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(57) Abréegée/Abstract:

Provided Is an electrostatic coating device and an electrostatic coating method each of which achieves a reduction in working
hours and efficient coating at the time when a plurality of layers I1s coated with a plurality of colors. The electrostatic coating device
of the present invention Is characterized In that a coating material cartridge (10) includes: a plurality of coating-material containers

M

M

(11, 12), a valve that makes a change of colors of coating materials, a common path (31) through which a plurality of coating

aterials Is able to pass according to the change, and a cleaning circuit (33) that cleans up the common path (31); and the coating
aterial cartridge (10) Is configured to be removable from a coating machine. It is preferable that the coating material cartridge (10)

of the present Invention further include a plurality of individual paths (15, 16) each connected to each of the coating-material
containers (11, 12) so that each one of the coating materials passes therethrough; and a plurality of valves (13, 14) each
connected to the common path (31) and each of the individual paths (15, 16). It is preferable that each of the valves open and
close a condult line between the common path (31) and each of the coating-material containers corresponding thereto.
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ABSTRACT

Provided 1s an electrostatic coating device and an electrostatic coating method each of
which achieves a reduction 1n working hours and efficient coating at the time when a plurality
of layers 1s coated with a plurality of colors. The electrostatic coating device of the present
invention 1s characterized in that a coating material cartridge (10) includes: a plurality of
coating-material containers (11, 12), a valve that makes a change of colors of coating materials,
a common path (31) through which a plurality of coating materials 1s able to pass according to
the change, and a cleaning circuit (33) that cleans up the common path (31); and the coating
material cartridge (10) is configured to be removable from a coating machine. 1t is preferable
that the coating material cartridge (10) of the present invention further include a plurality of
individual paths (15, 16) each connected to each of the coating-material containers (11, 12) so
that each one of the coating materials passes therethrough; and a plurality of valves (13, 14)
each connected to the common path (31) and each of the individual paths (15, 16). It is
preferable that each of the valves open and close a conduit line between the common path (31)

and each of the coating-material containers corresponding thereto.
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DESCRIPTION

TITLE OF THE INVENTION: ELECTROSTATIC CQATING DEVICE AND

ELECTROSTATIC COATING METHOD

TECHNICAL FIELD

[0001] The present invention relates to an electrostatic coating device and an

electrostatic coating method.

BACKGROUND ART

[0002] An electrostatic coating device 1s known as a coatihg device excellent 1n
coating efficiency of a coating material on a coating surface, smoothness of a coating film
after coating, and the like. As an example of the electrostatic coating device, there 1s a rotary
atomizing-head type coating machine. The electrostatic coating device 1s used for the
purpose of high-quality coating such as coating of a body of ah automobile.

[0003] In a coating method including electrostatic coating, a supply method of a
coating material is important to eﬁ'lcient coating. For example, Patent Document 1 describes
a method for supplying a coating material into a coating material cartridge by a charging valve
including a given coating-material supply path, a branch path that branches off from the

coating-material supply path, and an opening/closing valve of the coating-material supply

path.

[0004] In such a charging valve, the coating-material supply path can communicate
with a supply portion for supplying the coating material into the coating material cartridge.
Further, the branch path branches off from the coating-material supply path in the vicinity of a

communication part between the supply portion and the coating-material supply path.
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Further, the opening/closing valve 1s disposed in an upstream portion of the communication
part in the coating-material supply path.
Citation List

Patent Documents

10005]  Patent Document 1: Japanese Patent Application Publication No. 2011-088056

(JP 2011-088056 A)

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

|0006] The coating material supply method described in Patent Document 1 is
effective with little loss of the coating material. However, from a structural problem of the
coating-material supply path, only one color coating material can be charged into one
cartridge.

10007] Even in the coating material supply method, two layers can be formed from
difterent coating materials in one coating process, that is, two-layer coating with two colors is

performable. However, a replacement operation of the coating material cartridge should be

performed twice. This increases working hours.
[0008]  An object of the present invention is to provide an electrostatic coating device

and an electrostatic coating method each of which achieves a reduction in working hours and
efficient coating at the time when a plurality of layers is coated with a plurality of colors,
including two-layer coating with two colors.

Means for Solving the Problem

10009]  An electrostatic coating device of the present invention is characterized in that
a coating material cartridge includes a plurality of coating-material containers, a that makes a
change of colors of coating materials, a common path through which a plurality of coating

materials 1s able to pass according to the change, and a cleaning circuit that cleans up the
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common path; and the coating material cartridge is configured to be removable from a coating
machine.
[0010] It is preferable that volumes of the plurality of coating-material containers be

changeable according to respective amounts of the coating materials to be charged therein.
[0011] It is preferable that the coating material cartridge further include a plurality of
individual paths each connected to each of the coating-material containers so that each one of
the coating materials passes therethrough, and a plurality of the {/alves cach connected to the
common path and each of the individual paths. It is preferable that each of the valves open
and close a conduit line between thé common path and the each of the coating-material

containers connected thereto.

[0012] It is preferable that the coating material cartridge include a check valve that
connects the cleaning circuit to the common path and prevents intflow of fluid from the
common path to the cleaning circuit. It is preferable that the coating material cartridge
further include t the coating-material containers, which are coating material bags, a capsule
containing the coating material bag, and a pressing fluid path connected to inner spaces inside

the capsule and outside the coating material bags.
[0013] It is preferable that the coating material cartridge include a plurality of pressing
fluid paths connected to one of the inner spaces. It 1s preferable that the capsule contains the

plurality of coating material bags, and a partition member placed between the coating matenal

bags adjacent to each other. It is preferable that the coating material bags partitioned by the

partition member have different maximum volumes.

[0014] It is preferable that the partition member divide a space in the capsule into a
plurality of regions having different volumes. It is preferable that the partition member
partially partition the space in the capsule, and a pressing fluid be movable between the
plurality of regions.

[0015] It is preferable that the electrostatic coating device further include a charging

device removable from the coating material cartridge. It 1s preterable that the charging
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device include a main path connectable to the common path, the main path be connected to a
color change yalve, the color change valve be connected to a plurality of flow meters, and the
plurality of flow meters be connected to respective tanks having different coating materials.

[0016] It 1s preferable that the electrostat‘ic coating device further include a charging
device removable from the coating material cartridge. It is preferable that the charging
device include a pressing fluid flow path connected to the pressing fluid path for discharge,
and the pressing fluid flow path include a flow meter or be connected to a tlow meter.

[0017] In an electrostatic coating method of the present invention, a plurality of
coating materials is respectively retained in a plurality of coating-material containers in a
coating material cartridge. Further, the coating materials are changed by a valve at the time
of sending of each of the coating materials.

[0018] Further, in an electrostatic coating device, each of the coating materials 1s sent
from the coating material cartridge to a coating machine via a common path according to the
change. In the electrostatic coating method of the présent invention, multilayer coating 1s
performed by the electrostatic coating device including the coating material cartridge.

[0019] It 1s preferable that the multilayer coating be performed such that after one of
the plurality of coating materials thus retained is applied, another one thereof 1s applied. It is
preferable to use coating materials of two or more colors, as the plurality of coating materials.

[0020] It is preferable that coating materials having different colors or compositions be
charged into two or more coating-material containers at different amounts.

|0021] It 1s preferable to use, in the coating material cartridge, a plurality of coating

material bags corresponding to the coating-material containers and having different maximum
volumes, a capsule containing the coating material bags and a partition member provided
therebetween, a pressing fluid, and a pressing fluid path connected to an inner space inside the
capsule and outside the coating material bag.

[0022] It is preferable that a space in the capsule be divided by the partition member

into a plurality of spaces having different volumes so as to determine a charging amount of
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each of the coating materials with respect to each of the coating material bags in advance. It
is preferable that, when the inner space is filled with the pressing fluid and the preésing fluid
presses each of the coating material bags, each of the coating materials be sent from the
coating material cartridge to a coating machine.

[0023] It is preferable to use, in a charging device connected to the coating material
cartridge, a main path connected to the common path and a color change valve. It 1s
preferable that each of the coating materials be sent to the common path via the color change
valve and the main path; and by measuring a flow rate of each of the coating materials of
different colors to flow into the color change valve, a charging amount of the each of the
coating materials with respect to each of the coating material bags be controlled to a value
determined 1n advance.

[0024] It is preferable to use, in the coating material cartridge, the coating-material
containers as coating material bags, a capsule containing the coating material bags, and a
pressing fluid path for discharge connected to an inner space inside the capsule and outside the
coating material bags.

[0025]  Further, 1t 1s preferable to use, 1n a charging device connected to the coating
material cartridge, a pressing fluid flow path connected to the pressing fluid path for discharge.
[t 1s preferable that: the inner space be filled with the pressing fluid and a flow rate, in the
pressing fluid flow path, of the pressing fluid discharged outside in a course of charging each
of the coating materials into each of the coating material bags be measured, so as to control a
charging amount of the each of the coating materials with respect to the each of the coating
material bags to a value determined in advance; and when the pressing fluid presses each of

the coating material bags, each of the coating materials be sent outside the coating material

cartridge.

Advantageous Effects of Invention

[0026] According to the present invention, it 1s possible to provide an electrostatic

coating device and an electrostatic coating method each of which achieves a reduction in
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working hours and efficient coating at the time when a plurality of layers are coated with a

plurality of colors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] [FIG. 1] FIG. 1 is a schematic diagram of a coating material cartridge according to

a first embodiment.

[FIG. 2] FIG 2 is a configuration diagram of the coating material cartridge

according to the first embodiment.

[FIG. 3] FIG. 3 is an operation diagram of the coating material cartridge and a
charging device according to the first embodiment.

[FIG. 4] FIG. 4 is an operation diagram of the coating material cartridge and the
charging device according to the first embodiment.

[FIG. 5] FIG. 5 is an operation diagram of the coating material cartridge and the

charging device according to the first embodiment.

