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Invention The present ‘inventian relates to an autonamtic faucet:
start ;ahd stop di;schargi ng waterautomat.ically by sensing the b

hands.='§ Description of. the:Prior Arti,Conventionally, as_a sort of the
faucets nounted®on a@*15 <thinaware &uch as a lavatory {washbow ), there

exi sts such a type that a hand sensor (e.g.. light senkor)_for Sensimg—hanrd
behavior is nounted within a faucet body. In the fauceg as.HEEé&GEﬁ(BHQETs,

in usual a water discharge opening is

roughly downward so .that water is discharged in the dg
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BACKGROUND OF THE INVENTION o

Field of the Invention

The present invention relates to an automatic faucet
which can start and stop discharging water automatically by

sensing the behavior of hands.

Description of the Prior Art

Conventionally, as a sort of the faucets mounted on a

chinaware such as.a lavatory (washbowl), -there: exists such a

* type that a-hand sensor (e.g.. light sensor) for sensing.-hand
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behavior is mounted within a faucet body. ~ . -= . ::aZ

In" the faucet as ‘described - above,: insusual a water

discharge opening is prdvided at the end portion of.-the faucet

body. ;_In' addition,' the water 'diécharge__.. opening ~is directed
roughly downward so that water is discha£ged'-in .the downward
direction. . '

Further, the hand sensor is usually moﬁnted in the
vicinity of the water discharge opening, and further the axial
line of the sensor sensing direction is offset away from the
discharged water roughly in parallel. In this arrangement of
the hand sensor, there exists a possibility that the chinaware
is detected as hands erroneously.

To prevent this erfoneous detection of the chinaware,

there exists such a type that the hand ‘sensor is mounted in

rd

. . : _/
the vicinity of the mounting base portion of the faucet body -
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.dlrectiOn Furt her, -the hand sensor is usually nounted in the vicinity of

t he wat er di scharge openi ng, and further the axial 25 I|ne of the sensor
sensing direction is offset away fromthe discharged water roughly in
parallel. In this arrangenent of the hand sensor, there exists a

possibility that the chinaware is detected as hands erroneously. To prevent
this erroneous detection of the chinaware, 30 there exists such a type that

the hand sensorrmstHisidask, tHegetisoirisensadhgt Beraeynbhngsbebeghtlyl opfeét
t he faucet body. In this case, the sensor sensing direction is slightl

of fset right warciightwaxd vexr defiteward @wayhdnont @hedwgtaargéachamedhﬁth
di scharge openin‘g‘?esrg H%‘_hmat tzhg?q %ig?eg]'ar Estd% ta(?t:r tWe disc arge evr;as! er w:.l.rl.hrllgt
sensor arrange - , :
be sensed. In this sensor arrangement, however, there exists
5 some cases that even if the hands are stretched into the water
~ stream, the automatic faucet will not be actuated.

 On the other hand, in the case where the sensor is so
disposed that the axial line of the sensor sensing direction

is directed to the discharged water, since the discharged
10 water is erroneocusly sensed as the hand, there exisfs such a

trouble that the water is not stopped from being discharged.

Further, in the prior art automatic faucet, since the
discharge direction of water from the discharge opening is
# .7 " directed. downward, - the hand washing space zisj?{nevi#ably'
2r1215%-*located on the:rear:;side &pn}thggs;Qg;oﬁ,tﬁe:gapcg§?@ounting

base porti-On.) ol T '::'.:3:-;;;;.5:'; ki -:r:.':.i:?‘.i-;ﬁ.:. Sedco r e e ~ p

i?LTherefore;ﬁwhengxhemmserayashqs;his,hands;.sincé the

space neér;theﬁfingernéndsgisgpaxrqwnand further the user

cannot feel that water.is being discharged onto his palms

~20 sufficiently, the quantity of discharged water increases
unconsciously, thus causing a problem in that water tends to

be consumed uselessly.

SUMMARY OF THE INVENTION

25 Accordingly,.it is the object of the present invention -
to provide an automatic faucet which can sense only the hands
accurately without detecting a wafer stream or a_chinaware
erroneously. Further, the other object of the present'
invention is to provide an automatic faucet which can provide

30 a sufficiently broad hand washing space within the washbowl
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.5 sone cases that even if the hands are stretched into the water stream
thé automatic faucet wi ||l not - be actuated. On the other hand In the case
where the sensor is so di'sposed that the axial |ine of the sensor sensing:
direction is directed to the discharged water, since the discharged 10
water is erroneously sensed as the hand there exi sts such a troubl e that

the water is not _stq d f nlbel cha ed. Further, in the prior art
aut omati c fauce? °¥Fﬁ§§ Vﬁg 4% (ﬁ%qﬁ?ﬁﬁ water from the di schar ge

opening i s directed. eoxaeme@e the BRBY=tARhIGn3ARGR bt Nerd 2ilkt Bspect

| ocated on the rear side (on the si aucet untlng base portion).
Ther ef or e, mhenthehaspreneaheanhenthandprosﬁﬂes bhe agtema tiearfaudes hiavjerg
ends is narrow and further the user cannot feel that water is being

di schar ged ont o2hihansh| §enser ﬁﬂ#léﬁ‘éﬁt:tyng BFESANGR | 0y @Pﬁﬂ%a?ﬁed‘ands
water increages yRgQRSC GUShY: whIHS nGPUSIN% 28" QRLER Idhd Natop? i sdndiding

to
water from a ﬁéter discharge opening automatically, wherein

the hand sensor comprises: a transmitter for'transmitting a
signal wave to a transmission region directed toward the hand
washing space; a receiver for receiving a signal wave
10 reflected from a reception region directed also toward the
hand washing space; a detection region being formed by a
partial overlapped portion of both the transmission region and
reception region, and at least one of the light emitting
region and the light receiving region being so adjusted as to
- 15 intersect a_ stream 2954¢W§Fe?._§??§har9§d from fhe water

discharge.opening. .. . 4. -. “_;_ |
- In" . the: automgtiq,ﬁﬁaucetuzqqgording .to the present
invention, whenever,hands:areﬁstggyghed toward the front of
the water discharge opening, it is possible to detect the

20 hands securely to stert discharging water.

Further, it is preferable that an angle €@ between a
directional axis of the transmission or reception region and
an axis of the water stream is less than 70 degrees. At this
angle, since the reflected signal level from the discharged

25 water can be more reduced, as compared with the reflected
' signal level from the hands more securely, it is possible to
reduce a possibility that the discharged water is detected as
hands erroneously.
Or else, in order to eliminate the erroneous detection,

30 it is also preferable to set a distance between said
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be .consuned usel essly. SUMVARY OF THE | NVENTI ON 25 " Accordi ngly, it is
the obj ect of ‘the present invention to -provide an automatic faucet which
can sense only the hands accurately wi thout detecting a wafer streamor a

chi nawar e erroneously. Further, the other object of the present
I nvention is to provide an automatic faucet which can provide 30 a
sufficiently broad hand washi ng space within the washbow -2- provi ded

Wi th an aut omattixarfsmiceter Tomchsaid t pecelives- mand orvhe ohjetdr tdbschasye
aspect of the present i'nvention provides an automatic faucet having a hand

sensor for det &ffigiendslshdeong spsdat e rignral waveiredlected wEsem nthe

space to Startd%g%ﬁ%%ﬂ%&ﬂégﬁgéggg% be directed away from said receiver.

When fhis distaﬁce is sufficiently long, there exists no

5 problem even if the angle between the direction axis thereof

and the discharged water is 80 degrees (which is closé to a
right angle).

Further, in order to prevent the erroneous detection, it

is also preferable that a water flow straightening element is

10' provided in a pipe passage for introducing water toward the

water discharge opening, to form a smooth rod-shaped water

flow, irrespective of flow rate of water discharged from the

water.discharge opening. Or else, it is also preferable that

‘a water Sprinkliﬂg1é1émehtifof’bprihkling water: discharged

15 f£rom the water diébhérgéﬂaﬁéniﬁg isprovided -in" a:pipe path

for introducing water to the water discharge opening. When

water is discharged intd a'rod-shape;- the signal wave can pass

through the éié&héigédﬁTﬁatér“ﬁémbothly;; _When > water is

'sPrinkled,'thé'sighal*waveriis scattered. In both the cases,

20 the reflected signal level can be reduced markedly,  as

compared when reflected from the hands.

The second aspect of the presenf invention provides an
automatic faucet for starting and stopping discharging water
automatically by detecting presence or absence of hands with

25 a non-contact reflection type active sensor, which comprises:
statistical arithmetic means for sampling data indicative of
reflected signal levels of the active sensor periocdically and
calculating at least one statistical value on the basis of a
plurality of continuous data including the updated data

30 obtained by sampling; and discriminating means for
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wat.er from a water di scharge opening automatically, wherein the hand sensor
conprises: a transmitter for transmitting a signal wave to a transmission
region directed toward the hand washing space; a receiver for receiving a
signal wave 10 reflected froma reception region directed also toward the
hand washi ng space; a detection region being formed by a partial overl apped
portion of both the transm ssion region and reception region, and at | east
one of the |igdiserininaginggpresence ar |abgencecef vhagdsegnotheebagiso of

adjusted as to 15 intersect. a _streamof water_ discharged fro the .
vvaJt er dischar gsﬁeoﬁgﬁ%tﬁﬁ.% FRLt Pfé‘l“‘&ut%&r’rﬁqaé"“'f ﬁﬁdets't%éﬁ%ﬁ%d{lﬁ FGng -

present invention, WRERRYS! a(1RBMAL1E Fablbbt! C'&&%c%"%@g&&%g&%:g‘%z"fab fce

wat er di scharge opening, it Is possible to detect the 2 securely to
start di schargofig vitd ehharlds t ban, bé idigEeimindtedt kai fheangaeiserdf the
between a directional axis of the transm ssion or_ reception region and
.5 statistical value obtained by sampling the reflected signal
levels, it is possible_to obtaip data reliably indicative of
the various conditions different between the presence and
absence of the hands or the discharged water, by reducing the
influences of the external disturbance or noise included in
10 the reflected signal components. As a result, it is possible
to detect the presence or absence of hands more precisely by
removing the reflected signal levels from the discharged water
and the washbowl. _
As the statistical value, at least one of an everage
15 .value, a variance value, .and a standard deviatieg value is
‘adopted. _ R R ._ --
| - In a .preferred,,embodiment,-_phe average .Qeiue is
- determined as e reference level indicative ef,absence_of both
hands and discharged water, on'condition that the wvariance
20 value obtained at water stop is smaller than a constant value.
Further, the presence or absence of hahds is discriminated on
the basis of a comparison result between the average wvalue and
the  reference 'Qalue and a comparison result between the
variance value and a predetermined threshold value.
25 Further, it is also possible to discriminate the presence
or absence of the hands by deciding the average value as a
reference level, on condition that a difference between the
most updated data and the average value at water stop lies

within a constant range and further on the basis of a

30 comparison result between the most updated data and the
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an_axis of the wat er streamis |ess than 70-degrees. At this angle si nce
thé reflected signal level fromthe discharged 25 water can be nore
reduced, as conpared with the reflected signal |evel fromthe hands nore

securely, it

is possible to reduce a possibility that the discharged water

is detected as hands erroneously. O "else, in order to elimnate the
erroneous detection, 30 it is also preferable to set a distance between
said -3- t r @iefienenge drewed d recei ver and the water di schar ge

fficiently | on t he nal e reflected fromthe di scharged :
\?v;telr ::an bg di rgcf%d‘r;ﬁﬁf{frosr#gai F %/Jél \r/e'Fo Wh HcFrﬁP§ed| stth¥ce |r§gsl3°nse
sufficiently | @?ﬁré&%@ﬁ&éﬂé& of % NiQ0LE T YERatbe! BEaRRILALN HIRR 1%

direction axis thereof

10

15

20

25

30

stretched, it is preferable to detect signi'ficanf fluctuations
of the reflected sigrial' levels on the basis of the statistical
value at water stop and to increase the sampling frequency.

Furthér, in order to prevent the erroneous detection due
to fluctuations of the discharged water stream at water stop,
it is preferable to determine the water discharge start
condition required after the water stop more severer than the
ordinary water discharge start. _

Further, in order to prevent the endless repeated water
discharge and stop caused by the erroneous detection in a
specific situation, it is preferable to count the number of
water '-'dischar'geS“'"c'ontimi"oiisly’- repeated at time . intervals

shorter than a predétermined time and to inhibit the

' cdhtimioﬁslﬁr ref:eéted water discharges when a wvalue counted

' by said water discharge counter exceeds a predetermined value.

Further, -the third aspect of the present invention
provides an automatic faucet for starting and stopping
discharging water automatically by detecting presence or
absence of hands, wherein the water discharge opening is
directed so that water can be discharged slightly downward
from a horizontal direction. |

In this automatic faucet, since the water is discharged

roughly in the horizontal direction and describes a parabolic

curve, the water stream can be received by the hands at
roughly the middle portion of the washbowl, so that it is
possible to obtain a sufficiently broad hand washing space

within the washbowl. In addition, since the user can see the
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and the discharged water is 80 degrees (which is close to a right angle).
Further, in order to:-prevent the erroneous detection, it is also preferable
that a water flow straightening elenent is 10 provided in a pipe passage -
for introducing water toward the water di scharge opening, to forma snooth
rod- shaped water .flow, irrespective of flowrate of water discharged from
the water discharge opening. O else, it is also preferable that a water
Sprinkling  caflRfibrb@l wibekNAOUE San €h3gyf Gefetcn KISTMs Wi
di scharge opening rs~provide I'n a pipe pat of 1 ntroducing water to the
wat er di schar gaeoRatergdivbparyet epeningi.scharged i'nto a rod-shape, the
signal wave can pass through the discharged water snoothly. When water i s
sprinkl ed, the sigRurthever itsigcoreferable| o REFVide %a?e{'é@’{ Tafe gantrol

fl d si | .| I d d kedl fl 2d
{1 om the. hancdeviee Sot oL Am & "o ornBLBBeaHe FATENTE oh coriuin Tayed

5 irrespective of water pressure of a water supply source.

Further, the fourth aspect of the present invention
provides a faucet having a faucet body and a spout connected
to the faucet body, wherein the spout comprises: a nozzle pipe
having a base end port;on screwed with the faucet body and an

10 end portion formed with a water discharge opening; and a
nozzle cover fitted to said nozzle pipe externally, said
nozzle pipe being further formed with a projection at an inner
surface of séid nozzle cover so as to be engaged from an end’
side direction, said nozzle cover being sandwiched between the

15 faucet body and the projection. '

' In fhis faucet,.'it is 'pdésible to manufacture an
attractive faucet such that the spout and the faucet body are
formed integral with each other easily at a low cost, without
using.any molding die. '

20 Furthef, in order to easily attach the nozzle-pipe to the
faucet body, it is preferable that the faucet body comprises
an outer member and an inner member fitted into the outer
member.

Further, in order to attach the nozzle pipe more easily

25 and securely, it is preferable that a nozzle mounting member
is housed within said outer member of the faucet body, and the

| base end portion of said nozzle pipe is screwed with said
nozzle;mounting member.

Further, it is possible to reduce the manufacturing cost

30 by forming said outer membér of metal and said inner member

-7~



>

autonatlc faucet for starting and stopplng dlscharglng wat er autonatlcally
by. det ecti ng presence or absence of hands with 25 -a non-contact reflection
type active sensor, which conprises: statistical arithmetic nmeans for
sanpl i ng data indicative of reflected signal |evels of the active sensor
periodically and calculating at | east one statistical value on the basis of
a plurality of continuous data including the updated data 30 obtained by
sanpl i ng; andf Hﬁsénhninating nmeans for -4- di scrim nating presence

or absence of hands_on basi f the tatistical value jo start and sto
m;tersdlscharglng > Fhﬁ§ auiBna Pc P 5§?H¢%Pt§Efu n%% 5?‘§@§§19 P
of the hands Cee?{a%ﬁgsxﬁéeg?ﬁ%ﬁdf&e ;B{E‘xfé}?éiég qfeltarev‘i. Hed1tH 1 petiiden

obt ai ned by sanp he reflected si‘gna
said outer member and said inner member, because both the

5 members are not rotated relative to each other during the
assembly. In particular, in the automatic faucet having the
hand sensor within the inner member, this is advantageous
because the sensor can be aligned with the sensor window
formed in the outer member. _

10 ‘ Further, in order to improve the tightness between the

inner member and the outer member, it is preferable to form

a skirt portion expandino ~outward from a bottom portion
thereof, respectively. .

. Further, .in order to obtain a broad hand washing space,

15 it is preferable that the faucet body is disposed on a surface

-, of a mounting wall vertically in such a way as to be inclined

. toward the water discharge opening. '_ o

Further,  the fifth aspect of the present invention

provides a faucet fixed to an upper surface of a wall, which

20 comprises: a bolt extending downward from a lower end portion

of the faucet, passing through an opening formed in the wall,

and projecting downward from a lower surface of the wall; a

- washer plate formed with a through hole through: which the

projecting portion of said bolt is inserted; and a nut screwed

25 with a downward projecting portion of said bolt passing

through the through hole, to bring-said washer plate into

pressure contact with a lower surface of the wall, so that the

fapcet can be fixed to an upper surface of the wall, the

through hole being formed at a position dislocated away from

30 a gravity center of said washer plate.
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levels, it is possible to obtain data reliably indicative of the various
condi tions different -between the presence and absence of the hands or the
di scharged water, by reducing the influences of the external disturbance or
noi se included in 10 the reflected signal conponents. As a result, it is
possi bl e to detect the presence or absence of hands nore precisely by
removing the reflected signal |evels fromthe discharged water and the

washbowl . As the statistical value, at l|.east .qne of an average 15 value, a
vari ance val ue, and%egt 5&?&% ad’&ﬁ%?’isoﬁ"\% 8d; oy YPRSF sprisce of &

embodi ment, thg)javer hetd!l | S4 | ke r ef c
i ndi cative of absefce g’%(:sbtﬁ h Eﬁgant s%%?%%ﬁa%ﬁu%tgrﬁagﬁ ggﬁg*ﬁe& b[%létt
the variance 2fls ¥aktitened aiitdd aatnw®y erInt bRisSfastehengt Works i aiHere
val ue. Further, the presence or absence of hands is discrimnated on the

basi s of a conphBfi¥ashersplatgeigceassed throughk the holdhd the washer plate
5 will not drop because the washer plate is inclined by its

weight and thereby caught by the-bolt; Therefore, since it

is unnecessary to support the washer plate by the worker's
hand during the fastening work, thus simplifying the work.

Further, in the preferred embodiment, a bolt and a guide

10 member for a drainage operation lever both extend downward

from a lower end portion of the faucet. Further, the washer

plate is formed with a first through hole through which the

bolt is passed and a second through hole through which the

-guide'ﬁéﬁber:is passed. Further, both the firstland'second

15 :thrOhgﬁ'hdlésbare formgd”ét'a'position dislocated away from

."é”gréVitf center of ‘said washer plate, respectively. -

'Fdftﬁer; the ' sixth aspect of the present invention

proGidés éwsfiucture'for connecting two pipes at each end

thereSf; which comprises: a flange formed at an .outer

20 circumference'of an end portion of eacﬁ of the two pipes; a

connecting'member'engagedtﬁith the two flanges portions of the

two pipes, to bring the two flange portions into pressure

contact with each other, under condition that the two flange

portions of the two pipes are'in contact with each other; and

25 a revolution stopping mechanism for preventing at least one

of the flanges from being rotated relative to said connecting

member.
. According to this structure, when two pipes are connected
to each other, since the relative revolution of the pipes can

30 be prevented, the work can be facilitated.
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t he, ref erence val ue and a conmpari son result between the variance value and -
a predeterm ned threshold value. 25 ‘Further, it is al so possible to
di scrim nate the presence or absence of the hands by deci ding the average
value as a reference level, on condition that a difference between the nost
updat ed data and the average value at water stop lies within a constant
range and further on the basis of a 30 conparison result between the nost

updated data and th@yfeher, i 58868 tSV?Eciﬁﬂthﬂgrthe'dbnné&tkﬁn bé€tween
increase the response characteristi-cs of the water discharge start when

hands are strettmedirebmsepparesasuehtasdmlexas sogmetitdgnt 1t| st prefenabbe
of the reflected signal |levels on the basis of the statistjcal
to form a projection in one of the flanges in an end surface
thereof and a recess engaged with the projection in the other
5 of the flanges in an end surface thereof.

'-Further, the seventh aspect of the present invention
provides a structure for connecting a flexible tube to a water
inlet and outlet openings of a water treatment installation,
which comprises: a connection guide attached to the water

10 inlet and outlet openings and formed with a male threaded
surface in an outer circumference of an base end portion
thereof and‘with a tapered surface in an outer circumference
of an end portion thereof, a connection end portion of the

- tube being fitted externally to the formed tapered surface,
~ 15 -and a.cap nut fitted to the. connection end portion.of the tube

Lo L“

[l

externally, and formed with a large~diameter female threaded

- . surface . engaged with the male threaded surface" of said

- connection guide and a small diameter sliding surface brought

into slidable contact with an outer c1rcumferent1al surface

20 of the tube and further brought into pressure contact with the
tapered surface of the tube both in an inner circumference

thereof. _

According to the structure, the connection end portion

of the tube is fitted to the tapered surface formed at the end

25 portion of the connection guide and further the cap nut is

screwed with the male threaded surface of the base end portion

of the cap nut, so that it is possible to fixedly sandwich the

tube between the sliding surface inside the cap nut and the

tapered surface.

30 Further, in order to facilitate the fastening work of the
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val.ue at water stop and to increase the sanpling frequency. Further, in
order to prevent the erroneous detection due to fluctuations of the

di scharded water streamat water stop, it is preferable to determ ne the
wat er di scharge start 10 condition required after the water stop nore
severer than the ordinary water discharge start. Further, in order to
prevent the endl ess repeated water di scharge and stop caused by the
erroneous det ectapnnut, aigpesi préferabaki €8, khirils theebatalk! eireusFeriential
nunber of 15 water discharges continuously repeated at tinme intervals
shorter than a pwtfacerafnthetcap nu. t Further t imoxdan itouersvent fdw cap

wat er s di schar ges n_a value counted by said water discharge counter
exceeds a predg?‘é'Fvn\g%é’&‘ VRFHBI I'—ftoﬂﬁ ef{)t ﬁ§°?ﬁ??‘3e§¥pe T oSt r'%r?#%’é%’ﬂ'e to
i nvention 20 prQu a i aphl a t '

di schargi ng maig%bgﬁégngt?gg??§£b$°%2?%§%f%§%%§gs%h?gggrE%E%eﬁgg%gg ﬁgﬁhg?t
wherei n the Svatst ai sohatgatopemisyg i s

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an illustration for assistance in explaining

the structure of an embodiment of the automatic faucet
10 according to the present invention in the state of being used;
Fig. 2 is a perspective view showing the faucet section
of the same automatic faucet:;
Fig. 3 is a side cross-sectional view showing fhe.same
faucet section: . _
15 . -Fig.. 4-1s :.an.exploded .view.showing :the same faucet
sectiony - . e T e e Ll s “ : )
Fig. 5 is a rear side view .showing the same faucein:
".section7 :-- , - _; : |
" Fig. 6 is a view obtained when seen from the arrow P in
20 Fig. 5; _
| Fig. 7 is an illustration for assistance in explaining
the mounting status of the hand sensor;

Fig. 8 is an illustration for assistance in explaining

the relationship between the hand sensor and the diameter of
25 the water-dischafge opening;

Fig. 9 is an illustration for assistance in explaining
the relationship between the hand sensor and the diameter of
the water discharge opening:;

Fig. 10 is an illustration for assistance in explaining

30 the relationship between the hand sensor and the diameter of
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directed so that water can be discharged slightly dowaward from a
‘horizontal direction. 25 ' In this automatic faucet, since the water is
di scharged roughly in the horizontal direction and describes a parabolic
curve, the water stream can be received by the hands at roughly the mddle
portion of the washbow , so that it is possible to-obtain a sufficiently
broad hand washi ng space 30 within the washbow . In addition, since the

user can see thhe- Gater dischargmd opirding;t he user can easily stretch his
hands toward the water discharge opening. Further, it is preferable to
provi de a flow rateFdgnt 1dl HRvacschemakdcdiblpak iagran sshewiadr #he fand

constant level, 5 irrespective of water pressure of a water supply source.
sensor;

Fig. 12 is a graphical representation showing the
5 r;lationship between the patterns of reflected light incident
upon the light receiving section . and the open and close
operation of the electromagnetic wvalve, the light emission,
the sampling frequency; _
Fig. 13 is a flowchart showing the main routine for
10 processing the signal of the hand sensor;
Fig. 14 is a flowchart showing a frequency switching
subroutine; | '
' Fig;xls'ié a flowchart showing a water discharge control
_ subroutine;
s “"7pig.” 16 is another graphical representation:showing:the
exampleS'df the reflected light levels, the averaged-value and
"~ the variance valué; " - - T

Fig. 17 is flowchart showing a discharged water:control

éubfoutine, which is added as a countermeasure against water
20. discharge/stop repetition:

Fig. 18 is a graphical representation showing the
reflection level and the average value obtained when water is
discharged or stopped repeatedly:;

_ Fig. 19 is an illustration for assistance in explaining
25 the structure of the second embodiment of the automatic faucet
aécording to the present invention in the state of being used:

Fig. 20 is a side cross-sectional view showing the whole
construction of the automatic faucet;

Fig. 21 is an exploded view showing the faucet section;

30 Fig. 22 is a front view showing the same faucet section;
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"Further, the fourth aspect of the present invention provides a faucet
havi ng a faucet body and a spout connected to the faucet body, wherein the
spout conprises: a nozzle pipe having a base end portion screwed with the
faucet body and an 10 end portion formed with a water discharge opening;
and a nozzle cover fitted to said nozzle pipe externally, said nozzle pipe
being . further formed with a projection at an inner surface of said nozzle
cover so as to be efigpge?3f ismamn expladett viewcshowingaithhendaaiaett ofbxing
bei ng sandw ched between the 15 faucet body and the projection. In this

faucet, it | FHOEYWY to manufacture an attractive faucet such that the
spout and the fauc 0 0 i A ' h i af 4
| ow cost, w thout ﬁftsjrigd%%s:[%o d%%ggﬁl g‘.gg%gl"aw wES’?ﬁ%’e{%h %logqujer i Oizﬁe

easily attach g he nogzl®igpi ppofo the faucet body, it is preferable that the
faucet body conprises an outer nenber and an inner nmenber fitted into the
out er 5 Fig. 25 is an illustration for assistance in explaining
the automatic stop (catch) of the fastening washer plate by
the fastening bolt;
Fig. 26 is a view obtained when seen from the line II -
II in Fig. 20;
10 Fig. 27 is a view obtained when seen from the line III -
III in Fig. 20; |
Fig. 28 is a view obtained when seen from the line IV -
IV in Fig. 20;
Fig. 29 is a front view showing the power supply casing;

15 Fig. 3C is an exploded view showing the supply pipe
connecting structure; _ e

Fig. 31 is an exploded view shoﬁing the_e;ectric cable
connection reinforcing structure; .
Fig. 32 is a cross-sectional view taken along the line

20 V - V in Fig. 31;

| Fig. 33 is an exploded view showing the pipe connecting
structure;
Fig. 34 is a perspective view showing the assembled pipe
connecting structure;

25 Fig; 35 is a side cross-section view showing the
diaphragm valve and the diaphragm push plate of the
electromagnetic open-close valve;

Fig. 36 is a cross-sectional view taken along the line
VI - VI in Fig. 35;
30 Fig. 37 is a front view showing the whole construction

-13-
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er. Further, in order to attach the nozzle pipe nore easily 25 and

urely, it is preferable that a nozzle nounting menber is housed within

d outer nenber of the faucet body, and the base end portion of said

zle pipe is screwed with said nozzle nmounting nenber. Further, it is
sible to reduce the manufacturing cost 30 by form ng said outer nenber
nmetal and said i nner nenber -7- of resin. Further, it is preferable
provi de a reve@futthen sitamE i nPakcet srelatedrey ethe nchixd aémbediment;

ol uti on between said outer nenber and said inner nenber, because both

5 menbers are not Fig-a3&d isepaside evosschegtheraluviey shewing the whole

construction of the same automatic faucet;

S,
S

‘n
p
0
t
]
t

Fig. 39 is an illustration for assistance in explaining
5 _Fhe thermostat type mixing valve of the same automatic faucet.

Fig. 40 is a front view showing a faucet related to the
fourth embodiment of the present invention;

Fig. 41 is a rear view showing the same faucet shown in
Fig. 40;

10 Fig. 42 is a cross-sectional view taken along the line
X - X in Fig. 40;

Fig. 43 is a =side view showing one positional
relationship between the hand sensor of the same faucet and
the discharged water stream;

15: 'Fig. 44 is a side view showing another arrangement of the
hahd Sensor; ' |

Fig. 45 is a side view showing still other positionai
felationship between the hand sensor of the same faucet and
the discharged water stream;

20 Fig. 46 is a side view showing.Still other positional
relationship between the hand sensor of the same faucet and
the'discharged water stream;

Fig. 47 is a front view showing a faucet in which the
hand sensor is mounted at a position away from the faucet
25 body;

Fig. 48 is a side view showing the same faucet:;

Fig. 49 is a front view éhowing a faucet in which the
light emitting element and the light receiving element of the
hand sensor are arranged in the horizontal direction; and

30 Fig. 50 is a side view showing the positional
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assenbly. -In particular, in the automatic faucet haV|ng t he hand sensor
within the inner menber, this is advant ageous because the. sensor-.can be
aligned with the sensor window forned in the outer nenber. .10 .
Further, in order to inprove the tightness between the inner nmenber and the

outer nenber,

it is preferable to forma skirt portion expandlng out war d

froma bottonlportlon thereof, respectively. Further, in order to obtain a
broad hand washéDgtseasRiplbetiess e feird/serdont ahheafﬁuﬁaifz.émib' firom the

di sposed on a surface of a nounting wall vertically in such a way as to be

i nclined towarvwasheowhter di scharge opening. Further, the fifth aspect of

t he present

I nventi-on provides a faucet fixed to an upper surface of a

wal |, which 20 conprises: a bolt extending downward froma | ower end
portion of theDEBAIBED PESSREBTIONOOBhTHE PREFERREDOEMBODIMENTS wall, and
proj ecting downvvard rroma lower surface of the wall; a

The embodiments of the present invention will be

10

15

20

25

30

described in detail hereinbelow on the basis of the attached

'drawings.

Fig. .1l is an illustration for assistance in explaining
the automatic faucet related to the embodiment under the used
conditions; Fig. 2 is a perspective view showing a faucet
section of the same automatic faucet; Fig. 3 is a side cross-
sectional view showing the same faucet section; Fig. 4 is an

exploded view showing the same faucet section; Fig. 5 is a

. rear view showing the same faucet. .section; and Fig. 6 is a

view obtained when seen from an arrow. P shown in Fig. 5.

[{Entire construction] T - -

The entire-copstructioq_of.tpe aq?omatiq-fauqet?A will
be described hereinbelow. . - j.-_H

As shown in Fig. 1, the automatic faucet A 6f thé ﬁresent
embodiment comprises a faucet section_Aluhaving a faucet body
1 and a spout A2 attached to the faucet body l'to dischafge
mixed hot and cold water, and an automatic fauéet control box
C connected to the faucet body 1 via a hot water supply tube
5. '

Further, the faucet section Al is mounted on a faucet
mounting surface 30a formed at a rear horizontal surface of
a washbowl 30 of a lavatory B, and the automatic faucet
control box C is disposed under the lavatory B.

Further, in the automatic faucet contro; box C, there are

arranged a mixing valve V, a control unit F for the automatic

-15-



‘washer plate formed with a through hole through which the projecting
portion of said bolt is inserted; and a nut screwed 25 with a downward
projecting portion of said bolt passing through the through hole, to bring
sai d washer plate into pressure contact with a lower surface of the wall,
so that the faucet can be fixed to an upper surface of the wall, the

t hrough hole being formed at a position dislocated away from30 a gravity

center of sai deyesEerapl at power ¥lpplirhuaitaggekts installed on the upper
surface of a wall, a washer plate is passed through a bolt- and then bolt is
fastened with a nutAslﬂh@“nsinaEigﬁing vor 4, thenfamecet bodywhshercerpeseds

hasher pl ate 1 8F RCPPHEASEIeRLs CiERghPLRR) Kb P CHUGHITH Thet BOFE , Pipe
Therefore, sing® kitted into the outer pipe 11. Both the pipes 11 and 12
5 are formed roughly circular in cross section. '
Further, the faucet body 1 is mounted being stood by
fixing the base end of the inner pipe 12 to the faucet
mounting surface 30a.
Further, a nozzle mounting head 2 is fixedly housed in
10 a head portion of the faucet body 1. Further, the nozzle pipe
3 formed with a water discharge opening 10a at the end thereof
is attached to a circumferential wall of the nozzle mounting
head 2 by passing through the inner and outer pipes 12 and 11,
1ré§pectively so as to project in a direction perpendicular to
15 the axial line of the faucet body 1. - =
Further, a hand sensor S ié-houSed%under-thefnozile pipe
3, that is, under the water discharge opening 10a within the
faucet body 1. B R P e '
| Further, a constant flow rate valve 6 is interposed
20 between the mixing valve V and a hot water supply tube 5, ‘so
that water is not discharged from the automatic faucet A
beyond a predetermined flow rate owing to the presence of the
constant flow rate valve 6, irrespective of fluctuations of
water pressure. '
25 Further, the hot water supply tube 5 is formed flexible,
so that it is possible to facilitate the arrangement work of
the hot water supply tube 5 within the faucet body 1 and
further to reduce the manufacturing cost thereof.
In the embodiment as described above, the hot water
30 supply pipe 5 is formed of vinyl chloride. This hot Qater
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I S unnecessary to support the washer plate by the worker's hand during the
fastening work, thus sinplifying the work. Further, in the preferred

enbodi nent, a bolt and a guide 10 nmenber for a drainage -operation |ever
bot h extend downward froma | ower .end portion of the faucet. Further, the
washer plate is formed wth a first through hole through which the bolt is
passed and a second through hol e through which the guide nenber is passed.
Furt her, both | rgk.gnd sego it <ygq§ o] ] r at

position disl gg‘??é? a iﬁéf?%m‘e‘% 5?%%? (31/ rél:ré:‘r_lte l’J(;f thé%i ?iﬁ%aés e?igﬂeat ]e',é' and
respectivel y. connelltfed it thethofsDe Ciowhtihg Re8dent £oivedinnitilcy ivitsh a
structure for connecting two pipes at each end thereof, which conprises:

a flange foritbe n@zzlenpdmee3-20 circunference of an end portion of each
of the two pipes; cqnnect i menber en ed.wWth the t fl anges portions
of the two pipes, ?’b‘rﬁﬂeﬁgt RGN ‘g%r‘{\il\%ﬁsc?ﬂ?ﬁc)éggsisfﬁr g’“@oﬁngctofn

wi th each gthgr hdinded+&PNdLbEEY Pie [PCcbiRebt889%0 a hot water supply

source at the other end thereof and further to one end of a

water supply pipe 8 connected to a water supply source at the
other end thereof, respectively, so that it is possible to
discharge mixed hot and cold water of an appropriate
10 temperature from the automatic faucet A into the lavatory B.
The respective composing elements of the automatic fauce*f:
A as described above will be described separately in further
detail hereinbelow.
. " [Faucet body 1]

15 As shown in Figs. 2 to 4, the faucet body 1 is composed
of the cylindricai-éutér pipe 11 and "the ‘cylindrical inner
pipe 12 fitted into the outer pipe 12." " The outer pipe 11 is
formed of a metal, and the inner pipe 12 'is formed of a
synthetic resin, so that it is possible "to reduce the

20 manufacturing cost thereof without degrading . the external

appearance thereof.
The faucet body 1 is installed being stood on the faucet

mounting surface 30a by fixing the base end of the inner pipe

12 onto the faucet mounting surface 30a in such a way as to

25 be inclined frontward at a constant inclination angle a(e.g.,
15 degrees), as shown in Fig. 7.

Further, the faucet body 1 is characterized in that the

inner pipe 12 and the outer pipe 11 are both formed with a

skirt portion 12a or 1lla by expanding the lower portion

30 thereof,'respectively. These skirt portions l2a and lla serve
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portions of the two pipes arein contact with each other; and 25 a
revol.ution stopping nechanismfor preventing at |east one of the flanges
frombeing rotated relative to said connecting nenber. According to this
structure, when two pipes are connected to each other, since the relative
revol ution of the pipes can 30 be prevented, the work can be facilitated.

