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(57)  The disc cutter structure of the present inven-
tion includes a rotation axis (C), a supporting shaft (4)
extending in a direction that crosses the rotation axis
(C), and a cutting member through which the support
shaft (4) is axially passed, and the cutting member has
a plurality of rotary blades (1, 2) rotatable around the
support shaft (4) as the center. According to the disc
cutter structure, the respective rotary blades (1, 2) are
rotated independently, therefore the life of the cutting
member can be extended.
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Description

Technical Field

The present invention relates to a disc cutter struc-
ture, and particularly to a disc cutter structure which is
attached, for example, to a TBM (tunnel boring
machine) which does not restrict the presence or
absence of a shield mechanism, and to a small-diame-
ter pipe propulsion machine or the like for excavating
conduits for water and sewage, and a well.

Background Art

Fig. 3 shows a plan view of a cutter head 20 which
is attached to a TBM for excavating a tunnel almost
cylindrically to a face, or to a small-diameter pipe pro-
pulsion machine or the like for excavating conduits for
water and sewage, and a well.

The cutter head 20 is formed to be almost in a disc
form, and has four disc cutters (with tapers) 21 and
eight tool bits 22 attached at the outer edge so as to be
attachable and detachable, with cutting members
(straight) 23, 24, 25, and 26 being disposed in series
along the diameter direction (refer to an alternate long
and short dash line in the drawing) of the cutter head
20. The cutter head 20 can be rotated around a rotation
axis C, which passes through the axial core, in a clock-
wise direction in the drawing, or in a counterclockwise
direction in the drawing with the rotation axis C as the
center.

The cutting members (straight) 23 to 26 have bod-
ies 27 in an almost cylindrical form through which a sup-
port shaft (not illustrated in the drawing) almost
intersecting the rotational axis of the cutter head 20 is
passed, and have a plurality of rotary blades 28 which
are formed integrally on the circumferential surface of
the body 27. Specifically, the bodies 27 of the cutter
members 23 and 26 are respectively provided with
three of the rotary blades 28, and the bodies 27 of the
cutting members 24 and 25 are respectively provided
with two of the rotary blades 28.

As Fig. 4 shows, two of apical angle portions 29,
which project in a radial direction from the circumferen-
tial surface of the body 27, are formed along the axial
direction of the body 27. The apical angle portion 29 is
formed so as to have a V-shaped section which is taper-
ing toward the edge of the circumference, and the rotary
blade 28 is constructed by fixing a bit 30 at the foremost
end of the section. This structure is not peculiar to the
cutting members 24 and 25, and in the cutting members
23 and 26, the bodies 27 and each of the rotary blades
28 are also integrally formed. The rotary blades 28 of
the cutting members 23 to 26 respectively have the
diameters equal to one another.

Returning to Fig. 3, when the cutter head 20 is
pressed against a face while rotating around the rota-
tion axis C as the center, each of the disc cutters 21 and
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each of the cutting members 23 to 26 are rotated
against the face to crush stones in collaboration with the
tool bits 22. In the cutter head 20, in order that the
respective rotary blades 28 of the cutting members 23
to 26 have the different space distances from the rota-
tion axis C from one another, the cutting member 25 is
disposed at the position closest to the rotation axis C
with cutting member 23 disposed at the position furthest
away from the rotation axis C. Consequently, the cutter
head 20 draws rolling loci of concentric circles on a face
with the space distances of the rotary blades 28 of the
respective cutting members 23 to 26 from the rotation
axis C as their radiuses.

Fig. 5 shows an enlarged view of a portion P in Fig.
3. In this drawing, when the cutting member 25 is
rotated around the rotation axis C as the center, the
rotary blades 28A and 28B which are formed integrally
with the body 27 are rotated at the same circumferential
speed. Here, rolling locus distances L1 and L2 of the
rotary blades 28A and 28B which follow the rotation of
the cutter head 20 are obtained from the following for-
mula based on a space distance r1 between the rotation
axis C of the cutter head 20 and the rotary blade 28A,
based on a space distance r2 between the rotation axis
C of the cutter head 20 and the rotary blade 28A, and
based on a space distance a between the rotary blades
28A and 28B.

L1i=2xnr1
L2=2xnr2=2nx(r1 +a)

In this cutter head 20, when the cutting member 25
is disposed at the position extremely close to the rota-
tion axis C, the ratio between the rolling locus distances
L1 and L2 becomes greater as the ratio of the space
distance a to the space distance r1 becomes greater.

