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(54) Dust-removing apparatus

(57) An efficient dust-removing apparatus with which
excellent dust-removing effect can be obtained with small
amount of energy. Jet (3) from a nozzle portion (1) has
a potential core (5), a transitional area (E) in which dis-
turbance is in a developed stage, and a perfect developed
area (F) of sufficiently developed diffused disturbance,
and, a dust-removed face (Wa) of a work (W) is disposed
within the transitional area (E) formed on a downstream
side to an end (50) of the potential core (5) of the jet (3)
from the nozzle portion (1).
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Description

[0001] This invention relates to a dust-removing apparatus.
[0002] Conventionally, in production of LCD panels for home-use liquid crystal TV, smart phones, tablet terminals,
etc., removal of foreign matter such as particles is conducted by jet from a nozzle portion of a cleaner head toward a
surface of a base such as plastic, glass, etc. in a clean room to improve non-defective ratio (refer to Japanese Patent
Provisional Publication No. H11-235559, for example).
[0003] However, air flowing amount supplied to the cleaner head (dust-removing head) increases when the work
(base) for dust removal becomes large, much energy (electricity) is consumed.
[0004] Therefore, it is an object of the present invention to provide an efficient dust-removing apparatus with which
sufficient dust-removing effect can be obtained without increasing consumed energy.
[0005] This object is solved according to the present invention by dust-removing apparatus including features of claim
1. Furthermore detailed embodiments are described in the dependent claims 2 and 3.
[0006] The present invention will be described with reference to the accompanying drawings, in which:

Figure 1 is a perspective view with a section of a principal portion showing an embodiment of the present invention;
Figure 2 is a cross-sectional view showing an example of a nozzle portion;
Figure 3 is an explanatory view of construction and function;
Figure 4 is a table showing measurement results of an embodiment and a comparison example;
Figure 5 is a graph showing a relationship between a parting dimension and a removal ratio;
Figure 6 is a graph showing a relationship between the maximum value of time average velocity and inner pressure;
Figure 7 is a graph showing distribution of time average velocity;
Figure 8 is a graph showing distribution of strength of velocity variation;
Figure 9 is a graph showing a relationship between the maximum value of strength of velocity variation and inner
pressure;
Figure 10 shows graphs for comparing distributions of velocity variation spectrum in 8kPa of a first apparatus and
a second apparatus;
Figure 11 shows graphs for comparing distributions of velocity variation spectrum in 11kPa of the first apparatus
and the second apparatus;
Figure 12 shows graphs for comparing distributions of velocity variation spectrum in 14kPa of the first apparatus
and the second apparatus;
Figure 13 is a graph showing a relationship between removal ratio and inner pressure; and
Figure 14 is a cross-sectional view of the nozzle portion of the second apparatus.