[FIG. 6] FIG. 6 is a view of the charging device according to the first embodiment.

[FIG. 7] FIG. 7 is an operation diagram of the coating material cartridge and a

coating machine according to the first embodiment.
[FIG. 8] FIG. 8 1s an outside drawing of the coating material cartridge and the
coating machine according to the first embodiment.

[FIG. 9] FIG. 9 i1s an in-use view of the coating machine according to the first

embodiment.

[FIG. 10] FIG. 10 1s an outside drawing of the coating material cartridge and the

coating machine according to the first embodiment.

[FIG. 11] FIG. 11 1s an in-use view of the coating machine acCording to the first

embodiment.

[FIG. 12] FIG. 12 is a configuration drawing of Aspect 1 according to a second
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[FIG. 13] FIG. 13 is a configuration drawing of Aspect 2 according to the second

embodiment.

MODES FOR CARRYING OUT THE INVENTION

10028] 1. First Embodiment

| Electrostatic Coating Device]

An electrostatic coating device according to the present embodiment is a device including
a coating material cartridge (FIGS. 1 and 2), a coating machine (FIGS. 7 and §), and a robot
(FIG. 9) including the coating machine. The electrostatic coating device according to the
present embodiment 1s a composite coating system further including a charging device (FIGS.
3 to 6). Hereinafter, the electrostatic coating device may be referred to as an electrostatic

coating system from the viéwpoint that the electrostatic coating device includes the charging

device.

[0029] The electrostatic coating device of the present embodiment performs
electrostatic coating on an object with a coating material temporarily stored in the coating

material cartridge. The coating material cartridge insulates the coating material from a
high-voltage generator of the coating machine to be insulated. In view of this, the

clectrostatic coating device of the present embodiment is suitable for coating of a water-based

coating material.
|0030]  [Summary of Coating Material Cartridge]

As 1llustrated 1n FIG. 1, a coating material cartridge 10 provided in the electrostatic
coating device of the present embodiment includes a plurality of coating-material containers.
The coating material cartridge 10 includes a first coating material bag 11 and a second coating
material bag 12 as the coating-material containers. The coating material cartridge 10 further

includes a first valve 13, a second valve 14, a common path 31, and a cleaning circuit 33.
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[0031] The first valve 13 and the second valve 14 change coating materials or colors.
The common path 31 is configured such that a plurality of coating materials can pass
therethrough according to the change of coating materials or colors. The cleaning circuit 33
cleans up the common path 31. Note that volumes of the plurality of coating-material
containers can be changed according to amounts of respective coating materials to be charged

therein.

[0032] [Summary of Electrostatic Coating Method]

In an electrostatic coating method of the present embodiment, multilayer coating 1s
performed by the electrostatic coating device including the coating material cartridge 10.
The following steps are performed in the coating material cartridge 10. In the present
embodiment, a plurality of coating materials is respectively retained in the plurality of

coating-material containers at the same time.

[0033]  First, the coating materials are changed by valves at the time of .sending and
charging of each of the coating materials. The valves are the first valve 13 and the second
valve 14, for example. Subsequently, the coating materials are respectively charged into the
first coating material bag 11 and the second coating material bag 12 via the common path 31

according to the change.

[0034] Then, each of the coating materials i1s sent outside the coating material cartridge
10 via the common path 31 according to the change. Subsequently, the common path 31 1s
cleaned up by the cleaning circuit 33 every time the coating material 1s changed.

(0035] It is preferable to use coating materials of two or more colors, as the plurality of
coating materials. In this case, coating materials of different colors or different compositions
are charged into respective coating-material containers by the change of the coating materials

in a predetermined order. After that, 1t 1s preferable to send the coating materials of different

colors or different compositions from the respective coating-material containers by the change

of the coating materials in a predetermined order.

[0036] In the present embodiment, after one of the plurality of coating materials
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retained in the coating material cartridge 10 at the same time is applied, the other one of the
plurality of coating materials retained at the same time is applied. Hereby, multilayer coating
is realized. By use of the electrostatic coating device and the electrostatic coating method of
the present embodiment, it is possible to perform two-layer coating with two colors without
replacing the coating material cartridge in the middle of a coating operation.

[0037] [Details of Coating Material Cartridge]

As illustrated in FIG. 2, the coating material cartridge 10 includes a capsule 20 and a
controlling portion 30. The capsule 20 is a cartridge tank including the first coating material
bag 11, the second coating material bag 12, a partition member 19, and the like. The
controlling portion 30 includes the first valve 13, the second valve 14, the common path 31,
and the cleaning circuit 33.

[0038] The controlling portion 30 further includes a plurality of individual paths, 1.e., a
first path 15 and a second path 16. As illustrated in FIGS. 3 and 5, which will be described
later, each of the individual paths is connected to each of the coating material bags, and each
of the coating materials passes through the each of the individual paths. The individual paths
can collect respective coating materials in respective coating material bags provided 1n
separate positions, into the common path through the valves. Further, the individual paths
can distribute the respective coating materials in the common path into the respective coating

material bags.

[0039] That is, the first path 15 is connected to the first coating material bag 11 via a
cénnecting portion 25. The connecting portion 25 increases certainty of connection between
the first path 15 and the first coating material bag 11. Further, the first path 15 1s connected

to the first valve 13. The first path 15 sends a first coating material received from the first
coating material bag 11 to the first valve 13. Further, the first path 15 sends the tirst coating
material received from the first valve 13 to the first coating material bag 11.

[0040]  The second path 16 1s connected to the second coating material bag 12 via a

connecting portion 26. The connecting portion 26 increases certainty of connection between
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the second path 16 and the second coating material bag 12. Further, the second path 16 1s

connected to the second valve 14, and sends a second coating material received from the
second valve 14 to the second coating material bag 12. Further, the second path 16 sends the
second coating material received from the second coating material bag 12 to the second valve
14. Further, the second path 16 sends the second coating material received from the second
valve 14 to the second coating material bag 12.

[0041] Each of the valves is connected to each of tﬁe individual paths and the common
path. That is, as illustrated in FIG. 3, which will be described later, the first valve 13 1s
connected to the first path 15 and the common path 31, and sends the first coating material
received from the common path 31 to the first path 15. Further, the first valve 13 sends the
first coating material received from the first path 15 to_the common path 31.

[0042] Further, as illustrated in FIG. 5, which will be described later, the second valve
14 is connected to the second path 16 and the common path 31, and sends the second coating
material received from the common path 31 to the second path 16. Further, the second valve
14 sends the second coating material received from the second path 16 to the common path 31.

[0043] The common path 31 1s provided close to each ot the valves in FIG. 3.
However, they may not be provided close to each other. For example, the coating maternal
cartridge 10 may further include one or more intermediate paths that connect the common path

31 to each of the valves.

(0044] The controlling portion 30 includes a first pilot air path 37 and a second pilot
air path 38. Connecting portions 21 and 22 are placed on respective ends, on a cartridge
surface, of the first pilot air path 37 and the second pilot air path 38. Each of the pilot air
paths 1s connectable, via each of the connecting portions, to a charging air path of a charging

device or a coating air path of a coating machine. Each of the connecting portions increases

certainty of connection between each pilot air circuit and an air path of the charging device or

the coating machine.

[0045] The pilot air paths press respective valves. Each of the valves opens and
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closes a conduit line between each of the coating-material containers and the common path 1n
response to the pressing. That is, the first valve 13 opens a conduit line between its
corresponding first coating material bag 11 and the common path 31 according to an air
pressing input (air ON) by the first pilot air path 37. Further, the first valve 13 closes the
conduit line between its corresponding first coating material bag 11 and the common path 31
according to an air pressing cancellation input (air OFF) by the first pilot air path 37.

[0046] The second valve 14 opens a conduit line between its corresponding second
coating material bag 12 and the common path 31 according to an air press input (air ON) by
the second pilot air path 38. Further, the second valve 14 closes the conduit line between its
corresponding second coating material bag 12 and the common path 31 according to an air
press cancellation input (air OFF) by the second pilot air path 38.

[0047] As each of the valves, a piston valve, a needle valve, a ball valve, or the like
can be used. From the viewpoint that minute adjustment of a flow rate of a coating material
can be performed, it is preferable to use a needle valve.

[0048]  The coating material cartridge includes each valve and the each valve is
switched between ON and OFF appropriately, and hereby, a change of a coating-material
container to be filled with a predetermined coating material can be performed. Further, by

switching ON and OFF of each valve appropriately, it 1s possible to perform a change of a
coating-material container which includes a predetermined coating material and which should

send 1t.  As a whole, 1t 1s possible to change a coating material or a color to use, by using the

valves.

10049]  As illustrated 1in FIG. 2, the common path 31 1s connected to each valve, and
further connected to the cleaning circuit 33 via a check valve 32. The common path 3'1 1S
connectable, via a connecting portion 35, to a main path of the charging device or a sending
path of the coating machine, which will be described later.

[0050]  As illustrated 1n FIGS. 3 and 5, which will be described later, when the coating

material cartridge 10 is connected to the charging device, the common path 31 sends each
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cdating material received from the main path of the charging device to each valve. Further,
as illustrated in FIG. 4, which will be described later, the common path 31 sends a cleaning
agent received from the cleaning circuit 33 to the main path of the charging device.

[0051] When the coating material cartridge 10 is connected to the coating machine, the
common path 31 sends each coating material received from each valve to the sending path of
the coating machine. The connecting portion 35 is placed in an end, on the cartridge surface,
of the common path 31. The connecting portion 35 increases certainty of connection
between the common path 31 and the main path of the charging device or the sending path of
the coating machine.

[0052] In the present embodiment, by providing the common path 31 in the coating
material cartridge 10, one conduit line is collectively used to perform charging and sending of
a coating material. This makes it possible to form the coating material cartridge 10 in a
compact mannet.

