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ABSTRACT

A coating nozzle for high-viscosity paint includes a
nozzle slit. The nozzle slit exhibits a specific reduced

slit angle, and includes a nozzle-glit outlet, and a

nozzle-gslit inlet. The nozzle-gslit outlet is formed asg a

distinct substantially-arced shape elongating lopsidedly

from the nozzle-slit inlet to the nozzle-slit outlet. The
coating nozzle including the nozzle slit canoptimize a shear
velocity of high-viscosity paint for a discharge rate of the

high-viscosity paint in a setting of the actual employment.
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COATING NOZZLE FOR HIGH~-VISCOS1ITY PAINT

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a coating nozzle

tc be attached to the paint-discharge leading-end section
cf a coating apparatus for blowing a high-viscosity paint
onto an cbject to be cocated.

Description of the Related Art

44

[0002] Coating nozzles for blowing high-viscosity paints,
such as acrylic-resin-based palints, polyester-resin-based
paints, polyurethane-resin-based paints, epoxy-resin-based
paints, or melamine-resin-based resins, onto objects to be
coated have been known publicly. For example, in automobile
manufacturing plants, high—-viscbsity paints have been blown
onto automotive bodies in order togive themrust-preventive,
waterproof and vibration-damping properties, with use of
coating nozzles being installed on robots, as disclosed in
Japanese Unexamined Patent Publication (KOKAI) Gazette NoO.
27012-11284 and Japanese Unexamined Patent Publication

(KOKAT) Gazette No. 11-179243 (hereinafter, being referred
to as “Related Art No. 17 and “Related Art No. 2,7
respectively).

[0003)] Figs. 6and7illustrateacoatingnozzle thatRelated

Art Nc. 1 discloses., Fig. 6 shows a plan-view diagram of

1
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a coating nozzle 110. Fig. 7 shows a front-view diagram of
the coating nozzle 110 when being viewed on a side of the
praint-discharge leading end. The coating nozzle 110
comprises an introduction passage 117, an 1nternal space 116,
and a nozzle slit 115. The introduction passage 117, the
internal space 116 and the nozzle slit 115 are communicated
with each other, and are disposed in this order fromthe bottom
to the top in Fig. 6. A high-viscosity paint, which has been
supplied to the internal space 116 through the introduction
passage 117, is reserved temporarily i1n the internal space

116 whose space spreads more than that of the introduction

rassage 117, and thereby the inner pressure is uniformized.
Then, the high-viscosgity paint, which has been extruded out
from the internal space 116 to a nozzle-slit inlet 115G, 1is
discharged from a nozzle-slit outlet 115E to an object to
be coated while spreading radially to the object. Asaresult
the high-viscosity paint is coated as a strip shape with a

predetermined patterned width on a surface of the object to

be coated.

[0004) The nozzle slit 115 is formed as a strip shape with

an arc configuration going along an arc 1n the coatling nozzle
110 that is formed as a substantially-sectored shape when
being viewed in the planar diagram. The l1ntervening space
between a nozzle-glit outlet 115E and the nozzle-slit inlet
115G is designed to have a uniform interval substantially.
As illustrated in Fig. 7, the nozzle-slit outlet 115E has
an opening confiqgquration (or discharge-mouth configuration)

that takes on a rectangular shape whose slit opening 1s “x”

2
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and slit width is “y.” Asgs illustrated in Fig. 6, the nozzle
slit 115 converges linearly from the nozzle-slit outlet 115E
to the nozzle-slit inlet 115G toward an lmaginary apex “c”
being held between the two equilateral sides of an imaginary
isosceles triangle. Note that, in the imaginary 1sosceles
triangle, the bottom side is made by an 1maginary chord that
connects 1linearly between an opposite end “e” of the
nozzle-slit outlet 115E being formed as an arc shape and the

other opposite end “£” thereof, and each of the bottom angles

is made by an angle “a” (hereinafter, being referred to as

a “slit angle *a ’”). That is, the nozzle-slit 115 spreads

linearly from the imaginary apex “c¢” with an opening angle
"B (i.e., “B” = 180" - 2X“a”).

[0005] When a distance between the imaginary apex “c¢” and
the opposite end “e” (or the opposite end “"f”) 1s labeled
afirst radius “a,” and another distance between the 1maginary
apex “c¢” and a central point “d” in the width-wise directilon
of the nozzle-slit outlet 115E is labeled a second radius

“b,” the first radius “a” and the secondradius “b” aredesigned

to be equal to each other (i.e., the first radius “"a” = the

second radius “b”) . Thus, the nozzle-slit outlet 115E 1is
formed as a true arc shape about the imaginary apex “c” serving
as the center. Moreover, thehigh-viscositypailnt i1s spouted

substantially perpendicularly to an opening face of the

-

nozzle-glit outlet 115E that takes on a true arc shape.

[0006] Fig. 8 is a graph for illustrating relationships

between the discharge rates and shear velocitiles 1n the

conventional coating nozzles that Related Art Nos. 1 and 2

3
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disclose. When the shear velocity is labeled “D” (s-'), the
discharge rate 1is labeled “g” (c.c./minute), and the slit
opening 1is labeled “x” (mm) that is shown in Fig. 7, and the

slit opening area 1is labeled “s” (mm2?), the shear velocity

"D” can be found by such a calculating equation as follows:

“D” = [{“gq”/60}/“x”}/“s”] X 1,000.

Note that the slit opening area “s” can be found as a product
"X”-%"y” of the slit opening “"x” and the slit width “y” because
1t 18 equivalent to the opening area of thenozzle-slit outlet
115E when being viewed 1n the planar diagram.

[0007)] 2 line “L1” in Fig. 8 shows a relationship between
the discharged rate “"q” and the shear velocity “D” when the
slit opening “x” was set at 0.4 mm (i.e., “Xx” = 0.4 mm) and
the slit width “y” was set at 39 mm in the conventional coating
nozzle that Related Art No. 1 discloses. Moreover, a line
“L2” 1n Fig. 8 shows a relationship between the discharged
rate “"q” and the shear velocity “"D” when the slit opening
“x” was set at 0.6 mm (i1.e., “X” = 0.6 mm) and the slit width
“yv” was set at 43 mm 1n the conventional coating nozzle that
Related Art No. 2 discloses. In addition, a line “L3” 1in
Fig. 8 shows a relationship between the discharged rate “qg”
and the shear velocity “"D” when the slit opening “x” was set
at 0.8 mm (i.e., “x” = 0.8 mm) and the slit width “y” was

set at 43 mm in the conventional cocating nozzle that Related
Art No. 2 discloses.

[0008] As one of the achievements of earnest studies by

the present 1nventors, 1t was revealed that whether the coated

appearance (e.g., flatness and/or smoothness) of a coated
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high-viscogsitypaint onanobject tobe coatedis satisfactory
Oor not 1s intimately related to the shear velocity “D” when
the high-viscosity paint passes through the slit of a coating
nozzle. Speclfically, when the shear velocity “D” falls in
a range of from5,000to0 20,000 s *roughly, the high-viscosity
pailnt 1s likely to produce a satisfactory appearance. When
the shear velocity “D” falls outside the range, however,
undulating phenomena occur where the resultling coated form
of a high-viscosity paint “P” undulates greatly as shown in

Fig. 9. As a result, such a case might possibly arise where

the resultant film thickness cannot be constant or uniform
1n the coated high-viscosity paint “P,” because no flatness
and/or smoothness can be secured in the coated high-viscosity
paint “P.”