- 9- Further, in order to facilitate the connection between two directive
parts such as tal improver dittd ytightnessr bedweiene hath othe a ipnere @ndnouter

one of the flanges in_an end_surface thereof and a recess_ _engaged,with the
projectioni|1Eiﬁ?%t%%raBdoﬂ%tﬁ?qI%HEEE@?ntﬁnpéﬁHe§GrP&§?tﬁhﬁeﬁﬁ?es from

Further, the S5t 'hdﬁﬁesgteaf v}ﬂé‘i péﬁéeﬂkz'h&\éefﬁiiws is assembled to or
| disassembled from the faucet body 1.

5 Further, as shown in Figs. 5 and 6, the inner pipe 12 is
formed with a projection 32 at the rear side of the—skirt
portion 12a thereof, and the outer pipe 11 is formed with a
cutout groove 33 at the shirt portion lla thereof so as to be
engaged with the projeétion 32.

10 Therefore, when the inner pipe 12 is fitted to the outer
pipe 11, the projection 32 is engaged with the cutout groove
33 to prevent the outer pipe 11 from being rotated relative
to the inner pipe 12. _

Here, in the above description, although thé projection

15 32 and the: cutout groove 33 .are £9;mgdfin_thé_inner pipg:lz
and the;oute:upipé_11,'rgspectivglyiJ;ttig.aléo POSSibléffO
form the projection and the cutout grpqyeﬂin_thgtpuﬁér and
inner pipes, respectively in opposite way. - ) it

‘Further, in Fig. 3, the refereﬁce numeral 18 dehétes an

20 operation rod of a pop-up drain cock (not shown). In 319, 5,
the reference numeral 18a denotes a groove portion for the
operation rod; 18b denotes an insertion hole of the operation
rod; and 18c denotes an outer hole of the operation rod,
respectively.

25 [Spout A2]

Further, the nozzle mounting head 2 is fixedly housed in
the head portion of the faucet body 1. Further; the nozzlé
pipe 3 for discharging mixed hot and cold water is
attached to the circumferential wall of the nozzle mounting

30 head 2 by passing through the inner and outer pipes 12 and 11,
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"provides a structure for connecting a flexible tube to a water inlet and
oufl et openings of a water treatment installation, which conprises: a
connection guide attached to the water 10 inlet and outlet openings and
formed with a nmale threaded surface in an outer circunference of an base
end portion thereof and with a tapered surface in an outer circunference of
an end portion thereof, a connection end portion of the tube being fitted

external |y t oag%grer:%&%qg °60eSUpEATEot Iy UL Al edddd fthide L&F

connecti on en tion of the tube r nal orned "w t

| ar ge- di anet exhbearialt NiewdeF hd Fucuwassty it h the mal e threaded
surface of said connection guide and a snall-dianmeter sliding surface

brought into slidaBhatcds,ass ahownabnofiigs. cd randfér amden fagnsl ity ongss
(he Lube and, LHENSt DIoUA biLe RHedsus ol 300 M holhect gheLed sunhace
structure, 5t hgoconBealdut Bl ROA&I @Nis fitted to the upper side of the
inner pipe 12. Further, a square-~shaped nozzle fixing nut 9
is disposed at a nut accommodating portion 2a of the nozzle
mounting head 2.
Further, the nozzle pipe 3 is fixed to the nozzle
10 mounting head 2 perpendicularly by inserting the base portion
3a of the nozzle pipe 3 to the front side wall of the nozzle
mounting head 2 through the front side wall of the faucet body
1 (e.g., inner pipe 12 and outer pipe 11) and further by
ehgagingia'bASe'portidn'3a”df-the-nozzle pipe 3 -with the
15 nozzle fixing nut 9. The reference numeral: 3b denotes-a water
discharge opening of fhe nozzle pipe -3;: ‘3c:denotes:a male
threaded portion engaged with a watér disc¢harge cap (described
'lafei)}'27 denotes an O?ring interposed ‘between the : nozzle
mounting head.2 and the inner pipe 12; and 28 denotes an O-
20 ring interposed between the nozzle pipe 3 and the nozzle
mouhting head 2. |
Further, a nozzle cover 4 for covering the outer
circumference of the nozzle pipe 3 is supported being pinched
befween a flange portion 3d formed at the end circumferential
25 surface of the nozzle pipe 3 and the outer pipe 11. Further,
the reférence numeral 4a denotes a stepped shoulder portion
formed in the inner circumferential surface of the nozzle
cover 4 so as to be engaged with the flange 3d of the nozzle
pipe 3; and 29 denotes an O-ring interposed between the nozzle

30 pipe 3 and the nozzle cover 4.
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-of the tube is fitted to t he tapered surface forned at the end 25 portlon
of "the connection guide and further the cap nut is screwed with the nale

t hreaded surface of the base end portion of the.cap nut, so that it is
possible to fixedly sandwi ch the tube between the sliding surface inside
the cap nut and the tapered surface. 30. Further, in order to
facilitate the fastening work of the -10- cap nut, it is preferable to
knurl the outer chihn#hﬂ@ntaawaSQIfd@saﬁangaaQﬁﬂ)l@tformedhmﬁxhracmamer

to prevent the cap nut from being fastened excessivel referable to
provi de a st opHeichangs cRERLRY ngo%nﬁ’égénr fy & ed with the

constant |i m ten PRIGE {55 UMz HREVE !\'GS

The water discharge opening 10a of the water discharge
5 cap 10 is opened in the axial line direction of the nozzle
pipe 3, so that the user can see the water discharge opening
10a.clearly and thereby the usability of the automatic faucet
A can be improved.

As shown in Figs. 2, 3, and 4, the cover 4 is formed into
10 a cylindrical shape, and the base end thereof is cut off into
a circular arc shaped in such a way as to be fit to the
curvature of the outer circumference of the outer pipe 12.
In.additioo, at the end portion, the upper portion is so
- formed as t extends beyond the 1ower portion S0 as to cover
- 15 - the.water discharge cap 10 from. above for improvement of the

external:appearance. . ... .. :.

L P b ST OB anaE

In the construction as- described above, mixed hot and
. cold water- can be discharged. in the axial line dibeobion of
the nozzle pipe 3 and along a parabolic.locus. .

20 Therefore, a relatively broad hand washiog sbace can be
obtained within the hand washing bowl. In addition, the user
can receive sufficient water on his palms in a natural
posture, with the result that it is possible to wash his hands
comfortably by the minimum possible guantity of water without

25 increasing the quantity of water to_be consumed uselessly,
thus producing a better water econoﬁizing effect.

In addition, in the present embodiment, the angle of the
water disoharge direction is determined downward from the
horizontal plane by an angle a corresponding to the frontward

30 inclination angle a (15 degrees) of the faucet body 1.
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Fig. 1is anillustration for assistance in explaining the structure of an

“enbodi ment of the automatic faucet 10 according to the present invention in.

the state of being used; Fig. 2 is a perspective view showi ng the faucet
section of the same automatic faucet; Fig. 3 is a side cross-sectional view
show ng the sane faucet section; 15 Fig. 4 is an exploded view
showi ng the sane faucet section; Fig. 5is a rear side view show ng the

same faucet secti oﬂ.?_é:l Qn Pal %raﬁ\i’é eﬂ’agbfb%é}?dd%?.aeae% f @ %ﬂ{é)\/\bg

in 20 Fig. 5 Fig Psoan T1lustratiron for assistance I n explaining the
nounting st at uskpsr dntn tEEbrs Stining) and optimum handt washdngf position in

assistance in explaining the relationship between the hand sensor and the
di anet er of a sufficiently broad hand washing space within the washbowl
| 30. When the water discharge direction is determined as
5 described above, the user can wash his hands comfortably by
stretching his hands to a parabolic locus of the water
'~ discharged from the automatic faucet A.
Further, in Figs. 3 and 4, the reference numeral 26
denotes a plurality of stacked flow straightener plates
10 disposed in the water discharge cap 10; and 31 denotes a
groove portion engaged with a fastening tool used when the
water discharge cap 10 is screwed with the male threaded
-portion 3c of the nozzle pipe 3. |
Further, in this embodiment, the water discharge cap 10
15 " is formed into-a-conical -shape, -and..the diameter b of the
 water discharge opening 10a provided at.the.end qf:phg water
discharge .cap 10.iSadetermined_to.be,}.znp{gg§_19n9§r than
that of the water path length of the cap.l0. Therefore, water
can be discharged in a rod shape, irrespéctiyé of the flow
20 rate of the discharged water. Further, the above-mentioned
diameter D of the water discharge opening 10a has been decided
on the basis of the relationship with respect to the hand
sensor S, ‘which is described in further detail later.
In Fig. 4, the reference numeral 2b denotes a nozzle
25 insertion hole formed in the nozzle mounting head 2; and 11b
and 12b denote nozzle insertion holes formed in the outer pipe
11 and the inner pipe 12, respectively. Here, the inner pipe
12 is fitted to the outer pipe 11 in such a way that the
centers of the respective nozzle insertion holes 1llb and 12b

30 match the axial line of the water discharge nozzle 3, and
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25 "the water discharge opening; Fig. 9 is an illustration for assistance
in explaining the relationship between the hand sensor and the di aneter of
t he wat er discharge opening; Fig. 10 is an illustration for assistance in
expl aining 30 the rel ati onship between the hand sensor and the di aneter of
the water discharge opening; Fig. 11.is a schematic bl ock di agram show ng
the hand sensor; Fi.g. 12 is a graphical representation show ng the 5

o Snae, by AR RnARe gt ol 17 1A UL LEELRS), 5hd Yier
el ect romagnet gg§ deab¥e thiehdnneghtpigid 9.0n, the sanpling frequency;
tHand sensor S]
As shown in Fig. 2, the hand sensor S is housed and
5 mounted under the nozzle pipe 3 and at roughly the middle of
and within the faucet body 1. The hand sensor S is composed
of a photoelectric sensor 41 and a light (infrared) emitter
40 arranged in the vertical direction a predetermined distance
(e.g., 15 mm) away from each other. As shown in Fig. 3, the
10 1light emitter 40 and the photoelectric sensor 41 are provided
with a light emission region 42 and a light reception.region
43'determined roughly in parallel to each other, so that it
is possible to detect an object existing in a region 44 in
whiéh'the'iigh# emission ‘region 42..and the:light reception
15 regibﬁi43”are'overlapped#withTeachfother;b This -.overlapped
region 44°is referred éo“as-a detection.region -hereinafter.
This detection region 44 is”so adjusted ascto:intersect the
dischérgéd water stream, irrespectiverof»the-flow;rate of
water discharged.
20 ~ On the other hand, as shown in Figs. 3 and 4, the outer
| pipe 11 of the faucet body 1 is formed with a sensor window
13 at the front side portion thereof, and the inner pipe 12
is formed a sensor mounting hole 14 at such a position as to
correspond to the sensor window 13 of the outer pipe 11.
25 Further,'the a sensor mounting 1lid. 15 is attached to the
sensor mounting hole 14.
Further, the hand sensor S is disposed inside the 1id 15.
in such a way that the hand sensor S can be assembled and
disassembled easily to improve the assembly productivity.

30 Further, in Fig. 3, the reference numeral 17 denotes a
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Fig. 13 is a flowhart show ng the mai'n routi ne for 10 processing the
signal of the hand sensor; Fig. 14 is a flowhart show ng a frequency
switching subroutine; Fig. 15 is a flowhart showi ng a water discharge
control subroutine; 15 Fig. 16 is anotH8 graphi c&8ubstputessidett-i b6/ 10706i ng
t he exanples of the reflected light |evels, the averaged val ue and the

vari ance value; Fig. 17 is flowhart show ng a discharged water contro

subr out i ne, webaaub%ﬁédﬁﬁrascabze%fre@&%aéeiﬁgam@tnaa@i Yerddr S to the

di scharge/ stop repetition; Fig I's a graphicCal representation - show ng
t he refl ecti ocohéwell andttEehausedgénvthaeauhbuatéd flkagettatontrel box C.

di scharged or_st opped repeat ed]y; 19 is an illustratjon for assistance
in expl ai ni ngFe5thRE s¢p éi fthﬁngegﬁﬁ'sﬂﬁee%’ﬂﬁ?' ﬁ{ﬁadeqqﬁgsd@t srasing

faucet hole formed in the sensor mounting 1id 15 which is located at
5 such a position as to correspond to the sensor window 13.

. Further, as shown in Fig: 7,. the hand sensor S is
directed slightly downward from the horizontal direction in
such a way that the an angle © befween the axis d of the
detection region 44 and the axis of discharged water can be

10 always kept less than 65 degrees, irresggctiye of the flow
rate of the discharged water. In other words, even if the
amount of ﬁater flow decreases before water is stopped and
thefefore the water discharge angle approaches the vertical

- direction, the abové-mentioned angle 8 ﬁill not exceeds 65

15 degrees. ' '

This angle range ié determined to prevent the hand sensor
S from receiving a strong reflection light from the dischérged
water excessively. For this purposé, the fact that the angle
@ must be 0 < 8 < 70 degrees has been ‘already obt"ainéd

20 empirically. In addition,  the detection region 44 is located
‘at such a position that the human can move his hands most
easily and further can easily keep his hands stretched under
the discharge water, under. due 'Eo consideration of the sizes
of thg general washbowl B and the mounting positions of the

25 automatic faucet A.

As described.above, sinqe the angle' between the direction |
axis d of the detection regién. 44 and the axis of the
discharged water is determined less than 70 degrees, it is
possible to prevent the'sensor from receiving excessive light

30 reflected from the discharged water. In addition, it is



according to the present invention in the state of being used; Fig. 20 is a
si de cross-sectional view show ng the whole construction of the automatic
faucet; Fig. 21 is an expl oded vi ew show ng the faucet section; 30

Fig. 22 is a front view show ng the sane faucet section; -12- Fig. 23 is
an expl oded view showi ng the faucet fixing structure, Fig. 24 is a
cross-sectional view taken along the line |l - I in Fig. 20; 5 ' Fig. 25

o7 The. o oo LS BB ORI LD QY el
obt ai ned when meseitigorandetheneby | to easily discriminate the movement of
the hands in the hand washing space, while preventing an
erroneous operation of the hand sensor S such that the

5 discharged water is detected erroneously.

Here, the relationship between the above-mentioned hand
sensor S and the diameter D of the water discharge opening 10a
of the water discharge cap 10, the water path length of the
water discharge cap 10 will be described hereinbelow.

10 Therefore, in order that the hand sensor S can
discriminate the hand and the discharged water sharply, it is
necessary to keep the state of the discharged water as stable
as possible; that is, it is preferable to discharge'the water

- stably in such a way as to form a stable rod shape at all

15 times.

From the standpoint ‘as described . above, the water
discharge state has -been chécked empirically by gradually
changing the diameter D of the water discharge opening 10a,
and the water path length of the water discharge cap 10. The

20 experiments indicate that water can be discharged in the most
stéble rod shape when the ratio r of the diameter D to the
water path length is determined less than 1l.2.

With reference to eﬁpirical data shown in Figs. 8 to 10,
the relationship among the hand sensor S, the washbowl B, and

25 the ratio r of the diameter D to the water path length will
be described in detail hereinbelow.

Fig. 8 and show the reflection levels of two different
chinaware (washbowls B) at the ordinary water discharge flow
rate (more than 5 liter/min), and Fig. 9 shows the reflection

.30 levels of the same two different chinaware (washbowls B) at
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Il in Fig. 20; 10 Fig. 27 is a view obtained when seen fromthe |line
11 - 11l in Fig. 20; Fig. 28 is a view obtained when seen fromthe line IV
- IVin Fig. 20; Fig. 29 is a front .view showi ng the power supply casing;
15 . Fig. 30 is an expl oded view showi ng the supply pipe connecting
structure; Fig. 31 is an exploded view show ng the electric cable
connection reinforcing structure; Fig. 32 is a cross-sectional view taken

al ong t he |i nergd@uc¥d- weter HigchargeFiflowdTate {0 esplthded Svildtextymiim).
the pipe connecting structure; Fig. 34 is a perspective view showi ng the
assenbl ed pi pB Eeﬁgeg%gﬁg 81398t r cthembove-mengioned ratiq gijm 3.3 and

Cross-sect | Ojeh&i gffénaggvlr?%ﬁ[eh%espective reflected light (from discharged
water, hands, and washbowls) received by the hand sensor S

5 were transduced into electric signals, réspectively. Further,

in Figs. 8 to 10, the change of the reflected 1light is
represented by the waveform of the output voltage (V) of the
photoelectric sensor 41. Eurther, in these drawings, the

reflected light level increases with decreasing output voltage

10 (V).

Further, in these drawings, the range (a) corresponds to
_the state where only the chinaware (washbowl B) is being
detected; (b) corresponds to the state where hands are
stretched and thereby the stretched hands are be;i.ng__ -V{a:_Sbed by

15 - discharged water; (c) corresponds to the state. whe_re_.___;l;he; han@s
are moved away from the chinaware and -only the, discharged
water is being detected; and (d) corresponds. ._'l‘:q,_\..‘ij:_l_l_e_.'.__' state
where the discharged water is stopped and only the chin_aware
is being detected.

20 As shown in Fig.. 8, in the case of the ordinary water
discharge more than 5 liter/min, the shape of the discharged
water was of rod shape. Further, in the case of the low
reflection level chinaware (on the left side), the reflection

_ level fluctuates violently in fhe range (b) where the hands

25 are being washed, which can be well distinguished clearly from
the other ranges (a and c¢) where only the chinaware or only
the chinaware and dischaz_‘ged water are being detected, so that
it is possible to consider that the hand sensor S can be
operated under good conditions.

30 Further, in the case of the high reflection 1level
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~.di_aphragm val ve and the di aphragm push pl ate of the el ect romagnetic -

" open-close valve;" Fig. 36 i's a cross-sectional view taken along the line VI-

- VI in Fig. 35; 30 Fig. 37 is a front view show'ng the whol e
construction -13- of the automatic faucet related to the third

enbodi ment; Fig. 38 is a side cross-sectional view showi ng the whole .
construction of the same automatic faucet; Fig. 39 is an illustration for

assi st ance i nchipawearengon thee rtilghtneitie), t yhe raflewtiod levell fhactaates

‘automati ¢ faucet

40 is a front view showing a faucet related to_ the

fourth enbodi ﬁtﬁ%eetgyr\énptegeﬁﬁngﬁvéht). Where; §he4EaP§SaaFEaPe§‘PSWW§ﬁ5‘ﬁFlng
the same faucsﬁiéﬁo%l Be distinguished from the other ranges (a and c).

10

15

20

25

30

However, the reflection level fluctuates between the range (c)
where only the water is discharged and the range (d) where the
water is stopped and only the cl'—xinaware is being det_ected.
This indicates that even after the hands are moved away from
the chinaware, there exists a possibility that the hand sensor
S detects the discharged water as the hands erroneously.

On the other hand, as shown in Fig. 9, when the flow rate
of the discharged water was reduced leés than 5 liter/min, the
shape of the discharged water was deformed from a rod shape

to a twisted rod 'shape. Further, in the case of low

- reflection level chinaware (on the left side), the réflection

level fluctuates to some extent even in the range (c) where

the hands are moved away and only the:chinaware or only the

'chinaware and discharged water are :being--_ detected.. .

Further, in the case of the high reflection . level
chinaware (on the right side), -the reflection level also
fluctuates violently in the range (c), so that there exists
such a possibility that the sensor S detects the discharged
water as hands erronebusly. |

In contrast with this, as shown in Fig. 10, when the
above-mentioned ratio r is determined to be 1.2, the shape of
the discharged water can be kept in a rod shape all over the
flow rates of the discharged water. Therefore, irrespective
of whether the reflection level of the chinaware is low or
high, the reflection level fluctuates violently only when
hands are being washed in the range (b). Further, the

reflection level does not only fluctuate but also can be kept
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Fig. 40; 10 Fig. 42 is a cross- sectional view taken along the line X
- Xin Fig. 40; Fig. 43 is a side view showi ng one positional relationship
bet ween the hand sensor of the sane faucet and the di scharged water stream

15 Fig. 44 is a side view showi ng anot her- arrangenent of the hand
sensor; Fig. 45 is a side view showing still other positional relationship
between the hand sensor of the sanme faucet and the discharged water stream
20 Fig.

20 ween e rabionE 357 G VBt IR0 B oI B S T R
Fig. 47 is a §eeabtdleih Stiirihge fAYcelhkh asmwuiiaﬁfg@dw@f s being
nmounted at a position away fromthe faucet 25 body;
detected in the range (c), and when water discharge is stopped
and only the chinaware is being detected in the range (d).
5 Therefore, in the case where the ratio r is determined
1;2, the hand sensor S can discriminate the hand securely,
with the result that it is possible to prevent the automatic
faucet A form being operated erroneously.
As described above, even when water is being discharged
10 sufficiently or almost stopped from discharging, since the
discharged water can be kept in a stable rod shape, it is
possible to reduce the change of quantity of light reflected
from discharged water and received by the hand sensor S as
| _Small as possible. ' ' Tro
15 Therefofe, it is possible to prevent mixed hot and cold
water from being képf"discharged”even”after hands are moved
éwaf.from the automatic faucet A or-from being not discharged
when hands are stretched toward thé*aﬁtomatiC”faucet;A..
Here, the mounting structure of the ‘faucet body 1 on the
20 faucet mounting surface 30a will be described hereinbelow.
As shown in Fig. 3, when the faucet body 1 ié mounted on
the faucet mounting surface 30a, thé faucet mounting washer
21 is fitted and fixed to the base end of the inner pipe 12;
an inner pipe engage body 22 is disposed on the upper side of
25 +the mounting washer 21; and a mounting bolt 20 screwed with
the engage body 22 and the faucet mounting washer 21 is
inserted extending beyond the reverse side of the faucet
mounting surface 30a.

Further, the a fastening washer plate 24 is brought into

30 contact with the reverse side of the faucet mounting surface
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Fig. 48 is a side view show ng the sanme faucet; Fig. 49 is a front view
showi ng a faucet in which the light emtting elenent and the |ight '
receiving el enent of the hand sensor are arranged in the horizontal
direction; and 30 Fig. 50 is a side view showng the
positional -14- rel ati onshi p between the hand sensor and a rimrising
fromthe washbowl. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 5

The enbodi menjg Afa 4 WPashe£SEY: thaVABLhAngWbbiit RO das Yddweh ithARig !
her ei nbel ow on the basis of the attached drawings. Fig. 1 is an
illustration fulve sesherapieten24xpard furthdre s fasreningf auteRSr s aicdarbwad
the enbodi rTEntv.ril*Jt:rgzd(_?l:rhet rt]x?c:uli'xs'l:eiq'xg bolt 20. '
Under these construction, when the fastening nut 25 is
5 fastened, it is possible to fix the inner pipe 12 onto the
- faucet mounting surface 30a strongly between the inner pipe
engage body 22 and the fastening washer plate 24.
In the above-mentioned embodiment; therefore, it is
possible to obtain the following advantages:

10 (1) Under the water discharge opening, there is mounted
the hand sensor for discriminating the hands, the discharged
water and the chinaware from each other on the basis of change
in quantity of received lightﬁin such a way_that the sensing

- direction of the hand sensor lies more fhan a constant bias

15 'angle both upward and downwa:d_from;the"hdrizontél piane when
seen from the side:apd additionalkf lesé than.ghgonsfant
included angle of the discharged water in the right snd left
direction of the central axis of the discha:gedhw#fér when
seen-ffom above. Therefore, it is possible to %ecﬁrely detect

20 the hands stretched into the washbowl for hand washing.

Further, when water is being discharged, since the hand
- sensor does not receive an excessive light reflected from the
‘discharged water, the sensor operation is allowed .to be °
secure. .

25 Further, since the hand sensor is positioned undér the
water discharge opening, it is unnecessary to stretch hands
deep into the lavatory or washbowl for hand washing; that is,
it is possible to wash hands comfortably in a broad hand

washing space in the washbowl. In other words, since hands

30 can be washed comfortably, without discharging water
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10 conditions; Fig. 2 is a perspective view showing a faucet section of the
sane automatic faucet; Fig. 3 is a side cross- sectional view showing the
sanme faucet section; Fig. 4 is an exploded view showing the sanme faucet
section; Fig. 5is a rear view show ng the sane faucet section; and Fig. 6
Is a 15 view-obtained when seen froman arrow P shown in Fig. 5. [Entire

construction] The entire construction of the automatic faucet A wll be
described hergd ABh&PaBxi BtE! dn &££bB® B QEBhbmiEINGCWated. the
present 20 -en‘g%%?én%%#'corrpri ses a Faucet section Al having aafGaucet body 1

and a spout A-2 at{2ayhesihocet thef diameteadfl the distdnrdischargehopeatddg
cold water, and an automatic faucet control box C connected to the .faucet
body 1 via a 9t dpkesmisgdpI{ot bee 152 otimes largerckhan hEhe, akes cpathn

AL Is mounted, on. &, f SUCRLS UN T 0%, SYHET o0 P ' TP LR ol sbRREAY a2
5 it is possible to maintain a rod-shaped discharged water and
further to reduce the change of light refiected from the
discharged water and received by the hand sensor as small as
possible. Accordingly, it is possible to maintain a rod-
shaped discharged water, irrespective of whether the water is
10 being discharged sufficiently or being just stopped, without
changin'g the shape of discharged water, with the result that
it is possible to prevent erronecus operation of the hand
sensor.
| " Therefore, it is possible to prevent such .trouble that
' 15 mixed hot and cold water is kept'discharged-even after hands
" are moved ‘away from the Gutomatic’ faucet “or: not discharged
" even when hands are stretched’ toward® the:automatic- faucet.
. Here, the method of pfdc':'e's"s"ing‘-'"f"i:he"-sig'na-ls of the hand
. sensor S to correctly discriminate - the hands from the
20 discharged water or the ' chinaware will be described
' hereinbelow.

As one of the pric_)r,ar"t: technique, for instance, Japanese
Published Examined Patent Application No. 62-45503 discloses.
the method of eliminating the disturbance due to water stream

25 by setting a phase difference (which corresponds to the time
necessary when an ultrasonic wave goes and returns between the
sensor and an object) between the transmitted ultrasonic clock
and the received ultrasonic clock, to 1limit the object
detectable distance range, that is, to exclude the water

30 stream and the bowl bottom surface from the detectable
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a washbow 30 of a lavatory B, and the automatic faucet control ‘box -Cis

di sposed under the lavatory B. Further, in the automatic faucet control box
~C, there are 30 arranged a mxing valve V, a control unit F for the
automatic . faucet A a power supply unit E, etc. As shown in Figs. 2 to
4, the faucet .body 1 is conposed of a cylindrical outer pipe 11 and a
cylindrical inner pipe 12 fitted into the outer pipe 11. Both the pipes 11

and 12 5 are OQQQE¥ circular in cross section. Further, the faucet
body 1 is nnuﬁ?%gggg%hg st'ood by fixing the base end of the inner pipe 12

to the faucet nounfFughes,§ acen 303aphHesEer publIGHEE® NOhEkaMind@ad pateht
fixedly housed in 10 a head portion of the faucet body 1. Further, the
nozzl e pi pe Application No. 61-500232, the above-mentioned disturbance is
eliminated by measuring the distance between the sensor and
5 an object to be detected (on the basis of the time required
for the ultrasonic wave to go and return between the sensor
and the object) to limit the detectable distance range.
Further, in Japanese Published Unexamined Utility Model
Application No. 63-199080, the above-mentioned disturbance is

10 eliminated by detecting the movement of an object within the
limited detectable distance range on the basis of time
required for the ultrésonic wave to go and return between the
sensor and an object to be detected. .

"In the above-mentioneduth;eéfme;hoqs-pf limitihg the

15 detectionwdistancemrangg;-s;nq§m§9f£;g;ent;doﬁnte;pggsqres
must be taken against_distu;bgnqq, there egist.such A%éﬁbécks

" .that the circuit construction.fqudeyect;ng_thé;ﬁigfénce is
complicated inithe object detecting unit énd“fhéféby the
manufacturing cost thereof increases.

20 Further, in Japanese Published Unexamined Utility Model
Application No. 63-133673, the above-mentioned disturbance is
eliminated. by detecting the movement of an ob jedt to be
detected on the basis of the differential value of the
reflection level from the object.

25 In this methdd, however, when an‘pbject moves slowly, it
is rather difficult to sense the presence of an object. In
addition, there exists another problem in.that this object
detecting unit tends to be activated erroneously due to spike_
noise, for instance.

30 . © Further, in Japanese Published Unexamined Utility Model
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.3 formed with a water discharge opening 10a at the end thereof is attached
to a circunferential wall of the nozzle nounting head 2 by passing through
the inner and outer pipes 12 and 11, respectively so as to project in a -
direction perpendicular to 15 the axial line of the faucet body 1. :
Further, a hand sensor S is housed under the nozzle pipe 3, that is, under
the water discharge opening 10a within the faucet body 1. Further, a
constant fl ovApplication Noi #4263 odhe: dovementeef amohjectnd.s/detectednd
a hot water supply_ tube 5 so that water is not_discharged fromthe

aut onat i ¢ f aue®t AL BEIBE 24 PRF&d Ofe itheh ipge1Re AL IRFHPR oSigra), asdndy
of the const a v i Jdve C i

pressure. 25386m£ $P'I¥—\£a§t F]tgare , aé%:géﬁ%? %&éfg%s%&[?p yé){%%éefS%#ghf %ﬁ%@g?ﬁﬁb-e,
so that it isd@paped| pefletétobhi bagRallle am alidse\OIKowbvéhe Bohceaher
supply tube 5 within the faucet body 1 and .

5 countermeasures are taken against erroneous operation due to
disturbar—lce,- there exists a problem in that the operation of
object detection is unstable.

Further, in the above-mentioned prior art, the presence

or absence of an object (a human body) is detected by

10 detecting a local feature of time-series pattern of the
reflection level. However, when accidental level fluctuations

are superposed upon the local feature of the time-series

pattern of the reflection level, there exists a possibility

that. the faucet is operated in spite of the aﬂt;lger_;c_:g; of an

by Trmmer ey =~ F
>

15 - object:(hands).. - . Pl e L
< In-order to-solve the: problems involved in _'the_”éz_:_'ior art

technique, the present embodiment coglpfisgs a s_tg;a-,igiej;‘:_'s;ection
for ' .storing : signal -values of. the handhsensor S_ by a
predetermined times; and an _arithmétié _ 's.ec_:tion for
- 20 statistically calculating the signal _valu._es_. étoréd in the
storage section, to discriminate the presénée or absence of
an object on the basis of the calculated statistic wvalue.
Further, the above-mentioned statistic wvalue -is a variance
value, an average value, a standard deviation value or a
25 combination with the variance value and an average value.

As shown in Fig. 11, the object detecting unit S is
composed of an optical sensor of reflection non-contact active
sensor type, an arithmetic section S2 and an output section
S3.

30 The optical sensor S1 is made up of a light emitting
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further to reduce the manufacturing cost thereof. In the enbodi nent as
descri bed above, .the hot water 30 supply pipe 5 is formed of vinyl
chloride. This hot water -16- supply pipe 5 is passed through the inner
pi pe 12, and connected to the nozzle nounting head 2 for connection with

t he nozzle pipe 3. Further, the mxing valve V is connected to one end of 5
a hot water supply pipe 7-connected to a hot water supply source at the

other end thegggkiand dair tdief 1 §RLORRCRAG1 Al ZtAlIn IPP! ¥ndl BR BnfpANEGEd
to a water supply source at the other end fhereof, respectively, so that it

I S possi bl.e tsedtichagfe Mhedigit end ttding settionf Sdracpprapes athle IGght
temperature TLoNLas 2820 entt Tight ot a predoternined period. The light
receiving section S5 outputs the voltage signals transmitted

5 from the photoelectric sensor 41 to the amplifier_section S6.

The arithmetic section S2 is a microcomputer  provided

with an A/D converting function and a storing section. The

sampling frequency of the A/D conversion can be controlled by

a program. The arithmetic section S2 converts the analog

10 signals inputted by the amplifier section S6 at the sambling
frequency into digital data in synchronism with the light

emitted by the light emitting section S4, and then stores the

digital data in the storage section thereof in time series

fashion’ ‘Further, ‘the arithmetic section S2 calculates the

15 stored data statistically, and outputs'aLvaIVeereneclgse

"signal to the output séction S3 or’'the:basis:of .the calculated

+

statistical results.” - AR IRBRSTY L0 alp it ey

UTﬁéibutput sectioh'ss'coﬁVértsfthe?signals;transmitted

5y fhe'arithmetic sectidn 52 into a valve drive power signél
20 and then outputs the converted valve drive power signal to the
electromagnetic valve BS5.

Prior to the description of the statistical calculations.
the principle patterns of the reflected light 1évels under
various conditions will be explained hereinbelow with

25 reference to Fig. 12. Here, it should be noted that thg
coordinate (ofdinate)_axis'qf tye reflected light level shown
in Fig. 12 is opposite to that'of the refiected light level
shown in Figs. 8 to 10 (in Fig. 12, the reflected light level
increases in the upward direction).

30 In standby status, that is, in the case where water is
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The respective conposing el ements of the automatic faucet A as described
above will be. described separately in further detail hereinbel ow [Faucet
body 1] 15 As shown in Figs. 2 to 4, the faucet body 1 is conposed of
the cylindrical outer pipe 11 and the cylindrical inner pipe 12 fitted into
the outer pipe 12. The outer pipe 11 is forned of a nmetal, and the inner
pipe 12 is formed of a synthetic resin, so that it is possible to reduce

the 20 manuf astuaieghaeged FeorOfhY it A0l Faritharetheredlexists no
appear ance thereof. The taucet body 1 is installed being stood on the
faucet nounti ehjectfundegltheyspout A2 fas Iskewmeby af rahgei (rm)erirpiﬁi@.llz

to the f 0 tg 25 b | i
rontvard ai SBERSLSRY REFLRGEROnPERG) Eha TUrince OF dm hewl 12 aliawed n
Fig. 7. Furthep gdeshaiaeht?oWod the hﬂ&ﬁ{:erfech‘éis}i’}xé hé&c‘tﬁﬁ‘m S5, the

5 fluctuations of the reflected light level_ are extremely small.
In the case where hands are being washed by the water
discharged from the spout A2, as shown by a range (b) in Fig.
12, the reflected light level fluctuates violently due to the
movement of the hands and the scattered water.

10 in the case where there exists no hand under the spout
A2 and only the water is being discharged, since the light
reflected from the inner bottom surface of the bowl Bl is
absorbed by the discharged water, as shown by a range (c) in
Fig. 12 although the ‘reflected light level decreases, the

15 ffeflected light 1level-.fluctuates considerably,.due,to_the
motion of the discharged water B4,-which is an intermediate
value between when the hands are being washed and when not
being washed. - :

' On the basis of the patterns of the reflected light

20 levels, it is possible to discriminate whether there exists
hands under the spout A2 or not.

However, the above-mentioned patterns are shown only on
general principles. In practice, however, since the reflected
light level fluctuates accidéntally due to disturbance or

25 noise, even if the local feature of the pattern is simply
detected and discriminated (as when the reflected light level
is simply compared with the set value or when the differential
values of the reflected light level fluctuations are compared
with the set value), it is difficult to accurately detect the

30 respective patterns, so that the fact is that the erroneous
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inper pipe 12 and the outer pipe 11 are both formed with a skirt portion
12a or 1lla by expanding the -l ower portion 30 thereof, respectively. These
skirt portions 12a and l1lla serve -17- to inprove the tightness between
both the inner and outer pipes 12 and 11 and further to prevent both the

pi pes from being distorted when the nozzle pipe 3 is assenbled to or

di sassenbl ed fromthe faucet body 1. 5- Further, as shown in Figs. 5
and 6, the inuoperationlZate foff ndik wbject detecting GRititisheigkar side of
the skirt portion 12a thereof, and the outer pipe 11 is forned with a

cutout groove 33 afTherefgre.t iorthenrresenteremodient: othe PresgaFeanion
:EZ gL?g?CtiO%ﬁéénég)of an o f%é%o{ﬁén&ﬁ?“w&@ﬁih”@ﬁé BE%%c%%stﬂééfé%’ﬁ§’
statistically processing the reflected light levels inputted

5 in time se;}es and by comparing the moving average value of

the reflected: light level with the set value or the variance

value with <the set wvalue. That is, it is possible to

eliminate the influence of accidental lewvel fluctuations by
executing'the overall pattern recognition of the reflected

10 1light levels. In addition, it is possible to correct the
change with the passage of time of the reflection factor of
the inner bottom surface of the bowl and the deterioration of

. the sensor sensitivity, by updating the set wvalue used for
- comparison with the averaged value en-the basis of the average

15 value obtained in the standby status, with the result that an

'object under the spout can be detected reliably. |

In more detail, in the standby status, light is emitted
by the light emitting section S4 of the opticai sensor S1 at
2 Hz. The output voltages of the light receiving section S5

20 are sampled in synchronism with 2 Hz, A/D converted, and
further stored in the storage section in time series fashion.
Further, an averaged value and a variance value are both
calculated on the basis of 8 data obtaihed by returning back
from the latest data.