[0053] The cleaning circuit 33 is connected to the common path 31 via the check valve
32. The cleaning circuit 33 is connectable to the after-mentioned alternative path of the
charging device via a connecting portion 34. As illustrated in FIG. 4, which will be described
later, when the coating material cartridge 10 is connected to the charging device, the cleaning
circuit 33 sends the cleaning agent received from the alternative path of the charging device to
the common path 31. The connecting portion 34 is placed in an end, on the cartridge surface,
of the cleaning circuit 33. The connecting portion 34 increases certainty of connection

between the cleaning circuit 33 and the alternative path of the charging device.

[0054] In the present embodiment, the cleaning circuit 33 for cleaning up the common
path 31 is provided in the coating material cartridge 10. By cleaning up the common path 31
by the cleaning circuit 33, it is possible to prevent one coating material remaining in the
common path 31 from mixing with the other coating material.

[0055] The coating material cartridge 10 includes the check valve 32 tor connecting

the cleaning circuit 33 to the common path 31 and preventing inflow of tluid from the
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common path to the cleaning circuit. By providing the check valve, 1t 1s possible to prevent a
coating material from flowing into the cleaning circuit. Unlike a valve freely opening and
closing, the check valve does not require a controlling conduit line such as a pilot air path,
thereby making it possible to simplify the structure of the coating material cartridge.

5 [0056] The check valve may be a ball check valve, a lift check valve, a swing check
valve, a butterfly check valve, or the like. It is preferable to use a ball check valve from the

viewpoint that reverse flow of even a very small amount of a coating material can be

prevented.

[0057] The capsule 20 1s a transparent resin molded product, for example. As
10 illustrated in FIG. 2, 1t 1s preferable that the capsule 20 have a cylindrical portion or an
elliptical tubular portion. An opening of the cylindrical portion or the elliptical tubular
portion makes contacts with the controlling portion 30. The capsule 20 can be easily
manutfactured and cleaned up. -
[0058]  The capsule 20 contains one or more coating material bags. A pressing fluid
15 flows through an inner space inside the capsule 20 and outside the coating material bags.
The pressing fluid 1s a liquid called push-out liquid. The pressing fluid presses the coating
material bag so that the coating material is discharged from the coating material bag.
[0059] In the meantime, when the coating material is injected into the coating material
bag, the coating material bag presses the pressing fluid, so that the capsule 20 discharges the
20 pressing tluid out of the capsule 20. In view of this, 1t 1s preferable that the inner space is

filled with the pressing fluid.

[0060] From the viewpoint of stably keeping a liquid state of the coating material for a
long time, the pressing fluid 1s preferably a nonaqueous liquid. The nonaqueous liquid 1s
preferably toluene, methyl alcohol, acetone, ethyl acetate, and the like, and particularly

25  preferably solvent ED (made by TOYOTA KAGAKU KOGYO Co., Ltd.).
[0061] In a case where the capsule 20 includes a plurality of coating material bags, it 1s

preferable that the capsule 20 include a partition member 19. The partition member 19 is
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placed between coating material bags adjacent to each other. In a case where the capsule 20
includes three, or four or more coating material bags, the partition member may not be
provided between some of the‘coating material bags. Otherwise, the partition member may
be provided between every set of coating material bags adjacent to each other.

[0062] That is, as illustrated in FIG. 2, the partition member 19 does not completely
separate or partition the inner space into two or more spaces. The partition member 19
determines positions of respective coating material bags, thereby preventing that one coating
material bag from making contact with the other coating material bag.

[0063] The partition member 19 can be a slit-shaped, lattice-shaped, mesh-shaped, or
plate-like member, for example. Further, a chqrging pressure to the coating material bag
often reaches 0.4 to 0.8 MPa. Accordingly, in consideration of a pressure receiving area, it is
assumed that the partition member 19 receives a pressure of & kef/cm® from the coating
material bag, and thus, the partition member 19 receives a force of 1500 kgt. In view of this,
a material of the partition member 19, for example, is. preferably a high—strength resin or
engineer plastic, from the viewpoint of strength.

[0064] In order to smoothly put the coating material and the pressing fluid 1in and out
of the capsule, the coating material bag is preferably a bag having elasticity. In the meantime,
it 1S necessary for the coating material bag to be a bag that prevents invasion of the coating

material.

[0065] The controlling portion 30 includes a pressing fluid path 17 for discharge of the
pressing fluid and a pressing fluid path 18 for injection thereof. One end of each of the
pressing fluid paths is connected to the inner space. The other end of each ot the pressing

fluid paths is connected to an outside of the capsule 20 or an outer space outside the capsule

20. As illustrated in FIG. 2, when the coating material cartridge 10 1s not connected to other
devices, the pressing fluid paths 17, 18 are connected to the outer space outside the capsule 20.
(0066] As illustrated in FIGS. 3 to 5, when the coating material cartridge 10 1s

connected to a charging device 60, the pressing fluid path 17 1s connected to a pressing fluid
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flow path 67 of the charging device 60. At this time, the pressing flutd path 17 1s connected

to the outer space outside the capsule 20 via the pressing fluid tlow path 67.

[0067] As illustrated in FIG. 7, when the coating material cartridge 10 1s connected to a
coating machine 90, the pressing fluid path 18 is connected to a pressing tluid flow path 95 ot
the coating machine 90. At this time, the pressing fluid path 18 1s connected to a space
outside the capsule 20 via the pressing fluid tlow path 95.

[0068] Note that the pressing fluid path 17 for discharge and the pressing fluid path 18
for injection may be a single pressing fluid path having both functions thereof.

[0069] The pressing fluid path 17 is connectable to the pressing fluid flow path ot the
charging device. When the coating material cartridge 10 1s connected to the charging device,
the pressing fluid path 17 sends the pressing fluid received from the capsule 20 to the pressing
fluid flow path of the charging device.

[0070] The pressing fluid path 18 is connectable to the pressing ﬂuid tlow path of the
coating machine. When the coating material cartridge 10 1s connected to the coating
machine, the pressing fluid path 18 sends the pressing fluid received from the pressing fluid
flow path to the capsule 20.

[0071] Connecting portions 23 and 24 are placed on respective ends, on the cartridge

surface, of the pressing fluid paths 17 and 18. The connecting portion 23 increases certainty
of connection between the pressing fluid path 17 and the pressing fluid flow path of the

charging device. The connecting portion 24 increases certainty of connection between the

pressing fluid path 18 and the pressing fluid flow path of the coating machine.

[0072] The pressing fluid path 17 discharges the pressing fluid inside the capsule 20
according to that volume of the coating material bag which increases due to charging of the
coating material. The pressing fluid path 18 injects the pressing fluid into the capsule 20 so
as to send the coating material out of the coating material bag. The pressing fluid presses the
coating material bag. Accordingly, the pressing fluid sends out each of the coating material

outside the coating material cartridge 10. As a whole, the pressing fluid and the pressing
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fluid path control charging/sending of the coating material in the coating material cartridge 10.

(0073] [Charging Device]

FIG. 3 illustrates a state where the coating material cartridge 10 1s connected to the
charging device 60 and the electrostatic coating device charges the first coating material bag
11 into the first coating material 1. The charging device 60 is connectable to and removable
from the coating material cartridge 10. The charging device 60 includes a color change valve
70 and a pipe portion 30. .

[0074]  The pipe portion 80 includes a main path 81, an alternative path 83, a discharge
path 84, a plurality of charging air paths, and the pressing fluid flow path 67. In the present
embodiment, the pipe portion 80 includes a first charging air path 87 and a second charging air
path 88 as the plurality of charging air paths. The color change valve 70 includes connecting
portions 71 to 75, a junction portion 76, and a valve portion 77.

[0075]  The main path 81 is connected to the color change valve 70, and 1s further
connectable to the common path 31. When the charging device 60 1s connected to the
coating material cartridge 10, the main path'81 sends each coating material received from the
color change valve 70 to the common path 31.

[0076] The main path 81 is further connectable to the alternative path 83. The main

path 81 sends, to the alternative path 83, a cleaning agent received from the color change valve
70. The main path 81 1s further connectable to the discharge pafh 84. When the charging

device 60 is connected to the coating material cartridge 10, the main path 81 sends the

cleaning agent received from the common path 31 to the discharge path 84.

[0077] Note that, on the main path 81, valves may be provided in a connection part

with the alternative path 83, a connection part with the discharge path 84, and between these
connection parts. When the coating material passes through the main path 81, the valves
provided in the connection part with the alternative path 83 and 1n the connection part with the

discharge path 84 are closed, and when the cleaning agent passes therethrough, the valves are

opened.
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[0078] When the coating material passes through the main path 81, the valve provided

between the connection part with the alternative path 83 and the connection part with the

discharge path 84 is opened. When the cleaning agent passes through the main path 81, the

valve 1s closed.

[0079] The main path 81 sends a plurality of coating materials to the common path 31
and receives a waste cleaning agent from the common path 31. The main path 81
supplements a function of the common path 31 to distribute the plurality of coating materials

to respective coating material bags.

[0080] The alternative path’ 83 is connected to the main path 81, and further
connectable to the cleaning circuit 33. When the charging device 60 1s connected to the
coating material cartridge 10, the alternative path 83 sends the cleaning agent received from
the main path 81 to the cleaning circuit 33.

[0081] The alternative path 83 sends out the cleaning agent to the cleaning circuit 33.
The alternative path 83 supplements a function of the cleanihg circuit 33 to clean up the
common path 31. Further, when the alternative path 83 is connected to the main path 81, the
cleaning agent can wash away a coating material remaining 1n a color-chaﬁge-valve-?O side of
the main path 81 and the color change valve 70.

[0082] The discharge path 84 branches off from the main path 81, and 1s connectable
to a damp path (not shown). The discharge path 84 sends the cleaning agent received from

the main path 81 to the damp path. That is, the discharge path 84 discharges tluid passing

through the cleaning circuit 33.