[0007] Preferred embodiments of the present invention will now be described with reference to the accompanying
drawings.
[0008] As shown in Figure 1, a dust-removing apparatus of the present invention is provided with a cleaner head (dust-
removing head) 9 having an air reserve chamber 11 to which pressurized air is supplied and a suction chamber 12 of
negative pressure, and a blower device not shown in figures for pressurization and suction to supply air to the air reserve
chamber 11 of the cleaner head 9 and to make the suction chamber 12 vacuum.
[0009] And, inner pressure P of the air reserve chamber 11 can be regulated by an inverter regulating the air amount
supplied to the air reserve chamber 11 by the blower device.
[0010] The cleaner head 9 has a nozzle portion 1 to jet the air out of the air reserve chamber 11, and a suction hole
19 to connect the suction chamber 12 to the outside.
[0011] And, foreign matter such as particles stuck to a dust-removed face Wa of a work W such as a glass base for
liquid crystal display is exfoliated by jet (air jet) 3 from the nozzle portion 1, and the foreign matter is sucked into the
suction chamber 12 through the suction hole 19.
[0012] The nozzle portion 1 has a jetting groove 10 to exhaust the air in the air reserve chamber 11. The jetting groove
10 is formed along a longitudinal direction L10 of the cleaner head 9.
[0013] As shown in Figure 2, the jetting groove 10 has an air flow-in portion 13 connected to the air reserve chamber
11 and straight in lateral cross section, a first cavity portion 14 (wide middle portion) continuing to a downstream side
of the air flow-in portion 13, expanding as goes to an outer (jet) side, and triangular in lateral cross section, a cavity
connecting portion 15 continuing to a downstream side of the first cavity portion 14 and straight in lateral cross section,
a second cavity portion 16 (wide middle portion) continuing to a downstream side of the cavity connecting portion 15,
expanding as goes to an outer side, and triangular in lateral cross section, a third cavity portion 17 continuing to a
downstream side of the second cavity portion 16 and rectangular in cross section wider than the connecting portion 15,
and a jetting slit 18 connecting a downstream side of the third cavity portion 17 and the outside. The width dimensions
of the air flow-in portion 13 and the cavity connecting portion 15 are formed into the same dimension.
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[0014] The nozzle portion 1 gives the air flow variations of high frequency by feedback mechanism that disturbance
generated by the first and second cavity portions 14 and 16 on the downstream side (corner portion on the downstream
end in the cavity) is transmitted as to influence the flow on an upstream side (exfoliated flow on the upstream in the
cavity), and the influenced (vortex) influences the disturbance generated on the downstream.
[0015] As shown in Figure 3, the jet 3 jetted from the jetting slit 18 has a potential core (area) 5 not reducing velocity
(constant velocity), a transitional area (developed area) E on downstream side to an end (vanishing position) 50 of the
potential core 5 in which disturbance is in a developed stage, and a perfect developed area (diffused area) F of sufficiently
developed diffused disturbance through the transitional area E. And, the jet 3 is a flow to which high-frequency variation
(of velocity and pressure) is added by the feedback mechanism by the first and second cavity portions 14 and 16.
[0016] Conventionally, it is said that a construction, in which large amount of air is jetted with high energy, a nozzle is
positioned as close as possible to the work W as to position the dust-removed face Wa of the work W within the potential
core 5, is appropriate for dust removal. Therefore, large amount of energy is consumed to jet the large amount of air
with high energy to a large work W.
[0017] So the inventors of the present invention, through an eager research to improve dust-removing efficiency with
saving energy, made a unique idea that the dust-removed face Wa of the work W is positioned in the transitional area
E on the downstream side of the end 50 of the potential core 5 of the jet 3 and on the upstream side of the perfect
developed area F.
[0018] And, when a parting dimension of a gap G between an outlet portion J of the jetting slit 18 and the dust-removed
face Wa is H[mm], and a length dimension of the potential core 5 (a length dimension from the outlet portion J to the
end 50) is L[mm], it is revealed that dust-removing efficiency decreases when the parting dimension H is beyond 1.5
times of the length dimension L of the potential core 5 on the downstream side to the end 50 of the potential core 5 of
the jet 3. That is to say, a range of L<H%3L/2 is discovered.
[0019] Further, considering a relationship between the potential core 5 and the jetting slit 18, a slit width dimension of
the jetting slit 18 is made S[mm], the length dimension L of the potential core 5 generated within a practical range of
0.1mm % S % 10mm is measured, and the results of measurement is that the length dimension L of the potential core
5 is 5 to 6 times of the slit width dimension S. Therefore, H > 6S is considered to certainly place the dust-removed face
Wa on the downstream side to the end 50 of the potential core 5.
[0020] Consequently, in the dust-removing apparatus relating to the present invention, the slit width dimension S and
the parting dimension H are set as to fulfill the formula 1 below to place the dust-removed face Wa within the transitional
area E.