However, the cuiting member 25 has the rotary
blades 28A and 28B formed integrally with the body 27,
therefore when, for example, the rotary blade 28B
rotates as far as the distance of 2 = r2 (L.2), the rotary
blade 28A also rotates as far as the distance of 2 n r2
(L2). Specifically, the cutting member 25 slides against
a face with the rotary 28A rotating more than necessary,
therefore there is a disadvantage of the rotary blade
28A being worn out earlier as compared to the rotary
blade 28B.

The above disadvantage does not occur only to the
cutting member 25, but occurs similarly to the cutting
members 23, 24, and 26. The space distance ratio of
each rotary blades from the rotation axis C tends to be
smaller as the cutting members 23 to 26 are further
away from the rotation axis C. Accordingly, as Fig. 4
shows, for example, in the cutting member 26, the ratio
between space distances r3 and r4 of the rotary blades
28C and 28E from the rotation axis C is comparatively
small, therefore unbalanced wear develops more slowly
as compared to the cutting member 25 described
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above.

Disclosure of the Invention

The present invention is made to eliminate the
above conventional disadvantages, and its object is to
provide a disc cutter structure which extends the life of
a cutting member.

In order to attain the above-described object, a disc
cutter structure related to the present invention is a disc
cutter structure including a rotation axis, a support shaft
extending in a direction that crosses the rotation axis,
and a cutting member through which the support shaft
is axially passed, with the cutting member having a plu-
rality of rotary blades which are rotated around the sup-
port shaft as the center, and is characterized by each of
the rotary blades being rotated independently.

Here, the rotation axis does not mean a rotary shaft
as a member, but means a center around which the
support shaft is rotated. As a cutting member, it may be
suitable if the cutting member has a plurality of rotary
blades which are independently rotated, and the
number of cutting members themselves can be deter-
mined at will. When placing a plurality of cutting mem-
bers, they can be disposed in series along the same
support shaft, or the selected numbers of cutting mem-
bers can be respectively disposed at a plurality of rota-
tion axes which are disposed so as to intersect one
another.

In the disc cutter structure related to the present
invention, the respective rotary blades are independ-
ently rotatable, and there is no fear that respective
rotary blades slide against a face even if the space dis-
tances from the rotation axis are different from one
another, therefore disadvantage of one of the respective
rotary blades being worn out earlier than the other can
be eliminated, and consequently the above object can
be attained.

The present invention is also characterized by
being provided with a retainer between at least one pair
of rotary blades adjacent to each other of said respec-
tive rotary blades, therefore if the width of the retainer is
suitably selected, the present invention can be generally
used for a plurality of kinds of rotary blades with different
width dimensions. Further, the present invention is char-
acterized by being provided with seal means which arc
adjacent to said respective rotary blades and prevent
the entry of sludge. Here, as seal means, for example,
O-rings, labyrinths, air nozzles can be adopted, and it is
suitable if these seal means are appropriately disposed
between respective rotary blades, or between the rotary
blade and a labyrinth. In the present invention described
in the above, seal means are provided adjacently to the
rotary blades, therefore sludge is prevented from enter-
ing the centers of rotation of the rotary blades, and con-
sequently the smooth rotation of the rotary blades can
be maintained.

The present invention is characterized by the
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above-described seal means comprising O-rings, there-
fore excellent hermeticity can be obtained, and the entry
of sludge can be surely prevented. Meanwhile, the
present invention is characterized by the above-
descried seal means comprising labyrinths, therefore
the seal means do not become rotational resistance of
the rotary blades, and mechanical loss can be reduced.

Further, the present invention is characterized by
being provided with a plurality of above-described cut-
ting members on the same axial line, with the above
described respective rotary blades being disposed to
draw rolling loci of concentric circles which do not over-
lap one another. Here, as for the respective cutting
members, it is suitable if the respective cutting members
are appropriately disposed so that respective rotary
blades draw rolling loci of concentric circles which do
not overlap one another. In the present invention, the
respective rotary blades are disposed to draw rolling loci
of concentric circles which do not overlap one another,
therefore when excavating a face, stones are crushed
into a small pieces of almost equal sizes.

The present invention is characterized by being
applied to the machines for cylindrically excavating a
face, therefore the life of the cutting member can be
extended to be longer as compared to the conventional
machines.

Brief Description of the Drawings

Fig. 1 is a sectional view showing a disc cutter
structure of a first embodiment related to the
present invention;

Fig. 2 is a sectional view of a disc cutter structure of
a second embodiment related to the present inven-
tion;

Fig. 3 is a plan view of a conventional cutter head;
Fig. 4 is a fragmentary sectional view showing the
conventional disc cutter structure; and

Fig. 5 is an enlarged view of a portion P in Fig. 3.