25 Further, in the case where the variance value is less
than 1, at the time whee a counter counts 30 sec (a time
elapsed), the average value is stored'in the storage section
as a reference level (the level of light reflected from the
bowl surface). After that, whenever the variance value is

30 1less thaﬁ 1, the reference level stored in the storage section
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. pipe 11, the projection 32 is engaged with the cutout groove 33 to prevent
the outer pipe 11 frombeing rotated relative to the-inner. pipe 12. Here,
in the above description, although the projection 15 32 and the cutout
groove 33 are fornmedin the inner pipe 12 and the outer -pipe 11,
respectively, it is also possible to formthe projection and the cutout
groove in the outer and I nner pi pes, respectively I n opposite way. Further,

in Fig. 3, the refere e 1 denote ration ro of

bop- up. dr ai ni8oMedEHEA - by *ﬁemge P RsALL ABeoFoRBRLBS) GRETAELRm, { for
denotes a gr ’ n 4, t

hol e of the ggleﬂrsggla nlt?l%d%f (?S\'u&lgs iasg%oa&t}é% oI e@fhrrgﬂo?g i dn

rod, respectandl gthe?Scime is| Wtcd\ﬁité'dlraheer Bi0e sexrz| eFartheirngiuieiasgy 2
S flxedly housed in the head portion of the faucet body 1. Further, the

nozzl e counting, if the variance value reaches 2 or more, the counter
5 1is reset.

As described above, in the standby status, since the data o
related to the reflection level of the light reflected from
the bowl surface can be updated for each light emission, it
is possible to correct the change in reflection factor at the

10 surface of the bowl Bl or the deterioration of the optical
sensor Sl.

Further, in the standby status, when the difference
between the average value and the reference value exceeds 4,

~ the ' sampiing frequency (the same 'as the light emission
15 frequency') is changed to 16 -‘Hz for préparation of-enharicement
" of response characteristics to the obj ect (hand) ‘deétection.
_However, when the 1ight is emitted at’ 16 Hz by *16> times
repeatedly without satisfying the first condition (described
later), the frequency is returned to 2 Hz. Further, when the
20 difference between the average value and the reference value
exceeds 4 before the light is emitted 16 times, the counter
starts to count the light emission 16 times again beginning
'form this time point.

The first condition implies that any one of the foillowing

25 conditions (1) and (2) is satisfied.

(1) Average value 2 .Reference level + 8

(2) vVariance value 2 6 is repeated more than 4 times

In the standby status at 16 Hz as described above, when
the above-mentioned f£irst condition is satisfied, the

30 arithmetic section S2 discriminates that the hands are present
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pipe 3 for discharging m xed hot and cold water is attached to the
circunferential wall of the nozzl-e nounting 30 head 2 by passing through
the inner and outer pipes 12 and 11, " respectively so as to project in a
di rection perpendicular to the axial line of the faucet body 1. That is, as
shown in Figs. 3 and 4, under the conditions that the inner pipe 12 is
fitted to the outer pipe 11, the 5 nozzle nounting head 2 is fitted to the

upper side of urder ntise pppatlad2,Furd ethe avalp@r v- $8appeneaz s disdirguit
9 is disposed at a nut acconnndatlng portion 2a of the nozzle nounting head
2. Further; tﬁ@mzf@%‘me?p@uhb@d to the nozzle 10 nounting head 2

per pend cul arl y by | nseriing the base portion 32 of Lhe 0077l € Dipe 3 40

the spout A2, when the following second condition is
5 satisfied, the valve V is closed to stop discharging water.
After the discharged water stop, when light is emitted at 16
Hz by 48 times repeatedly (after 3 sec has elapsed), the light
emission and the sampling frequency (the 1light emission
frequency) is returned to the original 2 Hz.
10 : The second condition implies that both of the following
conditions (1) and (2) are satisfied.
- (1) Average value s Reference level + 4
(2) Variance value <3 is répeated more than 4 times
Further, after water has been stropped from being
* 15 discharged, before ‘the light emission at 16 Hz ‘and the
sampling reach 48 tlmes, if any one of the follow1ng third
condltlons is satisfied, water is discharged again. .
'~ The third condition implies that any one of the follow1ng
conditions (1) and (2) is satlsfled.
20 (1) Average value 2 Reference level + 8
(2) Variance value 2 6 ié repeated more than 10 times
As described above, since the third condition under which
water is discharged again immediately after water has been
stopped from being discharged is determined under more sever
25 condition than the first condition, it is possible to prevent
an erroneous operation due to distufbance immediately after
water discharge has been stopped.
Further, in the above-mentioned embodiment, the sampling
frequency or the light emission frequency in the standby

30 status is determined to be as such a low frequency as 2 Hz for
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‘mounting head 2 through the front side wall of the faucet body 1 (e.g.,
“inner pipe 12 and outer pipe 11) and further.by engagi ng a base portion 3a
of the nozzle pipe 3 with the 15 nozzle fixing nut 9. The reference :
nuneral 3b denotes a water discharge opening of the nozzle pipe 3; 3c
denotes a nal e threaded portion engaged with a water discharge cap
(described later); 27 denotes an Oring |nterposed bet ween the nozzle

nount i ng heacecomdi 4€idNNVE PheRed2 conlmP A0t eSHeWeder 20 vmé}g power
I nt er posed between the nozzle pipe 3 and the nozzl e nounting head 2.
Further, -a regvinrg chyenott reguireder g ist lad sounossibhla rﬁ@rmeaiset the

nozzl e P re Sl °I£r§?ﬂ§§'é‘%x?é%‘i“%%?&éwﬁﬁi‘ﬁeié WG %%Bé‘%ﬁe?’%ai Zhe

pi pe 11. Furt ud r gherange sy

portion for {Fé% IE%'I nner circunter ntée? surface o@ nc‘)rzﬁz%oe covars

So as to [ «lgagssteridtide. | ange tidof cabe, nattid eprogram can be more
simplified. -

In contrast with this, where further power economization
is required, it is also possibie to set the sampling frequency
to 2 Hz during not only the standby status but also during the

10 water discharge. In this case of 2 Hz, however, only when the
conditions of water discharge start, stop and restart are
established, respectively, it is preferable to increase the
sampling frequency (e.g., at about 7 msec period) temporarily
in order to reconfirm the establishment. of the condition

15 quickly -and to - improve . the: .response :speed:- .of- the water
discharge start, stop and restart. . e e B,

Further, in this embodiment, although the . average. value
and the variance value. are both  used:in combination to
discriminate the presence or absence of hands, it is possible

20 to use a standard deviation value. Further, without usihg the
variance value and the deviation value, it is also possible
to discriminate hands on the basis of only the most updated
reflection light level .and the reference level (an average
value in the standby status). Further, the variance value and

25 the standard deviation value are both a statistical value well
representative of the continuity of a status, respectively..
Therefore, when these wvalues are not used, it is preferable
to execute an additional operation for confirming a continuity
of the status. For instance, when the hand stretch is

30 detected in the standby status or when the hand removal is
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-pi pe 3; and 29 denotes an O-ring interposed between the nozzle 30 pipe 3.
and the nozzle cover 4. -19- Further, a water dlscharge cap 10 forned
with a water discharge opening 10a at -an ‘end thereof is screwed with the
end portion of the nozzle pipe 3. The water discharge opening 10a of the
wat er discharge 5 cap 10 is opened in the axial line direction of the
nozzl e pipe 3, so that the user can see the water discharge opening 10a

clearly and th@"t@@éeﬁ“ﬂﬁﬁ%' Wated 898cAHFgED! ithd 2HaRY tAchan. b&ata are
i nproved. As shown in Figs 3, and 4, the“cover 4 is fornmed into 10 a

cylindrical slﬁap&:hearndampkeaaaefemctimiw def.g.5 tuwicelftotleck chether thies
shaped in such a way as to be fit to the

. detected status is kept continued or not. Only when the

.continuity has been confirmed, the water discharge must be

5 started or stopped. .Further, in this case, it is preferable

to execute the additional sampling at a sufficiently short

period (e.g., 7 msec) in order to increase the response

characteristics of the water discharge start or stop.

Further, in the case where the variance value and the sténdard

10 deviation wvalue are not used, in. the determination of the

reference 1level, it 1is necessary to check whether the

difference between the most updated data and the average value

lies within a small range in order to confirm that the standby

status is kept stable.

15 Or else, it is also possible toreliminate the occurrence

of the erroneous operafion'by-starting and stopping water

"'diécharge on the basis of both the comparison result between -

the most updated level and a reference level (a meané;value

not including the most updated wvalue) aﬂd:the comparison

20 result between the absolute value of the most updated level

and a predetermined threshold wvalue. In this case, as will

be explained with reference to Fig. 17, in order to interrupt

the:repeated water discharge and waterlstop caused due to the

fact that an erronéous value has been stored as the reference

25 level, it is preferable to increase the above-mentioned

threshold, after the water discharge counter has counted a

predetermined value, as compared with that used before the
water discharge counter counts up the predetermined value.

Fig. 13 shows a flowchart of a main routine for executing

30 the above-mentioned procedure. In step (S50), when the power

~38-



~curvature of the outer circunference of the outer pipe 12. In addition, at
the end. portion, the upper portion is so forned as t extends beyond the

| oner portion so as to cover 15 the water discharge cap 10 from above for -
i nprovenent of the external appearance. In the construction as described
above, m xed hot and cold water can be discharged in the axial |ine
direction of the nozzle pipe 3 and along a parabolic |ocus. 20

Therefore, aisetathee! ynbresftirandovathengrighmetiansbetibhaszedtaits ot he
hand washing bowl . In addition, the user can receive sufficient water on
hi s pal ns i nreseaater sheonaine royting heompoged wfatstepss fremsi 65%1) otwash

TS aand oS8! 2L bY ALY CUILEPSELD bRl el bt 20,
Cra! oot o M PRI, 8 ol 26k | Sifcnhd xdicee ek
5 discharge water from the spout. -

In step (S51), the frequency for circulating through the
main routine (described later with reference to Fig. 14 later)
is decided. In step (S52), the time is adjusted (by waiting)
so that control (by the arithmetic section S2) can circulate

10 through' the main routine at the frequency (16 or 2 Hz)
determined in step (S51). Here, since the period is 62.5 msec
at 16 Hz and 500 msec at 2 Hz and further the processing time
required in steps (S51) and (S53) to (S55) is about several
msec, respectively, almost all the time required to circulate

15 through:the main routine is used in ;hisastgp;(SSZXF?;_ )

In step (S53), the.sensor emits%light, a;d:th;;ééfa é;e
stored.. - Further,;in,stepm(s$4)ﬁvthe_§§§§hare b;ﬁéessed
statistically -(described later in_fq:thefjdet;iij,“ )

In step (S55), subroutinés. fqr confroiling..water

20 discharge and water discharge stop_are_executed on.the basis
of the statistical data obtained in step (S53).

Fig. 14 shows a subroutine (the detailed procedure of the
step (S50) for switching the frequency. Control first checks
whether water is now being discharged in step (S58) and then

25_ checks whether 3 sec is not elapseq after water has beén
stopped in step (S59). . In either case, control proceeds to
step (S61) to set the frequency to 16 Hz.

When the conditions as defined in steps (S58) and (S59)
are not both satisfied, control proceeds to step (S60).

30 In step (S60), if the average value is equal to or more
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hori zontal plane by an angle a corresponding to the frontward 30
~inclination angle a (15 degrees) of the faucet body 1. -20- This angle
val ue has been decided as the results of experiments for obtaining an
opti mum hand washing position in a sufficiently broad hand washi ng space

wi thin the washbow 30. When the water discharge direction is determ ned
as 5 described above, the user can wash his hands confortably by stretching

L hene opBeBUANACAGE e dhel e 5 1 gRIOLIEATNG WOBBYC
plurality ofggtaskey fnav 4] aoatrelepidcddss 180 dtuposesi6l). t herfahet,
di scharge cap 10; and 31 denotes a.groove portion engaged with a fastening
t ool used wheonthel proceeds to step (S63). In step ?Sgl), the_frequency
circulating through the main routine is sef to 16 Hz. In step
5 (S62), the 16-Hz counter for counting the number of
circulations at 16 Hz is resét, and control ends in step
(S67).
In step (S63), since the average value is approximate to
the reference level, control checks whether the frequency is
10 16 Hz or not. If not 16 Hz; that is, if 2 Hz in step (S63),
control confirms 2 Hz in step (S66) and ends the subroutine
in step (S67).
If 16 Hz in step (S63), control checks whether the 16-Hz
‘counter counts 16 or more in step (S64).. If less than 16,
15 contrbi: increments the - 16-Hz “counter -in step (S65), and
A ;pfécééds"fa step (S67). R '
S In summary, control counts the number of times:of: light
emission at 16 Hz in spite of the fact that the average signal
value is less than (the feference level + 4) whenever control
20 circulates through the main routine. |
In step (S64), when the 16-Hz counter counts-16, control
proceeds to step (S66) to set the frequency to 2 Hz, and end
the subroutine in step (S67).
Fig. 15 shows a watei' discharge control subroutine (S55).
25 This subroutine is provided with a function for updating the
reférence level. That is, when the variance value is equal
to or less than 1 in step (S70Y), a timer is activated. After
30 sec has been elépsed'in step (S71Y), the reference level
is updated in step (S72) and proceeds to step (S80) (described
30 later). Further, if the timer is less than 30 sec in step
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wat er discharge cap 10 is screwed with the male threaded portion 3c of the
nozzle pipe 3. Further, in this enbodi nent, the water di.scharge cap 10 15
is formed into a conical shape, and the diameter D of the water discharge
opening 10a provided at the end of the water discharge cap 10 is L
determined, to be 1.2 tinmes longer than that of thé water path |ength of
the cap 10. Therefore, water can . be discharged in a rod shape, irrespective
of the flow 2Qs7unt)e adordtiwolli prbeeeds W estepFUS8dY. t IRurthess, neft ithed
di aneter D of the water discharge opening 10a has been deci ded on the basis
of the rel ati vashaposi valuespadore than Hadn stapof SEON M ieentrolieasts tdwe

D VEIET U0k Slel 3hLe) S7) dpd Reckalslenee IPAlagp denotes o
R o by S eyl S

11 in such5a ségtubatfriome the spout A2. If water is being discharged in

step (S80Y) and further the variance value is;equal to or less

than 3 in step (S81Y), control increments %he first counter

in step (S82). Further, when the first counter reaches 4 in

step (S83Y) and further the average value is equal to or less

10 than an addition of the reference level and 4 in step (S84Y),

control outputs a valve close signal to the electromagnetic

valve BS in step (S85), resets the first counter in step

(S86), and proceeds to the frequency switqhing subroutine

(899). Further, if the variance value is more than 3 in step

15 (S81N), inustepr(SQB),qont;olfrésetgﬁppg:f?ﬁSt;ébgﬁéﬁF- .0r

else, if the first counéer.value,ié less Egéﬁfﬁ”;nzétéﬁ:ksésﬁ)

or the-averagé value is more than_§nﬁaddégigngﬁthe'#;gérence

level and 4 in step (534n),'COHtrOl.PrQFGGQE_?é,Sﬁepi(S99)-

Further, when the water is being stop in step (SEON),

20 control starts measuring the water stop time period in step

(s87). If the variance value is equal té or more than 6 in

step (S88Y), control increments a second counter in step

(S89). If the water stop time interval is more than 3 sec in

step (S90Y) and further the sebond counter reaches 4 in step

25 (S91Y), control outpufs the valve open signal to the

. electromagnetic valve B5 in step (S92), resets the second

counter in step (S93), and stops measuring the water discharge

stop period in step (S94). Further, if the second counter

value is less than 4 in step (S91N), control proceeds to step

30 (S96). Further, if the variance value is less than 6 in step
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centers of the respective nozzle insertion holes 11b and 12b 30 match the
axial line of the water discharge nozzle 3, and -21- after that the
nozzl e nmounting head 2 is attached to the upper side of the.inner pipe 12.

[ Hand sensor S] As shown in Fig. 2, the hand sensor S is housed and 5
nmount ed under the nozzle pipe 3 and at roughly the mddle of and within the
faucet body 1. The hand sensor S is conposed of a photoelectric sensor 41

and a light (i él&,l Staed)c f&lerrégler% ‘-’éinfddhé% %%{ SdFCidea a Ae

pr edet er ni ned rce ronleac Shown 1n
3, the 10 . |i ghie exveichge ’dralaadiéheqﬁhbtwlcﬁﬁm s:ﬁaaOthéladdﬁtmbnvoﬂeme
with a light em ssion region 42 and a |light reception region
_ reference level and 8 in step (S96Y), control proceeds to step
(s92). Further if the average value is less than the addition
5 of the reference level and 8 in step (S96N), control returns
to the main routine. Further, if the water discharge stop
period is less than 3 sec in step (S90N) and further the
second counter value is equal to or more than 10 in step
(97Y), control proceeds to step (S92). If the second counter
10 value is less than 10 in step (S97N), control proceeds to step
(s96).

Further, the count vaiue (A) of the step (S82) and the
count value (B) of the step (S89) both for counting the
variancé\valué'exceedihg a predetermined value are determined

15 as valﬁés for checking whether the variance value is kept for

. a pféaefémined time pefiod or not. ‘Therefore, it is possible

to édjust'thé'Severeness of the conditions by changing-these
count ‘values (the reference values). = ~

Fig. 16 shows the examples of the reflected-light_level

20 d, the average value e thereof, and the variance value £
thereof.

With reference to Fig. 16, when the above-mentioned first
conditions have been satisfied with respect to the averége '
value and the variance value at time T1l, for instance, water

25 is started to be discharged. In this case, although the
average value e drops below the threshold level (reference +
4) of the step (S84) shown in Fig. 15 at time T2, since the
variance value is large, the water is not stopped from being
discharged. _ _

30 In contrast with this, even if the variance value becomes
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43 ,determ ned roughly in parallel to each other, so that it is possible to
‘detect an object existing in a region 44 in which the |ight en ssion region
42 and the light reception 15 region 43 are overl apped wi.th each other.
This overlapped region 44 is referred to as a detection region

hereinafter. This detection region 44 is so adjusted as to intersect the

di scharged water stream irrespective of the flow rate of water

di scharged. 2Gmall & thmeot 18 heingl, wstedowtop) Eopditioasd danhbe be
outer pipe 11 of the faucet body 1 is formed with a sensor wi ndow 13 at the "
front side poest@abkirhedrbecause Hethe Reerpgpevauesigolardea sensor

DNt 19 1o 14 Musihet ROk Bl Vel PoGPLERSERINR1 o140 WS, M TR,

G Looned | el 27 eple PR EhaIgROLS LUt a a1l 198RS 18508008 anc

assenbl ed &nd further the average and variance values are both reduced, the
water discharge stop conditions can be es%aplished.

Further, after the electromagnetic valve B5 has been
closed to stop water discharge, there exists a time delay to
when the water discharge from the spout A2 can be completely

10 stopped, due +to +the response characteristics pf the
electromagnetic valve BS. In addition, when water is stopped,
since the stream of the discharged water is disturbed, there
exists a possibility that a large reflection light signal is

- generated by the irregular reflection from the water, as shown

15 at time T5 in Fig. 1l6. I O S A
| -- However, since. the reflected light as described above is
generated momentarily, even if increasipg;tempqra:ily; the
- variance value decreases immediately in general. . As long as
3 sec has not elapsed after the water discharge stop in step

20 (S90) of Fig. 15, as far as the number of times (at which the
variance value is equal to or higher than 6) is continued more
than 10 times in step (S97) of Fig. 15, since the water is not
discharged again, it is possible to securely prevent water .
from being discharged again erroneously due to disfurbance.

25 According to the_above-méntioned control, the following
effects can be obtained:

When the average vélue of the reflection light level is
used, for instance, it is possible to eliminate the influence
of a signal noise.

30 Further, when the variance value of the reflected light
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"di sassenbl ed easily to inprove the assenbly productivity. 30 Furt her,
i‘'n Fig. 3, the reference nuneral 17 denotes a -22- 23 conductive wire
cable for connecting the hand sensor S.to the control unit - F housed in the
automatic faucet control box C. Further, in Fig. 4, the reference nuneral
16 denotes a sensing hole formed in the sensor nounting lid 15 which is

| ocated at 5 such a position as to correspond to the sensor w ndow 13.

Further, as shewel Nididsed, ihhediMiha3@bOwitH Stil r 86688g8! LAY it is
downward from'the horizontal direction in such a way t hat ?he an angl e

[err] between pdssiblies tb oprefrentietthet iexrorsmpus) Handndashe operatdion more
di scharged water can be 10 almays kept | ess than 65 degrees, irrespective
of the flow Securely. is, the differential “value is strongly
responsive to a spike-like noise, and the differential value

5 is not responsive to a slow motion such as hand washing. In

contrast with this, since the wvariance wvalue or standard

deviation value is related to dispersion, there exists such

an advantage as not to be susceptible to the difference in the

movement speed. Therefore, the utilization of the variance

10 or standard deviation wvalue is effective in particular when
the movement speed differs alwéys according to the person, as
when hands are washed.

In addition, since the variance or standard deviation
values can be obtained. stably as far. as the movement

15 continues, it is suitable to detect the movement of the hand
washing on the basis of these values, because hand washing
continues for a time.- : |

Fuither, the processing of storing a great number. of data
many times and further classifying the changes of stored data

20 into a plurality of patterns is very complicated operation.
However, since the'average and variance values can be obtaihed
through a relatively simple calculations, it is possible to

" reduce the cost of development, inspection, and manufacture
of the products.

25 _ Further, when an object is discriminated on the basis of
change in patterns, a number of conditional branches are
required for classification and combinations of data in the
control subroutines. However, since the variance value
represents changes in data gquantitatively, the presence or

30 absence of an object ¢an be discriminated by only comparison
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rate of the discharged water. In other words, even if the anount of water.
f<-ow decreases before water is stopped and therefore the water discharge
angl e approaches the vertical direction, the-above-nentioned angle e will
not exceeds 65 15 degrees. This angle range is determned to prevent the
hand sensor S fromreceiving a strong reflection light fromthe di scharged
wat er excessively. For this purpose, the fact that the angle [err] nust be

0 < [err] [errlpbeAQelad iifferiznll el ld et khdl padul® eﬂaicrieai%go%ﬁieble

addition, the detection region 44 Is |ocated at such a position t

human can nove 40 edwsilds extsbleah landralifust heie chisealidnathey dondheiess
stretched under_ the discharge water, under due to consideration of the

si zes of the gdifd dhenNRGF FRE@RELIR- nounting positions of the 25

SO el R SRR SRk 0 PR Eon 1over
5 of the bowl) is updated on the basis of the average and
variance values, it is possible to eliminate the influence of
change of the reflection factor of the_ bowl and the
deterioration of the sensor both caused with the passage of
time.

10 As described above, in the present invention, since the
complicéted signal patterns or the disturbance can be
evaluated quantitatively through the statistical processing
of the reflected light level, it is possible to accurately
detect the presence or absence of an object, thus-:securely

15 preventing an erronecus operation’of the object detecting unit

" "of the washing appé—fatizs.' LT e TRT i Dooroata a8 L

| 'The'abdﬁe;meﬁtidnéd'coﬁtrolﬁbperatiOn-1sféxeCﬁtéd under
the oi:dinarfy conditions. That is, as shown’in Fig: 15, the
influence of the water discharge upon the sensor operation can

20 be removed by changing the water discharge condition between
that obtained immediately after the water discharge and that
obtained other than this.

In the above-mentioned control, however, since the water
discharge and stop are controlled .on the basis of the

25 reference level of the light reflected from the bowl surface
during water discharge, in case a wrong reference value is
stored, the erroneous operation may occur.

For instance, when the light receiving surface of the -

sensor portion is stained and thereby the sensor signal level

30 is low, or when something (e.g., towel or duster) of low
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di scharged water is determned |less than 70 degrees, it is possible to
prevent the sensor fromreceiving exceSS| ve |ight 30 reflected fromthe

di scharged water. In addition, it is possi ble-to easily match the
detection region 44 with the hand position and thereby to easily

di scrimnate the novenent of the hands in the hand washi ng space, while
preventing an erroneous operation of the hand sensor S such that the 5

di scharged wat ereflecieient fdctoroisopllazedHere thehesurfiante o hthe bwashbowl,
t he above-nenti oned_hand sensor S and_the dianmeter D of the water discharge

openi ng 10a of 3 HEP{REYRCE; LeValgsmaddero thame the ariginel &erh seflection
vt er SLeena ONSER 10e k! e SRR N DAL ABBL BN Sy EASE e
di schar ged wat eforsdtidrys, i Whéfi the sensor surface is cleaned or when the
5 duster is removed, the average value of the reflected light

level increases. Therefore, when the average value increases,
so that the water - discharge condifion is satisfied as
explained in step (S96) in Fig. 5. Therefore, water is to be

discharged in spite of the fact that no hands are stretched.
10 In the ordinary automatic faucet, a safety processing is
usually executed to prevent water from being discharged -
permanently. For instance, water is stopped after one minute
at maximum has been elapsed, irrespective of the sensor
signal. In this case, even if a wrong reference level is
~15 stored and. thereby water is di,_sg:_harged :erreneeusly, __water can

be stopped after a predetermined..__lj:rpj_.t_ time has b__een __-el'aps.ed.

After that, when a correct referenc_e_ level_ __i's___ stored .again,

it is possible to obtain the normal status. _

However, these exists such a special case where the water
20 discharge cannot be prevented by only the limitation of the
water discharge time. For instance, when a duster is removed

from the bowl as described above, since the reflection light

level increases, water is discharged erroneously. After that,
when the light reflected from the bowl is absorbed by the
25 discharged water, the reflected light level decreases, so that

the average value is reduced again below the average value.
When the average value is reduced down to a value which
satisfies the water discharge stop condition, water is then
stopped. However, after that, since the reflected light level .

30 increases up to the bowl reflection level again, water is
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_n'e':qessary to keep the St'ate of the discharged water as stable as possible;

that is, it is preferable to discharge the water stably in such a way as to -

forma stable rod shape at all 15 tinmes.. Fromthe standpoint as described
above, the water discharge state has been checked enpirically by gradually
changi ng the dianeter D of the water discharge opening 10a, and the water

path | ength of the water discharge cap 10. The 20 experinents indicate that

wat er can be dj rag@é nos { Qtbrstiedise e 4k atd of
the di aneter Datgo%@?he vvgtre_h}dfo%'h Iterﬁlg%t ﬁ&%@édet erm ned | essé?hg%g‘fb%?rg\%’ t%nd
ref erence to ewpiteirc sttogatxres repedted-ipgarmahdrotIy, the rel ati onshi p anong
t he hand sensor S, .the washbow B, and 25 the ratio r of the dianmeter D to
the water path |engFRGni 117 p8haWscA perter ddssbrrger Suhraukine yhighyman

S sy et oy BEEEneY e O dielldiHed "' DaPRREL" R ° B tnddle
5 operation. This subroutine i1s obtained by adding some
' additional procedure to the routine shown in Fig. 15. In Fig.

17, the same reference numerals have been retained for the
similar steps as with the case of those shown in Fig. 15.

In Fig. 17, "discharge counter" dperation for counting

10 the number. of times of water discharges is added to the

procedure shown in Fig. 15. In step (S72), the "water

discharge counter" is reset. That is, when the status (S70Y)

where the variance value is less than 1 is kept continued for

30 sec or longer (S71Y), the average value is stored as the

- 15 - reference-level in step (S72). . Here, since the.step (S70Y)

indicates that the water: discharge/stop is not repeated, the

water discharge counter is set -to an initial value [1].

 After ‘that, when the water discharge condition is

established, water is discharged in step (S92), and the

20 counter is incremented by one in step (S101). The steps after

the step (S93) are the same as the routine shown in Fig. 15.

First, in the case where water is not being discharged

in step (S80Y), the establishment of the water dischafge is

ghecked. When the water discharge condition related to the

25 wvariance is not established in steps (S88N), ( Sglﬁ) and

(S97N), before the water discharge condition related to the

average value is established or. not in step (S96), the water

discharge counter is checked whether the counted value is less

than 10 or not (S103). When less than 10 in step (103Y), the

30 water discharge condition related to the average value is
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tate (more than 5 liter/mn), and Fig. 9 shows the reflection 30 |evels of
tshe sanme two different chi naware (washbowl s B) at -24- a reduced water
discharge flow rate (less than 5 liter/nmin).. In both Figs. 8 and 9, the
above-nentioned ratio r is 3.3 and the changes in the respective reflected
light (fromdischarged water, hands, and washbow s) received by the hand
.sensor S 5 were transduced into electric signals, respectively. Further, in

Figs. 8 to 10, drdnge stlept ?'Qgsf?fiﬁcéﬁ& éérﬁ@twéyg arsea&%ﬁeeaedcbye%@ Fig.

wavef orm of the output voltage (V) of the photoel éctric sensor
Further, in thdase drmmmgmre hthaefl@cindsktepht S1eanl), | m:heeam:wdﬂscharge
decrea5|ng out put voltage 1 (V). Further, in these draw ngs, the range
(a) correspond&hesk related to average value is not executed.
Consequently, even if the erroneous operation such that
5 the water discharge/stop is repeated due to an error caused
by ‘the average value, whenever the number of times of the
repetitions of the water discharge/stop reaches 10 times,
since the water discharge based upon the average value
condition is inhibited, it is possible to prevent the
10 erroneous operation due to average value error.
Fig. 18 shows examples of signals obtained when the water
. discharge/stop is repeated. In Fig. 18, the bowl is covered
with an obstruction as a duster to time T10, so that a
reference level lower than an actual value is stored. At time
15 T10, when the obstruction is removed, although the reflection
'signal"level'is.returned to the reflection level of the bowl,
- since the.reference level so far stored until T10 is larger
than 8, the electromagnetic value is opened in step (S96Y) in
Fig. 16. In practice, however, there exists a time delay from
20 when the electromagnetic valve is opened to when water is
discharged from the spout A2. When the reflected light level
is absorbed by discharged water at time T11l, since the
reflection level decreases, the water discharge condition
cannot be established in step (S84N), so that the
25 electromagnetic valve is closed. Further, there exists a time
delay'from when the electromagnetic valve is closed to when
water is not discharged from the spout. At time T12, when the
signal level is returned to the refleetion level from the

bowl, since the average value increases, water can be

30 discharged again.
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the state where only the chinaware (washbowl B) is being detected; (b)
.corresponds to the state where hands are stretched and thereby the - - _
stretched hands are being . washed by 15. discharged water; (c) corresponds
to the state where the hands are noved away fromthe chi naware and only the
di scharged water is being detected; and (d) corresponds to the state where
the di scharged water is stopped and only the chinaware is being detected.

20 As shown g Rigscribed nabefreasthefl waterordlisthary@f stofi I aEst
nore than 5 liter/mn, the shape of the di scharged water was of rod shape.
Further, in twepegredsf thloweveref|att time oBd3 cHingadar theontenth| efater

Pide) e, clyaheonel aval  Lhetdakee ot beRly | AelUea 9% D) el Ll
s o Lehar sod L1081 her Mokl B ek AU NEL G
that the h&ndisereaseS daigihe since the water discharge based upon the
condition related to the average value is inhibi%ed.in step
(S103N), water is not diScharged,'with the result that it is
possible to stop the erroneous water discharge/stop operétion.
After the water discharge ends, the wvariance value
10 becomes small in step (S?OY). After that, after 30 sec has
been elapsed in step (s7lY), an average value of a correct
reflection level is stored as the reference level. At the
same time, in steg (8101), the w;ter discharge counter is
-reset to 1l.. At this time, since phg_gorrect :eferenée'level
"15 has been :.already stored,. an.erroneous operation will. not
recur. .. ' | -
continuously (not the erroneous.operat.i_o__n) ’ .aftefr the eleventh
discharge, since water can be discharged only on the basis of
20 ‘the variance condition, although the response speed is slow
" in comparison with the case where water is discharged_on fhe
basis of both the average #alue and the variance value, since
the water can be discharged securely, there exists no problem
witﬁ respect to the usage. Further, in the above-mentioned
25 number of times of repetitions of the water discharge/stop,
10 times is only an example, so that any appropriate numerical
value can be set acqorq;ng to products. _
Further, in this émbodiment, until the water discharge
counter counts a predetermined number of times, water is

30 discharged only when any one of the conditions based upon the
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oper ated under good conditions. 30 Further, in the case of the high
~rrefl ection level -25- ‘chinaware (on the right side), the reflection

| evel fluctuates violently in the range (b) where the hands are being
washed, which can be distinguished fromthe other ranges (a and c).

However, the reflection level fluctuates between the range (c) 5 where only
the water is discharged and the range (d) where the water is stopped and

only the chinaware is bei detected. This indicates that even after the
hands are nove8VEhages r‘(ﬂ‘:f %e 0% nURARe the e VaTdaNSes YRR sids | sefistded.

O the ot fior nEAgeHEETCREHe” G WREOE aibfiarfy Ceuatll hy | SORYER xpky

wat er was redupeddeessmihad huhbber 6ffi 8imbB¢ water is discharged only when

the condition based upon the variance value is satisfied.

5 However, after the water discharge counter has counted the

predetermined number of timés, it is possible.to obtain the

similar effect by setting the water discharge start conditions

more severely. For instance, it is possible to consider that

the water discharge condition is changed in such a way that

10 water is discharged when both the conditions based upon the

average value and the variance value are satisfied or that the

value to be compared with the average or variance value is

changed to such a value that water is not easily discharged.

' Further, the éffoneoﬁs water discharge operatién due to

15 variance value ban.befé;eVéntedey“the'step (S97N) in Fig. 17.

As described above, since various discrimination

" conditions can be formed by combining various conditions such

as variance value, an average value, etc. of the reflection

- light level or by inhibiting any one of the conditions, there

20 exists such an advantage that the countermeasures against the
erroneous operation can be executed freely.

A second embodiment of the present invention will be

described in detail hereinbelow‘with reference to Figs. 19 to

36. As shown in Figs. 19 and 20, in this embodiment, the

25 automatic faucet A is provided with a hand sensor S for

automatically'discharging water and stopping the discharged

water by sensing hands. However, the structure of this second

embodiment can be applied to a manual faucet except the hand

sensor S.

30 As shown in Figs. 19 and 20, the automatic faucet A of
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'shape of the discharged water was deforned froma rod shape to a tw sted

r-od shape. Further, in the case of low reflectionlevel chinaware (on

the left side), the reflection 15 "level fluctuates to sone extent even in
the range (c) where the hands are noved away and only the chinaware or only
t he chi naware and di scharged water are being detected. Further, in the case
of the high reflection | evel chinaware (on the right side), the reflection
| evel al so 20 theugnesgerst vesbedimenitn ishecomposed cdf s0 faatetheectdonstAl
such a possibility that the sensor S detects the discharged water as hands
erroneousl y. | fouptetaor @ Heuaats momntdngysunface 1308 %W‘Pdt it the rear

[T oneous . . . | ; . '
i Schar ged wat BPEELRR 08 & ARAUBIETIE 08 & FavhlScp BPTARY B Witamqnic
di schar ged wat ghucdtebah®rel boxtPWispyacd uidRNhe havatidRLs &b |RiRl1y

of the chinaware is |low or high, the reflection |evel fluctuates violently
only when” § mixed hot and cold water to the faucet section Al via a mixed
hot and cold_water supply pipe 105 formed of flexible resin
(e.g., vinyl chlor;de).

Further, the faucet section Al is composed of a faucet
body 101 disposed on the faucet mounting surface 130a under
10 a frontward inclined condition, a watet discharge pipe 103
whose base end projects from the upper front portion of the
- faucet body 101, and a hand sensor S_aiqused at the front and

Jlower portion of the_watet diéqhargetpipe 103. '
. On.the . other hand, .the__éﬁtbmgtic__cohttg;'lbox c

15 accommodates _.a. thermostat _type mixing value V, an

electromagnetic. open'-__ci_qsg vgllug V1, a_copt:gol_ unit F, a po:;:er

supply unit E, etc. . Furtfge}r,; the thermostat type ini_,zfj:n;g valve

.-V is connectedtto'a_downstr;ém_;nd of_a.hét-wét;rté;pély pipe

107 (whose upstream end is connected to.; hdtiﬁétéf'supply'

20 source) and a,dowﬁstream end of a water supply pipe 168 (whose

upstream end is connected 'to a water supply source),
respectively.

In the construction as described above, whenever the user

stretches out his hands H into the washbowl 130, the hand

25 sensor S is activateq to output an output signal, so that the

control unit F opens the electromagnetic open-close valve V1.

