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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a manufacturing meth-
od of a bag body, for example a contact portion that is a
member that forms a tip portion of a grasping apparatus,
and that is formed by filling a granulated substance into
a bag-shaped member. A case is described below in
which the bag body is applied to a contact portion that is
a member that forms a tip portion of a grasping apparatus.
However, the range of application of the bag body is not
limited thereto.

2. Description of Related Art

[0002] A grasping apparatus for grasping a workpiece
is described in WO 2011/135450 that can reliably grasp
workpieces of various shapes without replacing a tip por-
tion or the like. Also, in this type of grasping apparatus,
a reliable grasping state is able to be ensured by deform-
ing a contact portion that is a portion that directly contacts
the workpiece so that it conforms to the shape of the
workpiece. The contact portion is able to take on two
opposite forms, i.e., one in which the shape of the contact
portion is able to flexibly deform and another in which the
shape of the contact portion is firmly maintained, with a
single member.
[0003] The contact portion provided with this kind of
grasping apparatus that is used is such that a granular
substance such as synthetic mullite is filled inside of a
bag-shaped member made of rubber. Also, Japanese
Patent Application Publication No. 2005-54490 (JP
2005-54490 A), for example, describes technology relat-
ed to a manufacturing method of a bag-shaped member
made of rubber.
[0004] The bag-shaped member made of rubber that
is used for the contact portion of the grasping apparatus
is used with the inside evacuated, so in order to be able
to reliably ensure a vacuum, an open portion for providing
a cap or the like may be made as small as possible. In
order to manufacture a bag body for a contact portion
having such a small open portion, manufacturing is typ-
ically performed by a method that involves vulcanize-
bonding using a press apparatus or the like as described
in JP 2005-54490 A. With this kind of manufacturing
method, the finishing work and the like of the bag-shaped
member must be performed manually by a skilled worker,
so the manufacturing cost of the bag-shaped member
and the contact portion that is formed using this bag-
shaped member increases, and mass production is dif-
ficult. Also, in order to use the rubber bag-shaped mem-
ber that is manufactured according to the technology de-
scribed in JP 2005-54490 A as a contact portion, a step
of filling a granular substance of synthetic mullite or the
like into the bag-shaped member must be provided sep-

arately.

SUMMARY OF THE INVENTION

[0005] The invention thus provides a manufacturing
method of a bag body that makes it possible to easily
manufacture a contact portion that forms a tip portion of
a grasping apparatus.
[0006] That is, one aspect of the invention relates to a
manufacturing method of a bag body that has a bag-
shaped member made of an elastic and airtight material,
and a granular substance filled inside of the bag-shaped
member. This manufacturing method includes a step of
preparing a core for forming the bag-shaped member,
by hardening the granular substance, a step of forming
the bag-shaped member by forming a covering made of
the elastic and airtight material around the core, and a
step of breaking up the core that is inside of the bag-
shaped member.
[0007] According to this aspect, the bag body is able
to be easily manufactured without providing a separate
step for filling the granular substance into the bag-shaped
member.
[0008] In the aspect described above, the step of pre-
paring the core may be performed by molding a mixture
that includes the granular substance and a solid that has
a predetermined volume, and that sublimes as a binder
into a predetermined shape by compressing the mixture
inside of a mold.
[0009] In the aspect described above, the step of pre-
paring the core may be performed by molding a mixture
that includes the granular substance and a binder into a
predetermined shape by heating the mixture inside of a
mold.
[0010] In the aspect described above, the step of pre-
paring the core may be performed by molding a mixture
that includes the granular substance and a liquid as a
binder into a predetermined shape by solidifying the liquid
by cooling the mixture inside of a mold.
[0011] Accordingly, it is easy to manufacture a core
that is a core for forming the bag-shaped member, and
that includes the granular substance.
[0012] In the aspect described above, the step of
breaking up the core may be performed by subliming the
solid having the predetermined volume that forms the
core that is inside of the bag-shaped member, by heating
the bag-shaped member or leaving the bag-shaped
member.
[0013] In the aspect described above, the step of
breaking up the core may be performed by pulverizing
the core that is inside of the bag-shaped member, by
applying external force to the bag-shaped member.
[0014] In the aspect described above, the step of
breaking up the core may be performed by dissolving the
binder that forms the core that is inside of the bag-shaped
member, by pouring water into the bag-shaped member.
[0015] In the aspect described above, the step of
breaking up the core may be performed by dissolving the
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solidified liquid that forms the core that is inside of the
bag-shaped member, by heating the bag-shaped mem-
ber or leaving the bag-shaped member.
[0016] Accordingly, it is easy to break up the core inside
of the bag-shaped member. As a result, the granular sub-
stance is able to be easily granularized inside the bag-
shaped member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is a view showing a frame format of the overall
structure of a grasping apparatus having a contact
portion bag body (i.e., a bag body for a contact por-
tion) manufactured by a manufacturing method ac-
cording to example embodiments of the invention;
FIG. 2A is a view showing a grasping portion of the
grasping apparatus having the contact portion bag
body manufactured by the manufacturing method
according to the example embodiments of the inven-
tion;
FIG. 2B is a sectional view taken along line IIB- IIB
in FIG. 2A, of the grasping portion of the grasping
apparatus having the contact portion bag body man-
ufactured by the manufacturing method according
to the example embodiments of the invention;
FIG. 2C is a sectional view taken along line IIC - IIC
in FIG. 2A, of the grasping portion of the grasping
apparatus having the contact portion bag body man-
ufactured by the manufacturing method according
to the example embodiments of the invention;
FIG. 3 is a view showing a frame format of the contact
portion of the grasping apparatus having the contact
portion bag body manufactured by a manufacturing
method according to the example embodiments of
the invention;
FIG. 4A is a diagrammatic perspective view showing
a frame format of a core used in the manufacturing
method of the contact portion bag body according to
the example embodiments of the invention;
FIG. 4B is a diagrammatic perspective view showing
a frame format of a core used in the manufacturing
method of the contact portion bag body according to
the example embodiments of the invention, when
the core has a cavity;
FIG 5A is a view showing a frame format of a man-
ufacturing method of the core using resin according
to a first example embodiment of the invention;
FIG 5B is a view showing a frame format of a man-
ufacturing method of the core using liquid glass ac-
cording to a second example embodiment of the in-
vention;
FIG 6A is a view showing a frame format of a man-

