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5 Technical Field: The present invention relates to a liquid
filling nozzle plate used to fill a container with a |iquid.
Backgr ouf¥® 94{0§956 10 - Convent i gnal ly, liquid filling® 1938es have
been devel oped and used for aufomatically filling containers with
liquids, e.g. mlk and juice. Fig. 10 is a sectional side view
schematically show ng an essential part of a liquid filling apparatus
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15  described above. Aséhownmthehgure the liquid filling

apparatus is arranged as follows: A pipe 61 is connected to the bottom
of a |iquitPPeIRSE0, and two check vggves 63 and 65 aPETIRSYUMISd in
the pipe 61. Further, a liquid filli tube 67 is attached to a

portion of the pipe 61 bel ow t he 20 check val ves 63 and 65, while a pipe
69 is connected to a portion of the pipe 61 between the two check
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the cylinder 73. The vertical stroke of the piston 75 is
w0961099_56A-|'qu_'d filling nozzle plate 80 is atta%%amtggge

4
ARBYEEADSRY ., HERREO THEOBICRY M THRER
HENCABUABRBORBENC &> THREORBEH LT 5 Wb
WA XIVECBVT, HERERRA) AVRCRT 3 EBAONAE
fic, RALOWEE NI TIHAKADI > TARCEHT 5 RBER
3 E, o § o | .
 EEERUOMETNA) ANVEE, SHOBBA LR LEAD B2
)\ WO TSI O T B CIE IS B Y T A T U O S T L W
DREBAC > THBAORBEHETIRERMA ) AVRICBENWT,
MERGARE ) AVEICRTIRBAOHMOBRE, MEVRY v MR

KHBRLE,

ERBVWTHhoRBHICE->TH, EENALBWTHEZ2ERLLOET
ZREBHFEMLU, ChCE>THEBRI S OHEN DY RN B IE
TE3,

EEOMEERE

BIEERREIERORHO | KEMNICH DS HEARNE ) VK 1
ODERHZAMHERNCTHY, H2E (a), H2HE (b) BAERHC
PIBBETMA ) XNE L O LERBUCHH B HAETHA ) XK S 0
wwmnowrm&mwfatmmmfbU,%smu&m%kﬂm#m
ZUMELMA) ANVE2 0OBEBEAMFEETHY ., B4 HEBATHR
FI)AVR200MEFED 1AE2RTETHY . B5MEMERNA )
XVE2 0 PMONEHEERTETHY ., H6HRBOKBHCH 3
M) XVE S 0 ERTEREAUFTETHY . BT HEE 5



|'ower end opening of the liquid filling tube 67. 5 Figs. 11(a) and
11(b) showyhBgedesgventional 1iquid filling nozzle miﬂﬁ?{ﬁ%ﬂ%ﬂék 11(a)
e

i.s a plan view, and . Fig, 11(b) igg a front. view. As shown In
figures, the liquid filling nozzle plate 80 is formed froma netallic
disk 81 provided with a | arge nunber of through-holes 83. 10 There
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formed by weaving a plurality of longitudinal and |ateral netal wres.
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top of the pipe 61 to the end of the liquid filling tube 67 20

and a part

I ston 75.

extending fromthe top of the pipe 69 to the top of the
When t he WPI6BISY5- i s pushed down in the direction of qlh&’

check val ve 63 opens, and the liqui® in the liquid tank 60 is
i ntroduced into the liquid volunetric 25 = discharge machine 71
when the piston 75 is pushed up in the direction of the arrow B,
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- 3- i quid volunetric discharge machine 71 is passed through the
Liquid fild,i e 67 and di scharged fromthe through-hol of the
liquid fillirng nozzle plate 80, therepy'being __suppliega?ﬁpgﬁgﬁss
contai ner (not shown). 5 7 The liquid filling nozzle plate 80 is -
provided to prevent the liquid filling the liquid filling tube 67 from
flowi ng gut (so-called dri inq& when no liquid-is desired
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to discharge fromthe liquid filling nozzle plate 80. Mor e
specifically, the surface tension of the liquid 10 filling the liquid _
filling tWO26095&ct's in the | arge nupber of t hrough- BFEEPI8INS ovi ded
inthe liquid filling nozzle pl&te 80, thereby preventing the liquid g
fromflow ng out by gravity. Thus, dripping of liquid is prevented.
However, the through-holes 83 provided in the 15 conventional |iquid
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view of Fig. 12, the inner surfaces 85 of the through-holes 83 extend
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t*hrough- hol es 83 may be reduced. However, if the dianeters of the

t hr ough-h re reduced, the fluid resistance 25 occyrri when t he
S asind 2% O HOR, e

lkiquid is ged increases. Qdesi rably.
W re-net sieve plate provides relatively |arge surface tension ow ng
to the conplicated
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surface configuration of the openings and is therefore

capable |ver preventing dripping of Iiquid. Wth t he
Wi r e- net %P?éig”é ate, however, soli djsraatters in the FRGIIPAOIBY i d,

e.g. fibers and fruit flesh, may be entangl ed or caught in the

I ntersections of the wres, causing the sieve plate to be clogged.
Mor eover, because the sieve plate is a wire net, the nechani cal
strength is' | ow. # PR view 88 (B above-descri bed

ci rcunst ances, an object 10 of the present invention is to provide a
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fiquid wi t hout the need to reduce the dianeters of through- hol es.