[0009] Inautomobilemanufacturingplants, acoatingnozzle,
which has been installed to a robot, 1s used to discharge

the high-velocity paint “P” at such a flow rate that makes

the discharge rate “g” fall 1n a range of from 3,000 to 10,000
c.c./minute roughly. The hatched area 1n Fig. 8 shows an

area where the shear velocity “"D” becomes from 5,000 £to 20,000

W

s-1 when the discharge rate “"q” falls 1n a range of from 3,000

—

to 10,000 c.c./minute in a setting of the actual employment.

Therefore, when the shear velocity “D” 1s contained within

the hatched area in Fig. 8, like the i1deal line “LO” 1n the

drawing, in a range where the discharge rate “g” falls 1n
a range of from 3,000 to 10,000 c.c./minute in a setting of

the actual employment, it 1s effective to reduce the

occurrenceof faultypaintedappearances whenacoatingnozzle

O
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1s used actually.

[0010)] As the lines “L1,” “L2,” and “L3” in Fig. 8 indicate,
however, the related-art coating nozzles might possibly
result in such cases that they yield the shear velocity “D”
that falls outside the hatched area 1in a setting of the actual
employment where the discharge rate “g” falls 1n a range of
from 3,000 to 10,000 c.c./minute. Therefore, the
related-art coating nozzles have not been designed so as to
be capable of reducing the occurrence of faulty coated
appearances in a setting of the actual employment. Hence,
the related-art coating nozzles might possibly have been
associatedwiththe following fears: qualityproblems inwhich
the coated high-viscosity paint “P” interferes with other
component parts because the undulating phenomena have
thickened the resulting film thickness depending on the
discharge rate “g” of the high-viscosity paint "“P”; and
problems causing the increment of painting costs because the
high-viscositypaint "P” hasbeencoatedinexcessive amounts,
which are more than those being directed 1n engineering
drawings, to result in the occurrence of material wastes.

[0011] Moreover, in a case where the related-art coating

nozzles are simply provided with a smaller slit opening “"x”

so as to enlarge the shear velocity “"D” 1n order to reduce

the occurrence of faulty coated appearances, they might
possibly be associated with a fear of the occurrence of
clogging in the nozzle slit when it might not be possible
to fully inhibit foreignmaterials fromremaining or residing

within the high-viscositypaint "P.” Inaddition, inanother

6
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case where the related-art coating nozzles are provided with
the above-described slit angle “a ,” which has been made
smaller so as to enlarge the diffusion of the high-viscosity
paint “P” in the width-wise direction, in order to secure
a predetermined patterned width, they might possibly be
assoclilated with another fear of the occurrence of cracked

patterns as shown in Fig. 10.

>sUMMARY OF THE INVENTION

[0012] The present inventilion has been developed in view

of the circumstances being mentioned above. It is therefore
an object of the present invention to provide a novel coating
nozzle for high-viscosity paint. That is, a coating nozzle
according to the present invention not only makes it possible
to coat high-viscosity paints to coated appearances that are
smooth and/or flat satisfactorily, and which are thin-filmed
and have proper patterned widths; but also comprises a nozzle

slit that 1s less likely to be clogged.

[0013] For example, inaccordancewithafirst subjectmatter

according to the present invention, a coating nozzle for
high-viscosity paint can achieve the aforementioned object,

and comprises:

an introduction passage, an internal space, and anozzle

slit that communicate with each other and are disposed in
this order so as to supply a high-viscosity paint to the
internal space through the introduction passage, and so as
to reserve the high-viscosity paint temporarily in the
internal space, the high-viscosity paint being discharged

from the nozzle slit while spreading radially, and then being

[
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blown onto an object to be coated;

the nozzle slit including a nozzle-glit i1nlet on the
internal space and a nozzle-slit outlet on a paint-discharge
leading-end side, and being formed as a
substantially-sector-shaped trapezoid that has a dimension
expanding fromthenozzle-slit inlet tothenozzle-slitoutlet
in a width-wise direction;

the nozzle-sglit outlet being formed as an arc shape that
has opposite ends and an imaginary chord connecting the
opposite ends one another linearly;

the nozzle slit having a slit width that 1s made ¢cf the
imaginary chord, and converging from the nozzle-slit outlet
side to the nozzle-slit inlet side while heading toward an
imaginary apex being held between two equilateral sides of

an imaginary isosceleg triangle whose base 1s the i1maginary

chord and whose base angles are a predetermined slit angle
being less than 45 degrees;

the arc-shaped nozzle-slit outlet exhibiting a radius
ratio that is a value being obtailined by dividing a second
radius by a first radius, and which is greater than 1 when
a first distance between the imaginary apex of the imaginary
isosceles triangle and each of the opposite ends of the
imaginary chord is labeled the first radius and a second
distance between the imaginaryapexof theimaginaryisosceles
triangle and a central point in a width-wise direction of

the arc-shaped nozzle-slit outlet 1s labeled the second

radius; and

the nozzle-slit outlet having, when being viewed on the

e
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paint-discharge leading-end side, a slit opening area that
makes a shear velocity of the high-viscosity paint, which
prasses through the nozzle-slit outlet, fall in a range of
from 5,000 to 20,000 st for a discharge rate of from 3,000
to 10,000 c.c./minute of the high-viscosity paint.

[0014] Moreover, in accordance with a second subject matter
according tothe present invention, the present coatingnozzle
according to the first subject matter can comprise the nozzle
slit whose slit angle falls 1n a range of from 35 to 42.5
degrees.

[0015] Inaddition, inaccordancewithathirdsubjectmatter

according tothe present invention, thepresent coatingnozzle
according to the first subject matter can comprise the nozzle
slit includingthenozzle-slitoutlet thatexhibits theradius
ratio falling in a range of from 1.03 to 1.11.

[0016] Since the present coating nozzle according to the
first subject matter comprises the nozzle slit including the
nozzle-glit outlet that makes a shear velocity of the
high-viscosity paint, which passes through the nozzle-slit

outlet, fall in a range of from 5,000 to 20,000 s !, the

high-viscosity paint being coated on the object to be coated
is likely to turn into thin-filmed coated appearance that
are flat and/or smooth satisfactorily.

[0017] Note that, in the present specification, the term,
“high-viscosity paint,” refers to high-viscosity paints
whose viscosity is 0.1 Pa's or more at 20C. Moreover, it

is possible to find a shear velocity of the high-viscosity

paint by the following calculating equation:

9
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\\DII — [{\\q”/60}/\\xﬂ}/'\\Sﬂ'] >< 1'000;

when a shear velocity of the high-viscosgsity paint 1s
labeled “D” (s°1'); a discharge rate of the high-vigscosity
praint is labeled “g” (c.c./minute); a slit opening of the
nozzle-slit outlet is labeled “x” (mm); and a slit opening
area of the nozzle-slit outlet is labeled “"s” (mm?). Note
that, when the nozzle-slit outlet has an opening whose

configuration is a rectangular shape, it 1s possible to find

the slit opening area “s” as a product “x”'%“y” of the slit

opening “x” and a slit width “y” of the nozzle-slit outlet
because the slit opening area “s” is equivalent to the opening
area of the nozzle-slit outlet when being viewed in the planar
diagram.

[0018] Moreover, in the present specification, the term,
“substantially-sector-shaped trapezoid,” refers to
trapezoidal shapes in which an arc with a smaller curvature
radius substitutes for the shorter top side of an ordinary
trapezoid and another arc with a larger curvature radius
substitutes for the longer bottom side. In additilon, the
term, “arc,” involves all curves inwhich, of protruded curves
such as elliptical curves, hyperbolic curves and parabolilc
curves, a radius ratio, a guotient that results from the
division of the second radius by the £first radius, 1s greater
than 1.

