in the third step that
the sensitivity adjustment level of the photodetector is
continuously high because the state of the output from the
photodetector is ON; and

a fifth step of determining, when the state of the output
from the photodetector becomes OFF in the fourth step, that the

sensitivity adjustment level of the photodetector has become

appropriate, andendingcontrollingthe sensitivityadjustment level

16



in which the LED emits |light by being supplied with electrical energy,

in which the photo IC receives the light which is emtted fromthe LED and
reflected by the light reflector, and outputs a signal, i n which

t he variabl e output regulator has one end connected to the LED via a first
resi stor and anot her end connected to the digital potentioneter via a
second resistor, and increases or decreases a forward current of the LED by
changiE%g an out put voltage, to thereby adjust a |light em ssion anmount of
the LEPE the photpge{RrERTt heldigital potentioneter controls the out put

vol tage of the variable output regulator, to thereby control energy

(vol tage or &@rvlehel) the RABPIE ctPtDLE Ml LERF (A ond hrar; él?)’llécglutlﬁut
regul ator, and in which the CPU transmts a control signal to the
di gi t aflepoeenedoheteestepwisnt nahnehe aud pgute welivagaeot Lheevded &ldl sheut put
regul ator, thereby adjusting the Iight em ssion anount of the LED by

cont r olLévag athehénbrigye oubbtiagerar toerplent9dettedeosuppthatyed, thereB® from
t he variabl e out put regul ator. In order to solve the above-nentioned
pr obl esstomatocding daxrod@tiind thiehesesisipt oyiadeid sttt o€l dod bpt igaldsi ng
sensitivity adjusting device of an optical -sensing non-contact sw tching
devi cesgSWnhfor a field device,

In order to solve the above-mentioned problems, according to
claim 5, there is provided a photoelectric sensing sensitivity
adjusting device of an optical-sensing non-contact switching device
(SW) for a field device, capable of performing optimum sensitivity
adjustment through control of a digital potentiometer by a CPU,
in which:

a switching operation portion (man-machine interface) of the
field device is configured so as not to be exposed to external air
through provision of a light-emitter-beam transmissive material
(glass, or the like) to a front surface thereof;

the switching operation portion being configured so as
not to be exposed to external air with provision of a
light-emitter-beam transmissive material (glass, or the like) to
a front surface thereof,
the switching operation portion comprising:
a switching operation portion for turning on/off
aphotoelectricsensor comprisinga light emitter andaphotodetector,
by bringing a light reflector closer to the light-emitter-beam

transmissive material;
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in which the photo I C of the photoel ectric sensing sensitivity adjusting
devi ce of an optical -sensing non-contact switching device (SW for a

fi el ddevice according to claim5 includes : a photodetection portion; a
pul se generator; an AND circuit; and a transistor, in which the
phot odet ecti on portion detects the light which is emtted fromthe LED and
reflected by the light reflector, and outputs a received optical signal to
one term nal of the AND CIrCUI% when t he I|8$t gas g glven Ilght amount or
mor e, i n which t he FHes GRIRY SCOPSBUt PUESSBIGYvVBA- S SE°TEGRal t o
cause the LED to emt the I|i in_synchronization with the %lven pul se

si gnal 26§°48tRY Fﬁeag@%%hg%%€§@ BPgRal 2 BRRE i Hp HiSRIFY giaken Thacsehsiggnal
to another terminal of the AND circuit, in which the AND circuit
per f or REIARNARD eperatiien §€tﬁ@€nsﬁﬁécbé@§i@@Gnéﬁﬂp@apo§¢gﬁav,awﬁich is
output after the light emtted fromthe LED is received, and the given
pul se signal output fronathbeopakdsecgener acopingndeostipivdty relgulsttamy t o
the CPU, and in which the transistor is turned on/off by the given
pul se degneak ainyritirdfg opttihelpldtsecigenesatsit$viayg dfotcaphetokdecERilco em t
the light in synchronization with the given pul se signal. I n order
t o sol genshe,above- nenti oned probl ens, according to claim?7, there is
provi ded a photoelectric sensing sensitivity adjusting device of an

optical - sensthg nshbtaslact r sy tsehigiqigdeveaei CSW thoradydd el tly dephvGee
i nwhi cht hedi gi t al pot enti onet er of t hephot oel ectri csensing sensitivity

adj ust EB&FQQ%EQQ :ofn BRD PRI - $ERS Nar NPT £ NERGE St I g Q%i\ilgqe:a(lsv\)
for a field device according to claim5 or 6 includes a W per term nal

provi dgdtwhthoartadi;ughpeat cegvel corresponding to 32 bits, and

in which the LED emits light by being supplied with electrical
energy,

in which the photo IC receives the light which is emitted from
the LED and reflected by the light reflector, and outputs a signal,

in which the variable output regulator has one end connected
to the LED via a first resistor and another end connected to the
digital potentiometer via a second resistor, and increases or
decreases a forward current of the LED by changing an output voltage,
to thereby adjust a light emission amount of the LED,

inwhich thedigital potentiometer controls the output voltage
of the variable output regulator, to thereby control energy (voltage
or current) to be supplied to the LED from the variable output
regulator, and

in which the CPU transmits a control signal to the digital
potentiometer to control the output voltage of the variable output

regulator, thereby adjusting the light emission amount of the LED
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in which, by using a CS signal specifying a target device, an UP/ DOAN
signal for determ ning whether the adjustnent |evel of the digital
potentionmeter is to be increased or decreased, and a signal (counter
signal) for shifting the adjustnment |evel of the digital potentioneter
every tinme a pulse edge is detected, which are output via digital control
lines froma PIObuilt in the CPU, the digital potentioneter
controls, according to the adjustnent |level, a connecting |ocation of a

wi per PEréPRBFObE LRACRArFEY o P2 |l &G Icen§e supPediistakee

val ue of the second resistor connected to the another end of the variable
out put thegbERt 6romahbecvariabseaoprephist aagulaterded vol tage rati o bet ween
the second resistor and the first resistor which is connected to the one
end of the vanicatder cotpotve ddid above-mhetébyedopt ol ¢msg adw nslitqguto
voltage (or current) to be supplied to the LED fromthe variabl e out put
regul atbaiml B, otteret d ssglrveritdeel abopleebeal ¢eobeilc psebkenyg, sansatdvagyt o
claim8, there is provided a photoelectric sensing sensitivity adjusting
devi cea@f uabingidesalcesenainngp Hidda Tosk ASi n§ wWoheliong adevswet (1B g tlexiaef i el d
device, in which the CPU of the photoelectric sensing sensitivity adjusting
devi ce(9fi) apcephi eakigensiyngenon-contact sw tching device (SW for a field
device according to claim7 is configured to, according to a given program

determne, baseshih &fe ighRith BE 0@t KdIbRYE 081 @Rl iQUEPHE 1 Ad QBERE 1 ARy
circuit of the photo IC, whether or not the light has been emtted fromthe

o e KISR0 o oot Beyahob e et ot ahacil on
(SW) forafielddeviceaccordingtoclaim5includes: aphotodetection
portion; a pulse generator; an AND circuit; and a transistor,

in which the photodetection portion detects the light which
is emitted from the LED and reflected by the light reflector, and
outputs a received optical signal to one terminal of the AND circuit
when the light has a given light amount or more,

in which the pulse generator outputs a given pulse signal to
cause the LED to emit the light in synchronization with the given
pulse signal by using the given pulse signal, and inputs the given
pulse signal to another terminal of the AND circuit,

in which the AND circuit performs an AND operation between
the received optical signal, which is output after the light emitted
from the LED is received, and the given pulse signal output from
the pulse generator, and outputs a resultant to the CPU, and

in which the transistor is turned on/off by the given pulse

signal output from the pulse generator so as to cause the LED to

emit the light in synchronization with the given pulse signal.

19



reflected by the light reflector, sequentially control, according to the
adj ustnent | evel corresponding to 32 bits, a connecting |ocation of the

wi per termnal of the digital potentionmeter by using the CS signal

speci fying the target device, the UP/ DOMN signal for determ ning whet her
the adjustnent |evel of the digital potentioneter is to be increased or

decreased, and the signal (counter signal) for shifting the adjustnent

| evel of the digital potentioneter every time the pul se edge is_detected,
which are Ou{@u}rder to solve the above-mentioned problems, according to

claim 7, there is provided a photoelectric sensing sensitivity
adjusting device of an optical-sensing non-contact switchingdevice
(SW) for a field device,

inwhichthedigital potentiometer of thephotoelectricsensing
sensitivity adjusting device of an optical-sensing non-contact
switching device (SW) for a field device according to claim 5 or
6 includes a wiper terminal provided with an adjustment 1level
corresponding to 32 bits, and

in which, by using a CS signal specifying a target device,
an UP/DOWN signal for determining whether the adjustment level of
the digital potentiometer is to be increased or decreased, and a
signal (counter signal) for shifting the adjustment level of the
digital potentiometer every time a pulse edge is detected, which
are output via digital control lines from a PIO built in the CPU,

the digital potentiometer controls, according to the
adjustment level, a connecting location of a wiper terminal of the
variable output regulator to change a resistance value of the second
resistor connectedtotheanotherendof thevariable output regulator,
and controls a resistance-divided voltage ratio between the second
resistor and the first resistor which is connected to the one end
of the variable output regulator, thereby controlling the output
voltage (or current) to be supplied to the LED from the wvariable
output regulator.

In order to solve the above-mentioned problems, according to
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via the digital control lines fromthe PIO built in the CPU;, and control
the resistance-divided voltage ratio between the first resistor connected
to the one end of the variable output regulator and the second resistor
connected to the another end of the variable output regulator, thereby
controlling the output voltage (or current) to be supplied to the LED from
the variabl e output regul ator. In order to solve the

above- nenti oned Eroblens, according to claim9, there is provided a
photoe?%%%mié'sé §Fﬁg%§ﬂRﬁQWMQQ% %d?%%??%beﬁEGFEeséPséHgoﬁﬁp§éFi§éﬁ§ing

non-contact switching device (SW for a field device, _ ' _
adjusting device of an optical-sensing non-contact switching device

(SW) fora fielddevice, inwhich the CPU of the photoelectric sensing
sensitivity adjusting device of an optical-sensing non-contact
switching device (SW) for a field device according to claim 7 is
configured to, according to a given program:

determine, based on an input of an output signal output from
the AND circuit of the photo IC, whether or not the light has been
emitted from the LED;

until the photodetection portion of the photo IC detects
reflection light obtained when the light emitted from the LED is
reflected by the light reflector, sequentially control, according
to the adjustment level corresponding to 32 bits, a connecting
location of the wiper terminal of the digital potentiometer by using
the CS signal specifying the target device, the UP/DOWN signal for
determining whether the adjustment level of the digital
potentiometer istobe increasedordecreased, andthesignal (counter
signal) for shifting the adjustment level of the digital
potentiometer every time the pulse edge is detected, which are output
via the digital control lines from the PIO built in the CPU; and

control theresistance-dividedvoltageratiobetweenthe first
resistor connected to the one end of the variable output regulator
and the second resistor connected to the another end of the variable
output regulator, thereby controlling the output voltage (or

current) tobe suppliedto the LED from the variable output regulator.

21



in which the photoelectric sensing sensitivity adjusting device of an

opti cal -sensi ng non-contact switching device (SW for a field device
according to claim5, 6, 7 or 8 has an autonmatic sensitivity adjustnent
function for optical sensing including: a first step of
resetting a current adjustment |evel of the comercially available digital
potentioneter to set an adjustnent |evel of the digital potentioneter to a
maxi num sensitivity | evel; a second step of determning

whet her or nb® 4REY it@h%o%‘f’e tHe PEBVRATERTILONER PYPRECRRe AGGHAINHEP a
state of the first step is detected by the photodetection portion provided
i nsi deciagmpHlot G86LEctisr ;provided a photeelerkyigt epnainguspustitayitikhen
the light of the LED is detected in the second step, a signal for changing
(down- 88i Bist Y dehve asi pEant @i eal - ofns heg diogi-tcantpottesw i bpriey devicke
digital potentionmeter fromthe CPU via the digital control |ine connecting
t he di gbval fpot enfiehdt éevand,the CPU, and setting the adjustnent |evel of
the digital potentionmeter to be decreased by "1" (by 1 bit);

a fourth stepnoihdehermenipiptdecidieiriar sotsBefnsseheityvotyt hejuspehg
termnal of the digital potentioneter can be adjusted (down-shifted) to

fall wiehibeadr ad) st dEAL-E6Neinfangs caithet switching daévikét (st eprof
determ ning, when the sensitivity adjustnment can be perforned on the

adj ust gept ol gvakviiBet hechoUL hl sbeplavhether, or Bet st Rgsadhustrenrktlievel
falls within the adjustnment |evel range (=27 to 5) of the w per term nal of

the di gihalPoLept hayBEBhen®N®unction for optical sensing including:

a first step of resetting a current adjustment level
of the commercially available digital potentiometer to set an
adjustment level of the digital potentiometer to a maximum
sensitivity level;

a second step of determining whether or not the light
of the LED which is emitting the light under a state of the first
step 1s detected by the photodetection portion provided inside the
photodetector;

a third step of cutputting, when the light of the LED
is detected in the second step, a signal for changing (down-shifting)
the wiper terminal of the digital potentiometer to the digital
potentiometer from the CPU via the digital control line connecting
the digital potentiometer and the CPU, and setting the adjustment
level of the digital potentiometer to be decreased by "1" (by 1
bit):;

a fourth step of determining whether or not sensitivity

of the wiper terminal of the digital potentiometer can be adjusted
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in which the adjusted sensitivity of the photoelectric sensor is decreased
or increased in a stepw se manner, and the adjustnent is ended at a | evel
at which an output fromthe photodetector is changed. In order to
sol ve the above-nenti oned probl ens, according to claim 10, there is

provi ded a photoelectric sensing sensitivity adjusting device of an

opti cal -sensi ng non-contact switching device (SW for a field device,

in which the photoelectric_sensing sensitivity adjusting device of an

opt i cafde@nsPhyt hedl cEﬂtBﬁ%lsw*ﬁ}aﬁ?n@nd%ﬂl&ét%‘%w £6Ved FRBPR/ deébfce
according to any one of clains 5, 6, 7, 8, or 9 has an automatic correction
function for an opti éaftBwistte® ¢hcPa@prpining, when the gseppiti¥iéy of
determ ni ng whether or not a long period of tinme (for exanple, 60 m nutes
or | ong@liyshaent uereds venfogigssed aheerdiustmert oferlt gut theofrukgh

phot odet ect or becane ON, a second step of determning that

t her e $sep, maleftlnect o onowhdre adj Obltmeat d dvas. bekhs kephisudoesdijvekpehdr the
| ong period of time (for exanple, 60 mnutes or longer) after the state of
t he oul¢uelf ramgkehe(=€lEl ecbors)bescimeheN wipdhetérmshadt ef Cut pdtitingl a
signal for changing (down-shifting) the wiper termnal to the digital

pot entpoteheioheo8r | hen€PU, and setting the sensitivity adjustnent |evel of
t he photodetector to be decreased by "1" |evel; athird

step of deteifihiikg YhetRBuHedSbntheil oy OEnbthPM cd FmskRgor
phot odetector is ON even after the sensitivity adjustnent |evel of the

phot odef el OFcd so Sl tAcPBadRAr £a5LA tRYWHRR mAdnnkeYeind RHNEdSESeRAENS! €P;
is ended at a level at which an output from the photodetector is
changed.

In order to solve the above-mentioned problems, according to
claim 10, there is provided a photoelectric sensing sensitivity
adjusting device of an optical-sensing non-contact switchingdevice
(SW) for a field device,

in which the photoelectric sensing sensitivity adjusting
device of an optical-sensing non-contact switching device (SW) for
a field device according to any one of claims 5, 6, 7, 8, or 9 has
an automatic correction function for an optical switch, including:

a first step of determining whether or not a long period
of time (for example, 60 minutes or longer) has successively elapsed
after a state of output from the photodetector became ON;

a second step of determining that there is amalfunction
when an ON state has been kept successively for the long period
of time (for example, 60 minutes or longer) after the state of the

output from the detector became ON in the first step, outputting
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a fourth step of controlling the sensitivity adjustment |evel of the

phot odet ector until the state of the output fromthe photodetector becones
OFF after determining in the third step that the sensitivity adjustnent

| evel of the photodetector is continuously high because the state of the
out put fromthe photodetector is ON, and afifth step of
determ ning, when the state of the output fromthe photodetector becones
OFF in the fourth ste t hat the sen$|t|V|ty ﬁd justment | evel th g

phot od@t 8t#BR1 hégrb%gﬂglagpﬁaﬁwpa%l ShB9endfRgYeBRES BFFF‘ﬁé‘atlhéo the
sensitivity adjustnent |evel of the photodetector, and i.n which

t he ad‘f‘hgtéﬂlsEﬁE?PﬁrPt@t@F £RemobhRcSPUswRPEhSPS tdBer ERSedona la1Ti&ywi se
manner, and the adjustnent is ended at the |l evel at which the output from
t he ph@dmuétr@@nérleﬁselchén@fe@l phdtadshe ciaofratve aleloregsacekying' el
sensitivity adjustnent of the optical swtch. According to the
present invention,aithisdpossp bife dekqumoviidey sucthstralsie nogndihel sitky e

adj ust mrent w thout individual differences that enables the amount of |ight
of t heofitght cetptt erroff e hanpldet Dy 1o Obecaeh) afted tthut srasicdlliyy

wi t hout exposing the inside of the instrument to external air and dependi ng
on t heag¢asemehtt hevepebdt 6he photodekrretber isasear dbndet detheapees eyt
invention, digital adjustnent is perfornmed by using the CPU, and hence the
adj ust edevai velganibenhehd ascehai kakpdata, and automatic adjustment can be
performed by using a comrunication function. Further, according to

the present inventj@gurth &Seglelressminesh 1hag th@eé&qéﬁtf«m@f'a@l'jﬁﬁ%lt&n%htmen
the light receiving el enment has continuously received |i for a glven

period; oot i yE vﬁ.{ > ﬁﬂ‘{?ﬁ:?ddetaé@cdf drt iR0$8kbLeata Perfes mayh ametd g

correctlon in igital potentioneter is controlled so that the

det eCt%RﬁtéSQ%é 'cééﬂ:tgeé%n%%‘i{tﬁgﬁﬁ %Odét?&?rﬂgrtlllﬁ &ln tt'h%t‘ﬁhb%g& t'h%‘%e' ving

el enen 0€sS no respon and the

current, £o B, SuPBLLEY ¢ 9.5SchLAR SILLLer ks ehanoed el Est

continuously high because the state of the output from the
photodetector is ON; and
a fifth step of determining, when the state of the output

from the photodetector becomes OFF in the fourth step, that the
sensitivity adjustment level of the photodetector has become
appropriate, andendingcontrollingthe sensitivityadjustment level
of the photodetector, and

in which the adjusted sensitivity of the optical switch is
decreased in a stepwise manner, and the adjustment is ended at the
level at which the output from the photodetector is changed, thereby
automatically correcting the sensitivity adjustment of the optical
switch.