Anot her 0bbﬁ§&mﬁ§ the present invention is to provide a 15 5cﬁ¢ﬂ#+€ﬁFllllng

nozzl e plate capégle of effectively 1 1 preventing drippin

Wi t hout causing the holes to" be clogged with solid matter in the
~filling Iiquid. Still another object of the present invention is
to provide a liquid filling nozzle plate having high nmechanical 20

st rengt h® ¥ 4 75 M2 AUl . of | nventi on: To attain the
above-described objects, the present invention provides a liquid
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hol es, the nozzle plate being attached to the | ower end opening of a

I|qU|d fil e to prevent a liquid filling the liquid filling
tube fromwpgg\fo%gout by the surface . PCT/IPISI01935
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tension of the l'iquid, wherein the inner peripheral surface of each of
t he througa@ﬂﬁéggwprovided in the liquid filling nozzle plate is

provi ded w

Prcunferential projection proj ecti ng YAIAR¥PI932¢ i on

in which the inner dianeter of the 5 t hrough-hol e is reduced.

In addition, the present invention provides a |liquid filling nozzle

pl ate conprising a plate nenber proy wth a | arge nunber of

t hrough- hol es, the nozzle plate bei)t'é'g}i attached to the | ower end

opening of a liquid filling tube 10 so as to prevent "a liquid filling the

liquid filling tube fromflow ng out by the surface tension of the

l'iquid, wherein the through-holes provided in the liquid filling

nozzl e plate each have an el ongat %‘sl i3 sh@d openi ng configuration.
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{5 - According to either of the above-described I nventi ons, t he

.surface tension acting to hold the liquid in the t hr ough- hol es
bncreases,“@%@@%ﬁ? dripping of liquid fromthe t hr ough- ¥&h be
effectively prevented. 20 Brief Description of Draw ngs: Fi g.
1 an enl arged sectional side view of an essenti al part of a liquid
filling nozzle plate 10 according tg /)rf enbodi nent of the present
i nvention, which is set forth in laim1l, Figs. 2(a) and 2(b) are
views for conparatively 25 describing the operation of the liquid filling
nozzl e plate 10 according to the present invention of this application
and the operation of a liquid filling nozzle plate 80 according to the

rior art; Fig. 3 is an enl arged ti gral
P ’ TE O ®




6 i de view of an essentia art of a

- 6- si de tial part of liquid filling nozzle
p‘I ate ZO'W%M to anot her enbodinent; Fig. 4 shows one PCT/IP9S/01935
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éxanple of a method of producing the liquid filling nozzle pl ate 20;
Fig. 5 shqws nother nmet hod of producing the 5 liquid fillj e
pl ate 20; vﬁ’& 085¢ s an enl ar ged sectional side view okqw%@@éﬁl al

part of a liquid filling nozzle plate 30 according to still another
enbodi nent; Fig. 7 is an enlarged sectional side view showing a liquid
filling nozzle plate 40 according a»10 further enbodinent; Figs. 8(a),
8(b), 8(c) and 8(d) are enl arged sectional side views respectively
show ng t he structures of through-holes in liquid filling nozzle

pl at es according to still further enbodinents; Fig. 9 is an

enl arged plan view of an essential part of a liquid filling 15 nozzl e

pl ate 50 according to one enbodi ment of the present ' i nvention, which
is set forth inclaim6; Fig. 10 is a sectional side view

schematically showi ng an essential part
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of aliquid filling apparatus;

front viewswossiessst i vel y, showi ng a conventional 20

nozzle plate 80; and Fig. 12 is an enl arged

essenti al

part of the liquid

for Carrying Qut the Invention:

i nvention wll

be descri bed

Figs. 11(a) and 11(b) are pl an and
liquid filling
~sectional sPOBJIRESOMIST an
filling nozzle plate 80. -Best Mode
25 Enbodi ments of the present
bel detail with reference to the

side view of an

dr awi ngs.

Fig. 1 is an enl

&7

d secti onal

essential part of a liquid filling nozzle plate 10 accordi ng
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S7- to one enbodi nent of the present invention, which is set
forth in c+,3i9r6))0%, As shown in the figure, through-holes 11 in the
lsiquid filling 5221 e plate 10 are each provided with FOTARR %Nt i -al
projections 15 at the upper and |l ower ends 5 of the inner peripheral
surface 13 thereof such that the