[0083] The discharge path 84 receives a waste cleaning agent from the main path 81.
The discharge path 84 supplements a function of the main path 81 to assist cleaning of the
common path 31. Further, when the discharge path 84 1s connected to the main path 81, the
cleaning agent can wash away a coating material remaining on that mounting surface side of
the main path 81 on which the coating material cartridge 10 1s mounted.

[0084] Each of the charging air paths 1s connectable to each of the pilot air paths in a
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one-to-one manner. The first charging air path 87 1s connected to an air charging system (not
shown), and is further connectable to the first pilot air path 37. When the charging device 60
is connected to the coating material cartridge 10, the first charging air path 87 transmits, to the
first pilot air path 37, an input of air ON or OFF received from the air charging system.

[0085] The second charging air path 88 is connected to an air charging systém (not
shown), and is further connectable to the second pilot air path 38.  When the charging device
60 is connected to the coating material cartridge 10, the second charging air path 88 transmuts,
to the second pilot air path 38, an input of air ON or OFF received from the air charging
system. The charging air path assists the change of a coating-material container to be filled
with a predetermined coating material, which change 1s performed by each valve of the
coating material cartridge 10.

[0086] The pressing fluid flow path 67 is connected to a pressing fluid tank (not
shown), and is connectable to the pressing fluid path 17. When the charging device 60 1s
connected to the coating material cartridge 10, the pressing fluid flow path 67 sends, to the
pressing fluid tank, the pressing fluid received from the pressing fluid path 17. The pressing
fluid flow path 67 assists that discharge of the pressing fluid from the capsule 20 which 1is
performed by the pressing fluid path 17.

[0087] The connecting portions 71 to 75 are connected to a first tank 61, a second tank
62, and the other tanks 63 to 65, respectively. The connecting portions 71 to 75 are further
connected to the valve portion 77. The connecting portion 71 sends, to the valve portion 77,
the first coating material 1 received from the first tank 61. The connecting portion 72 sends,
to the valve portion 77, the second coating material 2 received from the second tank 62. The

connecting portions 73 to 75 send, to the valve portion 77, the other coating materials received

from the other tanks 63 to 65, respectively.
[0088]  The junction portion 76 1s connected to an organic solvent tank and an air tank
(not shown), and the valve portion 77. As illustrated in FIG. 4, which will be described later,

the junction portion 76 sends, to the valve portion 77, an organic solvent received from the
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organic solvent tank as the cleaning agent. Further, the junction portion 76 sends the air
received from the air tank to the valve portion 77. From the viewpoint of detergency, thinner
is preferable as the organic solvent.

(0089] [Coating Material Charging Operation]

Referring now to FIGS. 3 to 6, a coating material charging operation is described. As
illustrated in FIG. 4, when the charging device 60 is connected to the coating material cartridge
10, the charging device 60 starts a step of cleaning up the common path 31 by supplying the
cleaning agent via the cleaning circuit 33. Here, the abovementioned organic solvent tank
and air tank may supply a pressure to send the cleaning agent.

[0090] The junction portion 76 sends the cleaning agent and the air to the valve portion
77. The color change valve 70 sends the cleaning agent to the main path 81 and the
alternative path 83 of the pipe portion 80 via the valve portion 77. The pipe portion 80 sends
the cleaning agent received from the color change valve 70 to the cleaning circuit 33 of the
coating material cartridge 10. The cleaning circuit 33 sends the cleaning agent received from
the charging device 60 to the common path 31.

[0091] The cleaning agent opens the check valve 32 and moves from the cleaning
circuit 33 to the common path 31. The cleaning agent washes away a residual coating

material from the common path 31. Since each of the valves of the coating material cartridge

10 is closed, the cleaning agent does not come inside each of the individual paths.
[0092]  After the common path 31 receives the cleaning agent from the cleaning circuit

33, the common path 31 returns the waste cleaning agent to the main path 81 of the charging

device 60. The check valve 32 prevents the waste cleaning agent from flowing backward

toward the cleaning circuit 33.
[0093] The main path 81 sends, to the discharge path 84, the cleaning agent received
from the common path 31. Finally, the pipe portion 80 discharges the waste cleaning agent

received from the coating material cartridge 10 to the damp path (not shown) via the main path

81 and the discharge path 84.
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[0094] Subsequently, as illustrated in FIG. 3, the charging device 60 selectively sends

the first coating material 1 to the coating material cartridge via the color change valve 70. In

the electrostatic coating system, one valve in the coating material cartridge 10 opens a conduit

10

15

20

235

line-between the common path 31 and one coating-material container.—As described-above;
each of the valves in the coating material cartridge is controlled by the charging air paths ot
the charging device 60. '

[0095] Here, the one coating-material container is assumed the first coating material
bag 11 into which the first coating material 1 ié charged. In this case, the charging device 60
selects the first valve 13 as the one valve. The air charging system transmits a pressure 51 of
the pilot air via the first charging air path 87 and the first pilot air path 37, so as to open the
first valve 13 (air ON).

[0096] The charging device 60 opens the one valve, so as to start a step of charging
one coating material into the one coating-material container via the common path 31. The
first coating material 1 moves into the first coating material bag 11 via the first tank 61, the
color change valve 70, the main path 81, the common path 31, the first valve 13, and the first
path 15.

[0097] When the injection of the coating material 1s advanced and the first coating
material bag 11 expands, the pressing fluid flows out of the capsule 20 along an outtlow
direction 53 via the pressing fluid path 17 and the pressing fluid flow path 67. The pressing
fluid 1s filled in the inner space of the capsule 20 in advance.

[0098] Since the second valve 14 is closed, the first coating material 1 1s prevented
from flowing into the second path 16. Further, since the check valve ‘32 1s provided, the first
coating material 1 is prevented from flowing into the cleaning circuit 33.

[0099] When the injection of the coating material 1s advanced and the first coating
material bag 11 expands, the first coating material bag 11 1s eventually pressed against an
inner wall of the capsule 20 and a wall surface of the pértition member 19. At this time, the

first coating material bag 11 has just finished storing therein a predetermined amount of the
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first coating material 1 and stops expanding. The charging device 60 finishes charging of the

first coating material 1.

[0100]  The partition member 19 blocks a force of the first coating material bag 11 to
crush the second coating material bag 12. Because of this, during and after the charging of
the first coating material 1, the second coatiﬁg material bag 12 1s hardly affected by the first
coating material bag 11 dynamically.

10101]  The charging device 60 may finish the charging of the first coating material 1
based on a timer. After a predetermined time has passed from a start of the charging, the
timer may close a conduit line in any part of a charging path of the first coating material 1.

10102] A volume of the coating material to be stored in the coating material bag is
limited or prescribed to a maximum volume of the coating material bag. The volume is also
limited or prescribed by the inner wall of the capsule 20 or the wall surface of the partition
member 19. Even if the volume of the coating material to be charged does not reach the
limited volume, the timer can stop the charging of the coating material.

[0103]  After the charging device 60 finishes injecting the predetermined amount of the
first coating material 1, the one valve executes a step of closing the conduit line between the
common path and the one cbating-material container. The air charging system transmits a
cancellation of the pressure of the pilot air via the first charging air path 87 and the first pilot
air path 37, so as to close the first valve 13 (air OFF). Hereby, the charging of the first
coating material 1 is finished.

10104}  Subsequently, as illustrated in FIG. 4, the charging device 60 executes again the
step of cleaning the common path 31 by supplying the cleaning agent via the cleaning circuit
33. By this step, the charging device 60 removes the first coating material 1 remaining in the

common path 31, thereby preventing the first coating material 1 from mixing into the second

coating material 2.
10105]  As illustrated 1in FIG. 5, the charging device 60 executes a step of opening, by

the other valve, a conduit line between the common path and the other coating-material
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container. Here, the other coating-material container is assumed the second coating material
bag 12 into which the second coating material '2 1s charged.

10106] In this case, the charging device 60 selects the second valve 14 as the other
valve. The air charging system transmits a pressure 52 of the pilot air via the second
charging air path 88 and the second pilot air path 38, so as to open the second valve 14 (air
ON).

[0.107] The charging device 60 opéns the other valve, so as to execute a step of
charging the other coating material into the other coating-material container via the common
path 31. The second coating material 2 moves into the second coating material bag 12 via
the second tank 62, the color change valve 70, the main path 81, the common path 31, the
second valve 14, and the second path 16. When the injection of the coating material is
advanced and the second coating material bag 12 expands, the pressing fluid flows out of the
capsule 20 along the outflow direction 53 via the pressing fluid path 17 and the pressing fluid
flow path 67.

10108]  Since the first valve 13 is closed, the second coating material 2 is prevented
from flowing into the first path 15. Further, since the check valve 32 is provided, the second
coating material 2 1s prevented from flowing into the cleaning circuit 33.

10109]  When the injection of the coating material 1s advanced and the second coating
material bag 12 expands, the second coating material bag 12 is eventually‘ pressed against an
inner wall of the capsule 20 and a wall surface of the partition member 19. At this time, the
second coating material bag 12 has just finished storing therein a predetermined amount of the
second coating material 2 and stops expanding. The charging device 60 finishes charging of
the second coating material 2.

[0110]  The partition member 19 blocks a force of the second coating material bag 12
to crush the first coating material bag 11. Because of this, during and after the charging of

the second coating material 2, the first coating material bag 11 is hardly affected by the second

coating material bag' 12 dynamically.
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[0111]  The charging device 60 may finish the charging of the second coating material

2 based on a timer. After a predetermined time has passed from a start of the charging, the
timer may close a conduit line in any part of a charging path of the coating material 2.