According to the present invention, it is possible to provide

such stable sensitivity adjustment without individual differences
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Brief Description of the Draw ngs FIG 1 is a diagramillustrating
an external appearance of a Coriolis floweter, which is a field device to
whi ch a photoel ectric sensing sensitivity adjusting device of an

opti cal - sensi ng non-contact switching device (SW for a field device
according to the present invention is applied. FIG 2 is an overview

di agram of a renote neasurenent systen1 of the Coriolis flowneter
illustrated in FIG is. a dia ran1|IIustrat|ng a

phot oetlert ﬁf@%l@r%FH@ %W%%‘P‘é)?fpéf-ﬂp&rp%fthtenéla fi e LshdifRg REATERORL act
swi tching device (SW for a field device according to the present
i nvent}®p) to be adimsGed gufopaliged 10 agrdAust eXPosAgic It\}?llet yhadpgsPient
function portion, for describing a photoelectric sensing sensitivity
adj ustpeat iisieenent ofo tdrtoptd ta s ansl wepsmiicehoac thewseskiengfdebece
(SW for a field device according to the present invention. FIG 5
is a depardedrcircuit diagramof the sensitivity adjustnent function
portion for photoelectric sensing of the optical -sensing non-contact
sw t chi ng demicehdSW darardirey d wevitdes wheskents ihvestianed dhgEt&l 4.
adjustment is performed by using the CPU, and hence the adjusted
value can be held as digital data, and automatic adjustment can
be performed by using a communication function.
Further, according to the present invention, it is determined
%
that there is an abnormality when the light receiving element has
continuously received light for a given period of time or longer,
and it is possible to perform automatic correction in which the
digital potentiometer 1is controlled so that the detection
sensitivity is decreased to such a level that the light receiving
element does not respond to the light at that time on the CPU side,
and the current to be supplied to the light emitter is changed

(decreased) .

Brief Description of the Drawings

FIG. 1 is a diagram illustrating an external appearance of
aCoriolis flowmeter, whichisa fielddevice towhich aphotoelectric
sensing sensitivity adjusting device of an optical-sensing
non-contact switching device (SW) for a field device according to
the present invention is applied.

FIG. 2 is an overview diagram of a remote measurement system
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FIG 6 is a control flow chart in which automatic sensitivity adj ustnent
of the photoelectric sensing sensitivity adj usting device of the

opti cal - sensi ng non-contact switching device (SW for a field device, which
is illustrated in FIG 5, is perforned. FIG 7 is a tinme chart
illustrating synchronization between |ight em ssion of an LED and a

phot odet ect or. FIG 8 is atime chart illustratingcontrol signals
for adigital potentioneter, which_are transm.tted froma CPU. FI G
9 is a°fi FRechartotipustPurrhgrovtErrtgatefnitRafiibns by neans of the

phot odet ect or . . FIG 10 is a control flow chart used when an
automati c coFFeet BoAsf enctiagran 1hbupherobl@chr PROSeRIPAG rIENSENISHNGY

adj usting device of the optical-sensing non-contact switching device (SW
for a fiebdaydeditcen ehitdle dticalssensbag inenFicgntacti swiketinedevice

FIG 11 is an explanatory diagramillustrating a principle of a
convent8@hafoopti fakldwieghce according to the present invention.

FIG. 4 is a block diagram of a sensitivity adjustment function
portion, for describing a photoelectric sensing sensitivity
adjustment function of the optical-sensing non-contact switching
device (SW) for a field device according to the present invention.

FIG. 5 is a detailed circuit diagram of the sensitivity
adjustment function portion for photoelectric sensing of the
optical-sensingnon-contact switchingdevice (SW) fora fielddevice,
which is illustrated in FIG. 4.

FIG. 6 1is a control flow chart in which automatic sensitivity
adjustment of thephotoelectricsensingsensitivityadjustingdevice
of the optical-sensing non—contact switching device (SW) for a field
device, which is illustrated in FIG. 5, is performed.

FIG. 7 is a time chart illustrating synchronization between
light emission of an LED and a photodetector.

FIG.8isatimechartillustratingcontrol signals foradigital
potentiometer, which are transmitted from a CPU.

FIG. 9 is a time chart illustrating ON/OFF determinations by
means of the photodetector.

FIG. 10isacontrol flowchart usedwhenanautomaticcorrection

function of the photoelectric sensing sensitivity adjusting device

of the optical-sensing non-contact switching device (SW) for a field
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FIG 12 is a diagramfor describing a sensitivity adjustnment function
illustrated in FIG 11. Best Mde for carrying out the Invention A
switching operation portion of a field device is configured so as not to be
exposed to external air with the provision of a light-emtter-beam

transm ssive material (for exanple, glass) to a front surface thereof. The
operation portion is realized by: a light emtter configured by an LED, a
regul at or, for ED driving. which has a variapl e output function and supplies
ener gy9tEhFfeny b?hvb?t g%?SFBaFﬁ% EEDFLG: | Pght Sy 8€BFUFRY: devi ce for
receiving light emtted fromthe light emtter; a commercially available
digital pot ehtF onkt érS B8r SeEIANGItOLYy dircrelsd et sdeatdageacPTinginher gy
(current or voltage) to be supplied to the LED, a CPU for digitally
contro@flﬂgc©®%$@55@n®l detieaseswvitehe energy (current or voltage) to be
supplied to the LED in accordance with a control program and a

phot odet ect i BEG pdra Lena fdragistrecoirnde anr dpingad ssingridli vérmyt adgubtomenthe
LED, converting the optical signal to an electrical signal, and outputting
the el fchettah Slgnatrated in KbGe that, a commercially available photo IC
may be used as the photodetection portion, and there nmay be provided a

phot odet ect or whi ch includes, as internal structure, a pul se generator for
outputting a given pulse signal, and an AND circuit for outputting an AND

si gnal Bebt anved betveghryhegebeet theainséghabnout put fromthe
phot odet ecti on portion and the given pul se signal output fromthe pul se

generator. [FKisiatc@nkedbpeRLLion portiRiebrbelraW gaadi st l%n@eﬁfmsakeaor
carrying out the presént invention is described with reference to FIGS

t0 9. 50 as not to be exposed to external air with the provision of a

light-emitter-beam transmissive material (for example, glass) to
a front surface thereof. The operation portion is realized by: a
light emitter configured by an LED; a regulator for LED driving
which has a variable output function and supplies energy {(current
or voltage) to the LED; a light receiving device for receiving light
emitted from the light emitter; a commercially available digital
potentiometer for controlling increase or decrease of the energy
(current or voltage) to be supplied to the LED; a CPU for digitally
controlling increase or decrease of the energy (current or voltage)
to be supplied to the LED in accordance with a control program;
and a photodetection portion for detecting an optical signal emitted
from the LED, converting the optical signal to an electrical signal,
and outputting the electrical signal.

Note that, a commercially available photo IC may be used as
the photodetectionportion, and theremaybe provided a photodetector

which includes, as internal structure, a pulse generator for
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FIG 1 is a diagramillustrating an external appearance of a Coriolis
flowreter to which a photoelectric sensing sensitivity adjusting device of
an optical -sensing non-contact switching device (SW fora field device
according to the present invention is applied. FIG 2 is an overview

di agram of a renote nmeasurenent systemof the Coriolis flowreter serving as
the field device, which is illustrated in FIG 1. FIG 3 is a diagram
illustrating a display portion of the photoelectrjic sensing sensitivity

adj ust PaEPAELiRE HUIMFE BPLEeaFigensi My chen- LORtEetCwik tfoii AYtaBEEEBI(SW
fora field device according to the present invention. FIG 4 is a block

di agr agm oANR segrat ichtainel} tnaan fiectsilertgdradlosioned @usenithbifngma
sensitivity adjustnment function of the photoelectric sensing sensitivity
adj ust thg pleviedebict hen qpitittiain sewwsithg abvesartbee sigrtachiondg pagy ifcem( SW
for a field device according to the present invention. FIG 5 is a detailed
ci rcui thdi pgt aen génthetsensitivity adjustnment function portion of the
phot oel ectric sensing sensitivity adjusting device of the optical -sensing
non-contact sw tching device (SW for a field device, which is
illustrated in FIG 4. FIG 6 is a control flow chart in which automatic

sensitivity agjustneabo@iméhAe]photoel ectric sensing sensitivity adjusting
device of the optical -sensing non-contact switching device (SW for a field

device, whiCletsihbbtsk! af €d rish EhSodfmehs ﬂf@ftcgw?cing_%& thd praskhi®
chart illustrating control signals of a digital poftentioneter, which are

transmped, M a GBU FbG HiER AoELTBAERAEL Frkstnatbng synchroni zation

between Iight em ssion of an LED an etector. FIG is atinme chart

illustrating F gy ' gﬁﬁ f C . FIG 1
illustrates {%@Kggfggﬁgﬁha eé#ﬁﬁ?éﬂﬁ% t 2&%§¥}%%ﬁ?gﬁ%gmﬁgFgﬁfaﬁﬁfbﬁfis a
field device 10 i ch the photoelectri.c .sensi sensitij.vi I: s

devi ce®o o?h%iﬁ%%lcoﬁmesteen% &ﬁgwﬁéﬁ-ﬁc%rﬁha%%ogfvé%%%g% K esvllnégtex‘éfe %%f%ﬁ (R)rr:L Qg’ field
device_according, ta the_present invention is_appli.ed. : . Referring to
FIG  1208085] PATIS 1 oRAEero 1 CHhT Ch™P ShG AT 588 TR AL HFHY GRetConal i t y
transmtter éga able of a self-diagnosis function,, |arge-screen q
and setfihd RARGELFTITHESPOECFAFBAGH T'T BIERSBHT AT IO 17 §PR
performance Coriolis flowreter capable of directly neasuring amass fl ow
rate WEh-hPghSpPBcP¥PEN1ICYhE1EGrrBI PS £ GRARLEr MEASHEPTGES SYRECR Bédy
portion 2 including a converter 3, and an indicator 4 provided to the
conver tBf FagHicdd s sthowmeedr servRaInmiafotpe SfictRe AT Dodyhpeit iién,
froma direction orthogonal to an axial direction of the main body portion
2. Theilhdptcarbeddiempl@yd -a Figui 3 ier psdapodprpl Byustrating ard sedeivol i s
flowreter 1 is nounted to flange portions 5 and 6 forned at both sides of

t he axpalktdpnectitdre phottlve Liemitr ilsodgnponygi san2i al vhgy &&dy Yt ihg Idemigie whi ch
a fluid to be neasured (not shown) flows, and is capable of nmeasuring the
fluid ba thes opasoaddsenbioh ien{daowarg swstdeihbelqiipee TsWanmb perfiein ng,

at the converter 3, a calculation regarding the flowrate. The Coriolis

f | owretierriteisconil etofc i speayhod v tficw r gte.obt aisnedot hiddugirarhe
calculation on the indicator 4 of the converter 3. FIG 2

i T ust pat @s s savarMitew 0f5 i dEnd 1ot endEBsHr gBBLosyStem aksthevdal &l i s
flowreter 1 illustrated in FIG 1. Specifically, the Coriolis flowreter 1
has explkaskeAvREQOfa$fudchdiie, fhicehons SHCh et ryrbtbe1 batibasdmifirpr of
explosion even if an 1nflammabl e gas has | eaked i nto an anbi ent at nosphere
of thes@ﬁ%ﬁ‘eli'ﬁ.t 'rg ?s%rilng m\@ﬁé&;&c@ewﬁﬂh@glota%qéala\@err%tﬁ%ofno@ﬁddﬁewbl e

fluid to be neas I nt e gas, inflammble volatile liquid, etc.).
switching device (SW) for a field device according to the present

i.spl ay,
fifgh

invention. FIG. 5 is a detailed circuit diagram of the sensitivity
adjustment functionportionof thephotoelectricsensingsensitivity

adjustingdeviceof theoptical-sensingnon-contact switchingdevice.
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In the Coriolis flowreter 1 having such structure, as illustrated in FIG

2, renote operation control is perfornmed by using external output.
Specifically, the Coriolis floweter 1 is connected, by neans of the
external output, to a distributed control system (DCS) conputer 10, a batch
counter 11, an integrator 12, a recorder 13, various controllers, and the
like. Further, the Coriolis flowreter 1 is intercomunicably connected via
a communi cation termnal unit 15 to a personal conputer_ 14, which serves as
a host (8W) therf ef et vi®ElCR0 WhEED the %%&Q%Fﬁﬁt arfyi g - dhd géFus@nent
of paraneters, reading of a neasured value, or the |[|ike can be performed
on t hel8pdtCPILHYohlev™r 6RBLéE LBcEr] @h.automaticrgenspératiitonadt ush@etsriol i s
flowmeter 1 connected via the external output in this way is controlled

r enot ed§. taeomebeel eet vt ussnofng herfd iovi vidie ,adhves tigrgpsleatiipee o fahitiet he
density neasured by the Coriolis flowreter 1 are output via anal og out put
10 theodistalbatedingmonolcaystans DOS)icgaputiee (9]) fhe arecordidevide, t he
various controllers, and the like. Further, digital conmunication can be
perforwrtichiitdhii@gpeetted im@Ipersonal peofipuhed. 14 TOnhecd ad smachhet
comuni cation termnal unit 15. Further, a flow rate pul se out put

si gnal i1whkehatsngrecauixl siegand ag 4 e dfiltew petenteansted, lhidieaceriolis
flowmeter 1, is output to the distributed control system (DOS) conputer 10,

the batehnsauntes ¥konf he tpbegratrer, 12, iand tdiend i kBart illuskk®tidg
illustrates the display portion of the indicator 4 provided to the

ConveréﬁﬁcﬁrQBiEggigﬁrﬁéﬁﬁéeﬁlPf?ﬁﬁeémﬂséiéﬂs5fﬁﬁﬁqiﬁna%HGa detector.
Referring to FIG 3, a front surface 21 of the display portion 20 of the

| ndi capeg . 4 1% ?%ﬁ?@%é’!é *iﬁu'sit%tt"%? bf«%??e@é‘%éfrﬁl{‘ﬁéﬁéﬁ%/ %fﬁ%‘éﬁisa'
(for exanple, glass). 'h the fi ure, reference nuneral 22 denotes a
red LE%% gﬁga§§£§ég§gg nunmeral 23 denotes a green LED. Further, reference

nuner a enote switching operation portions of optical swtches,

thich can, beckurned o, 2L 211, (U L L oUel, SRSl G0 hbds, et gh o

perforgﬁgwggtgg’o %&ﬂ}iggtéﬂgﬂggegg%gﬁag8Q}anjﬂggﬁg%gglectricsensing
sensitivity adjusting device of the optical-sensing non-contact
switching device (SW) for a field device according to the present
invention is applied.