ufacturing method of the core using mineral salt ac-
cording to a third example embodiment of the inven-
tion;
FIG. 6B is a view showing a frame format of a man-
ufacturing method of the core using water according
to a fourth example embodiment of the invention;
FIG 7 is a view showing a frame format of a manu-
facturing method of the core using dry ice according
to a fifth example embodiment of the invention;
FIG. 8 is an exploded perspective view showing a
frame format of an arrangement of the core with re-
spect to a mold in the manufacturing method of the
contact portion according to one example embodi-
ment of the invention;
FIG 9 is a view showing a frame format of the man-
ufacturing method of the contact portion (when in-
jection molding the contact portion) according to the
one example embodiment of the invention;
FIG. 10A is a view showing a frame format of a case
in which the core is pulverized by striking, in a man-
ufacturing method of the contact portion (a step of
breaking up the core) according to the example em-
bodiments of the invention;
FIG 10B is a view showing a frame format of a case
in which a binder is dissolved by pouring in water, in
a manufacturing method of the contact portion (a
step of breaking up the core) according to the exam-
ple embodiments of the invention;
FIG. 11A is a view showing a frame format of a case
in which a binder is dissolved by being heated or left,
in a manufacturing method of the contact portion (a
step of breaking up the core) according to the exam-
ple embodiments of the invention;
FIG. 11B is a view showing a frame format of a case
in which a binder is sublimed by being heated or left,
in a manufacturing method of the contact portion (a
step of breaking up the core) according to the exam-
ple embodiments of the invention; and
FIG. 12 is a view showing a frame format of the man-
ufacturing method of the contact portion bag body
(when dip molding the contact portion bag body) ac-
cording to another example embodiment of the in-
vention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0018] Next, example embodiments of the invention
will be described. First, the overall structure of a grasping
apparatus having a bag body for a contact portion man-
ufactured by a manufacturing method according to the
example embodiments of the invention will be described
with reference to FIGS. 1 to 3. As shown in FIG. 1, a
grasping apparatus 1 according to a first example em-
bodiment of the invention is an apparatus for grasping
and holding a workpiece or the like, and includes a grasp-
ing portion 2, evacuation equipment 8, and a control de-
vice 9 and the like.
[0019] The grasping portion 2 is a portion of the grasp-
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ing apparatus 1 that directly grasps the workpiece, and
includes a driving portion 3, a plurality of pawl portions 4
and 5, and a plurality of contact portions 6 and the like.
[0020] As shown in FIGS. 1, and 2A, 2B, and 2C, the
driving portion 3 is an apparatus that is provided with
slider portions 3a and 3b of two systems, and is able to
reciprocally displace each of these slider portions 3a and
3b, either independently or in left-right conjunction, with
respect to the same axial direction. An electric actuator
or the like that is provided with a reciprocating mechanism
formed by a ball screw and nut and a motor or the like
may be used as the driving portion 3, for example.
[0021] The pawl portions 4 and 5 are a pair of portions
provided for clamping the workpiece. That is, the pawl
portions 4 and 5 are portions that clamp and hold a work-
piece arranged in a position between them. The shapes
of the pawl portions 4 and 5 are set taking into account
the shape and size of the workpiece to be grasped, and
the stroke amount of the slider portions 3a and 3b and
the like.
[0022] As shown in FIGS. 2A and 2B, the pawl portion
4 includes a support portion 4a and two clip portions 4b
that protrude from the support portion 4a. The clip por-
tions 4b are arranged a predetermined distance apart
from one another. Also, the surface of the pawl portion
4 on the side where the contact portion 6 is attached
serves as a surface 4c. The support portion 4a is fixed
to the slider portion 3a. The control device 9 operates
the driving portion 3 to slide the slider portion 3a such
that the clip portions move in a reciprocating manner in
the sliding direction of the slider portion 3a (see FIG 1).
[0023] Also, as shown in FIGS. 2A and 2C, the pawl
portion 5 includes a support portion 5a and one clip por-
tion 5b that protrudes from the support portion 5a. Also,
the surface of the pawl portion 5 on the side where the
contact portion 6 is attached serves as a surface 5c. The
support portion 5a is fixed to the slider portion 3b. The
control device 9 operates the driving portion 3 to slide
the slider portion 3b such that the clip portion 5b moves
in a reciprocating manner in the sliding direction of the
slider portion 3b (see FIG. 1).
[0024] Next, the structure of the contact portion 6 will
be described. The pawl portions 4 and 5 are typically
made of material of a predetermined hardness such as
steel because it is necessary to ensure rigidity in order
to achieve a predetermined clamping force. As a result,
however, when the pawl portions 4 and 5 directly contact
the workpiece, the pawl portions 4 and 5 may damage
the workpiece. Also, workpieces are made in a variety of
shapes, so the shape of the portions of the pawl portions
4 and 5 that contact the workpiece must conform to the
shape of the workpiece in order to achieve a stable grasp-
ing state. Therefore, in the grasping portion 2, the contact
portions 6 are attached to the portions of the clip portions
4b and the clip portion 5b (i.e., the surfaces 4c and 5c)
that contact the workpiece.
[0025] As described above, the contact portion 6 is a
portion of the grasping apparatus 1 that directly contacts

