
ii                           MACHINE TOOL                        BACKGROUND
OF THE INVENTION   5          1. FIELD OF THE INVENTION             The
present invention relates to machine tools processing metallic
materials. In detail, the invention relates to a machine tool having a bed
with a     table, a column provided on the bed, and a spindle head provided
on the     column. 10             2. DESCRIPTION OF THE RELATED ART
Nowadays, a machine tool having a bed with a table, a column     mounted at
the back portion of the bed and a spindle head provided on the     column
(column type machine tool), the bed and the column are made in high 15
stiffness so that the accuracy in vertical motion of the spindle head and
in     rotational motion of the main shaft supported by the spindle head
can be     ensured.             Meanwhile, recently in metal processing,
when the main shaft is     supported in a rotatable manner with air bearing
and the main shaft is rotated 20  at a speed of several thousand revolution
per minute (for instance, fifty to     seventy thousand rpm.), it is
recognized that a high-efficiency processing in 



the feed speed for cutting at several meter per minute can be achieved.
When such a high speed rotation spindle head is applied on a column
type machine tool, there arises a problem that high finish surface accuracy
can 25  not be ensured due to vibration caused by the high rotation of the
main shaft.             In order to solve the problem, the bed and the
column can be     constructed in higher stiffness, but it is not practical
because it is still     insufficient and results in an increase in size and
weight of the whole machine.             It is an object of the present
invention to solve the problem and to 30  provide a machine tool to ensure
a high finish surface accuracy without an     increase in size or weight.
2                           SUMMARY OF THE INVENTION               In a
machine tool having a bed with a table, a column mounted on a  5  first end
portion of the bed, a spindle head provided on the column, the     machine
tool according to the present invention features that an upper portion
of the column is connected with a second end portion which is on the other
side of the first end portion of the bed using a support.
According to the structure above described, as the upper portion of the 10
column is connected with the second end portion (the end portion on the 



opposite side of the end portion on which the column is mounted) by means
of      the support, vibration can be reduced even when the spindle head
embeds a      main shaft rotating at high rpm. And the column is affected
by a force to fall      dawn toward the direction of the force due to the
weight of the spindle head 15  but the construction above described
prevents the tilt caused by the force.      Accordingly, high finish
surface accuracy can be ensured without an increase      in size and
weight.             The spindle head may be structured with a main shaft
supported in a      rotatable manner by an anti-friction bearing. But a
more suitable structure for 20  processing such as a metal dies is to have
the main shaft supported in a     rotatable manner by an air bearing
because the main shaft can be rotated at     higher rpm. Further more,
vibration and noise can be also reduced even when     the main shaft is
rotating at high rpm so that a high finish surface accuracy can     be
obtained as the above described effect. 25        As a structure of
supporting the main shaft in a rotatable manner with      an air bearing,
the spindle head is provided with a housing supported by a      column, a
main shaft supported in a rotatable manner by an air bearing in the
housing and having a flange on some midpoint of the main shaft, and a motor
to rotate the main shaft. And the air bearing may be provided with a radial
30  bearing having air outlets jetting out air toward an outer peripheral
surface of     the main shaft and a thrust bearing having air outlets
jetting out air toward the     flange of the main shaft.        



Further more, it is preferable that the support is constructed including a
pair of support members connecting both sides of the upper portion of the
column supporting the spindle head with both sides of the second end
portion     (an end portion on the opposite side of the end portion on
which the column is 5 mounted).             Thus constructed, both sides of
the upper portion of the column are     supported by a pair of support
members so that the strength of the structure     can be improved.
It is preferable that a space between the pair of the support members is 10
shaped to become wider from both sides of the upper portion of the column
supporting the spindle head toward both sides of the second end portion on
the      bed.             Then, an operator can work more comfortably
because a working      space is widely secured for the operator who brings
work on the table or 15  carries out work from the table.             More
specifically, the pair of the support members may be horizontally
extended in a manner separating away from each other from both sides of the
upper portion of the column supporting the spindle head toward the second
end portion of the bed, then further horizontally extended in parallel with
each 20  other from each front-end toward the second end portion of the bed
and are      finally fixed at right angles on both sides of the second end
portion of the bed.             It does not matter what kind of material
should be used for the support      member but use of a hollow-body pipe
would lighten the whole weight.             When the table is arranged in a
movable manner along two directions 25  which are intersecting at right
angles with each other on a horizontal surface      and the spindle head is
arranged in a movable manner along a vertical      direction intersecting
at right angles with the moving direction of the table, so 