[0112]  After the charging device 60 finishes injecting the predetermined amount of the
second coating material 2, the other valve starts a step of closing the conduit line between the
common path and the other coating-material container. The air charging system transmits a
cancellation of the pressure of the pilot air via the second charging air path 88 and the second
pilot air path 38, so as to close the second valve 14 (air OFF).

[0113]  Note that the coating material charging operation shows an example in which
the coating materials are charged into the first coating material bag 11 and the second coating
material bag 12 in this order. However, in the present embodiment, the order of the
coating-material containers or the coating material bags is not limited in particular.
Accordingly, the coating materials may be charged into the second coating material bag 12 and
then the first coating material bag 11, sequentially.

10114]  [Replacement of Coating Material Cartridge]

FIG. 6 iliustrates the charging device 60 and part of a robot 98 in an origin where
replacement of the coating material cartridge is performed. The robot 98 uses a cleaning
fluid collection hopper 110 as an operation origin.

[0115]  Initially, the robot 98 including the coating machine 90 reaches the cleaning
fluid collection hopper 110. A waste coating material cartridge 10 is detached from the
coating machine 90. A cartridge transfer robot 130 places the waste coating material

cartridge 10 on a temporary placing stand 120. The temporary placing stand 120 receives the

~ waste coating material cartridge 10 from the cartridge transfer robot 130.

[0116]  The waste coating material cartridge 10 placed on the temporary placing stand
120 1s attached to the charging device 60. The charging device 60 cleans up the waste
coating material cartridge 10. The coating material cartridge 10 thus cleaned up to be empty

1S returhed to a stocker 140.



10

15

20

23

CA 02876841 2014-12-15

24
[0117] The stocker 140 is a rotary cartridge stocker including a motor 141. The

stocker 140 stores therein coating material cartridges 10 that do not include coating materials.
An empty coating material cartridge 10 is transferred from the stocker 140 to the charging
device 60. The empty coating material cartridge 10 is attached to the charging device 60.

[0118] The charging device 60‘ charges coating materials into the empty coating
material cartridge 10. The cartridge transfer robot 130 receives, from the charging device 60,
the coating material cartridge 10 filled with the coating materials, and then passes it to the
coating machine 90. ‘

[0119] The coating machine 90 receives the coating material cartridge 10 filled with
the coating materials from the cartridge transfer robot 130. The coating material cartridge 10
filled with the coating materials is attached to the coating machine 90. After that, the robot
98 moves the coating machine 90 from the origin to a coating position.

[0120]  [Coating Machine]

FI1G. 7 illuétrates a state where the coating material cartridge 10 1s connected to the
coating machine 90 and the first coating material 1 is sent from the first coating material bag
11. The coating machine 90 includes a sending path 91, a plurality of coating air paths, a
rotary atomizing head 94, and the pressing fluid flow path 95. In the present embodiment,
the coating machine 90 includes a first coating air path 92 and a second coating air path 93 as

the plurality of coating air paths.

[0121] FIG 8 1illustrates a state before the attachment, and the coating material
cartridge 10 is connectable to and removable from the coating machine 90. The coating
machine 90 connected to the coating material cartridge 10 is placed in a tip of the robot 98 as
illustrated in FIG. 9. The robot 98 has a joint portion or a rotary portion. . Hereby, the robot
98 places the coating machine 90 on a given place around a vehicle body 100.

[0122]  Further, the robot 98 can change an orientation of a nozzle or a bell cup of the
coating machine 90 toward a given direction. The robot 98 can automatically reciprocate the

coating machine 90 and the coating material cartridge 10 between the vehicle body 100 to be
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coated and the charging device (not shown), according to a predetermined program.

[0123] The sending path 91 is connected to the rotary atomizing head 94, and 1s further
connectable to the common path 31. When the coating machine 90 is connected to the
coating material cartridge 10, the sending path 91 sends each of the coating materials received
from the common path 31 to the rotary atomizing head 94. The rotary atomizing head 94
sprays the each of the coating materials to the vehicle body 100, as illustrated in FIG. 9. The
each of the coating materials is firmly fixed to the vehicle body 100 by an electrostatic eftect.

[0124] Each of the coating air paths is connectable to each of the pilot air paths in a
one-to-one manner. The first coatiﬁg air path 92 is connected to an air charging system (not
shown), and is further connectable to the first pilot air path 37.  When the coating machine 90
is connected to the coating material cartridge 10, the first coating air path 92 transmits, to the
first pilot air path 37, an input of air ON or OFF received from the air charging system.

[0125] The second coating air path 93 1s cénnected. to an air charging systern' (not
shown), and is further connectable to the second pilot air path 38. When the coating machine
90 is connected to the coating material cartridge 10, the second coating air path 93 transmuts,
to the second pilot air path 38, an input of air ON or OFF received from the air charging
system. The coating air path assists the change of a coating-material container including a
predetermined coating material and sending it, which change is performed by each of the
valves of the coating material cartridge 10.

[0126] The pressing fluid flow path 95 is connected to a pressing fluid pump (not
shown), and is further connectable to the pressing fluid path 18 (not shown). When the
coating machine 90 is connected to the coating material cartridge 10, the pressing tluid flow
path 95 sends the pressing fluid received from the pressing fluid pump to the pressing fluid

path 18. The pressing fluid flow path 95 assists that injection of the pressing tluid into the

capsule 20 by the pressing fluid path 18.
[0127] [Coating Operation]

As illustrated in FIG. 7, the electrostatic coating device executes a step of opening, by one



10

15

20

25

CA 02876841 2014-12-15

26

valve, a conduit line between the common path 31 and one coating-material container. Here,
the one coating-material container 1s assumed the first coating material bag 11 into which the
first coating material 1 1s charged.

10128] In this case, the electrostatic coating device selects the first valve 13 as one
valve. The air charging system transmits a pressure 55 of the pilot air via the first coating air
path 92 and the first pilot air path 37, so as to open the first valve 13 (air ON).

[0129]  Subsequently, the electrostatic coating device executes a step of sending one

coating material from the one coating-material container and forming one coating layer on a

- vehicle body of an automobile or the like coating object. The pressing fluid flows into the

capsule 20 along an inflow direction 54 via the pressing fluid path 18 and the pressing fluid
flow path 95. Along with inflow of the pressing fluid, the first coating material bag contracts
under a pressure of the pressing fluid.

[0130] Hereby, the first coating material bag 11 extrudes the first coating material 1
into the first path 15. The first coatihg material 1 moves into the rotary atomizing head 94
through the first coating material bag 11, the first path 15, the first valve 13, the common path
31, and the sending path 91, and then, the first coating material 1 is splayed to the vehicle
body 100. When the first coating material 1 is sprayed, the rotary atomizing head 94 gives
an electric charge to the first coating material 1. The spray of the first coating material 1

having an electric charge is attached to a vehicle body of an automobile or the like coating

object having a reverse electric charge.
[0131]  Since the second valve 14 is closed, the first coating material 1 is prevented

from flowing into the second path 16. Further, since the check valve 32 is provided, the first
coating material 1 is prevented from flowing into the cleaning circuit 33.

10132]  After the electrostatic coating device finishes sending a predetermined amount
of the first coating material 1, the one valve executes a step of closing, by the one valve, the
conduit line between the common path and the one coating-material container. The air

charging system transmits a cancellation of the pressure of the pilot air via the first coating air
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path 92 and the first pilot air path 37, so as to close the first valve 13 (air OFF). Hereby, the

sending of the first coating material 1 is finished. Further, if the first coating material bag 11
empties, the sending of the first coating material 1 1s finished.

[0133] The electrostatic coating device executes a step of opening, by the other valve,
a conduit line between the common path 31 and the other coating-material container. The
electrostatic coating device further executes a step of sending the other coating material from
the other coating-material container to perform pre-spray of spraying the other coating

material, and then forming the other coating layer on the one coating layer.

[0134] The second coating material 2 moves 1nto the rotary atomizing head 94 from
the second coating material bag 12 in the same procedure as the first coating material 1.  The
second coating material 2 sprayed forms a new coating layer on the coating layer formed of

the first coating material 1 on the vehicle body 100.

[0135] Note that the above coating operation shows an example in which the first
coating material 1 and the second coating material 2 are applied in this order, but the order of
the coating materials 1s not limited in particular.

[0136] [Description of Problems and Effects]

When two-layer coating with two colors is performed 1n a manufacturing process of an

automobile or the like, the appearance and weather resistance of a coating surface of the

automobile or the like is improved. However, in a conventional cartridge system, for
example, only one color coating material can be charged into one cartridge in some cases.

[0137] Accordingly, it is necessary to perform coating by changing the cartridge per

color in the middle of a coating operation. From another viewpoint, a cartridge replacement

operation should be performed one extra time 1in comparison with one-layer coating with one

color, thereby resulting in that working hours increase.

[0138] As 1llustrated in FIG. 10, in a case where two-layer coating with two colors 1s
performed 1n one process without the use of the electrostatic coating device or the electrostatic

coating method of the present embodiment, the following steps are required. First, in a



10

15

20

25

CA 02876841 2014-12-15

28

cleaning fluid collection hopper as an origin, a robot attaches a coating material cartridge
including a first coating material to a coating —machine included in the robot (step S1).
Subsequently, the robot performs application (workpiece application) of the first coating
material (step S2). Then, the robot returns to the origin (step S3).

[0139] The robot removes the coating material cartridge, and attaches a new coating
material cartridge including a second coating material to the coating machine (step S4).
Subsequently, the robot performs application (workpiece application) of the second coating
material (step S5). Then, the robot returns to the origin (step S6). The robot then removes
the coating material cartridge, and prepares for attaching the coating material cartridge
containing the second coating material to the coating machine (step S7). As such, many
operations occur, so that it takes time even if the operations are autornated.

10140] The inventors has found, as described above, that it is possible to realize a
reduction 1n steps by performing two-layer coating with two colors coat color in a base one
process. The electrostatic coating device of the present embodiment is configured such that a
cartridge includes a plurality of color coating materials and the coating materials or colors can
be changed in the middle of a coating process.