the workpiece, and is a portion that is able to take on two
opposite forms, i.e., one in which the shape of the contact
portion 6 is able to flexibly deform and another in which
the shape of the contact portion 6 is firmly maintained,
with a single member. This contact portion 6 includes a
bag-shaped member 6a and a connecting port 6b and
the like, as shown in FIG. 3. Also, a granular substance
7 is filled into the contact portion 6. The bag-shaped mem-
ber 6a may be covered as appropriate by an outer bag,
not shown, or the like in order to inhibit the bag-shaped
member 6a from getting cut up.
[0026] The bag-shaped member 6a is a member that
is made of nitrile butadiene rubber (NBR) that is elastic
and airtight, in which a sheet of NBR is formed in a rec-
tangular parallelepiped bag shape by appropriately vul-
canize-bonding it (i.e., the sheet). Also, a hole portion 6f
is formed in the bag-shaped member 6a, and the con-
necting port 6b that is a member for communicating the
inside of the bag-shaped member 6a with the outside of
the bag-shaped member 6a is arranged in the hole por-
tion 6f.
[0027] The connecting port 6b is attached to the hole
portion 6f while ensuring that the hole portion 6f is airtight
by inserting seal members 6d and fastening them by
screwing on nuts 6c. Also, a vacuum duct 8b is connected
to the connecting port 6b, and a filter 6e is arranged at
an end portion of the connecting port 6b that is inside the
bag-shaped member 6a. Also, the filter 6e is configured
to prevent the granular substance 7 from coming out of
the connecting port 6b.
[0028] In this example embodiment, a case is de-
scribed in which nitrile rubber (NBR) is used as the ma-
terial of the bag-shaped member 6a. However, the ma-
terial of which the bag-shaped member 6a is made is not
limited to this. As long as the material is elastic and air-
tight, any of a variety of materials may be used according
to conditions such as the operating environment and the
like. Also, in this example embodiment, a case is de-
scribed in which the shape of the bag-shaped member
6a is generally rectangular parallelepiped, but the shape
of the bag-shaped member of the contact portion that
forms the grasping apparatus of the invention is not lim-
ited to this.
[0029] The granular substance 7 is filled inside the con-
tact portion 6 (i.e., more specifically, the bag-shaped
member 6a). The bag-shaped member 6a and the gran-
ular substance 7 are hardened in a suitable shape in an
integrated state by reducing the pressure inside the bag-
shaped member 6a such that the grains that form the
granular substance 7 are held tightly together.
[0030] The contact portion 6 preferably has properties
such as 1) having good hardness when hardened, and
2) being lightweight, but the hardness of the contact por-
tion 6 when hardened and the weight of the contact por-
tion 6 change according to various changes in the spec-
ifications of the granular substance 7. Therefore, in the
manufacturing method of the contact portion 6 according
to the example embodiments of the invention, synthetic
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mullite that is able to be used as molding sand is used
as the granular substance 7. Also, the property of the
contact portion 6 can be adjusted to display the required
functions of 1) and 2) above, by appropriately adjusting
the grain diameter and filling volume and the like of the
synthetic mullite that is used.
[0031] As shown in FIG. 1, the contact portion 6 (see
FIGS. 2A, 2B, and 2C) is connected to the evacuation
equipment 8 by vacuum ducts 8b, while being attached
to the clip portions 4b and 5b of the pawl portions 4 and 5.
[0032] The evacuation equipment 8 is formed by
means for making the contact portion 6 of the grasping
apparatus 1 hard and soft, and includes a vacuum pump
8a, the vacuum ducts 8b, and an electromagnetic valve
8c and the like. In this example embodiment, the vacuum
pump 8a is provided in the evacuation equipment 8, but
a structure in which evacuating means other than the
vacuum pump 8a (such as an ejector or the like) is pro-
vided is also possible. Further, in the grasping apparatus
of the invention, the means for making the contact portion
hard and soft is not necessarily limited to the evacuation
equipment. That is, any of various modes capable of mak-
ing the contact portion hard and soft may be employed.
[0033] When the inside of the bag-shaped portion 6a
is reduced in pressure by operating the vacuum pump
8a, the contact portion 6 becomes hard due to the grains
that make up the granular substance 7 that is filled inside
the bag-shaped portion 6a being held together more
tightly because of increasing the volume ratio of the gran-
ular substatnce 7 to the bag-shaped portion 6a. There-
fore, at this time, the contact portion 6 takes on the form
in which its shape is firmly maintained.
[0034] When this contact portion 6 is pressed, in a flex-
ible state, against the workpiece by the clamping pres-
sure of the pawl portions 4 and 5, the contact portion 6
is able to fit into concave portions and around convex
portions on the surface of the workpiece, thus enabling
the contact portion 6 to conform to the shape of the outer
surface of the workpiece.
[0035] Also, the contact portion 6 is able to be made
hard in a shape corresponding to (conforming to) the
shape of the outer surface of the workpiece by activating
the evacuation equipment 8 while the contact portion 6
is conformed to the shape of the outer surface of the
workpiece. Therefore, a hard contact portion 6 that cor-
responds to the shape of the outer surface of the work-
piece can be formed.
[0036] Next, the manufacturing method of the contact
portion 6 according to the example embodiments of the
invention will be described with reference to FIGS. 4 to
12. With the manufacturing method of the contact portion
6 according to the example embodiments of the inven-
tion, the bag-shaped member 6a is manufactured using
a core 10 as shown in FIG 4. As shown in FIG. 4A, the
core 10 is formed as a solid having a generally rectan-
gular parallelepiped shape, in which the granular sub-
stance 7 that is an aggregate of a plurality of grains is
bound together by a binder 11. The shape of the core 10

