SPECI FI CATION  Li qui d Di scharge Method And Device
Technical Field [0001] The present invention relates
to a liquid delivery nethod and apparatus for
delivering a liquid by reciprocally noving a plunger
ina cylinder. Mre particularly, the present
invention is intended to, in such a liquid delivery
met hod and apparatus, to suppress generation of air
bubbl es and chi ps and $BECAFIGARDONri |y deliver a
liquid, particularly a |owviscous liquid, in desired
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Background Art

[0002]

In one example of known liquid delivery apparatuses, a cylinder
containing a plunger inserted therein in a reciprocally movable manner is
communicated with a suction valve and a discharge valve. in that type
of apparatus, when the plunger is reciprocally moved, the suction valve
isopenedandaquMdissupphedtothecy“nderh}arevacﬁonsnokeof
the plunger, while the discharge valve is opened and the liquid is
discharged from the cylinder in an advance stroke of the plunger,
whereby the liquid is delivered from a nozzle communicated with the
discharge valve (Patent Document 1).

[0003]

In another example of known liquid delivery apparatuses, a
suction port and a discharge port are selectively communicated with a
cylinder containing a plunger inserted therein by a selector valve, which

has a valve member rotated in a vaive chamber, such that the



comuni cation between the suction port and the
cylinder and the comunication between the discharge

port and the cylinder are changed over fromone to
t he ot her (Patent Docunent 2). Pat egt888Docgmtsntt1 :
Japanese Patent Laid-Open No. 58-17 at en
Dogumsnt 2 . Japanese Patent Laid-Open No. 60-19970
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chanber may be worn,” thus resul'ting in the problem
t hat [(J04)s are mixed in the liquid and delivered
together with the liquid, or conme into the gap
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[0005]

In the apparatus of Patent Document 2, if a gap between the valve
member and the valve chamber of the selector valve is too tight, the
selector valve cannot smoothly slide. In the worst case, the selector
valve may be twisted and damaged, or the selector valve or the valve
chamber may be worn, thus resulting in the problem that chips are mixed
in the liquid and delivered together with the liquid, or come into the gap
between the valve member and the valve chamber to impede smooth
sliding of the selector valve.

Further, if the gap between the valve member and the valve
chamber is set to be loose, the liquid in the suction port may flow through
the gap between the valve member and the valve chamber and may be

delivered through the nozzle regardiess of the reciprocal movement of

the plunger. Such an undesired phenomenon is apt to occur when a



| owviscous liquid is used. Particularly, that
phenonmenon is nore apt to occur when the liquid in
the suction port side is pressurized for the purpose
of enabling the liquid to be nore easily supplied to
the cylinder. [0006] In view of the above-nentioned

problems in the art, an object of the present
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[0007]

The method and apparatus to solve the above-mentioned
problems are based on ideas set forth below as solving means.

According to a first solving means, the present invention provides
a liquid delivery apparatus comprising a valve chamber having a first port,
a second port and a third port, a selector vaive having a valve member
moved in the valve chamber to change over communication between the
first port and the second port and communication between the first port
and the third port from one to the other, a cylinder communicating with
the first port and containing a plunger inserted therein, an
opening/closing valve communicating with the second port, and a liquid
delivery port communicating with the third port.

[0008}

With such a structure, the opening/closing valve is connected to



liquid storing means or liquid supply neans, and the
sel ector valve is changed over by noving the val ve
nmenber so as to conmunicate the first port with the
second port. Then, the opening/closing valve is
opened to communi cate the liquid storing neans or the
i ke and the second port with each other, and the
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In addition, the opening/closing valve is closed other than a period
during which the liquid is filled in the cylinder. Therefore, even when
sliding contact between the vaive chamber and the vaive member of the
selector valve is set relatively loose, the liquid is prevented from passing
through a gap between the valve chamber and the valve member and
from being delivered through the liquid delivery port 17. As a result, the
sliding contact between the valve chamber and the valve member of the
selector valve can be set relatively loose.

[0009]

Also, according to the first solving means, in a liquid delivery

method for delivering a liquid by reciprocally moving a plunger in a



cylinder while a selector valve is shifted in a val ve
chanber to change over comuni cation of the cylinder
and the val ve chanber with a channel leading to a
liquid tank and communi cation of the cylinder and the
val ve chanber with a channel l|leading to a delivery
port fromone to the other, the nethod conprises the
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such an orientation that the liquid is allowed to flow
POFLISAH PYRT §Pom ghesto the other.  On that occasion, when the
plunger is retracted, the cylinder and the valve chamber are
communicated with the channel leading to the liquid tank, and the
opening/closing valve disposed between that channel and the figuid tank
is opened. When the plunger is advanced, the cylinder and the valve
chamber are communicated with the channel leading to the delivery port,
and the opening/- closing valve is closed to cut off the communication of
the cylinder and the valve chamber with the channe! leading to the liquid
tank.

[0010]
According to a second solving means, the liquid delivery apparatus

is featured in that the opening/closing valve is a check valve disposed in

such an orientation that the liquid is allowed to flow from the exterior to

ot



t he second port, but the liquid flowin the reversed
direction is blocked. [0011]] Wth that arrangenent,
when the plunger is retracted while the selector
valve is shifted so as to communicate the first port
and the second port with each other, the pressure in
the cylinder is |owered, whereupon the check valve is
s, filled in the cylinder. By
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CopbEi bl e to avoi d the val ve chanber or th_e vaI ve
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ted due to friction between the val ve chanber
gﬁg%ﬁﬁg JAEVEIUR fisdivers method is featured in that the

opening/closing valve is automatically opened and closed by employing a
check valve disposed in such orientation that the liquid is allowed to flow
from the liquid tank to the vaive chamber, but the liquid flow from the
valve chamber to the liquid tank is blocked.