10141}  In view of this, according to the electrostatic coating device or the electrostatic
coating method of the present embodiment, it is possible to perform two-layer coating with

two colors without replacing the coating material cartridge in the middle of the coating

operation. By use of the electrostatic coating device or the electrostatic coating method of

the present embodiment, 1t 1s possible to increase manufacture efficiency while performing

two-layer coating with two colors.

[0142]  As illustrated in FIG. 11, in a case where two-layer coating with two colors is
performed 1n one process with the use of the electrostatic coating device of the present

embodiment, the following steps are required. First, in the origin, the robot attaches a

coating material cartridge including the first coating material and the second coating material

to the coating machine included in the robot (step S11). Subsequently, the robot performs
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application (workpiece application) of the first coating material (step S12).

[0143] Subsequently, the robot performs application (workpiece application) of the
second coating material without returning to the origin (stepS13). Then, the robot returns to
the origin (step S14). Then, the robot removes the coating material cartridge, and prepares for
attaching a new coating material cartridge to the coating machine (step S15).

[0144] In a case of the operation by the robot, it is not necessary for the robot to return
once to a robot original position to replace the cartridge. The robot changes the coating
material or the color in a position of a target to be coated. As such, it is possible to perform
two-layer coating with two colors by one operation, thereby making it possible to shorten
coating time.

[0145] 2. Second Embodiment

The following mainly deals with differences from the first embodiment. Further, a

constituent equivalent to that in the first embodiment has the same reference sign as in the

first embodiment, and redundant explanation 1s omitted.

[0146]  [Problem to be Solved by the Invention]

A thickness ratio between respective layers may be changed in two-layer coating with
two colors. For example, it is assumed that a thickness ratio between a layer to be applied
first and a layer to be applied later may be set to 1:1 to 1:4. At this time, when a layer having
a large thickness is applied, a coating material in a cartridge may become insufficient. In such

a case, it is necessary to recharge the coating material, which decreases entire working

efficiency.

[0147] The problem also occurs even in a case where an amount of a coating material
to be retained in a coating-material container is prescribed by a partition member. When the
thickness ratio is uneven, a charging amount of a coating material necessary for a thicker
layer is large. Due to the partition member, a maximum amount that can be charged in the
coating-material container is not enough for this.

[0148] Here, one of the solutions is to upsize the coating material cartridge. In such a
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case, the coating-material container can be configured to have a sufficient size to charge a
necessary volume of the coating material therein. However, such a solution 1s not preferable,

because the device is upsized or increased 1n weight.

[0149] [Coating Material Cartridge]

As illustrated in FIGS. 12, 13, in the present embodiment, instead of the coating material
cartridge 10 (FIGS. 1, 2), a.coating material cartridge 160 is provided.

[0150] The coating material cartridge 160 includes a capsule 20, a partition member
169, and a plurality of coating material bags. The partition member 169 is attached in the

capsule 20 in an off-center manner. The coating material bags correspond to coating-material

containers. It is preferable that the coating material bags have different maximum volumes.
[0151] In a case where the capsule 20 includes three, or four or more coating material
bags, some of the coating material bags may have the same volume. Further, all the coating
material bags may have maximum volumes different from each other.
[0152] The capsule 20 contains the plurality of coating material bags and the partition

member 169. The partition member 169 is placed between coating material bags adjacent to

~each other. The partition member 169 partitions areas to place the plurality of coating

material, so as to separate them from each other. The coating material bags partitioned by the

partition member 169 have different maximum volumes.

[0153] In the present embodiment, the coating material cartridge 160 includes a
coating material bag 161 and a coating material bag 162. The partition member 169 divides
a space in the capsule 20 into a plurality of regions having different volumes. Maximum
volumes of the coating material bag 161 and the coating material bag 162 can be prescribed 1n
advance so as to be substantially proportional to spaces partitioned by the partition member
169.

[0154] Shapes of the coating material bag 161 and the coating material bag 162 after

expansion can be prescribed in advance to follow predetermined shapes. The shapes can be

prescribed to follow shapes of those spaces in the capsule 20 which are partitioned by the
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partition member 169.

[0155] It is preferable that the shapes allow the expanded coating material bag 161 and
the expanded coating material bag 162 to make close contact with a wall surface of the
partition member 169 and an inner wall of the capsule 20 to such an extent that they do not
stick to each other and come off from each other.

|0156] In the present embodiment, the coating material bag 161 and the coating
material bag 162 expand in the capsule 20 to predetermined limits. One factor to determine
the predetermined limits 1s sizes or volumes of those spaces in the capsule 20 which are

partitioned by the partition member 169.

[0157] In a preferred embodiment, the cap'sule 20 and the partition member 169 are
separate members. In this case, a position or a shape of the partition member 169 in the
capsule 20 can be changed freely or optionally. In view of this, a ratio between the volumes
of the coating material bag 161 and the coating material bag 162 in the cartridge 160 can be
changed freely. Accordingly, amounts of coating materials to be stored in the coating

material bag 161 and the coating material bag 162 can be changed.

10158] For example, as illustrated in FIG. 12, that wall surface of the partition member
169 which is placed on a connection-portion-25 side may be placed so as to be distanced from
the connecting portion 25. At this time, a space on the connecting-portion-25 side 1s large.
Because of this, the coating material bag 161 can expand larger than the first coating material
bag 11 (the first embodiment). Accordingly, the coating material bag 161 can store a larger
amount of the coating material than the first coating material bag 11. This allows the first

path 15 to send a larger amount of the coating material 1.

[0159]  Further, as illustrated in FIG. 13, that wall surface of the partition member 169
which 1s placed on a connection-portion-26 side may be placed so as to be distanced from the
connecting portion 26. At this time, reversely to the above, the coating material bag 162 can
store a larger amount of the coating material therein, thereby allowing the second path 16 to

send a larger amount of the second coating material 2.
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[0160] A method to change the position of the wall surface of the partition member

169 is not limited in particular.  As an example, there is a method to place the position ot the
partition member 169 in an off-center manner so as to be closer to either of the connection
portions as illustrated in FIGS. 12, 13.

[0161]  Further, the partition member 169 may have a shape having a recessed surface
on a side on which a space is to be made large. A shape of the recessed surtace may be a
curved shape, a bent shape, or a hollow shape. The shape is not particularly limited,
provided that the shape does not cause the partition member 169 to be deformed or broken due
to a pressure of the coating material bag storing the coating material therein.

[0162] A charging pressure ofteh reaches 0.4 to 0.8 MPa. In consideration of a
pressure receiving area, for example, it is assumed that the partition member 169 receives a
pressure of 8 kef/cm® and thus the partition member 169 receiveé a force of 1500 kgf. In
view of this, the curved shape, for example, is preferable to increase strength of the partition
member 169.

[0163] Such a recessed surface may be parallel to an up-down direction in the figure.
Here, it is assumed that the capsule 20 has a cylindrical portion or an elliptical tubular portion
having an opening that makes contact with the controlling portion 30. In such a case, the
recessed surface of the partition member 169 may be parallel to a central axis for the

cylindrical portion or the elliptical tubular portion.

[0164]  Further, 1f the capsule 20 has the cylindricaloportion, an Interval between those
sides of the partition member 169 which make contact with the inner wall of the capsule 20
may be substantially the same as an inside diameter of the cylindrical portion. Further, 1f the
capsule 20 has the elliptical tubular portion, the interval between those sides of the partition
member 169 which make contact with the inner wall of the capsule 20 may be substantially
the same as an inside diameter of the elliptical tubular portion.

[0165] In the above configuration, the partition member 169 does not move in the

capsule 20 to come closer to or separate from either of the coating material bags. That 1s, 1n
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FIGS. 12, 13, the partition member 169 hardly moves laterally or does not move laterally in
the capsule 20. In view of this, the partition member 169 does not prevent the coating
material bag 161 or 162 from storing a predetermined amount of the first coating material 1 or
the second coating material 2.

[0166] [Coating Material Charging Operation and Coating Operation}

In the present embodiment, respective coating materials having difterent colors or
compositions are charged into two or more coating-material containers at different amounts.
In view of this, it is preferable to use the above charging device. The following describes an
example using the charging device.

[0167] As illustrated in FIGS. 12, 13, in the coating material cartridge 160, the coating
material bags, the capsule 20, the pressing fluid, and the pressing fluid path are used. The
partition member 169 divides a space in the capsule 20 into a plurality of spaces having
different volumes. Here, charging amounts of respective coating materials with respect to
respective coating material bags are determined in advance. After the respective coating
materials are charged, the coating materials are applied similarly to the first embodiment.

[0168] [Effects of Present Embodiment]

At the time when a layer having a large thickness is applied, it is possible to reduce
occasions where the coating material in the cartridge becomes insufficient. In such a case,
recharging of the coating material is not necessary. In view of this, the electrostatic coating
device or the coating method of the present embodiment contributes to shortening of working
hours and improvement of entire working efficiency. Further, in the present embodiment, the
charging amount of the coating material can be determined according to the position or the

shape of the partition member.

[0169] Due to the above feature, it is possible to control a ratio between volumes of
the coating-material containers without any special control device. In other words, it 1s

possible to change a charging ratio between the first coating material 1 and the second coating

material 2 without any special control device.
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[0170] 3. Third Embodiment

The following mainly deals with differences from the first embodiment. Further, a
constituent equivalent to that in the first and second embodiments has the same reference sign
as 1n the first and second embodiments, and redundant explanation 1s omitted.

[0171] [Problem to be Solved by the Invention]

The problem 1s the same as in the second embodiment. In the second embodiment,
charging amounts of the coating materials with respect to the respective coating-material
containers are prescribed by the position of the partition member 169.