even difficult jobs can be achieved quite easily because the work on the
table      and tools on the main shaft of the spindle can be three
dimensionally moved to 30  each other.             On one side of the
support member can be provided with an indicator      for giving positions
in the operation of the table in two directions and a              position
in the operation of the spindle head in vertical directions. Then the
need and expense of providing an extra column to hold the indicator can be
eliminated.            Moreover, when the indicator is arranged in such a
manner that 5  orientation of a display surface of the indicator can be
changed so that the     indicator does not interfere with the operator's
activities for carrying in and     taking out of his work, and the display
of the indicator can be moved at many     angles so that the positions of
the table in the operation in both directions and     the position of the
spindle head in the vertical direction are easily checked. 10        On
both sides of the second end portion on the bed, support portions to
support lower ends of the pair of the support members can be provided and a
notched concavity portion can be formed on a space between the support
portions.             Thus formed, when works are brought onto the table or
taken out from 15  the table, an operator can easily work because of being
able to enter into the 



notched concavity portion to come near the table side.
BRIEF DESCRIPTION OF THE DRAWINGS 20             Fig. 1 is a perspective
view showing an outward appearance of an     embodiment of the present
invention;             Fig. 2 is a sectional view of the above embodiment;
and             Fig. 3 is a sectional view of a spindle head in the above
embodiment. 25                DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)   30        An embodiment of the present invention will now
be explained in     detail with reference to the drawings.             Fig.
1 is a perspective view of an outward appearance of a vertical
5      type machining center according to the present invention and Fig. 2
is a 



sectional view of the machining center.             As shown in these
figures, a bed 1 is provided with a table 2 on the     surface thereof in a
movable manner in the right and left directions ( X 5  direction) and back
and forth directions (Y direction) through a driving     mechanism. And a
column 4 is mounted on a back end portion (a first end     portion).
The driving mechanism 3 is structured with a pair of guide rails 11
provided on the bed in parallel with the Y direction, a Y slider 12
provided in 10  a movable manner in the Y direction on the guide rail, and
a pair of guide rails      13 provided on the Y slider 12 in parallel along
the X direction and supports      the table 2 in a movable manner to the X
direction. In addition to these,      though not shown in the figures, a
feeding mechanism is provided to move the      Y slider to Y direction and
the table 2 to the X direction. 15        The column 4 is structured
including a perpendicular column member      31 vertically mounted on a
back end portion of the bed 1 and a horizontal      column member 32
integrally fixed on the front surface of an upper portion of      the
vertical column member 31. The horizontal column 32 is provided with a
spindle head 20 in a vertically movable manner (movable in Z direction) to
the 20  table 2 and is also provided with a Z shaft driving mechanism 34 to
move the      spindle head 20 up and down.             The spindle head 20
is, as shown in Fig. 3, provided with a housing 21      arranged on the
horizontal column member 32 in a vertically movable manner      and moved
up and down by the Z shaft driving mechanism 34, a main shaft 23 25
supported and embedded in a rotatable manner and in parallel with Z
direction      by the housing 21 through an air bearing 22[err], 22[err],
22[err] and having a flange 23A      at some midpoint of the main shaft 23,
and a motor 24 to rotate the main shaft      23.             In each
surface of inner radius of the air bearing 22[err], 22[err], 22[err],
plural air 30  outlets 25 which jet out air from a direction intersecting
at right angles to the 