[0013]

According to a third solving means, the liquid delivery apparatus is
featured in that the selector vaive is moved while sliding along an inner
wall surface of the valve chamber without coming into tight contact with
the inner wall surface of the valve chamber or without causing excessive
friction.

[0014]

With that arrangement, it is possible to avoid the valve chamber or
the valve member from being damaged due to an excessive force
imposed on it, and to prevent chips from being generated due to friction

between the valve chamber and the valve member.



[0015] Also, the liquid delivery nmethod is featured
in that the selector valve is noved while sliding
along an inner wall surface of the valve chanber
wi thout coming into tight contact with the inner wall
surface of the valve chanber or w thout causing
excessive friction. [0016] According to a fourth

sol vi ans, the liquid delivery apparatus is
featu J Fn that the selector valve is a selector
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Wth no %Jr ovi sion of the opening/closing valve on the
del i W,[H/ ]port side, the generation of air bubbles can

be SWB; ?hsgtegr'rarl}ggsnretnt%ﬂhegghwoaunz of the liquid in the valve
chamber can be minimized and the influence of reaction of the liquid can
also be minimized. Therefore, channels can be smoothly changed over
at a high speed.

[0018]

Also, the liquid delivery method is featured in that the selector
valve is moved by rotating, in the valve chamber, a selector vaive having
a first opening formed to position on an axis of valve rotation and a
second opening communicated with the first opening.

[0019)

According to a fifth solving means, the liquid delivery apparatus is
featured in that the cylinder is arranged at a lower position than the first
port with a fore end of the plunger directed upward.

[0020]

With no provision of the opening/closing valve on the delivery port

side, the generation of air bubbles can be suppressed. Nevertheless, a



smal | nunber of air bubbles may be unintentionally
generated in sonme cases. Even in such a case, since
the fore end of the plunger is directed upward, the
air bubbles lighter than the liquid are forced to flow
upward, pass through the first port, and flow toward
the delivery port through the third port, followed by

bej.ng dj sch ed. As a result, the air bubbles are
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can [B828%t relatively loose, it is possible to avoid
such a risk that the valve chanber or the val ve nenber
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Advantages of the Invention

[0022]

According to the present invention, since the liquid does not flow
through a component having a complicated Structure, such as a
discharge valve, it is possible to avoid such a risk that a turbulent flow is
caused to disturb the delivery of the liquid, or a large number of air
bubbles are generated due to, e.g., cavitation and delivered through a
nozzle. As aresult, the liquid can be satisfactorily delivered.

[0023]

Since the sliding contact between the valve chamber and the
valve member of the selector valve can be set relatively loose, it is
possible to avoid such a risk that the valve chamber or the valve member
can be avoided from being damaged due to an excessive force imposed

on it, and the friction between the valve chamber or the valve member



generates chips which are mxed in the liquid. [0024]

Al so, with the opening/closing val ve constituted as

the check val ve, the opening/closing valve can be

opened in response to the retraction of the plunger

wi t hout requiring special opening/closing control.

[0025] Further, since the air bubbles are prevented
d in the cylinder, the liquid
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% [0026]
[Fig. 1] Fig. 1(a) and 1(b) are respectively a plan sectional view and a
side sectional view of an apparatus of the present invention in an initial
state.
[Fig. 2] Fig. 2(a) and 2(b) are respectively a plan sectional view and a
side sectional view in a state where a piston is retracted.
[Fig. 3] Fig. 3(a) and 3(b) are respectively a plan sectional view and a
side sectional view in a state where a valve member is rotated after the
piston has been retracted.
[Fig. 4] Fig. 4(a) and 4(b) are respectively a plan sectional view and a
side sectional view in a state where the piston is advanced after the
selector valve has been rotated.
[Fig. 8] Fig. 5 is a perspective view for explaining a valve chamber, the
view seeing through the valve to show the internal.

[Fig. 8] Fig. 6 is a side sectional view of an apparatus of Embodiment 1.



Ref erence Nunerals [0027] 10: selector valve 11:
first opening 12: second opening 13: cylinder 14:
pl unger 15: piston 16: stroke adjusting screw 17:
delivery port 18: piston cylinder chanmber 19: valve
seat 20: mmin body 21: first port 22: second port
23: third port 24: ball valve nenber 25: spring 26:
RcEeck valve 27: liquid feed tube 28: liquid tank 29:
BB &Ny g&l§r 30: valve chamber 31: first air
openi 2: second air opening 51: slide valve 52:
oot 188201

