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MACHINE TOOL

Field of Industrial Application
The present invention relates to a machine tool which processes a work while

collecting particulate scraps produced especially during processing.

Background Technology

In Japan, in the published Japanese Patent Application, First Publication No. Hei
6-55402 ( Japanese Patent Application, Second Publication No. Hei 7-55437), a technology
related to a cutter cooler and a particulate scrap collector in a processing machine is
disclosed. In this conventional technology, by using a flexible hood, a cooling-collecting
housing covering a cuttef is brought info tight contact with the work, forming an cldsed
space, and the particulate scraps produced by the processing are sucked up and collected by
a vacuum particle suction apparatus connected to the cooling-collecting housing. Then,
after blowing the cool air on the cutter, once the particulate scraps are blown upward off the
cutter, they are  and gathered in an exhaust duct.

In addition, similarly in Japanese Patent Publication, First Publication H 6-71539,
a table which moves the work in the x-y direction, a vertically moving cutter, and a
collection mechanism which collects particulate scraps produced by the cutting of said
cufter is described. This collecting mechanism is brought close to said movable duct in
the horizontal direction of the cutter, blows air on the section of the work being cut from a
nozzle built into said movable duct, and recovers the particulate scraps by a relay duct
connected to said movable duct. This relay duct, following the rhovement of the cutter
when it is moving vertically, is enclosed in the recovery duct. When the cutter is replaced,
it is raised while the movable duct is retracted, and the cutter is replaced using the tool

replacement apparatus.

However, the technology described in the above mentioned Japanese Patent

Application, First Publication No. Hei 6-55402 processes the work by moving the cutter

inside a stationary cooling-collecting housing formed by the upper mounting member, the
middle mounting member, the lower mounting member, and the hood mounting member,
but the vertical movement stroke of the cutter is limited, for example, by the height
dimensions of the cooling-collecting héusing. Therefore, even if the vertical movement

stroke of the cutter is small, while it is pbssible to collect effectively the particulate scraps
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from flat work which can be processed, for a large solid work of relatively great height, it is
difficult to achieve efficient collection of particulate scraps. Also, the direction of the
blowing of the cooling air towards the cutter is stationary, and it is not a changeable
structure such that cooled air is blown on the cutter in the most suitable conditions.

In contrast, in the conventional technology described in Japanese Patent
Application, First Publication Hei 6-71539, the whole cutter is not covered by the ducts,
etc., and because between the cutter and the work a gap is created while processing,
particulate scraps are easily carried to these gaps. Also, during the cutting process in the
horizontal direction, when cutting in one direction particulate scrap collection can be
effectively performed, while when processing in the in the opposite direction during
processing, the collection of particulate scraps is difficult. For example, when cutting
proceeds at a certain height in the right direction, then cutting after changing the direction
90°, and finally cutting in the opposite direction, when cutting in each of the opposite
directions, because the particulate scraps scatter in the direction opposite of the movable
duct, the particulate scraps cannot be effectively collected. As a result, it is frequently
necessary to clean the inside of the appa'rétus.

Disclosure of the Invention

The present invention is intended to resolve the above-described technical
problems, and has the following as'its goals:

a. To present a machine tool which can process a solid work having height with a
simple structure.

b. To present a machine tool which can process the above-mentioned solid work
and plate work while effectively gathering particulate scraps.

c. To present a machine tool which can prevent scattering of particulate scraps
with a simple structure.

'In order to achieve these goals, in the present invention employs a technological
means furnished with an freely telescoping separating means in which one open end is
connected to a spindle head that encloses a spindle and the other open end is connected to a
working table which introduces the work, in a machine tool in which a working table on

which the w_ork is mounted and a spindle in which the cutter is installed move relatively to
each other processing the work.
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By employing such a technical means, because the cutter installed in the spindle
can be moved over a comparatively large area of the work, not only ﬂat'work, but large
solid work of a comparatively thick dimension can be easily processed.

In addition, the present invention employs a technical means 'provided with a
enclosing means which encloses the work, built on the working table with one surface open,
a cutter for processing the work, a moving means for moving the cutter and the upper
enclosing means, installed with said cutter and disposed over said enclosing means, an
connection means inserted between said cutter and the moving means, and telescopes .
following the movement of the cutter, a covering means disposed between said enclosing
means and moving means, covering the upper open end of the enclosing means, and
telescopes according to the movement of the moving means.

By employing such technical means, in addition to being able to move the cutter
covered within the enclosing means in a comparatively large stroke, the scattering of
particulate scraps produced during the processing can be reduced. Therefore, in
comparison to the conventional technology, using an extremely simple construction, flat

work as well as solid work can be easily processed without particulate scraps scattering
outside of the enclosing means.

- Brief Description of the Drawings . _

Fig. 1 is a front elevation showing the construction of the first embodiment of the
machine tool of the present invention. |

Fig. 2 is a view along line A - A' shown in Fig. 1.

Fig 3 is a front elevation showing the construction of the second embodiment of
the machine tool of the present invention.

Fig. 4 is a view along line D - D' shown in Fig. 3.

Fig. § is a front elevation showing the construction of the third embodiment of the
machine tool of the present invention. . -

~ Fig. 6 is a side view showing the construction of the third embodiment of the

machine tool of the present invention.

Fig. 7 is a front elevation showing. the construction of the upper mounting metal
fittings in the third embodiment of the machine tool of the present invention.

Fig 8 is a side view showing the construction of the upper mounting metal fittings
in the third embodiment of the machine tool of the present invention.
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Fig. 9 is a front elevation showing the fourth embodiment of the machine tool of
the present invention. ,

Fig. 10 is a view along line A - A of Fig. 9.

Fig. 11 is a view along line B - B of Fig. 9.

Fig. 12 is a diagram showing the relation between the moving table and the spindle
head in the fourth embodiment of the machine tool of the present invention.

Fig. 13 is a frontal elevation showing a detailed construction of the spindle cover in
the fourth embodiment of the machine tool of the present invention.

Fig. 14 is an enlargement of part of Fig. 13.

Fig. 15 is a planar view showing another example of construction of the spindle
cover in the fourth embodiment of the machine tool of the present invention. '

The Preferred Embodiments of the Present Invention

Below, the preferred embodiments of the machine tool of the present invention will

be explained referring to the above figures.