Referring to FIG. 1, a Coriolis flowmeter 1, which is equipped
with a high functionality transmitter (capable of a self-diagnosis
function, large-screen display, and setting change on the spot
through a touch operation), is a high performance Coriolis flowmeter
capable of directly measuring a mass flow rate with high precision.
The Coriolis flowmeter 1 includes a main body portion 2 including
a converter 3, and an indicator 4 provided to the converter 3 which
ismounted, at themidpoint of themain body portion, froma direction
orthogonal to an axial direction of the main body portion 2. The

indicator 4 employs a liquid crystal display.
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with a finger tip, the front surface 21 of the display portion 20, which is
formed of a light-emtter-beamtransm ssive material (for exanple, glass).
The optical switch has the same structure as an optical switch 500
illustrated in FIG 11. Specifically, the optical switch 500 includes a
phot osensor configured by a light emtter (for exanple, LED) 510 and a

phot odet ector (for exanple, photo IC 520, and the light emtter (for
exanpl e, LED). 510 and t he phot odetector (for exangle, photo | C) 520 are
each surrount®8 REELIIHAL PEGEMG 5T ARUESS 30T Lange PARHelRNE RedPfght
emtter (for exanple, LED) 510 surrounded by the |ight blocking structure
530, thdcamed pphedd abdeped Hye st adodimaetiog ke it eda BednPreréElPnght
emtter (for exanple, LED) 510 is emtted upward frominside the |ight

bl ocki Agesenuicd wrierss30 thEgriohe whigbogef 1 hed phoths stesstusred flooteghnphe,
photo 1C) 520 surrounded by the light blocking structure 530, there is

f or medf howspemag 582psblehaf rdmshrighy téra tflled df torbe medsiugletd,emhtiter (f or
exanple, LED) 510 enters the inside of the |light blocking structure 530
from ai pretetemngn ivesti db redet ipdpeafllt eantiepagfoehil wgt ek Mhea donghtrtreef Bect or .
Atop side of the light blocking structure 530 is covered with a

|'i ght -gntdlent heasht ransid 564 Venaet Bsw atatd Or Texamplréoldlsagipwhd@er 1
Specifically, the light-emtter-beamtransm ssive material (for exanple,

gl ass) i 54Qa3RIes 85 AilPN KAvRY Ohet Fa i GRiLH! OBiang st et slign 53 and

corresponds to a glass cover portion of a housing of a display device

(correspordi REibA 8nSehbi NEqYE%L6E RObE @ReObohherkkel d device) of a
measuring I nstrunent (converter). In the optical switch 500 having

the above- rreﬁi{;oaeﬂmx%%@gh%eﬂdi%m%f E‘éﬁgmoa{gwagun}%&%g% %&ggghﬁhe

light emtter for ‘exanpl e, LED) 510, an Ight emtte i ght
CTLY SEpLERE ATl ey SRS o P L S0 O BE, onenl o983, L above
P10t LER 503591 3pal BLECIBI ALY ARCSIIRS NS LIGLAB00 B Lo
such structure that has no fear of explosion even if an inflammable
gas has leaked into an ambient atmosphere of the Coriolis flowmeter
1 when measuring the flow rate of an inflammable fluid to be measured
(inflammable gas, inflammable volatile liquid, etc.).

In the Coriolis flowmeter 1 having such structure, as
illustrated in FIG. 2, remote operation control is performed by
using external output. Specifically, the Coriolis flowmeter 1 is
connected, by means of the external output, to a distributed control
system (DCS) computer 10, a batch counter 11, an integrator 12,

a recorder 13, wvarious controllers, and the like. Further, the
Coriolis flowmeter 1 1s intercommunicably connected via a
communication terminal unit 15 to a personal computer 14, which

serves as a host of the field device, so that the setting, changing,

and adjustment of parameters, reading of a measured value, or the
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In such a state, when a light reflector (detection object) 550, such as a
finger, is put over a top surface (switching operation portion 24 or 25 of
FIG 3) of the light-emtter-beamtransm ssive material (for exanple,

gl ass) 540, the light emtted fromthe light emtter (for exanple, LED) 510
and then fromthe opening 531 fornmed above the |ight blocking structure 530
is reflected by the light reflector (detection object) 550, such as a
finger, which has been put over the light-entter-beamtransm ssive

mat eri abK¢ FOR BRaRPFECTPEEsST 546, SRAE PE £RER AaiSBATEolLREEAPhe openi ng
532 formed above the |ight blocking structure 530, with the result that the
light is recER9ePdREHe sHottbgefedior 16f fLounahprel ghBIRFIT B20 the

t hereby performthe swtching. . Further, in FIG 3, reference nuneral
26 deneoxesraadatatpisplmyrhsicy wey ofF chrtupspedyrgrarteln. 20 hsf mehsuiredi cat or
4 provided to the converter 3 of the Coriolis floweter 1. The dat a

di spl ayaseeeert 266 $1b@rraed edthe éleynpdirsyiluansi, ngndoph¢ kkerscirtee meatshiered
nmeasured val ues of the flowrate, the tenperature, and the density, and the
i ke. Bysuwhéchbnfjodper Al oeneCON dpeatat banpuits vier banided bhteugh tbhehe
operation (touch operation) of touching, with a finger tip, the top

sur f ace@ss ot ibhiteaWtdrcti &y sGRAIAL I(DOROr tbmpstdA 1801d tB2 pécdbheetriont toir f ace
21 of the display portion 20 fornmed of a light-emtter-beamtransm ssive

nat er i ghr{ohiolcearil & rgl ass)thd hanehy partaem, ngi e SwhnhehiiR8tion
Exanpl es of display nodes, which are to be selectively displayed on the

data disRlKY peereemedbyitRNGldidf AN tbNSh &YANRRIS E‘Bﬁ?u%?V‘iz{ lcBne@Red
i nst ant aneous volune flowrate, a density, a tenperature, an integrated

val ue (Ti@s’ElaQrCM%HHF):at%hn%@Qﬁﬂﬁgli nf,ermati on display, status information
e

di spl ay, and node selection (paranmeter setting). The swi tching of those

di spl ay modes, 1onbe di slayed on,Lhe. data i SRl SClAPRN2E, L3, BerLared by

means of the opfical swtch pro ed’to he" converter 3
of the Coriglis 0 ter_1. In the optical, switch,.light emtted fr.omthe
' ght BRTERr R b e kel B B SR Y Yt By B B roder ¢ he
light-emtter-be transm,ssive material (for e lLe, gl ass) 0
(o t SHRRGbpEPaEBnC AL LERESS BPISEO0 SHEGems) SebnaCPHE et dired ™ ght
is received by the photodetector (for exanple, photo ., C) 520. In
this V\B?Fc?hEXEWFEhilﬁg F8epePFEPRBE fhen t REY iCgft Réljﬁet't ed fromthe |ight
emtter (for _exanple, LED) 510 is reflected by a finger put over the
swi t chi ng opBtati dnlporersAted SRe2gisrAa@Yi SOLERAGR Pécéged N5y Gafer 4
phot odet ector (for exanple, photo | C) 520. Accordingly, in sone cases,
t her e BEGUISCE FRILhENePIBAL FAr whPEhtha&osidialds Adorachet bdrflosadtesspite
a finger being put over the switching operation portion 24 or 25, or the
swi t chingFTg. pérforned despite a finger not being put over the swtching
operation portion 24 or 25 . Thus, it is requiredthat the sensitivityas the
phot osensor Refappiogriatély Imianfapmedcurface 21 of the display portion
20 of the indicator 4 1is attached with a light-emitter-beam
transmissive material (for example, glass).

In the figure, reference numeral 22 denotes a red LED, and
reference numeral 23 denotes a green LED. Further, reference
numerals 24 and 25 denote switching operation portions of optical
switches, which can be turned on or off through the touch operation.

Mode switching by the switching operation portion 24 or 25 of optical

switches is performed by an operation (touch operation) of touching,
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For this reason, the indicator 4 of the converter 3 of the Coriolis

flowreter 1 illustrated in FIG 1 is provided with the photoelectric
sensing sensitivity adjusting device for adjusting the detection
sensitivity of the optical swtch. FIG 4 is a block diagramof a

sensitivity adjustment function portion of a photoel ectric sensing
sensitivity adjusting device 30 provided to the indicator 4 of the
converter. 3 OfI:iithe Coriolis floweter 1 illustrated in FIG 1. .

Ref er rVhgRtd IFREe L 1R /1 BRP st PR RIVIG IR o tlebtebile A iR h P& H ter O¢ f or
exanpl e, LED) 31 of the photoelectric sensing sensitivity adjusting device
30, anwhaCEdWhépém§ﬁ19féwépgaﬁréméﬁéﬁfabeasw%ﬁ@m%m%@@%vgguﬂén@@ﬂné%péd to
the resistor R32. The digital potentioneter 33, which perforns adjustnent
and trexdRpges oglaaseélectronic circuit, has a function of

i ncreasi ng/ decreasi ng out put voltage (or output current) to be output to
the |ight enTheeptifierl exahphdiad EDp Binchytmeansrefasmaancptpiutalsisgnakhf rom a
CPU 34. The CPU 34 can also be controlled, via the conmunication term nal
unit 1%0011ilktsataded niFIFGG.2 11t hr Spghi fi gil A, comenoyitciadd bewitem 50be
personal conputer 14 serving as a host of the field device. Based on
t he aboneluwasionpedtetcpworvebhaggured te otifput efil f €At )f xoBkEALIE] by
the digital potentionmeter 33, light 36 is enmtted fromthe light emtter
(for exappl 10L& a3bnhetodlke phetoglreet eksmpeaSI PYoSENSET Indd,Y 3 ¥ski Ng
device 30. The light 36 emtted fromthe light emtter (for exanple, LED)

31 is @ighveamoptieal rpul 88a8H082l 1.86) W98 ahugbhe2PRURLALE cERBRIGF o
according to increase or decrease in output voltage (or output current) by

t he di gi ot i r . | i e, Si it ted
fromt%é&ﬁﬂl%ﬁf glr:lngtctgg?b?f g%%ef-ali%gl%i&ﬁg% 3%&?%6%2% c?e?ﬂgggka%gﬁ?ti%g tector

(for e ~--Rh IC) 35, and an OV OFF output signal is output fromthe
phot odé?g@t:glrlrgf gﬁeéxanpl e, photo 1C) 35. FIG 5is a detailed

i it di f..the. Lfhvit | ust t, f I ti e
O SRR SIS SERSLLLLLY, ol usUIERL Luseb) o0y BOLLon ofed B
A e L R R BT & CB Ot Sl ST LD MM abnABera% 5% |
| at 40 for LED drjvi i abl e, out put . | at ided with an
Ut put SAcFUSE | RGEFGnEPEbhFAVFEO FBSi SEONCRITLEERr: REOT BHEMEigrt JED)
potentioneter 33 is connected to the regulator 40 for LED driving (vari able
out put 2+ Bgid &S CEFNRWRES iR ARSadepuic ddididt PReCkingtS O CtHEE &3Pesi st or

R43. A wi%gr termnal 33A of the digital potentionmeter 33 is grounded via a
resi st BRI RA8Tt heb@gle tHee | rRhetrarteespst a ofXgReld; gttt poteht PERet er

33 surrounded by the light blocking structure 530, there is formed
an opening 532 so that the light emitted from the light emitter
(for example, LED) 510 enters the inside of the light blocking
structure 530 from a predetermined direction after being reflected
by a light reflector.
A top side of the light blocking structure 530 is covered with
a light-emitter-beam transmissive material (for example, glass)
540. Specifically, the light-emitter-beam transmissive material
(for example, glass) 540 serves as a top cover of the light blocking

structure 530, and corresponds to a glass cover portion of a housing
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Further, a wiper termnal of the regulator 40 for LED driving (vari able
out put regul ator provided with an output adjusting function) is connected
to thefl w per termnal 33A (provided with a 32-bit adjustment |evel) of
the digital potentioneter 33. The w per termnal 33A of the digital
potenti onmeter 33 controls the connecting |ocation of the wi per term nal of
the regulator 40 for LED dri vi ng (variable output regulator provided wth
an out put adj ustl ng function) to control a resistance-divided voltag

ratio, e leffllﬁenécgﬁé?é?OPgéPHaﬁ% %rsecttﬁ%ré}\td)evﬂt‘}eog%ﬁﬁﬁpl @é to
the |ight emtter (for exanmpl e, LED) 42 fromthe regulator 40 for LED
drivin ?v%%‘?h‘%l‘ée%{l@%htOFe@u@%@%‘#rblﬁﬁviﬂéﬁr\ﬂn?ﬁtalﬁC@m’BE’Feébr usting
function). Note that, in this enbodinment, as the light emtter (for
exanpl e, LED)n 31xthen OEEEDC@dnuﬁaétghe&%Q/ Senkiary Eltéet r bove-mentdoned
(specifically, "SID1003BQ') is used. Further, as the digital

pot ent¢omfi @urd8iom, 32-dkap idi gohaltapsiienendheedr f nemufrectliokd bypittBEC
COPAL ELECTRONI CS CORP. (specifically, "DP7114ZI-10") is used.

Furt hetfoaexahe16RULBEA) S (CPEnderhg dduphtesibi/t Red esam Tee HnejmgymCotper ati on
(specifically, "R5F21237JFP") is used. Further, as the photodetector

(for expoplexamplies,0LkEl) 850 ia photectG ranwhacbpeadnbys IpshidhrCappoeat i on
(specifically, digital output photo IC "TPS816(F)") is used.

Fur t hegne as drtebl 88Uk atos+ Alcf @Fe 1530 .dr FVirREelY afh IR ol HagykEator
provided with an output adjusting function), a regulator
example, photo IC) 520 is capableof constantlyreceivingthe incident
ligﬁtfrmntheopening532fbrmedabovethe1ightblockingstructure
530.
In such a state, when a light reflector (detection object)
550, such as a finger, is put over a top surface (switching operation
portion 24 or 25 of FIG. 3) of the light-emitter-beam transmissive
material (for example, glass) 540, the light emitted from the light
emitter (for example, LED) 510 and then from the opening 531 formed
above the light blocking structure 530 is reflected by the light
reflector (detection object) 550, such as a finger, which has been
put over the light-emitter-beam transmissivematerial (for example,
glass) 540, and is then caused to enter the opening 532 formed above
the light blocking structure 530, with the result that the light
is received by the photodetector (for example, photo IC) 520 to
thereby perform the switching.
Further, in FIG. 3, reference numeral 26 denotes a data display
screen of the display portion 20 of the indicator 4 provided to

the converter 3 of the Coriolis flowmeter 1.
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manuf actured by Texas Instrunments |Incorporated (specifically, variable
positivel/ negative voltage regulator "TPS73101DBVT") is used.

Further, the CPU 34 is connected to the conmercially avail able digital
potentioneter 33 of this enbodinment with three digital control |ines 34A
34B, and 34C. The digital control |ine 34A connecting the digital
potentioneter 33 and the CPU 34 is used to output, fromthe CPU 34 to the
digital potentioneter 33, a signal (counter signal) for increnenting (or
decr enent i ngf P8 o CesRHYUBCBECR e diyi LAl Spbeeht Y ohetErSPIR ey OfY e
the wi per termnal 33A of the digital potentioneter 33 is changed

( UP/ .screen, tlh@rfﬂﬁéﬁ}lr?ﬁe"@?‘g??eﬁ &SRt £OPV| FHee 34 SRAPETRAG TERe
digital potentioneter 33 and the CPU 34 is used to output, fromthe CPU 34
t o t headfdincaflepai trit iagwbtee 1dke.a &ignicliiory erangitagn( (I DORKRtiha)w per
term nal 33A of the digital potentioneter 33. Further, the digita
cont r ol s| pevef Fd@ ¢ drinestdm@ghiehepdirgttiah podvenh i aretatri@8) arfd tbhehCRY,34 is
used to output, fromthe CPU 34 to the digital potentionmeter 33, a chip
sel ect w{ Bk Kirgreat tiphibb top sused @ed o 6nhei gnid cHiorg spéestiogparcthops It is
to be understood that the interface with respect to the CPU varies
dependpngad e rsprei freat i onsfoie tAie odi gheadli poleptponeisat A goresanpl e,

serial comuni cation, |2C, UART, etc.).
of alight-emitter-beam transmissive material (for example, glass),
thereby performing mode switching.

Examples of display modes, which are to be selectively
displayed on the data display screen 26, include an instantaneous
mass flow rate, an instantaneous volume flow rate, a density, a
temperature, an integrated value {(mass or volume), maintenance
informationdisplay, status information display, and mode selection
(parameter setting). The switching of those display modes to be
displayed on the data display screen 26 is performed by means of
the optical switch provided to the indicator 4 of the converter
3 of the Coriolis flowmeter 1. 1In the optical switch, light emitted
from the light emitter (for example, LED) 510 is reflected by a
finger put over the light-emitter-beam transmissive material (for
example, glass) 540 (switching operation portion 24 or 25 of FIG.
3), and the reflected light is received by the photodetector (for
example, photo IC) 520.

In this way, the switching is performed when the 1light emitted

from the light emitter (for example, LED) 510 is reflected by a

finger put over the switching operation portion 24 or 25, and is
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Further, the photodetector (for exanple, photo IC) 35 of this enbodinent is
a commercially avail able product, and includes a transistor Tr 50, a pul se
generator 51, an AND circuit 52, and a photodetection portion 53. A
collector of the transistor Tr 50 is connected to a cathode of the LED 42,

and an emtter of the transistor Tr 50 is grounded. Further, a base of the
transistor Tr 50 is connected to the pul se generator 51, and a given pul se
signal s s e of the tra?iistor Tr _50 fromthe pulse

upplied.to thg bas

generaﬁ%ﬁHSE.QQ%ﬁ%? Phet ?aﬁg?g?ﬁ?t??tgﬁ ( §OF epEATRYFY PBPH%dIGh/é?P'in
synchroni zation. with the given pul se signal output fromthe pul se generator
51, andFetdERIthe HEFADCt62H8St uFRRBC OAFERES| A BFHERRERI2AL EBNYALER t he
given pul se signal output fromthe pulse generator 51, with the result that
t he opthed&WifitsiaSiignaptsyaehe oree alpsiitie ehéigbesnbpling i gvaelr sheput
fromthe pulse generator 51 is enmtted fromthe LED 42. The pul se
gener atwit&lling apemaddtcadpootihe 2NDrckbeuint the, swhdch hieg gisvearpaksedsi gnal
output fromthe pul se generator 51 is input to the AND circuit 52. Further,
t he phitspletect Edongporieibeidgoput kergrhthedst eictloing fopre revtdrm porphoho | C)
35 of this enbodinment is connected to the

240r25. Thus, itisrequiredthat thesensitivityasthephotosensor

be appropriately maintained.