Best Mode for Carrying out the Invention

In the below, a first embodiment of the present
invention will be explained with reference to the draw-
ings. In the embodiment explained below, the same ref-
erence numerals and symbols will be used to designate
the same components that have been already explained
in Figs. 3 to 5, so that the explanation will be simplified
or omitted.

Fig. 1 shows a disc cutter structure of the first
embodiment related to the present invention. The disc
cutter structure is applied to a cutter head 20 which is
attached to a TBM for excavating a tunnel almost in a
cylindrical form against a face, or a small-diameter pipe
propulsion machine or the like for excavating conduits
for water and sewage, and a well, and is constructed by
including cutting members disposed along the direction
of the diameter of the cutter head 20.
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The cutting member has a support shaft 4 disposed
along a direction intersecting a rotation axis C of the cut-
ter head 20, a pair of brackets 5 and 5 supporting both
end portions of the support shaft 4, and rotary blades 1
and 2 supported by the support shaft 4. This cutting
member has the rotary blades 1 and 2 which are equiv-
alent to the conventional disc cutter, and a plurality of
cutting members are disposed in series along the direc-
tion of the diameter of the cutter head 20. The support
shaft 4 has the diameter which becomes larger at the
central portion in a shaft direction, with both end por-
tions respectively supported by the brackets 5 and 5
through a plurality of end portion bolts 6. By screwing
fixing bolts (not illustrated in the drawing) inserted
through bolt holes 5a to the cutter head 20, the brackets
5 and 5 fixedly positioned the support shaft 4 along the
direction of the diameter of the cutter head 20. The
rotary blades 1 and 2 are almost in a ring shape which
tapers to the edge of the circumference, and are
respectively supported by the support shaft 4 through
the bearings 3, which enables independent rotation.

The disc cutter structure of the present embodi-
ment is provided with seal means 7 and 8 which are
adjacent to respective rotary blades 1 and 2 and which
prevent the entry of sludge. The seal means 7 is con-
structed so as to include two of the synthetic resin O-
rings 7a and two of the metal seal rings 7b, and the syn-
thetic resin O-rings 7a can be respectively welded by
pressure to the rotary blades 1 and 2, and the brackets
5. In the seal means 7, the seal ring 7b is compressed
along the axial direction of the support shaft 4 by the
elasticity of the synthetic resin O-ring 7a, and thereby
securing hermeticity between the rotary blades 1 and 2,
between the rotary blade 1 and the bracket 5, and
between the rotary blade 2 and the brackets 5. The seal
means 7 prevents the lubricant of the bearing 3 from
leaking out of the cutting member, and prevents muddy
water, earth, and sand from entering the inside of the
cutting member. Meanwhile, the seal means 8 is a laby-
rinth which is provided at the faces of the rotary blades
1 and 2, and brackets 5 which are opposing to each
other, and prevents the lubricant from leaking outside
from the cutting member and prevents muddy water
from entering the inside of the cutting member similarly
to the seal means 7.

In the first embodiment, the cutting member having
two rotary blades 1 and 2 is shown as an example, but
the same structure as that in the present embodiment
can be applied to the cutting member having three or
more rotary blades, or the cutting member having a
rotary blade with a superhard tip being attached to the
outer edge thereof.

According to the disc cutter structure described in
the above, each of the rotary blades 1 and 2 is inde-
pendently rotatable, therefore there is no fear that each
blade will slide on a face even if the space distances
from the rotation axis C are different from each other.
Consequently, in the disc cutter structure, there is no
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fear that one of the rotary blades 1 and 2 will be worn
out earlier than the other. Further, the seal means 7 is
provided so as to be adjacent to each of the rotary
blades 1 and 2, so that excellent helmeticity is obtained,
and resistance against sludge entering the inside of the
cutter member is obtained. Meanwhile, the seal means
8 is a labyrinth, therefore it does not become the rota-
tional resistance against the rotary blades 1 and 2, and
the mechanical loss can be reduced. Further, the rotary
blades 1 and 2 are respectively disposed so as to draw
rolling loci of concentric circles which do not overlap one
another, therefore when excavating a face, a stone is
crushed into the pieces of almost equal sizes, and con-
sequently the excavating efficiency is improved.