A. The First Embodiment

_ First, the construction of the first embodiment of the present invention is explained -
in referring to Figs. 1 and 2.

In these figures, numeral 1 is the spindle head, supported so as to be freely moving
in the vertical direction, that is, the direction of the x arrow, and in the end part of the
spindle 1a enclosed within it, cutter 3 is quick-release installed by holder 2. Also, at the
lower part of spindle head 1, bracket 4 is held in place by screw 5, and at said bracket 4 two
air nozzles 5A and 5B projecting towards cutter 3 are provided.

Said air nozzles 5A and 5B are disposed so as to blow compressed cooled air on
cutter 3 from different directions, and can be freely bent so as to adjust the direction and
height of blowing. In these air nozzles SA and 5B, air coolers 6 connected to said air
nozzles SA and 5B are provided, and each air cooler 6 is provided with external compressed
air. |

At the lower part of the above-mentioned bracket 4, a bellow 8, which is a
separation member, is quick-release attached by means of the upper connecting member 7.
As shown in Fxg 2, said upper connecting member 7 is provided in several places on the

outer perimeter of bracket 4, connecting the bracket 4 and the bellow 8 in a closed



condition.

The bellow 8 vertical cross section is square, and in the direction of its expansion
and contraction, that is, in the direction of the arrow X, the corner part of said square is
beveled in a straight line forming a pouch, and made with an elastic material. The
beveling can be in an arc as well as in a straight line. In addition, the cross section of the
bellow 8 can be circular as well as square, and further, a bellow need not be used.

In addition, in order to prevent the inner collapse of the flexible bellow 8 from
negative pressure when the spindle 1 is lowered and the bellows fold up, a plurality of
elastic coil springs 8a - 8h and rigid rings 8i - 8m are provided. These coil springs 8a - 8h
and rings 8i - 8m form the prevention means. |

There are a total of 8 coil springs 8a - 8h, as shown in Fig.2, fastening the four
corners of the bellow 8 and the middle of each edge with the upper open end and the lower
open end. The rings 8i - 8m are sized corresponding to the inner circumference of each
convex part (convex seen from within the bellow 8) of the bellow 8 spreading down, and
the inner surface of each convex part telescopes when pressure is applied.
| For example, when the bellow 8 is formed from an elastic material such as rubber,
by fomiing rings 8i - 8m slightly larger than the inner circumference of each convex part,
by the bellow 8 expanding towards the outer circumference, each ring 8i - 8m without fail
fastens to the inner surface of the bellow 8, and the convex part is anchored.

In addition, between the bellow 8 and the working iable 9 a cylindrical lower case
10A (relay part) is interposed. The lower end of the lower case 10A is anchored to the
working table 9, and the upper end is quick-release connected to the other open end of the
bellow 8 by the lower connecting member 11. That is, a partially enclosed inner space C
is formed by the bellow 8, the working table 9, and the lower case 10A. On the working
~ table 9 in this inner space C, the flat or solid work W .is mounted. For example, the work
W may be aluminum or carbon which produces small particulate scraps.

On the lower surface of the iower case 10A a plurality of holes 10a are formed as a
ventilation means for bringing external air into the inner space C, and the collécting duct 12
which connects the external collecting apparatus not shown in the figure and the inner part
of the lower case 10A is connected. Moreover, a gap formed by making a gap between the
working table 9 and the lower case 10A can be used instéad of the plurality of holes 10a as

the ventilation means.

The above-mentioned case 10A is formed from a transparent material, such as
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acrylic plate, and the condition inside can be confirmed from the outside. The working
table 9 is formed so as to move within a defined range within the horizontal surface by a
drive such as a servo-motor, and the work W mounted on the upper surface can be moved
with the horizontal surface.

With this type of construction, work W is disposed within the inner space C
formed by the bellow 8, the working table 9 and the lower case 10A, and processed with the
cutter 3. That is, when work W is processed, first spindle la is lowered coming into
closed contact with work W, the working table 9 is moved according to the predetermined
processing information, and each part of work W is processed.

In this case, becaunse the spindle 1a and the lower case 10A are connected by the
flexible bellow 8, and because the cutter 3 can be freely moved vertically in a comparatively
large stroke, whether the dimension in the direction of the arrow X is of a comparatively
large solid work W or the dimension of the direction of the arrow X is of a comparatively
small flat work W, cutter 3 can be freely moved and processing can be carried out according
to the part of the work W to be processed.

During the processing by the above described cutter 3, cooled compressed air is
blown onto the cutter 3 from nozzles 5A and 5B. In this way the cutter 3 which is heated
by the processing can be effectively cooled, and the particulate scraps produced around said
6utter 3 are blown away by the compressed air.

Also, during processing, the air inside the inner space C is sucked out through the
collecting duct 12 by activating the collecting apparatus. Therefore, the small particulate
scraps of carbon etc., blown out by the compressed cool air do not scatter outside the inner
space C, nor do they penetrate into the inside of the driving mechanism of the spindle 1a,
and are expelled in concentration from the collecting duct 12 with the air drawn in from the
outside via the holes 10a.

| At this time, inside the inner space C there is a negative pressure with respect to
the external environm_ent, and although the flexible bellow 8 is subject to an external force
that would make it collapse into the inner space C, collapse is prevented by the prevention
means made from the plurality of coil springs 8a - 8h and the rings 8i - 8m.

In addition, because the upper open end of the bellow 8 is quick-release connected
to bracket 4 by the upper connecting member 7, and the lower open is similarly connected
to the lower case 10A by the lower connecting member 11, the connection between the

upper open end of bellow 8 and bracket 4 can be released facilitating the replacement of the
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cutter 3, and by releasing the connection between the lower open end of bellow 8 and the

lower case 10A, work W can be easily mounted inside the inner space C.

B. The Second Embodiment

Next, the construction of the second embodiment of the present invention will be
explained with reference to Fig. 3 and Fig. 4. Moréover, concerning the elements of the
construction already explained in the above-described first embodiment,' the same numerals
will be used and the explanation omitted. _

In these figures, numeral 13 is the external air intake opening, and is built facing
the collecting duct 12 of the lower case 10B formed in the same manner as the above-
mentioned lower case 10A. And in the inner space C, external air is brought in by said
external air intake opening 13. _ |

14A - 14 D are the compressed air nozzles, and are built opposite the collection
duct 12 of the lower case 10B in the same manner as the external air intake opening 13, and
the amount of the flow of the compressed air blown on the area of the work W can be
adjusted by the airflow regulator valve 14a. Also, in this case, the air (including the
particulate scraps) inside the inner space C flowing from collecting duct 12 is adjusted by
the airflow regulator valve 14a, and sucked into the collection apparatus.