[0019] 1In addition, the present coating nozzle according
to the first subject matter comprises the nozzle slit
including the nozzle-slit outlet with a smaller slit opening

area in order to make a shear velocity of the high-viscosity

10
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paint fall in the above-described proper range. Note that

the glilt opening area according to the present coating nozzle
is smallexr than that of the nozzle-slit opening according
the related-art cocating nozzles even when the two have an
identicalslitoutlet toeachother. Thatis, thenozzle-slit
outlet has a slit width that 1s set up to be smaller. In
other words, 1in order to make a shear velocity of the
high-viscosity paint larger, the slit opening area according
to the present coating nozzle is made smaller, not by making
theslit openingsmaller, but bymakingtheslit widthsmaller.
Therefore, the nozzle slit according to the present coating
nozzleis less likely tobecloggedevenwhen foreignmaterials
cannot be fully inhibited from remaining or residing within
the high-viscosity paint.

[0020] Moreover, setting up the slit width smaller as
described above makes the high-viscosity paint less likely
to secure a predetermined patterned width. However, the
present coating nozzle according to the first subject matter
comprises the nozzle slit whose slit angle 1s set up to be

smaller, at less than 45 degrees, for i1nstance. The nozzle

slit with such a slit angle makes the high-viscosity paint,
which is discharged from the nozzle-glit outlet, diffuse 1in

the width-wise direction to a greater extent. By simply

making the slit angle smaller, however, 1t 1s difficult to
provide the high-viscosity paint with a predetermilined
ratterned width while preventing the resulting pattern from
cracking.

[0021] Hence, the present coating nozzle according to the

11
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first subject matter comprises the nozzle slit 1ncluding the

nozzle-slit outlet that has an arc configuration being set
up so that a radius ratio, a quotient that results from the

divigion of the second radius at themiddle i1n the nozzle-slit

outlet by the first radius at the opposite ends 1n the
nozzle-slit outlet, 1s greater than 1. That 1s, the
nozzle-slit outlet according to the fixrst subject matter has
an arc configuration that elongates lopsidedly (or that 1s
prolate) in a direction toward the middle. Since the
high-viscosity paint 18 spouted substantilally
perpendicularly tothenozzle-slitoutlet’sopening face that
takes on an arc configuration, the nozzle-slit outlet whose
arc configuration elongates lopsidedly (or whose arc
configuration is prolate) in a direction toward the middle
makes it possible to enlarge an extent of the diffusion of
the high-viscosity paint, which 1s discharged from the
nozzle-slit outlet, in the width-wise direction.
Consequently, setting up the slit angle to be smaller, at
less than 45 degrees, for instance, and elongating the
nozzle-slit outlet’s arc configuration lopsidedly (making
the nozzle-silt outlet’s configuration prolate) 1in a
direction towardthemiddle, produce the following synergetic
effect: not only making the diffusion of the high-viscosity
paint greater in the width-wise direction while preventing
the resulting pattern from cracking; but also enabling the

high-viscosity paint to secure a predetermined patterned

width for the resultant pattern.

[0022] Since the present coating nozzle according to the

12
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second subject matter comprises the nozzle slit whose
nozzle-slit outlet exhibits the slit angle being set to fall
lnarange of from35to42.5degrees, the advantage of securely
providing the resulting pattern with a predetermined
patterned width can be effected with higher reliability
without ever causing cracks to occur in the resultant pattern
that 1s made by the high-viscosity paint being coated on an
object to be coated. Note that, when the slit angle 1s less
than 35 degrees, the resulting pattern is likely to be cracked
because the extent of the diffusion of the high-viscosity
palnt becomes too great 1n the width-wise direction. On the
other hand, when the slit angle exceeds 42.5 degrees, the
resultant pattern is likely to be deficient 1in the patterned
width because the extent of the diffusion of the

high-viscosity paint becomes too small 1n the width-wise
direction.

[0023] Since the present coating nozzle according to the
third subject matter comprises nozzle slit whose nozzle-slit
outlet exhibits the radius ratio being set to fall in a range
of from 1.03 to 1.11, the advantage of securely providing
the resulting pattern with a predetermined patterned width

can be effected with higher reliability without ever causing

cracks to occur in the resultant pattern that 1s made by the
high-visgcosgsity paint being coated on an object to be coated.
Note that, when the radius ratio 1s less than 1.03, the
resulting pattern is 1likely to be deficient 1in the patterned

width because the extent of the diffusion of the

high-viscosity paint becomes too small i1n the width-wise

13
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direction. On the other hand, when the radius ratio exceeds

1.11, the resultant pattern 1s likely to be cracked because
the extent of the diffusion of the high-viscogity paint
becomes too great in the width-wise direction.

[0024] As described above, the present invention makes it
possible to provide a novel coatingnozzle for high-viscosity
paint, the coating nozzle not only enabling manufacturers
to coat high-viscosity paints to thin-filmed coated
appearances that are smooth and/or flat satisfactorily, and
to coat high-viscogity paints with thin-filmed and proper
patterned widths; but also comprising a nozzle slit that 1i1s

less likely to be clogged.

BRIEF DESCRIPTION OF THE DRAWINGS

- —— -

[0025] Amorecompleteappreciationof thepresent invention

and many of its advantages will be readily cobtained as the
same becomes better understood by reference to the following
detailed description when considexed in connection with the
accompanying drawings and detailed specification, all of
which forms a part of the disclosure.

[0026)] Fig. 1 is a constructional diagram for illustrating
the entire construction of a coating facility being equipped
withacoatingnozzleaccordingtoanembodiment of the present
invention.

[0027] Fig. 2 is a perspective diagram for illustrating
the entire construction of the coating nozzle according to

the present embodiment.

[0028] Fig. 3 is a plan-view diagram for illustrating the

coating nozzle according to the present embodiment.

14
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[0029] Fig. 4 is a front-view diagram for illustrating the

coating nozzle according to the present embodiment.

[0030] Fig. 5is across-sectional diagram for illustrating
the coating nozzle according to the present embodiment that
is cut along the line “57-%5" 1in Fig. 3.

[0031] Fig. 6 is a plan-view diagram for illustrating a

conventional coatingnozzle that Related Art No. 1 discloses.

[0032] Fig. 7 is a front-view diagram for illustrating the

conventional coatingnozzle that Related Art No. 1 discloses.

[0033] Fig. 8 is a graph for showing relationships between
the discharge rates of high-viscosity paint and the shear
velocities exhibited by conventional coating nozzles that
Related Art Nos. 1 and 2 disclose.

[0034] Fig. 9 is a perspective diagram for illustrating

a faulty coated appearance that a current coating nozzle
vielded, and in which the undulating phenomena arose under
the cilircumstance.

[0035)] Fig. 10 is a perspective diagram for illustrating
another faulty coated appearance that acurrent coatingnozzle
vielded, and in which the cracks occurred in the resulting

pattern under the clrcumstance.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

iyt gl e e .

[0036] Having generally described the present invention,

a further understanding can be obtained by reference to the

specific preferred embodiments which are provided herein for

the purpose of illustration only and not intended to limit
the scope of the appended claims.

[0037] With reference to Figs. 1 through 5, a coatingnozzle

15



CA 02839925 2014-01-20

for high-viscosity paint according to an embodiment of the
present inventionwill behereinafterdescribedinmoredetail.
Ag illustrated in Figs. 1 and 2, a coating facility 50 being
equipped with a coating nozzle 10 1is a system to be installed
in an automobile manufacturing plant, and makes a facility
for blowing a high-viscosity paint “P” guantitatively onto
an automotive body 70 (i1.e., an object to be coated). The
coating facility 50 comprises a material container 51, a
plunger pump 52, a filter 53, a regulator 54, a heat exchanger
55, ametering pump 56, a robot arm 57, and the coating nozzle
10. Note that the following can be used for the
high-vigcosity paint “"P” that the coating facility 50 spouts:
acrylic-resin-based paints, polyester-resin-based paints,
polyurethane-resin-based paints, epoxy-resin-based paints,
Oor melamine-resin-based resins.