T/7

0 . 0.0
o_.oYo
oYoYo~ 0o
0-0-0"0
0°0°0-0
0.0.0"0
0.0 OLO0 8Ii

0,.0.0 0
oY0% 0
0 0.0 0o
0596%0%
09%0% %0
020% % 83
0-0.-0-0

83 020900

0596%0%
0.0,°.%,
0.0.0,0
0-0°0°0
05069,0
© 0 ©




=

pr& ections 15 project in a direction in which the inner di aneters of
t hévt hr Bugh- hol es 11 are reduced. It should be noted that these
proj ections 15 descri be approximately circular arcs as seen in a
sectional side 10 view, and thus the inner surface of each through-hole
11 defines a configuration approximately simlar to a sphere W th
Its upper and | ower ends cut parallel to each other. It has been
confirmed by an experinment carried out by the inventor of this
application that dripping of liquid cant 15 be prevented nore reliably
than in the prior art by formng t he through-holes 11 as descri bed

above. The reason for this | dered as foll ows: ' I n
this enbodi ment, as shown in Hgigggégi qui d filling the space
above the liquid filling nozzle plate 10 20 also fills each through-hole
11. However, the liquid is _

Nozzle Plate for Filling Liquid

5 Technical Field:
The_present invention relates to a liquid filling

nozzle plate used to £ill a container with a liquid.

Background Art:

10 Conventionally, liquid filling apparatuses have been
developed and used for-automatically.filling containers with
liquids, e.g. milk and juice.

Fig. 10 is a sectional side view schematically showing
an essential part of a liquid £illing apparatus of the type

15 described above. As shown in the figure, the liquid filling
apparatus is arranged as follows: A pipe 61 is connected to
the bottom of a liquid tahk'GO, and two check valves 63 and
65 are installed in the pipe 61. Further, a liquid filling
tube 67 is attached to a pdrtion of the pipe 61 below the

20 c¢heck valves 63 and 65, while a pipe 69 is connected to a
portion of the pipe 61 between the two check valves 63 and
65, and a liquid volumetric discharge machine 71 is attached
to the lower end of the pipe 69.

Both the two check valves 63 and 65 are resiliently

25 biased upwardly by respective coil springs 64 and 66 so that
a liquid can be led only downwardly..

The liquid volumetric discharge machine 71 has a

cylinder 73 and a piston 75 vertically movably received in



kep; fron1dropp|ng fromthe through hole 11 by the surface tension in
a state Where the |l iquid surface projects downward in an approxi mately
circular arc shape fromthe undersi de of the through-hole 11. 25

In the case of the liquid filling nozzle plate 80 according to the
prior art also, as shown in Fig. 2(b), the liquid filling each

t hrough-hole 83 is kept from droppi ng by the surface tension in a
state where the liquid surface _oo

the cylinder 73. The vertical stroke of the piston 75 is
fixed. |

A liquid f£illing nozzle plate 80 is attached to the
lower end opening of the liquid f£illing tube 67. |

5 Figs. 1ll(a) and 11(b) show the conventional liquid
filling nozzle plate 80. Fig. 1ll(a) is a plan view, and
Fig. 11(b) is a front view. As shown in the figures, the
liquid £illing nozzle plate 80 is formed from a metallic

_ disk 81 provided with a large number of.through-holes 83.

10 There is another conventional nozzle plate consisting
of a sieve plate formed from a wire net. This nozzle plate
is constructed of a wire net formed by weaving a plurality
of longitudinal and lateral metal wirés. In this nozzle
‘plate, through-holes are formed in the gaps between the

15 ﬁires. |

| Next, the operation of the liquid filling apparatus

will be described by using mainly Fig. 10. First, the
liquid in the liquid tank 60 fills a part extending from the
top of the pipe 61 to the end of the liquid filling tube 67

20 and a part extending from the top of the pipe 69 to the top
of the piston 75.

When the piston 75 is pushed down in the direction of
the arrow A, the check valve 63 opens, and the liquid in the
liquid tank 60 is introduced into the liquid volumetric

25 discharge machine.71. .

Then, when the piston 75 is pushed up in the direction

of the arrow B, the check valve 63 is closed, while the

check valve 65 opens. Consequently, the liquid in the



-8. -, projects downward in an approxinmately circular arc shape

from t he undersi de of the t hr ough- hol e 83. I n conparison of the
two nozzle plates, the through- hole 11 in this enbodiment is provided
at its lower end with 5 a projection 15, which projects inwardly. The
projection 15 extends in a direction which is approxi mately coincident
with the circular arc defined by the liquid surface projecting in an
approximately circular arc shape fromthe undersi de of the

through-hol e 11. In other words, the =3-

liquid volumetric discharge machine 71 is passed through the
liquid £illing tube 67 and discharged from the through-holes
83 of the liquid filling nozzle plate 80, thereby being
supplied into a container (not shown).

5 The liquid filling nozzle plate 80 is provided to
prevent the liquid filling the.liquid filling tube 67 from
flowing out (so-called dripping) when no liquid is desired
to discharge from the liquid £illing nozzle plate 80.

More specifically, the surface tension of the liquid
10 filling the liquid £illing tube 67 acts in the large number
of through-holes 83 provided in the liquid filling nozzle
plate 80, thereby preventing the liéuid from flowing out by
gravity. Thus, dripping of liquid is prevented.
However, the through-holes 83 provided in the
15 conventional liquid filling nozzle plate 80 are so shaped

| that, as shown in the secﬁional view of Fig. 12, the inner
surfaces 85 of the_through-holes 83 extend straight in the
vertical direction.