main shaft 23 are formed. Thus, a radial bearing is formed to support the
main      shaft 23 along a radial direction by air jetted from the air
outlets 25. And              plural air outlets 26 which jet air to a
flange 23A of the main shaft 23 are     provided on confronting faces at
each end face of the air bearing 22[err], 22[err] along     the shaft.  A
thrust bearing to support the main shaft 23 along the thrust     direction
is formed by air jetted from these air outlets 26. Incidentally, 27 is 5
an air supply channel to supply high-pressure air to each air outlet 25, 28
is an      exhaust channel, and 29 is a tool in Fig. 3.             An
upper portion of the column 4 and a front end portion of the bed 1      (a
second end portion on the opposite side of a first end portion) are related
to      by a support 41. The support 41 connects both sides of the upper
portion of 10  the column 4 with both sides of the front end portion of the
bed 1 and is      composed of a pair of hollow cylindrical support members
42, 43 (such as a      pipe) of which mutual distance gradually becomes
wider from both sides of      the upper portion of the column 4 to both
sides of the front portion of the bed.             More specifically, the
pair of the support members 42 and 43 are 15  horizontally extended in a
manner separating away from each other from both      sides of the
horizontal column 32 which supports the spindle head 20 toward      the
front-end portion of the bed 1, further horizontally extended in parallel
with each other from each front-end toward the front end portion of the bed
1, 



then after futher extension in a slanting downward direction, are fixed at
right 20  angles on the both front end portion of the bed.             An
arm 44 is mounted on a front perpendicular portion of the one side      of
the support members and a display board 45 as an indicator showing the
positions of the table 2 in the X and Y directions and the position of the
spindle head in the z direction is attached on the arm 44 in such a manner
that 25  the display board can freely turn so that the orientation of the
surface of the      display board can be changed. Supporting members 1A, 1A
to support lower      ends of the pair of the support members 42, 43 are
formed on the both sides of      the front-end portion of the bed 1
supporting the lower ends of the support      members 42, 43, and a
trapezoidal notched concavity portion 1B is formed 30  between the support
portions 1A, 1A.             Effects of the embodiment will be now
explained.             In processing, after the work is set on the table 2,
the work is                                                 7
processed with the tool 29 attached to the main shaft 23, while the table 2
is     moving to the X and Y directions by means of the driving mechanism 3
and     the spindle head 20 is moving to the Z direction by means of the Z
shaft     driving mechanism 34. 5        At this time, as an upper portion
of the column 4 (the horizontal     column member 32) is connected to both
sides of the front-end portion of the 



bed 1 through the support member 42, 43, vibration can be reduced even when
the spindle head 20 is moved to the Z direction by means of the Z shaft
driving     mechanism or the main shaft 23 is rotated at high rpm. 10
According to the embodiment above described, as the upper portion of
the column 4 is connected to the front-end portion of the bed 1 through the
support 41, even for the structure in which the spindle head 23 embeds the
main shaft 23 rotating at high rpm, vibration can be reduced. The column 4
is     affected by a force to fall down toward the direction of the force
due to the 15  weight of the spindle head but the construction thus formed
prevents the tilt     caused by the force. Accordingly, a high finish
surface accuracy can be     ensured without an increase in the size and
weight.             The support 41 is composed including a pair of support
members 42,     43 which connect through both sides of the front end
portion of the bed 1 with 20  both sides of the upper portion of the column
4, so that both sides of the upper     portion of the column 4 are
supported by the support member 42, 43. Then     the strength is much
improved. Moreover as the support member 42, 43 are     made of hollow
cylindrical pipes, the total weight of the machine tool can be     reduced.
25        The space between the pair of the support members 42 and 43 is
formed to gradually become wider from the upper portion of the support
members toward the lower portion thereof to ensure a working space so that
workers can easily handle his work when bringing it to the table 2 or
carrying-     out the work from the table 2. 30        As a display board
45 is attached on one side of the support member     42, there is no need
to prepare an extra stay for the display board. Besides,     the display
board is arranged in a turnable manner around the axle of the arm    



44 so that by turning the display board, bringing in and taking out of
works     can be easily carried out without any obstacles.             The
bed 1 has support portions 1A, 1A to support the lower portion of     the
pair of support members 42, 43 on the front-end of the bed 1 and a 5
trapezoidal notched portion 1B is provided between the support portions 1A
and 1A so that a operator can enter into the notched concavity portion to
come     near the front of the table 2. Hence the operator can easily carry
out the     operation even when the above described tasks of bringing in
and taking out to     or from the table 2. 10        As the spindle 20 is
provided with the main shaft 23 embedded and      supported by the air
bearing in a rotatable manner, even when the main shaft      23 rotates at
high rpm, vibration and noise due to the rotation can be reduced,      and
the above described effect is improved.             Incidentally, in the
above described embodiment, the support 41 are 15  defined by two pieces of
the support members 42, 43, it is not limited to two     pieces but more
than one support member is enough. And the support member     is not
limited to a hollow cylindrical pipe, but an angular cylindrical pipe or a
solid pipe is also within the scope of the present invention.
In the above described embodiment, the spindle head 20 supporting the 20
main shaft 23 in a rotatable manner by means of the air bearings 22[err] to
22[err], is      used, but a spindle head supporting the main shaft in a
rotatable manner by      means of an anti-friction bearing can be used.
Further in the above described embodiment, a vertical machining 