Numeral 15 is a rectangular guide plate, and it is disposed on a diagonal towards
work W from the wall surface of lower case 10B so as to obstruct the front of the collection
duct 12 and the external air intake opening 13 between the above-described collection duct
12 in lower case 10B and the work W. At the end surface of said guide plate 15 on the
side of the work W, a sliding plate 15a (airflow regulator means) which can slide
independently of guide plate 15 is constructed. _

The machine tool according to this embodiment, compressed cooled air is blown
on cutter 3 from air nozzles 5A and 5B, external air is taken into the inner space C from the
‘external air intake opening 13, and compressed air is blown into the area of work W by the
compressed air nozzles 14A - 14D. At this time, the particulate scraps in the area of the
cutter 3 are scattered to the perimeter by the compressed cooled air from air nozzles 5A and
5B, said scattered particulate scraps are gathered in the direction of the collection duct 12
by the compressed air from compressed air nozzles 14A - 14D, and recovered within said
collection duct 12 by the suction force of the collection duct 12.

In addition, by the action of guide plate 15, the air from the external air intake
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opening 13 and the compressed air from compressed air nozzles 14A - 14D is accelerated
by the narrowing of the flow path. Thus, the particulate scraps around the perimeter of
cutter 3 are effectively blown towards the collection duct 12 and are effectively recovered in
collection duct 12. Furthermore, by sliding said sliding plate 15a towards guide plate 15,
the width of the flow path of the compressed air is adjusted and the suction power on the
particulate scraps is regulated.

C. The Third Embodiment

Next, the third embodiment of the machine tool of the present invention will be
explained referring to Fig. 5. Moreover, this embodiment adds a device to the above- -
mentioned installation means, and the explanation of the elements of the construction
already explained will be omitted. ,

 In the above-mentioned embodiment, while bellow 8 and spindle head 1 are
quick-release attached by the upper connecting member 7, in this embodiment an
installation means which automatically performs said quick-release is constructed.

That is, numeral 20 is an air cylinder (drive meatis), and movable rod 20 a is fixed
to the spindle head 1 in such a way as to move vertically in a perpendicular direction. The
end of the movable rod 20a is fixed to the upper mounting metal fixture 21 which is
fastened to the upper end of the bellow 8 by the floating joint 20b. 22A and 22B are guide

- bars disposed on both sides of the air cylinder 20, and fixed to the spindle head 1 by bowl

bushing 23A and 23B to allow free vertical movement. Also, the end of guide bars 22A
and 22B on the side of the bellow 8 are fixed to the upper mounting metal fixture 21.

The above-mentioned upper mounting metal fixture 21, as shown in Fig. 6, is
formed by the insertion opening 21a into which spindle 1a is inserted, screw hole 21b to
which one end of the above-mentioned floating joint 20b is attached, screw holes 21¢ and
21d into which the end of guide bars 22A and 22B are inserted, and the associated pins 24a
- 24d which engage bracket 4 and are disposed on the perimeter of the above-mentioned
insertion opening 21a.

In the machine tool of the present embodiment, the upper part of the bellow 8 is
connected to the spindle head 1 by guide bars 22A and 22B and the air cylinder 20 by the
upper mounting metal fixture 21. At this time, the above-mentioned associated pins 24a -

24d are engaged in the bracket 4, and the upper mounting metal fixture 21 is positioned

-with respect to the spindle head 1.
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In addition, when the air cylinder 20 is moved and the movable rod 20a is
brought down, guide bars 22A and 22B slide via the bow] bushing 23A and 23B, the upper
mounting metal fixture 21 is pushed down, and the bellow 8 becomes separated from the
spindle head 1. At this time, Because the floating joint 20b is interposed between the air
cylinder 20 and the upper mounting metal fixture 21, adjustment of the assembly is
accurately performed, and so though a stroke of a certain length, the upper mounting metal
fitting can be pushed down without hindrance.

In this situation, cutter 3 attached to the end of spindle 1a is protruding. That is,
because cutter 3 automatically protrudes by the movement of the air cylinder 20, the work
of replacing the cutter 3 can be carried out with great facility.

Each of the above-described embodiments of the machine tool effects the
following:

a. Because the cutter 3 attached to the spindle 1a can be moved comparatively
widely with respect to the work W, not only flat work W, but large work W of a
comparatively high height dimension can be easily processed.

b. Because the bellow 8 is used as the separation member, one of whose open
ends is connected to the spindle 1a in such a way as to cover the spindle 1a, while the other
open end is connected to the working table 9 in such a way as to enclose the work W, the
cutter 3 can be moved without scattering particulate scraps produced by the processing

outside.

c. Incomparison with the conventional apparatus, because the structure is simple,
the cost of the machine tool can be lowered.

d. Because one or both of the open ends of the bellow 8 used as a separation
member are quick-release attached to the upper conmecting member 7 and the lower
connecting member 11 which are the installation means, by opening the upper connecting
member 7 or the lower connecting member 11 and separating the bellow 8 and the spindle
1a or the bellow 8 and the lower case 10A; it. is easy to replace the cutter 3 or mount the
work W on the working table 9. '

e. Because one of the open ends of the bellow 8 is quick-release attached to the
spindle head 1 by the air cylinder 20 which is the driving means, when the air cylinder 20 is
activated, the bellow 8 becomes automatically separated from the spindle head 1. Thus,
the replacement of the cutter 3 installed in the spindle 1a is considerably facilitated.
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f. Because the lower case'_IOA, which is provided with a collecting duct 12 to
suck in the particulate scraps and the holes 10a for taking in external air, is inserted
between the other open end of the bellow 8 and the working table 9, the air which flows in
from the outside through thé holes 10a is efficiently sucked into the collecting duct 12
along with the particulate scraps. _

g Because the air nozzles 5A and 5B are formed such that they can be bent, it
is easy to adjust the direction of blowing of the compressed cooled air from said air nozzles
SA and 5B on the cutter 3. Therefore, depending on such factors as the kind of cutter 3
and the shape of work W, cutter 3 can be cooled and the particulate scraps efficiently
scattered to the perimeter of the cutter 3. '

h. Because the coil springs 8a - 8h (the prevention means) which prevent
buckling of the bellow 8 towards the work W are situated along both surfaces of the bellow
8 50 as to enclose work W, and are constructed so as to connect one open end with the other
open end, it is possible to prevent the bellow 8 from falling on work W due to buckling of
the bellow 8 and the bellow 8 coming into contact with the cutter 3.