Therefore, the surface tension acting in the through-

20 holes 83 is not satisfactorily high, so that dripping of
liquid is likely to occur. To increase the surface tension
in order to prevent dripping of liquid, the diameters of the
through-holes 83 may be reduced. However, if the diameters
of the through-holes 83 are reduced, the fluid resistance

25 occurring when the liquid is discharged increases
undesirablyQ

In contrast, the wire—net sieve plate provides

relatively large surface tension owing to the complicated



107 dﬁrectlon in which the projection 15 of the through-hole 11

prOJects approxi mately coincides with the direction of the surface
tension in which the liquid surface tends to forma circular arc
shape. Consequently, the liquid can be effectively held at the |ower -
end of the through-hole 11. 15 In the prior art, on the other hand,
t he whol e i nner peri pheral surface of the through-hole 83 extends

st rai ght in the vertical direction, Therefore, the circular arc
defined by the liquid surface projectiT@rin an approxi mately circul ar
arc shape at the |lower end of the through hol e 83 20 I's not at al

c01 e SeL bkl 16 2LaRE Lok e | HE o Siings, pRELS Bneleddie L1roun, ol o
t hr ough- heaﬁaﬁiﬂeléf effeéfrﬁréfy ﬁbﬁbﬁ@lﬁ@%ﬁfﬁﬁlﬁ diher ahome: degpEn bed
enbodi nent hi s applicati on.
the w1re-net sieve plate, however, solid matters in the
filling liquid, e.g. fibers and fruit flesh, may be
5 entangled or caught in the intersections of the wires,
causing the sieve plate to be clogged. Moreover, because
the sieve plate is a wire net, the mechanical strength is"
low.
In view of the above-described circumstances, an object
10 of the present invention is to provide a liquid filling
nozzle plate capable of effectively preventing dripping of
liquid without the need to reduce the diameters of through-
holes.
Another object of the present invention is to provide a
15 liquid filling nozzle plate capable of effectively
preventing dripping of liquid without causing the holes to
be clogged with solid matter in the f£illing liquid.
Still another object of the present invention is to
provide a liquid £illing nozzle plate having high mechanical
20 strength.

‘Disclosure of Invention:
To attain the above-described objects, the present
invention provides a liquid filling nozzle plate comprising
25 a plate member provided with a large number of through-
holes, the nozzle plate being attached to the lower end
opening of a liquid filling tube to prevent a liquid filling
the liquid f£illing tube from flowing out by the sﬁrface



257.. ;;  Incidentally, the liquid filling nozzle plate 10 accordi ng

to this enbodi ment is produced by etching or machi ni ng a

corrosion-resi stant metal sheet. Next, Fig. 3 is an enlarged

sectional side view of an - 9-
-5=

tension of the liquid, wherein the inner peripheral surface
of each of the through-holes provided in the liquid f£illing
nozzle plate is provided with a circumferential projection
projécting in a direction in which the inner diameter of the

5 through~hole is reduced.

In addition, the present invention provides a liquid

filling nozéle plate comprising a plate member provided with
-a large number of through-holes, the nozzle plate being
attached to the lower end opening of a liquid £illing tube

10 so as to prevent a liquid filling the ligquid £illing tube
from flowing out by the surface tension of the liquid,
wherein the thtough-holes provided in the liquid f£illing
nozzle plate each have an elongated slit-shaped opening
configuration.

15 According té either of the above-described inventions,
the surface tension acting to hold the liquid in the
through-holes increases, whereby dripping of liquid from the

through-holes can be effectively prevented.

20 Brief Description of Drawings: '

Fig. 1 an enlarged sectional side view of an essential
part of a liquid f£illing nozzle plate 10 according to one
embodiment of the present invention, which is set forth in
claim 1; Figs. 2(a) and 2(b) are views for comparatively

25 describing the operation of the liquid £illing nozzle'plate
10 according to the present invention of this application
and the operation of a liquid £illing nozzle plate 80

according to the prior art; Fig. 3 is an enlarged sectional



essenti-al part of a liquid filling nozzle plate 20 according to

anot her "enbodi nent. As shown in the figure, in this enbodi nent an
inwardly projecting circunferential projection 23 is al so provided at
the center of each through-hole 21 in 5 addition to those provided at the
upper and | ower ends of the through-hole 21. Wth this arrangenent,
force that acts to hold the liquid also acts at the central projection
23, and at the sane tinme, the length of the through-hole 21

i ncreases. Therefore, the surface tensibn acts even nore 10 effectively
to hold the Iliquid. Fig. 4 is a view show ng one exanple of a

e o sice y P80, LR A 40 ORI S nla o 1
plate 20 according to another embodiment; Fig. 4 shows one
example of a method of producing the liquid £illing nozzle
plate 20; Fig. 5 shows another method of producing the

5 liquid £illing nozzle plate '20; Fig. 6 is an enlarged
sectional side view of an essential part of a liquid
filling nozzle plate 30 according to still another
embodiment; Fig. 7 is an enlarged sectional side view
showing a liquid £illing nozzle plate 40 according to a

10 further embodiment; Figs. 8(a), 8(b), 8(c) and 8(d) are
enlarged sectional side views respectively showing the
structures of through-holes in liquid filling nozzle plates
according to still further embodiments; Fig. 9 is an
enlarged plan view of an essential part of a liquid filling

15 nozzle plaﬁe 50 according to one.embodiment of the present
invention, which is set forth in claim 6; Fig. 10 is a
sectional side view schematically showing an essential part
of a liquid filling apparatus; Figé. 11(a) and 11(b) are
plan and front views, respectively, Showing a conventional

20 liquid filling nozzle plate 80; and Fig. 12 is an enlarged
sectional side view of an essential part of the liquid

£illing nozzle plate 80.