used in the manufacturing method of the contact portion
6 according to the example embodiments of the invention
is not limited to a generally rectangular parallelepiped
shape. That is, the shape of the core 10 may also be
such that the corner portions are R-shaped or chamfered
portions are provided, for example, corresponding to the
desired shape of the bag-shaped member 6a.
[0037] In this way, the core 10 is formed in a generally
rectangular parallelepiped shape by hardening the gran-
ular substance 7 with the binder 11. However, when de-
termining the shape and size of the core 10, the content
volume necessary for the bag-shaped member 6a is en-
sured, and the amount of granular substance 7 that needs
to be filled with respect to the content volume is ensured,
taking the function of the contact portion 6 into account.
[0038] Here, the method of preparing the core 10 will
be described in even greater detail. First, the method of
preparing a first core 10A that is the core 10 according
to a first example embodiment of the invention will be
described. As shown in FIG. 5A, the first core 10A is
prepared by hardening the granular substance 7 that is
the member to be filled into the bag-shaped member 6a
of the contact portion 6, with resin 11A as a first binder
11. The resin 11A is material made of phenol resin or the
like that is typically used for hardening molding sand,
when manufacturing a core used in molding. Then the
granular substance 7 and the resin 11A are mixed to-
gether and the mixture is put into a mold 16. The first
core 10A of the desired shape is then prepared by sof-
tening the resin 11A in this state by heating the mold 16
to bond the grains of the granular substance 7 together.
[0039] The outer dimensions of the core 10 are able
to be adjusted by forming a cavity 101 inside of it, as
shown in FIG. 4B, for example. Also, the content volume
of the bag-shaped member 6a is able to be adjusted by
adjusting the outer dimensions of the core 10. Then the
ratio of the amount of granular substance 7 in the core
10 to the content volume of the bag-shaped member 6a
is able to be adjusted by adjusting the content volume of
the bag-shaped member 6a in this way. For example,
one possible method for forming this kind of cavity 101
involves preparing the core 10 with the granular sub-
stance 7 wrapped around a body having a predetermined
volume made with dry ice or the like.
[0040] Next, a method for preparing a second core 10B
that is the core 10 according to a second example em-
bodiment of the invention will be described. As shown in
FIG. 5B, the second core 10B is prepared by hardening
a granular substance 7 that is a member to be filled into
the bag-shaped member 6a of the contact portion 6 with
liquid glass 11B as a second binder 11. The liquid glass
11B is a member formed from sodium silicate or the like
that is typically used to harden molding sand when man-
ufacturing a core used in molding. Then the granular sub-
stance 7 and the liquid glass 11B are mixed together and
the mixture is put into the mold 16. The second core 10B
of the desired shape is then prepared by softening the
liquid glass 11B in this state by heating the mold 16 to
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bond the grains of the granular substance 7 together.
[0041] Next, a method for preparing a third core 10C
that is the core 10 according to a third example embod-
iment of the invention will be described. As shown in FIG
6A, the third core 10C is prepared by hardening the gran-
ular substance 7 that is a member to be filled into the
bag-shaped member 6a of the contact portion 6 with min-
eral salt 11C as a third binder 11. The mineral salt 11C
is a member formed from silicate of soda or the like that
is typically used to harden molding sand when manufac-
turing a core used in molding. Then the granular sub-
stance 7 and the mineral salt 11C are mixed together
and the mixture is put into the mold 16. The third core
10C of the desired shape is then prepared by softening
the mineral salt 11C in this state by heating the mold 16
to bond the grains of the granular substance 7 together.
[0042] Next, a method for preparing a fourth core 10D
that is the core 10 according to a fourth example embod-
iment of the invention will be described. As shown in FIG
6B, the fourth core 10D is prepared by hardening the
granular substance 7 that is a member to be filled into
the bag-shaped member 6a of the contact portion 6 with
water 11D that is a liquid as a fourth binder 11. In this
case, the granular substance 7 and the water 11D are
mixed together and the mixture is put into the mold 16.
The fourth core 10D of the desired shape is then prepared
by cooling the mold 16 in this state to solidify (i.e., freeze)
the water 11D (forming ice). In this example embodiment,
a case is described in which the water 11D is used as
the fourth binder 11 that is a liquid. However, the liquid
need only have a property that enables it to solidify (i.e.,
freeze) and dissolve (i.e., melt) in a predetermined tem-
perature range. The liquid employed as the fourth binder
11 is not limited to the water 11D.
[0043] Next, a method for preparing a fifth core 10E
that is the core 10 according to a fifth example embodi-
ment of the invention will be described. As shown in FIG.
7, a fifth core 10E is prepared by hardening the granular
substance 7 that is a member to be filled into the bag-
shaped member 6a of the contact portion 6 with dry ice
11E that is a solid that has a predetermined volume, and
that sublimes as a fifth binder 11. In this case, the granular
substance 7 and the dry ice 11E are mixed together and
the mixture is put into the mold 16. The fifth core 10E of
the desired shape is then prepared by hardening the
granular substance 7 with the dry ice 11E, by compress-
ing the mold 16 in this state. In this example embodiment,
a case is described in which the dry ice 11E is used as
the fifth binder 11 that is a solid that has a predetermined
volume, and that sublimes without liquefying. However,
the solid need only be able to sublime in a predetermined
temperature range. The solid employed as the fifth binder
11 is not limited to the dry ice 11E.
[0044] Also, in this example embodiment, the cores
10A to 10E according to the first to the fifth example em-
bodiments are given as examples, but the material of the
core 10 used in the manufacturing method of the contact
portion 6 according to the example embodiments of the