i. Atthe lower case 10B, because the work is inserted and the external air intake
opening 13 is disposed positioned towards the collecting duct 12, the particulate scraps can
be effectively moved to the collecting duct 12 by the external air introduced in the direction
of the collection duct 12. |
| _j. At the lower case 10B, because the compressed air nozzles 14A - 14D which
blow particulate scraps towards the col_le?ting duct 12 are provided, the particulate scraps in
the area of the work W can be eﬁeétiw)ely moved to the collecting duct 12 by the
compressed air injected from said compressed air nozzles 14A - 14D.

k. Inthe lower case 10B, because the guide plate 15 which narrowly restricts the
flow of air sucked into the collecting duct 12 is disposed between the collecting duct 12 and
the work W, the flow velocity between the collecting duct 12 and the work W is increased,
increasing the suction power of the collecting duct 12, efféctively collecting the particulate
scraps. . |

1. At guide plate 15, because a sliding plate 15a which adjusts the width the flow
path of the air, the suction power can be optimally set.

m. Because the lower cases 10A and 10B are made transparent, the condition of
the processing of work W can be easily confirmed.
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Morem)er, the present embodiment is not limited to the above-described forms,
and the following embodiments are included in the range of the present invention:

a. Each of the above-described embodiments is constructed in such a way that
the work W is processed by the cutter 3 being moved by vertical movement of the spindle
head 1 while the work W being moved over the horizontal surface of the working table 9,
but the present invention is not limited to this. A type of machine that processes the work
W by relatively moving the cutter 3 with respeét to the work W is included the range of the
present invention. For example, a type of machine which moves the spindie head 1 in three
dimensions while the working table 9 is anchored is included in the range of the present
invention. | | .

| b. In the above-described embodiments, a flexible bellow 8 is used as a
separation member, but an elastic material such as rubber can be used as well. Also, as the
flexible separation member, an airtight or permeable curtain can also be used. When a
permeable curtain is used, because external air is brought into the internal space by said
curtain, it is possible to omit the holes 10a and the external air intake opening 13 built into
the lower cases 10A and 10B.

¢. The above-described embodiments are constructed with a plurality of coil
springs 8a - 8h being disposed inside the bellow 8, but a plurality of spring coils pulling
outward can also be disposed outside the bellow, and in piace of coil springs 8a - 8h elastic
material such as rubber straps can also be used.

d. By disposing one large aperture coil spring spiral stretching in a spiral along
the inner surface of the bellow 8 from the lower open end to the upper open end of the
bellow 8, the bellow 8 can be supported without disposing a plurality of coil springs 8a - 8h.
Also, in place of coil springs 8a - 8h, an elastic material such as a glass fiber rod can be
used.

¢. In consideration of weather-resistance towards cutting oil and heat-resistance
towards the heat generated by cutting, a resin sheet can be attached to the inside of an
elastic material such as rubber in the bellow 8.

f. In the above-described embodiments, the cutter 3 is disposed in such a way as
to be blown on by air from two directions, but in addition a plurality of air nozzles blowing

from many directions can be buiit.

g. In the above-described first embodiment, a guide plate 15 described in the
second embodiment can be constructed. |
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h. In the above-described third embodiment, an installation means is provided on
only one side of the spindle head 1, but a pair of said installation means can be built that the
spindle head 1 can be inserted into. In this case, the weight of the bellow 8 is divided

between two installation means, and the durability of said installation means is increased.

D. The Fourth Embodiment

The fourth embodiment of the present invention will be explained with reference to
Figures 9 to 15.

In these figures, numeral 51 is a case (enclosing means) formed in a square tube,
built onto or anchored onto the working surface with the upper surface open. This
working table is constructed so as to move in two dimensions in the X - Y plane, that is
over the horizontal surface, by a driving apparatus not shown in the figures, and the work
W disposed within said case 51 can be moved over the X - Y plane.

In this case 51, the wofk W is disposed and anchored, and in the upper part a pair
of guide rail 52A or 52B is built along the X axis. As shown in Fig. 10, the said guide
rails 52A and 52B are set slightly longer than the dimension of case 51 in the X axis, and
are constructed so as to protrude from the case 51 on the right and left, respectively. On
the guide rails 52A and 52B, at the lqwef_ end surface of the part protruding from the case
51, lower surface covers 52C and 52D of the bellow, respectively, are built.

In addition, on the above-described guide rails 52A and 52B, the rectangular
moving table 54 provided with slide units 53A1, 53A2, 53_]31, and 53B2 is mounted. Said
moving table 54 moves in the X axis direction by each slide unit 53A1, 53A2, 53B1, and
53B2 sliding over the guide rails 52A and 52B.

On this moving table 54, the pair of guide rails 56C and 56D is buiit with a
predetermined gap opened in the Y axis direction. These guide rails 56C and 56D, as
shown in Fig. 11, are set slightly longer than the dimension of case 51 in the Y axis
direction, and are disposed so as to protrude in the vertical direction from case 51. On
these guide rails 56C and 56D, the bellow lower surface covers 56a and 5 6b, respectively,
are built on the lower end surface of the part protruding from case 51.

On these guide rails 56C and 56D, slide units 57C1, 57C2, 57D1, and 57D2 are
provided and the moving table 58 is mounted. By the slide units §7C1, 57C2, 57D1, and
57D2 sliding on the guide rails 56C and 56D, this moving table 58 moves in the Y axis
direction. Moreover, the above-described guide rails 52A and 52B, the slide units 53Al,



13

53A2, 53B1, and 53B2 and the moving table 54, and the guide rails 56C and 56D, the slide
units 57Cl, 57C2, 57D1, and 57D2 and the moving table 58 constitute the movement
means. .

In this way, between the moving table 54 which moves in the X axis direction on
case 51 and said case 51, bellows Bl and B2 which are the covering means are intérposed,
and between the moving table 58 which moves Y axis direction on moving table 54 and
said moving table 54, the bellows B3 and B4 which are the covering means are respectively
interposed. These bellows B1, B2, B3, and B4 are formed from an elastic material such as
rubber.