Accordingly, mixed hot and cold water whose temperature is

adjusted to an appropriate temperature by the thermostat type

mixing valve V can be discharged from the water discharge pipe

30 103 into the washbowl 130, through the mixed hot and cold
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"hands are being washed in the range (b). - Further, the 30 reflection
l‘evel does not only fluctuate but al so can be kept -26- al nost ~at the
sane | evel when only the chinaware is being detected in the range (a), when
only discharged water is being detected in the range (c), and when water
di scharge is stopped and only the chinaware is being detected in the range
(d). 5 Therefore, in the case where the ratior is determned 1.2,

e b cheBeR Bl D0, b ey e LBl e 9T 55 e e
SUf {10 ont]y or SEmeet ramncitp, dend M0l oRae hat Tyl by (P Eitge
can be kept inwaterrable rod shape, it is _
The discharge direction of the mixed hot and cold water
5 discharged from the water discharge pipe 103 is determined
slightly downward in the horizontal direction. ‘
That is, as shown in Fig. 19, in this embodiment, the
discharge direction of the water discharge pipe 103 is so
determined that a downward angle 06 between a discharge line
10 L; and a virtual horizontal line L, lies between 0 and 35
degrees. |
Therefore, the mixed hot and cold water discharged from
_ the waterh discharge pipe 103 can be discharged along a
..Yfparéﬁbiic lOcﬁs, so that it 1s'possible to broaden the washing
15 space of the hand ofgtpe'face‘within the washbowl ‘130.
o -Aé'énrééult,_it'is possible to prevent 'such ‘the state
‘that the face washing space ' from ~being narroweéd, being
. different from when the water discharge pipe “103 “extends
frontward Of the washbowl 130 as is conventional, thus
20 improving the usability of the automatic faucet A. In
addition, since the hand H can be moved freely, the discharged
mixed hot and cold water can hit against not only the fingers'
ends but also the whole palms of the hands, with the result
that it is possible to utilize almost all the amount of the
25 mixed hot and clod discharged water. Since the hands cén be
washed by a small amount of water, the water can be thus
economized.
Further, since the frontward projection distance of the
water discharge pipe 103 can be reduced, it is possible to

30 eliminate the user's feeling of the oppression caused when the
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possible to reduce the change of quantity of light reflected from :
di scharged water and received by the hand sensor S as small as possible. 15
Therefore, it is possible to prevent m xed hot and col-d water from being
kept di scharged even after hands are noved away fromthe automatic faucet A
or from being not discharged when hands are stretched toward the automatic
faucet. A Here, the nmounting structure of the faucet body 1 on the 20
faucet nounti ngaserf discizargd | pipe- U0SCeixitetdec rBtdibgrasd 48 thewwdshddwl
3, when the faucet body 1 is mounted on the faucet nmounting surface 30a,
the faucet mouk®Prg washer 21 is fitted and fixed to the base end of the

of 25 "the mounti ngt AASHEF- 225 SRA b ey 8ot oe s HEnAtR S Hiebarge
engage body 22op8fihe110uCelr T Wb\ Kinarge Spipec168dcaxn! 8RYisaen by
beyond the reverse side of the faucet nounting surface 30a.
5 +the user, the user can stretch his hands accurately and easily
toward the water discharge opening  110a, so that it is
possible to improve the usability of the automatic faucet A.
Here, the reason why the maximum value of the angle @
between the discharge line (IL,) and the wvirtual horizontal
10 1line (L;) is determined 35 degrees is that if determined more
| than this, the length of the water discharge pipe 103 must be
increased and thereby the feeling of oppression is given to
the user. _
On the other hand, ~tf1e reason. why -the minimum wvalue of
" 15 - the angle 0 is determinéd 0.degrees is that if detefmined:;ess
' than this, the positioﬁ at which the discharged water drops
onto the hands H along:the.parabolic-locus-isﬁshifted,ggarward
of the washbowl and-thereby=the-usabilifyzdeterio;ates.
Further, the experiment results :Lndi;::ate_— that the optimum
20 angle e.is between 15 and 30 degrees. .
Further, in this embodiment, as shown in Figs. 19 and 20,
since a constant flow rate valve 106 is interposed between the
thermostat type mixing valve V and the mixed hot and cold
water supply pipe 105, even if the water pressure fluctuates,
25 it is possible to prevent mi#ed hot and cold water from being
discharged from the water discharge opening 110a beyond a
predetermined flow rate.
In other words, even when the mixed hot and cold water
is discharged along a parabolic locus, since the flow rate or

30 the force of water flow can be controlled by the constant flow
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Furt her, the a fast eni ng maShér'pIate 24 is brought into 30 contact with

tthe reverse side of the faucet nounting surface -27- 30a.via a washer
23; the nmounting bolt 20 is passed through the washer plate 24; and further
a fastening nut 25 is screwed with the nounting bolt 20. Under these

construction,
fix the inner

when the fastening nut 25 is 5 fastened, it is possible to
pi pe 12 onto the faucet nounting surface 30a strongly between

the inner piper@tgagelhedyod? ard iihedsasfiemni neb Veshest Nl gﬂevéﬂtt Rexed
above-nenti oned enbodi nent, therefore, it is possible to obtain the
f ol | owi ng .advarm@ticand cwgid watez( l@ronumng lscattiegeddibycparfs (pamsngetc. )

there is nDunte th tﬂggdtﬁgnsgimgogf tﬁgrhghggthqg t he hands, the

di schar ged

5

10

15 -

20

25

30

Further, various types'now on the market can be used as
the constant floy rate valve 106, for instance as disclosed
in Japanese Published Examined Utility Model Application No.
2-42231.

Further, as the experiment data, when a constant flow
rate valve 106 of 5 liter/min is used, the horizontal
discharge distance was about 9 cm on the horizontal 1line
determined 15 cm downward away from the water discharge
opening 110a. Accordingly, it is possible to shorten the
length of the water discharge pipe 103 by about 4 cm, as
compared with the conventional case. -

- ~The structure, the function, .and -the effect of the

respective composing eiéments of the automaticﬁfaucet_A.of the

'present embodiment will be described:. in. more- detail with

reference to the attached drawings. -- STeenaw

(Faucet body 101)

As shown in Figs. 20 and 21, the. faucet body 101 is of
double tube type composed of a cylindrical outer pipe 111, and
a cylindrical inner pipe 112 inserted into the outer pipe 111.

When the outer pipe 111 is preferably made of metal and
the inner pipe 112 is preferably made of synthetic resin, it
is possible to reduce the manufacturing cost thereof, without
degrading the external appearance (e.g., luster) of the
automatic faucet A.

Further, as shown in Fig. 20, the faucet body 101 can be
set vertically by fixing the base end of the inner pipe 112

to a faucet mounting surface 130a of the washbowl 130.
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wat,er and the chinaware from each other on the basis of change in quantity
of received light in such a-way that the sensing direction of the hand
sensor lies nore than a constant bias 15 angle both upward and downward -
fromthe horizontal plane when seen fromthe side and. additionally |ess
than a constant included angle of the discharged water in the right and

|l eft direction of the central axis of the discharged water when seen from
above. Therefore, itFurthessiaseshownedn efygdepoct thie tfmudetdbodlyr aoaherks
into the washbow for hand washi ng.. Further, when water is bein

di scharged, si #Ad&eth&ondihe s‘-’@’ﬁﬂﬁt deunting surfage 430 vertiiea glllxgmn such
(ol ectod, 1 omyt g oac iy 920 aed 3810 SRS LSS (2 2
e T
hands conf oft althe waterbdisthsge pipe 103 is connected to the faucet body
101 at a right angle, it is possible to incline the water
discharge pipe 103 downward relative to the horizontal surface
by a gentle angle 6 (equal to the inclination angle a), so
that water can be discharged from the water discharge opening
10 110a along a parabolic 1ocus. . As a result, it is possible to
decide an optimum position for hand washing and_further to
broaden the hand washing space at the optimum position.
Further, as shown in Figs. 20 and 21, in the faucet body
101, the inner pipe 112 and. the outer pipe 111 are both formed
15 with a-skirt portion 1ll2a or llla.which expands at the .end
portion thereof, r'eépedtively. - Owing-to the. presence___gf these
skirt portions 112a and 1llla, -it is. possible -to improve the
tightness between the inner and outer :pipes 112 and 111.
Therefore, for instance when the water discharge pipe 103 is
20 attached to or removed from the faucet body 101, it is
possible to prevent the inner and outer pipes 112 and 111 from
being distorted.
Next with reference to Figs. 20 and 23, the fixing
structure of the faucet body 101 to the faucet mounting
25 surface 130a will be described hereinbelow.
. As shown in Fig. 23, the skirt portion 1l12a of the base
end of the inner pipe 112 is disposed on the upper portion of
a mounting opening 139 of the faucet mounting surface 130a.
Further, a bolt fixing metal fixture 140 is fixedly attached

30 to the inner circumferential surface of the same skirt portion

~55~



washi ng space in the washbow . In other words, since hands 30 can be
washed confortably, wthout discharging water -28- . usel essly, there
exi sts an effect of econom zing water. (2) - Since the dianeter of the water
di scharge opening is determined to be 1.2 tinmes larger than the water path
| ength, irrespective of the flowrate of the discharged water, 5 it is
possible to maintain a rod-shaped di scharged water and further to reduce
‘the change of Ligat rehliscbedt Fdminge méitadhddded swaigeddyd conteicted o tdie
hand sensor as small as possi bl e. Accordingly, it is possible to maintain

a rod- shaped 4Ppemarged @f ean | plovgared, cfastoniéngerbate detler extengling
B e SR SRR B0 R b R RS Aty DALY %l e
center of the bolt fixing metal 140. _

5 The bolt fixing metal 140 is formed with a through hole
142'for passing a mixed hot and cold water supply pipe 105,
an electric code 1%7, etc. and a cutout grooVe 143 for passing
an operation rod 151 of a pop-up drain cock, an operation rod
guide piece 150, etc.

16 An annular faucet mounting washer 144 is fitted to the
lower surface of the skirt portion 112a of the inner pipe 112.
The annular faucet mounting washer 144 is formed with a
through.hole 145 for passing the fastening bolt 141, a throﬁgh
hole 146 for passing the mixed hot and cold water supply pipe
15 105, the electric cable 117, etc. and a cutout groove 147 for
passing- the operation rod 151 of. the pop-up drain. cock, the
operation rod guide piece 150, etc.. A T
An operation rod guide 148 is disposed'qn:the lower
surface of the faucet mounting washer 144. The operafion rod
20 guide 148 is composed of an upper annular portion 149 and the
semicircular cross-sectional operation rod guide piece 150
formed integral with the upper annular portion 149 so as to
project from the circumferential edge thereof. :
The upper annular portion 149 of the operatioh rod guide
25 148 is formed with a through hole for passing the mixed hot
and cold water supply pipe 105, the control cable 117, etc.
On the other hand, the operation rod guide piece 150 is formed
with a guide groove 152 for guiding the operation rod 151.
Further, the an annular upper packing 152a is interpdsed

30 between the faucet mounting washer 144 and the operation rod
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it ,is possible to prevent erroneous operation of the hand sensor.
Therefore, it is possible to prevent such trouble that 15 mixed hot and
cold water is kept.discharged even after hands are noved away fromthe
automatic faucet or not discharged even when hands are stretched toward the
automatic faucet. Here, the nethod .of processing the signals of the hand
sensor S to correctly discrimnate the hands fromthe 20 discharged
water or the Iaéu¥fge wi Il be described hereinbelow. As one of the
prior art techm que, Tor instance, Japanese Published Exami ned Patent

Application No. 62-4Gb@hdilirs Glro$¥ags.n20mahA0d30f oftl tHENBévaAséhside surface
di sturbance due to water stream 25 by setting a phase difference (which

cor.responds t o afthethe nmountingarpeniag A3l tthaoai sreaproyddedaran rannubar
bet ween the sensor and an obj.ect) tween the transm_tted ul trasonic clock

b
and the recei védPALClghi%a Qﬁk¥5503$¢n?tpﬁﬁgiﬁgjé§§ a part of both the

5 circumferential portions thereof are cutoff partially).
Under the packing 155, ;‘hose—show shaped thick-wall
fastening washer plate 156 is disposed. The fastening washer
plate 156 is formed with a through hole 157 for passiﬁg the
fastening bolt 141, a cutoff groove 158 for passing the mixed
10 hot and cold water supply pipe 105, the control cable 117,
etc. and a through hole 159 for passing the operétion rod 151
and the bperation rod guide piece 150.
Furthér, in general, the .inner clip washer 154, the
packing 155 and the fastening washer-plate 156 are: fixed to
15 ‘each’ -o_th'er as - an integral member by :a:;-bonding :agent: to
‘facilitate the faucet fixingawork.;:;;fﬂta: o "5ﬁ£
' f Further, under the - fastening:.washer ..plate..156, an
elongated cylindrical fastening nut :160 is disposed. -
The ﬁrocedure of fixing the faucet body 101 constructed
20 as described above to the faucet mounting surface 130a will

'~ be described hereinbelow.
As shown in Figs. 20 and 23, the faucet body 101 is

mounted on the faucet mounting surface 130a by interposing the
upper packing 152a, the operation rod guide 148 and the faucet

25 mounting washer 144.
As shown in Figs. 23 and 24, the inner clip washer 154,

the packing 155 and the fastening washer plate 156 are
attached to the reverse side surface of the mounting opening
139, in this order, under the conditions that the mixzed hot
30 and cold water supply pipe 105, the electric cable 117, the
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detectabl e di'stance range, that is, to exclude the water 30 stream and the
bow bottom surface fromthe detectable -29-  distance range. Further, in
Japanese Published Unexam ned Patent Application No. 61-500232, the
above-nenti oned di sturbance is elimnated by neasuring the distance between
the sensor and 5 an object to be detected (on the basis of the tine
required for the ultrasonic wave to go and return between the sensor and

bubl i shed UnexSREBEFBEY Y HhaS “a8B T EE" 4PN g o1 4o B Hove
'abovejnentiQnegeghshqubggggédsﬁygféﬁﬂﬂ&%?gﬁd by detecting the nmovement of
an object within the limted detectable stance range on the basis of tine

After that, the fastening nut 160 is screwed to the
fastening bolt 141 to bring the fastening washer plate 156

5 into pressure contact with the reverse side surface of the
mounting opening 139, with the result that the faucet body 101
can be fixed strongly to the.faucet mounting surface 130a.

In the above-mentioned fixing work, it is necessary to
hold the fastening washer plate 156 in order to engage the

10 fastening nut 160 with the fastening bolt 141. In this
embodiment, however, as shown in Fig. 25, since the operation
rod guide.piece 150 is dislocated eccentrically away from the
center X - X of the fastening washer platé 156, the center of
gravity of the fastening washer plate 156 is dislocated at a

15 position-opposite to the operation rod guide piece 150, so
that the fastening.waéher plate 156*is-inclined:f:om the
‘engage portion with the operation rod guide piece 150 and
thereby the inner surface of ‘the through hole .157 of the
fastening washer plate 156 is brought into contact with the

.20 surface of the operation rod guide piece 150..

Accordingly, since the fastening washer plate 156 can be
stopped automatically from being moved, eveﬁ if kept away from
the worker'é hand, the fastening washer plate 156 can be held
by the operation rod guide piece 150, so that ;t is possible

25 to engage the.fastening nut 160 with the fastehing bolt 141
easily and securely. '

Further, in the above-mentioned fixing work,'it is also
possible to automatically stop the fastening washer plate 156
by use of the fastening bolt 141, instead of the operation rod

30 guide piece 150.
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required for t he uItrasonlc wave to go and return betmeen t he sensor and an
-obj ect. to be detected. In the above-nentioned three nethods of limi'ting the
15 detection distance range, since sufficient countermeasures nust be

t aken agai nst di sturbance, there exist such drawbacks that the circuit
construction for detecting the distance is conplicated in the object
detecting unit and thereby the manufacturing cost thereof increases. 20

Further, in Japanesghd¥bisshed Wrxasased bk |§Ho‘£1riVQQ?|Ff%p| 28atl IhdW. the
63- 133673 the above-mentioned di sturbance is elininated by detecting the

novenment of arfasfercing dodikt db41ecisecﬂisﬂ¢¢mt¢diseccmittmmyfawayntfad:mv’ehele
of the reflection |evel fromthe object. s nethod, however

when an obj ectCHRRRE QﬁovﬁF’}e ftas*?qié’lgnevaﬁp?ﬂ éﬂ-lalctnec E)Jr'ngénsé:rﬁecﬁf‘@é'ndéf
SLj 22t ongtegEt |dnﬁ‘ﬁfnﬂ t‘* s to e acé E?élgépeé]bénl%%dqs %%?é%%gée& at a
5 position opposite to the fastening bolt 141, so that the

i fastening washer plate 156 is inclined from the engage portion

with the fastening bolt 141 and thereby the inner surface of

the through hole 157 of the fastening washer plate 156 is

brought into contact with the surface of the fastening bolt

10 141.

Accordingly, in this case, since the fastening washer
plate 156 is stopped automatically from being moved, even if
kept away from the worker's hand, the fasteni:ng washer plate
156 can be held by the faste'ning bolt 141, so that it is

*-15 -possible to: engége the /fastening -nut .160 with. the. fastening
bolt 141 easily -and. seéurely.".: R |
- (Water discharge pipe 103) e et E maEe ol
'The construction of the water discharge pipe -103, .will' be
. described hereinbelow with reference to Figs. 20 and 21.

20 First, the mounting structure of the water discharge pipe
103 onto the faucet body 1 will be described. As shown, in
the state where the faucet body 101 is assembled by fitting
the outer pipe 111 to the inner pipe 112, a cylindrical box-:
shaped water discharge pipe mounting head 102 is fit.ted and

25 fixed to the top portion of the inner pipe 112.

As shown in Fig. 20, the water discharge pipe mounting
head 102 is formed with an L-shaped bent flow passage K
therein. A water discharge pipe screw portion 102a is formed
at one end of the passage K; on the other hand, a supply pipe

30 connection portion 105a connected to the downstream end of jthe
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noi se, for instance. 30 Further, in Japanese Published Unexam ned
WUtility Model .-30-- . Application No. -4-26270, the novenment of an object is
detected by delaying a part of the received reflection signal and by
conparing the del ayed reflection signal wth another -non- del ayed
reflection signal. In this case, however, since no 5 counterneasures are

t aken agai nst erroneous operation due to disturbance; there exists a

probl emin thamilded QReE 2hha@N o dOkifdr d8GSEiy 0Bipe WOt it erofmblNal +1k

t he above-nentioned prior art, the presence or absence of an object (a

human body) i sokbegcend 0f the pats=agend.a | ocal feature of tinme-series

pattern of the reflection | evel. However, when accidental |evel
fl uct uati ons Further, a water discharge pipe fixing nut 109 is fitted

to a hexagonal insertion hole 102b formed at the front surface
5 of the water discharge pipe mounting head 102. The water
discharge pipe fixing nut 109 is formed with a female threaded
portion. With this female threaded portion of the water
discharge pipe fixing nut 109, the base end portion 103a of
the water discharge pipe 103 is engaged through the water
10 discharge pipe insertion holes 111b and 112b formed on the

front upper portions of the outer and inner pipes 111 and 112,
respectively. _ -
- In addition, as shown in Figs. 19 to 21, an cylindrical
water discharge pipe cover 104 is fitted to the outer
15 circumferential surface of the water discharge pipe.103. This
water discharge pipe cover 104 is supported being  pinched
between a cover engage flange ppz.'tion-l_.‘_l'.OSd formed in the outer
end circumferential surface of the water discharge pipe 103

and the outer pipe 111 (the outer circumferential surface of

" 20 the faucet body 101).

Further, a discharge cap 110 having a plurality of flow
straightening plates 126 is removably screwed to the end of
the water discharge pipe 103.

As already explained, since the water discharge pipe 103

25 is arranged in roughly a horizontal direction as already
explained, the water discharge opening 110a of the discharge
cap 110 can been seen easily by the user, so that it is
possible to improve the usability of the automatic faucet A.

Further, the composing elements other than those as

30 described above will be explained with reference to Figs. 20
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ar.e superposed upon the local feature of the tine-series pattern of the
teflection level, there exists a possibility that the faucet is operated.in
spite of the absence of an 15 object-(hands). In order to solve the :
probl ens involved in the prior art technique, the present enbodi nent
conprises a storage section for storing signal values of the hand
sensor S by a predetermned tines; and an arithnetic section for
20 statisticandy 2dal c fhet neferancs gnuienal U3k denmtes a hidischange hole
section, to discrimnate the gﬁasence or absence _of an object on _the basis
V

of the cal cul 5_953‘ AFsithe e o thRematar §E§9E§ﬁﬂﬁt iRk 4085 st93c
value is a vapLaRGReY '{llﬁle@h%&&é&%ﬁ@":i@n d?oﬁ:‘i&i‘%:r Endeyiall gig\éghg\%l%

a 25 conbination wt e varrance value and an average val ue.
Fig. 11, the ahisebbrdel 23lie10108h tarid | éngagEasRItAl tAR ARiEchrFessy Pio;
reflection non-contact active sensor type, an arithnetic section S2 and an
out put secbi oA27 denotes an O-ring interposed between +the discharge

n

mounting head 102 and the inner pipe 112; 128 denotes an O-
ring interposed between the water discharge pipe 103 and the
water discharge pipe mounting head 102; and 129 denotes an O-
ring interposed between the water discharge pipe 103 and the
10 water discharge pipe cover 104.

(Hand sensor S) S

The mounting structure of the hand sensor S will be
described hereinbelow with reference to Figs. 20 and 21.

As shown, in the present eﬁbodiment, the.hag@uﬁensor s

15 is disposed on.the;front;surface;side;qf the .faucet body .101

and under the water discharge pipe 103.. The-hand .sensor S is

substantially composed: of' a: sensor window ;113. formed at the

front surface of the outer pipe-103, .a.sensor. mounting hole

114 formed in the front surface of the inner.pipe 112 at such

20 a position as to cdrrespond-to the sensor window 123, and a
sensor mounting lid 115 fitted to the mounting hole 114.

The hand sensor S is mounted on the inside of the sensor

mounting 1lid 115. as -described above, since the hand sensor

S is disposed under the water discharge pipe 103 and further

25 the light emitting direction is determined downward at an

angle of about 115 degrees, the position at which,thé hand H

is detected by the hand sensor S is located under the upper

edge of the washbowl B. Therefore, even if part of water

hitting the hand is scattered, it is possible to securely

30 prevent the water from being scattered outside the washbowl
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S3. 30

The optical sensor Sl is nmade up of a'light emtting -31-

section S4, a light receiving section S5, and an anplifier section S6. The
light emtting section S4 activates the light emtter 40 to emt li.ght at a
predet erm ned period. The light receiving section S5 outputs the.voltage
signals transmtted 5 fromthe photoelectric sensor 41 to the anplifier
section S6. The arithnetic section S2 is a mcroconputer provided with an
A/ D converti ngl3@nct Fanthes, aast elieaglye@howh inllFELFaBR, Nthé I RANENSEN8br
the A/ D conversion can be controlled by a program The arithnetic section
S2 converts tHe hasl 8y Wight| guirsingp elementy 16Q, aapPryi dathery ons&d-ap

the sampling fg FQUENEY riefl ©1819' ' 8haO% 211 GntY "SOLONVERG Wl bddiZe ' 1Y a1a

5

10

20

25

30

arranged in a straight line in this order in the vertical
direction from above. -

In the construction as described above, when the water
discharge pipe 103 is set roughly in the horizontal direction
as already explained, since the faucet body 101 roughly
perpendicular to the axial 1ine.of the water discharge pipe
103 can be disposed roughly vertically relative to the faucet
mounting surface 130a, the user can see the dry battery used-

up display LED 161 clearly, so that a dry battery 186

'(desctibed'léter) can be replaced with a new one easily and

‘'securely.
.'153ﬁf
" ‘{s"interposed between the light:emitting element 160 .and the

" ““Further, since the -dry:battery:used-up display LED 161

light receiving element: 162, a :sufficient :distance:can be

“maintained between the -light emitting element 160- and the
~ light receiving element 162, so that the "light receiving

element 162 can receive the light reflected by the hand H
securely. ) _ '

In this embodiﬁent, the distance between thé light
emitting element 160 and the light receiving element 162 is °
about 16 mm, and these two elements 160 and 162 are arranged
in such a way that the respective direction axes are arranged
in parallel to each other.'mFurther, the effective light
emission region of ' the light emittiﬁg element and the
effective 1light reception region of the .light receiviﬁg
element are determined in such a way as to become about 15

degrees on both right and left sides of the respective
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-em,tted by the light emtting section S4, and then stores the digital data
in the storage section thereof in tine series fashion. Further, the
arithmetic section S2 calculates the 15 stored data statistically, and
outputs a valve open-close signal to the output section S3 on the basis
of the calculated statistical results. The output section S3 converts the
signals transmtted by the arithnmetic section S2 into a valve drive power

signal 20 andqibepteuhddsed NEmraayeEd By BalEueedrine SWr Shdahbbat! e 5
el ectromagnetic valve B5. Prior to the description of the statistical

cal cul ati ons. @bgrpesncopl doqilt elghtof ahde Teefit ectides| | gfit they erespettrive
various conditions wll be explained hereinbelowwth 25 reference to Fig.
12. Here, it ShBEFELER AResd abaut t3Q eBopHANaET b idih ISR s IR Qider

el et e | ok hoB AHaoRBOunh o AP BREH B As50 SUcHH emsgpton

light level5 region and the effective 1light reception region can be
narrowed on both sides of the direction a;eS'with increasing
distance from the sensor, respectively. _

On the other hand, it is empirically known that the hands
are stretched into a range about 5 to 20 cm away from the

10 water discharge opening. Thérefore, the hand sensor must be
located so as to sense this range. Further, the faucet is
Qenerally formed into roughly a circular arc shape around an
object such as hands. ' Therefore, when the photoelectric
sensor is housed within the. faucet, in order to sense the

15 farthest object : (200 ‘mm), a .distance between- the 1light
"emitting element and thé light receiving element is .d_et_efmined '
less that 200 (mm) x"2 x tan: 7.5(°) = 52.7 (mm). The
'experiment'indicated that there exists no- practical problem
when the distance between both is determined less than 60

20 (mm).

Further, in this embodiment, whgn the light receiwving
element 162 senses the reflection light within 10 minutes
after the power supply has been first turned on subsequent to
the faucet instaliation, since the dry battery used-up display

25 LED 161 is turned on to indicate the faucet mal-installation,
it is possible to indicate that the installation position is
not appropriate (e.g., the light is reflected by the chinaware
at the installation). In addition, it is possible to confirm
the operation of the sensor S at the installation, without

30 opening the main water supply cock (because the faucet is
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increases in the upward direction). 30 . - In standby status, that is, in.
the case where water is -32- not di scharged fromthe spout A2 and -
further there exists no object under the spout A2, as shown by a range (a)
in Fig. 12, since light reflected fromthe surface of the bow is allowed °
to be incident upon the light receiving section S5, the 5 fluctuations of
the reflected light level are extrenely small. In the case where hands are

bei ng washed bysihe 1¥at Siseh Frdir gRdel’ ¥Rd NCor@ L 0h2 _rthlﬁﬁ: Snlkmmmaxnavf

(b) in Fig. 12, the feflected light level fluctuates violently due to the
novenent of thsupplgs cockt ies dcspt ecddsed)er. As describedhabwase Wherds
there exists no hand under the spout A2 and only the water is being
di scharged, si R@8sikdel it previously prevent erroneous execution of the
installation work. -
5 (Automatic faucet éontrol box C)

The automatic faucet control box C disposed under the
lavatory B to supply mixed hot and cold water to the faucet
section Al (shown in Fig. 19) via the mixed'hot and cold water
supply pipe 105 will be described hereinbelow with reference

10 'to Figs. 20, 8 to 26.

As shown in Fig. 20, the_tﬂermostat type mixing valve V
is fized to the wall surface W by both a'hot water pipe 107
and a cold water pipe 108. To a mixed hot and cold'water
outlet portion 170 of this thermostat type mixing valve V, a

15 mixed hot and cold water inflow portion 172a of an integral
formation pipe 172 forméd with a mixed hot and cold water flow
passage 171 therein is fixed and connected. _

Further, an electromagnetic open-close  valve V1 is
attached midway to the integral formation pipe 172. Further,

20 to the mixed hot and cold water outflow portion 172b of the
integral formation pipe 172, an upstream end of the mixed hot
and cold water supply pipe 105 is connected via a supply pipe
connection structure 160.

These electromagnetic open-~close value V1, tﬁe integral

25 formation pipe 172, the control unit F, the power supply unit
E, etc. are all housed in a rectangular box-shaped protective
casing 173.

As shown in Figs. 20 and 28, the protective casing 173

is composed of a first réctangular protective casing 175

30 having a shallow annular rib portion 174 at the
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reflected fromthe inner. bottomsurface of the bow Bl is absorbed by the - _
di scharged water, as shown by a range (c) in Fig. 12 although the reflected .
light |evel decreases, the 15 reflected light lLevel -fluctuates B -
considerably, due to the notion of the discharged water B4, which is an

I ntermedi ate val ue between when the hands are being washed and when not

bei ng washed.- On the basis of the patterns of the reflected Iight 20

Spout A2 or norLeeRRESEeRe PR e LUE URIE 1Y do'TS B SERonTTR: otk

general princigbeshel inkegehilC EortAVIRT pipdICE72 haandf 4 egéeonli gitbteedie
fluctuates accidentally due to disturbance or 25 noise, even if the |ocal
feature of thecgaingri78shavipgy alcdeepecsnandadi b mortian (L46wremovably

ehected | O beuch s Mg ClRRhed LD LS REbe VA e VS Uy
5 protective casing 175 in such a way that an electromagnetic
open-élose value accommodating space 177 can be formed in

cooperation with he first protective casing 175.
In the construction as described above, as shown in Fig.
20, the first protective casing 175 is formed with an opening

10 179 in one upper side wall thereof. Further, a screw cylinder
180 whose base end is formed integral with the integral
formation pipe 172 on the side surface thereof projects
outward through this opening 179, and a fastening nut 181 is
engaged with the projection end of-‘the .screw .cylinder 180.

15 Therefore, when the fastening nut.:181:is rotated, since:the
inner surface of the first .protective: casing~175;:can be
brought into high éressure contact with the. flange 182, formed
at the outer circumference of the screw cylinder:180 of the
integral formation pipe 172, it is possible to fix the first

20 protective casing 175 to the integral formation pipe.172
securely without use of any other fastening bolts and nuts.

On the other hand, as shown in Fig. 26, the second
protective casing 178 can be fixed to the first protective
casing 175 by use of set screws 183 easily.

25 Further, on the upper space of the protective casing 173,
as shown in Figs. 27 and 28,_the control unit F and the power
supply unit E are both arranged. The control unit F is fixed
to the upper wall of the first protective casing 175 by use

of set screws 184.

30 . On the other hand, as shown in Fig. 29, the powex supply
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with the set value), it is difficult to accurately -detect the 30

respective patterns, so that the fact is that the erroneous -33-

operation rate of the object detecting unit is high. Therefore, in the.
present enbodi nent, the presence or absence of an object (hands) within the
detection region by statistically processing the reflected light |evels
Inputted 5 in tinme series and by conparing the noving average val ue of the

reflected |ighynsavek Wd hebiposala Vakus 9&:?*‘%&@@ Ceakal Uggh %ﬂﬁ%ﬁg
val ue. That is, it is possible to elimnate the influence of accidenta

| evel fluctuat adrtadhedextouttng Secomder proteativen caxiogni 178" thrdtdgh an
reflected 10 light, levels. _In addition, it is possible to correct the

change with t hOPRRIEGERFmed mThf thee SidR etatbnofadity 8pcond protective
casing 178, and a plurality of dry batteries are fitted to the

5 dry battery case ;85.
In the construction as described above, as shown in Figs.
28 and 19, a conductive plate 186a is provided at an extension
end of the dry battery case 185. When the dry batfery case
185 is attached into the second pfotective casing 178, the
10 conductive plate 186a can be brought -into contact with a
conductive spring 187 projecting from the control unit F to
the dry battery case 185, so that péwer can be supplied from
the dry batteries 186 to the control unit F and the
electromagnetic open-close valve V1. |
153 . Further, in. this embodiment, the upper opening:of;thé
' integral formation pipe 172 is connected to the mixed hot and
-cold'water:supply-pipe-105_by use of a supply pipe connecting
. structure 180 as explained below. - '
In more detail, as shown in Figs. 20 and 30, the upper
20 end portion of the integral formation pipe 172 projects upward
via an opening 178b formed in an upper wall 1f8a of the second
protective casing 178, and forms a cylindrical threaded
-portion 191 formed with a male thread surface 19l1a on the
outer circumferential surface thereof. In addition, a pair
25 of opposing (spaced at 180 degrees) rotation prevention claws
192 are formed integral with and upper end of the cylindrical
screw portion 191. |
Each of these rotation prevention claws 192 is formed
with an outer circular-arc portion 192a having a diameter the

30 same as that of the cylindrical threaded portion 191 and an
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the inner bottom surface of the bow and the deterioration.of the sensor
‘sensitivity, by updating the set value used -for conparison-wth the
averaged val ue on the basis of the average 15 value obtained in the
standby status, wth the result that an object under the spout can be
detected reliably. In nore detail, in the standby status, light is emtted
by the light emtting section S4 of the optical sensor S1 at 2 Hz. The

out put vol t agegn@fideN €1t /Horftaeh IgHb IASEN Ofh Bl sucsompl ed in
synchronismwith 2 Hz, A/D converted, and further stored in the storage

section in. time serioss thesoter Fhantler asarshoay dgeFigd ud0ana cyldmdirismal

val ue are both ca cul%égd on the quIS of 8 data o¢btained %%returnlng back
fromthe | atesf® is mounted \on the,cyhindrigal theeq 191.

ooy oo Sk larkbaa BEIo) £0.PbERed YR ARG B Weion
| evel (the beveb3ef Hawlig r&d | eckeflgl 193d httached to the circumferential
surface thereof and fitted into the cylindrical threaded
portion 191, a non-circular flange portion 193b whose two
opposing circu:hferen’cial surfaces are chamfered so as to
provide two middle large-diameter portions, and an upper
10 supply pipe connectién portion 193c of bambop sprout shape.
"In the construction as described above, when the lower
fit portion 193a of the cylindrical socket 193 is inserted
into the cylindrical threaded portion 191, both the chamfered
portions of the middle large-diameter flange portion:193b are
15 brought -into surface contact with. the . inside-:flat-.portions
- 192b of'the*rotation'pfevention claws:192.:~Therefore, it is'
possible to prevent the cylindricalrSOerfilgsffrom being
rotated relative to the cylindricalxthreadéd?portion 191.
- On the other hand, an upstream end opéning-of the mixed
20 hot and cold water supply pipe 105 is connected to the upper
supply pipe connection poftion 193c formed at the upper end
of the cylindrical socket 193.

Further, a taper éhaped cap-nut 194 formed with an inner

large-diameter female t_hreaded surface 194a and an inner

25 small-diameter sliding surface 194b (both shown in Fig. 20)

is slidably attached to the outer circumferential surface of

the upstream end side of the mixed hot and cold water supply
pipe 105.

Therefore, aftér the cylindrical socket 193 has been

30 fitted into thé cylindrical threaded portion 191 and after the

-67-



&

bow surface). After that, whenever the variance value is. 30 |less than 1,
tche reference |level stored in the storage section -34- I-s updated: In
t he above-nenti oned counting.operation (for updating the reference |evel)
is maintained only for 30 sec, and the time is not counted after 30 sec.
Further during counting, if the variance value reaches 2 or nore, the
counter 5 is reset. As described above, in the standby- status, since the

data related teaphewitef194t hag bae &f1dhackhwbirdr Yoy e&zérgm\hﬁe a1 -
surface can be updated for each light em ssion, it is possible to correct
t he change i n ddameteirosliidingr surfate 194bs wlen cthd langebaliankitar fdwale

deterioration O teh e%pt Is&qufaggnslogr4a81is screwed with the male threaded
surface 191a of the cylindrical threaded portion 191, since

5 the rotation of the cylindrical socket 193 can be perfectly

stopped by the rotation prevention clawé 192, it is possible

to strongly connect the cylindrical socket 193 +to the

cylindrical threaded:portion 191, so that water tightness

between the cylindrical +threaded portion 191 and the

10 cylindrical socket 193 can be sufficiently maintained.

'Further, in this case, since the inner surface of the cap

nut 194 brings the mixed hot and cbld water supply pipe 105

into pressure contact with the bamboo~sprout shaped upper

_ supply pipe connection portion of the cylindrical socket 193,

- 15 the water tightness between . the . mixed.: hot- and .cold water

supply ‘pipe 105: and “the -cylindrical_;socket~;193_>can be
sufficiently maintained. N Foov oo s

- Further, in this embodiment, as shown. in Fig.. 26, since

the outer circumferential surface of i:he cap nut 194 is

20 knurled, it is possible to connect or disconnect the mixed hot

.and clod water supply pipe 105 to and from the cylindrical
socket 190 manually without use of any tools (which would
.otherwise damage the cap nut 194 and the mixed hot and cold
water supply pipe 105 both made of resin).

25 Further, in the present embodiment, the following
connection reinforcement structure is adopted such that a
socket 294 connected to one end of the electric cable 117 can
be strongly connected to an input plug 195 of the control unit
F. .