invention are not limited to these. That is, as long as the
material is able to harden into a solid by binding the gran-
ular substance 7, and is able to be broken up easily, other
various materials may also be used.
[0045] Next, a manufacturing method of the contact
portion 6 using the core 10 will be described. First, a
manufacturing method of the contact portion 6 according
to one example embodiment of the invention will be de-
scribed. In the manufacturing method of the contact por-
tion 6 according to one example embodiment of the in-
vention, the bag-shaped member 6a is manufactured ac-
cording to a so-called injection molding method using the
cores 10A to 10E according to the example embodiments
described thus far.
[0046] First, the core 10 is arranged in a mold 17 as
shown in FIGS. 8 and 9. At this time, a suitable spacer
or the like is interposed between the core 10 and the
mold 17 to ensure a predetermined gap around the core
10 in the mold 17, as shown in FIG. 9. Then when rubber
18 that is liquid raw material is injected into the mold 17,
a coating of the rubber 18 that is elastic and airtight is
formed around the core 10, and this coating becomes
the bag-shaped member 6a.
[0047] Next in the manufacturing method of the contact
portion 6 according to one example embodiment of the
invention, the process shifts to a step of breaking up the
core 10. For example, as shown in FIG. 10A, when the
core 10 is the first core 10A or the second core 10B, the
core 10 is able to be broken up by striking the bag-shaped
member 6a that is wrapped around the core 10, from the
outside. Breaking up the core 10 enables the granular
substance 7 that forms the core 10 to be returned to a
state in which the grains flow independently again.
[0048] According to this kind of structure, instead of
performing work of filling the granular substance 7 into
the bag-shaped member 6a, the granular substance 7
can easily be placed in the state that it would have been
in if it was filled into the bag-shaped member 6a by simply
striking the bag-shaped member 6a. After this, the con-
tact portion 6 can easily be formed simply by forming an
opening in the bag-shaped member 6a or assembling
the necessary members such as the connecting port 6b
to the bag-shaped member 6a.
[0049] Also, for example, as shown in FIG 10B, when
the core 10 is the third core 10C, the core 10 can be
broken up by pouring water into the bag-shaped member
6a that is wrapped around the core 10. Then, the granular
substance 7 that forms the core 10 can be returned to
the state in which the grains are able to flow independ-
ently again, by breaking up the core 10 and drying the
inside of the bag-shaped member 6a.
[0050] That is, in the manufacturing method of the con-
tact portion 6 according to the example embodiments of
the invention, the step of preparing the core 10 is per-
formed by molding the mixture that includes the granular
substance 7 and the binder 11 (i.e., the first to the third
binders 11A, 11B, and 11C) into a predetermined shape
by heating the mixture inside the mold 16. This kind of
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structure makes it possible to easily manufacture the core
10 that is a core for forming the bag-shaped member 6a,
and that includes the granular substance 7 (i.e., the first
to the third cores 10A, 10B, and 10C).
[0051] Also, in the manufacturing method of the con-
tact portion 6 according to the example embodiments of
the invention, the step of breaking up the core 10 (i.e.,
the first and second cores 10A and 10B) is performed by
pulverizing the cores 10A and 10B inside the bag-shaped
member 6a by applying external force to the bag-shaped
member 6a. This kind of structure makes it possible to
easily break up the core 10 (i.e., the first and second
cores 10A and 10B) inside the bag-shaped member 6a.
As a result, the granular substance 7 is able to be easily
granularized inside the bag-shaped member 6a.
[0052] Also, in the manufacturing method of the con-
tact portion 6 according to the example embodiments of
the invention, the step of breaking up the core 10 (i.e.,
the third core 10C) is performed by dissolving the mineral
salt 11C that is the third binder 11 that forms the third
core 10C inside the bag-shaped member 6a, by pouring
water into the bag-shaped member 6a. This kind of struc-
ture makes it possible to easily break up the core 10 (i.e.,
the third core 10C) inside the bag-shaped member 6a.
As a result, the granular substance 7 is able to be easily
granularized inside the bag-shaped member 6a.
[0053] Alternately, for example, when the core 10 is
the fourth core 10D, as shown in FIG. 11A, the core 10
is able to be broken up by heating the bag-shaped mem-
ber 6a that is wrapped around the core 10, or by leaving
this bag-shaped member 6a at normal temperature, for
example. Also, the granular substance 7 that forms the
core 10 is able to be returned to the state in which the
grains are able to flow independently again, by breaking
up the core 10 and drying the inside of the bag-shaped
member 6a.
[0054] That is, in the manufacturing method of the con-
tact portion 6 according to the example embodiments of
the invention, the step of preparing the core 10 is per-
formed by molding the mixture that includes the granular
substance 7 and the liquid (the water 11D in this example
embodiment) into a predetermined shape by solidifying
(i.e., freezing) the water 11D, which is accomplished by
cooling the mixture inside the mold 16. This kind of struc-
ture makes it possible to easily manufacture the core 10
that is a core for forming the bag-shaped member 6a,
and that includes the granular substance 7 (i.e., the fourth
core 10D).
[0055] That is, in the manufacturing method of the con-
tact portion 6 according to the example embodiments of
the invention, the step of breaking up the core 10 is per-
formed by dissolving (i.e., melting) a solidified (i.e., fro-
zen) liquid that is the fourth binder 11 that forms the fourth
core 10D inside the bag-shaped member 6a (the frozen
water 11D (i.e., ice) in this example embodiment), by
heating the bag-shaped member 6a or leaving the bag-
shaped member 6a. This kind of structure makes it pos-
sible to easily break up the core 10 (i.e., the fourth core