For this reason, the indicator 4 of the converter 3 of the
Coriolis flowmeter 1 illustrated in FIG. 1 is provided with the
photoelectric sensing sensitivity adjusting device for adjusting
the detection sensitivity of the optical switch.

FIG. 4 is ablock diagram of a sensitivity adjustment function
portion of a photoelectric sensing sensitivity adjusting device
30 provided to the indicator 4 of the converter 3 of the Coriolis
flowmeter 1 illustrated in FIG. 1.

Referring to FIG. 4, a resistor R32 is connected to a light
emitter (for example, LED) 31 of the photoelectric sensing
sensitivity adjusting device 30, and a commercially available
digital potentiometer 33 is connected to the resistor R32. The
digital potentiometer 33, which performs adjustment and trimming
for an electronic circuit, has a function of increasing/decreasing
output voltage (or output current) to be cutput to the 1ight emitter
(for example, LED) 31 by means of an output signal from a CPU 34.

The CPU 34 can also be controlled, via the communication terminal

unit 15 illustrated in FIG. 2, through digital communication from
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AND ci

si gnal

portion 53 of the photodetector (for exanple,

pul se
si gnal

rcuit 52, and a signal is input to the AND circuit 52 based on an
optical signal detected by the photodetection portion 53. The optical

pul se

emtted fromthe LED 42 and synchroni zed with the given pul se signal
output fromthe pulse generator 51 is detected by the photodetection

photo 1C) 35, and the optical

signal emtted fromthe LED 42 is converted to an electrical pulse

nd then ouytput to the AND circuit 52,
e personaﬂ %omputer %4 serving as a host of the field device.

Based on the above-mentioned output voltage (or the output
current) controlled by the digital potentiometer 33, light 36 is
emitted from the light emitter (for example, LED) 31 of the
photoelectric sensing sensitivity adjusting device 30. The light
36 emitted from the light emitter (for example, LED) 31 is a given
optical pulse signal 37 whose light amount is changed according
to increase or decrease in output voltage (or output current) by
the digital potentiometer 33. The given optical pulse signal 37
emitted from the light emitter (for example, LED) 31 is detected
by a photodetector (for example, photo IC) 35, and an ON/OFF output
signal is output from the photodetector (for example, photo IC)
35.

FIG. 5 is a detailed circuit diagram of the sensitivity
adjustment function portion of the non-contact switching device
(SW) including the photoelectric sensing sensitivity adjusting
device of the flowmeter, which is illustrated in FIG. 4.

Referring to FIG. 5, an anode of an LED 42 is connected to
a regulator 40 for LED driving (variable output regulator provided
with an output adjusting function) via a resistor R41. Further,
the digital potentiometer 33 is connected to the regulator 40 for
LED driving (variable output regulator provided with an output
adjusting function) via a resistor R43. A wiper terminal 33A of
the digital potentiometer 33 is grounded via a resistor R44 through

the internal resistance of the digital potentiometer 33.

36



The AND circuit 52 perfornms an AND operation between a signal based on an
detected optical signal output fromthe photodetection portion 53 of the
phot odet ector (for exanple, photo IC) 35 and the given pul se signal output
fromthe pul se generator 51, to thereby output an AND signal. The out put
fromthe AND circuit 52 is input to the CPU 34. Accordingly, an
output is nmade fromthe AND circuit 52 only when the optical signal output
fromthe LED 42 is in synchronization with the given pul se _signal output
fromthe pul Berener & Bipst terminal &f HRscrsBekp o s, £9h L dréwbBdi nent ,
there is given a circuit configuration in which the output voltage of the
vari ableapidble CaFRHUAt oredolpEoyi da@Wiidas twetbutputoddpWist RAGUFGABEI on i s
changed by using the conmercially available digital potentioneter 33, and
al ong fundtibe) changeniacbadpud bkt ageefVvoarpnivtlt BéAvapirabideduwptih
regul ator 40, a forward current of the LED 42 is increased or decreased,
t her eby 2®list i ad]tdenanoundvel) |oHhthd aliel el tdaetknt iometerdB8 .di Gheal
potentionmeter 33 is controlled by a PIO built in the CPU 34, and the
setti ngipbereotmisatoBBRObEedhei dighealhpeecaanbmekeli B8scbarrolbetls
signal specifying a target device via the digital control line 34C, the
- UP/ DOVBb8h 888k n§ 01 o @&t BEM1 3 Rhakie: tbheiadjlust memd demelatdr tve rdirgi t al
potentionmeter 33 is to be increased or decreased via the digital control
line 348 é?gvihi VARl 1O WtfutS| latf®¥ SHb¥ided, wytR hAeodiguta
control line 34A, the adjustnent |evel of the digital potentioneter 33
every éaﬂﬁsﬁiﬂgtﬁﬁ1 U5 $0UE8REESH a resistaMBEedl bablied IS GELaYRbYES are
stored inh the digital potentioneter 33 after the setting. In the
confi j i ' o] t put ]%ﬁg he
regulgf%§£%§gﬂggﬁg%%gfgﬁ?g%%gé ﬂgFﬁﬁgﬁkﬂ%%f%8%9§293e?23ﬁ¥%£ bgfggt%n t he
vol tage, divi ding ratio between ext | ,resi.sto = f _FIG
B AT S Pa el M%) 08 PR i e s et

5) and a“res resulting fr termnal of

Egﬁnggiéﬁb%ﬁégg%ggav%% %&3%9%@¥%d¥tggéu a§%§p5£099ag§t&99hfggcgh %ut
adjusting function).
Note that, inthis embodiment, asthe light emitter (for example,
LED) 31, an LED manufactured by Sanken Electric Co., Ltd.
(specifically, "SID10O03BQ") is used.

Further, as the digital potentiometer 33, a 32-tap digital
potentiometer manufactured by NIDEC COPAL ELECTRONICS CORP.
(specifically, "DP7114ZI-10") is used.

Further, astheCPU 34, aCPUmanufacturedbyRenesas Technology
Corporation (specifically, "R5F21237JFP") 1is used.

Further, as the photodetector (for example, photo IC) 35, a
photo IC manufactured by Toshiba Corporation (specifically, digital
output photo IC "TPS81l6(F)") is used.

Further, as the regulator 40 for LED driving (variable output

- regulator provided with an output adjusting function), a regulator
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The rel ational expression therefor is expressed as follows based on a data
sheet. Vout= (R1+R2) /R2x1 . 2..... (1) In this enbodinent, the digital
potentiometer 33 having a resistance of 10 RD is inserted between R1L and
R2, and hence when m ni nrum and maxi num vol t age-di vi ded resi stances in the
adj ust mrent range are considered, the respective resistances are as foll ows.
R1: 66 RDR2: 20 RD Rl1: 56 RDR2: 30 RD Those val ues are substituted
into Expression (1) for Vout, and Vout can be set to any value in_a range

from 4AENYERGLRred\/ byt nECRRF usPRERLTSPES cRIVRIMILT o (PPESLGRILON (=32
gitsz a changg ofsQ.Q4 \ gert$tgp (=1 b;t)é ofathe gigitgl Eo%en&ioneter).
peci fYzbiahlethesibivagectatbecapplredet 6egnéatep 43PE4330ERBYAr ) abbe
vol t age as descri bed above, and the LED 42 is connected
used. :

Further, the CPU 34 is connected to the commercially available
digital potentiometer 33 of this embodiment with three digital
control lines 34A, 34B, and 34C.

The digital control line 34A connecting the digital
potentiometer 33 and the CPU 34 is used to output, from the CPU
34 to the digital potentiometer 33, a signal (counter signal) for
incrementing (or decrementing) a counter value of the digital
potentiometer 33 every time the wiper terminal 33A of the digital
potentiometer 33 is changed (UP/DOWN) .

Further, the digital control line 34B connecting the digital
potentiometer 33 and the CPU 34 is used to output, from the CPU
34 to the digital potentiometer 33, a signal for changing (UP/DOWN)
the wiper terminal 33A of the digital potentiometer 33.

Further, the digital control line 34C connecting the digital
potentiometer 33 and the CPU 34 is used to output, from the CPU
34 to the digital potentiometer 33, a chip select (CS) signal, which
is a selection signal for selecting a chip.

It is to be understood that the interface with respect to the
CPU varies depending on the specifications of the digital
potentiometer (for example, serial communication, I2C, UART, etc.).

Further, the photodetector (for example, photo IC) 35 of this

embodiment 1s a commercially available product, and includes a
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to the transistor Tr 50 provided inside the photodetector ( for exanple,
comercially avail able photo I C) 35, and causes the forward current to be
synchroni zed with a cycle generated by the pul se generator 51 provided

i nside the same photodetector (for exanple, photo IC) 35. Her e,
assumng that a load resistor R3 (R41 of FIG 5) has a resistance of 39 Q
a sinple calculation provides a value of from123 mA to 90 mA for the
forward current of the LED 42, but by taking into accaount the voltage drop
(A=cl.PrafspetoRel Frafisi 3t I FUREA duty BF BOYSIFIHE S¢ncRPGhAzat i on
cycle, an actual variable range is approximately from46 mA to 30mA (which
corres@bﬁﬁ@dﬁbe@téﬁ@n@@réioO.g3ﬁA per bit in the digital potentioneter 33).
Note that, the light of the LED 42 is received by the phot odetection
portion 53 phovdldettiorsicdet bt poticiere8rob 0 (focoaxamsed, tploceathepels,
and a conparison is nade to determ ne whether or not the light is an

opti cabf prhsaEydehr endzad emitter tafivithg geassatedrbirtie ipubseugdrdr.at or
51 built therein as well. Wien a match is confirmed, an output is made.

As deseuirbrdrabovessé rof hihee erbodiigentr, Tirn50 hes cesmugdtaditch tad) psflse

el ectrical energy (current/voltage) to be applied to the light emtter (for
exanpl genbEB 031585 dmaANs JiGferaguustl BEghhe ksghtpphdedtt®©ftHdeddeghbts
emtter (for exanple, LED) 31 of the photoelectric sensing sensitivity

adj ust{RE deuinGe s3Qr the dbgitkaln Paienbh BBt endFdterused, f orhtBe the

adj ustment portion, and the digital control I'ines 34A, 34B, and 34C are
connect ednk9stBe @EU5§4iSWkEBe5@@d%gSHh&n%ﬁabn/5@% B0 URL Bl chie agliegt ri cal
energy can be controlled fromthe U 34. Further, the control

i nstrugtign om: 4 i e f anextenrnal i

communt o SR naAneR PSS SATnat: ng Phs Faorac S PENeT Te FiReRE 04"t he
external .aj r , | h | e, d rol i ruction
is rea??%e%g%éé%Jﬁ%%?%g%g@ng%dggaE%%?%ﬁi§é€%€%S§9§$6haqxﬁﬁ%%yginf%a%h Next ,
referrj to_a flow chart escription is.qgiven.of the autonati.c _ .
sensit#@gtglgapung%ﬁtSﬁgh?geoﬁﬁgggeggger es?H%Fﬁgg§€ﬁ§FtP§i%&’a&?ﬁ%%ing
devi Cetgfe l_ltehseulftI g}qggtter{e’ o‘;l)wgli(c::gll psu sl;el %?.Eg%% egyrllghllrzcl)rg;izeSd with the given

pulse signal output from the pulse generator 51 is emitted from
the LED 42.

The pulse generator 51 is connected to the AND circuit 52,
and the given pulse signal output from the pulse generator 51 is
input to the AND circuit 52.

Further, the photodetection portion 53 of the photodetector
(for example, photo IC) 35 of this embodiment is connected to the
AND circuit 52, and a signal is input to the AND circuit 52 based
on an optical signal detected by the photodetection portion 53.

The optical pulse signal emitted from the LED 42 and
synchronized with the given pulse signal output from the pulse
generator 51 is detected by the photodetection portion 53 of the

photodetector (for example, photo IC) 35, and the optical pulse
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FIG 6 is the control flow chart in which the automatic sensitivity

adj ust nent of the photoelectric sensing sensitivity adjusting device of the
flowmeter, which is illustrated in FIG 4, is perforned. The
automatic sensitivity adjustnment of the photoelectric sensing sensitivity
adj usting device of the flowreter is for confirmng the normality of the
ON OFF function of the optical switch and perform ng appropriate

sensitivity. adjust t for the_optical switch. Thus, in the automatic

sensi t?wlﬁ%l a%%‘ﬂ%‘iﬁ%m& tflﬁeLERo‘{ﬂoéseEPPi"ér%ﬂsF‘ﬁga% FE0HA) RELESt i ng
device of the flowreter, the CPU 34 perforns the follow ng tasks: a)
detern$hg%©lmﬁ%@hEPeQrOHBPthEOOEPEugNQtQ%ECBFttﬁ@-detector is as expected

by always setting the sensitivity level to the maximumor mninmmin
consi der at i oRh®ANY FaECuihar?2 e fopmscan AR cerrRad onhpetéeeriassignal

sensitivity; b) decreasing or increasing the adjusted sensitivity in
a st epoased manper detadteddipiyl ade sddjnadt aehpusit £eom el phptediethcthenout put
of the detector changes; and c) setting the margin for adjustnent

based porthenreEsafuthenpiodtoddietedcgort al fqotesnripdret ehotbthBCEBA apid rhai ng
the adjusting function (for exanple, assumng that the margin for

adj ustgenén i pulsey esisfrefls duteratt feoumppre pulsé ayetietdtvt $1 WrenthBeeby
adj ustment i s ended outside the adjustnent |evel of from5 to 27, the

adj ust sepput Sarc e degad1t.0 DRe "NFPut from thBEARDrENgch Ot FIGi Binghiker the
fl owmeter (converter) is powered on to start the automatic adjusting
functigg, theér8py the flowis started in Step 100, in which the automatic
sensitivity adjustnment of the photoelectric sensing sensitivity adjusting

device is stgEt&Fdingly, an output is made from the AND circuit 52 only
when the optical signal output from the LED 42 is in synchronization
with the given pulse signal output from the pulse generator 51.

Asdescribedabove, inthis embodiment, thereisgivenacircuit
configuration in which the output voltage of the variable output
regulator 40 provided with the output adjusting function is changed
by using the commercially available digital potentiometer 33, and
along with the change in output voltage (Vout) of the variable output
regulator 40, a forwardcurrent of the LED 42 is increasedor decreased,
thereby adjusting the amount of light to be emitted.

The digital potentiometer 33 is controlled by a PIO built in
the CPU 34, and the setting thereof is controlled via the three
control lines for: the CS signal specifying a target device via
the digital control line 34C; the UP/DOWN signal for determining
whether the adjustment level of the digital potentiometer 33 is
to be increased or decreased via the digital control line 34B; and

the signal (counter signal) for shifting, via the digital control
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First, after the flowis started in Step 100, in Step 110, the current

adj ustnent | evel of the comercially available digital potentioneter 33 is
reset to thereby set the adjustnent |evel of the digital potentioneter 33
to a maxi mum sensitivity level ("32" in the enbodinent). Specifically, the
|l i ght anount of the LED 42 is set to a maxi num val ue by maxi m zing the
energy (voltage or current ) to be supplied to the LED 42 via the resistor
R4l fromthe regulator 40 for LED driving ( commercially avail able variabl e
out put 1B HtroFNBrsiA SRt AeHRIovk fhE HEF LS RGTPOREOMERET hhew Sthe
energy (voltage or current) to be supplied to the LED 42 is set to the

maxi mukymeha PEDSazedapt 5S| fghechieth a naxi um | i ght anount .