30 In more detail, as shown in Figs. 26 and 31 to 33, a
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Further, in the standby status, when the difference between the average

val ue and the reference val ue exceeds 4, the sanpling frequency - (the sane
as the light emission 15 frequency) is changed to 16 Hz for preparation of -
enhancenent of response characteristics to the object (hand) detection.
However, when the light is emtted at 16 Hz by 16 tinmes repeatedly w thout
satisfying the first condition (described later), the frequency is returned
to 2 Hz. Furtmelinﬁemcam&éﬁeﬂi;Bdetmmel%atm\reenchesmngragﬂ.amlrwﬂn@\ﬂm
reference val ue, exceeds 4 before the |i is emtted 16 tines, the counter
starts to counflegk-shapedeinpytonlug igﬁeﬁaéameéegnﬁﬁgﬁglf@m # aiddde

Condi 11 ons ( 1y PSKEORoyend S7HR 8 (AR s RbeR Sl vl 19 cf B
level + 8 (2) é@Iiﬁ&ffc&@'é@réﬁrﬁdréié& 1r9€60‘:’.§t ?.Qrﬁaaewiaara %nldTRs th!i-eta'&‘éd
standby status at 16 Hz as descri bed above,

* 5 portion 196a in an inner surface thereof

On the other hand, the one end of the electric cable 117
is connected to a flat 'rectangular block-shaped socket 194
similar to the input plug 195. An inside split cylinder 197
is movably attached to the outer circumferential surface of

10 one end of the electric cable 117.

The inside split cylinder 197 is formed with a body
cylindrical portion 197b and a small-diameter cylindrical end
portion 197a formed on the side opposite to the input plug

. 195.. . Further, a .plurality of code push claws 197c are

15 .. projectingly arranged in an :Lnner,ci;@:umferep!:j.a}__sq:face of
the connection po:_ction' between the cylindrical end portion
197a and the body cylindrical.portion l197b at. regular angular
_intervals in- the - circumferential direction thereof. The
respective code push c;aws 197¢c extend toward the center of

20 the electric cable 117 so as to be slidable in contact with
the outer circumferential surface of the electric cable 117.

Fixrther, the inside split cylinder 197 is formed with a
pair of cutout portiops 1974 along the split surface thereof
on the side of the input plug 195.

25 Further, an outside fastening cylinder 198 is slidably
and coaxially fitted to the outer circumferential surface of
the inside split cylinder 197. The outside fastening cylinder
'198 is formed with a male thread portion 198a e_ngaged with
female thread portion 196a of the cylindrical threaded portion

30 196 on the side of the input plug 195-, and with a tapered
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‘the above-nentioned first condition is satisfied, the 30 arithnmetic section
S2 discriminates that the hands are present -35- under t-he spout A2, and
the valve V is opened to discharge water fromthe spout A2. As descr.i bed
above, after water. has been di scharged fromthe spout A2, when the
follow ng second condition is 5 satisfied, the valve.V is closed to stop

di scharging water. After the discharged wat er stop, when light is emtted

at 16 Hz by 48 ghisTas JieAlerd! Y: Qi?‘:{ c%lseéﬂaa}ﬂ'%?d%lgébheoh' 9bhe side

em ssion and the sanpling frequ he 1i m ssi on frequency) IS

returned to thepposditealta? tvhe i:tﬁ:ut plugThEgs.econd condition inplies that

both of the followng conditions (1) and (2) are satisfied.
Accordingly, after the socket 294 of the electric cable

117 has been mated with the input plug 195 of the control unit

5 F with an appropriate looseness, when the male threaded
portion 198a of the outside fastening cylinder 198 are engaged
with the female threaded portibn 196a of the cylindrical screw
portion 196, the outside fastening cylinder 198 is strongly
fixed to the second protéctive casing 178 through the thread

10 engagement. Further, since the cylindrical end portion 198b
of the outside fastening cylinder 198 is brought into contact
with the cylindrical end portion 197a of the inside.split
cylinder 197 to reduce the diameter thereof, the code push
élaws“197c can firmly catch the outer circumferential surface

15 " of the electric cable’ 117 so that:the electric cable 117 can

be clamped strongly. - e
" 7" Further, in this case, since the socket 294 conhected to

one end of the electric cable 117 is pinched between: the two

cutout portions 197d formed at one end of the inside split

20 cylinder 197, it is possible.to prevent the inside split

cylinder 197 from being rotated together with the outside

fastening cylinder 198 securely, and further to reduce the
diameter of the inside split cylinder 197 securely.

Accordingly, since the electric cable 117 can be

25 connected to the second protective casing 178 strongly via the

inside split cylinder 197 and the outside fastening cylinder

198, even if a strong tension is applied to the electric cable

117 by an inadvertent operation, it is possible to securely

prevent the socket 294 from being removed from the input plug

30 195.
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(1) Average value [err] Reference level + 4 (2) Variance value [err] 3 is
<repeated nore than 4 times Further, after water has been stropped from
‘being 15 .'di scharged, before the light em ssion at 16 Hz and the sanpling
reach 48 tinmes, if any one of the following third conditions is satisfied,
water is discharged again. The third condition inplies that any one of the
foll ow ng conditions (1) and (2) is satisfied. 20 (1) Average val ue

[err] Reference | eyel (2 Lanc ue [ s.Lepeated no t han
10 tinmes As descri ‘éﬁtgﬁﬁ\'/e QSSI%% g'nt ?#"r%l c dl t‘fqb ﬁﬂaﬁf \Hﬁ'l @\g?ef"% s
di scharged agahpmbgned! y &h Valrefy s OpRe |

di scharged i sﬂéet%r m ntet?ﬁ!t E%nde? %ﬁ?ﬁ sevgr &ggjr:]%?%l gﬁ %ﬁ%oﬂg&f %rglgface
condition, itthergossi 4hé thepseckat 294eisoﬁemmedow¢thtannedastha engage

di st urbance i medi ately after water discharge has been stopped. Further, in
t he above- nenkeeked4abedrsticaliye %ﬂﬂq e with the engage projection

5 195a. Therefore, it is possible to prevent the socket 294
from being removed from the input plug 195 by the hook
engagement.

Further, as the' empirical data, the. tensile strength of
only the engagement between the engage hook 294a of the socket

10 294 and the engage projection 195a of the input plug 294a is
about 40 N. In the case of the connection reinforcement
structure of this ‘embodiment it is possible to obtain a
tensile strength of about 5 times larger than that the above-
" mentioned value’ (40 N). TRt Yo vm o Ulsrae

"15 " “Further:” “as shown 4n° Fig4. 20,733 "and*34,2~1in “this
eiﬁbodiment,' the mixed hot ‘and cdold ‘water -outlet portion 170

' ‘of ‘the " thermostat “type' mixinhg-“valve V:is “strongly and

" removably connected to ‘the mixed hot-and cold water inflow
portion 72a of the integral formation pipe 172 by a pipe

20 connecting structure having a pipe connecting metal fixture
Q as described below.
| As shown in Fig. 33, a connection flange 201 is fixed to
an connection end of the mixed hot and cold water outlet
portion 170, and a connection flange 202 is fixed to the

25 connection end of the integral formation pipe 172.

On the other hand, as shown in Fig. 33, the pipe
connecting metal fixture Q is formed into a U-shaped (opened’
on one side thereof) metal fixture body 205 composed of a pair
of opposing outward bent members 203 and an elastic U-shaped

30 connection member 204 all formed integral with each other.
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frequency or the light em ssion frequency in the standby 30 status is
determned to be as such a |low frequency as 2 Hz for -36-". econom zati on
of power consunpti on. ‘However, when power saving is not required, it is
al so possible to increase the frequency in the standby status up to 16 Hz
(the same as the frequency in the standby status) to inprove the response 5
characteristics. In this case, the programcan be nore sinplified. In

contrast with inhes opeifirgy fwidfierw DO¥eEhacopaniag! portidpn’ U4 'Sd thd hétal
al so possible to set the sanpling frequency to 2 Hz during not only the
st andby st at us fiistuaies o bdiyi N@0Sheis0 determdnedhasmallén tthhancatbeofo’ter
e hovever . oYt 0 SRS AenS. n Bl il SWTLAS 508 tesl Sy
restart are
Further, both the outward bent portions 203 are both formed
5 with a rectangular cutout portion 207 at the middle portion
thereof, respectively in such a way that the outer
circumferential edges of the connection flanges 201 and 202
of the mixed hot and cold water discharge opening 170 and the
integral formation pipe 172 can be both engaged therewith,
10 respectively.

Therefore, after the end surfaces of the connection
flanges 201 and 202 have been brought into contact ﬁith each
other, the outward bent portiqnsﬁzos_of the pipe connecting
metal fixture Q are opened against.;hgjé;gstic force of the

15  U-shaped. connection memberu204m§pq f;;tedvtq the-bofh“side
circumferential edge_pért;ons_pf_the‘connectioh f;aﬁges’écl
and 202 beyond the dead points,:respeqt;velyf“ Thgn; since the
both side circumferential edgeiportigns_of the connection
flanges 201 and 202 are engaged with the recténgﬁlar_éutouts

20 207 forméd in the outward bent members 203 respecti?ely, it
is possible to connect the. connection flanges 201 and 202
together firmly by the pipe connecting metal fixture Q. As
a result, as shown in Fig. 34, it is possible to connect the
integral formation pipe 172 to the mixed hot and cold water

25 outlet portioﬁ 170 of the thermostat type mixing valve V.

Here, as shown in Fig. 33, a hook shaped rotation
preventing projection 208 is formed integral with the outer
circumferential surface of the connection flange 202.
Further, as shown in Fig. 34, this projection 208 is fitted

30 to a recessed portion 209 formed inside the U-~-shaped
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establ ished, respectively, it is preferable to increase the sanpling
frequency (e.g., at about 7 .nsec period) tenporarily in order to reconfirm-
the establishnent of the condition 15 quickly and to inprove the. response
speed of the water discharge start, stop and restart. Further, in this
enbodi nent, although the averageval ue and the variance value are both used

I n conbination to discrimnate the presence or absence of hands, it is

possi bl e 20  t @okpBeR1idh? Rgfbérd 2042 4HeR W%iﬁumbct%@%asiﬂ&m

vari ance value and the deviation value, 1t Is al'so possible~t I scrimnate
hands on the b@si 4sof fdrdted hetorosthe pdadrmectiorct £dangeght 20avelandnd 202

reference | evel (an average value in the standby status). Further, the
vari ance val ueT&fReStivedy - st FREFEWR/ ot FP1ER LRf R NBET AV, SPEFEI stitc dis

value oLl T ORSSRILIAL£8 BEefBECI0Nh M dedladh B4 i B ket
additi0h3| SPenath®neiftus8ni 181 AGtate@NbY Widdgh water pressure, with the
' result that the metal fixture W collides against the
protective casing 173 into damage.
Further, when the thickness of the protective casing 173
is increased, although the trouble with such a démage as
10 described above can be prevented, since the manufacturing cost
of the protective casing 173 increases, there arises another
problem from the economical point of view.
Fuither, the work for mounting the protective casing 173
onto the integral formation pipe ‘172 is usually effected
' '15 within a narrow space. Therefore,: when the ‘wire connecting
metal fixture Q rotateg, the metal fixture Q is obstructive
fo the mounting work. In this embodiment, howeQer,:since the
pipe connecting metal fixture Q is' prevented from being
rotated .securely, it is possible to mount the protective
20 casing 173 éo the integral formation pipe 172 easily and

' securely. .
Further, as shown in Fig. 33, in this embodiment, one of

the connection flange 202 is further formed with a pair of
opposing engage recessed portions 209a, and the other of the
25 connec;tion flange 201 is further formed with a pair of engage
projections 209b on an annular end surface théreof so as to

be engaged with the engage recessed portions 209a.
Therefore, when the engage projections 209b are engaged
with the engage recessed portions 209a, it is possible to

30 determine the direction of the electromagnetic open-close
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of .t he stat us. For instance, when the hand stretch is 30 detected in the
standby status or when the hand renoval is -37- det ect ed during water

di scharge, the additional data are further sanpled a fewtines (e.qg.

twice) to check whether the detected status is kept continued or not.

Only when the continuity has been confrrned the wat er di scharge nust be 5
started or stopped. Further, in this case, is preferable to execute the

addi tional sanpliigg 9% ﬁoﬁ#é%ﬁ(?éﬁﬂs%lz@?gg%ﬂgﬁ Fodflatdch p1feFS) Iih Y

to increase the response cha wat er arge start or

~stop. Further, wordishe fSeahdier embb@imMéhtanGHintd Uehantrdtettomngaietehtion
~devi ati on value are not used, in the determnation of the reference |evel,

it is necessar projecttdorn @8t han baéclocated at the front side (on the right
side in Fig. 20), it is possible to facilitate the mounting

5: and dismounting work of the electromagnetic open-close valve
V1.

Further, as shown in Fig. 20, the present embodiment is
characterized in the mounting structure for mounting the
electromagnetic open-close valve V1 on a mounting base 210

10 formed integral with the integral formation plpe 172.

As shown in Figs. 20 and 35, the electromagnetic open-
close valve V1 is 'composed of a diaphragm valve 211, a
diaphragm valve push plate 212, and an electromagnetic open-
close valve driving section 213..

15 - On the other hand, as shown in Fig. 35 when a bleed hole
215 (into which a clearing pin 214 is inserted) is clogged

-with refuse, in order to take off the refuse it is;neceseary
to loosen the mounting bolts for removal of the electro-
magnetic open-close valve V1. In this removal work, slnce the

20 aiaphragm valve push plate 212 is strongly adhered onto the
diaphragm valve 211, there exists such a case that enly the
electromagnetic open-close valve driving section 213 is
removed, while 1leaving the diaphragm wvalve 211 and the
diaphragm valve push plete 212 on the mounting base 210.

25 In this case, however, as shown in Fig. 20 since the rear
end surface (the right side in Fig. 20) of the diaphragm valve
push plate 212 is flush with the upper edge of the mounting
base 210, it is impossible to engage a removing tool with the
diaphragm push plate 212 under these conditions.

30 To overcome this problem, in this embodiment, two
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di f.f erence between the nost updated data and the average value lies within
a snmall range in order to confirmthat the standby status is kept stable. -
15 O else, it is also possibleto elinmnate the occurrence of the
erroneous operation by starting and stopping water discharge on the basi's.
of both the conparison result between the nost updated |level and a '
reference | evel (a neans val ue not including the nost updated val ue) and

the conparison asutboPel t e g ugal
level and a prgég?gr m§ne%io?hr§§§ﬁgr%8§a$€§eé%nﬁt'%%sf%aéggl as w Ybe &f]at
.expl ai ned w t hthef eeancendo surEack/ of Ntits diaplioradih evalpé pleh’ gL P12,
~wat er discharge and water stop caused due to the fact that an erroneous
‘val ue has been28t ghewnaint Fégsef 36cand 3. level, it is preferable to

has counted a predelBFRPRGHSyatho thds EBRPETBONT 1 |t f POSE LG crcb aaR Ly

‘vater di schar ggng@rdt sheCanal SN TdiRAGRIFEBEE L YES Uhe tool insertion

spaces 216, so that the diaphragm valve push plate 212 and the

diaphragm wvalve 211 can be both removed easily. Therefore,
refuse can be took away easily from the bleed hole 215.

. In the present embodiment, it is possible 1:0 adopt the

10 same control as that shown in Figs. 13 to 18. Figs. 37 to 39

show a third embodiment of the present invention.

As shown in Figs. 37 to 39, this third embodiment
according to fhe present invention is characterized in that
the thermostat -type mixing valve V. .is - disposed :under the.

15 faucet mounting surface 330a, without housing.the mixing valve

V in the automatic con*i:rol- box C.': >» isaron 00 agin

" In more detail,  as" shown:in :Figs. 37 -and 38, the

' automatic faucet A related to the:rpresent: emb.o_d-im_ent. is

composed of a faucet section Al, an automatic faucet control

20 box C, and a thermostat type mixing valve 'V disposed

separately from the automatic faucet control box C. The

faucét section Al is mounted on a faucet mounting surface 330a
formed at the rear portion of a washbowl 330 of a lavatory B.

The automatic faucet control box C is disposed under the

25 lavatory B and supplies mixed hot and cold water to the faucet

section Al through a mixed hot and cold water supply pipe 305
formed of a flexible resin tube (e.g., vinyl chloride tube).

The faucet section Al is composed'of a faucet body 301
mounted on the faucet mounting surface 330a under frontward

30 inclined condition, a water discharge pipe 303 having a base
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Fig. 13 shows a flowchart of a main routine for executing 30 the
above-nenti oned procedure. In step (S50), when the power -38- -~ is turned
on, control of the arithnmeti¢ section S2 starts to execute the main routine
conposed of steps from (S51) to (S55). When control circulates through this
main routine, it is possible to actuate the automatic faucet, that is, to 5
di scharge water fromthe spout. In step (S51), the frequency for '

circul ating théﬁaggbrblj@dﬁl iy "©tém NEhé dgaatelebodyt SO 4t tRécuppes ifront
Fig. 14 later) is decided. In step (S52), the tinme is adjusted (by waiting) -
so that cont ropo@myonhefarthtehrfwcetsbodyoﬁosm apdn aciheodl sepsor Shiddsposed

rsriainger;)ﬁg Bgr?gﬂ gefé uen%og sur aclgz)ofdet e nv}a ed ItﬁscthapréeSSpl pe I?(Sf.

On the other hand, the automatic control box C
5 accommodates an electromagnetic open-close valve V1, a control
unit F, and a power supply unit E, etc.

The thermostat type mi:-:ing valve V is mo.unted
substantially on the reverse surface of the faucet mounting
surface 330a, and a temperature adjusting handle 400 is

10 disposed on the faucet mounting surface 330a.

The piping structure will be explained hereinbelow. The
hot water inlet portion of the thermostat mixing valve V is
connected to a hot water supply pipe 307 connected to a hot
water supply source, and the cold water inlet portion ‘of the

15 thermostat mixing valve V is_,c'onpecte_c_i;to a cold water. supply
pipe 308 connected to ‘a cold water supply source. =
. On the other hand, a mixed hot and cold water outlet
"portion is connected to an  inflow opeﬁing of "an integral
formation pipe 372 disposed in the automatic control box C via
20 a mixed hot and cold water supply pipe 406.

In the construction as described above, whenever the user
stretches his hands into the washbowl 330, the hand sensor S
is activated to output an output signal. On the basis of this
output signal, the control unit F opens the electromagnetic

25 open-close valve V1, so that mixed hot and cold water whose
temperature is adjusted appropriately by the thermostat type
mixing valve V is discharged from the water discharge pipe 303
into the washbowl 330 through the mixed hot and cold water
supply pipe 305 and the faucet body 301, so that the user can

30 wash his hands by the automatically discharged water.

-76-~



at.16 Hz and 500 nsec at 2 Hz and further the processing tine required in
steps (S51) and (S53) to (S55) is about several nsec, respectively, alnost
all the tinme required to circulate 15 -through the main routine is used in_
this step (S52). In step (S53), the sensor emts light, and the data are
stored. Further, in step (S54), the data are processed statistically
(described later in further detail). In step (Sb55), subroutines. for

controlling water ffe WageRodUScRALgUAl fedt F6H YUEhe! RRLEE A DXEKAESE ibe
the basis of the statistical data obtained in step (S53). Fig. 14 shows a

subrouti ne. (t h808et 48| edetevnivede pdughdyst@wriwsod fHromwithehi hpriwontal
frequency. Cbnarol'QLrst checks whet her water is now being discharged in
step (S58) andIth8F38M-checks whether 3 sec is not el apsed after water has

e e uonelE B s SO 15E1g1 008 oknd SEEBLELYR SR (AL
(S58) and (S59fischarge opening 310a of the water discharge pipe 303 is so
set that a downward angle © beﬁhegn the water discharge line
‘L; and the virtual horizontal line L, lies between 0 and 35
degrees.
Therefore, the mixed hot and cold water discharged from
10 the water discharge pipe 303 can be discharged along a
parabolic locus, so that it is possible to broaden the hand
or face washing space within the washbowl 330 as broad as
possible.
As a resulf, it is possible to prevent the washing space
15 from being narrowed when the water discharge pipe 303 extends
toward the front portion of the washbowl. 330, with the result
that the usability of_the=automatic;gauggtmaiggq“pgligproved-
"In addition, since the hands H can be.moved_fyeély, it is
possible to hit the discharged hot and cold water against not
20 only the finger ends but also the whole palms of the stretched
hands H, so that almost all the amount of the mixed hot and
cold water can be used for washing. As a result, the hands
can be washed by a small amount of water, so that it is
possible to economize the amount of water used for hand
25 washing.
Further, since the frontward projection distance of the
water discharge pipe 303 can be reduced, it is possible to
eliminate or reduced a feeling of oppression caused when the

water discharge pipe 303 extends toward the front portion of

30 the washbowl 330.
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_ are not both sati sfied, controL-pkoceeds to step'(S60). 30 I'n step

*(S60), if the average value is equal to or nore -39- ‘than an addition of
the level of light reflected fromthe bow surface) and 4, control proceeds
to step (S61). If not, control proceeds to step (S63). In step (S61), the

frequency circulating through the main routine is set to 16 Hz. In step 5
(S62), the 16-Hz counter for counting the nunber-of circulations at 16 Hz

i's reset, and cont eg+88eS gy S SﬁZ)n{;Q SBYD aneb X, Sémvw«%%t Eﬁea\lzﬁftage

val ue is approximte to the reference |evel, control check
frequency. is dmsd:ﬁatlgeoopenﬁ.ngl 3l0atof 6théz ;wdtert dischdrgs hpdpe 30X anSe3) .
control confirms 2 Hz in step (S66) and ends the subroutine
seen by the user the user can stretch his hands H toward the
water discharge pipe 303 easily and accurately, so that it is
5 possible to improve the usability of the automatic faucet A
from this point of view.

Further, as shown in Fig. 28, since a constant flow rate
valve 306 is interposed between the thermostat type mixing
valve V and the mixed hot and cold water supply pipe 305, even

10 if water pressure fluctuates, it is possible to prevent the
mixed hot and cold water beyond a predetermined amount from
being discharged from the'water discharge opening 310a.

Further, the other construction of the second embodiment
will be described hereinbelow. In this embodiment as shown,

15 a'séhsor‘mouﬁting cover 403 made of synthetic resin material
'(éﬁé.,'plasfic)’is”reﬁovably attached to the substantially
f'everse "surface of the cast metal fixture body 402, and
further a supply pipe accommodating space 404 is .formed
between the metal fixture body 402 and the sensor mounting

20 cover 403. '

Further, the water discharge pipe 403 is attached to the
end of the faucet body 301. A discharge pipe mounting metal
fixture 405 is connected to the mixed hot and cold water
supply pipe 305 extending along the supply pipe accommodating

25 space 404 at the base end thereof. Further, an end of the
discharge cap 310 is attached to the water discharge pipe 303.
As already explained, the water discharge opening 310a of the
water discharge cap 310 is so set that the downward angle ©

between the water discharge line L, and the virtual horizontal

30 1line L, lies between 0 and 35 degrees.
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in_step (S67). If 16 Hz in step (S63), control checks whether the 16-Hz-
counter counts 16 or nore in step (S64). |If less than 16, 15 control N
i ncrements the 16-Hz counter in step (S65), - and proceeds to step (S67).
In sunmary, control counts the nunber of tines of light enission at 16 Hz
in spite of the fact that the average signal valueis less than (the
reference | evel + 4) whenever control 20 circulates through the main

routine. In step (Sgdrthehen £he hAnk? SEMEBLT SCOUt fiodRteOHH Oi:har%%&
to step (S66) to set the frequency to 2 Hz, and end the subroutine in step

(S67). Fig. l5mehowing vadwer dAO8harays cant end subr thei redgc3aS)c 2ablbki 317
subroutine is Eﬁow -ded with a function for updating the reference |evel.

That is, when BKESPILPgn@dang (the ssupRiy PdRS aqemmadating nspeeg @GA0Ws
atinmer is aCt{:&ﬁh&Qteéf 8 +32 %%%dh%%nl%%‘?:n Se_l apsed in step (S71Y), the

reference | eve .
5 Further, as shown in Fig. 38, two water stoppers 410 and

411 are provided at the upper portions of the metal fixture
body 402 and the sensor mounting cover 403 in such a way as
to pinch the water discharge pipe 303. Therefbre, it is
possible to securely prevent scattered water from entering
10 into the faucet body 301 and further from flowing downward
along the electric cable 317, etc. As a result, 'it is
possible to prewvent such a trouble that the floor is wet and
thereby corroded. - _

" Further, with respect té-the.composing elements of the
©-15 -automatic faucet A related to:the ;second .embodiment;.which: are
“the' same as with thecase of the . -sego.z_;qzembodime.ntWIZOO is
" added to eaéh- of the reference numerals- attached in the second
,embodiment.- ‘Further, the same -control method -as- disclosed
with reference to Figs. 13 to 18 can be.adopted to this

20 embodiment. -
According to the structure of the second and third
embodiments of the present invention, the following effects

can be obtained:
(1) Since the discharge direction of water discharged

25 from the discharge opening is directed slightly downward from
the horizontal direction and further since the water is
discharged over the washbowl along a parabolic locus, it is
possible to broaden the hand or face washing space within the
washbowl as broad as possible. As a result, since it is

30 possible to prevent the washing space from being narrowed by
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is.updated in step (S72) and proceeds to step (S80) (described 30 later).
Further, if the tiner is less than 30 sec in step -40- - (S71N), control
proceeds to step (S80). - Further, if the variance value is.nore than 1 in
step (S70N), control sets the tinmer in step (S73) and proceeds to step
(S80). In step (S80), control discrimnate the water discharge 5 status
fromthe spout A2. If water is being discharged in step (S80Y) and further

the variance v&heewatetyddlscharge Ipdye,! e hdabidity (03BkHe fid®lcan be
increments the first counter in step (S82). Further, when the first counter

reaches 4 in si@progedy) Bumther: n@%émm v:enubeumo'eq&afreeylmrtdv@si
L0, puran an Addhtl A8eShathge DS ARACOhENCknERl IrhD SLS (B e OIKLR by
a small amount of water, thus economizing washing water.
5 Further, since the frontward projection distance of the
water discharge pipe can be reduééd; it is possible to redﬁce
a feeling of oppression of the user due to the water discharge
pipe.'
Further, since the water discharge opening of the water

10 discharge pipe can be seen by the user, tﬁe user can stretch
his hands toward the watei discharge pipe easily and
accurately, so that it is possible to improve the usability
of the faucet from this point of view.

(2) Since-ﬁater'pressure~or:flow rate -adjusting means

15 - such as -a constant flow rate valve is disposed midway. in:the
water ‘discharge passagé,uevenﬁif wéter~pressure;fluqtuates,

"~ it -is- possible‘ to prevent mixed:hot;and;éold:waterghgyond a
'prédetermined flow rate from.being discharged: from the water
~ discharge opening.

20 . Figs. 40 to 42 show a fourth embodiment of the faucet
according to the present invention, in which Fig. 40 is a
front view showing the faucet; Fig. 41 is a rear view showing
the same; and Fig. 42 is a cross-sectional view taken along
the line X - X shown in Fig. 40.

25 The faucet related to this embodiment comprises a
cylindrical faucet body 501, and a slender water discharge
pipe 502 mounted on the upper end portion of the faucet body
501 extending being bent like a neck of a water bird. The
faucet body 501 is installed at an appropriate edge position

30 of a washbowl (not shown) in such a shape as to be stood
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valve B5 in step (S85), resets the first.counter in step (S86), and
proceeds to the frequency sw tching subroutine (S99). Further, if the
variance value is nmore than 3 in step 15 (S81N), in step (S98)
controlresets the first counter. O else, if the first counter value is
less than 4 in step (S83N) or the average value is nore than an addition
of the reference level and 4 in step (S84n), control proceeds to step
(S99). Further, when the water is_being stop in step %S8ON); 20 control
starts neasuri Ngrthcaddder being tinelpredor i Aidtde (Exentwprd-he vEBRi dfhis

acond count or IPASPERLcB SR Y., RuS, AR LT HiRerFRR Shap b FES fptred ot

3 sec in step ¢RA0EnANEEl WHewatEp JWEHhrgdNpHie ' 602heSs 4direstBl ZRust
(S91Y), control outputs the valve open signal to the
el ect ronagnet i dowaleerdR5 son thadp ¥I8923xis cdec0f the didschdrgedntwatem ssttxam
(S93), and gt ops HEea g e el e T a8 1Y BBy R of
. the flow rate of the discharged water. The position of the
water discharge opening 503 is determined sufficiently high
from the bottom of the washbowl and sufficiently away from the
faucet body 501, so that it is possible to provide a
10 sufficiently broad hand washing space under the water
discharge.opening 503.
The detailed structure of this faucet is omitted herein,
becauselbéihg Sﬁbétahtialiy the same as that of the other
_ "’"éﬁiS&iﬁéhééTéifééhi‘éﬁpiéiﬁéa;-éicepf SOme”mddifications'for
; .15?”;;aiiéihéﬁfﬁéi&ﬁiéuéxgﬂgbejand*soﬁéiféarrénééméﬁféafﬁﬁaeéign.
: Thei'efore, : o_rﬁy thé -'ml'i.a‘nci"géﬂ's'c.)r-Swv;:fli'f'ﬁe? described in ‘further
The hand sensor S is housed in the faucet body 501. A
window.504 is formed in a front surface wall of the faucet
20 body 501, and a light emitting region 505 and a light
receiving region 506 expand-' toward a frontward hgnd washing
space throixgh the window 504 roughly iﬁ parallel to each
other. The region at thch the light emitting region 505 and
the light receiving region 506 of the hand sensor S are
25 overlapped with reach other is detection region within which
an object can be detected. The directional axis 4 of this
detection region lS adjusted so as to intersect the axis W of
the discharged water stream.

Fig. 43 shows a positional relationship between the hand

30 sensor S and the dischérged.Water stream axis W extending from
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value is less than 4 iin step (S91N), control proceeds to step 30 (S96).
Further, if the variance value is less than 6 in step -41- ( S88N) ,
control resets the second counter in step (S95). If the average value is
equal to or nore than the addition of the reference level and 8 in step
(S96Y), control proceeds to step (S92). Further if the average value is
| ess than the addition 5 of the reference level and 8 in step (S96N),

control returnghe Wdteriisdiitdd openind'ego3 f the water discharge stop
period is less than 3 sec in step (§50N) and further the second counter

val ue i s equal to oHeuns,e watax sm:opnexpepi(néﬁ‘r)s havetbedn pnaﬁmedsfter siegier
(S92). If the second counter 10 value is less than 10 |jn ste N) ,
cont rol proceei?qz e§Pb§ P§§@F.t° discharge by approaching thé)hands to the
faucet, on condition that three parameters are changed within
5 the following ranges:
55 <2 <80, 20sLs<50 65 <86s90°
where £ denotes the distance between the hand sensor S and the
discharged water stream axis W; L denotes the vertical
distance between a start point of the direction axis of the
10 detection region 507 of the hand sensor S and the water
discharge opening 503; and 6 denotes the angle between the
directional axis 4 of the detection region 507 of the hand
sensor S and the discharged water stream axis W.
Further, the amount of flow of discharged water is kept
--15 .constant.at.$ litter/min, a water straightening element (a
ratio of the diameter D to the water path 1ength is r— 1. 2)
is used. Further, £ and L have been changed for each 5 mm,
and 6 has been changed for each 5 degrees._
The test results indicated that erroneods operation will
20 not occur as far as the following ranges can be satisfied:
(1) ¢ 2 70 mm in all ranges of 6 and L
(2) ¢ 2 60 mm and 35 mm <L < 45 mm in all range of @
(3) 6 < 70° in all ranges of £ and L
In the faucet of the present invention, since the
-25 discharged water stream is determined at a constant position
irrespective of the flow amount of the discharged water, the
distance between the hand sensor and the discharged water
stream axis W is kept constant. Therefore, it is preferable
to design the sizes of the faucet and the washbowl under due

30- consideration of the above-mentioned experiment results.
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Fuct her, the count value (A) of the step (S82) and the count val ue (B) of
t-he step (S89) both -for counting the variance val ue exceeding a
predeterm ned value are deternined 15 as val ues for checki ng whet her the
variance value is kept for a predeternmined tine period or not. Therefore,
‘it is possible to adjust the severeness of the conditions by changing

t hese count values (the reference values). Fig. 16 shows the exanples of
the reflected |ight Fuetpler2Oid thils aMBoadfend, UQtei§\t\}ﬁ6§§iblén€'ot5@opt the
variance value f thereof. Wth reference to Flg 16 en the

above- nment i onegfpiresmendidnedo contand methadht | sfi ed mnth respect to the
average val ue and t-he vari nce ue_at tine T1, water 25 1is
started to be di schirg&d. 4 I?Ptﬁ% SBS?evéﬁﬁﬂﬂﬁuﬂpé?ér %@% ¢4l e hand

drops bel ow thge}l;gsesuelaa EGY the [SLESREEE "ot adford By (X Ung TRNLA:

Fig. 15 at tine si nce variance value 1s
st opped from bghizgntion.

Fig. 44 shows an exaﬁple in which the hand sensof S is

mounted at a position upward from the watei discharge opening
602 on the faucét body 601. The directional axis d of the
detection region of the hand sensor S intersects the
10 discharged water stream axis W, and the intersection angle ©
between the axes d and W is adjusted less than 70 degrees for
prevention of the erroneous detection of discharged water.
Fig. 44 shows an example in which the directional axis
'd of the detectibn.regibn.is so adjusted. as to be reflected
15 <£rom the bottom surface:of the_wéshbqylthin a direction away
from the faucet 601. fn;this,modificationé it is.possible to
further reduce'a.possibility that: the washbowl.is detected as
hands erroneously.- .
Fig. 45 shows an example in which the.directioﬁal axis
20 dl of the light receiving region .703 of the hand sensor S
intersects three discharged water streaﬁ axes Wl, W2 and W3.
Fig. 46 shows an example in which the directional axis d2 of
the liéht emitting region 704 of the hand sensor S intersects
three discharged water stream axes W1, W2 and W3. In any
.25 case, it is preferable that the intersection angle 61 or 62
is determined less than 70 degrees for;preventién.of erroneous
detection of the discbarged water.
As far as the ordinary hand sensor S is used (in which
the positional offset between the light emitting region 703
30 and the light receiving region 704 is sufficiently small as
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discharged. 30 = ~ In contrast with this, even if the variance value -
~becones -42- smal | at time T3, the water stop conditions cannot be

‘est abl-i shed because the average value is | arge. However, when the
reflection signal |level drops at tine T4, since the change in reflection
signal level is reduced and 5 further the average and variance val ues are
both reduced, the water discharge stop conditions can be established.

Further, after c . ti I t 0 t
cbiiSafb&Cli eHRERE slciz\éa ok \ﬁeén h‘t?eﬁnci)(’é’éh&:?s@}jh SvahORnda! Ghy

di scharge, there exists a tinme delay to e water discharge fromthe
spout A2 can beneooPl thel yight endppeng rdgtont 03t Aad thepbight receiving

characteristics of the electromagnetic valve B5. In addition, when water
i s stopped, region 704 is so determined as to intersect the discharged
water stream as shown in Fig. 45 or 46 or even when the
5 detection region does not intersect the discharged water
stream, since the hands stretched for hand washing can be
located within the detection region, it is possible +to

securely detect the hands.

Figs. 47 and 48 show other examples in which the hand

10 sensor S is mounted at a position away from the faucet body
801. In these examples, the detection region of the hand
sensor S is- so adjusted sd as to intersect the discharged
water streams W1, W2 and W3. Further, it is preferable that
the angle 6 between the directional axis d of the detection

15 reéion and  the discharged water streams W1, W2 and W3 is
determined less than 70 degrees. '

Fig. 49 shows an example in°which the-light emitting
element 902 and the light receiving element.903 of the hand
sensor S are arranged side by side away from each other in the

20 horizontal direction. Further, the hand sensor S can be
housed in the faucet body 901 as shown by solid lines or ’
disposed outside the faucet body 901 as shown by dashed lines.