[0038) Thematerial containerS5lreserves the high-viscosity
paint Y“YP” therein. The plunger pump 52 fills up the
high-viscosity paint “"P” i1n the entire painting facility 50,
and pressure delivergs 1t therearound. The filter 53 removes

foreign materials having been mingled accidentally in the

high-viscosity paint “P.” The regulator 54 keeps pressures
of the high—viscosity paint “P” appropriately within the
painting facility 50. The heat exchanger 55 keeps the
high-viscosity paint “"P” at a constant temperature within
the painting facility 50. Note that the high-viscositypaint
“p” ig kept at 25C in the present embodiment, for instance.

The metering pump 56 ig driven by a not-shown servomotor,

and adjusts a discharge rate of the high-viscosity paint “P”

16
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onto the coatingnozzle 10. The robot arm57 moves the coating
nozzle 10 freely with respect to the automotive body 70.
[0039] AsillustratedinFig. 2, the coatingnozzle 10 spouts
the high-viscosity paint “P,” which is supplied through an
introduction tube 30, toward one of the surfaces of the
automotive body 70 while spreading the high-viscosity paint
“P” radially in the width-wise direction and turning it into
a film with a constant thickness in the thickness-wise
direction. According to a coating method for the
high-viscosity paint “P” with use of the coating nozzle 10,
the high-viscosity paint “"P” is discharged from the coating
nozzle 10 during which the coating nozzle 10 is kept at a
predetermined distance “B” from the surface of the automotive
body 70 1in the height-wise direction while being moved
parallel i1n the thickness-wise direction slowly. Then, the
high-viscositypaint “P,” whichisdischarged fromthe coating
nozzle 10, is adhered onto the surface of the automotive body
70, and the high-viscosity paint “P” is thereby coated to
a predetermined patterned width “A” on the surface of the

automotive body 70. On this occasion, 1t is possible for
the coating facility 50 tocarry out thecoatingwhile changing
the patterned width “A,” the coated film thickness, and so
on, because the coéting facility 50 moves the robot arm 57

freely with respect to the automotive body 70 to control the
distance “"B” between the coating nozzle 10 and the surface
of the automotive body 70, and to control the relative coating

position of the coating nozzle 10 with respect to the surface

of the automotive body 70.
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[0040] With reference to Figs. 3 through 5, the coating

nozzleldwillbedescribedinmoredetailhowit isconstructed,
Fig. 3 shows the coating nozgzle 10 in the plan-view diagram.
Fig. 4 shows the coating nozzle 10 in the front-view diagram
when being viewed on the paint-discharge leading-end side.
Fig. 5 shows the coating nozzle 10 in the cross-sectional
diagram when being c¢ut along the line “"5”-"5"” in Fi1g. 3. The
coating nozzle 10 comprises & body 11, and a 1lid 12. The
coating nozzle 10 takes on a bYell shape 1n which a
substantially-half-moon and a rectangle are combined when
being viewed in the planar diagram, and takes on a rectangular
thick-plated shape when being viewed 1in the frontal and
lateral diagrams. As illustrated in Fig. 5, the body 11 is
formed as a letter-L shape, which is thicker on the rectangle
side and thinner on the substantially-half-moon side, when
being viewed in the laterxal diagram. The 1id 12 1s formed
as a flat plate that compensates for the thinner section on
the substantially-half-moon side of the body 11. That 1is,
rhe 1id 12 is attached onto the body 11 at the thinner section
on the substantially-half-moon side. Thus, the bedy 11, and
the 1id 12 make up the coating nozzle 10 having a thick-plated

shape as a whole. Moreover, the body 11, and the 1id 12 are

fixated one another with two embedded screws 20.

{op241} As illustrated in Fig. 5, the coating nozzle 10

comprises a nozzle slit 15, an internal space 16, and an
introduction passage 17. As illustrated in Fig. 3, the
introduction passage 17, the internal space 16 and the nozzle

slit 15, with which the coating nozzle 10 1s provided, are
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disposed in this order from the bell-shaped rectangular side
to the substantially-half-moon side 1n the ccocating nozzle
10 in the drawing. Moreover, the introduction passage 17,
the internal space 16 and the nozzle slit 15 are formed so
as to communicate with each other in the coating nozzle 10.
[0042] The nozzle slit 15 is formed as an arc-shaped strip
that is disposed, when being viewed in the plan-view diagram,
along the half-moon-shaped arc of the
substantially-bell-shapedcoatingnozzlel1l0, asshowninFig.
3. More precisely, the body 11 closes an arc-shaped and
strip-like-dented opening face, with which the 11d 12 of the
coating nozzle 10 is provided, to form the nozzle slit 15,
as shown inFig. 5. Thenozzleslit 15makesaslit comprising
a nozzle-slit outlet 15E, which 1is positioned on one of the
opposite sides for discharging the high-viscosity paint %P, "
and a nozzle-slit inlet 15G, which is positioned on the other
one of the cpposite sides neighboring the internal space 16.
The nozzle-slit outlet 15E, and the nozzle-slit inlet 15G
are separated from one another with a substantially uniform
interval. Note herein that the term, “arc,” i1nvolves, among
protruded curves such as elliptical arcs, hyperbolic curves
and parabolic curves, all curves exhibitingalater-described
radius ratio, a quotient “b/a” resulting from the division
of themaximumradius “b” (i.e., asecondradius) bytheminimum
radius “a” (i.e., a first radius), that 1s greater than 1.

Moreover, the nozzle glit 15 according to the present

embodiment includes the nozzle-slit outlet 15E having an arc

shape that is turned into an elliptical arc.
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[0043] The nozzle slit 15 has a substantially-sectored

trapezoidal shape whose width-wise dimension expands from
one of the opposite sides on the nozzle-slit inlet 15G to
the other one of the opposite sides on the nozzle-slit outlet
15E. Note herein that the term, “substantially-sectored
trapezoidal shape,” refexrs to trapezoidal shapes in which
an arc with a smaller curvature radius substitutes for the
shorter top side of an ordinary trapezoids and another arc
with a larger curvature radius substitutes for the longer
bottom side. The nozzle-glit inlet 15G 1s a section that
corresgponds £to an arc with a smallexr curvature radius (i.e.,
the topside) 1inthe substantially-sectored trapezoidal shape.
Thenozzle-slitoutlet l15Eisanother sectionthat corresponds
toanotherarcwitha larger curvature radius (1.e., the bottom
silde) 1n the substantially-sectored trapezoidal shape.

[0044) As illustrated in Fig. 4, the nozzle-slit outlet
15E has an opening configuration (or a discharge-mouth
configuration) whoseslitopeningis setat “"x” inthevicinity
of the central point “"d” 1n the width-wise direction, and

whose slit width is set at “y,” when being viewed 1in the

front-viewdiagram. Thenozzle-slit outlet 15E exhibits the
slit opening “x” in a range that accounts for approximately
1/3 of the slit width “Yy” in the middle. ©Note that the
nozzle-slitoutlet 15Ecanpreferablyexhibit theslitopening
width “x” in a range of approximately from 1/3 of the slit
width “vy” in the middle and up to 1 with respect to the slit
width “y” in the entirety (that is, the slit opening width

“x” can be kept constant in the thickness-wise direction over
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theentireslitwidth “y”). Moreover, thenozzle-slit outlet
15E further exhibits minor opposite slit openings that narrow
down gradually from the opposite ends of the range toward
the opposite ends “e” and “£” in the width-wise direction.
The nozzle-slit opening 15 having the thus designed opening
configuration thins out the high-viscosity paint “P,” which
is coated onto the automotive body 70, 1n the £film thickness
at around the opposite ends of the patterned width “"A” 1in
the width-wise direction. However, 1t 18 possible to coat
the high-viscosity paint “P” evenly in the film thickness
as a whole by overlapping or recoating the high-viscosity

paint “P” one after another.