That is, the above-described bellows Bl and B2 are disposed so as to cover the
upper surface of case 51 between each end of guide rails 52A and 52B in such a way that
they telescope freely in the X axis direction, and both end surfaces of moving table 54.
For example, in Fig. 9, when the moving table 54 moves forward on the X axis (to the right),
the bellow B1 folds and contracts, and the bellow B2 expands covering the upper surface of
case 51. On the other hand, when the moving table 54 moves backwards on the X axis (to
the left), the bellow B2 colds and contracts, and the bellow B1 expands covering the upper
surface of case 51. Moreover, the bellows B1 and B2 are constructed so as to be quick-
release connected to the moving table 54 and the case 51. |

On the other hand, the bellows B3 and B4 are disposed so as to enclose the upper
surface of the case 51 between each end of the guide rails 56C and 56D so as to expand
independently a flexible material such as rubber in the y axis direction, and both surfaces of
the moving table 58. For example, in Fig. 9, when the moving table 58 moves forward in
the Y axis direction, the bellow B3 folds and collapses, and the bellow B4 expands covering
the upper surface of the case 51. On the other hand, when the moving table 58 moves in
the backward direction (the downward direction), the bellow B4 folds and contracts, and
the bellow B3 expands to cover the upper surface of the case 51. The above mentioned
bellows B1 - B4, along with making possible the movement of the moving tables 54 and 58,
also secure the enclosed condition of the upper open end of the case 51.

In addition, on the moving table 58, a cylindrical spindle head cover 59 (the
connecting means) is constructed, and the cylindrical spindle head 60 is installed by said
spindle cover 59. In the spindle head 60, the spindle 61 is anchored in the central part,
and at the end part of said spindle 61, the cutter 62 is installed. This spindle 61 is made to
move vertically by a driving apparatus not shown in the figure. The spindle head 60, the
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spindle 61, and the cutter 62 constitute the processing means. |

Moreover, in the above-mentioned moving table 54, the long narrow strip part
positioned between the guide rails 56C and 56D forms a cavity, and when the spindle heaid
60 is installed in the spindle cover 59, the cutter 62 comes opposite to the work W.

As shown in Fig. 13 and Fig. 14, the above-mentioned spindle cover 59 is
constructed from a multiply layered plurality of concentric rings 59a - 59f and slides a
predetermined distance in the direction of the central axis. Among the rings 59a - 591, on
rings 59b - 59f elliptical grooves 59b1 - 59f1 are each formed in a vertical direction on four
places opened along the external edge. In these grooves 59b1 - 59fl, the guide pins 59a2 -
59¢2, constructed on their adjacent rings 59a - 59e, are engaged.

For example, as shown in Fig. 14, » the groove 5.9f1 is formed on the ring 591, and
in said groove 59f1 the guide pin 59¢2, anchored to the adjacent ring 59, is engaged, and
on groove 59f1 formed on ring 59¢, the guide pin 59¢2, anchored to adjacent ring 59d, is
engaged. By constructing a spindle head cover 59_ in this - way, because some of the rings
59a -59f overlap and spread vertically, the cutter 62 can be moved vertically while kept'
enclosed in the case 51. _ |

On the other hand, as shown in Fig. 12, on the fitting surface of the spindle head
60 in the above-mentioned ring 59a, a magnet made from a permanent magnet 63 is
attached, and the spindle head 60 adheres to ring 59a by the magnetic force of said magnet
63. Also, on the perimeter of said ring 59a, the convex part 59a3 protruding downward is
formed at regular intervals at four places, and between said convex part 59a3 and the
moving table 58 compression springs 64 are respectively placed.

'Also, on ring 59a, connect_ing cooled air nozzles 66a and 66b are anchored to the
pair of air coolers 65a and 65b, respectively. Said cooled air nozzles 66a and 66b blow the
cooled air supplied by the air coolers 65a and 65b on the cutter 62, and because they are
formed by malleable metals such as copper or aluminum, the direction of blowing the
cooled air can be adjusted. . _

Air coolers 65a and 65b cool the dry compressed air sent from a dry compressed
air supply source not shown in the figure, and send it to the cooled air nozzles 66a and 66b.
These air coolers 65a and 65b and the cooled air nozzles 66a and 66b form the cooling
means which coofs the cutter 62.

Also, as shown in Fig, 9, inside the above-mentioned case 51, in the vicinity of the

corner on the right side, a pair of air blowing nozzles 67a and 67b which blow compressed
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air are disposed. At said air blowing nozzles 67a and 67b, compressed air is supplied via
a conduit 68 from a compressed air supply source not shown in the figure. These air
blowing nozzles 67a and 67b are opposite to the collection opening constructed such that
the direction of the blowing of the compressed air is opposite to the air blowing nozzles 67a
and 67b.

Moreover, as shown in Fig. 11, in the case 51, on the lower end of the surface on
which the above-mentioned air blowing nozzles 67a and 67b are disposed, a external air
intake opening 69 is constructed. On the upper part of this external air intake opening 69,
an L-shaped folded slide plate 70 is screwed down onto an air volume adjustment angle
steel 72 protruding from the case 51 by the pair of adjusting knobs 71a and 71b. That is,
by manipulating the adjusting knobs 71a and 71b, the slide plate 70 moves vertically,~ and
the surface area of the external air intake opening can be adjusted. The above-mentioned
- external air intake opening 69, slide plate 70, adjusting knobs 71a and 71b, and the air

volume adjustment angle steel 72 constitute the external air intake means.

In the case 51, on the surface opposite to the external air intake opening 69, a
collection opening 73 is constructed similarly to said external air intake opening 69. That
is, on the upper part of the rectangular collection opening 73 which is constructed on the
lower end part of the case 51, the L-shaped folded slide plate 74 is screwed onto the case 51

.by the pair of adjusting knobs 75a and 75b, and by manipulating the adjusting knobs 75a
and 75b, slide plate 74 moves vertically, and the surface area of the collection opening 73
can be adjusted.

Also, in the above-mentioned case 51, slide plate 74 is inserted, and hood 76
connecting to the collection opening 73 is constructed. This hood 76 communicates with
the collecting duct 77 which is joined to a collecting apparatus not shown in the diagram.
The above-described collection opening 73, slide plate 74, adjusting knob 75a and 75b, and
the hood 76 and the collecting duct 77 constitute the collection means.