Fig. 2 shows a disc cutter structure of a second
embodiment related to the present invention. Inciden-
tally, in the embodiment explained in the below, the
components which have been already explained in the
first embodiment are designated by the identical refer-
ence numerals and symbols in the drawing, so that the
explanation will be simplified or omitted.

In the disc cutter structure in the second embodi-
ment, rotary blades 11 and 12 are respectively sup-
ported rotatably at a support shaft 14 through bearings
13 as in the disc cutter structure in the first embodiment
described above. The rotary blades 11 and 12 are
engagingly attached to rotary rings 11b and 12b, and
have retaining rings 11¢ and 12¢ attached at one ends
in an axial direction of cutter rings 11a and 12a. In the
rotary blades 11 and 12, the cutter rings 11a and 12a,
and the rotary rings 11b and 12b can be integrally
formed.

In the disc cutter structure of the second embodi-
ment, a retainer 16 is attached between the rotary
blades 11 and 12. The retainer 16 is held between two
bearings 13 and 13 which are adjacent to each other,
and has the function of a spacer for adjusting the space
between the cutter rings 11a and 12a. The retainer 16 is
provided between the rotary blades 11 and 12, there-
fore the seal means 17 is provided between the rotary
blade 11 and the retainer 16, and is provided between
the rotary blade 12 and the retainer 16. The labyrinth 18
is provided between the rotary blade 11 and the retainer
16, and is provided between the rotary blade 12 and the
retainer 16.

According to the disc cutter structure in the second
embodiment described in the above, which basically
has the structure similar to the aforementioned first
embodiment, the effect similar to the disc cutter struc-
ture in the first embodiment is obtained. Meanwhile,
according to the disc cutter structure in the second
embodiment, the retainer 16 is provided between the
rotary blades 11 and 12 which are independently rotat-
able, therefore by appropriately replacing the retainer
16, the space between the rotary blades 11 and 12, and
the width of the rotary blades 11 and 12 can be more
easily and readily changed.

Further, in the embodiment, the space between the
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rotary blades 11 and 12 can be adjusted more precisely
as compared to the structure in which a plurality of
rotary blades 11 and 12 are independently placed one
by one in parallel.

Incidentally, the present invention is not limited to
each of the embodiments described above, and the
materials, shapes, sizes, forms, numbers, locations,
and so on of the rotation axis, the support shaft, the cut-
ting member, the rotary blades, the retainers, the seal
means, and so on can be freely modified and changed
within the range in which the present invention can be
attained.

According to the invention described to the details
thus far, the disadvantage is eliminated that one of the
rotary blades forming the cutting member is worn out
earlier than the other as in the conventional art. In addi-
tion, according to the present invention, by appropriately
selecting the width of the retainer, versatility can be
obtained for a plurality of kinds of rotary blades with dif-
ferent width dimensions. Further, according to the
present invention, smooth rotations of the rotary blades
can be maintained. Furthermore, according to the
present invention, sludge can be surely prevented from
entering with the mechanical loss being reduced, and a
face can be crushed into small pieces and almost equal
sizes. According to the present invention, the life of the
cutting member can be extended as compared to the
conventional machines.

Industrial Availability

The present invention is useful as a disc cutter
structure in which the service life of the disc cutter is
extended, and an increase in the length in an axial
direction caused by dividing the disc cutter dose not
occur, the entry of earth and sand, muddy water, and so
on is reduced, and the space between the disc cutters
can be adjusted precisely at a desired value.

Claims

1. A disc cutter structure including a rotation axis, a
support shaft extending in a direction that crosses
said rotation axis, and a cutting member through
which said support shatft is axially passed, with said
cutting member having a plurality of rotary blades
which are rotated around said support shaft as the
center, wherein each of said rotary blades is rotated
independently.

2. The disc cutter structure according to Claim 1,
wherein between at least one pair of rotary blades,
which are adjacent to each other, of said respective
rotary blades, a retainer is provided.

3. The disc cutter structure according to Claim 1,
wherein seal means are provided which are adja-
cent to said respective rotary blades and which pre-
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vent the entry of sludge.

The disc cutter structure according to Claim 3,
wherein said seal means comprise O-rings.

The disc cutter structure according to Claim 3,
wherein said seal means comprise labyrinths.

The disc cutter structure according to Claim 1,
wherein a plurality of said cutting members are pro-
vided on the same axial line, and said respective
rotary blades are disposed to draw rolling loci of
concentric circles which do not overlap one
another.

The disc cutter structure according to Claim 1,
wherein said disc cutter structure is applied to a
machine for cylindrically excavating a face.
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