[0045)] Note that the slit opening “x” is the maximum opening

dimension of the nozzle-slit outlet 15E in the thickness-wilise
direction of the coating nozzle 10, and that the slit opening
“x” 1s set up at 0.6 mm or more in the present embodiment.
The slit width “y” is an opening dimension of the nozzle-slit
outlet 15E in the width-wise direction of the coating nozzle
10. That is, the slit width “y” is a dimension of the section
that makes an imaginary cord of an arc (i.e., an imaginary

line connecting between the opposite end “e” and the opposite

end “f”) in the arc-shaped nozzle-slit outlet 15E when being
viewed in the front-view diagram.

[0046)] The nozzle slit 15 converges linearly from the side

of the nozzle-slit outlet 15E toward the side of the
nozzle-slit i1nlet 15G. Specifically, the nozzle slit 15
tapers linearly from wide to narrow as it heads toward an

imaginary apex “c¢” being held between two equilateral sides

21



CA 02839925 2014-01-20

of an imaginary isosceles triangle whose base is the imaginary

chord and whose base angles are “a ” (hereinafter, being

referred toas a “slit angle ‘a’”). Note that the imaginary

chord connects linearly between the opposite end “e” and the
opposite end “f” of the nozzle-slit outlet 15E being formed
as an arc shape, as described above. 1In other words, the
nozzle slit 15 spreads from the imaginary apex “c” with an
opening angle “B%“ (i.e., “B” = 180° -~ 2X“a”).

[ 0047)] The coating nozzle 10 according to the present
embodiment comprises the nozzle slit 15 exhibiting a slit
angle “a” that is set up to fall in a range of from 35 to
42 .5 degrees being involved in the claimed value of less than
45 degrees. Accordingly, the nozzle slit 15 exhibits an

opening angle “ [ ” being larger than 90 degrees, namely, the

coating nozzle 10 according to the present embodiment

comprises the nozzle slit 15 exhibiting an opening angle “ g~

that falls in a range of from 95 to 110 degrees. Moreover,
the distance between the 1maginary apex “c¢” and the opposite
end “e” (or the oppositeend “"f”) is the claimed “first radius”
and makes the minimum radius “a” in the nozzle-slit outlet
15E; whereas the distance between the imaginary apex “c¢” and
the central point “d” 1s the claimed “second radius” and makes
the maximum radius “b” in the nozzle-slit outlet 15E. The
coating nozzle according to the present embodiment comprises

the nozzle-slit outlet 15E exhibiting a radius ratio “b/a,”

rr

a

\\

a ratio of the maximum radius “b” to the minimum radius

that is set up to £fall in a range of from 1.03 to 1.11.

Descriptions will be made hereinafter on reasons why the
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radius ratio is thus set up.

[0048)] Setting up the distance between the imaginary apex

“c” and the opposite end “e” and the distance between the
imaginary apex “¢” and the central point “"d” differently from
each other makes the nozzle slit 15 exert different
resistances to the high-viscosity paint "“P,” which 1s
discharged from the o¢pposite end Ye,” and to the
high-viscositypaint “P,” whichisdischarged fromthe central
point “d,” when the high-viscosity paint “P” 1s discharged
fromthenozzleslit 15. Note herein that making the distance
between the imaginary apex “"¢” and the opposite end "e” smaller
than the distance between the i1maginary apex “¢” and the
central point “d” leads to making the high-viscosity paint
“P” 1likely to be discharged further away because the
resistance at the opposite end “e” becomes smaller by the
extent that the former distance becomes smaller than the
latter distance. Consequently, 1t becomes likely to secure
the patterned width “A,” compared with the setup in which
the distance between the imaginary apex “¢” and the opposite
end “e” and the distance between the imaginary apex “"c¢” and
the central point “d” are made equal to each other.

(0049] Because of the above, the lower-limit value, 1.03,

is set up for the ratio (i.e., the radius ratio “b/a”) of
the distance from the imaginary apex “"c” to the central point
“d” (i.e., the maximum radius “b”) to the distance from the
imaginary apex “c” to the opposite end “e” or “f” (1.e., the
minimum radius “a”) . On the other hand, when the radius ratio

“b/a” goes beyond 1.11, the nozzle slit 15 glves larger
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resistances to the high-viscosity paint “P” because the
distance from the imaginary apex “"c¢” to the central point
“*d” (i.e., the maximum radius “"b”) has become too long. As
aresult, cracks are likely to occur in the resulting pattern.
Consequently, the radius ratio “b/a” is set up to fall in
a range of from 1.03 to 1.11.

[0050] Moreover, the coating nozzle 10 according to the

present embodiment comprises the nozzle slit 15 1ncluding
the nozzle-slit outlet 15E that exhibits a distinct slit
opening area being set up to make a shear velocity of the
high-viscosity paint “P,” which falls in a specific range
(i.e., aconditional range whereno faultypaintedappearances
arise), appropriate foradischargerateof thehigh-viscosity
paint “P,” which falls in another specific range (1.e., a
range of the discharge rate in a setting of the actual
employment). Specifically, the nozzle slit 15 has a slit
opening area “s” (i.e., an opening area of the nozzle-slit
outlet 15E when being viewed in the front-view diagram) that
igs set up to make a shear velocity “D” of the high-viscosity
paint “P” passing through the nozzle-slit outlet 15E, which
falls in a range of from 5,000 to 20,000 s-1, appropriate
for a discharge rate “g” of the high-viscosgsity paint “"P” that
falls in a range of from 3,000 to 10,000 c.c./minute. 1In
addition, an opening configuration of the nozzle-slit outlet
15E, and the slit width “y” are set up so as to satisfy the
requirement for the slit opening area “s.” Note that it 1is

possible to find the shear velocity “D” by following Equation
(1) :
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“D” = [{“g”/60}/“x”}/"s”] X 1,000 --- Equation (1)

where “"D” stands for a shear velocity (s-%); “"g” stands
for a discharge rate (c.c./minute); “x” stands for a slit
opening (mm); and “s” stands for a slit opening area (mm?).
[0051] The coating nozzle 10 takes on a bell configuration
substantially in which a substantially-half-moon shape and
a rectangular shape are combined when being viewed in the
front-view diagram. At around the middle 1n the
substantially-half-moon-shaped section o0of the coating
nozzle 10, the internal space 16 is formed, and is a space
that takes on a substantially-half-moon shape, as shown 1n
Fig. 3. Moreover, the internal space 16 is made up of a
depression, with which the body 11 of the coating nozzle 10
is provided, and another depression, with which the 1l1id 12
1s provided, as shown i1in Fig. 5. In the i1nternal space 16
that 1s formed as a substantially-half-moon shape, an
arc-shaped section i1in the substantially-half-moon shape
corresponds to one of the opposite ends of the nozzle slit
15. In addition, the internal space 16 1s designed to have

a dimension that is sufficiently larger than the slit opening

“x” in the thickness-wise direction of the coating nozzle
10, as can be geen from Fig. 5.