10: selector valve
11: first opening

12: second opening

13: cylinder
14: plunger
15: piston

16: stroke adjusting screw
17: delivery port

18: piston cylinder chamber
19: valve seat

20: main body

21: first port

22: second port

23: third port

24: ball valve member
25: spring

26: check valve

27: liguid feed tube

28: liquid tank

29: rotating actuator

30: valve chamber

31: first air opening

32: second air opening
51: slide valve

52: ball screw
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53: motor A, B, C seal Best Mde for Carrying Qut
the Invention [0028] The best node for carrying out
the present invention will be described below with
reference to the drawings. As shown in Fig. 1, a
l'iquid delivery apparatus of the present invention
mai nly conprises a main body 20, a valve chanber 30
for as a columar hole inside the main body 20,
and el ®8F valve 10 rotatably inserted in the

val v apber 30. [0029] The selector valve 10 has a
fi rs?"g%eﬁibn ef? formed in a bottom surface at one

ith.its center posjtioned on an axis and
Bgegsl}ﬁeé]gégggp %ﬁ"ﬁb}‘@#%ﬂ?ﬁiﬂ%nﬁogi de surface thereof.
The fhps41 0opening 11 and the second opening 12 are
corrm.[lnl cated wth each other via an L-shaped channel.
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rotating actuator 29 such that the selector valve

rofatapyt issabled nothe deiverathrabgl 80, [ 0030] A second port
22 and a third port 23 are fornmed in opposite side
wal | ©0&@]t he val ve chanber 30. Wen the sel ector val ve

10 i?ﬁgrsteel}gctio? vailvle 10 has a first opening 11 formed in a bottom
surface at one end thereof with its center positioned on an axis and a
second opening 12 formed in a side surface thereof. The first opening
11 and the second opening 12 are communicated with each other via an
L-shaped channel. A sealAis circumferentially disposed in the valve
chamber 30 at a position near its opening to provide sealing-off such that
a liquid having entered a gap between the valve chamber 30 and the
selector valve 10 is prevented from leaking to the exterior. A first port
21 is formed in the bottom surface of the valve chamber 30 at the center
thereof and is communicated with a cylinder 13 formed as a columnar
bore. The selector valve 10 is coupled to a rotary shaft of a rotating
actuator 29 such that the selector valve 10 is rotatable to a desired
angle.

[0030]
A second port 22 and a third port 23 are formed in opposite side

walls of the valve chamber 30. When the selector valve 10 inserted in

11



the val ve chanber 30 is rotated, conmunication between
the second opening 12 and the second port 22 and
comuni cati on between the second opening 12 and the
third port 23 are changed over fromone to the other.
As shown in Fig. 5 a cylindrical inner space
positioned on the upper sidgoof addottedl!lgreigaI
t he val ve chanber , and a cylin
”?S‘??E{\éf"%sgéé@ bﬁési’f%t iSoipdatesh acemugiratiast betwéen hiee detcoed

_ | ;
05N 18 % BBeond riskl P2\ Eomensicabiandbatvemon the
| ' | ' d t 22, d the

SSREAT psfind 3¢ R0 VR ot 2 Sshapaacyaver ?rgﬂgk S U
etk Vv R oz8.

P11l 08 HanfE 3067 e"G qulel i b ithdon positineder

18 g5 RALIS\HF G 2SRl APe SRR AN L g

closer tot qui d

ot 55 et 8B ee BBRMhad Bl e BREr ol Ba the 1ot e o

. . . . , q
reeersethe diligddd ¢9. The third port 23 is communicate
Se\r/vi téh a’;‘leel iequ}/ié@(?j‘%l ?@ery port via another liquid feed

t ube[@y31] 0032] A plunger 14 is inserted in the
cyIiLder ][13 wth its fore end directed to the valve

chanbechetk valveezs neqdk ob 6 bRIIWIRE rémbRr ZPURHSspring
to a piston 15 reciprocally sliding in a piston
25ip dispesedharthersecthidapb a2 saf @@ EnkBk a2V D8 DSt
portion of the cylinder 13. A first air opening 31
cogmuaicatednuithiar liquidrtany 22 via e Ifquitddel nuBe SiTde MalHe
of the piston cylinder chanber 18 near at its
chegloslye 28ndBeibalivealveonpmbermzd éxlbiaseidaby oe sPitig 25 to
pl unger. 14 can be reciprocal |y noved by adjusting air
bepqréasﬁggpe@g@@,gbpi\@jve Bealdl? disposediat apendngsseAts tiad
qugicl fc'an]k228, thus allowing the liquid to flow from the liquid tank 28 to
the second port 22, but blocking a flow of the liquid in a reversed
direction.
The third port 23 is communicated with a liquid delivery port via
another liquid feed tube 27.
[0032]
A;ﬂunger14isinseﬂedinthecyﬁnder13\NHhHsfomeend
directed to the valve chamber 30. A rear end of the plunger 14 is
coupled to a piston 15 reciprocally sliding in a piston cylinder chamber
18 which is formed in an innermost portion of the cylinder 13. A first air
opening 31 and a second air opening 32 are formed in a side wall of the
piston cylinder chamber 18 near at its opposite ends in vertically spaced
relation. The plunger 14 can be reciprocally moved by adjusting air

pressures supplied through those air openings. A seal B is
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circunferentially di sposed between the cylinder 13 and
the piston cylinder chanber 18 to provi de sealing-off
while allowing slide of the plunger 14, whereby the
cylinder 13 and the piston cylinder chanber 18 are
i solated fromeach other. [0033] A seal Cis disposed

around an outer circunferential surface of the piston
of the

15 igq{i tii ﬁort'i on sliding along an inner wall
CiEypEentiglly sitrosermeérees the aliatieaild amd the pistost
ir, openi 3l,and air in the second air opening 32
¢ ’PgengZ\?gﬂf?%fde § lomreskla pgalinaneionsilsialiowiogtdiee of tay
N r ok Justing screw 26 is disposed at a
p'?éggr é@d f?ﬁ)éq'qéi‘%yﬁ’&ﬁgém Aadthe wasieercylBidertthamber 18
I; ' owed to retract just until com ng
arier{tég%g%%??crﬁ e\zz%chwgﬁ'?rore end of the screw 16. By
setth n anmount of projection of the stroke
adj u tir133 screw 16, therefore, the stroke of the