In addition, on the corner of the case 51, the bowl plunger 78 is provided along
with bowl button 58a which protrudes downward.on the above-mentioned moving table 58.
That is, the bowl plunger 78 of the case 51 engages with the bowl button 58a of the moving

table 58 thereby setting positioning the moving table as shown in Fig. 9 in the standard
position a,

Next, the machining procedure will be explained using the above-mentioned
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machine tool.

First, by releasing the moving apparatus or by hand-operation, the moving table 58
is positioned in the standard position.a, the fastener between bellow B2 and the moving
table 54 is released, and the upper surface of case 51 placed in the open condition. In this
condition, the work W is disposed and anchored inside the case 51, and by the machine
table being activated by the drive means, the moving table 58 is moved, and the spindle
cover 59 is disposed directly under the spindle 61. Here, the spindle 61 is lowered by
actuating the moving apparatus, and the spindle head 60 is installed into the spindle cover
59 by the attraction force of the magnet 63.

Next, the bellow B2 and the moving table 54 are connected and the upper surface
of case 51 is closed. At this time, the adjusting knobs 71a and 71b are manipulated
opening the external air intake opening 69 to a predetermined width, and external air is
brought into the case 51. At the same time, compressed air is blown towards the work W
from the air blowing nozzles 67a and 67b. Also, the collecting apparatus joined to the
collection duct 77 is actuated, and the air in the case 51 is collected in the case 51 by the
collection opening 73 and the hood 76.

In this condition, by actuating the moving apparatus, the spindle 61 moves
independently vertically in the X axis direction and the Y axis direction, and the work W is
processed. At this time, because the spindle 61 is attached to the moving table 58 by the
spindle cover 59, the moving table 58 and the moving table 54 move over the guide rails
524, 52B, 56C, and 56D according to the movement of spindle 61. And following the
movement of moving table 58 and moving table 54, by the expansion and contraction of the |
bellows B1 - B4, the upper surface of the case 51 is kept in a closed position.

Also, along with the movement of spindle 61, the work W is processed by the
cutter 62. At this time, cooled air is blown onto the cutter 62 from the cooled air nozzles
66a and 66b, and the heat generation on the cutter 62 is suppressed. At the same time, the
particulate scraps produced by the processing are blown away from the processed part of
work W and scattered within the case 51. The particulate scraps scattered inside the case
51 are moved in the direction of collecting opening 73 by the compressed air blown from
the above-mentioned air blowing nozzles 67a and 67b, and then are collected in the
collection opening 73 by the flow of air expelled from the collection opening 73 by means

of the collection apparatus.
And the particulate scraps collected in the collection opening 73 are expelled
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outside the case 51 via the hood 76 and the collecting duct 77. Moreover, because the area
of collection opening 73 can be changed by manipulating the adjusting knobs 75a and 75b,
the amount and velocity of the air (including the particulate scraps) passing through the
collection opening 73 can be adjusted by the adjusting knobs 75a and 75b. That is, the
collection capacity of the particulate scraps can be adjusted by the adjusting knobs 75a and
75b. | |

Thus, according to the present embodiment, because the particulate scraps, after
being blown up once by the cooled air nozzles 66a and 66b, are gathered in collection
opening 73 by the compressed air blown from air blowing nozzles 67a and 67b, the amount
of time they spend within the case 51 i.s reduced, and they are effectively collected and
recovered. '

Incidentally, as described above, the cutter 62 moves in three dimensions with
respect to the work W by the machine table moving in the X axis and Y axis directions and
the spindle 61 moving vertically, processing the work W. But there are cases when it is
necessary to replace the cutter 62 during processing. In this case, spindle 61 is moved to
the standard position a, and by engaging the bowl plunger 78 with the bowl button 58a, the
moving table 54 and the moving table 58 are anchored, and then the spindle 61 is raised.

At this time, the ring 59a of the spindle cover 59 is joined to the spindle head 60
by the magnet 63, so it spreads and is raised up along with the movement of spindle 61, and
balancing with the magnetic force of the magnet 63, is released from the spindle head 60
when the spindle 61 is raised up to a certain height. As a result, each ring 59a - 59f of the
spindle cover 59 is closed and returns to the collapsed condition.

The spindlé 61 (more exactly, the spindle head 60), separated from the spindle
cover 59, is moved to a predetermined position, and the cutter 62 is automatically replaced
with a cutter replacement means not shown in the figure. It is repositioned up to the
standard position a, and by lowering, it is installed in the spindle cover 59. Subsequently,
as described above, the work W will be processed with a new cutter.

The following effects are achieved with the present embodiment of this kind of
machine tool: _

‘a. By the expansion and contraction of bellows B1 - B4, each moving table 54
and 58 moves horizontally with respect to the case 51. In this case, each bellow Bl and

B2 telescopes only in the X axis direction horizontally over the guide rails 52A and 52B,
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and the bellows B3 and B4 telescope only in the Y axis direction horizontally over the
guide rails 56C and S6D. ' _ _

That is, because the bellows Bl - B4, in ecither an expanded state or a contracted
state, telescope along the guide rails 52A and 52B or the guide rails 56C and 56D in a state
in which orthogonal gravity with respect to the direction of telescoping is acting in

equilibrium, the bellows Bl - B4 steadily telescope with respect to the movement of the
| moving tables 54 and 58. Therefore, because the bellows Bl - B4 telescope very
responsively with respect to the movement of the moving tables 54 and 58, the work W can
be processed under good operational c;pnd_itions. _

b. The cufter 62 can be moved in comparatively broad strokes while enclosed
within the case 51. Therefore, in comparison with the conventional technology, by an
extremely simple construction, the particulate scraps produced by processing do not scatter
outside of the case 51, and not only flat work W but solid work W can be easily processed.

c. The external air brought into the case 51 from the external air intake means is
expelled by the collection means along with the particulate scraps produced by processing.
. Therefore, the particulate scraps are effectively collected and expelled. Also, when air
blowing nozzles 67a and 67b which blow compressed air in the direction of the collection
means are provided, the particulate scraps scattered to the area around the work W are then
effectively collected and recovered by the collection means.

d. Because the spindle covers 59 are formed from a plurality of rings 59a ~ 59f
which are concentrically layered and slide within the breadth dimension in the direction of
the central axis, the cutter 62 can be moved in a comparative broad stroke while the closed
condition of the case 51 is maintained.