Where the 1light emitting element 902 and the 1light
receiving element 903 are arranged horizontally as described

"25 above, since the shape of the sensor holder can be simplified,
the molding die thereof can be manufactured at a low cost.
In addition, the two elements 902 and 903 can be arranged on
a printed circuit board more easily. On the other hand, when
the light emitting element and the iight receiving element are

30 arranged vertically as with the case of the afore-mentioned
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since the stream of the discharged water is disturbed, there exists a
posSsibility that a large reflection light signal is generated by the
irregular reflection fromthe water, as shown 15 at-tinme T5 in Fig. 16.
However, since the reflected |light as descri bed above is generated
‘nmonentarily, even if increasing tenmporarily, the variance val ue decreases
-imredi ately in general As long as 3 sec has not el apsed after the water

di scharge stop of .Fi t he nu of, tines
ot St 3 D hePoboiRng,  SRETe. e e, stmn, A5 AdvadtadeseAat Biie Hndnd S
more than 10 {iARS £alcakCRahSBE) nlfice ilhrrby £HdiGHdAAG dia oint.

di scharged again, it is possible to securely prevent water from

di scharged agai n er Fagehesl,y wihem tthedi sight aamittidhg elemeﬂtcandlmgetaﬂdut
above-nentioned control, the follow ng effects can be obtained: Wen the
average val ue secehglneﬂeéﬁmﬁnt|a§ﬁtaF@@agaisYﬁ%ﬁuca%#Y|ﬁgtahcwasthWé B

possible togel |0, akeah "fokdlh UREEnding rim 904 as shown in Fig. 50, it is
preferable that the light emitting element 905 is arranged
over the light receiving element 906 so that the light emitted
from the light emitting element 905 is not shaded by the rim
904. |
10 As described above, wvarious embodiments of the faucet
aécording to the present invention have been described.
However, it is further understood by those skilled in the art
that the foregoing description is preferred embodiments of the
deisclosed faucet ‘and that various changes and modifications
15 may be made in the invention without "departing from “the gist

_ of phe present invention.
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of:a signal noise. 30 Fur t her,  when the variance val ue of the
r-efl ected |ight -43- | evel is used i n conbination with the average

‘value, it is possible to prevent t he ‘erroneous hand—was—h—o*per-aﬁ—ow—rmre .
securely. That is, the differential value is stron a '
.spi ke-1ike noi se, and the differential value 5 is notMﬁm Jﬂ sl ow
‘motion such as hand washing. In contrast with this

val ue or standyjfhrlend HriOpm! e, i s related to dispersion, there exi sts
such an advantage—as—nut—to—be—suscept|bIe to the dlfference in the

novenent speed. Therefore the utilization of the variance 10 or standard

devi ati on valu ef fec articular ,when the vement eed,differs

al ways accordl rﬁ?%ﬁﬁé%ﬁc guce% having a han _sensor %%r detecting
presence or absence of hands within a hand washing space to

5 start and stop discharging water from a water discharge
opening automatically, wherein the hand sensor comprises:

a transmitter for transmitting a signal wave to a
transmission region directed toward the hand washing space;

a receiver for receiving a .signal wave reflected from a

10 reception region directed also toward the hand washing space;

a detection region being formed by a partial overlappéd

portion of both the transmission 'region and reception region,

and at least one of the light emitting region and the light

- receiving region being so _ad_j usted as to intersect a stream

- 15 . of water discharged from the water discharge opening.

2. The automatic faucet of claim 1, wherein an angle ©
between a directional axis of the detection region and an axis
of the water stream is less than 70 degrees.

20
3. The automatic faucet of claim 1, wherein an angle 61

between a directional axis of the transmission region and an

axis of the water stream is less than 70 degrees.

25 4. The automatic faucet of claim 1, wherein an angle 62
between a directional axis of the reception region and an axis

of the water stream is less than 70 degrees.

5. The automatic faucet of claim 1, which further comprises
30 a water flow straightening element in a pipe passage for

introducing water to the water discharge opening, to form a

-86-
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when hands are washed. In addition, since the vari ance-or standard

devi ati on val ues can be obtai ned stably ‘as far as the novenent 15
continues, it is suitable to detect the novement of Jlmnmclmﬁﬂ""m on the-
basi s of these val ues, because hand washi ng continu t her,
the processing of storing a great nunber of data many “ti%red afld further
classifying the changes of stored data 20 ‘into a plurality of patterns is’

| d
Can’ be obt ai neB MR o SR BpyeR AiRe - carRTaRae 97 s100C AR e
reduce the Cosha%rd@i@d?ﬂi@&l £25M08Hd Qratd A1 {BERE A % R:f.

products. 25 Further, "when an object is discrim nat ed on n?he basi s of
change in patterns, a nunber of conditional branches are required for

classificationgand qpub cpffaqﬁ;e% IdE 150 Y, Unetd¥ P Wd Siater £1ow

However , S|nce t he varlance va
5 straightening element is a cylindrical cap for forming the

water discharge opening, a diameter of the water discharge
opening being determined 1.2 times longer than a water path

length of the cylindrical cap;

10 7. The automatic faucet of claim 1, which further comprises -
a water sprinkling element for sprinkling water discharged
from the water discharge opening in a pipe path for

intfoducing water to the water dischaxrge opening.

15 8. The automatic faucet of claim 1, .. wherein a distance

PUST

between said <transmitter or said rece:.ver'_n ?Pdathg water
discharge is determined sufficiently long so that the signal
wave reflected from the discharged water.can be directed away
from said receiver. : . I '

20 .
9. The automatic faucet of claim 1, wherein said transmitter

is a 1light emitting element and said receiver is a
photoelectric seneor, the light entitting element and .the
photoelectric sensor being housed within a faucet body of the
25 automatic faucet in such a way that both the element and _ the
sensor are arranged on a same plane at a distance O to 5 cm
apart from each other and thafc direction axes of both the

element and the sensor are determined roughly parallel to each

other.
30
10. The automatic faucet of claim 1, wherein said transmitter
N .
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fqpresents changes in data quantitatively, the presence or 30 absence.of

an object can be di'scriminated by only conparison -4 rical
values, with the result that it is possible to easi ﬂwﬂmﬂ!mﬂﬂrNWJ ust
the discrimnating conditions for the object detecti‘ofl. dunther,ssifice the
reference value (the reflection level 5 of the bow) is updated on the
basis of the average and variance values, it is possible to elimnate the

i nfluence of changa oflight r emiddtiingn felEmentf amd bsadd andecedver is a
deterioration of the_sensor both caused with the passage.of _tine. 10

As described aBROECSIRACHRACHIANIAT i nFbft | bHINE| AT FHAG: R} emeRte PRI githe
patterns or t@n&ké&f&é@?ﬁs ggﬂsgg being housed within a faucet body of the

automatic faucet in such a way that the sensor is arranged a
5 distance 70 mm apart from a water stream from the water

discharge opening in horizontal direction.

11. The automatic faucet of claim 1, wherein said transmitter
is a 1light emitting element and said receiver is a
10 photoelectric sensor, the light emitting element and the
photoelectric sensor being housed within a faucet body of the
automatic faucet in such a way that the sensor is arranged a
distance 35 to 45 mm apart from a water stream from the water
discharge opening in vertical direction and a distance 60 mm
15 or more apart from the same water stream ih horizontal

direction.

'12. An automatic faucet for starting and stopping discharging
water automatically by detecting presence or absence of hands

20 with a non-contact reflection type active sensor, which
comprises:

" statistical arithmetic means for sampling data indicative
of reflected signal levels of the active sensor periodically
and calculating at least one statistical value on the basis

25 of a plurality of continuous data including the updated data
obtained by sampling; and
discriminating means for discriminating presence or
absence of hands on the basis of the statistical value to
start and stop water discharging.

30 .
13. The automatic faucet of claim 12, wherein the statistical
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eval uated quantitati veI y through the statisti cal processi ng of the
reflected light level, it i.s possible to accuratel‘y detect the presence or
absence of an object, thus.securely 15 preventi ng ation
of the object detecting unit of the washing apparat gim‘mﬁmnmmmtloned
control operation is executed under the ordinary conditsons That *

shown in Fig. 15, the influence of the water discharge upon the sensor

.operation can, be or y a %::‘9@& i,achar I1i

bet ween t hat oéfggleng S@\iglgg?'e 5 ?Qler%glt he water Q’&g’g%ﬁa?g%%gﬁ'%ﬁetat&ue'
obt ai ned ot heanahanstanaaranduoqazﬁi@tevmmé.oned control, however, since
the water discharge and stop are controlled on the basis of the 25
reference level of the light reflected fromthe bow surface during water
di scharge, injgaserReVh@bOmaeisr fiscet %ﬂ%l'aimsiﬁr %iéﬁ%n&rﬁr%}?% rises

operation may occur. For instance, when the |ight receiving surface of t he
5 reference level deciding means for deciding the average value

as a reference level indicative of absence of both han_ds'and
discharged water, on condition that the variance value

obtained at water stop is smaller than a constant value.

10 15. The automatic faucet of claim 14, wnerein said
- discriminating means discriminates the presence or absence of
hands on the basis of a comparison result between the average
value and the reference value and a comparison result between
the variance value and a predetermined -threshold value.

er Ry
ol

16. The automatic faucet of claim 1? nherein said
discriminating means discriminates the presenc; or a.b.s'ence of
hands on the basis of combination of a first gcc;nparison result
20 between the average value and the reference level and a second
comparison result between an absolute _value of the most

updated value and a predetermined threshold.

17. The automatic faucet of claim 13, which fnrther comprises‘

25_ reference level deciding means for deciding the average value
as a reference level indicative of absence of both hands and
discharged water, on condition that a difference between the
most updated data and the average value at water stop lies
within a constant range.

30 _
18. The automatic faucet of claim 17, wherein said
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sensor portion is stained and thereby the sensor signal Ievel 30 i
or when sonething (e.g., towel or ‘duster) of |ow -45 ectlon factor

is placed on the surface of the washbow , a reference \\m
the original bow reflection level is to be stored as Lm m‘\m el .
~Under these conditions, when the sensor surface is cle cort wensthé 5
duster is rem)ved the average value of the reflected |ight |evel

i ncreases. Ther r t

di scharge condifron’is sg:[ing] asaggﬁﬁﬁg‘aw e?{%%%é?ﬁé]h%%@é&
Ther ef or e, . wat andss tch bﬁ;@llﬁsgﬁggaﬂ ian daa{;jeﬁri@‘od htedwlt bathes8f RRARIMmcYE
stretched. 10 - In the ordinary automatic faucet, a safety processing

i s usual |y exevpdededo detes emd hiee reffiegenas de@welschar ged

5 19. The automatic faucet of claim 12, which further comprises
period control means for detecting significant fluctuations
of the reflected signal levels on the basis of the statistical

value at water stop to increase sampling frequency.

10 20. The automatic faucet of claim 12, wherein said
discriminating means starts discharging water when the
statistical value satisfies a predetermined first condition
in a water stop status longer than a predetermined time, stops

- discharging water when the statistical wvalue satisfies a
15 predetermined second condition in a water discharge status,
and restarts discharging water when the statistical wvalue
_ satisfies a predetermined third condition in ‘a water stop
'.'status shorter than the predetermined time, the +third
condition being determined severer than the first condition.

20
21. The -automatic faucet of claim 12, which further

comprises:
a water discharge counter for. counting the number of
water discharges repeated continuously at +time intervals
25 shorter than a predetermined time; and
inhibiting means for inhibiting the continuously repeated
water discharges when a value counted by said water discharge

counter exceeds a predetermined value.

30 22. The automatic faucet of claim 12, wherein said

discriminating means starts discharging water when the

-90-
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‘permanently. For instance, water is stopped after Wm has_
‘been el apsed; |rrespect|ve of the.sensor signal. In this case, even i

wong reference level is 15 stored and thereby Watjammml

erroneously, water can be stopped after a predeter mm'lmﬂ as been
el apsed. After that, when a correct reference |evel i's §tofed agalR, it is

possible to obtain the nor mal st at us Hovvever t hese exi sts such a speci al

case where the vva 20 di scharg t be prevented nly the . |
Tortat on of FREIEtAPal SAIMGCAtIRr len a  REPIREEIINeR Pk conddtion
renoved fromt

|ncr\eases vvatgr qu%jil:és%har eé%&?‘gﬁggﬁgﬁf%ﬂ?ﬁe%rﬁ% %’@%’Q‘i@% }fméh Seelo%s
reflected frondiSenbeglings wter bathety the Eﬂi:aﬁiimnedameersaehefms a

reflected light |evel decreases, so that.the average value is reduced again
bel ow t he averpyedetegrinede secondaaondjccion uinia vatetcdischarnge status

nhtch sati sgl egnd"Galiai e’ 3808hd2ThG° water 'whoh e stitidtlcal valve
satisfies a predetermined third condition in a water stop
status shorter than the predetermined time,
which further comprises:
a water discharge counter for counting the number of
10 times of water discharges continuously repeated at intervals
shorter than a predetermined time; and
condition changing means ifor -changing the first and third
conditions into severer conditions, when said water discharge
counter counts a value more than a predetermined ”vai-ue.

ol

15 .. . o . ] .

-~ :‘—-,- Tt e TR

23. The automatic faucet of claim 22' wherein until sald

LLENSOW rS0E Tanuat sy

water discharge counter count_s adpre_determined value, the
first condition is such that aﬁy';he c:f ?l:hje “a‘?fé}%e value and
the variance value satisfies each predetermined condition and
20 wherein after said water discharge counter has counted the
predetermined value, the first condition is cnanged into such
that at least the variance value satisfies a predetermined

condition.

25 24. The automatic faucet oi:' claim 22, wherein until said
water discharge counter counts a predetermined value, the
first condition is such that water is discharged when a first
comparison resuit of a difference between an average value and
a reference value with a first predetermined wvalue and a

30 second comparison result of an absolute value of the most

updated data with a second predetermined value both exceed a

.=01-
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' '
st opped. However, after that; si nce the reflected | i ght—-evet—36-inereases

aup to the bow reflectlon Ievel again, water is -46- jakn. .
The above- nentioned water discharge and water stop arelﬂ&mﬁgﬂﬁ ﬂ Eﬂn
permanently. Fig. 17 shows a water discharge subroutin Gy € nt
the above-nentioned repeated water discharge 5 operation. Thi s

subroutine is obtained by adding sone additional procedure to the routine

shown in Fig. ppedbermiined’. vhhaesange e%wca%.q YUl S aFes be%Ex  water
retained for the sinilar steps as with the case of those shown in Fig. 15.

In Fi.g. 17, "ddishaaggecwmunnércmmsacountédrthanpre@pﬂirmimmdnvamae ofthe

times of water dlscharges IS added to_the procedure (ﬁomn in Fig. 15. I n
step (S72) thﬁecﬁﬁ epre determined value is increase

5 25. An automatic faucet for starting and stopping discharging
water aﬁtomatically by detecting presence or absence of ﬁands,
wherein the water discharge opening is directed so that water

can be discharged slightly downward £from a horizontal

direction.

10

' 26. The automatic faucet of claim 25, which further comprises
a flow rate control device for holding a water discharge rate
at a constant level, irrespective of water pressure of a water
supply source.

15.

' 27. A faucet having a- faucet body and a spout connected to

the faucet body, wherein the spout comprises: |

“.' | a nozzle pipe having a base end portion screwed with the
faucet body and an end portion formed with a water discharge-
opening; and

a nozzle cover fitted to said nozzle pipe externally,

said nozzle pipe being further formed with a projection at an
inner surface of said nozzle cover so as to be engaged from
an end side direction, said nozzle cover being sandwiched

25 between the faucet body and the projection.

28. The faucet of claim 27, wherein the faucet body comprises
an outer member and an inner member fitted into the outer
member, and a nozzle mounting member housed within said outer
30 member, and the base end portion of said nozzle pipé being

screwed with said nozzle mounting member.
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i1 = )
di scharge counter” is reset. That is, when the status -
yariance value is less than:1 is kept continued for 30 sec or |lon '
S71Y), the average value is stored as the 15 referenc%\“\“‘ﬁ“\“ﬁ“‘\t%\“\
S72). Here, since the step (S70Y) indicates that the wa RRL D ERR s e

di schar ge/ stop-is not repeated, the water discharge countér i's set to an
nitial value [1]. After that, when the water discharge condition is

establ i shed, w@Oer ias fascdtr fdsedn tx5 can( Gpder asdrféce 20f @uRhel,i which
ncremented by one in step (S101). The steps after the step (S93) are the
sanme as the roGPMPELSESAn in Fig. 15. First, in the case where water is not
fei ng discharged in st S80 he establis nt of the water, di scharge

i s checked. Wen thquiaét(ﬁﬁs (:Q%RW?%£n$%$%I%di?gefh8n§5p°¥ Ofh QFf
|5 not establ i ehgdrhacatensat S ehr i Nn SRy MornBA' PhetAS AP Cland
Idi scharge condition relafed to the average value IS established or not’in
step (S96), 5t hpradeetidigs doamygardo firtoar d dowear lserk fiaos et thHee wallt ed

val ue is | ess

a washer plate formed with a through hole through which
the projecting portion of said bolt is inserted; and

a nut screwed with said bolt'portion projecting further
downward passing through the through hole, to bring said
10 washer plate into pressure contact with a lower surface of the
wall, so that the fauéet can be fixed to an upper surface of

the wall, the through hole being formed at a position

dislocated away from a gravity center of said washer plate.

15 30. A faucet fixed to an upper surface of a wall, which =~
comprises: ' :

a bolt extending downward from a lower end portion of the
faucet, passing through an opening formed in the wall, and
projecting downward from a lower surface of the wall;

- 20 a guide member for a drainage operation lever, extending
downward from an lower end portion of thé,faucet, passing
through the opening, and projecting downward from a lower
surface of the wall;

a washer plate formed with-a first through hole through

25 which the projecting portion.of said bolt is inserted and with
a second through hole through which the projecting porion of
said guide member is inserted ; and '

a nut screwed with a downward projecting portion of said
bolt passing through the first through hole, to bring said

30 washer plate into pressure contact with a lower surface of the

-93-
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than 10 or not (S103). Wen l'ess than 10 in step (103¥Y—the 30 water

'di'scharge condition related to the average value i$ -47-

(22 (Shosty, “the Vet o o'sehat be chockrel ated ro vl MKNIITIFUN

step (S103N),

executed. Consequently, even if the erroneous operation such thit & the
wat er di scharge/stop is repeated due to an error caused by the average

val ue, whenever,_t.he Q!!mgr fo L of t K A1 t

di schar ge/ st op wrae:l're;'_dh_es 1T atél)r%ltse rgs\aﬁlnc%ét t%%’g1 &a%togﬁ’%dgg%a%&ehg’gg\éﬁ sﬁ{orofnacﬁeof
average val ue agdiWd1an ithd Haddndedhridughs hedss balitg! Forfmde it ddeét tion
erroneous operation due to average value error. Fig. 18 shows exanpl es of
si gnal s obt ai ndd-silesatede awawefrom a gravity center of said washer plate.

5

10

15

20

25

30

31. The faucet of claim 30, wherein the first through hole
is also formed at a position dislocated away from a gravity

center of said washer plate.

32. A structure for connecting two pipes at each end thereof,
which compri.ses:

a flange formed at an oixter circumference of an end
portion of each of the two pipes:

a connecting member engaged wit_h 'l;he two flanges portions
of the two pipes, to bring the two flange portions into
pressure contact with each other, under condition that the:two

flange portions of the two pipes are in contact _w_ith' each

other; and

a revolution stopping mechanism for preventing at least

one of the flanges from being rotated relative to said

- connecting member.

33. A structure for connecting two pipes at end surfaces

thereof, which comprises:

a flange formed at an outer circumference of an end

portion of each of the two pipes, respectively:

a projection formed in an end surfacé of one of the

flanges; and
a recess formed.at in an end surface of the other of the

flanges and engaged with the projection.

34. A structure for connecting a flexible tube to a water

checked in step

-94-
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“discharge/stop is repeated. In Fig. 18, the bow is covered with-an _
“Obstruction as a duster to tinme T10, so that a reference Tevel Tower than
an actual value is stored. At tine 15 T10, when th e i :
renoved, although the reflection signal level is reﬂmmwﬂl"mmml ection
| evel of the bowl, .since the reference level so far stovred untils T30 is

| arger than 8, the electromagnetic value is opened in step ('S96Y) in Fig.
16. In practicg,,however lere exists a tine delay,from 20 en the

el ect r omagnet i%n%ﬁgvﬁn(ﬁisbﬁtgﬁ%dc’?ﬁn;ﬂgﬁ t B WPgeﬁi Eﬁﬁag]ﬂgﬂtf %ﬁﬁ#ﬂ'?ﬂ'&&t’
A2. \Wen the rghi&gt&dmpra8kskevel is absorbed by discharged water at time
T11l, since the reflection | evel decreases, the water discharge condition.
cannot be est abl i 3shmuhnectich guidsaiachesd tot the water 2lnlet and outlet

el ectromagnetic valve is closed. Further, there exists a tinme delay from
when the el ect?ReRERES| andaformed vithea malenthreaded surfase dnsemapyder

fromthe spout . | , ep.t signal, level.is returned to.the
refl ecti on%ev%ﬂ'&?‘é##?ﬁ;e@é 3’%1 3n r.i?asé end pgr'lzion '!:‘ixereoaéj and with. a
tapered surface in an outer circumference of an end portion

thereof , a connection end portion of the tube being fitted
externally to the formed tapered surface; and._

a cap nut fitted to the connection end portion of the

10 tube externally, and formed with a large-diameter female

threaded surface engaged with the male threaded surface of

said connection guide and a small-diameter sliding surface

brought into slidable contact with an outer circumferential

surface of the tube and fﬁrthef bréught- into pressure _contéct

15 with the tapered surface of the tube both in an fnner

o . . . - - ..
= B ] -

circuniference thereof. o R e . T TET

35. The connection structure of .claim>34; wherein ‘the outer
circumferential surface of the cap nut is knurled.

20
36. The connection structure of claim 34, which further

comprises a stopper for restricting engage rate of the cap nut

at a constant limit.

\ _
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‘bowl ,
- 48-

However ,

| evel

since the average val'ue increases, water .can be 30 discharged agai n.

As descri bed above, the water .di scharge/stop is kept repeated.

at time T13 since the tenth water discharge ends, the reflection
returns to the reflected light Ievel fromthe bow. Here, although

the average value 5 increases high, since the water discharge based upon
the condition related to the average value is inhibited in step (S103N),

wat er

is not di

qt;g¥ﬁt” tﬂf%éﬁﬁ%ﬁﬁgtfuﬂ it is possible to stop the

erroneous wat e—e-SeRargerstep—operattef- After the water di scharge ends,
t he vari ance val ue 10 becones sn&ll in step (S70Y). After that after 30
sec has been elapsed |n step‘g an avera value of, correct

t matl

10

15

20

'faucet having hand sensor S to stamt
and stop discharging water automatically, only hands can be
detected accurately without detecting a washbowl (chinaware)
and water stream erroneously. The sensor S comprises a light
emitter and a light receiver. The directional axis 4 of a
detection region (in which the 'light emitting region of the
light emitter and the light receiving region of the light
receiver are overlapped with each other) intersects the

discharged water stream, and further the intersection angle

between both is adjusted less than 70 degrees, irrespective

of the flow rate of the discharged water. The reflected light
levels detected by the light receiver are sampled periodically
to calculate an average value and a variance value on the
basis of at least eight most updated sampled data. Water
discharge is started and stopped on the basis of the

calculated average value and the variance wvalue.

(Fig. 7)
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reflection level is stored as the reference level. At the sane tine, in
step (S101), the water discharge counter is reset to 1. At this tineg,
since the correct reference level 15 has been already stored, an
erroneous operation will not recur. Wien water is actually discharged or
stopped by the user continuously (not the erroneous operation), after the
el event h di scharge, since water can be discharged only on the basis of 20
t he variance condition, although the response speed is slow in conparison
with the case where water is discharged on the basis of both the average
val ue and the variance val ue, since the water can be di scharged securely,
there exists no problemw th respect to the usage. Further, in the
above-nmentioned 25 nunber of tines of repetitions of the water

di scharge/stop, 10 tines is only an exanple, so that any appropriate
nunerical value can be set according to products. Further, in this

enbodi nent, until the water discharge

CE

<4 WATER SUPPLY SOURCE
— HOT WATER SUPPLY SOUR
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counter counts a predeterm ned nunber of tines, water is 30 discharged only
when any one of the conditions based upon the -49- aver age val ue and
“upon the variance value is satisfied. Further, after the water discharge
counter has counted the predeterm ned nunber of tinmes, water is discharged
only when the condition based upon the variance value is satisfied. 5
However, after the water discharge counter has counted the predeterm ned.
nunber of times, it is possible to obtain the simlar effect by setting the
wat er di scharge start conditions nore severely. For instance, it is

possi ble to consider that the water discharge condition is changed in such
a way that 10 water is discharged when both the conditions based upon the
average val ue and the variance value are satisfied or that the
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value to be conpared with the average or variance value is changed to such
a value that water is not easily discharged. Further, the erroneous water
di scharge operation due to 15 "variance val ue can be prevented by the step
(S97N) in Fig. 17. As described above, since various discrimnation
conditions can be fornmed by conbining various conditions such as variance
val ue, an average value, etc. of the reflection light |level or by

i nhibiting any one of the conditions, there 20 exists such an advantage
that the counternmeasures agai nst the erroneous operation can be executed
freely. A second enbodi ment of the present invention will be described in
detail hereinbelowwith reference to Figs. 19 to 36. As shown in Figs. 19
and 20, in thi's enmbodiment, the 25 automatic faucet Ais provided with a
hand sensor S for automatlcal di sch&®i wat er and stopping the

di scharged water by sen5|ﬂ g? 35@ structure of 5@55 second

enbodi ment can beAdrpl i ed t @ept the ham§
\ 29 4 4a

|

: ' | [
__---——-——é ! 23
. 24

.-

C,
N
®)

25

=
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sensor S.” 30 As shown in Figs. 19 and 20, the automatic faucet A of
- 50- the present enbodi nent is conposed of a faucet section A nounted
on a.faucet nounting surface 130a formed at the rear portion of a washbow
130 of a lavatory B, and an automatic faucet control. box C di sposed under
the lavatory B to supply 5 m xed hot and cold water to the faucet section
Al via a mxed hot and cold water supply pipe 105 fornmed of flexible resin
(e.g., vinyl chloride). Further, the faucet section Al is conposed. of a
faucet body 101 di sposed on the faucet nounting surface 130a under 10 a
frontward inclined condition, a water discharge pipe 103 whose base end-
projects -fromthe upper front portion of the : 3

|20 — JNW |
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faucet body 101, and a hand sensor S disposed at the front and | ower
portion of the water discharge pipe 103. On the other hand, the
automatic control box C 15 acconmobdates a thernostat type mxing
value V, an electromagnetic open-close value V1, a control unit F, a
power supply unit E, etc. Further, the thernostat type mxing valve Vis
connected to a downstreamend of a hot water supply pipe 107 (whose
upstreamend is connected to a hot water supply 20 source) and a downstream
end of a water supply pipe 108 (whose upstream end is connected to a
water supply source), respectiVieTy. Tn the conptruction as descri bed
above, whenever the user stretchas out his handsiH-into the washbow 130,
the hand 25 sensor S is activated to output an putput signal, so that the
control unit F opens-the el ectronpgnetic open-cl pse val ve- V1. Accordingly,

m xed hot and cold water whose tepperature is adjustqd to an appropriate
tenperature by the thernostat typ ' "
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m xi ng val ve V can be discharged fromthe water discharge pipe 30 103 into
t he washbow 130, through the m xed hot and cold wat er supply pipe 105
and the faucet body 101, so that the user can wash his hands H
automatically by the di scharged water. The di scharge direction of the m xed
hot and cold water 5 discharged fromthe water discharge pipe 103 is
determ ned slightly downward in the horizontal direction. That is, as shown
in Fig. 19, in this enbodi ment, the discharge direction of the water

di scharge pipe 103 is so determ ned that a dowward angle [err] between a
di scharge line 10 L[err] and a virtual horizontal line L2 Iies between O
and 35 degrees. Therefore, the m xed hot and cold water discharged from

(a) (b)
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the water discharge pipe 103 can be di scharged al ong a parabolic |ocus, so
that it is possible to broaden the washing 15 space of the hand or the
face within the washbow -130. As a result, it is possible to prevent such
the state that the face washi ng space from being narrowed, being different
fromwhen the water discharge pipe 103 extends frontward of the washbow
130 as is conventional, thus 20 inproving the usability of the automatic
faucet A In addition, since the hand H can be noved freely, the

di scharged m xed hot and cold water can hit against not only the fingers’
ends but also the whole palns of the hands, with the result that it is
possible to utilize alnost all the amount of the 25 m xed hot and cl od

di schar ged er. Since the hands can be masﬁéd by a small anount of
water, the waper can be thus econom zed. Furt®er, since the frontward
projection diStance of the water discharge pipeal03 can be reduced, it is
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30 elimnate the user's feeling of the oppression caused when the -52-

wat er di scharge pi pe 103 extends frontward of the washbow 130. Further, as
shown in Figs. 19 and 22, the water discharge opening 110a of the water

di scharge pi pe 103 can be seen by 5 the user, the user can stretch his
hands accurately and easily toward the water discharge opening 110a, so
that it is possible to inprove the usability of the automatic faucet A
Here, the reason why the maxi num val ue of the angle e between the discharge
line (L[err]) and the virtual horizontal 10 line (L2) is determ ned 35
degrees is that if determned nore than this, the length of the water

di scharge pipe 103 nust bhe increased and thereby the feeling of oppression
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the user. On the other hand, the reason why the m ni num value of 15 the
angle [err] is determined O degrees is that if determned | ess than this,
the position at which the di scharged water drops onto the hands H al ong the
parabolic locus is shifted rearward of the washbow and thereby the
usability deteriorates. Further, the experinent results indicate that the
opti mum 20 angle e is between 15 and 30 degrees. Further, in this

enbodi ment, as shown in Figs. 19 and 20, since a constant flow rate val ve
106 is interposed between the thgrnostat type m xing valve V and the m xed
hot and col d water supply pipe,&g even if the water pressure fluctuates,

25 it -is possibl ot and cold water f$om being
di scharged fromth r-di Arge o eP'." +pa beyondfa predeternined
flowrate. In OHQE— E%T g\iﬁe@—w.en the| nPxed| hot and ogid water 5
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30 the force of water flow can be controlled by the constant flow -53-
rate valve 106, it is possible to efféectively prevent m xed hot and cold
wat er from being scattered by parts (arns, etc.) other than the pal ns of
the hands H Further, various types now on the market can be used as 5 the
constant flow rate valve 106, for instance as disclosed in Japanese
Publ i shed Exam ned Utility Model Application No. 2-42231. Further, as the
experiment data, when a constant flowrate valve 106 of 5 liter/mn is
used, the horizontal 10 discharge di stance was about 9 cmon the

hori zontal |ine determ ned 15 cm downward away fromthe water discharge
opening 110a. Accordingly, it is possible to shorten the
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| engt h of the water discharge pipe 103 by about 4 cm as conpared with the

conventional case. 15 The structure, the function, and the effect
of the respective conposing elenments of the automatic faucet A of the

present enbodi nent will be described in nore detail with reference to the
attached drawi ngs. (Faucet body 101) 20 As shown in Figs. 20 and 21,

the faucet body 101 is of double tube type conposed of a cylindrical outer
pi pe 111, and a cylindrical inner pipe 112 inserted into the outer pipe
111. When the outer pipe 111 is preferably nmade of netap

™ t he i nner pipe
112 is preferably made of synthetic resin, it 25 is posRiibl el to reduce. the
manuf acturi ng cost thereof, w thout degrading the exterfigl appearance
(e.g., luster) of the automatic faucet A Further, as shdwg |n Fig. 20, the
faucet body 101 can be set vertically by fixing the base |edd| of the inner
pi pe 112 |
(=
Ll
o
(T8
c —
} +
o oc
%é %
g/ |2
_.-‘ - m F
Tt .
o - -
< O
-+ =
d 1Y ' =) —
> ‘ ac
W " | = =
o« o § w
N e N o«
- x
Ié.,.l (7=
: 2 ~
v —
(]
n
- o™l
Z|wv o ©
7]
— 0
w w
% n
AVa!
cet Has Been Replaced

T

THAN 3 SEC AFT WATER

{ FREQ CHG ROUTINE >




30 to a faucet nmounting surface 130a of the washbow 130. -54- Furt her,
as shown in Fig. 20, the faucet body 101 is fixed to the faucet nounting
surface 130a vertically in such a way as to be inclined frontward at a -
gentle angle a (e.g., 15 degrees). Therefore, as shown in Figs. 19 and
20, when 5 the water discharge pipe 103 is connected to the faucet body
101 at a right angle, it is possible to incline the water discharge pipe
103 downward relative to the horizontal surface by a gentle angle [err]
(equal to the inclination angle a), so thatgwater can be discharged from
t he wat er di scharge opening 10 110a al §ng a parabolic locus. As a result,
it is possible t Rk @PscArCoNPROUTINGD pDsT tion for hand washing and further
to broaden the h t he opti num position.
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Further, as shown in Figs. 20 and 21, in the faucet body 101, the inner
pi pe 112 and the outer pipe 111 are both formed 15 wth a skirt portion
112a. or 11la which expands at the end portion thereof, respectively.

OM ng to the presence of these skirt portions 112a and 111a, it is possible
to inprove the tightness between the inner and outer pipes 112 and 111.
Therefore, for instance when the water discharge pipe 103 is 20 attached
to or renoved fromthe faucet body 101, it is possible to prevent the

i nner and outer pipes 112 and 111 from being distorted. Next, with
reference to Figs. 20 and 23, the fixing structure of the faucet body 101
to the faucet nounting 25 surface 130a wll be described herei nbel ow. As
shown in Fig. 23, the skirt portion 112a of the base end of the inner pipe
112 is disposed on the upper portion of a nounting opening 139 of the
faucet nmounting surface 130a. Further, a bolt fixing metal fixture 140 is
fixedly attached
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30 to the inner circunferential surface of the same skirt portion -55-

112a. This bolt fixing nmetal 140 is fixedly connected to an upper end of -an
el ongated fastening bolt 141 extending vertically dowward at a position
eccentrically away fromthe center of the bolt fixing netal 140. 5

The bolt fixing nmetal 140 is formed with a through hole 142 for passing a

m xed hot and cold water supply pipe 105, an electric code. ll b c,, and a

cutout groove 143 for passing an operation rod 151 of a pogw . & aced

an operation rod guide piece 150, etc. 10 An annul ar f

washer 144 is fitted to the |ower surfacy 8f1 # e skirt porti :

I nner pipe 112. -I%Ewﬂ's'é'%\s%ﬁ cbr?ﬁ’ﬁn%rrmﬁmyt ng washer 144 is formed with a
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t hrough hol e 145 for passing the fastening bolt 141, a through hole 146 for
passi ng the m xed hot and cold water supply pipe 15 105, the electric
cable 117, etc. and a. cutout groove 147 for passing the operatlon rod 151
of the pop-up draincock, the operation rod guide piece 150,. etc. An
operation rod guide 148 is disposed on the | ower surface of t he faucet
nmounti ng washer 144. The operation rod 20 guide 148 is conposed of an
upper annul ar portion 149 and the sem circul ar cross-sectional operation
rod gui de piece 150 fornmed integral with the upper annular portion 149 so
as to project fromthe circunferential edge thereof. The upper annul ar
portion 149 of the operation rod guide 25 148 is forned with a through hol e
for passing the m xed hot and cold water supply pipe 105, the control cable
117, etc. On the other hand, the operation rod guide piece 150 is forned

wi th a guide groove 152 for guiding the operation rod 151. Further, the an
annul ar upper packing 152a is interposed
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30 between the faucet nounting washer 144 and the operation rod -56- :
.gui de 148. As shown in Figs. 20 and 23, on the reverse side surface of the
mount i ng opening 139, there are provided an annul ar inner-clip washer 154
and a packing 155 (a part of both the 5 circunferential portions thereof _
are cutoff partially). Under the packing 155, a hose-show shaped thick-wall
fasteni ng washer plate 156 is disposed. The fastening washer plate 156 is
formed with a through hole 157 for passing the fastening bolt 141, a cutoff
groove 158 for passing the mxed 10 hot and cold water supply pipe 105, the
control cable 117, etc. and a through hole 159 for passing the operatlon

rod 151 and the operatlon rod gui de piece 150 . .
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Further, in general, the inner clip washer 154, the packing 155 and the
fastening washer plate 156 are fixed to 15 each other as an integral
menber by a bonding agent to facilitate the faucet fixing work. Further,
under the fastening -washer plate . 156, an elongated cylindrical .
fastening nut 160 is disposed. The procedure of fixing the faucet body 101
constructed 20 as described above to the faucet nounting surface 130a w ||
be described hereinbelow. As shown in Figs. 20 and 23, the faucet body 101
is mounted on the faucet nmounting surface 130a by interposing the upper
packi ng 152a, the operation rod guide 148 and the faucet 25 nounting
washer 144. As shown in Figs. 23@§dl@?ﬂthe isaer clip washer 154, the
packi ng 155 and the fasteni ng wa plRatl@A 56 are attached to the reverse

side surface of the nounting openiRg 128 t HOS Rﬁagr, under the
conditions that the m xed hot -
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30 and cold water supply pipe 105, the electric cable 117, the -57-
operation rod guide 148, the fastening bolt 141, etc. have been all "passed
- theret hrough. After that, the fastening nut 160 is screwed to the fastening
bolt 141 to bring the fastenlng washer plate 156 5 into pressure contact
*with the reverse side surface of the mounting opening 139, with the result
~that the faucet body 101 can be fixed strongly to the faucet nounting -

surface 130a. In the above-nentioned fixing work, it is necessary to hold
the fastening washer plate 156 in order to engage the -10 fastening nut 160
with the fastening bolt 141. In this enbodi ment, however, as shown in
Fig. 25, since the operation rod guide piece 150 is dislocated
eccentrically away fromthe
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center X - X of the fastening washer plate 156, the center of gravity of _
the fastening washer plate 156 is dislocated at a 15 position opposite to
the operation rod guide piece 150, so that the fastening washer plate 156
is’inclined fromthe engage portion with the operation rod gui de piece 150
and thereby the inner surface of the through hol'e 157 of the fastening
washer plate 156 is brought into contact wwth the 20 surface of the
operation rod gui de piece 150. Accordingly, since the fastening washer

pl ate 156 can be stopped automatically from bei ng noved, even if kept away
fromthe worker's hand, the fastening washer plate 156 can be held by the
operation rod guide piece 150, so that it is possible 25 to engage the

fastening nut 160 with the fastenipg $deasily and securely. Further
2
'r

in the above-nentioned fixing w pssible to automatically

stop the fastening washer pl atg b fastening bolt 141,
instead of the operation rod :
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30 gui de piece 150. -58- That is, in the case, as shown in Fig. 23,
since the fastening bolt 141 is dislocated eccentrically away fromthe
center of the fastening washer -pl ate 156, the center of gravity of the
fasteni ng washer plate 156 is dislocated at a 5 position opposite to the
fastening bolt 141, so that the fastening washer plate 156 is inclined from
t he engage portion with the fastening bolt 141 and thereby the inner '
surface of the through hole 157 of the fastening washer plate 156 is
brought into contact with the surface of the.fastening bolt 10 141.
Accordingly, in this case, since the fastening washer plate 156 is stopped
automatically from bei ng noved, even if || 04
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kept away fromthe worker's hand, the fastening washer plate 156 can be
held by the fastening bolt 141, so that it is 15 possible to engage the.
fastening nut 160 with the fastening bolt 141 easily and securely. (Water
di scharge pi pe 103) The construction of the water discharge pi pe 103 will .
be descri bed hereinbelow with reference to Figs. 20 and 21. 20 First,
the nmounting structure of the water discharge -pipe 103 onto the faucet
body 1 will be described. As shown, in the state where the faucet body 101
is assenbled by fitting the outer pipe 111 to the i'nner pipe 112, a
cylindrical box-- shaped water discharge pipe nounting head 102 is fitted -
and 25 fixed to the top portion of the inner pipe 112. As shown in Fig.