[0021] And, it is preferable to set the slit width dimension S as to fulfill the formula 1 above within a range of
1mm%H%2mm.
[0022] Herewith function and effect are explained with test results of an embodiment and a comparison example.
[0023] First, the embodiment is having the nozzle portion 1 of Figure 2, and constructed as to fulfill the formula 1 with
the parting dimension H of 1.5mm and the slit width dimension S of 0.2mm.
[0024] Next, a dust-removing apparatus, having the nozzle portion 1 of Figure 2 and not fulfilling the formula 1 with
the parting dimension H of 1.5mm and the slit width dimension S of 0.4mm, (in other words, a dust-removing apparatus
in which the dust-removed face Wa is on the upstream side to the end 50 of the potential core 5) is the comparison
example. And, inner pressure P in the air reserve chamber 11 is administrated (regulated) to the same (14kPa) in the
embodiment and the comparison example.
[0025] Removal ratio γ is measured for each of particles of which diameter is 3 mm and particles of which diameter is
1.6 mm. The removal ratio γ, average velocity of the jet 3, and strength of velocity variation of the jet 3 are shown in a
table of Figure 4. The method of measurement is described later.
[0026] As clearly shown in Figure 4, in the embodiment, the removal ratio γ is similar to that of the comparison example
relating to the particle of 3 mm, and the removal ratio γ is better than that of the comparison example relating to the
particle of 1.6 mm. The flowing amount remarkably decreases in the embodiment in comparison with the comparison
example because the embodiment has the inner pressure P same to that of the comparison example, and the slit width
dimension S of 1/2. That is to say, in the embodiment, supplied air amount is approximately half in comparison with the
comparison example, and the device to supply air to the cleaner head 9 (blower device) can be made small.
[0027] Next, with a dust-removing apparatus, having the nozzle portion 1 of Figure 2 and the slit width dimension S
of 0.2mm, called first apparatus, the removal ratio γ is measured in a case that the dust-removed face Wa is gradually
departed from the downstream side to the end 50 of the potential core 5.
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[0028] And, the measured results of change in the removal ratio γ, in a case that the inner pressure P of the air reserve
chamber 11 of the first apparatus is changed to 8kPa, 11kPa, and 14kPa, are shown in Figure 5.
[0029] As clearly shown in Figure 5, the removal ratio γ shows an inclination to decrease when H is increased. The
range of H to fulfill the formula 1 is 1.2mm < H % 1.8mm because S=0.2mm. When H is beyond 1.8mm, the removal
ratio γ rapidly decreases.
[0030] That is to say, as in the above-described comparison example, when the dust-removed face Wa is disposed
within the potential core 5, the strength of velocity variation is small even if time average velocity is large, and the removal
ratio becomes inferior. And, when the dust-removed face Wa is too far from the end 50 of the potential core 5 as shown
in Figure 5, the average velocity of the jet 3 hitting the dust-removed face Wa becomes too low to obtain sufficient dust-
removing effect (the removal ratio γ decreases).
[0031] And, when the time average velocity of the jet 3 at the dust-removed face Wa in the jetting direction (y direction)
is U[m/s], its maximum value is Umax[m/s], the strength of velocity variation (RMS value) in the jetting direction of the
jet 3 is V’ [m/s], and its maximum value is V’ max[m/s], the dust-removing apparatus relating to the present invention is
constructed as to fulfill the following formula 2 and formula 3. 

[0032] More preferably, the dust-removing apparatus is constructed as to fulfill the following formula 4 and formula 5. 