¢. Because the cutter 62 is installed in spindie covers 59 using magnetic force,
the construction is extremely simple, and the cutter's 62 attachment to and release from the
moving means is extremely easy.

f. Because the cooled air nozzles 66a and 66b which blow cooled compressed air
onto the cutter 62 are provided, the cutter is effectively cooled, and the particulate scraps
produced by the cutter 62 are scattered from the part being processed.

g. Because the cooled air nozzles 66a and 66b are formed so that the direction of
blowing cooled compressed air on the cutter 62 can be changed, the direction of blowing of
the cooled compressed air can be set according to the length, etc., of the cutter 62. As a

result, cooling of the cutter 62 and the expelling of particulate scraps from the part being
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processed is effectively performed.

h. Because the external air intake means is formed so that the amount of air
brought in can be changed, and because the collection means is made so that the amount of
expelled air in the case 51 can be changed, the particulate scraps collection capacity can be

casily adjustcd.

Moreover, this present invention is not limited to the forms of the above-
mentioned embodiments, and modifications of the following type are included within the
range of the present invention:

a. In the above-mentioned embodiment, a machine tool of the type which
processed the work W from above is described, but the present invention is not limited to
this, and can be applied to a machine tool of a type which processes the work from the side
of at an angle. '

For example, in a machine tool which processed the work W from the side, the side
surface of the square case is made the open surface, a guide rail is constructed on said open
surface, and further a moving table that moves freely aiong the guide rails is constructed,
and a spindle' furnished with a cutter is installed on said moving table. And, by moving
the spindle within a perpendicular plane along the open surface with respect to the work,
processing is carried out. However, in this case, because the moving table moves on a
perpendicular plane, it is necessary to form the slide unit in such a way that the moving
table does not quick-release from the guide rail.

b. In the above-mentioned embodiment, a permanent magnet was used as the
magnet 63, but an electric magnet can be used in place of said permanent magnets. And
by turning the current for said electric magnets on and off, the quick-release of the spindle
cover and the spindle héad can be controlled. By this means, the quick-release of the
spindle head can be arbitrarily controlled by the electric current to the electric magnet.

c. In the above-mentioned embodiment, the connection between the spindle
cover 59 and the spindle head 60 was made by the magnetic force of the magnet 63, but in
place of said magnet 63, on the part of ring 59a that overlaps the side surface of spindle
head 60, where the spindle head 60 is continuous with the ring 59a, one can consider
forming holes of a predetermined depth, and by a pin in said holes protruding from the

horizontal surface, a means which maintains the connected state of the spindle cover 59 and
the spindle head 60.



20

In this case, the above-mentioned holes are formed in plurality on the outer
perimeter of the rings 59a and the spindle head 60, and the spindle cover 59 and the spindle
head 60 are stabilized and connected. For example, we can consider the realization of the
insertion of the above-mentioned pin by constructing a cylinder in which the shaft moves
horizontally to the spindle head 60, and by actuating said cylinder, the end of the shaft is
inserted into the above-mentioned holes. '

d. In the above-mentioned embodiments, by the spindle 61 being raised, said
~ spindle 61 is constructed such that it quick-releases completely form the moving table 58, -
but one can consider constructing a plurality of cylinders in which shafts along the
perimeter of spindle head 60 telescope vertically, and the end of each shaft is anchored in
the ring 59a. In this case, by actuating the cylinder and telescoping the shafis, the spindle
head 60 and the spindle cover 59 become detached, and by enclosing the shafts, the spindle
head 60 and the spindle cover 59 are joined. _

By using this kind of construction, because the spindle head 60 and the spindle
cover 59 are separated and joined in a state in which the positional relation in the horizontal
direction is maintained, compared to the construction of the above-mentioned embodiment
in which the above-mentioned spindle 61 is completely detached from the moving table 58,
the installation of spindle cover 59 and spindle head 60 is extremely easy.

e. As an enclosing means, in place of the above-mentioned bellow, one can
consider using a flat sheet formed from a stretchable elastic material such as rubber. By
the expansion and contraction of said sheet, the moving table can be moved while -
maintaining the closed condition of the upper opening of the case.

f In the construction of the spindle cover, the connection of each ring is not
limited to the above-mentioned construction, but other constructions are possible if the
breadth of the movement in the vertical direction and the movement on the perimeter can be
regulated. | |

- For example, as shown in Fig. 15, with both ends of each ring 59a' - 59f of the
spindle cover 59' being formed in an L-stiape and the ends of each of said rings 59a' - 59f
being in contact, a construction in which the vertical slide breadth is regulated can be
considered. By using such a construction, because the structure of the spindle cover 59'
becomes extremely simple, durability can be increased and the cost of machine tool can be

reduced.

g In the above-mentioned embodiments, each ring 59a - 59¢ which forms the
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spindle cover 59 is formed as a cylinder, but in place of a cylinder, one can consider
applying square or polygon rings.

h. The above-mentioned embodiments are constructed so that by the machine
table moving in a horizontal direction, the relative position of the work with respect to the
cutter is moved and said work is processed, but it can be constructed so that the relative
positions of the cutter and the work can be changed using the moving apparatus by moving
the spindle in three dimensions. In this case, although the construction of the moving
apparatus becomes complicated, because it becomes unnecessary to construct a driving
apparatus on the machine table, the cost of the machine tool can be reduced.

i. In the above-mentioned embodiments, the fastener between the bellow B2 and
the moving table 54 is released, the upper surface of the case 51 is opened, and the work W
is positioned and anchored inside the case 51, but an opening can be made on the side of
case 51, and the work W inserted and positioned within the case 51. For example, in the
case 51, an opening is constructed on a surface other than that on which the external air
intake means or the collection means are .built.

j. In the above-mentioned embodiment, two air blowing nozzles 67a and 67b are
consfructed, but the present invention is not limited to this. Depending on conditions of
the expelling of the particulate scraps, the number and position of air blowing nozzles
suitably dispositioned can be changed.
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1. A machine tool characterized in comprising