center is used to explain the present invention, a horizontal machining
center 25  can be used to the same advantage.             According to a
machine tool according to the present invention, a high      finish surface
accuracy can be ensured without an increase in size and weight.
9                              WHAT IS CLAIMED IS:       1.    A machine
tool having a bed with a table, a column mounted on a first     end portion
of the bed, a spindle head provided to the column, said machine 5  tool
comprising:             a support connecting an upper portion of said
column with a second     end portion opposite to the first end portion of
said bed.       2.    The machine tool according to claim  1, wherein said
support is 10  structured and includes a pair of support members to
respectively connect both     sides of the upper portion of said column
supporting said spindle head with     both sides of the second end portion
of said bed.   



3.    The machine tool according to claim 2, wherein a space between said
15  pair of the support members is formed to become gradually wider along
the     way from both sides of the upper portion of said column supporting
said     spindle head toward both sides of the second end portion of said
bed.       4.    The machine tool according to claim 2, wherein said pair
of the 20  support members are horizontally extended in a manner separating
away from     each other from both sides of the upper portion of the column
supporting said     spindle head toward the second end portion of said bed,
further horizontally     extended in parallel with each other from each
front-end toward the second     end portion of said bed, and are fixed at
right angles on both sides of the 25  second end portion of said bed.
5.    The machine tool according to claim 4, wherein said support members
are made of pipe.   30  6.    A machine tool having a bed with a table, a
column mounted on a first     end portion of the bed, a spindle head
provided to the column with a main     shaft supported in a rotatable
manner by an air bearing, said machine tool
10 



comprising:            a support connecting an upper portion of said column
with a second     end portion opposite to the first end portion of said
bed.   5  7.    The machine tool according to claim 6, wherein said support
is     structured and includes a pair of support members to respectively
connect both     sides of the upper portion of said column supporting said
spindle head with     both sides of the second end portion of said bed.
10  8.    The machine tool according to claim 7, wherein a space between
said     pair of the support members is formed to become gradually wider
along the     way from both sides of the upper portion of said column
supporting said     spindle head toward both sides of the second end
portion of said bed.   15  9.    The machine tool according to claim 7,
wherein said pair of the     support members are horizontally extended in a
manner separating away from     each other from both sides of the upper
portion of the column supporting said     spindle head toward the second
end portion of said bed, further horizontally     extended in parallel with
each other from each front-end toward the second 20  end portion of said
bed and are fixed at right angles on both sides of the     second end
portion of said bed.       10.   The machine tool according to claim 9,
wherein said support members     are made of pipe. 



25      11.   The machine tool according to claim 7, wherein said spindle
head is      provided with a housing supported by said column, a main shaft
embedded      and supported by the housing through an air bearing in a
rotatable manner and      having a flange at some midpoint thereof, and a
motor to rotate the main shaft, 30  and the air bearing being provided with
a radial bearing having air outlets     jetting out air toward an outer
peripheral surface of said main shaft and a     thrust bearing having air
outlets jetting out air toward the flange of said main              shaft.
12.   The machine tool according to claim 7, wherein said table is arranged
in a movable manner along two directions which are intersecting at right 5
angles with each other on a horizontal surface and said spindle head is
arranged in a movable manner along a vertical direction intersecting at
right     angles with the moving direction of said table.       13.   The
machine tool according to claim 12, wherein one side of said 10 support
member is provided with an indicator to give positions in the 



movement of said table in two directions and positions of movement of said
spindle head in vertical directions.       14.   The machine tool according
to claim 13, wherein said indicator is 15 arranged in such a manner that
orientation of a display surface can be changed.       15.   The machine
tool according to claim 7, wherein said bed has support      portions to
support lower end of said pair of the support members on both      sides of
the second end portion on said bed and provided with a notched 20 concave
portion on a space between the supports.    