[0033] Herewith function and effect are explained with results of comparing a second apparatus, a dust-removing
apparatus having a nozzle portion 1’ in Figure 14, with the above-described first apparatus.
[0034] In the nozzle portion 1’ in Figure 14, the first cavity portion 14, the cavity connecting portion 15, and the second
cavity portion 16 of the nozzle portion 1 in Figure 2 are omitted, and the air flow-in portion 13 and the third cavity portion
17 are directly connected. Dimensions of common components such as the slit width dimension S are the same.
[0035] And, both of the first apparatus and the second apparatus, in which the slit width dimension S is 0.2mm and
the parting dimension H is 1.5mm, fulfill the formula 1. And, the inner pressure P of the air reserve chamber 11 is changed
to 8kPa, 11kPa, and 14kPa in each of the apparatuses.
[0036] The measured results of the jet 3 in each of the apparatuses are explained. As shown in Figure 3, with a central
position J0 in an outlet width direction of an outlet portion J of the jetting slit 18 as an origin, X coordinate is plotted in
horizontal direction and Y coordinate is plotted in the jetting direction (vertically downward in figures).
[0037] The measured results of the maximum value Umax of time average velocity in the jetting direction (Y direction)
of the jet 3 when X=0mm and Y=1.5mm in the first apparatus and the second apparatus are shown in Figure 6.
[0038] As clearly shown in Figure 6, the maximum value Umax of time average velocity shows an inclination to be
large along with increase of the inner pressure P in both of the first apparatus and the second apparatus.
[0039] Next, the measured results of distribution of the time average velocity U in the X direction with Y=1.5mm in the
case of the inner pressure P of 14kPa are shown in Figure 7.
[0040] As clearly shown in Figure 7, difference between the first apparatus and the second apparatus is hardly observed.
That is to say, average characteristic of the jet 3 does not change according to the difference of configurations between
the nozzle portions 1 and 1’ under the same inner pressure.
[0041] Next, the measured results of distribution of the strength of velocity variation V’ in the jetting direction of the jet
3 in the X direction with Y=1.5mm are shown in Figure 8.
[0042] As clearly shown in Figure 8, the maximum value of the strength of velocity variation reveals not on X=0 directly
below the nozzle where the maximum value of time average velocity is measured, but on X 6 0.3 where approximately
half value of the maximum value of average velocity is measured. It is considered that distribution slope of the maximum
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value of time average velocity is steep on this position, and large velocity change may be generated by forming a shearing
layer.
[0043] And, the strength of velocity variation of the first apparatus resulted to be larger than that of the second apparatus.
It is considered that the effect of construction of the nozzle portion 1 in Figure 2 having the first cavity portion 14 and
the second cavity portion 16 of which cross sections are triangular becomes remarkable.
[0044] Next, the relationship between the maximum value V’ max of the strength of velocity variation and the inner
pressure P of the air reserve chamber 11 is shown in Figure 9.
[0045] As clearly shown in Figure 9, similar to the maximum value Umax of the time average velocity, there is an
inclination that V’ max increases along with the increase of the inner pressure of the air reserve chamber 11. And, V’
max of the first apparatus is larger than V’ max of the second apparatus. Although not shown in figures, pressure change
has similar inclination of the result for the velocity change.
[0046] And, graphs, comparing velocity change spectral distribution in each of inner pressures P of the first apparatus
and the second apparatus, are shown in Figure 10 through Figure 12.
[0047] As clearly shown in Figure 10 through Figure 12, in each of inner pressures P of 8kPa, 11kPa, and 14kPa, the
first apparatus remarkably surpasses the second apparatus in spectral strength in a high frequency zone of 10 to 20kHz
and contributes to the difference of the strength of velocity variation. That is to say, it is considered that the first cavity
portion 14 and the second cavity portion 16 work effectively.
[0048] And, the maximum value of the time average velocity Umax at the dust-removed face Wa in the jetting direction
and the maximum value V’ max of the strength of velocity variation in the jetting direction resulted as follows.
[0049] In the first apparatus, Umax=116m/s, and V’ max=7.3m/s in the case of the inner pressure P of 8kPa. In the
case of the inner pressure P of 11kPa, Umax=123m/s, and V’ max=10.4m/s. And in the case of the inner pressure P of
14kPa, Umax=135m/s, and V’ max=12.3m/s.
[0050] In the second apparatus, Umax=111m/s, and V’ max=5.0m/s in the case of the inner pressure P of 8kPa. In
the case of the inner pressure P of 11kPa, Umax=123.5m/s, and V’ max=5.5m/s. And in the case of the inner pressure
P of 14kPa, Umax=132m/s, and V’ max=6.0m/s.
[0051] As clearly shown by the results above, the first apparatus has the construction which fulfills the formula 2 and
formula 3, and the second apparatus has the construction which does not fulfill the formula 2 and formula 3.
[0052] Next, the measured results of the removal ratio γ of silica-acrylic compound particles of which diameter is 3 mm
with the first apparatus and the second apparatus are shown in Figure 13.
[0053] As clearly shown in Figure 13, the removal ratio γ of particles becomes high along with the increase of the inner
pressure P. In other words, the removal ratio γ is improved as the time average velocity becomes large. And, the removal
ratio γ of the first apparatus surpasses the removal ratio γ of the second apparatus.
[0054] In the time average velocity of the first apparatus and the second apparatus under the same inner pressure,
difference is hardly observed in value and distributional configuration. However, difference is observed in the strength
of velocity variation. That is to say, when the time average velocity is the same, the removal ratio γ corresponds to the
inclination of the strength of velocity variation. Adding to largeness of the time average velocity of the jet 3, largeness
of the strength of velocity variation is important to remove the particles, and the construction fulfilling the formula 2 and
formula 3 generates the jet 3 of well-balanced time average velocity and strength of velocity variation (optimum for dust
removal).
[0055] Even if the maximum value Umax of the time average velocity of the first apparatus is smaller than the maximum
value Umax of the time average velocity of the second apparatus (in comparison with the case that the inner pressure
P of the first apparatus is 11kPa and the inner pressure P of the second apparatus is 14kPa), the first apparatus (fulfilling
the formula 2 and formula 3) has the removal ratio γ better than that of the second apparatus (not fulfilling the formula
2 and formula 3), sufficient dust-removing effect is obtained with small consumed energy.
[0056] And, in the first apparatus, the case that the inner pressure P is 8kPa does not fulfill the formula 4 and formula
5, and the case that the inner pressure P is 11kPa or 14kPa fulfills the formula 4 and formula 5.
[0057] As clearly shown in Figure 13, the constructions which fulfill the formula 4 and formula 5 show quite excellent
dust-removing effect with the removal ratio γ over 99%. That is to say, fulfilling the formula 4 and formula 5, the jet 3
optimum for dust removal is generated. For example, the construction fulfilling the formula 4 and formula 5 can be
obtained by setting the slit width dimension S and regulating (setting) the inner pressure P of the air reserve chamber 11.
[0058] The measuring method of the time average velocity and the velocity variation is that a hot wire anemometer of
I type is set on a position apart from the central position J0 in the outlet width direction of the jetting slit 18 for 1.5mm
(Y=1.5mm), output of the hot wire anemometer of I type is recorded by a digital oscilloscope, the strength of velocity
variation is obtained with calculation of the time average velocity. The measurement is conducted with an interval of
0.02mm in the X direction.
[0059] And, in the measuring method of the removal ratio γ, a glass base with chrome film, of which thickness is 0.7mm
and of which surface area is 300mm3400mm, is used as the work W.
[0060] Test particles are uniformly diffused by a syringe onto the dust-removed face Wa of the work W sufficiently
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cleaned in advance. The work W is fixed to an adsorption table, and cleaning (dust-removing test) is conducted on the
whole surface of the dust-removed face Wa by the cleaner head 9 transferred with a speed of 100mm/sec. Number of
stuck particles n0 before the diffusion of the particles, number of particles n1 after the diffusion, and number of remaining
stuck particles n2 after the cleaning (dust-removing test), are measured. The particle removal ratio(dust-removal ratio)
γ % is obtained by the formula 6 below. And, a surface test apparatus (GI4830 produced by Hitachi High-Technologies
Corporation) is used for counting the numbers of stuck particles in a class 100 clean room. Three or more times of
measurement are conducted under the same test conditions, and the average value is adopted as the dust-removal ratio. 