10D) inside the bag-shaped member 6a. As a result, the
granular substance 7 is able to be easily granularized
inside the bag-shaped member 6a.
[0056] Furthermore, when the core 10 is the fifth core
10E, as shown in FIG. 11B, for example, the core 10 is
able to be broken up by heating the bag-shaped member
6a that is wrapped around the core 10, or by leaving this
bag-shaped member 6a at normal temperature, for ex-
ample. Also, the granular substance 7 that forms the core
10 is able to be returned to the state in which the grains
are able to flow independently again, by breaking up the
core 10.
[0057] That is, in the manufacturing method of the con-
tact portion 6 according to the example embodiments of
the invention, the step of preparing the core 10 is per-
formed by molding the mixture that includes the granular
substance 7 and the solid (the dry ice 11E in this example
embodiment) that has a predetermined volume, and that
sublimes without liquefying as the binder 11 into a pre-
determined shape, which is accomplished by compress-
ing this mixture inside the mold 16. This kind of structure
makes it possible to easily manufacture the core 10 that
is a core for forming the bag-shaped member 6a, and
that includes the granular substance 7 (i.e., the fifth core
10E).
[0058] Also, in the manufacturing method of the con-
tact portion 6 according to the example embodiments of
the invention, the step of breaking up the core 10 is per-
formed by subliming a solid (the dry ice 11E in this ex-
ample embodiment) having a predetermined volume as
the binder 11 that forms the core 10 inside the bag-
shaped member 6a, which is accomplished by heating
the bag-shaped member 6a or leaving the bag-shaped
member 6a. This kind of structure makes it possible to
easily break up the core 10 (i.e., the fifth core 10E) inside
the bag-shaped member 6a. As a result, the granular
substance 7 is able to be easily granularized inside the
bag-shaped member 6a.
[0059] Next, the manufacturing method of the contact
portion 6 according to another example embodiment of
the invention will be described. In the manufacturing
method of the bag-shaped member 6a according to this
example embodiment of the invention, the bag-shaped
member 6a is manufactured by a so-called dip (dunk)
molding method using the cores 10A to 10E according
to the example embodiments described thus far. As
shown in FIG. 12, when the core 10 that is the core is
dipped into the rubber 18 that is the liquid raw material,
a covering made of the rubber 18 that is elastic and air-
tight is able to be formed around the core 10, and this
covering becomes the bag-shaped member 6a.
[0060] Also, in the manufacturing method of the con-
tact portion 6 according to this other example embodi-
ment of the invention, just as in the manufacturing method
of the contact portion 6 according to the previous example
embodiment of the invention, the process then shifts to
a step of breaking of the core 10. For the step of breaking
up the core 10, the same step as the step in the manu-
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facturing method of the contact portion 6 according to
the previous example embodiment of the invention may
be employed.
[0061] In this way, in the manufacturing method of the
contact portion 6 according to the example embodiments
of the invention, first the core 10 that is a structure that
includes the granular substance 7 is prepared by a meth-
od such as that described above, and then the bag-
shaped member 6a is manufactured using the prepared
core 10 as the core. Moreover, in the manufacturing
method of the contact portion 6 according to the example
embodiments of the invention, in the bag-shaped mem-
ber 6a in which the core 10 is the core, the granular sub-
stance 7 is easily granularized in the bag-shaped mem-
ber 6a by breaking up the core 10 inside the bag-shaped
member 6a.
[0062] That is, the manufacturing method of a contact
portion according to the example embodiments is a man-
ufacturing method of the contact portion 6 that includes
the rubber bag-shaped member 6a that is made of ma-
terial (rubber 18 in this example embodiment) that is elas-
tic and airtight, and the granular substance 7 that is filled
inside of the bag-shaped member 6a, and that is a mem-
ber for forming a portion of the grasping apparatus 1 that
contacts a workpiece. This manufacturing method in-
cludes a step of preparing the core 10 that is a core for
forming the bag-shaped member 6a, by hardening the
granular substance 7 with the binder 11, a step of forming
the bag-shaped member 6a by forming a covering made
of the rubber 18 that is material that is elastic and airtight
around the core 10, and a step of breaking up the core
10 inside the bag-shaped member 6a. This kind of struc-
ture makes it easy to manufacture the contact portion 6
without providing another step for filling the granular sub-
stance 7 into the bag-shaped member 6a.
[0063] In these example embodiments, the one exam-
ple embodiment according to injection molding and the
other example embodiment according to dip molding are
described. However, the manufacturing method of the
bag-shaped member 6a is not limited to the manufactur-
ing methods of the contact portion 6 according to these
example embodiments of the invention. That is, any of a
variety of manufacturing methods of the bag-shaped
member 6a may be employed as long as the method is
one that enables a covering made of material that is elas-
tic and airtight (such as the rubber 18 or synthetic resin,
for example) to be formed around the core 10.

Claims

1. A manufacturing method of a contact portion (6) of
a grasping apparatus (1), said contact portion being
able to take on a form in which its shape can flexibly
deform and another form in which its shape is firmly
maintained, and comprising a bag body that has a
bag-shaped member (6a) made of an elastic and
airtight material and a connecting port (6b), and a

granular substance (7) filled inside of the bag-
shaped member (6a), wherein the contact portion
(6) takes on the form in which its shape is firmly main-
tained when a volume ratio of the granular substance
(7) to the bag-shaped member (6a) is increased by
reducing a pressure within the bag-shaped member
(6a); the manufacturing method characterized by
comprising:

a step of preparing a core (10) for forming the
bag-shaped member (6a), by hardening the
granular substance (7);
a step of forming the bag-shaped member (6a)
by forming a covering made of the elastic and
airtight material around the core (10); and
a step of breaking up the core (10) that is inside
of the bag-shaped member (6a).