Specifically, in this enbodi ment, the resistance-divided voltage ratio

det er mi ned byotae tdiadi,t athpeeerﬂeitorreaeu633 arse setoredl1@rkatioe Qdighdrdby
maxi m zing the energy (voltage or current) to be supplied to the LED 42
from thetesgiubatoer403f aftkEDtdei gengiqgari abl e out put regul at or provi ded
wi th an out put adjusting function). Wen the energy (voltage or current) to
be supplied o thee:dH) AZ2rdt Don tbhecrepubaitvedOthiokeltERndrd &/t ng oitaritabl e
out put regul ator provided with an output adjusting function) is maxim zed,

if a lvghtagefbecindaddud dtooPrevivded tHetdﬂ@txﬁl@%tacﬁj@;iﬂ@gtﬁi@ii%eri_st he
phot odet ector (for exanple, photo IC) 35 on this occasion is in a switch-on

state (¥pUtAiBeM)based on fhbefobehls i dihe Afiust BERE L 8¥.lan external
ofthedlgltalpotentloneter 33 to the maxi numsensitivity level ("32" in the

embodi l%. the ®ie V\%O o i delcer mhngdyl B ALePsd3P Mhelhes -2 }{L‘?toft he

| i ght o e LED 4 Is emtting the | 1 ght mnth t he maxi num |1 ght

amount ;ggtf% gt iig th mpi}&)%ﬁft"etr%gt ”OP%E' %8¥£§§? ff%%l%ecotzhe

photode ec comrer Cl y aval

Specif aII t hi nmen phot ction rt| 53 provi ded

i nsi de phe pﬂo% Get'ecPo or gBP unc%o%%e%%Sa F& gbg%l %ﬂ§ ‘photo IC) 35
detects the #%% f _the LED 42é the % ratlon IS rﬂp qFﬂ_tmeen t he
det ect ed opt RS %Bh?n% ¥Re"HP vah 3t ghal® Bt

gener al and t he AND signal is output to the CPU 34. Based on the
presen @Fﬁ s8Rc@ gften&"§&fect ed optlcal signal input to the CPU 34, it can

be determ ned whether or not the ght of the LED 42 is
detectedbythephotodetectV%htp6?t+3% BZpLovi ded i nsi de~t-hel Phot odet ect or
(for exanple, commercially available photo | C) 35, In the
above- Bt icheabadi BeRt orf st i it pil gt BTt HIMENED3I 3N} che TSIFGSddaCECt i on
portion 53 provided inside the photodetector (for exanple, commercially
avai | abFelphet &5 CpseBtegdckordrag Rb amd Renpodi hente vhen |nightmus aget ect ed
when the optical pulse signal which is emtted fromthe LED 42 and detected
by themphonodevedtihgr-portiden 58 sofstiameeshdnodétee ctdgr (Hmmm te xamglee ,aqzhot o
I C) 35 coincides (is synchronized) with the given pul se signal output from
t he putsasgdrerd othBlrespective resistances are as follows.
R1l: 66 kQ R2: 20 kQ
Rl1: 56 kQ R2: 30 kQ
Those values are substituted into Expression (1) for Vout,
and Vout can be set to any value in a range from 4.8 V to 3.5 V
(the adjustment step corresponds to a resolution (=32 bits, a change
of 0.04 V per step (=1 bit)) of the digital potentiometer).
Specifically, the voltage to be applied to the LED 42 is such

variable voltage as described above, and the LED 42 is connected
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FIG 7 is the tinme chart illustrating the synchronization between the |ight
em ssion of the LED and the photodetector. FIG 7 illustrates a case in

whi ch the adjustnment |evel of the digital potentioneter 33 is set to be

i ncreased by "1" (specifically, by 1 bit) and a case in which the

adj ustnment level of the digital potentionmeter 33 is set to be decreased by
"1" (specifically, by 1 bit). In Step 120, the optical sensitivity
of the optical switch is set tq the nmaxi mumsensitivity, and hence the LED

42 i s EmFPRITG RS HATght > WPER VEHTE e TR PP §RC tRRSHTCE OFh <O T §haBP L Ehi s

state, there shoul dbe |ight detection (the sw tchisON) bythe photodetector
(for eSQNFECIPhbY @Viad)ladd.e photo IGcEgr dAYILRUSEE e JGrgRrOFUERENEED 42
is detected by the photodetector (for exanple, ghoto I C) 35, this neans

t hat tthe beHitrvdeiatiznd (Widghh ex@ysle geheretied) bysthe nultaal gygnepetari ng
(operation as the optical switch is good) . On the other hand, if

t here 5 prowoidgultinfsriold the phoeodetecdete¢for eSkanmpixemppleot ophbCp B6) (st at e
in which the optical switch is OFF) even though the LED 42 is emtting the
light 3th the maxi mrum|ight anount, this neans that the optical switch has
an operation failure. Wien it is determined in Step 120 that the

phot odet ect aiefd prasx@am e, tdwtD IdGd Iedisvear Rl |(R4QperFrakriiag 6) hRas
operation of the optical switch is good) because the photodetection portion

53 proyirded dhsidie ofhgo RIOKOgEhSTE Aa di0ra EXEHTRrSv i CRRTB ¥4 Bld b rayabhabl e
photo 1C) 35 has detected the light of the LED 42 which is emtting the

light g3t Be 9BATYBY! £ 98t SRUAY culrtren® det@{dRed4898b0k: 1Ry Sh&Pnd30
whet her or not the light of the LED 42 is detected by the photfodetecfion

por ti of, £3 %&ﬂrﬁe%rﬂe”%%aé%eo\}\%'g?thpgﬁtf%%f(ché EXAD] Lr o PRAL Bl £3,g35. In

other words, 1t Is determn er or not the state of the output from
ot o1 i R0t nalle LS B30 T Ggar AP he Vet har B WAt " et 5320%ct or
(Lo, cremp o Bkt Pasygaeshoh (0g L obkpLokhe bER 220l s aueh o
cxapl g P08 S s Bu0o8n IFh SOk, LI OISy Dz LE 42 pnder tho otace
maxi m zing Lhe. energy, (W94 298 Rl Sy TEIL) (k8 b SEPlied Lo g, LER A2
photodetection portion 53 provided inside the photodetector (for
example, photo IC) 35, and a comparison is made to determine whether
or not the light is an optical pulse synchronized with a timing
generated by the pulse generator 51 built therein as well. When
a match is confirmed, an output is made.

As described above, in this embodiment, in the circuit which
adjusts electrical energy (current/voltage) to be applied to the
light emitter (for example, LED) 31 as means for adjusting the light
amount of thelight emitter (for example, LED) 31 of the photoelectric
sensing sensitivity adjusting device 30, the digital potentiometer

33 is used for the adjustment portion, and the digital control lines

34A, 34B, and 34C are connected to the CPU 34, with the result that
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40 for LED driving (comrercially avail abl e vari abl e out put regul ator
provided with an output adjusting function) imedi ately after the automatic
adj ustnment is started. The determ nation made in Step 130 regarding
whet her or not the photodetector (for exanple, photo IC) 35 has detected
the light of the LED 42 is such a determnation that is sinply nade

regardi ng whether or not the photodetector (for exarrpl e, photo I C) 35 has
detected the light emtted fromthe LED 42. en is determined in
St ep 1§bet%‘?mﬁﬁé’ﬁ TGt COFCERECREFPADTTY Pt bet %a%y%%%%w%é&&? i“on
portion 53 provided inside the photodetector (for exanple, comercially
avai | aBffe photo 1C) 35, in Step 140, a signal for changi ng (down-shifting)
the wi per termnal 33A of the digital potentioneter 33 is output to the

di gital poteRtrbherert!ss dondgmalhencePuugsiohafxere tdiggCPHI 3¢dr eskechited 34B
connecting the comrercially available digital potentioneter 33 and the CPU
34, anfirtheamadjxristnmmenit biyevel ngfcdnmeirdiqpttiain pebest vonketet S®asirgetthieo be
decreased by "1" (specifically, by 1 bit). Specifically, the

resi st anseddi gt dele voh$agensat i o ddieragtreachdly dihe oy teadampategntaisodet er 33
is changed to decrease, by one level, the energy (voltage or current) to be

suppl i edet cHARE g dIr,omethke eegikratior idotFect LER dis virgh 1(ivadd abke
out put regul ator provided with an output adjusting function). In other

wor ds, shpersebbkshbgofiat Reowt Bebnt sufbnal s3 Aaqf 1tihe)digital potentioneter
33 is shifted by 1 bit (shift of Vout,..0.04 V). In Step 130, when the

l'ight of theyLEb, %férﬁfﬂ;?%t&g PYO%Q%aJPJ‘OTd%@%Iﬁ HiQm PArgie8n ¥ Rhvi ded

i nsi de the phot odet ect or or exanpl e, photo IC) 35, the signal for

changi Ft&ﬂg%@cs@éﬂéﬂﬁpv1 X PEE chER €1B§|Eﬁg\§ﬁo£8§l§8 Ecisglloy g o

avai l able digital potentiometer” 33 1's output to e digital potentio

oy ongehBE 0L KSR o e he0h oblSy Thl £ AbwRALER) LATRESY s $103c38kelp e
y (‘speci I't).
in FIG. 5.

FIG. 6 is the control flow chart in which the automatic
sensitivity adjustment of the photoelectric sensing sensitivity
adjusting device of the flowmeter, which is illustrated in FIG.
4, is performed.

The automatic sensitivity adjustment of the photoelectric
sensing sensitivity adjusting device of the flowmeter is for
confirming the normality of the ON/OFF function of the optical switch
and performing appropriate sensitivity adjustment for the optical
switch. Thus, in the automatic sensitivity adjustment of the
photoelectricsensingsensitivityadjustingdeviceof the flowmeter,
the CPU 34 performs the following tasks:

a) determining whether or not the output state of the detector

is as expectedby always setting the sensitivity level to the maximum

or minimum in consideration of a fact that the optical switch has
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However, the follow ng maybe perforned. That is, after the flowis started
in Step 100, in Step 110, the current adjustnent |evel of the digital
potentionmeter 33 is reset to thereby set the adjustnent |evel of the
digital potentionmeter 33 to "1" (mninmumsensitivity level). Then, in Step
130, when the light of the LED 42 is not detected by the photodetection
portion 53 provided inside the photodetector (for exanple, photo IC) 35, a
signal for changing (up-shifting) the wiper termnal 33A of the digital

pot ent?vHEREPSBS 18 BEEPLELYECYhe digital potentioneter 33, and the

adj ustment | evel of the digital potentioneter 33 is set to be increased by
"1" (speci filkhld§cregsingi ¢y increasipgchg pdiupbedi penehhivityl éBt fating
the control signals for the digital potentionmeter 33, which are transmtted
from thee@PLe8quanner, and end8ngl thstadituestndie: case levehiath whiehathast ment
| evel of the digital potentioneter 33 is set to be increased by "1"
(speciducmht yof byhd detgchod thengase andwhich the adjustnent |evel of the
digital potentioneter 33 is set to be decreased by "1" (specifically, by 1
bit). c) et itrhe twepes r§ en Mol d33A talernithbadegi dralt heorenbianebar 33
is changed (down-shifted) in Step 140 after it is determned in Step 120
that the phet adgtealobolehen caxanyl, e t iy, | &t 3bi hisg d@lﬁ@CéﬁﬁuEHani ght
of the LED 42 which is emtting the light with the maxi nrum i ght anount,
and itrhscEeb8r e L ddhpiteEP a530mtinat thhe phst ﬁ@tﬂd}naaghtstﬁl@n@is
provi ded inside the photodetector (for exanple, photo IC) 35 has detected
the |ighyeoletbe FEDni2netlspstoal 104oEN2RalAg, ((AVA- SHET LLRGLLhBRLW per

term nal 33A of the digital potentionmeter 33 is output to the digita

potent| SRRy Jic L1881 Ca bl ffenf L d1Co R0 Mal BRY 27 eusle QhishAEndhol ! al

pot ent1 onet er IS set I'S one e nmaxli mum

sensitjyi for32"  waan After outputting the signal for changing
(domm-%%i#%?%%?g%%g E?gé? t%?n%hal 33A of the digital potentioneter 33 to

the digital potentionet 3, and setti t he _adjustnent |evel of th
g tar pot NTTENELET E59 1% Be Saseradiearpynes e SSblRtean §% pBy=rShi 1) i
Step 140, it is determ ned in Step 150 whet her .or not, the nsi_tivit
ad} st HBAES (YRS T (2 S oo, Wk b PBRTORd 10 et tife MOFer
termnal 33A of the digital potentioneter 33 to the adjustnent |evel
adj ust 8#arRedtidp Sta. 100, in Wedgh §8O 38R F6F ER St Vedt PRAHBEBRRS t he
adj ustnment range. In Step 150, with the resolution set as a maxi num
adj ust @bl éhean%%?t@%be%¥g¢n8ﬁ@|81@aﬁ UBR PR hE L Y5t YePEIMSHEA Iby RGHES r AiSng t he
nunber thereof. When it is determned in Step 150 that the
sensit$b@¥?e@djustnent (down-shift adjustnent) can be perfornmed to set the
wi per

First, after the flow is started in Step 100, in Step 110,

the current adjustment level of the commercially available digital
potentiometer 33 is reset to thereby set the adjustment level of
the digital potentiometer 33 to a maximum sensitivity level ("32"
in the embodiment). Specifically, the light amount of the LED 42
isset toamaximumvaluebymaximizing the energy (voltage or current)
to be supplied to the LED 42 via the resistor R41 from the regulator
40 for LEDdriving (commercially available variable output regulator
provided with an output adjusting function). When the energy

(voltage or current) to be supplied to the LED 42 is set to the
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termnal 33A of the digital potentioneter 33 to the adjustnent |evel
adjusted in Step 140, the processing returns to Step 130, and it is

determ ned whether or not the light of the LED 42 is detected by the
phot odet ecti on portion 53 provided inside the photodetector (for exanple,
photo IC) 35. In other words, it is determ ned whether or not the state of
the output fromthe photodetector (for exarrpl e, photo I1C) 35 is ON

Then, until it is determned.in Step 150 that the sen5|t|V|tf\;l adj ust nent

( down- BAKH TR EQ?rr%ﬁP)‘l%aﬁ%FSbélagFf Bt frBdat BageMUPhe 1gRhe AMPBRRI nal  33A
of the digital potentioneter 33 to the adjustnent |evel adjusted in Step
140, the prole8sihycatlyr oAnstidy s 3o Bt 1500 PsreRéehiregerepEaced y.
Further, when it is determined in Step 130 that the light of the LED 42 is
not deV@bt@@ebyath@ ghoconenedt buntper diioatsd peéendedmehsirdé3t he set

phot odet ector (for exanple, photo IC) 35, it is determned in Step 160
whet hetool0nigd/® He, adjerstemiastieviedifaltlse windrgy tve lddjggsomeptiricenél) range
(=27 to 5) of the wiper term nal 33A of the digital potentioneter 33.

Speci f toabd Wwugdlel s thei LEDadl tarenhe( degniahbit 4 @djarstimEntyiving
repeated to set the wiper terminal 33A of the digital potentioneter 33 to
the adjustimeblel eglpwd] vefelat 8r St viddd anttwhem tdhet@mdi uatfestihgvel
has reached an adjustnent |[evel at which the light of the LED 42 is not

det ect ednbyibhg. Pt &FatRCEheR RO THPRa§S ¢ @Wirdeshti)nsbdse tdhippiihiaiddet ect or

(for exanple, photo I1C) 35, the processing proceeds to Step 160. In
Step 16Qe 1Lip! 42 d8IH( HrRed WHEaLRBE 20 POF B AWy g f(RAPikRA Adleplrent
| evel of the wiper term nal "33A of the digital potenti orreter 33, ichis

obt ai ned %590%%5\}%d Pgthkﬁkggpgé zhgjsu o deheehied)bys h@%lmlzed

photodet ctor (for exanple r the tirst tlrre

ggl “a;]lﬂgﬂélis e%rgll[ e dé‘c&ml"ﬂr?o egt ‘i&?%%'m?ﬂ%ﬁléﬁ ?lfu%tr}f'gxtg F?ul%t %‘E%lt%”m er

ai ne stnent 1| eve as rea eveI

whi ch the h S _not e o t n ortlon
53 pr ov?dié}aeig% %d?ﬂgc (ﬁot efec)fampj? ori%e?(%orrp tt?%)% V\,hlé)n t he

i ght anount of the LED 4 has ec a Ilght am)unt that is too small
for th&SphBt 8d§¥’égﬂloﬁnp3%t§ g’?‘lgmzdgt&t the light), falls within the
preset adjustnent |evel r =27 to Zﬁ of t er t rm nal .3311/2 of

P e artal A IRk e g 98] S8 G Tk Rl 4L hBE kR LB AN 2R ot66 ¢ hat

the range of fromthe adjustnent |evel of the wi per term nal 3311/2 .of the
di gi taP pBPeﬁf‘FoWéf‘ému@Sse%ﬁﬂ@ﬁvll§yol%teé(ie|3red witen 1h& NS GRPCGEMERE ) LED 42
has been detected by the photodetector (for exanple, photo IC) 35 for the
first BEAR, 148/t hé a8 dStREALIEEVEN Stebhd 2R péethernioranosaAhst ikt
digital potentioneter 33, which is obtai ned when the adjustnent |evel has
r eachedft hbel BEB| 4atwinhtlhis hemitghng ofhe hel gIED wiXh Sheomagermaet dd ME t he
phot odet ecti on portion 53 provided inside the photodetector (for exanple,
phot o k@puBs isweneched byghtheapbahbdefethéohE 2l dras berconkdsddimsd dea ght
anpunt that is too snmall for the photodetection portion 53 to detect the
| i ght) theaphstwdthentble (foeseramd] eistaamtetevel 1y aangel a2l tphdo dfic)t he
Wi per

35. Specifically, inthisembodiment, if the photodetectionportion

53 provided inside the photodetector (for example, commercially
available photo IC) 35 detects the light of the LED 42, the AND
operation is performed between the detected optical signal and the
given pulse signal output from the pulse generator 51, and the AND
signal is output to the CPU 34. Based on the presence/absence of

the detected optical signal input to the CPU 34, it can be determined
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termnal 33A of the digital potentionmeter 33, the flow is ended. On
the ot her hand, the processing proceeds to Step 170 when it is determ ned
in Step 120 that the light of the LED 42 which is emtting the light with
the maxi mum | ight anount is not detected by the photodetection portion 53
provi ded inside the photodetector (for exanple, photo IC) 35, when it is
determined in Step 150 that the sensitivity adjustment (down-shift

adj ust ment) cannot be performed to set the w per termnal 33A of the

di gi t afhporenPraRt e 539@6 qm‘eh%]ﬂaé&2n3e‘h@ete9*éﬁdé>df tha eBotadeteptign, or
when it is determned in Step 160 that the range of fromthe adjustnent

| evel Frihenwiper previdesl 38Alde thHee diRjiatRdgiRENY onfdoar 83amphReh is
obt ai ned when the light of the LED 42 has been detected by the

phot odetrec¢neifiby @xahphle]leppboobol BF) 385for the first time, to the

adj ustnment |evel of the wi per termnal 33A of the digital potentioneter 33,
whi ch is obta reck wherva-re redjarstdrelet elcgvieln bastheathehlt tdie theyv &EDa#2whi ch
the light of the LED 42 is not detected by the photodetection portion 53
provi ded thespHetbhetphet edepect Don (FPprexadplei nphod aHeGph3bolfvbentbhe

| i ght anount of the LED 42 has becone such a Iight amount that is too small

for therphotosiebes) i e8mpertian193ataidsbest phbeol rght 35, daesoratinfakb
wi thin the preset adjustnent |evel range (=27 to 5) of { he W per term nal

33A of i he Hiddide ROt €RE 'lci@{teﬁ_s%tected whéfh tHeBpt{Baltdier LPYiddal
determnes that theré is a trouble in adjusting the | evel of the w per

term m%lﬁwtmt'eeeg Ef% 'thttombt4@rg%toeae%éct@adb§aeeee@hbtaed@%ee%h

conput er connecte ereto via the comuni cation termnal unit to

diSplQ%B£PEO£%ﬁy££tﬁ{a§%8£?ﬁétgpﬁect tJ?ekéﬂggeeghﬂﬂ§9h5§p¥?gblnc des

Afte rng an output at there'i's a trouble in a justlng
the le eI of the w term al 33A of th I n i.n Step
170, in-St é’ﬁl% Jﬁl?le a jUSt Rhentgﬁvee\}le & gtsl‘tl&l‘véfé)ru% é%m%%aWApﬁﬁ

digital ote tio ter 33 is returned to the Ievel before the start of the
aut oma? T AT USt and the flow is then ended. The thus set

opti cal smttch mhlch IS provided to Tg |nd|cator 4 of th% converter 3 of
the CoriolistiFowheterthe perforRETEneLIWPLERT ﬁBgoEEFaFVBﬁ Eeﬁﬁéﬁ gion
operation) when the operation (touch operatian of t ouchi ng, a

fi ngerPEpveeR vl Ath o FEL T Oh tﬁtﬁ&%aéﬁ zzéwfocterteeqtr% §&ﬁr~ace 21
of the display portion 20isperformed. Wth this swi tching operation SCN/CFF
oper at 7 o} lustpetepde e dii W§ich pbefadhegtment level of the digita

potentiometer 33 is set to be increased by "1" (specifically, by
1 bit) and a case in which the adjustment level of the digital
potentiometer 33 1s set to be decreased by "1" (specifically, by
1 bit).