20, the water discharge pipe nounting h s formed with an L-shaped

bent flow passage K therein. ig te | sdhar gd pi screw portion 102a i s
formed at one end of the pass A\on t otflher n h;bupply pi pe
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30 connection portion 105a connected to the downstream end of the -59-

m xed hot and cold water supply pipe 105 is fornmed at the other end of the
passage K. Further, a water discharge pipe fixing nut 109 is fitted to a
hexagonal insertion hole 102b forned at the front surface 5 of the water
di scharge pi pe nmounting head 102. The water discharge pipe fixing nut 109
Is formed with a female threaded portion. Wth this femal e t hreaded
portion of the water discharge pipe fixing nut 109, the base end portion
103a of the water discharge pipe 103 is engaged through the water 10

di scharge pipe insertion holes 111b and 112b forned on the front upper
portions of the outer and inner pipes 111 and 112, respectively.
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I'n addition, as shown in Figs. 19 to 21, an cylindrical water discharge
pi pe cover 104 is fitted to the outer 15 circunferential surface of the
! wat er di scharge pipe 103. This water discharge pipe cover 104 is supported
' being pinched between a cover engage flange portion- 103d fornmed in the
outer end circunferential surface of the water discharge pipe 103 and the
outer pipe 111 (the outer circunferential surface of 20 the faucet body
101). Further, a discharge cap 110 having a plurality of fIOM/stralghtenlng
i plates 126 is renovably screwed to the end of the water discharge pipe 103.
As al ready expl ai ned, since the water discharge pipe 103 25 is arranged in .
roughly a horizontal direction as already expl g hg wat er dlscharge
opening 110a of the discharge cap 110 can been}see y by the user, so-
that it is possible to inprove the usability of th¢ automatic faucet AH
Further, the conposing el enents other than thos '
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30 descri bed above wll be explained with reference to Figs. 20 -60- ‘and
21. The reference nuneral 103b denotes a discharge hole formed at the end
“of the water discharge pipe 103; 103c denotes a mal e threaded portion
formed at the rear side of the discharge hole 103b and engaged with the

di scharge cap 110; 5 127 denotes an Oring interposed between the

di scharge nounting head 102 and the inner pipe 112; 128 denotes an 0- ring
i nt erposed between the water discharge pipe 103 and the water discharge
pi pe mounting head 102; and 129 denotes an O- ring interposed between the
wat er di scharge pipe 103 and the 10 water discharge pipe cover 104. (Hand
sensor S) The nounting structure of the hand sensor S wl| _
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descri bed hereinbelow with reference to Figs. 20 and 21. As shown, in the
present enbodi nent, the hand sensor S 15 is disposed on the front surface
.side of the faucet body 101 and under the water discharge pipe 103. The

: hand sensor S is substantially conposed of a sensor w ndow 113 forned at

. the front surface of the outer pipe 103, a sensor nounting hole 114
formed in the front surface of the inner pipe 112 at such 20 a position as
to correspond to the.sensor window 123, and a sensor nounting lid 115
fitted to the nmounting hole 114. The hand sensor S is nounted on the:inside
of the sensor mounting Iid 115. As descri bed above, since the hand sensor
S is disposed under the water discharge pipe 103 and further 25 the |ight
emtting direction is determ ned downward at an angl e of about 115 degr e€s,
the position at which the hand His detected by the hand sensor Sis

| ocat ed under the upper edge of the washbowl B. Therefore, even if part. of
water hitting the hand is scattered, it is possible to securely
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S e
i 30 prevent the water frombeing scattered outside the washbow -61-  130.
Further, as clearly shown in Fig. 22, the hand sensor S has a |ight
enlttlng el ement 160, a dry battery used: up di splay LED 161, and a l'i ght
receiving element 162 all arranged in a straight line in this order in the
vertical 5 direction fromabove. In the construction as descri bed above,
when the water discharge pipe 103 is set roughly in the horizontal
direction as al ready explai ned, since the faucet body 101 roughly
perpendicul ar to the axial line of the water discharge pipe 10 103 can be
di sposed roughly vertically relative to the faucet nmounting surface 130a,
the user can see the dry battery u7ed ud display LED 161 clearly, so that
a dry battery 186 . -
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(described later) can be replaced with a new one easily and securely. 15
Further, since the dry battery used-up display LED 161 is interposed
.between the light emtting elenent 160 and the |ight receiving el enent 162,
a sufficient distance can be maintained between the light emtting el enent
160 and the light receiving el enent 162, so that the Iight receiving 20

el ement 162 -can receive the light reflected by the hand H securely. In this
enbodi ment, ‘the distance between the light emtting el ement 160 and the-

i ght receiving el enent 162 is about 16 mm and these two el enents 160 and
162 are arranged 25 in such a way that the respectiye direction axes are
arranged in parallel toegcyrOyEy.7Z 7 Fu/ief / | i ght emni ssion
region of the light emTting element and the effective |ight reception
region of the light receiving elenent are determ ned i.n such a way as to
becone about 15
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30 degrees on both right and left sides of the respective -62-

di rection axes inmedi ately before the sensor and about 7.5 degrees on both
right and | eft sides of the respective direction axes about 20 cm away from
the sensor. In other words, the -direction angles of both effective |ight
em ssion 5 region and the effective | i ght reception region can be narrowed
on both sides of the direction axes with increasing distance fromthe
sensor, respectively. On the other hand, it is enpirically known that the
hands are stretched into a range about 5 to 20 cmaway fromthe 10 water
di scharge opening. Therefore, the hand sensor nust be |ocated so as to
sense this range. Further, the faucet is generally fornmed into roughly a
circular arc shape around an
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obj ect such as hands. Therefore, when the photoel ectric sensor is.haused
within the faucet, in order to sense the 15 farthest object (200 nm, a
di stance between the light emtting el enent and ‘the |ight receiving '
el ement is determned less that 200 (nmm) x 2 x tan 7.5([err]) = 52.7 (m}.
The experinment indicated that there exists no-practical problemwhen the

di stance between both is deternmined less than 60 20 (mm. Further, in :
this enbodi ment, when the |ight receiving el enment 162 senses the reflection
light within 10 mnutes after the power supply has been first turned on
subsequent to the faucet installation, since the dry battery used-up
display 25 LED 161 is turned on to indicate the faucet mal-installation,
it is possible to indicate that the installation position is not
appropriate (e.g., the light is reflected byjthe 3 -
installation). In addition, it is @2@8ibl

sensor S at the installation, wthout |
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30 opening the main water supply cock (because the faucet is -63-

usual ly installed under the condition that the main water supply cock is
kept cl osed). As described above, it is possible to previously prevent
erroneous execution of the installation work. 5 (Automatic faucet
control box C) The automatic faucet control box C disposed under the

| avatory B to supply m xed hot and cold water to the faucet section Al
(shown in Fig. 19) via the m xed hot and cold water supply pipe 105 will be
descri bed hereinbelow with reference 10 to Figs. 20, 8 to 26. As shown in_
Fig. 20, the thernostat type mixing valve Vis fixed to the wall surface W
by both a hot water pipe 107 209 - :

.'<—'-'|v1

216

4
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and a cold water pipe 108. To a m xed hot and cold water outlet portion
170 of this thernostat type mxing valve V, a 15 m xed hot and cold water
inflow portion 172a of an integral formation pipe 172 forned with a m xed
hot and cold water flow passage 171 therein i's fixed and connect ed.

Further, an el ectromagnetic open-close valve V1 is attached mdway to the
integral formation pipe 172. Further, 20 to the m xed hot and cold water
outflow portion 172b of the integral formation pipe 172, an upstream end of
the m xed hot and cold water supply pipe 105 is connected via a supply pipe
connection structure 160. These el ectromagneti c open-cl ose val ue V1, the
integral 25 formation pipe 172, the control unit F, the power supply unit

E, etc. are all housed in a rectangul ar box-shaped protective casing 173.
As shown in Figs. 20 and 28, the protective casing 173 is conposed of a
first rectangul ar protective casing 175

et Has Been Replaced
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30 having a shallow annular rib portion 174 at the -64-
circunferential edge thereof so as to be strongly connected to the integral
formation pipe 172, and a second protective casing 178 having a deep
annular rib portion 176 renovably engaged with the annular rib portion 174
of the first 5 protective casing 175 in such a way that an el ectromagnetic
open-cl ose val ue accomodati ng space 177 can be fornmed in cooperation with
he first protective casing 175. In the construction as descri bed above, as
shown in Fig. 20, the first protective casing 175 is formed with an opening
10 179 in one upper side wall thereof. Further, a screw cylinder 180 whose

base end is fornmed integral with the integral fornmation pipe 172 on the
side surface thereof projects

P
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outward through this opening 179, and a fastening nut 181 is engaged with
the projection end of the screw cylinder 180. 15 Therefore, when the
fastening nut 181 is rotated, since the inner surface of the first
protective casing 175 can be brought into high pressure contact with the
flange 182 fornmed at the outer circunference of the screw cylinder 180 of
the integral formation pipe 172, it is possible to fix the first 20
protective casing 175 to the integral formation pipe 172 securely w-thout
use of any other fastening bolts and nuts. On the other hand, as shown in
Fig. 26, the second protective casing 178 can be fixed to the first

protective casing 175 by use of set éfrevxs 18%@35|Iy. 25 Further, on
t he upper space of the protective o shown in Figs. 27 and 28,
the control unit F and the power sgbo ye un) t3O r anged. The
control unit F.is fixed to the Upp ; t prot id/e casing
175 by use of set screws 384 PP |
\\ ’-/ },\Z&
L 4|| e
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30 On the other hand, as shown in Fig. 29, the power supply -65- -

unit E is conposed of a dry battery case 185 renovably attached to the

second protective casing 178 through an opening formed in the side wall of
the second protective casing 178, and a plurality of dry batteries are

fitted to the 5 dry battery case 185. In the construction as descri bed

above, as shown in Figs. 28 and 19, a conductive plate 186a is provided at

an extension end of the dry battery case 185. Wien the dry battery case 185 -
is attached into the second protective casing 178, the 10 conductive plate
186a can be brought into contact with a conductive spring 187 projecting
fromthe control unit F to the dry b e 185, so that power can be

supplied from
330a 400

;T AT

—V

This Sheet H

N i

uuul'

I

(Sm——




the dry batteries 186 to the control unit F and the el ectromagnetic

open-cl ose valve V1. 15 Further, in this enbodi nent, the upper
"opening of the integral formation pipe 172 is connected to the m xed hot
and cold water- supply pipe 105 by use of a supply pipée connecting structure
180 as explained below. In nore detail, as shown in Figs. 20 and 30, the
upper 20 end portion of the integral fornmation pipe 172 projects upward
via an opening 178b fornmed in an upper wall 178a of the second protective
casing 178, and forns a cylindrical threaded portion 191 fornmed with a nale
t hread surface 191a on the outer circunferential surface thereof. In
addition, a pair 25 of opposing (spaced at 180 degrees) rotation prevention
claws 192 are forned |angT§I wi th and upper end of apﬂ§fylindrical Screw
portion 191. Each of t?éSﬁ rotation prevention claws (19 is forned with an
outer circular-arc porftior] 192a having a di aneter thl
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30 sane as that of the cylindrical threaded portion 191 and an - 66-

i nside flat portion 192b both in cross section. On the other hand, as shown
“in Fig. 30, a cylindrical socket 193 is nounted on the cylindrical threaded
portion 191. The cylindrical socket 193 is formed with a lower fit portion
5 193a having an Oring 193d attached to the circunferential surface
thereof and fitted into the cylindrical threaded portion 191, a
non-circul ar flange portion 193b whose two opposing circunferenti al
surfaces are chanfered so as to provide two mddle | arge-dianeter portions,
and an upper 10 supply pipe connection portion 1 of banboo sprout shape.
In the construction as descri bed above, when the (fower fit portion 193a of
the cylindrical socket 193 is inserted ===
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I

into the cylindrical threaded portion 191, both the chanfered portions of
the mddle | arge-dianeter flange portion 193b are 15 .brought 1into surface

‘contact with the inside flat portions 192b of the rotation prevention

claws 192. Therefore, it is possible to prevent the cylindrical socket 193
frombeing rotated relative to the cylindrical threaded portion 191. On the
ot her hand, an upstream end opening of the m xed 20 hot and cold water
supply pipe 105 is connected to the upper supply pipe connection portion
193c formed at the upper end of the cylindrical socket 193. Further, a
taper shaped cap nut 194 forned with an inner |arge-dianeter fenale

t hreaded surface 194a and an inner 25 snmall-dianmeter sliding surface 194b

(both shown in Fig. 20) is slidably atta g outer circunferential
surface of the upstreamend side of t m xed hot ams cold water supply
pi pe 105. Therefore, after the cyliadrical 193 Ras been

503

FIG. 43
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30 fitted into the cylindrical threaded portion 191 and after the -67-
cap nut 194 has been slid downward along the inner small- dianmeter sliding
“surface 194b, when the | arge-dianeter femal e threaded surface 194a is
screwed with the male threaded surface 191a of the cylindrical threaded
portion 191, since 5 the rotation of the cylindrical socket 193 can be
perfectly stopped by the rotation prevention claws 192, it is possible to
strongly connect the cylindrical socket 193 to the cylindrical threaded
portion 191, so that water tightness between the cylindrical threaded
portion 191 and the 10 cylindrical socket 193 can be sufficiently

mai ntai ned. Further, in this case, since the inner surface of the cap nut
194 brings the m xed hot and cold water supply pipe 105

~
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into pressure contact with.the banboo-sprout shaped upper supply pipe
~connection portion of the cylindrical socket 193, 15 the water tightness
"between the mxed. hot and cold water supply pipe 105 and the cylindrical
socket 193 can be sufficiently maintained. Further, in this enbodi ment, as
shown in Fig. 26, since the outer circunferenti al surface of t-he cap nut
194 is 20 knurled, it is possible to connect or disconnect the m xed hot
and clod water supply pipe 105 to and fromthe cylindrical socket 190
manual |y wi t hout use of any tools (which would ot herw se danmage the cap nut
194 and the m xed hot and cold water supply pipe 105 both made of resin).

25 - Further, in the present enbodinent, the follow ng connection
rei nf or cenent structure i s adopted such that a socket 294 connected to one
end of the electric cable 117 can be strongly connected to an |nput pl ug
195 of the control un|t F.

70l
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30 In nore detail, as shown in Figs. 26 and 31 to 33, a -68-
cylindrical screw portion 196 for enclosing a flat rectangul ar bl ock-shaped
“input plug 195 is formed integral with a mddle bottomwall 178b of the
second protective casing 178. The cylindrical screw portion 196 is forned
with a female threaded 5 portion 196a in an inner surface thereof. On the
ot her hand, the one end of the electric cable 117 is connected to a fl at
rectangul ar bl ock-shaped socket 194 simlar to the input plug 195. An
inside split cylinder 197 is novably attached to the outer.-circunferential
surface of 10 one end of the electric cable 117. The inside split cylinder
197 is formed with a body cylindric orgOpn é97b and a smal | - di anet er

cylindrical end
\ .
/
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portion 197a fornmed on the side opposite to the input plug 195. Furt her,
a plurality of code push claws 197c are 15 projectingly arranged in an
“inner circunferential surface.of the connection portion between the
cylindrical end portion 197a and the body cylindrical .portion 197b at
regul ar angular intervals in the circunferential direction thereof. The
respective code push claws 197c extend toward the center of 20 the
electric cable 117 so as to be slidable in contact with the outer
circunferential surface of the electric cable 117. Further, the inside
split cylinder 197 is fornmed with aiL of cutout portions 197d al ong the
split surface thereof on the side ¢\ i nput plug 195. 25 ~ Further,
~an outside fastening cylinder 198 dably and coaxially fitted to the
outer circunferential surface of i é&“it cylinder 197. The outside
fastening cylinder 198 is forned e thread poﬁiion 198a engaged
with female thread portion 196a ndri cal thﬁegded portion-
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307 196 on the side of the input plug 195, and with a tapered -69-

gl | -di aneter cylindrical end portion 198b on the side opposite to the

i aput plug 195. Accordingly, after the socket 294 of the electric cable 117
has been mated with the input plug 195 of the control unit 5 F with an

appropriate | ooseness, when the nale tireadgghR@tiieOBhdsi8a PinalBR 199YSi de
fastening cylinder 198 are engaged with the fenmal e threadqc %g
the cylindrical screw portion 196, the outside fastening qyl HEET

strongly fixed to the second protective casing 178 through tthe thread 10

engagenent. Further, since the cylindrjgal end portion 198 of 1tMmq99 I de
fastening cylinder 198 I s brought IntO'CUﬂTaCT Wwth the cylifndrical

portion 197a of the inside split

AUTOMATIC FAUCET

In an_automafic faucet having a hand sensor S to sta;t

and stop discharging water automatically, only hands can be

5 detected accurately without detecting a washbowl (chinaware)
and water stream erroneously. .The sensor S comprises a light
emitter and a light receiver. The directional axis d of a
detection region (in which the light emitting region of the
light emitter and the 1light receiving region of the light

10 receiver are overlapped with each other) intersects the
discharged water stream, and further the intersection angle
between both is adjusted less than 70 degrees, irrespective

of the flow rate of the discharged water. The reflected light
levels detected by the light receiver are sampled periodically

.15 to calculate an average value and a variance value on the
basis of at least eighf most updated sampled data. Water
discharge is started and stopped on the basis of the

calculated average value and the variance value.

20 (Fig. 7)
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cyFi nder 197 to reduce the dianmeter thereof, the code push claws 197c can
firmy catch the outer circunferential surface 15 of the electric cable
117, so that the electric cable 117 can-be clanped strongly. Further, in
thi's case, since the socket 294 connected to one end of the electric cable
117 is pinched between the two cutout pdrtionsSuSstituteshedt atl Maeck 1@
the inside split 20 cylinder 197, it is possible to prevent the inside
split cylinder 197 frombeing rotated together with the outside fastening
cylinder 198 securely, and further to reduce the dianeter of the inside
split cylinder 197 securely. Accordingly, since the electric cable 117 can
be 25 connected to the second protective casing 178 strongly via the inside
split cylinder 197 and the outside fastening cylinder 198, even if a strong
tension is applied to the electric cable 117 by an inadvertent operation,

it is possible to securely prevent the socket 294 from being renoved from
the i nput plug :
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30T 195. -70- Further, as shown in Fig. 31, the input plug 195 is forned
with an engage projection 195a on the side surface thereof, and the socket
294:is forned with an el astic engage hook 294a el astically engageable wth
the engage projection 5 195a. Therefore, it is possible to prevent the
socket 294 from being renmoved fromthe iAput pBugstibBesheete hddarch 1997
engagenent. Further, as the enpirical data, the tensile strength of only

t he engagenent between the engage hook 294a of the socket 10 294 and the
engage projection 195a of the input plug 294a is about 40 N. In the case
of the connection reinforcenent structure of this enbodinent, it is
possible to obtain a
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teffsil e strength of about 5 tines larger than that the above- nentioned
value (40 N). 15 Further, as shown in Figs. 20, 33 and 34, in this
enmbodi nent, the m xed hot and coId wat er outlet portion 170 of the .
thernostat type mixing valve Vis strongly and renovably connected to the

m xed hot and cold water inflow portion J2a of Substituteesireslt -f bMatthohO97 pe
172 by a pipe 20 connecting structure having a pipe connecting netal . '
fixture Q as descri bed below. As shown in Fig. 33, a connection flange 201
is fixed to an connection end of the mixed hot and cold water outlet
portion 170, and a connection flange 202 is fixed to the 25 connection end
of the integral formation pipe 172. On the other hand, as shown in Fig. 33,
the pipe connecting nmetal fixture Qis formed into a U shaped (opened on
one side thereof) netal ‘|x127é body285_conposed of a pair of opposing

out ward bent rrenR«frs 203 'ang c 53ép§d /50
29 4 4qa .
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30 Ttonnection nenmber 204 all forned integral with each other. -71- The
opening width w of the opening portion 206 of the netal fixture body 205
is determined smaller than the outer dianeters of the connection flanges

- 201" and 202, respectively. Further, both the outward bent portions 203 are

- both formed 5 with a rectangul ar cutout porti omyHfitdie it dQhsdho] Hoon
" thereof, respectively in such a way that the outer circunferential edges of

t he connection flanges 201 and 202 of the m xed hot and cold water

di scharge opening 170 and the integral formation pipe 172 can be both
engaged therewith, 10 respectively. Therefore, after the end surfaces of

t he connection flanges 201 and 202 have been brought into contact with each
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other, the outward bent portions 203 of the pipe connecting metal fixture Q .
are opened against the elastic force of the 15 U shaped connection nenber
204. and fitted to the both side circunferential edge portions of the
connection flanges 201 and 202 beyond the dead points, respectively.. Then,
since the both side circunferential edgegporti @ibhstituidsSheNNeMah | barges
201 and 202 are engaged with the rectangular cutouts 20 207 forned in the
outward bent nenbers 203 respectively, it is possible to connect the.
connection flanges 201 and 202 together flrn1y by t he pi pe connecting netal
fixture Q As a result, as showp—A—Fg—3#—TT] is possible to connect the
integral formation pipe 172 to the m xed hot and cold water 25 outl et
“portion 170 of the thernostat tyge m xing valve M. Here, as shown in Fig. -
- 33, a hook shaped rotation preventing projectiory 208 is fornmed integral
wth the outer circunferential dqurface of th connection flange 202.
- Further, as shown in Fig. 34, thils projection 20B~ Ifltted ’ -
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30 “to a recessed portion. 209 forned inside the U shaped -72-
connection nenber 204 when the pipe connecting netal fixture Qis fitted to
t he_connection flanges 201 and 202, respectively. Therefore, in spite of a
~narrow space, it is possible to prevent such an accident that the pipe
connecting 5 netal fixture Qis rotated By a higibstidtier shdeasstmMdarch 1B97he
result that the nmetal fixture Wcollides against the protective casing 173
i nto damage. Further, when the thickness of the protective casing 173 is
i ncreased, although the trouble with such a danage as 10 descri bed above
can be prevented, since the manufacturing cost of the protective casing 173
i ncreases, there arises another problemfromthe econom cal point of view

{a) ' (b)
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Further, the work for nounting the protective casing 173 onto the integral
formation pipe 172 is usually effected 15 wthin a narrow space.
Therefore, when the wire connecting netal fixture Qrotates, the netal
fixture Qis obstructive to the nounting work. In this enbodi nent, however,
since the pipe connecting netal fixture @ is preustitatt §R6¥e D¢INErdHY 8bed
securely, it is possible to nount the protective 20 casing 173 to the
integral formation pipe 172 easily and securely. Further, as shown in Fig.
33, in this enbodi ment, one of the connection flange 202 is further fornmed
with a pair of opposing engage recessed portions 209a, and the other of the
25 connection flange 201 is further forned wigh a pair of engage

proj ections 9b on an annul ar end surface thgreof so as to be engaged with
the engage r&essed portions 209a. Therefore,2when the engage projections
209b are engayed with the engage recessed porﬂiﬁns 209a, it is possible to
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30 determine the direction of the el ectromagnetic open-close -73- val ve
V1 nmounted on the integral formation pipe 172. In other words, in this
enbodi ment, since the rotation prevention projection 208 can be | ocated at
the front S|de (on the right side in Fig. 20), it is possible to facilitate
the nounting 5 and disnmounting work of tghe el eStilistitagneheét opeactvI®07
valve V1. Further, as shown in Fig. 20, the present enbodinent is
characterized in the nounting structure for nounting the el ectromagnetic
open-cl ose valve V1 on a nounting base 210 10 fornmed integral with the
integral formation pipe 172. As shown in Figs. 20 and 35, the

el ectronmagneti c open- cl Qse valve V1 is conposed of a di aphragm val ve 211
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di aphragm val ve push plate 212, and an el ectromagnetic open- close valve
driving section 213. 15 On the other hand, as shown in Fig. 35, when
a b) eed hole 215 (into which a clearing pin 214 is inserted) is clogged
with refuse, in order to take off the refuse it is necessary to |oosen the
mounting bolts for renoval of the electr@ nmagr&ubstitapeshedtnsd Makrote 1997 I n
“this renoval work, since the 20 diaphragm valve push plate 212 is strongly
adhered onto the diaphragm val ve 211, there exists such a case that only
the el ectromagneti c open-cl ose val ve driving section 213 is renoved, while
| eavi ng the di aphragm val ve 211 _and the di aphragm val ve push plate 212 on
the nounting base 210. 25 _/Sﬂn this case, however, as shown in Fig. 20

since the rear eng Surface—{+he—-i side in Fig. 20) of the diaphragm
val ve push playgq R jdif! i th t he upper edge of th8 nounting base 210,
it is inpossible”[{y spgyoe a T ppMv-Rg o wijth the dfaphragm push plate
212 under these c Lfions. - S3 BS
S W :
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30 ° To overcone this problem in this enbodinent, two -74-

opposi ng tool insertion spaces 216 are additionally formed at the rear end
surface of the diaphragm val ve push plate 212, as shown in Figs. 35 and 36.
Therefore, in this enbodinment, it is possible to easily 5 insert the end
of the renmoving tool into the tool insertfpon spaglestitdi® sheet t HaMardle 1997
di aphragm val ve push plate 212 ahd the di aphragm val ve 211 can be both
renoved easily. Therefore, refuse can be took away easily fromthe bl eed
hol e 215. In the present enbodinent, it is possible to adopt the 10 sane
control as that shown in Figs. 13 to 18. Figs. 37 to 39 show a third

. enbodi nent of the present invention. As shown in Figs. 37 to 39, this third:
 enbodi nent : _
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according to the present invention is characterized in that the thernostat
type m xing valve V is disposed under the 15 faucet nounting surface 330a,
wi t.hout housing the mxing valve Vin the automatic control box C. In nore
detail, as shown in Figs. 37 and 38, the automatic faucet A related to the
present enbodi nent is conposed of a fauc# sectSobstitiute sheatit dnfelarch fl@8Et
control 20 box C, and a thernostat type m xing valve V disposed
separately fromthe automatic faucet control box C. The gaucet section Al
is mounted on a faucet nounting surface 330a forned at ®he rgear portion of
a washbow 330 of a lavatory B. The automatic faucet cdfifjrol| box Cis

di sposed under the 25 |lavatory B and supplies m xed hot Japd} cold water to
the faucet section Al through a mxed hot and cold water sﬁppl y pi pe 305 -
formed of a flexible resin tube (e.g., vip e) he faucet
section Al is conposed of a faucet body flaucet nounti ng
surface 330a under frontward
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30 inclined condition, a water discharge pipe 303 having a base -75-

end projecting fromthe faucet body 301 at the upper front portion of the
faucet body 301, and a hand sensor S disposed in the |ower front surface of
the water discharge pipe 303. On the other hand, the automatic control box
C 5 accompdat es an el ectromagneti ¢ openi2l ose Sabstitutd shaetort Marchirig9F,
and a power supply unit E, etc. The thernostat type mxing valve Vis

nount ed substantially on the reverse surface of the faucet nounting surface
- 330a, and a tenperature adjusting handl e 48@ §s 10 disposed on the faucet

~ nounting surface 23 t 1T ryctlire will be expl ai ned herei nbel ow.
The hot wat er inl<t %&Eﬁrbi"ér?ﬂ% i Aﬁ# rmostat m xing valve Vis
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connected to a hot water supply pipe 307 connected to a hot water supply
source, and the cold water inlet portion of the 15 thernpstat m xi ng val ve
V is connected to a cold water supply pipe 308 connected to a cold water
supply source. On the other hand, a m xed hot and cold water outlet portion
is connected to an inflow opening of an 18t egr aBubstituie isheepi deMareh 1997
di sposed in the automatic control box Cvia 20 a m xed hot and cold water
supply pipe 406. In the construction as descri bed above, whenever the user
stretches his hands into the washbow 330, the hand sensor S is activated
to output an output signal. On the basis of this output signal, the control -
unit F opens the el ectromagnetic 25 open-close valve V1, so that m xed hot
and cold water whose tenperature is adjusted appropriately by the '
thernostat type mxing valve V is discharged fromthe water discharge pipe
303 into the washbow 330 through the m xed hot and cold water supply pipe
305 and the faucet body 301, so that the user can
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30 wash his hands by the automatically discharged water. -76- The wat er
di scharge direction of the water discharge pipe 303 is determined roughly
downward fromthe horizontal direction. That is, as shown in Fig. 38, the
direction of a water 5 discharge opening 310a of the water discharge pipe
303 is so set that a downward angl e [end] bet Sabstitute shakeer UMarbarp@97i ne
L[err] and the virtual horizontal line L2 |ies between 0 and 35 degrees.

Therefore, the m xed hot and cold water discharged fro T el
di scharge pi pe 303 can be discharged al ogg' gopar abolic %@MHEMWMEH S
n
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possible. As a result, it is possible to prevent the washing space 15 from
bei ng narrowed when the water discharge pipe 303 extends toward the front
portion of the washbow . 330, with the result that the usability of the
automatic faucet A can be inproved. In addition, since the hands H can be
noved freely, it is possible to hit the 1§ schargygdtiaple sHybtcol Marhet 997
against not 20 only the finger ends but also the whole palns of the
stretched hands H, so that alnost all the anount of the mxed hot and cold
wat er can be used for washing. As a result, the hands can |b@f Vo
smal | anmount of water, so that it is possible to econom z ﬁELiﬁEET
wat er used for hand 25 washing. Further, since the front d projection

di stance of the water discharge pipe 303 can be reduced, i st DOAR gy t
elimnate or reduced a feeling of oppression caused when [ hg_water

di scharge pi pe 303 extends toward the front: portion of
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30 the washbow 330. -77- Further, as shown in Figs. 37 and 38, since -
the water discharge opening 310a of .the water discharge pipe 303 can be .
seen by the user, the user can stretch his hands H toward the water

di scharge pipe 303 easily and accurately, so that it is-5 possible to

i mprove- the usability of the automatic fa@Gcet /SibstitutdsBedO!l NtMatc 1987

. Further, as shown in Fig. 28, since a constant flow rate valve 306 i.s -
i nt erposed between the thernostat type mxing valve V and the m xed hot and
cold water supply pipe 305, even 10 if water pressure-fluctuates, it is
. possible to prevent the m xed hot and cold water beyond a predeterm ned
anmount from bei ng di scharged fromthe water discharge opening 310a.
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Further, the other construction of the second enbodiment will be described
herei nbel ow. In this enbodi nent as shown, 15 a sensor nounting cover 403
made of synthetic resin nmaterial (e.g., plastic) is renovably attached to -
the substantially reverse surface of the cast netal fixture body 402, and
further a supply pipe accommodati ng space7404 iSubstitiesdshedtneenvibish 1o
~fixture body 402 and the sensor nounting 20 cover 403. Further, the water
di scharge pipe 403 is attached to the end of the faucet body 301. A :
~discharge pipe nounting netal fixture 405 is connected to the m xed hot and
~cold water supply pipe 305 extending along the supply pipe accommopdati ng 25
space 404 at the base end thereo&l.)h ﬁgéﬁfer, 7.end of the discharge cap
310 is attached to the water dis 8 D ! As al ready explained, the
wat er di scharge openi ng 310a of thﬁ G e_cap 310 is so set that
the downward angle [err] between thé\ S 4ine L[err] and the

virtual horizontal I05a - A\ F 11O L2
| g
i ~
"z - ‘L
10l—
N -1y
1 r .
‘15
m  194b 05
1\ 194a W
I 199 210 j' I
1723 19 213
191 76
74 T3 ¢ |
175 Vi
179 178
|72 il
180 N 177 (g2l o — '
Bl A AN — —I72a | REPLACEwEAT Svpe
1827/ | — E»'?o Ty
W QlO6 ~ p ]#] . 11MAR 1997
v |
;/ - -
~ 107(108) I
- m
L~

FIG. 20



[LL NP

30°line L[err] lies between 0 and 35 degrees. -78- Further, the hand
sensor S is nounted on the sensor nounting cover 403, and an end of the

el ectric cable 317 extending along the supply pi pe acconmodating space 404
is connected to the hand sensor S. 5 Further, as shown in Fig. 38,
two water stoppers 410 and 411 are provi ggd at SilsttEesheet 1 HaAaréH 1997
nmetal fixture body 402 and the sehsor nounting cover 403 in such a way as
to pinch the water discharge pipe 303. Therefore, it is possible to _
securely prevent scattered water fromentering 10 into the faucet body 301
and further fromflow ng downward al ong the electric cable 317, etc. As a
result, it is possible to prevent such a trouble that the floor is wet and
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t hereby corroded. Further, wi'th respect to the conposing elenents of the
15 automatic faucet A related to the second enbodi nent which are the sane
as with the case of the second enbodi nent, 200 is added to each of the
reference nunerals attached in the second enbodi ment. Further, the sane
control nethod as disclosed with referenp@ to Rsstitdée 58edS- ¢aMaksh a89Tt ed
to this 20 enbodi nent. According to the structure of the second and third
enbodi ments of the present invention, the follow ng effects can be .
obtai ned: (1) Since the discharge direction of water discharged 25 from
t he di scharge opening is directed slightly dowward fromthe horizontal
direction and further since the water is discharged over the washbow al ong
b-eederwl he hand or face washi ng space

a parabolic locus, it is possible Lo-b
within the washbow as broad as‘;, result, since it is
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30’ possible to prevent the washing space from bei ng narrowed by -79- - the
wat er di scharge pipe, the usability of the faucet can be inproved. Further,
since the hands can be noved freely toward the discharged-hot and cold
wat er, the hands can be washed by a small amount of water, thus econom zing
washing water. 5 Further, since thofrontSubsditpteosiesdt -oh Masshanee7of
t he wat er di scharge pipe can be reduced, it is possible to reduce a feeling -
of oppression of the user due to the water discharge pipe. Further, since
the water discharge opening of the water 10 discharge pipe can be seen by
the user, .the user can stretch his hands toward the water discharge pipe
easily and accurately, so that it is©sslill)le to inprove the usability
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of* the faucet fromthis point of view (2) Since water pressure or flow
rate adjusting neans 15 such as a constant flow rate valve is disposed

m dway in the water discharge passage, even if water pressure fluctuates,
it"is possible to prevent mxed hot and cold water beyond a predeternined
flow rate from being di scharged-from t hg1wat er Sdbstitvae gheeperti MarcB01997
Figs. 40 to 42 show a fourth enbodi nent of the faucet according to the
present invention, in which Fig. 40 is a front view showi ng the faucet;
Fig. 41 is a rear view showing the sanme; and Fig. 42:is a cross-sectional
view taken along the line X - X showmn in Fig. 40. 25 The faucet
related to this enbodi nent conprises a cylindrical faucet body 501, and a.
sl ender water di scharge pipe 502 nounted on_the upper end portion of the
faucet body 501 extending bei ggient ' an f a water bird. The
faucet body 501 is installed ' propyiatg ed os_ila'\on
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30 of a washbowl (not shown) in such a shape as to be stood - 80-
vertically being inclined a little frontward. In this inclination
status,  the water discharge opening 503 forned at the end of the water

di scharge pipe 502 is directed just downward, so that the axis Wof the

di scharged water stream5 is always ked2 di r eSuidtivetd slsedt 1 durekan 997
irrespective of the flowrate of the discharged water. The position of the
wat er di scharge opening 503 is determ ned sufficiently high fromthe bottom
of the washbow and sufficiently away fromthe faucet body 501, so that it

I's possible to provide a 10" sufficiently broad hand hin e .
under the water discharge gpering 503. The detail ed Str'REPEKGEMENTtSHE%T I
faucet is omtted herein, _ !