[0052] As illustrated in Fig. 3, the introduction passage

17 is formed at the middle in the width-wise direction of

the rectangle-shaped section in the coating nozzle 10 that

takes on a bell shape substantially, in which a
substantially-half-moon shape and a rectangular shape are

combined, when being viewed in the front-view diagram. The
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introduction passage 17 is made up of depressions with which
the body 11 and 1id 12 ¢of the coating nozzle 10 are provided,
respectively, as shown in Fig. 5. The introduction passage
17 is formed as a cylindrical shape substantially that is
continuous from the introduction pipe 30 shown in Fig. 2.
[06052] The high-viscosity paint “P,” which is supplied to
the internal space 16 through the introduction passage 17,
exhibitsauniformized inner pressure, because it 18 resexved
temporarily in the internal space 16 whose space is expanded
more than that 0f the introduction passage 17. Thus, rhe
high-viscosity paint “P” 1s supplied uniformly to the
nozzle-slit inlet 15G of the neczzle slit 15. Then, the
high-~viscosity paint “P,” which extruded out to the
nozzle-slit inlet iSG from the internal space 16, 18
discharged from the nozzle-slit outlet 15E toward the
automotive body 70, an object to be coated, while spreading
radially.

[ 0054 ] The coating nozzle 10 according to the thus

constructed present embodiment comprises the nozzle slit 15

including the nozzle-slit outlet 15E whose slit opening “x”
ig gset at 0.6 mm or more at the central point “d” in the
width-wise direction. Accordingly, the present coating

nozzle 10 is less likely to be associated with such a fear

that it ig clogged by some of foreign materials that might
possibly have remained or resided in the high-viscosity paint
“p” even after they are removed by the filter 5]. Moreover,
thenozzle-slit outlet 15E, whichthenozzleslit 15 includes,

exhibits a slit opening area “s” that 1s set up so as toc make

26



CA 02839925 2014-01-20

a shear velocity “D” of the high-viscosity paint “P,” which
passes through the nozzle-slit outlet 15E, fall in a range
of from 5,000 to 20,000 s for a discharge rate “"q” of from
3,000 to 10,000 c.c./minute for the high-viscosity paint “P”
in a setting of the actual employment. Consequently, the
present coating nozzle 10 can readily produce thin-filmed
coated appearances, which are flat and/or smooth
satisfactorily, out of the high-viscosity paint “P” being
coated on the automotive body 70.

[0055] Moreover, the coating nozzle 10 according to the
thus constructed present embodiment comprises thenozzleslit
15 whose slit opening area “s” is set up to be smaller than
that of the conventional coating nozzles that Related Art
Nos. 1 and 2 disclose under the condition that the slit opening
“x” is 0.6 mm or more. Because o0of the nozzle glit 15 with
a reduced gslit opening area “s,” a shear velocity “D” of the
high-viscosity paint "“P,” which passes through the
nozzle-slit outlet 15E, can satisfy such a requirement as
from 5,000 to 20,000 s! for a discharge rate “g” o©of the
high-viscosity paint “P” that falls in a range of from 3,000
to 10,000 c.c./minute in a setting of the actual employment.
Since the slit opening area “"g” of the present coating nozzle
10 1s made smaller, the present coating nozzle 10 has a slit
width “v” that issmaller than that of the conventional coating
nozzles that Related Art Nos. 1 and 2 disclose. That 1is,
the slit opening area “"s” is thus made smaller by making the
slit width “y” smaller, instead cof making the slit opening

“x” smaller, in order to make a shear velocity “"D” of the
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high-viscosity paint “P” greater. As a result, the clogged
nozzle slit 15 is less likely to occur 1n the present coating
nozzle 10 evenwhen it is not possible to fully 1nhibit foreign
materials from remalining or residing within the
high-viscosity paint “P.”

[0056] In order to coat the high-viscosity paint “P” with
such a smaller slit width “y” as described above so as to
securely provide the high-viscosity paint “P” with a
predetermined patterned width “A,” 1t 1is necessary todiffuse
the high-viscosity paint “P,” which 1s discharged from the
nozzle-glit outlet 15E, more in the width-wise direction than
the conventional coating nozzles disclosed in the Related
Art Nos. 1 and 2 diffuse the high-vigcosity paint “P” 1in the
width-wise direction. Hence, the c¢oating nozzle 10

according to the present embodiment comprises the nozzle slit

15 whose slit angle “"a ” is set up at smallexr than 45 degrees,

and whose openingangle ™ ”“ issetupat larger than 90 degrees.

The thus designed nozzle glit 15 can diffuse the
high-viscosity paint “P,” which 1s discharged from the
nozzle-sglit outlet 15E, more in the width-wise direction.

It 1s difficult, however, to securely provide the
high-viscositypaint "“P”withapredeterminedpatternedwidth

“A,” while preventing the resulting pattern from cracking,

by means of simply making the slit angle “"a” smaller.

[0057) Inviewof the above, the coatingnozzle 10 according

to the present embodiment comprises the nozzle slit 15

including the nozzle-slit outlet 15E that has an arc

configuration being set up so as to make a radius rate “b/a,”
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a quotient that results fromthedivisionof themaximumradius
“b” at the middle in the nozzle-slit outlet 15E by the minimum
radius “a” at the opposite ends in the nozzle-slit opening
15E, greater than 1. That i1is, the nozzle-slit outlet 15E
has anarc shape that elongates lopsidedly (or that isprolate)
in a direction toward the middle. Note herein that the
high—'viscosity paint “p” 18 spouted substantially
perpendicularly to the arc-shaped opening face of the
nozzle-slit outlet 15E. Thus, due to the above-described
reasons, thenozzle-slit outlet 15E havinganarc shape, which

elongates lopsidedly in a direction toward the middle, makes

I

d

it possible to diffuse the high-viscosity paint “P,” which
is discharged from the nozzle-slit outlet 15E, more in the
width-wise direction. Conseqguently, the nozzle slit 15
whose slit angle “a” is set up to be smaller at less than
45 degreesgs, as well as the nozzle-slit outlet 15E having an
arc shape that elongates lopsidedly in a direction toward
the middle produce the following synergetic effect: not only
they enable the high-viscosity paint “"P” to diffuse more in

the width-wise dilirection while preventing the resulting
pattern fromcracking; butalsotheyenable thehigh-viscosity

paint “P” to securely provide the resultant pattern with a

predetermined patterned width “A.”

[0058] Moreover, the coating nozzle 10 according to the

present embodiment comprises the nozzle slit 15 whose slit

angle “a” is set up to fall in a range of from 35 to 42.5

degrees. The nozzle slit 15 effects the advantage of

providing the resulting pattern with a predetermined
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patterned width "A” more highly reliably without ever letting
the high-viscosity paint “P,” which has been coated on the
automotive body 70, suffer from cracks that occur in the
resultant pattern. Note that, when the slit angle “a” 1is
less than 35 degrees, the resulting pattern is likely to be
cracked because the high-viscosgity paint “P” has diffused
in the width-wise direction tooc much. On the other hand,
when the slit angle "o ” exceeds 42.5 degrees, the resultant
pattern 1s likely to be provided with a deficient patterned
width “A” because the high-viscosity paint “P” has diffused
in the width-wise direction too less.