In Step 120, the optical sensitivity of the optical switch
is set to the maximum sensitivity, and hence the LED 42 is emitting
the light with the maximum light amount. Thus, under this state,
thereshouldbe light detection (theswitchisON) by thephotodetector
(for example, photo IC) 35.

Accordingly, if the light of the LED 42 is detected by the

photodetector (for example, photo IC) 35, this means that the
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FIG 9 is the tinme chart illustrating OV OFF determ nations by nmeans of the
optical switch (photodetector). FIG 9 illustrates the case in which
the adjustnent |evel of the digital potentionmeter 33 is set to be increased
by "1" (specifically, by 1 bit) and the case in which the adjustnent |evel
of the digital potentioneter 33 is set to be decreased by "1"

(specifically, by 1 bit). [Second enbodi nent] Next, referring to a
flow chart, descriptiaon is given of an autgmatic, correction function of the

phot oePRetPFRE_ERRT n§LoseREAIP} Sy y PAG R titTly vl TenoFMeheY f PBRABEERI whi ch

isillustrated in FIG 5. FIG 10 is a control flow chart used when
the auteparpklenrdectPenopPthetilofWetChhéSpEBPBelectric sensing sensitivity
adj usting device of the flowreter, which is illustrated in FIG 5, is

executed. On thexaipeedasd,t he theaecat $ o wmiedt Ffeqmi tesrbotpdeteshoby t he
phot oel ectric sensing sensitivity adjusting device of the flowneter include
a case(forwmxahpide momteoltacts siwtadis nigh déniiake theWpptdrkilnsesttd be in
the ON state.

OFF) even though the LED 42 is emitting the light with the maximum

light amount, this means that the optical switch has an operation

failure.

When it is determined in Step 120 that the photodetector (for
example, photo IC) 35 is normally operating (the operation of the
optical switch is good) because the photodetection portion 53
provided inside the photodetector (for example, commercially
available photo IC) 35 has detected the light of the LED 42 which
isemitting the light with the maximum light amount, it is determined
again in Step 130 whether or not the light of the LED 42 is detected
by the photodetection portion 53 provided inside the photodetector
(for example, photo IC) 35. Inother words, it is determined whether
or not the state of the output from the photodetector (for example,
photo IC) 35 is ON.

The determination made in Step 120 regarding whether or not
the photodetector (for example, photo IC) 35 has detected the 1light
of the LED 42 is such a determination that is made regarding whether
or not the photodetector (for example, photo IC) 35 has detected
the light of the LED 42 under the state in which the LED 42 is emitting

the light with the maximum light amount by maximizing the energy

(voltage or current) to be supplied to the LED 42 from the regulator

47



Referring to FIG 10, after the flow of the automatic correction function
is started in Step 200, first, it is determned in Step 210 whether or not
a given tine period (for exanple, 60 mnutes or |onger) has successively

el apsed after the state of the output fromthe photodetector (for exanple,
photo 1C) 35 becane ON. In other words, in Step 210, it is determ ned

whet her or not the state of the output fromthe photodetector (for exanple,
photo 1C) 35 is a,prolonged switch on. | When the state of the output

f r ont he? Sﬁ&%‘%?é&gbpg (FOMSHGEHe, aEﬁb%ﬁb%%)Vaﬁaibgen%‘%tE%‘é rEEBI-BRGEd
switch on in Step 210, the processing does not proceed until the ON state

i s keppraviededsiiviet ¥ oRtegtniAlRes 180 f%@%%ora?tﬂémq%afs%x afdenr KBeout put
fromthe photodetector (for exanple, photo IC) 35 becones ON. When
it is deterathedafnustepnpidst Raarthd-state of the output fromthe

phot odet ector (for exanple, photo IC) 35 has becone the state of the

prol onged switehetgriinsgtiem 220e iim Shepcase wvigzhabgd nghdtdon-oghinbti ng)
the wi per termnal 33A of the digital potentioneter 33, a signal for

changi tige (cdovwoddtiddtiong ) folreexdpel e} erhmtallC33FS diast Hetdecgetialhe 1ight
potentionmeter 33 is output to the digital potentioneter 33 fromthe CPU 34,
and t hef adjausEmen 1evelchoh ddiesthihdal opalrent ieneimpl 3hdde sehyaraibg
decreased by "1" |level. Specifically, when the state of the out put

from tfigephetodet a6t othef phoeyaspkerophqirer! EkarplBaspheesnech hgsshake of
t he prolonged switch on, In Step 220, the signal for changing

(down-gbi &t 04) thBel WyRer chetbtRakr33Atak TRe dbgital potentiometer 33 is
output to the digital potentioneter 33 fromthe CPU 34 via the digital

control |iney34B LoMeHdig b gl kalepPebBNELQFEL L %@@%é %ecegg?>41

and the adjustnent |evel of the digital potentioneter Is set to

dect eapgd; bgolecl 30O LAA! Lior el ebtlbn port10nAS 30856y} R abavge i

this e I ment, etermne e output-o he phot o ect or

(for expuple, Photo Ll 82,1 s L, PLolonged Sultah o, he SLandl, bef

changi ng~ (do 'ng) e W per term na

otentioneter_ 33 i ut put, to t di gi tal. potentionet. 33 .fromthe CPU 34
Via thedd: b?t%?e%oilff’olaoﬁ%%%%?oﬁ &g{aﬁ%ﬁﬁz ( JW&‘W&HH&)J%& WiRET
digital] potentiagneter 33 (decrease the |evel 1" bit). Thus, .the ener
vl e R P e S SR PR At i SRt sooweret cerths srannal | o
regul ator 40 for LED driving (variable output regul ator provided with an
out put PAEFRELPRECRGNEE i DrH™ ?fé‘ec&?tur ot Bdat bhadi st taheenitgil Line 348

connecting the commercially available digital potentiometer 33 and
the CPU 34, and the adjustment level of the digital potentiometer
33 is set to be decreased by "1" (specifically, by 1 bit).
Specifically, the resistance-divided voltage ratio
determined by the digital potentiometer 33 is changed to decrease,
by one level, the energy (voltage or current) to be supplied to
the LED 42 from the regulator 40 for LED driving (variable output
regulator provided with an output adjusting function). 1In other
words, the setting of the wiper terminal 33A of the digital
potentiometer 33 is shifted by 1 bit (shift of Vout=0.04 V).

In Step 130, when the light of the LED 42 is detected by the
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anount of the LED 42 serving as the light emtter 31. However,
instead of adjusting the |ight anmount of the LED 42 serving as the |ight
emtter 31 as in this enbodinent, a nethod of adjusting the sensitivity of
t he photodetector (for exanple, photo I1C) 35 nay be enpl oyed. Specifically,
the follow ng control nethod may be enployed. That is, when it is

determ ned that the output ofthephotodetector (forexanple, photo IC) 35

i st heprol onged swi.tch on, .the_sensitjyity of, the photodetector (for

exanp! ROPRAES e P PP Lt L6 73 HRr bt b etk At BN ot st e

phot odet ector (for exanple, photo | C). 35 becones OFF. After

out put??‘ﬁ@piﬁe REYrRILF 0P ¢ NebRyi SHP o wR LsFR BT HEY  (drumu et tigrdi rlle 33A
of the digital potentioneter 33 to the digital potentioneter 33 fromthe
CPU 34V1RAd sEetMABathe3ddj ustnehhel egemmefcind 1y geval lpbilent démdted 33 to
be decreased by "1" level in Step 220, it is determned in Step 230 whet her
or notpehensianeter BReisupptiputrtm the phgtitdét potentiboetexadpl, eanphot o
IC) 35 is ON In Step 230, instead of determ ning whether or not the
st at e bhetdd]jostpent fieomnl e thet ddeticatlopottotienanpke33 phwtaetd €o B2 has
been ON successively for 60 mnutes or longer, it is determ ned whether or
not théestatesedfbyhllbutppbclifanaihe,pbet adetestor (for exanple, photo I1C)
35 is ON even after the adjustnent |evel of the digital potentionmeter 33 is

set to be demowased, mhé Folllewahnd natiep prAEordme Dt hehawot g5, afitterd $he
determ ned whet her or not the |evel adjustment performed for the digital

pot ent FOERt 88 SBatPedSt B8P P2 1060 SUld iHegNt110, the AeeeedicnghyusWhgRtit is
determned in Step 230 that the state of the output fromthe photodetector

(for exapplesr PR Qildd 235 dot A1 dn2 I BGES ST PPsELLMS N and
t he processing of Stlégg)tzzoplancel3 Stlep 230 is repea?ed unt 1| r%r@ ?%gtzggce)f t he

out put 5 &5 Q8+ 88 Phoyofet ector n%f%i{tﬁ%%&&%i%tﬁeeﬂ §)3 3% b@l@owﬁaﬁﬁﬁ% ty of

In other"words, in Step 220 a ep etection sens

(1, OPHLEBLCEMLEN LeL0 thalh, Lie s otek B RLIEILG 8, BB LY TR, i o
ad] ust penty f'lgtc crigl@eg"cgéi Tb%/l tﬁgtpel{]cgii.oo ei:Eeecgtlsgn tf)%% T2h ggfggocx;ieyetd inside
the photodetector (for example, photo IC) 35, a signal for changing
(up-shifting) the wiper terminal 33A of the digital potentiometer
33 is output to the digital potentiometer 33, and the adjustment
level of the digital potentiometer 33 is set to be increased by
"1" (specifically, by 1 bit).
FIG. 8 is the time chart illustrating the control signals for
the digital potentiometer 33, which are transmitted from the CPU
34.
FIG. 8 illustrates the case in which the adjustment level of
the digital potentiometer 33 1is set to be increased by "1"
(specifically, by 1 bit) and the case in which the adjustment level

of the digital potentiometer 33 is set to be decreased by "1"

(specifically, by 1 bit).
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When it is determined in Step 230 that the state of the output fromthe
phot odet ector (for exanple, photo IC) 35 is not ON, that is, when it is
determ ned that the output state is OFF, this nmeans that the | eve
adjustnment for the digital potentioneter 33 has becone sufficient, and
hence this flow is ended. Wth the above-nentioned configuration,
according to this enbodinent, the follow ng effects are provided: (1)
di gi tal adjustnent which corresponds_to the settable resol ution of the

di gital pot fRFBEIRWIPPICARTBEFr PofnRE, thithi EIB el PRLsrds o8ishaL Pyi ng

the adjusting nmethod; (2) in contrast to conventional volune adjustnent

whi ch ¥eqohaeged koéasnnghifireyf) dédi eaerdlf8 adfast kEnts dRterTigefadae by

renoval of part of the housing, and an actual reference of the |ight

ref | ecoep 130Itdraget ke phetadfusciny (fioy ekrmp bt pheed ICo Behps decaedetlor

adjustnent; and (3) the optical sensitivity adjustnment is controlled by the

CPU 34thand dienodé e At #2 whichmisgenahtbegadie évgthtbyi detdst magi@MOFF of

t he photodetection portion 34, with the result that the automatic

adj ust peght lamoueal,i zedlit is determined in Step 130 that the photodetection
portion 53 provided inside the photodetector (for example, photo
IC) 35 has detected the 1light of the LED 42, the signal for changing
(down-shifting) the wiper terminal 33A of the digital potentiometer
33 is output to the digital potentiometer 33 from the CPU 34, and
the adjustment level of the digital potentiometer 33 is set to "31",
which is one level down from the maximum sensitivity level of "32".

After outputting the signal for changing (down-shifting) the
wiper terminal 33A of the digital potentiometer 33 to the digital
potentiometer 33, and setting the adjustment level of the digital
potentiometer 33 to be decreased by "1" (specifically, by 1 bit)
inStep 140, it isdeterminedin Step 150 whether ornot the sensitivity
adjustment (down-shift adjustment) can be performed to set the wiper
terminal 33A of the digital potentiometer 33 to the adjustment level
adjusted in Step 140.
Step 150 is performed for confirmation of the adjustment range.

In Step 150, with the resolution set as a maximum adjustable range,
the margin for adjustment is determined by confirming the number
thereof.

When it 1s determined in Step 150 that the sensitivity

adjustment (down-shift adjustment) can be performed to set the wiper
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CLAI M5 1. A photoelectric sensing sensitivity adjusting device of an
opti cal -sensi ng non-contact switching device (SW for a field device,
capabl e of perform ng optinmum sensitivity adjustnment, wherein : a

swi tching operation portion (man-nmachine interface) of the field device is
configured so as not to be exposed to external air through provision of a
light-emtter-beamtransm ssive materi al (glass or the like) to a front
surface thereof; the operation_portion conprisi

oW t ChE REEReE AL Or PR E B RUHHHETHR B 3d HhBERI B I s dRY6E by

brlnglngﬂa i ht reflector closer to the front surface forned of the

| i ght -@ Wte@ bbans teRNsH ssiive araeassing returns to Step 130, gngafs

di spl ay screen for displaying a screen according to a sw tching node

desi gnas edebyrmnhecdwhehiey operet igre poralitorpf dfhielED v ttehdageopedat i on
(ON operation) ofthesw tching

oper at bprpgaer photbsipeetaimadby bt i ogifiyphrelviigltr efs 2de diled pset otleteké ofr ont
surface of the operation portion to thereby switch nodes of display data

i ncl udi fgr @xseaidliengphatd IC) 35. In other words,aiphetdetentined strsheg
sensitivity adjusting device for adjusting optical detection sensitivity of
the phetaglteehel st SO Wi 6hitpst tirdedhenppbf oyt EBEosW icxhiengm@per, at i on

portion, the photoelectric sensing sensitivity adjusting device
photo IC) 35 is ON.

Then, until it is determined in Step 150 that the sensitivity
adjustment (down-shift adjustment) cannot be performed to set the
wiper terminal 33A of the digital potentiometer 33 to the adjustment
level adjusted in Step 140, the processing of from Step 130 to Step
150 is executed repeatedly.

Further, when it is determined in Step 130 that the light of
the LED 42 is not detected by the photodetection portion 53 provided
inside the photodetector (for example, photo IC) 35, it is determined
in Step 160 whether or not the adjustment level falls within the
adjustment level range (=27 to 5) of the wiper terminal 33A of the
digital potentiometer 33.

Specifically, the sensitivity adjustment (down-shift
adjustment) is repeated to set the wiper terminal 33A of the digital
potentiometer 33 to the adjustment level adjusted in Step 140, and
when the adjustment level has reached an adjustment level at which
the 1light of the LED 42 is not detected by the photodetection portion

53 provided inside the photodetector (for example, photo IC) 35,

the processing proceeds to Step 160.
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conpri si ng: a light emtter including an LED, for emtting
| i ght by being supplied with energy (current or voltage); a
regul ator for LED driving with an output adjusting function, for supplying
the energy (current or voltage) to the LED serving as the light emtter;
a light receiving device for receiving the light which is emtted fromthe
light emtter and reflected by bringing the light reflector closer to the
front surface forne f the light-emtter-beamtransm ssive naterial
a digital po¥%rﬁq%316§r FEr 13 oM DM i"hGEsde O6r Akt e DLt hE Bner gy
(current or voltage% to be supplied to the LED serving as the |light emtter
from tHeer aguratBentoleved @f vibR); wiper terminal B3Ep0f obhqi gigarpy
controlling the increase or the decrease of the energy (current or voltage)
to be RBapphEEANEBe¥ he3 LB beh vi hpkds inrd (Wwhint tée ttisghtf odmthee LESgdRat or
for LED driving, by controlling the digital potentioneter according to a
cont r ohapriergramatiadieal bonthel phogadetector (for exampleendorial ICHnPat er
connected via a comuni cation termnal unit, for controlling the CPU, and
for the first time, to the adjustment level of the wiper terminal

33A of the digital potentiometer 33, which is obtained when the
adjustment level has reached a level at which the light of the LED
42 is not detected by the photodetection portion 53 provided inside
the photodetector (for example, photo IC) 35 (when the light amount
of the LED 42 has become such a light amount that is too small for
the photodetection portion 53 to detect the light), falls within
the preset adjustment level range (=27 to 5) of the wiper terminal
33A of the digital potentiometer 33.