[0061] In the present invention, being modifiable, the cavity portion, not restricted to the cross sectional configuration
in Figure 2, may be laterally long (long width) rectangular or triangular diminishing downward. The work W, not particularly
restricted, may be a sheet body of paper, film, metal foil, etc., or a panel body of plastic base, glass base, etc. And, the
apparatus may be constructed as to conduct the dust removal with the nozzle portion 1 relatively moved. For example,
the apparatus may be constructed that the cleaner head 9 is fixed and the work W is transferred by a transferring device
to conduct the dust removal, or, the work W is fixed and the cleaner head 9 is moved to conduct the dust removal as in
the removal test, or, both of the cleaner head 9 and the work W are moved to conduct the dust removal.
[0062] As described above, with the dust-removing apparatus of the present invention, the air amount jetted from the
nozzle portion 1 can be reduced, and sufficient dust-removing effect can be obtained with small consumed energy
(electricity) because the dust-removed face Wa of the work W is disposed within the transitional area E formed on the
downstream side to the end 50 of the potential core 5 of the jet 3 from the nozzle portion 1. 0r, in case that the jetted air
amount is the same as the conventional apparatuses (energy consumption is the same as the conventional apparatuses),
cleaning ability can be improved. Especially, very fine foreign matter of which size is 2 mm or less can be removed with
high removal ratio.
[0063] And, the sufficient removal ratio γ can be obtained with small air amount, and the apparatus can contribute to
reduction of running cost of the cleaning process because the slit width dimension of the jetting slit 18 of the nozzle
portion 1 is S, the parting dimension between the outlet portion J of the jetting slit 18 and the dust-removed face Wa is
H, and S is set as to fulfill the above-mentioned formula 1 to dispose the dust-removed face Wa within the transitional
area E.
[0064] And, even when the velocity and the inner pressure are low (lower in comparison with the conventional appa-
ratuses), sufficient dust-removing effect can be obtained because the maximum value of time average velocity of the
jet 3 in jetting direction at the dust-removed face Wa is Umax, the maximum value of strength of velocity variation in the
jetting direction of the jet 3 is V’ max, and they fulfill the above-mentioned formula 2 and formula 3. 0r, in case that the
average velocity (the inner pressure P of the air reserve chamber 11) is the same as the conventional apparatuses, the
removal ratio γ better than that of the conventional apparatuses can be obtained.

Claims

1. A dust-removing apparatus characterized by that a dust-removed face (Wa) of a work (W) is disposed within a
transitional area (E) formed on a downstream side to an end (50) of a potential core (5) of jet (3) from a nozzle
portion (1).

2. The dust-removing apparatus as set forth in claim 1, wherein a slit width dimension of a jetting slit (18) of the nozzle
portion (1) is S, a parting dimension between an outlet portion (J) of the jetting slit (18) and the dust-removed face
(Wa) is H, and S is set as to fulfill a formula 1 below to dispose the dust-removed face (Wa) within the transitional
area (E). 

3. The dust-removing apparatus as set forth in claim 2, wherein maximum value of time average velocity of the jet (3)
in jetting direction at the dust-removed face (Wa) is Umax, maximum value of strength of velocity variation in the
jetting direction of the jet (3) is V’ max, and they fulfill formula 2 and formula 3 below. 
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