[0059] In addition, the coating nozzle 10 according to the
present embodiment comprises the nozzle slit 15 including
the nozzle-slit outlet 15E in which a radius ratio “b”/“a”,
a ratio of the maximum radius “b” to the minimum ratio “a“,
1s set up to fall in a range of from 1.03 to 1.11. The nozzle
slit 15 effects the advantage of providing the resulting
pattern with a predetermined patterned width “A” more highly
reliably without ever letting the high-viscosity paint “P,”
which has been coated on the automotive body 70, suffer from
cracks that occur in the resultant pattern. Note that, when
the radius ratico “b/a” is lessthanl1l.03, theresultingpattern
1s likely to be deficient in the patterned width “A” because
the high-viscesity paint “P” has diffused in the width-wise
direction too less. On the other hand, when the radius ratio

“b/a” exceeds 1.11, the resultant pattern is likely to be
cracked because the high-viscosity paint “P” has diffused

in the width-wise direction too much.
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[oos0] 1t is appreciated from the above descriptions that

the present embodiment can provide manufactures the coating
nczzle 10 for high-viscogity paint “P” that can deliver the
following advantages: making 1t possible to coat the:
high-viscositypaint "P”asthinfilmswhose coatedappearance

is smooth and/or flat satisfactorily, and to coat 1t to a
thin-filmed and proper patterned width “"A”; as well as making
the nozzle glit 15 less likely to be clogged.

[0061)] Thecoatingnozzle forhigh-viscositypaintaccording
to the present 1invention 1g not 1limited at all to the
above-described coating nozzle 10, one of the present
embodiments. It 1s needless to say that, as far as not
deviating from the gist of the present invention, the present
invention can be executed in various modes being subjected

to changes and modifications that one of ordinary skill in

the art can carry out.

[0062] For example, the coating nozzle 10 according to the
present embodiment comprises thenoczzleslit 15 that converges
from the nozzle-silt outlet 15E toward the nozzle-slit inlet
15G linearly. However, the coating nozzle 10 can comprise
anothernozzleslit that converges fromthenozzle-slitoutlet
15E toward the nozzle-slit 1nlet 15G 1nacurved manner. Note,

however, that the above-described procedure for determining

the imaginary apex “c¢” of an imaginary 1sosceles triangle
shall be followed to determine an imaginary apex, which 1s
needed to find a radius ratio in the present invention, even

when the coating nozzle 10 comprises a nozzle slit that

converges in a curved manner.
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[0063] Moreover, the coating nozzle 10 according to the

present embodiment comprises the nozzle slit 15 including
the arc-shaped nozzle-slit ocutlet 15E that 1s formed as an
elliptical arc. However, the arc-shaped nozzle-slit outlet
15E is not limited at all to those which are formed as an
elliptical arc. The nozzle slit 15 can 1include another
arc-shaped nozzle-sglit outlet that 1s formed as a hyperbolic
curve that elongates lopsidedly (or that i1s prolate) 1in a
direction toward the middle, or that 1s formed as a protruded
or convexed curve such as parabolas, for instance. Note,
however, that the arc-shaped nozzle-slit outlet 15E cannot
be formed as an arc of true circle, because 1t is one of the
essential requirements that a radius ratio, a quotient that
results fromthe divisionof a second radius by a first radius,

1s greater than 1.
(Specific Embodiments)

[0064] Descriptions will be made hereinafter on coating
nozzles according to specific embodiments (i1.e., Embodiment
Nos. 1 through 5) of the present invention, and on coating
nozzlesg according to comparative examples (i.e., Comparative
Example Nos. 1 through 7). An experiment for coating

high-viscositypaint was conductedusing coatingnozzles that

took on a variety of configurations exhibiting various sorts

of values distinctly ineach of the slit angle “a ,” the radius

ratio “b/a,” and the slit opening area “s.” Note that, in
the respective coating nozzles, the slit opening "x” was set
at 0.6 mm uniformly. Moreover, the coating experiment was

carried out under the following experimental conditions:
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Paint: High-viscosity Paint for Automobile;

Viscosity of Paint: 1.0 Pa-s at 20C (i.e., a value at
9,400 s°1 shear velocity);

Coating Distance: 50 mm (1.e., the distance “"B” shown
in Fig. 2);

Temperature during Experiment: 25%3;

Coating Speed: 1,000 mm/second; and

Discharge Rate: 3,000 c.c./minute, or 10,000
c.c./minute
[0065] Tablelbelowgivesinalistresultsof theexperiment
for coating high-viscosity paint. The coating experiment
was conducted in the order of Comparative Example Nos. 1
through 7, and then in the order of Embodiment Nos. 1 through
5. Table 1 shows whether the coating nozzles according to

Embodiment Nos. 1 through 5 and Comparative Example Nos. 1

through 7 were satisfactory (specified by the O mark) or

unsatisfactory (specified by the X mark) as to the coated

appearance (or flatness and/or smoothness), the patterned
width “A,” and the cracked pattern. Moreover, as an overall
judgment, the coating nozzles were judged to be satisfactory

(specified by the mark O) when all of these tested items

were satisfactory; whereas they were judged to be

unsatisfactory (specified by the mark X) even when any one

of the tested items was unsatisfactory. 1In addition, those
with the satisfactory overall judgment were labeled an
embodiment, respectively; whereas others with the

unsatisfactory overall judgment were labeled a comparative

example, respectively.
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[0066] As shown in Table 1, the coating nozzles according

to Comparative Example Nos. 1 through 4 comprisednozzle slits
being formed as configurations in which the slit opening “x,”
the slit angle “a ,” and the radius ratio “b/a” were set up
equally at 0.6 mm, 45 degrees, and 1.000, regpectively; but
in which the slit opening area “s” was made smaller gradually
in the order of Comparative Example Nos. 1, 2, 3 and 4. Due
to such a setup, the resulting coated appearance got better
gradually in terms of the flatness and/or smoothness because
the shear velocity “D” became faster gradually. However,
the slit width “y” was made smaller in order to make the slit
opening area “s” smaller. As a result, the patterned width
“A” became smaller gradually 1n the order of Comparative
Example. Nos. 1, 2, 3 and 4. Moreover, the coating nozzles
according to Comparative Example Nos. 3 and 4 yvielded poor
results that they neither met the satisfactory value of 50
mm or more for the patterned width “A” at the discharge rate
“g” of 3,000 ¢c.c./minute nor the other gatisfactory value

of 100 mm or more for the patterned width “A” at the discharge

rate “q” of 10,000 c.c./minute.
[0067] 1In light of the above, the coating nozzles according

to Comparative Example Nos. 5 through 7 comprisednozzle slits

having a slit angle “"a ” that was set up to be smaller than

had the nozzle slit of the coating nozzle according to

rr

Comparative Example No. 4. The smaller slit angle " «

enabled the coating nozzles according to Comparative Example
Nog. 5 through 7 to produce the patterned width “A” that was

widened more than that the cocating nozzle according to
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Comparative Example No. 4 produced, but there still arose
cases where the resulting patterned width “A” did not meet
the satisfactory wvalue. Moreover, the coating nozzle
according to Comparative Example No. 7 comprised a nozzle
slit whose slit angle “"a ” was made smaller down to 30 degrees
suffered from cracks in the regultant pattern. Note that
the nozzle slits of the coating nozzles according to

Comparative Example Nos. 5 through 7 had the enlarged slit

width “vyv” in ordexr to make the slit angle “a ” smaller.

Accordingly, thenozzleslitsof thecoatingnozzlesaccording
to Comparative Example Nos. 5 through 7 had the slit opening
area “s” that became larger gradually 1n the order of
Comparative Example Nos. 5, 6 and 7. Conseguently, although
the coating nozzles according to Comparative Example Nos.
5 through 7 exhibited the shear velocity "D” that became slower
gradually, they produced coated appearances whose flatness
and/or smoothness were kept in a satisfactory condition;
respectively.

[ 0068 Thus, none of the c¢coating nozzles according to

Comparative Example Nos. 1 through 7 were not rated to be

satisfactory in terms of the overall judgment, although they

comprisednozzleslitsbeing formedas configurations inwhich

the slit opening area V“s,” and the slit angle “a ” were
fluctuated while setting up the slit opening “"X,” and the
radius ratio “b/a” equallyat 0.6mm, and1.000, respectively.
Hence, the inventors focused on the radius ratio “b/a,” and

manufactured the coating nozzles according to Embodiment No.