2. The manufacturing method according to claim 1,
characterized in that the step of preparing the core
(10) is performed by molding a mixture that includes
the granular substance (7) and a solid that has a
predetermined volume, and that sublimes as a bind-
er (11) into a predetermined shape by compressing
the mixture inside of a mold (16).

3. The manufacturing method according to claim 2,
characterized in that the step of breaking up the
core (10) is performed by subliming the solid having
the predetermined volume that forms the core (10)
that is inside of the bag-shaped member (6a), by
heating the bag-shaped member (6a) or leaving the
bag-shaped member (6a).

4. The manufacturing method according to claim 1,
characterized in that the step of preparing the core
(10) is performed by molding a mixture that includes
the granular substance (7) and a binder (11) into a
predetermined shape by heating the mixture inside
of a mold (16).

5. The manufacturing method according to claim 4,
characterized in that the step of breaking up the
core (10) is performed by pulverizing the core (10)
that is inside of the bag-shaped member (6a), by
applying external force to the bag-shaped member
(6a).

6. The manufacturing method according to claim 4,
characterized in that the step of breaking up the
core (10) is performed by dissolving the binder (11)
that forms the core that is inside of the bag-shaped
member, by pouring water into the bag-shaped
member (6a).

7. The manufacturing method according to claim 1,
characterized in that the step of preparing the core
(10) is performed by molding a mixture that includes
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the granular substance (7) and a liquid as a binder
(11) into a predetermined shape by solidifying the
liquid by cooling the mixture inside of a mold (16).

8. The manufacturing method according to claim 7,
characterized in that the step of breaking up the
core (10) is performed by dissolving the solidified
liquid that forms the core (10) that is inside of the
bag-shaped member (6a), by heating the bag-
shaped member (6a) or leaving the bag-shaped
member (6a).

9. A manufacturing method of a grasping apparatus (1),
characterized in that a contact portion (6) is man-
ufactured according to the manufacturing method of
any one of the previous claims, and attached to a
pawl portion (4, 5) of said grasping apparatus (1),
and a vacuum duct (8b) is connected to the connect-
ing port (6b).

Patentansprüche

1. Herstellungsverfahren für ein Kontaktteil (6) eines
Greifapparats (1), wobei das Kontaktteil in der Lage
ist, eine Form, in der seine Gestalt sich flexibel ver-
formen kann, und eine andere Form, in der seine
Gestalt fest beibehalten wird, anzunehmen und ei-
nen Beutelkörper umfassend, der ein beutelförmiges
Element (6a), das aus einem elastischen und luft-
dichten Material hergestellt ist und eine Verbin-
dungsöffnung (6b) und eine granuläre Substanz (7),
die in das beutelförmige Element (6a) eingefüllt wird,
aufweist, wobei das Kontaktteil (6) die Form an-
nimmt, in der seine Gestalt fest beibehalten wird,
wenn ein Volumenverhältnis der granulären Sub-
stanz (7) zu dem beutelförmigen Element (6a) durch
Reduzieren eines Drucks innerhalb des beutelförmi-
gen Elements (6a) erhöht wird, wobei das Herstel-
lungsverfahren dadurch gekennzeichnet ist, dass
es umfasst:

einen Schritt des Herstellens eines Kerns (10)
zum Bilden des beutelförmigen Elements (6a)
durch Erhärten der granulären Substanz (7),
einen Schritt des Bildens des beutelförmigen
Elements (6a) durch Bilden einer Abdeckung,
die aus dem elastischen und luftdichten Material
um den Kern (10) herum hergestellt ist, und
einen Schritt des Auflockerns des Kerns (10),
der sich innerhalb des beutelförmigen Elements
(6a) befindet.

2. Herstellungsverfahren nach Anspruch 1, dadurch
gekennzeichnet, dass der Schritt des Herstellens
des Kerns (10) durch Formen einer Mischung durch-
geführt wird, die die granuläre Substanz (7) und ei-
nen Feststoff umfasst, der einen vorbestimmten

Wert aufweist, und der als Bindemittel (11) in eine
vorbestimmte Gestalt durch Komprimieren der Mi-
schung innerhalb einer Form (16) sublimiert.

3. Herstellungsverfahren nach Anspruch 2, dadurch
gekennzeichnet, dass der Schritt des Auflockerns
des Kerns (10) durch Sublimieren des Feststoffs, der
das vorbestimmte Volumen aufweist, das den Kern
(10) bildet, der sich innerhalb des beutelförmigen
Elements (6a) befindet, durch Erhitzen des beutel-
förmigen Elements (61) oder Unberührtlassen des
beutelförmigen Elements (6a) durchgeführt wird.

4. Herstellungsverfahren nach Anspruch 1, dadurch
gekennzeichnet, dass der Schritt des Herstellens
der Kerns (10) durch Formen einer Mischung, die
die granulare Substanz (7) und ein Bindemittel (11)
umfasst, in eine vorbestimmte Gestalt durch Erhit-
zen der Mischung in einer Form (16) durchgeführt
wird.

5. Herstellungsverfahren nach Anspruch 4, dadurch
gekennzeichnet, dass der Schritt des Auflockern
des Kerns (10) durch Pulverisieren des Kerns (10),
der sich innerhalb des beutelförmigen Elements (6a)
befindet, durch Aufbringen einer externen Kraft auf
das beutelförmige Element (6a) durchgeführt wird.