Best Mode for Carrying Out the Invention:
25 Embodiments of the present invention will be described
below in detail with reference to the drawings.
Fig. 1 is an enlarged sectional side view of an

essential part of a liquid f£illing nozzle plate 10 according



by coatlng a mask material 27 on both sides of a corrosion- 15 resi st ant

metal plate 25. At this tinme, those portions of the netal plate 25
whi ch are to becone upper and | ower openi ngs of the through-holes 21
are left as circular portions 28 not coated with the mask materi al .
When t he metal plate 25 is dipped in an etching solution, the netal 20
plate 25 is etched fromthe surfaces of the portions 28 as shown by
the dotted lines. Thus, a liquid filliqg nozzl e pl ate 20 such as that
shown in Fig. 3 can be produced. =/~ However, the etching rate

changes with the concentration of the etching solution, etc.
Conseauert Vand Spmpddndie U 1He SV BN AR R PR T 2
to sel ectf@fuetﬁhldngamtlerl s aHovH N the f£igurd ! itHidugh-holes 11
in the liquid £illing nozzle plate 10 are each provided with
circumferential projections 15 at the upper and lower ends
5 of the inner peripheral surface 13 thereof such that the
projections 15 projéct in a direction in which the inner
diameters of the through-holes 11 are reduced.
It should be noted that these projections 15 describe
approximately circular arcs as seen in a sectional side
10 view, and thus the inner surface of each through-hole 11
defines a configuration approximately similar to a sphere
with its upper and lower ends cut parallel to each other.
It has been confirmed by an experiment carried out by
the inventor of this application that dripping of liquid can
15 be prevented more reliably than in the prior art by forming
the through-holes 1l as Qescribed above. The reason for
this may be considered as follows:
In this embodiment, as shown in Fig. 2(a), a liquid
filling the SPace above the liquid filling nozzle plate 10
20 also fills each through-hole 1l. However, the liquid is
kept from dropping from the through-hole 11 by the surface
tension in a state where the liquid surface projects
downward in an approximately circular arc shape from the
underside of the through-hole 11.
25 In the case of the liquid filling nozzle plate 80
according to the prior art also, as shown in Fig. 2(b), the
liquid filling each through-hole 83 is képt from dropping by

the surface tension in a state where the liquid surface



H

-10; . It should be noted that the liquid filling nozzle plate
20 may al'so be produced as shown in Fig. 5. That is, two

-8~

projects downward in an approximately circular arc shape
from the'underside of the through-hole 83.
In comparison of the two noizle plates, the through-
hole 11 in this embodiment is provided at its lower end with
5 a projection 15, which projects inwardly. The projection 15
extends in a direction whiéh is approximately coincident
with the circular arc defined by the liquid surface
projecting in an approximately circular arc shape from the
underside of the through-hole 11. In other words, the

10  direction in which the projection 15 of the through-hole 11
projects approximately coincides with the direction of the
surface tension in which the liquid surface tends to form a
circular arc shape. Consequently, the liquid can be
effectively held at the lower end of the through-hole 11.

15 In the prior art, on the other hand, the whole inner
peripheral surface of the through-hole 83 extends straight
in the vertical direction. Therefore, the circular arc
defined by the liquid surface projecting in an approximately
circular arc shape at the lower end of the through-hole 83

20 is not at all coincident with the shape of the lower end
portion of the through-hole 83. Accordingly, force that
holds the liquid at the lower end of the through-hole 83 is
smaller than in the case of the above-described embodiment
of this application.

25 Incidentally, the liquid £illing nozzle plate 10
according to this embodiment is produced by etching or
machining a corrosion-resistant metal sheet.

Next, Fig. 3 is an enlarged sectional side view of an



ILQULdZtiIIing nozzle plates 10 as shown in Fig. 1 are

prepared, and

thé two ‘nozzle plates 10 are laid one on top 5 of the other and fixed

t oget her as one unit. Next, Fig. 6. is an enlarged sectional side
vi ew show ng an essential part of a liquid filling nozzle plate 30
according to still another enbodinent. In this enbodi nent al so,
projections 35 are provided at the upper and | ower 10 ends of each

t hrough-hole 31 as in the case of the gbove- descri bed enbodi nent
shown in Fig. 1. However, this endodi ment differs fromthe enbodi nent
shown in Fig. 1 in t hat each through-hole 31 has an inner surface

configuration

15 togé?ﬁ%?‘
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embodiment an inwardly projecting circumferential projection

23 is also provided at the center of each through-hole 21 in

addition to those provided at the upper and lower ends of

the through-hole 21. With this arrangement, force that acts

to hold the liquid also acts at the central projection 23,
and at the same time, the length of the through-~hole 21
increases. Therefore, the surface tension.acts even more
effectively to hold the liquid.