[ I | ed he f i

eci 400" sy dyosR AR do S Eg?é&éénémq?%écéigf
i . i d ib

v oper ai o o HOR SRAAG 2460 et bR e Biigh 1

cylihdenonaimb et D5QitRGE bﬁr!nQBetﬁ}%ﬁéfrg@%ﬁiggd%ﬁ%hh?aqwn the

screw 16 is set in match wwth't

secbed alebpgrired3? idteishevERE & BloRS 14 KkiMa! i s,
rotated by mani pul atFiﬂng the rotati ngaﬁé‘?ﬂ%r%% {Oothe

otherkgide. shi stropesidjustingherew!I®isseepBdeARAM Parldnd ¥ the
the selector valve 10 is communi cated with the sécon

Pispen cylinder ahawibert i sEbensistpens ng alldwied tPEAES just until
Oﬁ_génsite to the second port 22. Air is i ntroduced t0
COMIY Hitetenntagt wilthead fotmahdrofiifetduroughs hBysesBRg i 1

openizgh32 while the first air opening 31 i s opened,
ampiid ok iciesgornef the stigke atdustingdumneds, 2Berefore, the

stroke of the piston 15 and the plunger 14 coupled to the former is
decided, whereby an amount of the delivered liquid can be set.

[0034)

The apparatus constructed as described above Operates as
follows.

First, as shown in Fig. 1, the amount of projection of the stroke
adjusting screw 16 is set in match with the desired amount of the
delivered liquid. The selector valve 10 is rotated by manipulating the
rotating actuator 29 to take a shift position where the second opening 12
of the selector valve 10 is communicated with the second port 22,
namely the second opening 12 is located opposite to the second port 22.
Air is introduced to the piston cylinder chamber 18 through the second
air opening 32 while the first air opening 31 is opened, thus causing the

plunger 14 to advance.
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[0035] Then, as shown in Fig. 2, the air in the

pi ston cylinder chamber 18 is discharged through the
second air opening 32 and air is introduced to the

pi ston cylinder chamber 18 through the first air

opening 31 fromthe above-nentioned state. _
Responsively, the piston 15 is retracted until com ng
into é ct with the fore end of the stroke adjusting
scre&ﬁ@% f At the same tinme, the plunger 14 coupled to

t he ston 1 also retracted, whereby the volune
occug.I &G B ¢ WBI'G}O%f 2410q airipdheypistareeylindei shamber 18

A U PR RS Ve, T 0L r 35
P TR B L 1
o ST b
comln'gsink@‘@?h?é’ct%ﬁq}tﬂetfPFe bﬂﬁtr(ﬁgﬂgﬁtlr }gé;%\% l urrg?rogzwﬁ

t he “cyl her ef or €,
t k ' econd
A e Tope T IREL INPAIIGET 1 EBoRR thﬁ*l BRI 1 AR
143 Sghe bl
RO N Sk, SEpud s Ul Wb vinr

13tisrredgicetihend ¢lh1@¢rkné’r8$p/e§i:e?60f&ﬁé%ﬁ%hng@l%@%rt1@easslﬁEPé’éjsed

opening 12 of the selector valve
cofrieispeddimgliyhe I yhisrstate, kBevddletite Va6t 0ORER RS éﬁllftand
the first port 21. [0036] Wien the liquidis filled
popiiiareheye ithdesecdBd openipgess iy Bdxoeerabddite iohﬁae second
cylinder 13 is restored and a pressure difference of
poEth%Z | nyuiedy Hee oyindend3dhecknmahicatad wish tedweednd port 22,
reby the ball valve nenber 24 is pressed agai nst
a”?ﬁ e\%ﬂe\?féuﬁ%éﬂ the cxlipder M8t lewerdd asienty thet inoneaded Bpace
5 and the check valve 26 is closed as shown in

vol,gingﬁ o%_tﬁerwaﬁndef e selharetnresdhedalbvalyermeattest 2y in the

ni\/BWGaﬁérbqs;t)gseedr ?Jtpg%rleg?n %?tt#gtsggo%g p104rt 22 is moved away
from the valve seat 19 while compressing the spring 25. As a result, the
liquid flows from the liquid tank 28 to the second port 22 through the
check valve 26, passes through the second opening 12 of the selector
valve 10, and is then filled in the cylinder 13 via the first opening 11 and
the first port 21.

[0036]

When the liquid is filled in the cylinder 13, the pressure lowered in
the cylinder 13 is restored and a pressure difference of the liguid across
the check valve 26 is reduced, whereby the ball valve member 24 is
pressed against the valve seat 19 again with the biasing action of the
spring 25 and the check valve 26 is closed as shown in Fig. 3. Then,

the selector valve 10 is rotated by manipulating the rotating actuator 29
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to take a shift position where the second opening 12
of the selector valve 10 is conmunicated with the
third port 23, nanely the second opening 12 is

| ocat ed opposite to the third port 23. [0037] In that
state, as shown in Fig. 4, the air in the piston
cylinder chanber 18 is discharged through the first

ai,r, openi. 31 and air is introduced to the piston
t%ﬁ‘f%ge@m'gﬁ%}%@?” Yéaner hegpeeaid speoviny aRrof thpesslagtor valve