11 MAR 1997
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because being substantially the sanme as that of the other enbodi nents

al ready expl ai ned, except sone nodifications for 15 realizing the unique
shape and sone rearrangenents in design. Therefore, only the hand sensor S
will be described in further detail hereinbelow. The hand sensor S is

' housed in the faucet body 501. A w ndow2804 i sShiostiteitle isheeat f rMoltarshuridg®k -
wal |l of the faucet 20 body 501, and a light emtting region 505 and a

|l i ght receiving region 506 expand toward a frontward hand washi ng space

t hrough the wi ndow 504 roughly - in parallel to each other. The region at

. which the light emtting region 505 and the |light receiving region 506 of

' the hand sensor S are 25 overlapped with reach I s detection region
j JIO8xis d of this

. detection region is adjusted so as to intersect axis Wof the

. di scharged water stream Fig. 43 shows a positi rel ati'%hi p between

/
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30 sensor S and the discharged water stream axis Wextending from-81-

“the water discharge opening 503. Here, water stop experinents have been ° .
made, after water has been started to discharge by approaching the hands to
the faucet, on condition that three paraneters are changed within 5 the
following ranges: 55 [err] 80, 20 [e24] L [Subdtithts sheé¥b! erMhrdienoo7
[err] 90[err] where [err] denotes the distance between the hand sensor S
and the discharged water streamaxis W L denotes the vertical distance '
between a start point of the direction axis of the 10 detection region 507
of the hand sensor S and the water discharge opening 503; and [err] denotes.
the angl e between the directional axis d of the detection region 507 of the

hand
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sensor S and the discharged water-streamaxis W Further, the anpbunt of

fl ow of . di scharged water is kept 15 constant at 5 litter/mn; a water
straightening elenment (a ratio of the dianeter Dto the water path | ength
is r=1.2) is used. Further, [err] and L have been changed for each 5 mm
and [err] has been changed for each 5 deggsees. Jlwstitasd shest! 1 Iviar¢H g@iosd
~that erroneous operation will 20 not occur as far as the follow ng ranges

' can be satisfied: (1) [err] [err] 70 mmin all ranges of [err] and L (2)
[err] [err] 60 mMmmand 35 mm[err] L [err] 45 mmin all range of e (3)

| [err] [err] 70[err] in all ranges of [err] and L In the faucet of the
‘present invention, since the 25 discharged water streamis determ ned at
“a constant position irrespective of the flow anount of the discharged

~wat er, the distance between the hand sensor and the discharged water stream
axis Wis kept constant. Therefore, it is preferable to design the sizes of
the faucet and the washbow under due ' : S
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30" consideration of the above-nentioned experinent results. -82- _
Further, in this enbodinent, it is possible to adopt the afore-nentioned
control nethod. Figs. 44 to 48 show various nodifications of the hand
sensor used for the automatic faucet according to the present -5 i nvention.
Fig. 44 shows an exanple in which the had8 sensSuibstitute Bheet €d March 1997
" position upward fromthe water discharge opening 602 on the faucet body
601. The directional axis d of the detection region of the hand sensor S
intersects the 10 di scharged water streamaxis W and the intersection

prevention of the erroneous detectipn of ¢ischarged water.

105

angle [err] between the axes d and IS agifsted | ess than 70 degrees for
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Fig. 44 shows an exanple in which the directional axis d of the detection
region is so adjusted as to be reflected 15 fromthe bottom surface of
t he washbow B in a direction away fromthe faucet 601. In this

nodi fication, it is possible to further reduce a possibility that the
washbow is det ected as hands erroneousl 37 Fi g.S4stROEVEhast exam[gl—(ﬂq 1997

~which the directional axis 20 dl-of the light receiving region 703 of the

“ hand sensor S intersects three discharged water stream axes W, W2 and W3.
“Fig. 46 shows an exanple in WhICh the directional axis d2 of the light
~emtting region 704 of the hand sensor_S intersects three 2 gcharged wat er
- stream axes W, W2 and. AN 2 Pl £ [if [ frle t hat t he
“intersection angle [err]1 or [err]2 is determined | ess than 70 degrees for
“prevention of erroneous detection of the discharged water. As far as the

- ordinary hand sensor S is used (in V\/nligcgat he positional offset between the

light emitting region 703
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30" and the light receiving region 704 is sufficiently small as -83-
conpared with the size of the hand sensor S), even when any one of the
light emtting region 703 and the light receiving region 704 is so :
determned as to intersect the discharged water stream-as shown in Fig. 45
or 46 or even when the 5 detection regi 88 doesSobstituté shsett 1t March 1997
di scharged water stream since the hands stretched for hand washi ng can be
| ocated within the detection region, it is possible to securely detect the
hands. Figs. 47 and 48 show ot her exanples in which the hand 10. sensor S
is nounted at a position away fromthe faucet body 801. In these exanples,"
the detection region of the hand sensor Sis so adjusted so as to intersect
t he di scharged SR ' :
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water streans WL, W2 and WB. Further, it is preferable that the angle e
between the directional axis d of the detection 15 region and the-
di scharged water streanms WL, W2 and WB is deternmined |ess than 70 degrees.
Fig. 49 shows an exanple in which the light emtting el-enent 902 and the
l'ight receiving el enent 903 of the hand 20nsor Substtuté isheged 1ISMecih g9 e
away from each other in the 20 horizontal direction. Further, the hand
sensor S can-be housed in the faucet body 901 as shown by solid lines or
di sposed outside the faucet body 901 as shown by dashed |ines. Were the
light emitting elenent 902 and the light receiving el enent 903 are arranged
- horizontally as described 25 above, since the shape of the sensor hol der
. can be sinmplified, the nolding die thereof can be manyf actured at a | ow
. cost. In addition, the two el enments 902 and P03 can bg¢ a ged on a
. printed circuit board nore easily. BO8he e and v ﬁe?he | i ght

e -209a -
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30 " arranged vertically as with the case of the afore-nentioned -84-

enbodi nents, there exists such an advant age that .the shape of the faucet
can be nmake narrow fromthe design standpoint. Further, when the |ight.
emtting elenent and the light receiving el ement are arranged vertically on
a washbow B 5 having an upward extendi n80ri m 99dbastuté @8WBet D 1FAVRrc? 39971
'is preferable that the light emtting elenent 905 is arranged over the

- light receiving elenent 906 so that the light emtted fromthe |ight
jemtting element 905 is not shaded by the rim904. 10 As descri bed
“above, various enbodi ments of the faueet according to the present-invention
have been descri bed. However, it is further understood by those skilled in

the art 209 :
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t-hat the foregoing description is preferred enbodi nents of the disclosed
faucet and that various changes and nodifications 15 nay be nade in the

i nvention wi thout departing fromthe gist of the present invention. -85-

86 WHAT IS CLAIMED IS: 1. An automatic- - faucet having a hand sensor
for detecting presence 5 or absence3fof haSabstituteishees - hMarciab?? g
space to start and stop discharging water froma water discharge opening
automatically wherein the hand sensor conprises: a transmtter for
transmtting a signal wave to a transmission region directed toward

t he hand washi ng space; 10 a receiver for receiving a signal wave
reflected from a reception ' .

216 216 -
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redion directed also toward the hand washing space; and a water flow
straightening elenent in a pipe passage for introducing water to the
water di-scharge opening, to form a snooth rod-shaped water flow,
irrespective of flow rate of water discharged 15 .from the water

~di scharge opening; a detection region beB2g forSasstitutershast + 4l Maveh 199¥ed
portion of both the transmssion region and a reception region, and

at |east one of the light emtting region and the |ight receiving
region being so adjusted as to intersect a stream of water discharged
fromthe water 20 ° discharge opening; .and the water flow straightening-
elenent is a cylindrical cap for formng the water .discharge opening, -
a dianmeter of the water discharge opening being determned 1.2
times longer than a water path length of the cylindrical cap. 25 2. An
automatic faucet;mhaving a hand sensor for detecting presence or.

absence of hancé?_ \L.tJauLl a hand washing space to start and stop
. . ’} ---| ' .

N

3

308

/330

\

7\
\
)
=
FIG. 37

I .
Ol 400
TR .-

[A
4

\)
1

A




discharging water froma water discharge opening automatically, wherein the
hand sensor conprises: 30 a transmtter for transmtting a-
signal wave to a transmission region directed toward the hand washing
space; a receiver for receiving a signal wave reflected from a

_ reception region directed also toward 3B8e harSubstitate sgespadelmamld19@7
~water sprinkling elenment for sprinkling water discharged 35 from
the water discharge opening in a pipe path for introducing water
to the water discharge opening; 87 a detection region being fornmed by
a partial overlapped portion of both the transm’ ssion region and a
reception region, and at |east one g:& t he g.g&;sem'tti ng region and
the Ilight recei vi ng region being \ﬁdﬂla to intersect a stream

of water discharged fromthe water 404 A0a .
L2
35 7z s
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5 * discharge opening. 3. An automatic faucet having a hand sensor for - .
detecting presence or absence of hands wthin a hand washing space to start
and stop discharging water froma water di scharge opening automatically,
wherein 10 the hand sensor conprises: a transmtter for transmtting a -
si gnal

wave to a transm ssion region diggcted Stup¥ttige sheet PANMar¥RSIVIY
'space; a receiver for receiving a signal wave reflected from a
‘reception region directed also toward the hand washing space; 15

‘a detection region being fornmed by a partial overlapped portion of both
the transmi ssion region and a reception region, and at |east one of the
light emtting region and the light r VA

regi on being so adjusted as
to intersect a streamof water dis he wat er di scharge opening;
20 and a distance 33 en fsal a g\t ¢OQ said receiver and -
the water discharge is det ed

; . ong so that the signal wave
reflected fromthe dischargef-mate ected away fromsaid
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receiver. 25 4. An automatic faucet having a hand sensor for
detecting presence or absence of hands within a hand washing space to
start and stop discharging -water froma water discharge opening . '
automatically, wherein the hand sensor conprises: a transmtter for
transnmitting a signal wave to a transm sgson 30SubsEiB sHaiek €Ct ffhrbRVE 97
the hand washing space; a receiver for receiving a.signal wave reflected
froma reception region directed also'toward the hand washi ng space; a
detection region being formed by a partial overlapped portion of .both the
transm ssion region and a reception region, and at |east one 35 . @UEE
light emtting region and the 1light receiving region being R@gAhgﬁEﬂf§gEﬂ
adjusted as to interseq'l'"a'x stream of water discharged frony the water

88 h 7\ 11 MAR %97
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digscharge opening; and said transmtter is a light emtting elenent
and said receiver is a photoelectric sensor, the Ilight emtting
el.ement and t he photoel ectric sensor being housed Wi t hin a
faucet body of the 5 automatic faucet in such a way that both
the element and the sensor are arraBged 6SobstitutséaMeet Pl BMarcAl1997
distance 0 to 5 cmapart from each other and  that direction axes
of both the elenment and the sensor are determ ned roughly parallel to
each other. 10 5. An automatic faucet having. a hand—seRsow—ior

detecting presence or absence of hands within 5 gand washli iREPEAGEMENToSHEET
start and stop discharging water froma water dtgCharge opgni '
automatical ly, wherein the hand sensor conpezaesl. a transm
transmtting a signal wave to a trans ’ 15 B{ON directe
hand washing space; a receiver fg i\ /
from a reception region directeg

a detection region being- forned //
' /




both the transmi ssion region and .a reception region, and at |east

one 20 of the light emitting region and the Ilight receiving region
bei.ng so adjusted as to intersect a stream of water discharged from _
the water discharge opening; and said transmtter is a |ight

emtting elenent and said receiver igza ph LCL T sensor . t
SLPSHiRAL sheet geﬁ/ﬁéch 1[%73 od

light emtting elenment and the 25 phot oel ectric sensor -
wi-t hin a faucet body of the automatic faucet in such a way
that the sensor is arranged a distance 70 mmapart froma water_stream

fromthe water discharge opening in horizontal direction. 3q" E ACEMENT SHEET
automatic faucet having a hand sensor for detecting presgﬁ E OF

absence of hands within a hand washi ng spa start and stlop di schargi

wat er from a water di scharge opening omatical | y3 ereinkh HthABéﬁ@gr
conprises: a transmtter for trapdmttin a signal wave 0 a

transm ssion 35 . region directed owar e ha wasN ng gpace; a '

receiver for receiving a signal) wav reflected om

503




89 region directed also toward the hand washing space; a detection
region being formed by a partial overlap d both the transm ssion
region and a reception region. and of the light emtting region and
the light receiving region being so 5 adjusted as to intersect a
stream of water discharged from the @& er disgeiafie MRePLNOMARH 19871 d
‘transmtter is a light emtting el enrent .and said receiver Is a
photoel ectric sensor, the light emtting element and the photoelectric
sensor being housed within a faucet body of the 10 automatic
faucet in such . a way that the sensor is arranged._a _distance 35 to
45 mm apart froma water streamfromthe water dischargejo i '
vertical direction and a distance 60 nmor nore apart fr nﬁﬂﬂAﬁ@ Tﬁﬂ#ﬁ?
11 MAR 1997
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157 7. An automatic faucet for starting and stopping discharging
wat er automatically by detecting presence or absence of hands with a non-
contact reflection type active sensor, which conprises: a statistica
arithmetic calculator for sanpling data indicative of reflected signa

| evel s of the active sensor periodically3snd Cab@l‘%ﬁidtﬁgsr?&t f"i\/larjcﬁ
one statistical value on the basis of a plurality con |nuous
data including the updated data obtained by sanpling; and a discrim nator

for discrimnating presence or absence of hands on the ba 'ﬁ gf—tie
statistical value to start and stop water discharging. 25 |gREPLAGEMENT SHEET
automatic faucet of claim 7, wherein the statistical vajup 1s at Teasty .
one of an average value, a variance-value, and a standard dpv| aii pyage:

9. The automatic faucet of claim8, which further conprises|rgference

| evel deciding nodules for deciding the average valug as—=
reference | evel indicative of absepee~of both R&RB2and di sicharged viater,

on condition that the v&Qlancg v%ue obt g d at water stop TS

& e

smal | er than a constant val \ye




357 10. The automatic faucet of claim 9, wherein said
discrimnator discrimnates the presence or absence of hands on the:
basis of a 90 conparison result between the average val ue and the
reference val ue and a conparison result between t he vari ance -

value and a predetermned threshol d4oval uesubstitutd sheet 08 NVEHERRYIF
faucet of <claim 8, wherein said discrimnator discrim.nates the

presence or absence of hands on the basis of conbi natg-er—of

first conparison result between the average value and { h REPIACEMENT eSHEET
| evel and a second conparison result between an absolute vallu ofr—The
most  updated value and a tgoined 10 threshold. {12 '
automatic faucet of claim 8, urt®r conprises Ja re;l g_r%%'gg‘gw
| evel deci ding rmdulg\f or deciding]the averlg,gé_ﬁal ue as a .
N /Q
. WN I./d
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reference | evel indicative of absence of both hands and di scharged 15

water, on condition that a difference between the nost updated data
ang the average value at water stop lies within a constant range. 13.

The automatic faucet of «claim 12, wherein said  discrinnator
~discrimnates the presence or absence of4hands Substitatdshest ofl Maréh 1997
conparison result between the nost updated data and the _reference...
| evel . 14. The automatic faucet of claim 7, which f IACEMENT SHEET
conprises a period controller for detecting significant t 1-eNS
of the reflected 25 signal |eve qn  the basis of th Statii@%éﬁﬂ
value at water stop to increas ng frequency. 15. 1AM 1
-faucet of claim 7, wherein { scrinmnator starts i
water when the statistical Qisfies a 30
first condition in a water s longer t3Ban
time, stops discharging water whg istical valjue satisfies a
predet erm ned second condition i &r dischargg”§f§qu, and restarts

predet er m ned '

di schargi ng water when the stati § dalf ue satisfggsaa:
. '-_ ‘4 .
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pr ede®er i n_eoil\-thi rd condition in a water 'stop status shorter than the 35
_ predet er m'pett—ttrme;,——the—tt r('r condl tion ‘being determ ned severer

than the first - The automatic faucet of claim 7,
whi ch further }ﬂg ”w !IJHI!M d| scharge counter for counting the nurrber
of water di sch ont| NUOBH \Sulstitutd sheeti-ntl dr Qutebers 2001

1t han ab predetermned tinme; and a inhibi{i nQREPUACEMENIT SHEEDS t | IRG
the continuously repeated water discharges Ians%npﬁ@d yﬁagegqunﬁoe =8y .
sai'd water discharge counter exceeds a pred tg@aﬁg@ val @@eﬁl to ﬁdq
The automatic faucet of claim 7, whereinj g ngg@:r Rat of ﬁég%ﬁt.§..
di schar gi ng wat er when the st at_l stical |vgFa sat ng?ﬁg (, toapagcd _____
] wat er stop tat us onger t

pr edet er mi ned

DATE OF RECEIPT ....'..‘.‘.4.'.'.’..'99..
1. . An automatic faucet having a ‘hand sensor for detecting presence

5 'o; absence of hands within a hand .washing -spaée to - start and stop

discharging water from a water discharge opening automatically wherein

the hand sensor comprises:
a transmitter ' for transmitting a signal wave to a transmission
region directed toward the hand washing space;
o 10 a receiver for receivihg a 'signal wave reflected from a reception
region directed also toward the hand washing space;

and a water flow straightening element in a pipe passage for
introducing water to the water discharge opening, to form a smooth
rod-shaped water flow, irreépective of flow . rate of water discharged

156 from the water discharge opening;

a detection region being formed by a partml overlapped portion of
both the transmission regmn and a reception region, and at least one
of the light emitting region and the light receiving region being so
adjusted as to intersect a stream of water discharged from the water

20 discharge opening; _ .

and the water flow straightening element is a cylindrical cap for
forming the water discharge opening, a diameter of the water
discharge opening being determined 1.2 times longer than a water

path length of the cylindrical cap.

25
2. An automatic faucet having a hand sensor for detecting presence.
or. absence of hands within d hand washing space to start and stop
discharg_ing water from a water discharge opening automatically, wherein
the hand sensor comprises:

30 a- transmitter for transmitting a signal wave to a - transmission

region directed toward the hand washing space;
a receiver for receiving a signal wave reflected from a reception
region directed also toward the hand washing space; _
and a water sprinkling element for sprinkling water discharged

35  from the water discharge opening in a pipe path for introd
YONT f'llFET
' 3

water to the water discharge opening; REP% ne
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p‘F‘e’det"‘errﬁ nedstine, stops dischargi ng water when the statistical value
satisfies a predeternm ned -seeend-condition in a water discharge st at us, 15
~and restarts discharging water when the statistical value satisfies
a predeterm nedu“l“”uurl ”!ﬁn in a water stop status shorter than
- the predetermn ol tee) KN rther cogpr iSubstitute\Whieet ~di B CcOatdler C2000eEr
for counting the"number of times of 20 water di scharges  continuously
repeated at intervals shorter than a predeternined tine; and a
condition changing nodule for changing élhe first aRd thlrdt
condi.tions into severer ditj.ons, .whep said, water discharge counter
counts a val ue nore t ezg%cglgﬂprre%g e.tr’eﬁ%l%eg’"\l/l u® 35P% .“ﬁ Oﬁ{gappg@t_g?éppc of
~faucet of clabeth 1lfe trahsmiesion region anghial receptém diegiohar el (mlﬁrieaaat one
counts a red ' - thgonT idndt GENAicht 00ecel ugh:dahafe;any pne
- of the avergge @taledalg‘ g%gtt%g?lé\fglrgi aljra\%gnva{nae tglgt |qis #egecgg%}ﬁspr cﬁ%‘term ed
“condition, and adinsted nasf taorintexpegt At Stream of water discharged from the water

6  discharge opening.

3. An automatic faucét havin_g a _hand sensor for detecting presence
or absence of hands within a hand washing space to start and stop
discharging water from a water discharge opening automatically, wherein

\/ 10 the hand sensor comprises: |

' - a transmitter for transmitting a signal wave to a transmission
region directed toward the hand washing spac'e;. o

- a receiver for receiving a signal wave reflected from a reception
region directed also toward the hand washing space;

15 a detection region being formed by a partial overlapped portion of _
both the transmission region and a reception region, and at least one
of the light emitting region and the light receiving region being so
adjusted as to intersect a stream of water dischﬁrged from the water
discharge opening; '

20 and a distance between said transmitter or said receiver and the
water discharge is determined sufficiently long so that the ~signal wave
reﬂgcted' from the discharged water can be directed away from said

receiver.

25 4. An automatic faucet having a hand sensor for detecting presence
or absence of hands within a hand washing space to start and stop
discharging water from a water discharge opening autdmatically, wherein -
the hand sensor comprises:

a transmitter for transmitting a signél wave to a transmission

30 regidn directed toward the hand washing space;

~ a receiver for receiving a signél wave reflected from a reception
region directed also toward the hand washing space;

a detection region being formed by a partial overlapped portion of
both the transmission region and a reception region, and at least one

85 of the light emitting region and the light receiving region being so
adjusted as to intersect a stream of water discharged from the water

REPLACEMENT <uWEET
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30 dscharge counter has .counted the predeterm ned val ue, the

first condltlmﬂ——n—s——eh&ﬁged—t—mo such that at least the variance

val ue sati sfi e condi tion. 19. The automatic faucet of
claim 17, ': mﬁ"m § wat er 35 di scharge counter counts a .
pr edet er m ned oL ‘condi ti 88 Substitiith shept -

di schar ged Wnen a f| rst corrparl son result of a - 92 dfTrerence™™
an average value and a reference value 'with a first predeterm ned
value and a second conparison result of an abs Iute V- %ue ofgthe
nost updated da& éh a second predeterm ned value b t exce o A= it
predet-erm ned va ue gpeé]tgi vely: and after the 5
counter has counta@d stid  passeiterni sed a vaighe, eni -ecetlnmbmreldmd ergc_hed
val ue is increag@biver’lis a APhotAi AR bénsod AUEST LERY thftfihg NdlenfUV and >RRL NY

I schargin wat er ,
dis g'ng photoelectrlc sensor being  housed within a faucet  body of the

5 automatic faucet in such a way that both the element and the
sensor are arranged on a same plane at a distance 0 to 5 cm
apart from each other and that direction axes of both the element

and the sensor are determined roughly 'parallél to each other.

— 10 5. An automatic faucet having. a hand sensor for detecting presence
or absence of hands within a_hand washing space to start and stop
.discharging water from a water discharge opening automatically,.wherein
the hand sensor comprises:

" a transmitter for transmitting a signal wave to a transmission

16  region directed toward the hand washlng space;

a receiver for receiving a signal wave reflected from a reception
region. directed also toward the hand washing space;

a detection region being formed by a partial overlapped portion of
both the transmission region and a reception _region, and at least one

20 of the light .emitting region and the light receiving region being so

' adjusted as to intersect a .stream of water discharged from the water
discharge opening; '

and said transmitter is a light emitting element and said
receiver is a photoelectric sensor, the light emitting element and the

25 . photoelectric sensor being housed within a faucet body of the
automatic faucet in such. a way that the sensor is arranged a
distance 70 mm apart from a water stream from the water discharge

opening in horizontal direction.

30 6. An automatic faucet having a hand sensor for detecting presence
or absence of hands within a hand washing space to start and stop
discharging water from a water discharge opening automatically, wherein
 the hand sensor comprises: ,

a transmitter for transmitting a signal wave to a transmission

356 region directed toward . the hand. washing space; '

a receiver for receiving. a signal wave reflected from a reception



att ongt i cal | y by det ecting presence or absence of hands, wherein the 10

wat er di scharge——efreﬁr-ﬁq—rs—drrect ed so that water can be discharged
slightly downwa tel direction. 21. The automatic _
faucet of clai lig“l E& m her conprises a flowrate control device

for holding a te at a 85 Substit@teisheeve! 111 | OceshizrC 2000 OI

wat er pressure of a water supply isource. 22. A Taucet havi
body and a spout connected to the faucet body, wherein t

conprises: a nozzle pipe having a base end portion screwed wit

faucet body and. a ortlon a water
openi ng; and a reﬁ%’?zldéreﬁ'%g ral i fpward tg ngﬁ?‘h WRAYYDY oSPage: o
~said nozzle pipe taeldegectlunth@oxf Oberimeg  fviid ab:pra)tjI eamad)noﬁtrl@ ed
surface of sa| z a a om.an,

o éllleenozz jscich §FE%ela%denag ggﬁ' 0% cfegi et ween

directi on, sai cove san
body and the ¥r dpectliebh. ezetung Tegion { amdetth@f lightii peceiring whegiosi rbeingheso

faucet body 5 COfMudtSESafNto intersect a stream of water dlscharged from the water
discharge opening; , _

and said transmitter is 5 'light emitting element and said

receiver is a photoelectric sensor, the - light emitting element and the

] photoelectric  sensor - being housed within a faucet body of the

k-/_ 10 automatic faucet in such a way that the sensor is arranged a.

distance 35 to 45 mm apart from a water stream from the water

dlscharge opening in vertical direction and a distance 60 mm or more

apart from the same water stream in horizontal dlrectlon

16 7. An automatic faucet for starting and stopping discharging water
automatically by detecting presence or absence of hands with a non-
contact reflection type active sensor, which comprises:

a statistical arithmetic calculator for sampling data indicative of
reﬂecped signal levels of the active sensor periodiéally and calculating

20 at least one statistical value on the basis of a plurality of
continuous data including the updated data obtained by sampling; and

a discriminator for discriminating preeence or absence of hands on

the basis of the statistical value to start and stbp water discharging.

256 8 The automatic faucet of claim 7, wherein the statistical value is
at least one of an average value, a variance value, and a standard

deviation value.

9. The automatic faucet of claim 8 which further comprises reference
30 level deciding modules for deciding the average value as a reference
level indicative of absence of both hands and discharged .water, on
condition that the wvariance value obi:ained at water stop is. smaller

- than a constant value.

36 10. The automatic faucet of claim 9, wherein said discriminator

discriminates the presence or absence of hands on the basis of a
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predetermined threshold value.

11. The automatic faucet of claim 8,  wherein said discriminator
discriminates the presence or absence of hands on the basis of
combination of a first comparison result between the average value
and the reference level and a second comparison result between an
absolute value of the most updated value and. a predetermined
threshold. ‘ |

12.  The automatic faucet of claim 8  which .further comprises a
reference level deciding module for deciding the average value as a
reference level indicative of absence of both  hands and discharged
water, on condition that a difference between the most updated data

and the average value .at water stop lies within a constant range.

13. The automatic faucet of claim 12, wherein said discriminator
discriminates the presence or absence of hands on the basis of a
comparison result between the most updated data and the reference

level.

14. The automatic faucet of claim 7, which further .comprises a
period controller for .detecting significant fluctuations of the - reflected
signal levels on the basis of the statistical value at water stop to

increase sampling frequency.

15. The automatic faucet of claim 7, wherein said discriminator
starts  discharging water when the statistical value satisfies a
predetermined first condition in a water stop status longer than a
predetermined time, stops discharging water when the statistical value
satisfies a predetermined second condition in a water discharge status,
and restarts discharging water when the statistical value satisfies a
predetermined third condition in a water stop status shorter than the
predetermined time, the third .condition being determined severer than
the first condition. ' -

a



the Yaucet can_be fixed to.  an upper surface
t hrough hole b?rEpgAQF‘MEngHEgt a position Ic“ rom
[ A upper

gravity center jo WaSs | 4t e. 10 25.

surface of a | 1§, which conpri|lsgs: a boIt extendr ng downvvard froma | ower
end portion of ftHe 12uB6T,2088s4i ng thro " 8db égEQ%anmi Oeroblee mo
and projectingjdgwward from ail qwer s ce of the wall

gui de nenber Jfor a drainage operatron | ever, extending downward from
an -l ower end paction of the faucdt, passing through t he openi ng, and
projecting dowmmward froma | ower surface of the wall; a washer plate forned
with a first through hole through 20 which the projecting portion of
Sﬁ' d bolt is 14 nsemeed?una:ﬁﬁkéc Walibet @f saamd 7t hwmghfdgﬁlee tg&hpﬂgia whi ch
the projecting portion of sai s i nserted:. and a nut .screyed
with a downward proj&ctTHE pdl?srcﬁ%’ﬁeofcoé‘g% Tt counting umber of ~ water

discharges repeated continuously at time intervals shorter than a

5 predetermined time; and _
a inhibiting module for inhibiting the continuously repeated water
discharges when " a value _counted by said water discharge counter

exceeds a predetermined value.

/ | 10 17 The automatic faucet of claim 7, wherein - said discriminator
starts  discharging  water -when the statistical vaiue satisfies a
predetermined first condition in a water stop status lunger than a
predetermined time, stops discharging water when the statiétical value
satisfies a predetermined second condition in a water :discharge status,

‘15 and restarts discharging water ‘when the statistical value satisfies a
| predetermined third condition in a water stop status shorter than the
predetermined time,

which further comprises: .

_ a water discharge counter for counting the number of times of
20 water discharges continuously _repeated at 1ntervals shorter than a
predetermined time; and _ _

a condition changing module for changing the first and third
conditions into severer conditions, when said water discharge counter
counts a value more than a predetermined value.

25 ' '
18. The automatic faucet of claim 17, wherein wuntil said water
discharge counter counts a predetermined value, the ﬁrét condition is
such that any one of the average value and the variance wvalue
satisfies each predetermined condition, and wherein after said water
30 discharge counter has co_imted the predetermined value, the first
condition is changed into such that at least the variance value

satisfies a predetermined condition.

19. The automatic faucet of claim 17, wherein wuntil said water
35 dlscharge counter counts a predetermlned value, the first condition is

such that water is discharged when a first comparison result of a



passing - ‘throhgh the  first through hol e washer

: bri -
25 into Tpressur Lact_with a 1owver surface ﬂll‘:lﬁmllm""”mn that
the faucet can eREPi.K@EMEMTOjSHEET upper ‘surface
second t hrough ol e——being 194.’!”13(' at a position dlslocatecf away
from- a gravity fcgnter of said agher pg?t Sub3btute FPeet — TNEOEMLRT 2000
claim 25, whereiln] tfA@ OCT<200 UhrOLgh hol eSS arso fornmed at a position
dislocated away | flrom a gravitjy] center of said washer plate. 27, A
structure for cdnnecting two pipeq at each end there]?f, whi gh 35
conprises: a fla dt er circunference of an en ortion-
94m_)Substitute differonce  batween o 5@  SYR¥EReLT valleh a9 e relREpnge padluey with a

connecting nenhet epgadeshingd t hvalide aniwoa f bRBGES dBRAPLHSAS @bsult of  an

absolute value of the most updated data with ‘a second predetermined

value both exceed a predetermined wvalue, respectively: and after the
5 water  discharge - counter has counted the predetermined value, the

second predetermined value is increased.

20. An automatic faucet for starting and stopping discharging water
automatically by detecting presence or absence of hands, wherein the
— 10  water - discharge opening is directed so - that water can be discharged

slightly downward from a horizontal direction.

21. The automatic faucet of claim 20, which further compr.ises a
flow rate control device for holding a water discharge rate at a

15  constant level, irrespective of water pressure of a water supply source.

22, A faucet héving a faucet body and 4 'spout connected to the
faucet body, wherein the spout _comprises:

a nozzle pipe having a base end portion screwed with the

20 faucet body and an end portion formed with a water discharge
opening; and '

a nozzle cover fitted to said nozzle pipe externally, said .nozzle
pipe being further formed with a projection at an inner surface of
said nozzle cover so as to be engaged from an end side direction,

25 said nozzle cover being sandwiched between the faucet body and the

projection.

23. The faucet of claim 22, wherein the faucet body comprises an
outer member and an inner member fitted into the outer member,
30 and a nozzle mounting member housed within said outer member, and
the base end portion of said nozzle pipe being screwed with said

nozzle mounting member.

24. A faucet fixed to an upper surface of a wall, which comprises:
35 _ a bolt extending downward from a lower end portion of the
faucet, passing through an opening formed in the wall, and projecting
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5

downward passing through the through hole, to bring said washer

plate into pressure contact with a lower surface of the wall, so that

the faucet can be fixed to an upper surface of ' the wall, the

‘through hole being formed at a position dislocated away from a

gravity center of said washer plate.

25 A faucet fixed to an wupper surface of a wall, which comprises:

a bolt extending downward from a lower end portion of the

- faucet, passing through an opening formed in the wall, and projecting

15

20

25

30

35

downward from a lower surface of the wall;

a guide member for a drainage operation lever, extending
downward from an lower end portion of fhe faucet, passing through
the opening, and projecting downwai'd_ from a lower surface of the
wall; | .

a washer plate formed with a first through hole through
which the projecting portion of said bolt is inserted and with a
second through hole through which the projecting portion of said guzde
member is inserted; and

a nut screwed with a downward projecting portion of said bolt
paséing through the first through 'holé, to bring said washer ﬁlate
into pressure contact with a lower surfaoé of the wall, so that the
faucet can be fixed to an upper surface of the wall, the second
through hole being formed at a position dislocated away from a

gravity center of said waéher plate.

26. ‘The faucet of claim 25,_ wherein the first through hole is also
formed at a position dislocated away from a gravity center of said

washer plate.

217. A structure for connecting two pipes -at each end thefeof, which
comprises: '

a flange formed at an outer circumference of an end portion



|on thereof and with a ta ered

o N

itted to the ‘cornedtidn end portion
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5 | two pipes are in contact with each other; and
a revolution stopping mechanism for preventing at least one of

the flanges from being rotated relative to said connecting member.

28. A structure for connecting two pipes at end surfaces thereof
Y _ 10 which comprises: | _
' ‘a flange formed at an outer circumference of an end portion
of each of the two pipes, respectively;
a projection formed in an end surface of one of the flanges:
‘and .
15 a recess formed at in an end surface of the other of the

flanges .and engaged with the projection.

29. A structure for connecting a flexible tube to a water inlet and
outlet openings of a water. treatment installation, which comprises:

20 a connection guide attached to the water inlet and  outlet
openings and formed with a male threaded surface in an outer
circumference of a base end portion thereof and with a tapered
surface in an outer c_ircumference of an end ©portion thereof a
connection end portidn ~of the tube being fitted externally to the

256 formed tapered surface; and '

' a cap nut fitted to the connection end portion of the tube
externally and formed with a large-diameter female threaded surface
engaged with the male threaded surface of said connection guide and
a small-diameter sliding surface brought into slidable contact with an

30 outer circumferential surfice of the tube and further brought into
pressure contact with the tapered surface of the tube both in .a_n

inner circumference thereof.

30. The. connection structure of claim 29, wherein the outer

35 circumferential surface of the cap nut is knurled.



31. * ‘The .connection struct ure of claim 29, which further conprises
a stopper:, for restricting engage rate “M“““‘“ “Ilﬁml mm at - a
constant limt. - : : BLL- LU L
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31. The connection structure of claim 29, which further comprises
a stopper for restricting engage rate of the cap nut at a constant

limit.
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Abstracf
AUTOMATIC FAUCET
In an automatic faucet having a hand’ sensor § to start
and stop discharging'water automatically, only hands can be
detected accurately without detecting a washbowl (chinaware)
and water stream erroneously. The sensor S comprises a light
emitte: and a light receiver. The directional axis d of a

detection region (in which the light emitting region of the
light emitter and thg light receiving region of the light

receiver are overlapped with each other) intersects the

discharged water stream, and further the intersection angle

_between both is adjﬁsted less than 70 degrees, irrespective

of the flow rate of the discharged water. The reflected light
levels detected by the light receiver are sampled.periodically
to calculate an average value and a variance value on the

basis of at least eight most updated sampled data;_ Water

.discharge is started and stopped on the basis of the

calculated average value and the variance value.

(Fig. 7)