6. Herstellungsverfahren nach Anspruch 4, dadurch
gekennzeichnet, dass der Schritt des Auflockern
des Kerns (10) durch Lösen des Bindemittels (11),
das den Kern bildet, der sich innerhalb des beutel-
förmigen Elements (6a) befindet, durch Gießen von
Wasser in das beutelförmige Element (6a) durchge-
führt wird.

7. Herstellungsverfahren nach Anspruch 1, dadurch
gekennzeichnet, dass der Schritt des Herstellens
des Kerns (10) durch Formen einer Mischung, die
die granuläre Substanz (7) und eine Flüssigkeit als
Bindemittel (11) umfasst, in eine vorbestimmte Ge-
stalt durch Verfestigen der Flüssigkeit durch Kühlen
der Mischung in einer Form (16) durchgeführt wird.

8. Herstellungsverfahren nach Anspruch 7, dadurch
gekennzeichnet, dass der Schritt des Auflockerns
des Kerns (10) durch Lösen der verfestigten Flüs-
sigkeit, die den Kern (10) bildet, der sich innerhalb
des beutelförmigen Elements (6a) befindet, durch
Erhitzen des beutelförmigen Elementes (6a) oder
Unberührtlassen des beutelförmigen Elementes
(6a) durchgeführt wird.

9. Herstellungsverfahren für einen Greifapparat (1),
dadurch gekennzeichnet, dass ein Kontaktteil (6)
dem Herstellungsverfahren nach einem der vorher-
gehenden Ansprüche gemäß hergestellt und an ein
Klauenteil (4, 5) des Greifapparats befestigt wird und
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ein Vakuumkanal (8b) mit der Verbindungsöffnung
(6b) verbunden wird.

Revendications

1. Procédé de fabrication d’une partie de contact (6)
d’un appareil de saisie (1), ladite partie de contact
étant capable de prendre une forme dans laquelle
sa forme peut se déformer de manière flexible et une
autre forme dans laquelle sa forme est maintenue
fermement, et comportant un corps de poche qui a
un élément en forme de poche (6a) fabriqué dans
une matière élastique et étanche à l’air et un orifice
de raccordement (6b), et une substance granulaire
(7) versée à l’intérieur de l’élément en forme de po-
che (6a), la partie de contact (6) prenant la forme
dans laquelle sa forme est maintenue fermement
quand un rapport de volume de la substance granu-
laire (7) sur l’élément en forme de poche (6a) est
augmenté en réduisant une pression à l’intérieur de
l’élément en forme de poche (6a) ; le procédé de
fabrication étant caractérisé en ce qu’il comporte :

une étape de préparation d’un noyau (10) afin
de former l’élément en forme de poche (6a), en
durcissant la substance granulaire (7) ;
une étape de formation de l’élément en forme
de poche (6a) en formant un revêtement com-
posé de la matière élastique et étanche à l’air
autour du noyau (10) ; et
une étape de destruction du noyau (10) qui est
à l’intérieur de l’élément en forme de poche (6a).

2. Procédé de fabrication selon la revendication 1, ca-
ractérisé en ce que l’étape de préparation du noyau
(10) est réalisée en moulant un mélange qui com-
prend la substance granulaire (7) et un solide qui a
un volume prédéterminé, et qui se sublime en tant
que liant (11) dans une forme prédéterminée en
comprimant le mélange à l’intérieur d’un moule (16).

3. Procédé de fabrication selon la revendication 2, ca-
ractérisé en ce que l’étape de destruction du noyau
(10) est réalisée en sublimant le solide ayant le vo-
lume prédéterminé qui forme le noyau (10) qui est à
l’intérieur de l’élément en forme de poche (6a), en
chauffant l’élément en forme de poche (6a) ou en
laissant l’élément en forme de poche (6a).

4. Procédé de fabrication selon la revendication 1, ca-
ractérisé en ce que l’étape de préparation du noyau
(10) est réalisée en moulant un mélange qui com-
prend la substance granulaire (7) et un liant (11) dans
une forme prédéterminée en chauffant le mélange
à l’intérieur d’un moule (16).

5. Procédé de fabrication selon la revendication 4, ca-

ractérisé en ce que l’étape de destruction du noyau
(10) est réalisée en pulvérisant le noyau (10) qui est
à l’intérieur de l’élément en forme de poche (6a), en
appliquant une force externe sur l’élément en forme
de poche (6a).

6. Procédé de fabrication selon la revendication 4, ca-
ractérisée en ce que l’étape de destruction du
noyau (10) est réalisée en dissolvant le liant (11) qui
forme le noyau qui est à l’intérieur de l’élément en
forme de poche, en versant de l’eau dans l’élément
en forme de poche (6a).

7. Procédé de fabrication selon la revendication 1, ca-
ractérisé en ce que l’étape de préparation du noyau
(10) est réalisée en moulant un mélange qui com-
prend la substance granulaire (7) et un liquide en
tant que liant (11) dans une forme prédéterminée en
solidifiant le liquide en refroidissant le mélange à l’in-
térieur d’un moule (16).

8. Procédé de fabrication selon la revendication 7, ca-
ractérisé en ce que l’étape de destruction du noyau
(10) est réalisée en dissolvant le liquide solidifié qui
forme le noyau (10) qui est à l’intérieur de l’élément
en forme de poche (6a), en chauffant l’élément en
forme de poche (6a) ou en laissant l’élément en for-
me de poche (6a).

9. Procédé de fabrication d’un appareil de saisie (1),
caractérisé en ce qu’une partie de contact (6) est
fabriquée selon le procédé de fabrication selon l’une
quelconque des revendications précédentes, et
fixée sur une partie de doigt (4, 5) dudit appareil de
saisie (1), et une conduite de dépression (8b) est
reliée à l’orifice de raccordement (6b).
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