Claims

a working table on which a work is mounted and a spindle in which a cutter is
installed that move relative to each other to process the work; and

an telescoping separating member, one of whose ends is connected to a spindle
‘head so as to surround said spindle, and the other of whose ends is connected to the
working table so as to surround the work. |
2. A machine tool according to Claim 1 in which the separation member is a bellow.
3. A machine tool according to Claim 1 characterized in a relay member being inserted
between the other open end of the separating member and the working table.
4. A machine tool according to Claim 3 characterized in the relay member being a lower
case provided with a collection duct for sucking in particulate scraps and a ventilation
means for bringing in external air. .
5. A machine tool according to Claim 4 characterized in the ventilation means being an
external air intake opening disposed opposite the collection duct into which the work is
inserted.
6. A machine tool according to claim 1 characterized in either one or both of the one
opening or the other opening of the separation member being quick-release connected by an
installation means. _ _
7. A machine tool according to Claim 3 characterized in either one or both of the
openings of the separation member being quick-release connected by an installation means. .
8. A machine tool according to Claim 6 characterized in the one open end of the
separation means being quick-released from the spindle head by a driving means.
9. A machine tool according to Claim 7 characterized in the one open end of the
separation means being quick-released from the spindle head by a driving means.
10. A machine tool according to Claim 8 characterized in comprising a cooling means

which cools the cutter.

11. A machine tool according to Claim 9 characterized in comprising a cooling means
which cools the cutter. | |

12. A machine tool according to Claim 10 characterized in the cooling means comprising
an air cooler which cools compressed ai_l; flowing in from outside and a plurality of air
nozzles which blow the cooled air towards the cutter from a plurality of directions.

13. A machine tool according to Claim 11 characterized in the cooling means comprising
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an air cooler which cools compressed air flowing in from outside and a plurality of air
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nozzles which blow the cooled air towards the cutter from a plurality of directions.

14. A machine tool. according to Claim 12 characterized in comprising flexible air
nozzles. A

15. A machine tool according to Claim 13 characterized in comprising flexible air nozzles,
16. A machine tool according to Claim 1 characterized in comprising a prevention means
which prevents the collapse of the separating means onto the work. |

17. A machine tool according to Claim 3 characterized in comprising a prevention means
which prevents the collapse of the separating means onto the work.

18. A machine tool according to Claim 16 characterized in the prevention means being a
plurality of elastic members joining one open end and the other open end along the inner
surface of the separating member so as to enclose the work.

19. A machine tool according to Claim 17 characterized in the prevention means being a
plurality of elastic members joining one open end and the other open end along the inner
surface of the separaﬁng member so as to enclose the work.,

20. A machine tool according to Claim 16 characterized in the prevention means being a
pluraiity of elastic members joining one open end and the other open end along the inner
surface of the _separating member so as to enclose the work and a ring inserted on the inner
surface of the separating means in a close contact condition.

21. A machine tool according to Claim 17 characterized in the prevention means being a
plurality of elastic members joining one open end and the other open end along the inner
surface of the separating member so as to enclose the work and a ring inserted on the inner
surface of the separating means in a close contact condition. |

22. A machine tool according to Claim 16 characterized in a prevention means which is
an elastic member stretching spirally along the inner surface of the bellow from the one
open end of the bellow towards the other open end.

23. A machine tool according to Claim 17 characterized in a prevention means which is
an elastic member stretching spirally along the inner surface of the bellow from the one
open end of the bellow towards the other open end.

24, A maéhine tool according to Claim 3 characterized in a relay member into which a
compressed air nozzle which blows in the direction of the collection duct is disposed.

25. A machine tool according to Claim 4 characterized in a flow limiting means disposed

between the collection duct and the work, which narrowly limits the flow of air blowing in
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the collection duct.

26. A machine tool according to Claim 25 characterized in comprising a flow regulation
means which regulates the width of the flow path in the flow limiting means.

27. A machine tool according to Claim 3 characterized in the relay member being made
transparent.

28. A machine tool characterized in comprising

a enclosing means constructed on one flat open surface of the working table, and
enclosing the processed object;

a processing means for processing the processed object;

a moving means on which said processing means is installed disposed over said
enclosing means, and moves over the enclosing means following the movement of the
processing means; _ '

a connecting means which in interpbsed between said processing means and
moving means, and telescopes according toe the motion of the processing means;

a covering means which is disposed between said enclosing means and moving
means and covers the upper open end of the enclosing means, and telescopes following the
motion of the moving means.

29. A machine tool according to Claim 28 characterized in comprising a first moving
table that moves on the first guide rails and a second moving table which moves on the
second guide rails disposed perpendicular to said first guide rails on said first moving table.
30. A machine tool according to Claim 28 characterized in the covering means
comprising a bellow.

31. A machine tool according to Claim 28 characterized in tﬁe covering means
comprising a sheet made of an élastic material. |

32. A machine tool according to Claim 28 characterized in the covering means
comprising a plﬁrality of plate members which are disposed in layers and slide mover one
another. .
33. A machine tool according to Claim 28 characterized in a connecting means disposed

in concentric layers, comprising a plurality of rings which slide within the breadth measure

towards the center axis. _
34. A machine tool according to Claim 28 characterized in a processing means being
installed in the connecting means by magnetic force.

35. A machine tool according to Claim 28 characterized in comprising a cooling means
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which blows compressed air (cooied _compressed air) to cool the cutter forming the

processing system.

25

36. A machine tool according to Claim 35 characterized in a cooling means formed so
that the direction of the blowing of the cooled compressed air to the cutter can be changed.
37. A machine tool according to Claim 28 characterized in an enclosing means
comprising a collection means that collects the air in said enclosing means.

38. A machine tool acco_rding to Claim 37 characterized in an enclosing means
. comprising an external air intake means faking in the external air in the enclosing means
positioned opposite the collection means into which the processed objet is inserted.

39. A machine tool according to claim 37 characterized in comprising an air blowing
nozzle which blows compressed air in the direction of the collecting means.

40. A machine tool according to Claim 38 characterized in comprising an air blowing
nozzle which blows compressed air in the direction of the collecting means.

41. A machine tool according to Claim 38 characterized in an external air intake means
constructed in such a manner that the air intake amount can be changed.

42. A machine tool according to Claim 38 characterized in a collection means constructed
in such a manner that the amount of air expelled from inside the enclosing means can be
changed. |

43. A machine tool according to Claim 39 characterized in a collection means constructed

in such a manner that the amount of air expelled from inside the enclosing means can be
changed.