FPig. 4 is a view showing one example of a method of

producing the liquid filling nozzle plate 20. As shown in

the figure, the liquid f£illing nozzle plate 20 is produced
by coating a mask material 27 on both sides of a corrosion-
resistant metal plate 25. At this time, those portions of
the metal plate 25 which are to become upper and lower
openings of the through-holes 21 are left as circular
portions 28 not coated with the mask material. When the
metal plate 25 is dipped in an etching solution, the metal
plate 25 is etched from the surfaces of the portions 28 as
shown by the dotted lines. Thus, a liquid filling nozzle
plate 20 such as that shown in Fig. 3 can be produced.

' However, the etching rate changes with the _
concentration of the etching solution, etc. Consequenﬁly,

the resulting through-holes 21 do not always have a

configuration such as that shown in Fig. 3. It is therefore

necessary to select an etching material and other

conditions.
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in;thelgrior art for the sane reason stated above in connection with

t he enbodi nent shown in Fig. 1. 20 Next, Fig. 7 is an enl arged
sectional side view show ng aliquid filling nozzle plate 40 according
'to a further enbodi ment. This enbodi nent is produced by |aying two
liquid filling nozzle plates 30 as shown in Fig. 6 one on top of the
other and fixing themtogether as one unit. Wth 25 t hi's arrangenent,
force that acts to hold the liquid al so acts at the central projection
45 in each through-hole 41, and ati%he sane tine, the | engt h of the

t hrough- hol e 41 I ncreases. Therefore, dripping of liquid can be
prevent ed

It should be noted that the liquid f£illing nozzle plate

20 may also be produced as shown in Fig. 5. That is, two

liquid f£illing nozzle plates 10 as shown in Fig. 1 are

prepared, and the two nozzle plates 10 are laid one on top

5 of the other and fixed together as one unit.

Next, Fig. 6 is an enlarged sectional side view showing
an essential part of a liquid filling nozzle plate 30
according to still another embodiment. In this embodiment
also, projections 35 are provided at the ﬁpper and lower

10 ends of each through-hole 31 as in the case of the above-
described embodiment.shown in Fig; 1. However, this
embodiment differs from the embodiment shown in Fig. 1 in
that.each through-~hole 31 has an inner surface configuration
defined by two frustums of right-circular cones joined

15 together at their bases.

With the thfough—holgs 31 formed as described above
also, dripping of liquid can be prevented more reliably than
in the prior art for the same reason stated above in |
connection with the embodiment shown in Fig. 1. _

20 Next, Fig. 7 is an enlarged sectional side view showing
a liquid filling nozzle plate 40 according to a further
embodiment. This embodiment is produced by laying two
liquid filling nozzle plates 30 as shown in Fig. 6 one on
top of the other and fixing them together as one unit. With

25 this arrangement, force that acts to hold the liquid also

acts at the central projection 45 in each through-hole 41,

and at the same time, the length of the through-hole 41

increases. Therefore, dripping of ligquid can be prevented



even nbre effectively. Next, Figs. 8(a), 8(b), 8(c) and 8(d) are

enl ar ged sectional side views respectively show ng the structures of
through-holes in liquid filling nozzle plates according to 5 stil
further enbodi nments. More specifically, as shown in Figs. 8(a)
and 8(b),

-]]-

even more effectively.

Next, Figs. 8(a), 8(b), 8(c) and 8(d) are enlarged-
sectional side views respectively showing the structures of
through4holes in liquid £illing nozzle plates according to

5 still further embodiments.

More specifically, as shown in Figs. 8(a) and 8(b),
each through-hole in a liquid £illing nozzle plate may be
provided with a projection 46 or 47 only at the lower end
thereof. Alternatively, as shown in Figs. 8(c) and 8(d),

10 each through-hole may be provided with a projection 48 or 49
only at the center thereof.

Althoﬁgh in the above-described embodiments the
through-holes have a circular configuration (as seen from
above the liquid filling nozzle plate), it should be noted

15 that the present invention is not necessarily limited to the
circular configuration, and that the through-holes may have
other configurations, ng} a square, rectangular, elliptical
or polygonal configuration, as a matter of course.

.Fig. 9 is an enlarged plan view of an essential part of

20 a liquid filling nozzle plate 50 according to one embodiment
of the present invention, which is set forth in claim 6. As
shown in the figure, through-holes 51 provided in the liquid
filling nozzle plate 50 have an elongated slit-like shape.

It has been confirmed by an experiment carried out by

25 the inventor of this application that dripping of liquid can
be prevented more reliably than in the prior art by forming
the through-holes 51 as described above. The reason for

this may be considered as follows:



eath Ihrough hole in a liquid filling nozzle plate may be provi ded

wth a prOJectlon 46 or 47 only at the |ower end t her eof .

Al ternatively, as shown in Figs. 8(c) and 8(d), 10 each t hrough-hol e may
be provided with a projection 48 or 49 only at the center thereof.