Responsi vel,y, ..t he pjston 15 is advanced until
1@ﬁﬁﬁcﬁgﬁ'ﬁf{‘bcatéﬂﬁ?%tfhwfbHdaﬁpréé?@, #amelyfthersegsinst opening 12
VAN r r 18.. . At, the same tine, the plunger 14
sl dopggsﬁgetﬁitb@owrfsp?g %l'so advanced, wher eby

couple
t he occupi ed by the plunger 14 in the cylinder

13 is Increased and the inner space volune of the

i ' dingly. In this

Y o 21 DRESElP B SHOGh HEFE T AT 1 taiatopeditindsr
' [ ted . ite to.

e ri e ar e g hEeRSn he' i) PRTHERHREPFE and &P i

_ ird port | y 7 and A

e pacs ol e ion EERUP! BAaEs Ry BIENARR SRl

opidrengfag.e, Rbb?ohb%ﬂﬁ the pikfm @?:ié %%%n?:édi&nt@;éso‘}ﬁﬁ:g into

out of it to flows t’hrough the rst opening

cardacheitopeniend Wail afdhehgstdd 6@imrtcrzam i s
delivered through the deli verg por’rtC 17. b?ﬂq?hat'&t\r/\kg%,same

tirspethey plungsr etoupled tpiabisoni 15 ROMRbASAANCALW M reby
In the apparatus of the present invention, with the
the yedumeapeaurded hyi $popkihger 1hin tHaoikheawps Vs $héleased
i.ﬁF%_at t he second port 22, even when the sliding
aNgoiealtinep dinasenvaliens of dbe aylindby d 310 reddceliecorésigondingly.
| ghanber 30 is set relatively |loose, the liquid in the
n dhigestate tthe $elgatar valve 1Bis & theuskftyp asitiuanwiesrd tHam
asé%ﬁgathrogph the gap between the selector valve 10
SCHRAT R VAY Ve Shiarsird 9o pasieriodietbingoait| 13, eerely the
. ugh.the 15 | .
cyﬁr%é)r 9‘131 IS communicated with the third port 23, and the inner space
vohnneofthecyﬁnder13isgraduaHyreduced. Therefore, the liquid in
the cylinder 13 is pushed out of it to flows through the first opening 11,
the second opening 12 and the third port 23, and is then delivered
through the delivery port 17.

In that way, one cycle of delivery operation is completed.

[0038]

In the apparatus of the present invention, with the check valve 26
disposed on the liquid supply side, i.e., at the second port 22, even when
the sliding contact between the selector valve 10 and the valve chamber
30 is set relatively loose, the liquid in the side of the liquid tank 28 is
surely prevented from passing through the gap between the selector

valve 10 and the valve chamber 30 and from being delivered through the
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delivery port 17 because the liquid in the side of the
liquid tank 28 is blocked by the check val ve 26. The
liquid in the side of the liquid tank 28 is
pressurized in some cases for the purpose of enabling
the liquid to be nore easily supplied, and the above
feature is particularly effective in those cases.
Al so, durigg the advance stroke of the plunger 14,
dglveiisRomt He bepaieke Vg Viguizbircthtes siafef of tree tiquiliainka2 s en
with the liquid supply side, the liquid in the
b'é’}?f‘ﬁﬁoté\f thegchgck Uﬁé‘f%/gﬁr evédret bauitr iontheasisienaf thier loqugd tank
2éheﬁ%a$ bet ween the selector valve 10 and the val ve
haRbeTSWiretht FPBIR casemfdighsapirpnase abesabibngthe fiquid to
iquid tank 28. .Thus, according to the apparatus of
b‘% ,qgo "G %%%’ﬁf SHRDURY | Bnd the @boyei igiatgre Bnpabic wer wesiective in
thégg(ﬁg#ggtor val ve 10 and the val ve chanber 30 can be

tively loose. Therefore, it is possible to
or valve 10 and the

Ve ve Siedudhs 45 &F&%?#qf%segleﬁgﬁ%ﬁww t baaseaie
oiskevay® 2 Euls O e NGBl PirdhourCatiny ¢, e

liglad Ye tHE c@vﬂﬁdbhqfavi@' s‘(ﬁe!gffglaé%%&eg(%rcﬁﬂg@s%éj?ﬂﬁu%rbvwe gap

snmooth sliding of the s ctor valve

bewtetehrtgxeté@eatdrd&afweqw}ﬁ&tthéﬁ}e\‘g@@%h %éﬁ#@%ﬁ@é@é&' ve

10 and the val ve chanmber 30 to be relative

flomhagsed dictoothey sldeeoflthe K@mddangk@et hly rotated and
therefore can be avoided from being damged due to an

excebBuyeatcomiing posedpparafie @fe{r%czﬁpéséfrﬂ'ipﬁeﬁﬁon,uﬁ%”
twisting, etc. No provision of the check valve on the