[0172] In the above case, in order that the ratio in volume between the coating-
material containers i1s set to a desired ratio, the partition member 169 and the capsule 20
having an appropriate shape or positional relationship are required. In a case where they do
not have an appropriate shape or positional relationship, it is difficult to control the charging
amounts of the respective coating materials in particular.

[0173] [Summary and Effects of Present Embodiment]

An electrostatic coating system according to the present embodiment 1s described below
with reference to FIGS. 12, 13. The electrostatic coating system further includes a coating
material cartridge 160 and a removable charging device (not shown entirely). The charging
device is directly or indirectly connected to a flow meter 158, 159 or 182, or includes the tlow
meter.

[0174] In the present embodiment, respective coating materials are charged into two
or more coating-material containers at different amounts. In the present embodiment, the
charging amounts of the respective coating materials can be controlled in particular without
depending on the shape or positional relationship of the partition member 169 and the capsule
20.

[0175] A volume of the coating material to be stored in the coating material bag is
limited or prescribed to a maximum volume of the coating material bag. The volume 1s also

limited or prescribed by the inner wall of the capsule 20 or the wall surface of the partition
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member 169. In the present embodiment, even if the volume of the coating material to be
charged does not reach the limited or prescribed volume, it is possible to stop the charging of
the coating material.

|0176]  Further, similarly to the second embodiment, at the time when a layer having a
large thickness is applied, it is possible to reduce occasions where the coating material in the
cartridge becomes insufficient. In such a case, recharging of the coating material is not
necessary. In view of this, the electrostatic coating device or the coating method of the
present embodiment contributes to shortening of working hours and improvement of entire
working efficiency.

[0177] [Electrostatic Coating System of Aspect 1]

Initially, Aspect 1 is described with reference to FIG. 12. In one aspect according to the
present embodiment, an electrostatic coating system further includes a coating material
cartridge 160 and a removable charging device (not shown). The charging device includes a
main path 151 connectable to a common path 31. The main path 151 1s connected to a color
change valve 170.

[0178] The color change valve 170 is connected to a plurality of flow meters. The
color change valve 170 includes connecting portions 171 to 176. The connecting portion 171
1s connected to a conduit line 153. The conduit line 153 1s connected to a flow meter 1358.
The flow meter 158 is connected to a conduit line 154. The conduit line 154 1s connected to a
coating material tank (not shown).

|0179] The connecting portion 172 1s connected to a conduit line 155. The conduit
line 155 is connected to a flow meter 159. The flow meter 159 is connected to a conduit line
156. The conduit line 156 is connected to a coating material tank (not shown). The

connecting portions 173 to 176 may be connected to tflow meters similarly. In the present

aspect, the plurality of flow meters is connected to tanks having different coating materials,

respectively.

|0180] The color change valve 170 includes an air connecting portion 165 and a
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cleaning agent connecting portion 166. The color change valve 170 receives the air from the

air connecting portion 165. The color change valve 170 receives a cleaning agent from the
cleaning agent connécting portion 166.

[0181] [Coating Material Charging Operation of Aspect 1]

At the time of charging of coating materials, the main path 151 in the charging device
connected to the coating material cartridge 160 is used as described above. Each of the
coating materials is sent to the common path 31 via the color change valve 170 and the main
path 151 sequentially. The coating materials of different colors flow into the color change
valve‘170.

[0182] A first coating material 1 moves into the coating material bag 161 via the
coating-material tank, the conduit line 154, the flow meter 158, the conduit line 153, the color
change valve 170, the main path 151, the common path 31, a first valve 13, and a first path 15.
In the present embodiment, a charging amount of the first coating material 1 1s controlled by
use of the tlow meter 158 on a first-coating-material-1 side.

|0183] A second coating material 2 moves into the coating material bag 162 via the
coating-material tank, the conduit line 156, the flow meier 159, the conduit line 155, the color
change valve 170, the main path 151, the common path 31, a second valve 14, and a second
path 16. In the present embodiment, a charging amount of the second coating material 2 1s
controlled by use of the flow meter 159 on a second-coating-material-2 side.

[0184] By measuring a flow rate of each of the coating materials of different colors,

the charging amount of each of the coating materials with respect to each of the coating

material bags is controlled to a value determined in advance. Note that sizes and maximum
capacities of the coating material bag 161 and the coating material bag 162 are not limited in
particular, in the present embodiment. In the meantime, in order to effectively utilize the
volume of the coating material cartridge 160 or the capsule 20, a position to provide the
partition member 169 may be set in an off-center manner like the second embodiment.

.[01'85] As tllustrated in FIG. 12, in Aspect 1, that wall surface of the partition member
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169 which 1s placed on a connection-portion-235 side is placed so as to be distanced from the

connecting portion 25, This makes it possible to change a ratio in volume between the
coating-material containers so as not to make the volume of the coating material cartridge 160

or the capsule 20 unused.

[0186] | Effects and Modification of Aspect 1]

In the present aspect, a charging ratio between the first coating material 1 and the second
coating material 2 can be changed without depending on the shape or positional relationship of
the partition member 169 and the capsule 20. As a modification of the present aspect, instead
of each of the flow meters, a predetermined amount of the coating material may be measured
by a piston and sent to the main path 151.

10187]  [Electrostatic Coating System of Aspect 2]

Next will be described Aspect 2 with reference to FIG. 13. The following mainly deals
with differences from Aspect 1. A color change valve 170 may not be connected to the flow
meters. In the present aspect, the color change valve 170 is connected to tanks having
different coating materials.

10188] A charging device (not shown) includes a pressing fluid flow path 167
including conduit lines 181, 183. The pressing fluid flow path 167 is connected to a

discharge pressing fluid path 17 of a coating material cartridge 160. More specifically, the

conduit line 181 1s connected to a connecting portion 23. A pressing fluid is preferably

solvent ED.
10189]  The pressing fluid flow path 167 of the charging device has a flow meter 182 or

1s connected to the flow meter 182. As illustrated in FIG. 13, the conduit line 181 is
connected to the flow meter 182. The flow meter 182 1s connected to the conduit line 183.
The conduit line 183 is connected outside the charging device.

10190]  |Coating Material Charging Operation of Aspect 2]

A first coating material 1 moves into a coating material bag 161 via a coating-material

tank, the color change valve 170, a main path 151, a common path 31, a first valve 13, and a
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first path 15.  When the first coating material 1 is charged into the coating material bag 161, a

pressing fluid in a capsule 20 is discharged from the connecting portion 23.

[0191] A second coating material 2 moves into a coating material bag 162 via a
coating-material tank, the color change valve 170, the main path 151, the common path 31, a
second valve 14, and a secoﬁd path 16.  When the second coating material 2 is charged into
the coating material bag 162, the pressing fluid in the capsule 20 is discharged from the
connecting portion 23.

|0192]  The flow meter 182 measures a volume of the pressing fluid passing through
the tlow meter 182. When the volume of the pressing fluid passing through the flow meter
182 reaches a predetermined value, the color change valve 170 blocks or closes a charging
path of the first coating material 1. Instead of the color change valve 170, another valve in

the charging path of the first coating material 1 may block or close the charging path of the

first coating material 1.

10193] |Effects and Modification of Aspect 2]

In the present embodiment, charging amounits of the first coating material 1 and the
second coating material 2 are controlled by use of the flow meter 182. Accordingly,
differently from Aspect 1 that requires a flow meter for each coating material, it is possible to

control the charging amount of each coating material with one flow meter.

|0194]  In the present aspect, a charging ratio betwe‘en the first coating material 1 and
the second coating material 2 can be changed without depending on the shape or positional
relationship of the partition member 169 and thé capsule 20. The flow meter 182 may be
provided in the pressing fluid path 17 as a modification of the present aspect.

10195] 4. Modification of Embodiment

Note that the present invention i1s not limited to the above embodiments, and various
modifications can be made within a range which does not deviate from a gist of the present
invention. The present embodiments deal with two-layer coating with two colors as an

example. In the meantime, one-layer coating with one color may be performed twice by
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spraying the coating materials stored in the coating material cartridge to different coating

- objects.

[0196]  Further, three sets of a coating-material container, an individual path, a valve,
and members necessary for operating them may be provided in a coating material cartridge.
According to such a method, three-layer coating with three colors can be performed. Further,
by increasing the number of sets of the coating-material container, the individual path, the
valve and other necessary members, it 1s possible to perform multilayer coating with multiple
colors.

10197] In a case where a plurality of layers is coated with a plurality of colors, used
amounts of coating materials are different from each other according to thicknesses of
respective layers. In this case, by changing charging amounts of respective coating materials,
1t 1S possible to perform co?lting of respective colors 1n succession without recharging.

10198] The change of the charging amounts may be performed in a similar manner to
the second embodiment, such that the charging amounts of the respective coating materials
may be changed by changing a position/shape of the partition member. Further, in a similar
manner to the third embodiment, the charging amounts of the respective coating materials may
be changed by providing the flow meter in the charging paths of the coating materials or the
pressing fluid path.

[0199]  In the above embodiments, the valves are provided, but another member except
the valves may be provided if the another member can open and close the conduit line. For
example, an individual path is formed of a tlexible material such as a rubber tube, and the
conduit line may be opened and closed by a pin or a clamp that pinches this. Further, in the

present embodiment, the check valve 1s provided so as to prevent reverse flow to the cleaning

circuit, but that valve or the like for the cleaning circuit which can control opening and closing

may be provided separately.

10200]  In the above embodiments, the coating-material container is a coating material

bag, but a shape and a material thereof 1s not limited particularly provided that the container
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can transmit a pressure of the pressing fluid to a coating material and a volume thereof is
changed according to an amount of a coating material retained therein.

[0201]  Further, in order to prevent mixing of a plurality of coating materials, a closed
container that does not have leakage of the coating material to any places other than a path to
be used for charging or sending of the coating material is preferable. For example, the
coating-material container may be constituted by a piston and a cylinder. Further, the
coating-material container may be formed by connecting an opening of a coating material bag
to a cylinder.