Al t hough in the above-described enbodi nents the t hr ough- hol es have a
circular configuration (as seen from above the liquid filling nozzle
plate), it should be noted 15 that the present invention is not
necessarily limted to the C|rcular26bnf|gurat|on and that the

t hr ough- hol es may have ot her configurations, e.g. a square,

rect angul ar, eIIi t,i cal pol ygonal nfl ra er

cour se. 9.t t!f‘f“sgth% %éec?cgﬂ OF W’lge& f&'&‘&ﬁ gg@gﬁﬁngp part of
20 a liquy fdr{g{lﬂﬂil ﬁ&saitt‘ae W Recedi a'}Q tc‘io%@et%”gﬁéh”%'ﬁther, of
t he present | nventi on |s set forth in claim6

therefore, the surface tension increases correspondlngly,
and thus dripping of liquid is prevented more effectively

5 than in the case of through-holes of the same area which
have other shapes (circular or square shape). As the two
sides 53 are brought closer to each other, the surface
tension increases, as will be understood from the phenomenon
that, when the lower ends of two parallel flat plates

10 disposed close to each other are immersed in a water tank,
for example, the height of a water column pulled up in the
space defined between the two flat plates by the capillary
action increases as the spacing between the two flat plates
decreaées. ' |

15 It should be noted that the opening ratio F of the
liquid filling nozzle plate 50 according to this embodiment
is preferably in the range of from 65% to 35%, more
preferably in the range of from 67% to 43%. The expression
of the opening ratio F is shown below:

20

F= {(2WLy-0.43W) /SLy} %100 (%)

where W : the width (at the shorter side) of the
through-holes 51
25 Ly: the width (at the longer side) of the
through~holes 51
Lo: the pitch between the through-holes 51 in

a direction parallel to the longer side



shown, in the figure, through-holes 51 provided in the liquid filling
‘nozzle plate 50 have an elongated slit-1ike shape. It has been
confirmed by an experinment carried out by 25 the inventor of this '
application that dripping of liquid can be prevented nore reliably
than in the prior art by formng t he t hrough-holes 51 as descri bed
above. The reason for this nmay be considered as foll ows:

-13-

S : the pitch between the through-holes 51 in

a direction parallel to the shorter side

Industrial Applicability:

5 As has been described above, the liquid f£illing nozzle
plate according to the present inﬁention is used being
attached to the lower end opening of a liquid filling tube
of a liquid filling apparatus. .The liquid £illing nozzle.
plate effectively prevents dripping of liquid from the

10 liquid filling tube.

15

20

25



-12-0, In the through-holes 51 according to this enbodi nent,

two | ongitudi nal opposite sides 53 are close to each other; t herefore,
the surface tension increases correspondingly, and thus dripping of
liquid is prevented nore effectively 5 than in the case of through-holes
of the same area which have ot her shapes (circular or square shape).
As the two sides 53 are brought closer to each other, the surface
tension increases, as will be understoqﬁ.fron1the phenonenon t hat ,
when the | ower ends of two parallel fla ﬁﬂ ates 10 di sposed cl ose to each
other are immersed in a water tank,

WHAT IS CLAIMED IS:

l. A liquid filling nozzle plate comprising a plate
member provided with a large number of through-holes, said
nozzle plate being attached to a lower end opening of a

5 liquid filling tube to prevent a liquid filling said liquid
filling tubé from flowing out by a surface tension of said
liquid,

" wherein an inner peripheral surface of each of said
through-holes provided.in said liquid filling nozzle plate
10 is provided with a circumferential projection projecting in
a direction in which an inner diameter of the through-hole
is reduced. .

2. A liquid filling nozzle plate according to claim 1,

wherein said through-holes each have an approximately
15 circular or elliptical opening configuration;

3. A liquid filling nozzle plate according to claim 1,
wherein said projection is provided at each of upper and
lower ends and/or a central portion in each through-hole.

4, A liquid filling nozzle plate according to claim 1,

20 wherein said through-holes each have an elongated slit-
shaped opening configuration.

5. A liquid £filling nozzle plate according to claim 1,
comprising a plurality of said liquid £illing nozzle plates
each having said projection provided in each through-hole,

25 said liquid £illing nozzle plates being laid one on top of
another.

6. A liquid filling nozzle plate comprising a plate

member proﬁided with a large number of through-holes, said

‘) O U



f of, exanple the height of a water columm pulled up in the space

defined between the two fl at pl ates by the capillary
as the spacing between the two flat plates decreases. 15 I t
shoul d be noted that the opening ratio F of the
pl ate 50 according to this enbodi nent

from65%to 35% nore preferably in the range of from67%to 43%
expressi on of the opening ratio Flf% shown bel ow. 20

F={(2W.[ err]-0.43W/SL2} Xl 00( %

shorter side) of the ' t hr ough- hol es 51

10

15

20

25

nozzle plate being attached to a lower end opening of a
liquid filling tube to prevent a liquid filling said liquid
filling tube from flowing out by a surface tension of said
liquid,

| wherein said through-holes provided in said liquid
filling nozzle plate each have an élongated slit-like shape.