slidingecofitachdetweed thersel@dtor vales ,108ant HBeRGNYe @Raker 30
side of the delivery port 17, contributes to
caprhs eat relgtivaly looser r eitometdret, iy isubessibld tb hhem Sfick Berisk
liquid and air bubbles due to cavitation, etc., which
thafrtgecteeinrseivadseanditha vethee chaoviai 80 206 vidwe wheekerate
chi\éasl \Xfﬁichlgre mixed in the liquid and delivered through the delivery
port 17, or which are caught between the selector valve 10 and the valve
chamber 30 and impede the smooth sliding of the selector valve 10.
Further, by setting the sliding contact between the selector valve
10 and the valve chamber 30 to be relatively loose, the selector valve 10
can be smoothly rotated and therefore can be avoided from being
damaged due to an excessive force imposed on the selector valve 10
upon twisting, etc.
No provision of the check valve on the side of the third port 23,
i.e., at the port on the side of the delivery port 17, contributes to
preventing the occurrence of turbulence in flow of the liquid and air
bubbles due to cavitation, etc., which are otherwise caused with the

provision of the check valve.
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The apparatus of the present invention can be used in

any posture wth the rotating actuator 29 oriented
upward, downward, |leftward or rightward. However, the
apparatus is preferably arranged such that the fore

end of the plunger 14 is directed upward. Wth such a
posture, even when air bubbles are unintentionally
generated, the air_ bubbles are prevented from

cont i NOASPF RS ¢fi g Presend isyentierecande Lised snmmcposture

Sl bl .0 avoid a risk that the anount of the liquid

Wﬁﬁ ﬁ%gdroﬁﬂ{'mé"c YRt &t oriented upaidedownmardnhéeftward or

: e th i r bubbles accunulated in the

righfrar, %Y"eéfﬁ&a‘ﬁﬁea%%@iv%? Preterably swangedisyohdthiag the
foroallae S the fixed anmount of the

dgl i verggﬁipgjur?%eercﬁ%ﬁsog‘@F@%@/é‘pwra?aimﬁﬁ sUShe giosiure,
evéh agdlif ) ergted air bubples are

A R buRRR e IR BRI Safefrot abendbubtnes are

oS WA PRI, BT o pence

separately require

paguiblenteedy e s SRRANGH Gk Y b 00501 th T IEuEHIN BPthe cyiinder

actuator 29 may be of any type enployin

13vist rd udeat wetkatiel @nes%%c'eoé‘ﬂtf%sairtbdt?bég%"a%ch%tggga%ﬁethe

the selector valve 10 through a pre erm ne

cyéindecHangadothar atrforing kifftheRRSividred 1Rfuid ri’sechéﬁééﬁ.t OfAs o
val ve 10 between the position where the second Openi'ng

resgiti he fisedteetoopposittedbvéhal FEGRNEAMBEL 2132 Qﬂamgmed

position where the second opening 12 is |ocate
stephtisi tle additive, bisicadspaht @énerEited litupaeslebiari@discharged
n

contact with the inner wall of the cylinder 13 |

eaﬁﬁdﬁﬁ@rt@ﬁa@fuageoﬁm isoadvarelet,itbe oparatiangsfip beingent the
.them The present of the gap nmakes the slide of the
airy Uhtleris NPIsARATALS Y dRaUireded né ¢hé weo rkreflipieargrddmpe
neration of chips due to friction between the

. th )
’“%Fgﬁggrcoiﬁ%wrﬂa@. cylinder 13. [0040] 17
[0039]

The rotating actuator 29 may be of any type employing air or a
motor, for example, so long as it is able to rotate the selector valve 10
through a predetermined angle and change over the shift position of the
selector valve 10 between the position where the second opening 12 is
located opposite to the second port 22 and the position where the
second opening 12 is located opposite to the third port 23.

The plunger 14 may contact with the inner wall of the cylinder 13
in tight relation or loose relation with a gap between them. The present
of the gap makes the slide of the plunger 14 smoother and is effective in
preventing the generation of chips due to friction between the plunger 14
and the cylinder 13.

[0040]
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Wil e the angl e between the second port 22 and the

third port 23 is shown as being 180 in the draw ngs,
it can be set to any other suitable angle, e.g., 900.
Leakage of the liquid and air can be nore positively

prevented by using seals, e.g., O-rings, to seal off
joint portions and sliding portions between adjacent

partw Further, the liquid in the liquid tank 28 may

be préBiethe ardle betwasndhereeushpyriol2 ahd the thiriddpsa 23
that the |[i UId can be nmore easily filled in the

’Scﬁ%\m@@ ti% At imibepdiavgagsiit Gan betseddoaany Otteer

Ear e of the de yerx rt 17 is not limted to a
=P Gl e, Oanalehéosaiahedtatioendes nasmybponore
G e L SRt

er at,i on.

d d
PR SRS RevaReH BglaSRasparin t%@rtbsgttbﬁ iquid
I e ARERY 5 28 oyt PR e €1, BEavBiie e SPRiCe e
I I b I
DS e 00 e AL BT g
th@fpﬁ@ﬁ@@ﬂ&l@ﬁ‘é{raéfé&w Is usable instead. In the case
enpl oying the nmechanismusing a ball screw, the

st r oRee ahabpleoPihengelivdid s Peis 56t IIMFIFG%OJI %%rr]ﬁ&gar one,

with the nunber of rotations of the ba scre
anslethiel mgmbiet fof tthe dadiviesy ipagt Is?gﬁl’\’gﬁfy bB& itH e 1674 &e%mgle

el im nated. The check val ve ust required

Thﬁ:ﬁeedemgn itdres chebe mmm@ﬂ!yh‘blwterde@ép@éﬁ@lﬂg é’rﬁ‘Xthd“Lﬁbose
pe of opening/closing valve can also be Used so

of mfhgﬂt@@detd dperatioat function. For exanple, the check
val ve 26 may be a valve including a control nechani sm

for \Wpérithg mRehanisinvvecimmisiagdhseait aylihder ahtabti §6ton is
of the plunger 14. [0041] Details of the present
emplQ¥ '%ﬁh‘@\n FaWHO s 62 ¢ipeecalyl mwvierthelBlunger 14, any other

suitable mechanism can also be employed so long as it is able to
reciprocally move the plunger 14. For example, a mechanism using,
€.g., a cam or a ball screw, is usable instead. In the case of empioying
the mechanism using a ball screw, the stroke of the plunger 14 can be
set in accordance with the number of rotations of the bali screw, and
setting with the adjusting screw or the like can be eliminated.