1 or later that comprised the nozzle silts including the
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arc-shapednozzle-slit outlets that elongated lopsidedly (or
that were prolate) inadirection toward the middle by setting
up the radius ratio “b/a” at greater than 1.

[0069] The coating nozzle according to Embodiment No. 1

comprised the nozzle slit in which not only the slit angle
“a” was set up at 42.5 degrees, being smaller than that was
set up in the nozzle slit of the coating nozzle according
to Comparative Example No. 4, but also the radius ratio “b/a”
was set up at 1.075, being larger than that was set up 1in
thenozzleslit of the coatingnozzle according to Comparative
Example No. 4. Note that the nozzle slits of the coating
nozzles according to Embodiment No. 1 and Comparative Example

No. 4 did not differ greatly in terms of the slit opening

“s.” Since the slit angle “"ao ” was set up to be smaller at

less than 45 degrees, and the arc-shaped nozzle-slit outlet
elongated lopsidedly (or that prolate) in a direction toward
the middle by setting up the radius ratio “b/a” at greater
than 1, it was possible for the coating nozzle according to
Embodiment No. 1 to produce the following synergetic effect:
enabling the high-viscosity paint to secure a predetermined
patterned width “A” by letting the high-viscosity paint
diffuse more in the width-wise direction, while preventing
the resulting pattern from cracking.

[0070] The coating nozzles according to Embodiment Nos.
2 through 5 comprised the nozzle slits in which not only the
slit angle “a ” was set up at 40 degrees or less, being smaller
than that was set up in the nozzle slit of the coating nozzle

according to Embodiment No. 1, but also the radius ratio “b/a”
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was set up to fall in range of from 1.036 to 1.108 and the
slit opening area was set up to fall in a range of from 9.7
to 17.5 mm?. The coating nozzles according to Embodiment
Nos. 2 through 5 could securely provide the high-viscosity
paint with a predetermined patterned width “A,” while
preventing the resulting pattern from cracking, in the same
manner as the coating nozzle according to Embodiment No. 1
did.

[ 0071 ] The above-described experimental results were
consulted in order to summarize some respective appropriate
values for the sglit opening “x,” the slit angle “a ,” the
radius ratio “b/a,” and the glit opening area “s.” Table
2 below gives the cutcome. Moreover, Table 2 shows 1na list

faulty coatings and troubles that are concerned with cases

4

where actual values of the slit opening “x,” slit angle “a ,’

radius ratio “b/a” and slit opening area “s” are less than
the respective appropriate values, or the other cases where

they exceed the respective appropriate values.

TABLE 2
Appropriate Feared Faulty Coatings and Troubles
Value When Being Less Than | When Exceeding
Appropriate Value Appropriate Value
Slit No Less than | Impaired None
Opening 0.6 Flatness/Smoothness,
“x" inmmy) and Clogged Nozzle | o
| From 35 | Ccracked Pattern .Insufficient
to 42.5 | Patterned Width
|
|
From 1.036 Tnsufficient JrCracked Pattern
to 1.108 Patterned Width
TTTTTTT S (U S
| From 9.7 Insufficient Impalired
Opening to 17.5 Patterned Width Flatness/Smoothness
Area VYg” 1
in mm?2 |
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Moreover, in the present specification, the termnm,
“high-viscosity paint,” refers topailnts that canpreferably
exhibit a viscosity of from 0.1 to 5 Pa' 8 when being measured
with a type-B viscometer at 20 C. Note that the lower-limit
and upper-limit viscosities are values that are shown when
a shearvelocityis 9,400¢s"1. Inaddition, whentheviscosity
is less than 0.1 Pa's, the lower-limit value, it is feared
that the high-viscosity paint might possibly have spattered
around because it is likely to diffuse to parts othexr than
the ccating is desired; whereas it is less likely to discharge
the high-viscosity paint when the viscosity 1s more than 5
Pa s, the upper-limit value.

[0072) Having now fully described the present invention,

it will be apparent to one of ordinary skill in the art that

many c¢hanges and modifications can be made thereto.
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CLAIMS

1. A coating nozzle that discharges a high-viscosity pailint,
the coating nozzle comprising:

an 1ntroduction passage, an internal space, and a nozzle
slit that communicate with each other and are disposed 1in this
order so as to supply the high-viscoslty paint to the 1nternal
space through the introduction passage, and so as to reserve the
high-viscosity paint temporarily in the internal space, the high-
viscosity paint being discharged from the nozzle slit while
spreading radically, and then being blown onto an object to be
coated;

the nozzle-slit including a nozzle-slit inlet on the
internal space and a nozzle-slit outlet on a paint-discharge
leading-end side, and being formed as a substantially-sector-
shaped trapezcocid that has a dimension expanding from the nozzle-
slit i1nlet to the nozzle-sllt outlet in a width-wise direction;

the nozzle-slit outlet being formed as an arc shape that
has opposite ends and an imaginary chord connecting the opposite
ends to one another linearly;

the nozzle-slit having a slit width that 1s made of the
imaginary chord, and converging from a nozzle-slit outlet side to
a nozzle-slit inlet si1de whille heading toward an 1maglnary apex
being held between two equilateral sides of an 1maginary
1sosceles triangle whose base 1s the 1maginary chord and whose

base angles are a predetermined slit angle being 1n a range of

from 35 to 42.5 degrees;

the arc-shaped nozzle-slit outlet exhibiliting a radius ratio
that is a wvalue being obtained by dividing a second radius by a
first radius, and which is in a range of from 1.03 to 1.11 when a
first distance Dbetween the 1imaginary apex of the 1magilnary
isosceles triangle and each end of opposite ends of the i1maginary
chord is labeled the first radius and a second distance between
the 1maglnary apex of the 1maglnary 1sosceles triangle and a

central point in a width-wise direction of the arc-shaped nozzle-
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slit outlet 1is labeled the second radius; and

the nozzle-slit outlet having, when being viewed on the
paint-discharge leading-end side, a slit opening area configured
to dilischarge the high-viscosity paint with a shear velocity,
which passes through the nozzle-slit outlet, i1n a range of from
5,000 to 20,000 s!' for a discharge rate of from 3,000 to 10,000

c.c./minute of the high-viscosity paint.

2 . The coating nozzle according to claim 1, wherein the high-
viscosity paint exhibits a viscosity of from 0.1 to 5 Pa+*s when

being measured with a type-BR viscometer at 20°C.

3. The coating nozzle according to claim 1 comprising the
nozzle slit tapering from narrow to wide in a direction away from
the nozzle-slit inlet toward the nozzle-slit outlet 1in the width-

wise direction.

4, The coating nozzle according to claim 1 comprising the
nozzle slit including the nozzle-slit outlet that 1s made up of a
rectangular opening and two elongated trapezoidal openings being
disposed on opposite sides of the rectangular opening, when belng

viewed 1n a front-view diagram.

. The coating nozzle according to c¢lalim 1, whereln the slit
opening area of the nozzle-slit outlet falls 1n a range of from

9.7 to 17.5 mm<.

0. The coating nozzle according to claim 5, wherein the nozzle
slit outlet is at least 0.6 mm in a thickness-wise directilion that

crosses the width-wise direction perpendicularly.

7. The coating nozzle according to claim 6, wherein the slit

opening accounts for 1/3 or more of the slit width 1n the width-

wlise direction.

TOR_LAW\ 9090688\1
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Fig. 10 (Related Art)
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