7. A liquid £illing nozzle plate according to claim 6,
wherein an inner peripheral surface of each of said thrdugh-
holes is provided with a circumferential projection
projecting in a direction in which an inner diameter of the
through-hole is reduced,

8. A liquid filling nozzle plate according to claim 7,
wherein said projection is prdvided at each of upper and
lower ends and/or a central portion in each through-hole.

' 9.'A liquid filling nozzle plate accqrding to claim 6,
wherein an opening ratio'of said through-holes is in a range
of from 67% to 43%.

—_—

A

where W: the width (at the

action increases

liquid filling nozzle
Is preferably in the range of

The



25° . % . L[err]: the width (at the |longer side) of the
t hr ough- hol es 51 L[err]: the pitch between the
t hrough-holes 51 in a direction parallel to the
| onger side - 13-
-16~-
ABSTRACT

10
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A liquid filling nozzle plate (10) is formed from a
plate member provided with a large number of through-holes
(11). The liquid f£illing nozzle plate (10) is used being
attached to the lower end opening of a liquid £illing tube
(67). A liquid filling the liquid £illing tube (67) is
prevented from flowing out by the surface tension in the .
through-holes (11) of the liquid filling nozzle plate (10).
The inner peripheral surface (13) of each through-hole (11)
is provided with a circumferential projection (15)
projecting in a direction in which the inner diameter of the
throﬁgh-hole (11) is reduced. The cross-sectional
configuration of the through-holes (11) makes it possible to
effectively prevent dripping of liquid from the through-
holes (1l). ' _

The through-holes (51) may have an elongated slit-
shaped opening configuration. In this case also, dripping

of liquid from the through-holes (51) can be effectively
prevented.



S fifhe’pitch bet ween the through-holes 51 in a

direction parallel to the shorter side I ndustrial Applicability: 5
As has been described above, the liquid filling nozzle pl ate accordi ng
to the present invention is used being attached to the | ower end
opening of a liquid filling tube of aliquid filling apparatus. The
liquid filling nozzle pl at e effecfyv%Iy prevents dripping of liquid
fromthe 10 liquid filling tube.
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- 145 R VWHAT IS CLAI MED | S: 1. Aliquid

f||||ng nozzle pl ate conprising a plate menber provided with a |l arge
nunber of through-holes, said nozzl e plate being attached to a | ower
end opening of a 5 quuid filling tube to prevent a liquid filling said
1iquid filling tube fromfl ow ng out by a surface tension of said
l'iquid, wherei n an inner per surface of each of said

t hrough- hol es provided in said liquid Illng nozzle pl at e

FI1G. 8
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16 ié_provided with a circunferential projection projecting in a

direction in which an inner dianeter of the through-hole i's reduced.

2. Aliquid filling nozzle plate according to claim1, wherein said

t hrough- hol es each have an approximately 15 circular or elliptical
openi ng configuration. 3. Aliquid filling nozzle plate according
to claim1l, wherein said projectisq,hp provi ded at each of upper and

| ower ends and/or a central portion in each through-hole. 4. A
liquid filling nozzle plate according to claim1, 20 wherein said

t hr ough- hol es each have an el ongated slit- shaped openi ng
configuration. 5. Aliquid filling nozzle plate according to
claim1l, conprising a plurality of said liquid filling nozzle plates

each having said projection provided in each through-hole,
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25" ./ saj d.liquid filling nozzle plates being laid one on top of

anot her . 6. Aliquid filling nozzle plate conprising a plate
menber provided with a | arge nunber of through-holes, said
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nofife:pLate being attached to a | ower end opening of a liquid filling

tube to prevent a liquird filling said liquid filling tube fromfl ow ng
out by a surface tension of said liquid, 5 wherein said

t hr ough- hol es provided in said liquid filling nozzle plate each have
an elongated slit-like shape. 7. Aliquid filling nozzle plate
according to claim®, wherei n an7ipnpr peri pheral surface of each of
sai d t hrough- holes is provided with a circunferential projection 10
projecting in a direction in which an inner dianeter of the

t hrough-hol e i s reduced. 8. Aliquid filling nozzle plate
according to claim?7, WhET ei p s projgctiqon is provided at each of
oo g Fe't -G .rroger
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1ower ends and/or a central
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portion in each through-hole. 15 @ /A
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A liquid charging nozzle plate (10) comprising a plate body provided with.a plurality of through holes (11).
This liquid charging nozzie plate (10) is used by fixing the same to a lower end opening of a liquid charging tube (67).

The outflow of a liquid with which the liquid char
the liquid in the through holes (11) of the liquid ¢
of each through hole (11), Frojections (15) are provided
diameter of the through hole (11) decreases. Owing

of the liquid from the through hole (11) can be
cross-sectionally to an elongated slit-like shape,

to the-cross-sectional shape of this through hole (11),
prevented effectively. Even when the through
the dripping of a liquid therefrom can also

ing tube (67) is filled is prevented owing to the surface tension of
ing nozzle plate (10). On an inner circumferential surface (13)

which extend in the circumferential direction so that the inner
the dripping
holes (51) are formed
prevented effectively.
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