The check valve 26 is just required to be made open when the
plunger 14 is retracted. Any other type of opening/closing valve can
also be used so long as it has that function. For example, the check
valve 26 may be a valve including a control mechanism for opening the
valve in response to the retraction of the plunger 14.

[0041]

Details of the present invention will be described below in
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connection wi th an enbodi nent, but the present
invention is in no way |imted to the follow ng
enbodi ment. Enmbodinent 1 [0042] An apparatus of this
enbodi ment has the sane basic construction as that
shown in Figs. 1-4, but it differs fromthe
above-described construction in that, as shown in
a.slide valve 51 is used instead of the

Fig. .6, [
C%’é’lg']‘cé(‘ctfcm 181 972 eroP RN ¢l buit ithe myeaeriniv vestion is in no way
. i,ar.qgal mpving the plunger 14 is provided by a
|Hﬁ§§ﬁ§ﬁﬁ§ﬁ]fjgﬁpwén%eg%pp§%$% 52 instead of the
' sing the piston 15. Also in this

E@ﬁ%&@%@ﬂ* since the check valve 26 is disposed at

t he g\gy@d port 22 and is closed to prevent a

backward™f|l ow of the liquid, the sliding contact

can' b 202 S ¥nsaim@RE § b o Faffe BeTREoap ructon
- . 1 . . H h . F .
B AT 1 PR T g O b YRt pploss °°

coplsunagionlih e e SHRGHDPERL I A1OHed By, ds ! TV Hlltead

using the ball screw 52 wnhich’is ro

of3Be ddiectostvapke 10f ahdehdldiRasy n%é‘ar?safbr%cgtfrfotciggynrg%ipg the

accordance with the nunber of® rotations

pldBgernsd ds pesvilded byhe slecakeinh usheg Bl BAP8ErM 5czaﬁ1sté’§d of
changed per each cycle of delivery by changing the
theneehanitm usingt thenpistbntite nelseringRivemboMmhe Rl since the
delivery. Industrial Applicability [0044] The
chgeky@five 2Avientisposedrathbeassonedpdid 2 a8dGE eldseMEBrevent
ranges requiring liquid feed under pressure w thout
a brgkygend ieweaf the lieidy éhy stidihg contichetd@en the slide valve
51 and the valve chamber 30 can be set relatively loose, and therefore
shnﬂaradvan&@estothoseintheconswucﬁonshowninlﬁgs.1¢1canbe
obtained.

[0043]

Further, since the plunger 14 can be reciprocaily moved by a
mechanism using the ball screw 52 which is rotated by a motor 53, the
stroke of the plunger 14 can be set in accordance with the number of
rotations of the motor 53. As a result, the stroke of the plunger 14 can
be changed per each cycle of delivery by changing the number of
rotations of the motor 53 per cycle of delivery.

Industrial Applicability

[0044]

The present invention can be applied to products in wide ranges
requiring liquid feed under pressure without being limited to delivery and

coating.
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CLAIMS [1] A liquid delivery method for delivering a
liquid by reciprocally noving a plunger in a cylinder
while a selector valve is shifted in a val ve chanber
to change over conmmunication of the cylinder and the
val ve chanber with a channel leading to a liquid tank
and communi cation of the cylinder and the valve

chanber with a channel leading to a delivery port
fromone to the other, th@l-n‘blﬂ\g%d conprising the

t f: rgngi ng an. openi ng/ closing valve in a
hannel for~ SolkifidalivaRy oathad findeloaemocandauie by
m it h.other, shifting the selector
YDl 08 Skl Wbl S elaviosers o

<AL A R 8 G TBEL AT, ERE T

RO TE SRR 5D B BT T
cd?ﬁﬁiddi@é‘tiér?g??ﬁé@\ygﬁa& %%dn@%%%ﬁc?{akﬁggiﬁ%thgg channel

cyl i nder and the ve cha

leb8RY fOaldelVepy $RIrt FohY dher ttot ﬁgad?meqsgﬂ—:?g{egﬁpg Fomprising

openi ng/ cl osi ng 'val ve when Fquidi I
thehstepghft he delivery port. [2] The liquid delivery
nmet hod according to Claim1, wherein the

openanNehgins andpehivie/dIssrid PaRE indd biaRRENRAE and
CIOosed by r2§an oyriyng g check val ve di sposed 1 n such

cooninemicatiranthdguidheard apildhesyalé enahbat WitRWadH OfRer,
t he Ii?ui d tank to the valve chanber, but the liquid

f I ovshiifiomg e seledtor vahartien gasitibe thicptbblisme i s

bl ocked. [3] The |iquid delivery nethod according to
copraMniaatism of theheyknden aed thelwedvechaates wih thgesthannel

whil e sliding along an inner wall surface of the
legaingdodhgnifurdvippkdnd epening the opehgty/closimgetive when a