10202]  The coating material cartridge of the above embodiments includes a common
capsule to contain the coating material bags, but may include a capsule for each coating
material bag. In a case where the coating material cartridge includes a capsule for each
coating material, one or more pressing fluid paths may be provided in each capsule. Further,
the coating material cartridge may have an anchor for fixing a position of each coating
material bag in the capsulé, instead of the partition member.

10203]  In the present embodiment, the alternative path is connected to the main path in
the charging device, but the alternative path may receive the cleaning agent independently
from the main path. Further, the cleaning circuit may be directly connected to the discharge
path not via the common circuit or the main path, so that the cleaning agent moves through the
main path, the common path, the cleaning circuit, and the discharge path in this order.

[0204] In such a case, the alternative path may not be provided. In this case, the
cleaning agent moves in a direction reverse to that in the above embodiment in the coating
material cartridge, so that the check valve is preferably a valve that can control opening and
closing as described above.

10205]  In the present embodiments, the controlling portion includes the pressing fluid
paths for injection and discharge, but may further include more pressing fluid paths. Further,
the controlling portion may include one pressing fluid path. In such a case, that pressing

tluid flow path of the charging device which is connectable to the one pressing fluid path is
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preferably connected to a pressing fluid pump. Further, it 1s preferable for the pressing tluid
pump to control both inflow and outtlow.

10206]  The electrostatic coating device does not need to use up the coating material
charged in each of the coating-material containers. The electrostatic coating device can
regulate an amount to use for coating and an unused amount per coating material. Note that
leaving the coating material in the coating-material container easily leads to a decrease in
working etficiency in consecutive working steps. In view of this, it 1s preferable to control
the charging amounts of respective coating material as described in the second and third
embodiments.

[0207]  The present embodiments show the electrostatic coating device and the coating
method with a vehicle body of an automobile as an example, but an object to be coated is not
l[imited to the automobile. For example, the present embodiments may be applied to coating
of an aircraft, a household electrical appliance, an electronic product, an office appliance, a
construction material, and the like.

[0208] This application claims priority based on Japanese Patent Application No.
2012-283028 filed on December 26, 2012.

DESCRIPTION OF THE REFERENCE NUMERALS

10209] 1 ... first coating material, 2 ... second coating material,... coating
material,... robot, 10 ... coating material cartridge, 11 ... first coating material bag, 12 ...
second coating material bag, 13 ... first valve, 14 ... second valve, 15 ... first path, 16 ... second
path, 17 ... pressing fluid path, 18 ... pressing fluid path, 19 ... partition member, 20 ... capsule,
21 ... connecting portion, 23 to 26 ... connecting portion, 30 ... controlling portion, 31 ...
common path, 32 ... check valve, 33 ... cleaning circuit, 34 ... connecting portion, 35 ...

connecting portion, 37 ... first pilot air path, 38 ... second pilot air path, 51 to 52 ... pressure,
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53 ... outflow direction, 54 ... inflow direction, 55 ... pressure, 60 ... charging device, 61 ... first
tank, 62 ... second tank, 63 to 65 ... tank, 67 ... pressing fluid flow path, 70 ... color change
valve, 71 to 75 ... connecting portion, 76 ... junction portion, 77 ... valve portion, 80 ... pipe
portion, 81 ... main path, 83 ... alternative path, 84 ... discharge path, 87 ... first charging air
path, 88 ... second charging air path, 90 ... coating machine, 91 ... sending path, 92 ... first
coating air path, 93 ... second coating air path, 94 ... rotary atomizing head, 95 ... pressing fluid
flow path, 97 ... support portion, 98 ... coating portion, 99 ... main body, 100 ... vehicle body,
101 to 104 ... coating film, 105 ... vehicle body, 106 ... coating 'ﬁlm, 109 ... coating material

cartridge, 110 ... coating material cartridge, 139 to 140 ... coating material cartridge, 151 ...

main path, 153 to 156 ... conduit line, 158 to 159 ... flow meter, 160 ... coating material
cartridge, 161 to 162 ... coating material bag, 165 ... air connecting portion, 166 ... cleaning
agent connecting portion, 167 ... pressing fluid flow path, 169 ... partition member, 170 ...

color change valve, 171 to 176 ... connecting portion, 181 ... conduit line, 182 ... flow meter,

183 ... conduit line



CLAIMS:

1. An electrostatic coating device comprising:
a coating material cartridge comprising;:
a plurality of coating-material containers configured to contain respectively
corresponding coating materials;
individual conduit lines respectively connecting the coating-material containers to a
common path for selective passage of the corresponding coating materials to the

common path;

individual valves respectively provided in the conduit lines, each valve being
operable selectively to open or close the conduit line between the corresponding
coating-material container and the common path; and

a cleaning circuit configured to clean the common path,

wherein the conduit lines, the common path, and the cleaning circuit form a junction,

and

wherein the coating material cartridge is configured to be removable from a coating
machin_e'.
2. The electrostatic coating device according to claim 1, wherein

volumes of the coating-material containers are changeable according to respective

amounts of the coating materials to be charged into the coating-material containers.

3. The electrostatic coating device according to claim 1 or 2, wherein the conduit lines, the

common path, and the cleaning circuit form a cross junction.
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4. The electrostatic coating device according to any one of claims 1 to 3, wherein
the coating material cartridge further comprises a check valve that connects the cleanin g

circuit to the common path and prevents inflow of fluid from the common path to the cleaning

circuit.

5. The electrostatic coating device according to any one of claims 1 to 4, wherein
the coating material cartridge further comprises a capsule and a pressing fluid path,
the coating-material containers are coating material bags,
the capsule contains the coating material bags, and

the pressing fluid path is connected to inner spaces, each of the inner spaces being

provided inside the capsule and outside the coating material bags.

0. The electrostatic coating device according to claim 5, wherein
the pressing fluid path is constituted by a plurality of pressing fluid paths, and

each of the pressing fluid paths is connected to a corresponding one of the inner spaces.

7. The electrostatic coating device according to claim 6, wherein
the capsule contains:
the coating material bags; and

a partition member placed between the coating material bags adjacent to each other.

8. The electrostatic coating device accotding to claim 7, wherein

the coating material bags partitioned by the partition member have different maximum

volumes.
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9. The electrostatic coating device according to claim 7 or 8, wherein

the partition member divides a space in the capsule into a plurality of regions having

different volumes.

10.  The electrostatic coating device according to claim 9, wherein
the partition member partially partitions the space in the capsule, and

a pressing fluid is movable between the plurality of regions.

11. The electrostatic coating device according to any one of claims 1 to 10, further
comprising a charging device removable from the coating material cartridge, wherein
the charging device includes a main path connectable to the common path,

the main path is connected to a color change valve,
the color change valve is connected to a plurality of flow meters, and

the plurality of flow meters is connected to respective tanks having different coating

materials.

12. The electrostatic coating device according to any one of claims 6 to 10, further
comprising a charging device removable from the coating material cartridge, wherein
the charging device includes a pressing fluid flow path connected to a pressing fluid path

for discharge, the pressing fluid path for discharge being among the plurality of the pressing

fluid paths, and

the pressing fluid flow path includes a flow meter or is connected to a flow meter.

13. An electrostatic coating method comprising:

respectively retaining coating materials in coating-material containers in a coating
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material cartridge, and changing the coating materials thereof by use of a valve at a time of

sending of each of the coating materials;

sending each of the coating materials from the coating material cartridge to a coating
machine via a common path in an electrostatic coating device according to the change; and

performing multilayer coating by the electrostatic coating device.

14.  The electrostatic coating method according to claim 13, wherein

the multilayer coating is performed by applying one of the retained coating materials

and then applying another one of the retained coating materials.

15. The electrostatic coating method according to claim 14, further comprising:

charging coating materials having different colors or compositions into two or more

coating-material containers at different amounts.

16. The electrostatic coating method according to claim 15, further comprising:
providing in the coating material cartridge:
coating material bags corresponding to the coating-material containers and having
different maximum volumes:
a capsule containing the coating material bags and a partition member provided
between the coating material bags;
a pressing fluid; and
a pressing fluid path connected to an inner space provided inside the capsule and
outside the coating material bags;
dividing a space iﬁ the capsule by the partition member into a plurality of spaces having

different volumes so as to determine a charging amount of each of the coating materials with
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respect to a corresponding one of the coating material bags in advance;
filling the inner space with the pressing fluid; and
sending each of the coating materials from the coating material cartridge to the coating

machine by pressing each of the coating material bags with the pressing fluid.

17.  The electrostatic coating method according to claim 15, further comprising:
providing, in a charging device connected to the coating material cartridge, a main path
connected to the common path and a color change valve;

sending each of the coating materials to the common path via the color change valve and

the main path; and
controlling a charging amount of each of the coating materials to a value determined in
advance by measuring a flow rate of each of the coating materials of different colors flowing

into the color change valve from a corresponding coating-material container.

18.  The electrostatic coating method according to claim 15, further comprising:
providing in the coating material cartridge:
coating material bags corresponding to the coating-material containers;
a capsule containing the coating material bags; and
a pressing fluid path for discharge connectéd to an 1nner space insidc the capsule and
outside the coating material bags;
providing, in a charging device connected to the coating material cartridge, a pressing

fluid flow path connected to the pressing fluid path for discharge;
filling the inner space with a pressing fluid;
controlling a charging amount of each of the coating materials with respect to a

corresponding one of the coating material bags to a value determined in advance by measuring
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a tlow rate, in the pressing fluid flow path, of the pressing fluid discharged outside in a course
of charging of each of the coating materials into the corresponding one of the coating material
bags; and

sending each of the coating materials outside the coating material cartridge by pressing

each of the coating material bags with the pressing fluid.
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