When it is determined in Step 160 that the range of from the
adjustment level of the wiper terminal 33A of the digital
potentiometer 33, which is obtained when the light of the LED 42
has been detected by the photodetector (for example, photo IC) 35
for the first time, to the adjustment level of the wiper terminal
33A of the digital potentiometer 33, which is obtained when the
adjustment level has reached the level at which the light of the
LED 42 is not detected by the photodetection portion 53 provided
inside the photodetector (for example, photo IC) 35 (when the light
amount of the LED 42 has become such a light amount that is too
small for the photodetection portion 53 to detect the light), falls

within the preset adjustment level range (=27 to 5) of the wiper
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a phot odetection portion for detecting an optical signal emtted fromthe
LED, converting the optical signal to an electrical signal, and outputting
the electrical signal. 2. A photoelectric sensing sensitivity adjusting
device of an optical -sensing non-contact swi tching device (SW for a field
device according to claiml, wherein the field device is accombdated in a
sturdy housi ng intended for on-site installation in consideration of

durability . A photoelectric sensing sensitivity adjusting device
of an %%%m%%?ls%%%l%ﬁ'?Rﬁ14kﬁﬂ2ﬁﬁ Rﬁﬁ%ﬁﬂﬂQﬂ?Qﬁﬁnaﬁe G@WVfﬁGW'éSfﬁéﬁl ddevi ce
according to claim1 or 2, wherein the optical switch sensitivity

adj usti ng deVf cehrh@sher dandmathe BEASESPINGPERFeRITER SteRcti/Onvwhen

opti cal sensing including: a first step of resetting a current
adj usthenis| egeeroinefieidi grenl 1pot ehetonbeetigbtset dhealifhstidenhikbvel of
the digital potentioneter to a maxi numsensitivity |level; a

secondistepl wfimdetteen hgng witet hee naxiotmtlhgHt ghtuot idhediEBewhicthdi s
emtting the light under a state of the first step is detected by the
phot ode{ edid phopotkicentppavipdedi bnsiIeravihbetotes 8d¢ athe photodetector
(for example, photo IC) 35, when it is determined in Step 150 that
the sensitivity adjustment (down~shift adjustment) cannot be
performed to set the wiper terminal 33A of the digital potentiometer
33 to the adjustment level adjusted in Step 140, or when it is
determined in Step 160 that the range of from the adjustment level
of the wiper terminal 33A of the digital potentiometer 33, which
is obtained when the light of the LED 42 has been detected by the
photodetector (for example, photo IC) 35 for the first time, to
the adjustment level of the wiper terminal 33A of the digital
potentiometer 33, which is obtained when the adjustment level has
reached the level at which the light of the LED 42 is not detected
by the photodetection portion 53 provided inside the photodetector
(for example, photo IC) 35 (when the light amount of the iED 42
hasbecome such a 1ight amount that is toosmall for the photodetection
portion 53 to detect the light), does not fall within the preset
adjustment level range (=27 to 5) of the wiper terminal 33A of the
digital potentiometer 33.
In Step 170, the CPU 34 determines that there is a trouble

in adjusting the level of the wiper terminal 33A of the digital

potentiometer 33, and causes the personal computer 14 connected
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a third step of outputting, when the light of the LED is detected in the
second step, a signal for changing (up-shifting or down-shifting) a w per
termnal of the digital potentioneter to the digital potentioneter fromthe

CPU via a digital control line connecting the digital potentioneter and the
CPU, and setting the adjustnent |level of the digital potentioneter to be
i ncreased or decreased by "1" (by I bit); a fourth step of

det er mi ni ng._whet he not sensitivity, of the w per termnal of the dlgltal
pot ent FOVELER dhthe & R (5 LRFALBAL Gt Homn- ShRLBBAT VLGS ZFPUAEL hi n
an adjustnment |evel range; and a fifth step of determ ning,
when tﬁ%agénEP?FvFP9r§dfﬁs?nEﬁPuEéﬁ bE pePRSEREatOm the adjustment level in
the fourth step, whether or not the adjustnent |level falls within the

adj ust nent 2§ “Frrﬂéﬁﬂg?élq 2770U8P8} P thre afifiset CBpki Hagrofis Retdpyblal
potenti oneter, and wherein the adjusted sensitivity of the

phot oelecadigsséngorheslenet easethenvwapsrepaicrwénainideh, odndhehdigdjcadt nent
is ended at a | evel at which an output fromthe photodetector is changed.

4. A pboteetikcmetersdfsingSsepsiiiDyi iy 8dppsiBAg tbei edjobtarnt level

opti cal - sensi ng non-contact switching device (SW for a field device

accor dofAg heow iy r aremifhadl 23ABFILh@ dign t3,]1 potent Wdested 1 3Bhies eptugakdsw t ch
sensitivity adjusting device has an autonmatic correction function for an

opti catosyhd Alevdinekidiregthe start of thedathtodbt st e pistdeier Matidghwhet her
or not a long period of tinme (for exanple, 60 m nutes or |onger) has

successiyg! yselrpgsedngbtyjer a state of output fromthe photodetector becane
C]\l.

The thus set optical switch, which is provided to the indicator
4 of the converter 3 of the Coriolis flowmeter 1, performs the
switching operation (ON/OFF operation) when the operation (touch
operation) of touching, with a finger tip, the switching operation
portion 24 or 25 of the front surface 21 of the display portion
20 is performed. With this switching operation (ON/OFF operation),
the mode switching is performed.

FIG. 9 is the time chart illustrating ON/OFF determinations
by means of the optical switch (photodetector).

FIG. 9 illustrates the case in which the adjustment level of
the digital potentiometer 33 is set to be increased by "1"
(specifically, by 1 bit) and the case in which the adjustment level
of the digital potentiometer 33 is set to be decreased by "1"
(specifically, by 1 bit).

[Second embodiment]

Next, referring to a flow chart, description is given of an

automatic correction function of the photoelectric sensing
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a second step of determning that there is a malfunction when an ON state
has been kept successively for the long period of time (for exanple, 60

m nutes or longer) after the state of the output fromthe detector becane
ONin the first step, outputting a signal for changing (down-shifting) the
w per termnal to the digital potentioneter fromthe CPU, and setting the
sensitivity adjustnent |evel of the photodetector to be decreased by "1"

| evel ; a third step of determ ning whether, or_not the state

of t heS®RE bt Vi FBRAIINS PGt 88BL e (YT TS IOPWRRLFaf VBLCRHS sdheptreted
adj ustment | evel of the photodetector is set to be decreased by the "1"
| evel im FHe-seeond step:; a fourth step of controlling the
sensitivity adjustment |evel of the photodetector until the state of the
out put fromThe. phbt dédeteectort hekofbewOFRagtt arsagetvdren nilng Rntehetihird
step that the sensitivity adjustnent |evel of the photodetector is
cont i ncouséythogh fhecauism t b sthat epbbtohécottrpot faromridesphetibdetiegtor i s
ON, and a fifth step of determ ning, when the state of the
out putadifastihg pboiodebecthe beowmesecOfFFwhihichhesf alitbhtstepd tthatIthe
sensitivity adjustnment |evel of the photodetector has becone appropriate,
and ensglj ngscereéeqtédng the sensitivity adjustnment |evel of the
phot odet ect or, and
Examples of the operation which requires correction by the
photoelectric sensing sensitivity adjusting device of the flowmeter
include a case in which the non-contact switching device (SW)
continues to be in the ON state.
Referringto FIG. 10, afterthe flowof theautomaticcorrection
function is started in Step 200, first, it is determined in Step
210 whether or not a given time period (for example, 60 minutes
or longer) has successively elapsed after the state of the output
from the photodetector (for example, photo IC) 35 became ON. 1In
other words, in Step 210, it is determined whether or not the state
of the output from the photodetector (for example, photo IC) 35
is a prolonged switch on.
When the state of the output fromthe photodetector (for example,
photo IC) 35 is not the prolonged switchon in Step 210, the processing
does not proceed until the ON state is kept successively for 60
minutes or longer after the state of the output from the photodetector
(for example, photo IC) 35 becomes ON.
When it is determined in Step 210 that the state of the output

from the photodetector (for example, photo IC) 35 has become the
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wherein the adjusted sensitivity of the optical switch is decreased in a
stepw se manner, and the adjustnent is ended at the |evel at which the

out put fromthe photodetector is changed, thereby automatically correcting
the sensitivity adjustnent of the optical switch. 5. A photoelectric
sensing sensitivity adjusting device of an optical-sensing non-contact
switching device (SW for a field devi ce, capable of perform ng opti num

sensitiyi justment thr ntrol of a |taI otentioneter by a CPU,
wher i REatE S ot S H R R ottt 68 O int RAG SReoF RG0S of
t he fleld devi ce is confl gured so as not to be exposed to external air
t hr ough9prBvEELER1E) L e g‘jHPeérﬁ%lf%%n%Jeér%pt‘P%ﬁ%%ﬁ digika hwodendiiomgitess, or
the like) to a front surface thereof; the switching operation
por t i oASheRntlednt i fRF eehany Hed ntloy- Pel Exbeskdthe waast e rmEina niddh
provision of a light-emtter-beamtransm ssive material (glass, or the
| i ke) o6tasftiomitalippieatinnetet 33ch@og@pucmmghe)pegatad;@opt@mmmeter
conprisin

i 33 %rom the CPU 34, and the adjustment level of the digital

potentiometer 33 is set to be decreased by "1" level.

Specifically, when the state of the output from the
photodetector (for example, photo IC) 35 has become the state of
the prolonged switch on, in Step 220, the signal for changing
(down-shifting) the wiper terminal 33A of the digital potentiometer
33 is output to the digital potentiometer 33 from the CPU 34 via
the digital control line 34B connecting the digital potentiometer
33 and the CPU 34, and the adjustment level of the digital
potentiometer 33 is set to be decreased by "1" (specifically, by
1 bit).

As described above, in this embodiment, when it is determined
that the output of the photodetector (for example, photo IC) 35
is the prolonged switch on, the signal for changing (down-shifting)
the wiper terminal 33A of the digital potentiometer 33 is output
to the digital potentiometer 33 from the CPU 34 via the digital
control line 34B, to thereby adjust the level of the digital
potentiometer 33 (decrease the level by "1" bit). Thus, the energy
(voltage or current) to be supplied to the light emitter 31 from
the regulator 40 for LED driving (variable output regulator provided

with an output adjusting function) is controlled to adjust the light
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a switching operation portion for turning on/off a photoelectric sensor
conprising a light emtter and a photodetector, by bringing a |ight
reflector closer to the light-emtter-beamtransm ssive materi al

a data display screen for displaying, on a screen, according to a

desi gnat ed node, a node of display data through a switching operation of
the switching operation portion; and a photoel ectric

sensing sensitivity adjusting device adéusting optical detection
sensi taWeyRt o f t Hee ot? eBEFYENGeRnSorie 1ight eRALLBRBt détectric sensing
sensitivity adjusting device conprising: an LED; a photo IC, a variable
out put regulBrweven dingittedld ofotdntsbhed diie ddghd eppunt of thqh&Defd t he
LED emits light by being supplied with electrical energy, wherein
the phstovi®reseivesligiet | emhttehi 3h &s éni thed émbadihentEDaamdthedl| ect ed
by the light reflector, and outputs a signal,

of adjusting the sensitivity of the photodetector (for example,

photo IC) 35 may be employed. Specifically, the following control
method may be employed. That is, when it is determined that the
output of the photodetector (forexample, photoIC) 35istheprolonged
switch on, the sensitivity of the photodetector (for example, photo
IC) 35 is set to be decreased until the output of the photodetector
(for example, photo IC) 35 becomes OFF.

After outputting the signal for changing (down-shifting) the
wiper terminal 33A of the digital potentiometer 33 to the digital
potentiometer 33 from the CPU 34, and setting the adjustment level
of the digital potentiometer 33 to be decreased by "1" level in
Step 220, it is determined in Step 230 whether or not the state
of the output from the photodetector (for example, photo IC) 35
is ON.

In Step 230, instead of determining whether or not the state
of the output from the photodetector (for example, photo IC) 35
has been ON successively for 60 minutes or longer, it is determined
whether or not the state of the output from the photodetector (for
example, photo IC) 35 is ON even after the adjustment level of the
digital potentiometer 33 is set to be decreased by "1" level in
Step 220. In other words, it is determined whether or not the level

adjustment performed for the digital potentiometer 33 in Step 220
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wherein the variabl e output regul ator has one end connected to the LED via
a first resistor and another end connected to the digital potentioneter via
a second resistor, and increases or decreases a forward current of the LED
by changing an output voltage, to thereby adjust a |ight em ssion anount of
t he LED, wherein the digital potentioneter controls the output

vol tage of the variable output regulator, to thereby control energy
(voltage or _current) to be supplied to the LED fromthe vari abl e out put
regul atdrSUEhicLents  ywherein the CPU transnits a control signal to the
digital potentionmeter_to control the output voltage of the variabl e output
regul ator, thefebyiad}vistiey Lhels idgheraninest 6R Hrrikt OokhaheheEptpye
controlling the energy (voltage or current) to be supplied to the LED from
t he vapfable output gé@ml’ah@rphotodetestm pheroekaBPlee pBASPNEC) 35
sensitivity adjusting device of an optical -sensing non-contact sw tching
devi cei$ SW, fore pfded b deyince worortd rig-<ro 2¢10ai @8, the procelseregnofhe
photo I C conprises: a photodetection portion; a pulse generator; an AND
circui 8tepngl2@ &ndnStspo230 is repewmhedeuntfihethbotodeteofi chepoutpan
detects the light which is emtted fromthe LED and reflected by the |ight
refl ectoom ehd phbpotistacteceiyed ephinpak, sppoab [a)oB6 beesmasl ogf.t he AND
circuit when the light has a given |light anmount or nore, wherein the

pul se gener atQrotHBPWoTdd ,gi Mest Yl B3R singnstepo23@psehdhe HeERetecetfibh t he
light in synchronization with the given pul se signal by using the given

pul se ségpativapd dMPHESoSHECH] WA R £8 SdInalyn!, Ot REOIARI keRTsBALnef the
AND circuit,

is performed for the digital potentiometer 33, and this processing

is repeateduntil the level adjustment for the digital potentiometer

33 becomes sufficient.

When it is determined in Step 230 that the state of the output
from the photodetector (for example, photo IC) 35 is not ON, that
is, when it is determined that the output state is OFF, this means
that the level adjustment for the digital potentiometer 33 has become
sufficient, and hence this flow is ended.