ohi oot ddrngyBReeedng friction 20 o

shifting tﬁe selector valve to a position to establish the
communication of the cylinder and the valve chamber with the channel
leading to the delivery port and closing the opening/closing valve when
the liquid is delivered through the delivery port.
[2] The liquid delivery method according to Claim 1, wherein the
opening/closing valve is automatically opened and closed by employing a
check valve disposed in such orientation that the liquid is allowed to flow
from the liquid tank to the valve chamber, but the liquid flow from the
valve chamber to the liquid tank is blocked.
[3] The liquid delivery method according to Claim 1 or 2, wherein the
selector valve is moved while sliding along an inner wall surface of the
valve chamber without coming into tight contact with the inner wall

surface of the valve chamber or without causing excessive friction.
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[4] The liquid delivery nmethod according to Claiml1, 2
or 3, wherein the selector valve is noved by
rotating, in the valve chanber, a selector valve
having a first opening fornmed to position on an axis
of valve rotation and a second openi ng conmuni cat ed
wth the first opening. [5] The liquid delivery nethod
ccorgénq.to %nﬁ one of Claims 1 to 4, wherein the
[Ey1 i nbBe Tiadid delivgeamGthrdageerdingnie Glaithd, gl angewherein
| rect upward. [6], A liquid delivery apparatus
f*ﬁ%ﬁ%fﬁ@?haa@(ec@mﬁ&@% ‘?Wotaﬁﬂeh'rhthﬁ Malyer chamibesea tsedector
el Lvery t, aliquidtank, a first port
vARRRIERS B gndhinadoehadboroSionitnah st vaive
' [ ' i guid.tank val ve chanber
RETPHG P B e Pob BitnPEutnRNi vitn e Fesiamamo.
ort angl il i tor | ve di sposed rein
[%na o S0K oy rRehe olfofdecef RRg arafias 1 to 4
wheFeifaRBLEY | GR{d { and, the | i gui
tank Wi th eachrggﬁé%m;ﬁgﬁhﬁ?ﬁg@gépe@ﬁ&e lglgp‘ggridgrected
uphafded to a position to establish the conmunication
of the cylinder and the valve chanber with a channe

[6] eadi ng to thga |lquidichihaM A rafie &@ﬁ@@%ﬁ(ﬁ%g@l%erm

valve is opened when a liquid i1s fi

wltighi agdungeamia inberted, ectoivergl | § |igh 0
position to establish the %H‘ﬁ%i%gﬁlp%{%&’t%é@st port
cogymundeatizmaitththevayred ehanbesornd pbriacanatatih§adtNehe

_to the delivery port and the opening/closing valve is

liguid sank.whealve hlamibguifivisg dethinepert ddmeigticahigg with the
elivery port. [7] The liquid delivery apparatus

deljvesy fiohgand itlading a seleckinvalve digpesed thaleds H9d an
val.ve, i s a check val ve di sposed in such an orientation

CPERARIICIRSING i@ e Hisrgsashiyatahannehfér oomnhenicaginigthe valve
but the liquid flow fromthe

Cht@@%‘?{tdg%@fe ?ig%ﬂq@'ﬁf%ﬁmea@mtm@. bl ocked. [8] The
{Ningﬂ&ﬁﬁge%biltxgrgelg&%?rv%gg isa%?li(%{eddi tnogatpoos%iglinoGesot;bﬁéh the
communication of the cylinder and the valve chamber with a channel
leading to the liquid tank and the opening/closing valve is opened when a
liquid is filled in the cylinder, and

the selector valve is shifted to a position to establish the
communication of the cylinder and the valve chamber with a channel
leading to the delivery port and the opening/closing valve is closed when
the liquid is delivered through the delivery port.
[71 The iiquid delivery apparatus according to Claim 6, wherein the
opening/closing valve is a check valve disposed in such an orientation
that the liquid is aliowed to flow from the liquid tank to the second port,

but the liquid flow from the second port to the liquid tank is blocked.

[8] The liquid delivery apparatus according to Claim 6 or 7, wherein
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the selector valve is noved while sliding along an
inner wall surface of the valve chanber w thout
comng into tight contact with the inner wall surface
of the valve chanber or w thout causing excessive
friction. [9] The liquid delivery apparatus according
to daim6, 7 or 8 wherein the selector valve has a
first opening forned to position on an axis of valve

ther séiacttbomiv@l‘wmavé@omnd shfieg aRtgCanmuBl Gal edriaéd bf thB&alve
n|n and the sel ector valve is rotated in

Ch%fﬂéevalt inte f9RtqanEqst yaththe dyanyvallcr@ce b the valve
chérﬁlwbis,ﬁo:ﬂQﬁﬁch‘éUshQ%xé@&sﬁ\F@fr:ﬂf?éﬁ or the third port.

The liquid delivery apparatus according to any
one of Clains 6 to 9, wherein the cylinder is

[9] 3;\5\2&% ﬁ&u igﬂ.éfeﬂv&yfa%rbgrﬁﬂg a&tor& iIHS t8 ldi'arall%eé, 9 'oF § ,C\}vﬁéjrein the
selector valve has a first opening formed to position on an axis of valve rotation
and a second opening communicated with the first opening, and

the selector valve is rotated in the valve chamber to selectively

communicate the first port with the second port or the third port.

[10]  The liquid delivery apparatus according to any one of Claims 6 to 9,
wherein the cylinder is arranged with a fore end of the plunger directed upward.
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