With the above-mentioned configuration, according to this
embodiment, the following effects are provided:

(1) digital adjustment which corresponds to the settable resolution
of the digital potentiometer 33 can be performed, which facilitates
simplifying the adjusting method;

(2) in contrast to conventional volume adjustment which requires
a housing (jig) dedicated to adjustment, which is made by removal

of part of thehousing, andan actual referenceof the light reflector,

a large-scale adjusting jig does not need to be provided for
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wherein the AND circuit perfornms an AND operation between the received
optical signal, which is output after the light emtted fromthe LED is
recei ved, and the given pul se signal output fromthe pul se generator, and
outputs a resultant to the CPU, and wherein the transistor is turned
on/of f by the given pul se signal output fromthe pul se generator so as to
cause the LED to emt the light in synchronization wth the given pul se
signal . . 7. A photoelectric sensing sensitivity adjusting device of
an opt#EAPSERARFAg@RBn- contact switching device (SW for a field device
according to claim5 or 6, wherein the digital potentionmeter conprises a
wi per fétnthal opEéordedcnpihightidpdinpenentelsl centredpeadbrgthe SBUbit s,
and wherein, by using a CS signal specifying a target device, an UP/ DOMNN
si gnal 34 pangebenat Auipmnaidicher imnéngdjarsbawmh jesas byfdatrctging OHYOFF
potentioneter is to be increased or decreased, and a signal

of the photodetection portion 34, with the result that the automatic

adjustment is realized.
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(counter signal) for shifting the adjustnent |evel of the digital
potentioneter every tine a pulse edge is detected, which are output via
digital control lines froma PIO built in the CPU, the digita
potenti onmeter controls, according to the adjustnent |evel, a connecting

| ocation of a wi per termnal of the variable output regulator to change a
resi stance val ue of the second resistor connected to the another end of the
vari abl e output regulator, and controls a resistance-divided voltage ratio
bet ween the second resistor and thé&4¥AMEt resistor which is connected to
the one end of the variable output regulator, thereby controlling the

out put vol t aje X @hainglandrie dsnssigpsplsess ittd wity eEDUBtamct Heviaei abl e

out put regul ator. 8. A photoelectric sensing sensitivity adjusting
devi ceanforni opt + sah s sep iy qom:zont st t gving Mawt e viSte 8w af 6eeadfiel d
device according to claim7, wherein the CPUis configured to, according to
a gi vetept gy amapable ofleperfibneinhased iomumansemypitiwitw@nadgtiptuihesicgna
output fromthe AND circuit of the photo IC, whether or not the |light has
been emhétednfeom the LED; until the photodetection portion of the
photo |1 C detects reflection |ight obtained when the light emtted fromthe

LED i s refl estd ddhitheobbght ibafdeet Dén (@R@UeRIChaNY 1 608t Foke) acTendi ng to
t he adjustnent |evel corresponding to 32 bits, a connecting |ocation of the

W per £eLidnady ofe tihe cdinglibalrcPoL8Ni & At @l BY é'}?}ifaélge&l% R terdal air
speci fying the target device, the UP/ DOMN signal Tor
through provision of a light-emitter-beam transmissive material
(glass, or the like) to a front surface thereof;
the operation portion comprising:

a switching operation portion for turning on/off
a photoelectric sensor by bringing a light reflector closer to the
front surface formed of the light-emitter-beam transmissive
material;

a data display screen for displaying a screen
according to a switching mode designated by the switching operation
portion, after a switching operation (ON operation) of the switching
operationportionisperformedbybringingthe light reflector closer
to the front surface of the operation portion to thereby switch
modes of display data including a setting; and

a photoelectric sensing sensitivity adjusting
device for adjusting optical detection sensitivity of the
photoelectric sensor which is turned on/off by the switching
operation portion,

the photoelectric sensing sensitivity adjusting device
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determ ni ng whet her the adjustnent |evel of the digital potentioneter
be i ncreased or decreased, and the signal (counter signal) for shifting the
adj ustment |l evel of the digital potentioneter every tine the pulse edge is

detected, which are output via the digital control lines fromthe PIO built

in the CPU, and control

first

isto

the resi stance-divided voltage rati o between the

resi stor connected to the one end of the variabl e output regulator
and the second resistor connected to the another end of the variable

comprising:

a light emitter including an LED, for emitting light
by being supplied with energy (current or voltage);

a regulator for LED driving with an output adjusting
function, for supplying the energy (current or voltage) to the LED
serving as the light emitter;

a light receiving device for receiving the light which
is emitted from the light emitter and reflected by bringing the
light reflector closer to the front surface formed of the
light-emitter-beam transmissive material;

a digital potentiometer for controlling increase or
decrease of the energy (current or voltage) to be supplied to the
LED serving as the light emitter from the regulator for LED driving;

a CPU for digitally controlling the increase or the
decrease of the energy (current or voltage) to be supplied to the
LED serving as the light emitter from the regulator for LED driving,
by controlling the digital potentiometer according to a control
program with a control signal;

a personal computer connected via a communication
terminal unit, for controlling the CPU; and

aphotodetectionportion fordetectinganoptical signal
emitted from the LED, converting the optical signal to an electrical

signal, and outputting the electrical signal.

2. A photoelectric sensing sensitivity adjusting device of
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out put regul ator, thereby controlling the output voltage (or current) to be
supplied to the LED fromthe vari abl e out put regul ator. 9. A
phot oel ectric sensing sensitivity adjusting device of an optical -sensing
non-contact switching device (SW for a field device according to claimb5
6, 7 or 8, wherein the optical switch sensitivity adjusting device
has an automatic sensitivity adjustnent function for optical sensing
i ncludi ng: . , a first step of resetting a current adjustnment
| evel BF QMel TIPS PR T oret BiCh oidiCmAdstGRncWever 8f fiRed
digital potentionmeter to a maximumsensitivity level; a
secondi®Y £pe GLCRECE i e fdawRet heheseindtha hecld gisvise thaceemmaaprERdi s
emtting the light under a state of the first step is detected by the
phot odeR ec? i oH- oty | G Ystiod dedtiansiagk thes plotedéceciostailekiird siap of
out putting, when the light of the LED

consideration. of durability.

3. A photoelectric sensing sensitivity adjusting device of
an optical-sensing non-contact switching device (SW) for a field
device according to claim 1 or 2,

wherein the optical switch sensitivity adjusting device has
an automatic sensitivity adjustment function for optical sensing
including:

a first step of resetting a current adjustment level
of thedigital potentiometer to set anadjustment level of thedigital
potentiometer to a maximum sensitivity level;

a second step of determining whether or not the light
of the LED which is emitting the light under a state of the first
step is detected by the photodetection portion provided inside a
photodetector;

a third step of outputting, when the light of the LED
is detected in the second step, a signal for changing (up-shifting
or down-shifting) a wiper terminal of the digital potentiometer
to the digital potentiometer from the CPU via a digital control
line connecting the digital potentiometer and the CPU, and setting
the adjustment level of the digital potentiometer to be increased

or decreased by "1" (by 1 bit):;
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is detected in the second step, a signal for changing (down-shifting) the
w per termnal of the digital potentioneter to the digital potentioneter

fromthe CPU via the digital control |ine connecting the digital
potentioneter and the CPU, and setting the adjustnent |evel of the digital
potentioneter to be decreased by "1" (by | bit); a fourth step

of determ ning whether or not sensitivity of the wiper termnal of the
digital potentioneter can be adjusted (down-shifted) to fall within an

adj ust ment | evel rafgertingtep of determiningiwheaihgreprdiotdeeBFutAVAEY when
the sensitivity adjustnment can be performed on the adjustnent |evel in the
f our t O5ttd}E WiREIhEeTrBinAdt Of Herudjigitadnpotevelonales gan Fienagdhasted

adj ustment | evel range (=27 to 5) of the wi per termnal of the digital

pot ent {epreskeiftaddor down-ghaéfeed)t he &dlusvedhiansit pdijugtoenthéevel
phot oel ectric sensor is decreased or increased in a stepw se manner, and

t he adrasgeenénds ended at a | evel at which an output fromthe

phot odet ector i s changed. 10. A photoelectric sensing sensitivity
adj usting device o amnfept istalp sehsdsgepniintagt acthesvi tichi Bgndevieet{;SW
for a field device according to any one of clainms 5, 6, 7, 8, or 9,

wher ei adj iet@pht Cedn M Rt Rancid bw tMe agiiiiss tgndevde€l has tae avtieamtic

correction function for an optical switch, including: a first step of
det er nypépg whlrehlRero ®hoRtha@ah909tREALA%vel falls within the adjustment
level range (=27 to 5) of the wiper terminal of the digital

potentiometer, and
wherein the adjusted sensitivity of the photoelectric sensor

is increased in a stepwise manner, and the adjustment is ended at

a level at which an output from the photodetector is changed.

4. A photoelectric sensing sensitivity adjusting device of
an optical-sensing non-contact switching device (SW) for a field
device according to any one of claims 1, 2, or 3,

wherein the optical switch sensitivity adjusting device has
an automatic correction function for an optical switch, including:

a first step of determining whether or not a long period
of time (for example, 60 minutes or longer) has successively elapsed
after a state of output from the photodetector became ON;

a second step of determining that there is amalfunction
when an ON state has been kept successively for the long period
of time (for example, 60 minutes or longer) after the state of the

output from the detector became ON in the first step, outputting
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of time (for exanple, 60 mnutes or |onger) has successively el apsed after
a state of output fromthe photodetector becanme ON; a second
step of determning that there is a malfunction when an ON state has been
kept successively for the long period of tinme (for exanple, 60 mnutes or

| onger) after the state of the output fromthe detector becane ONin the
first step, outputting a signal for changing (down-shifting) the w per
termnal to the digital otentloneter fromthe CPU, and setting the
senS|t@v$%9n%HJﬁ@?n@ﬂ@ngévél QPWPﬁéh&ﬁBEBEét§8?0W1P8rb§eé@épéés§8 blrer 1
level ; a third step of determ ning whether or not the state of
the outh@ith}oRPERBLbABEBEEt 6EPBr the ORUeveRdaPestinfe thensenpiiayity

adj ustment | evel of the photodetector is set to be decreased by the "1"

| evel adjuhbmentdmisslt of; the photodetectoprf parkd dercapasiedchrt'tldl Lenmglt he
sensitivity adjustnent |evel of the photodetector until the state of the
out put fromthe photddetécitorp beflt ahrse ER iafd ertheddtear mmineg ithet beatki rd
step that the sensitivity adjustnent |evel of the photodetector is

cont i noousleyolit ghit Fevausiee the teldatte dfort he Odutpait afftem tihe sphetiadetiegt or i s
ON, and a fifth step of determ ning, when the state of the

out put a&if @8thbatphetetdebectne ?ﬁ@@@ﬁ&t%Eoirn ikhegetoybt Bestiepretat ble
sensitivity adjustnent |evel t he phot odet ect or has becone appropri ate,

and enghagreonteobhi ng the semshhi gicky;adj ustment |evel of the
phot odetector, and wherein the adjusted sensitivity of the optical switch

I's decreased in & $LeRWMSS OBVFEEon ARG 1 NEy %ﬂlel’sséﬁ@f‘éﬂr:?tﬁﬁ@l?qS%hehtﬂe

| evel at which the out put fromthe photodetector is changed, fhereby

aut omay LGah | ¥ GOfd §iHd fhd e SEOHdd M theadb USETBRL L J G PG cBW tCh.

photodetector becomes OFF after determining in the third step that
the sensitivity adjustment level of the photodetector is
continuously high because the state of the output from the
photodetector is ON; and
a fifth step of determining, when the state of the cutput
from the photodetector becomes OFF in the fourth step, that the
sensitivity adjustment level of the photodetector has become
appropriate, andendingcontrollingthe sensitivityadjustment level
of the photodetector, and
wherein the adjusted sensitivity of the optical switch is
decreased in a stepwise manner, and the adjustment is ended at the
level at which the output from the photodetector is changed, thereby
automatically correcting the sensitivity adjustment of the optical

switch.

5. A photoelectric sensing sensitivity adjusting device of

64



an optical-sensing non-contact switching device (SW) for a field
device, capableof performingoptimumsensitivityadjustment through
control of a digital potentiometer by a CPU,
wherein
a switching operation portion (man-machine interface) of the

field device is configured so as not to be exposed to external air
through provision of a light-emitter-beam transmissive material
(glass, or the like) to a front surface thereof;

the switching operation portion being configured so as
not to Dbe exposed to external air with provision of a
light-emitter-beam transmissive material (glass, or the like) to
a front surface thereof,

the switching operation portion comprising:

a switching operation portion for turning on/off
aphotoelectricsensor comprisinga light emitter and aphotodetector,
by bringing a light reflector closer to the light-emitter-beam
transmissive material;

a datadisplay screen for displaying, on a screen,
according to a designated mode, a mode of display data through a
switching operation of the switching operation portion; and

a photoelectric sensing sensitivity adjusting
device adjusting optical detection sensitivity of the photoelectric
sensor,

the photoelectric sensing sensitivity adjusting device

comprising: an LED; a photo IC; a variable output regulator; adigital
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potentiometer; and a CPU,

wherein the LED emits light by being supplied with electrical
energy,

wherein the photo IC receives the light which is emitted from
the LED and reflected by the light reflector, and outputs a signal,

wherein the variable output regulator has one end connected
to the LED via a first resistor and another end connected to the
digital potentiometer via a second resistor, and increases or
decreases a forward current of the LED by changing an output voltage,
to thereby adjust a light emission amount of the LED,

wherein the digital potentiometer controls the output voltage
of the variable output regulator, to thereby control energy (voltage
or current) to be supplied to the LED from the variable output
regulator, and

wherein the CPU transmits a control signal to the digital
potentiometer to control the output voltage of the variable output
regulator, thereby adjusting the light emission amount of the LED
by controlling the energy (voltage or current) to be supplied to

the LED from the wvariable output regulator.

6. A photoelectric sensing sensitivity adjusting device of
an optical-sensing non-contact switching device (SW) for a field
device according to claim 5,

wherein the photo IC comprises: a photodetection portion; a

pulse generator; an AND circuit; and a transistor,
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wherein the photodetection portion detects the light which
is emitted from the LED and reflected by the light reflector, and
outputs a received optical signal to one terminal of the AND circuit
when the light has a given light amount or more,

wherein the pulse generator outputs a given pulse signal to
cause the LED to emit the light in synchronization with the given
pulse signal by using the given pulse signal, and inputs the given
pulse signal to another terminal of the AND circuit,

wherein the AND circuit performs an AND operation between the
received optical signal, which is output after the light emitted
from the LED is received, and the given pulse signal output from
the pulse generator, and outputs a resultant to the CPU, and

wherein the transistor is turned on/off by the given pulse
signal output from the pulse generator so as to cause the LED to

emit the light in synchronization with the given pulse signal.

7. A photoelectric sensing sensitivity adjusting device of
an optical-sensing non-contact switching device (SW) for a field
device according to claim 5 or 6,

wherein the digital potentiometer comprises a wiper terminal
provided with an adjustment level corresponding to 32 bits, and

wherein, by using a CS signal specifying a target device, an
UP/DOWN signal for determining whether the adjustment level of the
digital potentiometer is to be increased or decreased, and a signal

(counter signal) for shifting the adjustment level of the digital
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potentiometer every time a pulse edge is detected, which are output
via digital control lines from a PIO built in the CPU,

the digital potentiometer controls, according to the
adjustment level, a connecting location of a wiper terminal of the
variable output regulator to change a resistance value of the second
resistor connected tothe another endof thevariable output regulator,
and controls a resistance~divided voltage ratio between the second
resistor and the first resistor which is connected to the one end
of the variable output regulator, thereby controlling the output
voltage (or current) to be supplied to the LED from the variable

output regulator.

8. A photoelectric sensing sensitivity adjusting device of
an optical-sensing non-contact switching device (SW) for a field
device according to claim 7, wherein the CPU is configured to,
according to a given program:

determine, based on an input of an output signal output from
the AND circuit of the photo IC, whether or not the light has been
emitted from the LED;

until the photodetection portion of the photo IC detects
reflection light obtained when the light emitted from the LED is
reflected by the light reflector, sequentially control, according
to the adjustment level corresponding to 32 bits, a connecting
location of the wiper terminal of the digital potentiometer by using

the CS signal specifying the target device, the UP/DOWN signal for
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determining whether the adjustment level of the digital
potentiometer is tobe increasedordecreased, andthe signal (counter
signal) for shifting the adjustment level of the digital
potentiometer every time the pulse edge is detected, which are output
via the digital control lines from the PIO built in the CPU; and

control the resistance-dividedvoltageratiobetweenthe first
resistor connected to the one end of the variable output regulator
and the second resistor connected to the another end of the variable
output regulator, thereby controlling the output voltage (or

current) tobe supplied to the LED fromthe variable output regulator.

9. A photoelectric sensing sensitivity adjusting device of
an optical-sensing non-contact switching device (SW) for a field
device according to claim 5, 6, 7 or 8§,

wherein the optical switch sensitivity adjusting device has
an automatic sensitivity adjustment function for optical sensing
including:

a first step of resetting a current adjustment level
of thedigital potentiometer to set anadjustment level of thedigital
potentiometer to a maximum sensitivity level;

a second step of determining whether or not the light
of the LED which is emitting the light under a state of the first
step is detected by the photodetection portion provided inside the
photodetector;

a third step of outputting, when the light of the LED
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is detected in the second step, a signal for changing (down-shifting)
the wiper terminal of the digital potentiometer to the digital
potentiometer from the CPU via the digital control line connecting
the digital potentiometer and the CPU, and setting the adjustment
level of the digital potentiometer to be decreased by "1" (by 1
bit):;

a fourth step of determining whether or not sensitivity
of the wiper terminal of the digital potentiometer can be adjusted
(down-shifted) to fall within an adjustment level range; and

a fifth step of determining, when the sensitivity
adjustment can be performed on the adjustment level in the fourth
step, whether or not the adjustment level fallswithin the adjustment
level range (=27 to 5) of the wiper terminal of the digital
potentiometer, and

wherein the adjusted sensitivity of the photoelectric sensor
is decreased or increased in a stepwise manner, and the adjustment
is ended at a level at which an output from the photodetector is

changed.

10. A photoelectric sensing sensitivity adjusting device of
an optical-sensing non-contact switching device (SW) for a field
device according to any one of claims 5, 6, 7, 8, or 9,

wherein the optical switch sensitivity adjusting device has
an automatic correction function for an optical switch, including:

a first step of determining whether or not a long period
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of time (for example, 60 minutes or longer) has successively elapsed
after a state of output from the photodetector became ON;

a second step of determining that there is amalfunction
when an ON state has been kept successively for the long period
of time (for example, 60 minutes or longer) after the state of the
output from the detector became ON in the first step, outputting
a signal for changing (down-shifting) the wiper terminal to the
digital potentiometer from the CPU, and setting the sensitivity
adjustment level of the photodetector to be decreased by "1" level;

a third step of determining whether or not the state
of the output from the photodetector is ON even after the sensitivity
adjustment level of the photodetector is set to be decreased by
the "1" level in the second step:;

a fourth step of controlling the sensitivity adjustment
level of the photodetector until the state of the output from the
photodetector becomes OFF after determining in the third step that
the sensitivity adjustment level of the photodetector is
continuously high because the state of the output from the
photodetector is ON; and

a fifth step of determining, when the state of the output
from the photodetector becomes OFF in the fourth step, that the
sensitivity adjustment level of the photodetector has become
appropriate, andendingcontrollingthe sensitivityadjustment level
of the photodetector, and

wherein the adjusted sensitivity of the optical switch is
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decreased in a stepwise manner, and the adjustment is ended at the
level at which the output from the photodetector is changed, thereby
automatically correcting the sensitivity adjustment of the optical

switch.
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