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(54) AUTOMATIC TOOL CHANGING DEVICE IN A MACHINING CENTRE

71 I, KorcHiro KITAMURA, of
Japanese nationality, of 11-5 Ekinan-3-
chome, Takaoka-shi, Japan, do hereby de-
clare the invention, for which I pray that
a patent may be granted to me, and the
method by which it is to be performed, to
be particularly described in and by the
following statement : —

The present invention relates to an auto-
matic tool changing device in a machining
centre, e.g. a numerical control milling ma-
chine having an automatic tool changing
device.

Two principal types of such device are
known in the art, namely, a turret head
type, and an arm type in which the neces-
sary tool changes are accomplished by means
of an arm and tool transport unit, such as,
a robot which is arranged between a tool
magazine and the spindle of a machine
tool. A disadvantage of the turret head
type is that while the tool changing time is
relatively short, the number of tools that
can be held on the head is usually of the
order of 6 to 8 tools thus making it unsuit-
able for use on machining centres designed
to handle a wide range of machining opera-
tions, and moreover there is the disadvant-
age of causing indexing errors, misalign-
ment and the like. The aforesaid arm type
is also disadvantageous in that since the tool
holding head must first be raised to a pre-
determined height to permit the tool chanee
by the robot and then the head must be
lowered to permit the machining of the
work, even in the case of a small-sized
work, the head must be raised to such pre-
determined height thus requiring a dead
time, causing wasting time in changing the
tools, unavoidably making the device large
and complicate in construction and making
it impossible to use this type of device on
machining centres in view of the recent
trend in designing toward smaller machining
centres.

It is an obiect of the present invention to
provide an improved automatic tool chang-
ing device in a machining centre.

The invention provides a machining
centre having a movable head, and a
tool rack supported movably in vertical

direction on said head and incorpor-
ating an automatic tool changing device,
wherein said tool rack comprises a rack
base adapted to be guided by guide rail
means on the forward end of said movable
head, a casing integral with said rack base,
a fixed shaft projecting from said base, a
disc rotatably mounted on said fixed shaft,
an annular space defined between a peri-
pheral portion of said casing and a peri-
pheral portion of said disc, a plurality of
movable plates received in said annular
space for movement around said annular
space each of said movable plates being
adapted to hold rotatably a tool holding
arbor, a cam and a carrier mechanism for
maintaining a predetermined angle between
a movable plate at the time being positioned
at a work station in said annular space and
the movable plates adjacent to and on op-
posite sides of the movable plate at said
work station so that the respective spacings
therebetween are wider than the spacings
between the rest of the movable plates in
said annular space, and a ratchet means for
rotating said disc through said predetermined
angle; and wherein said movable head com-
prises a tool spindle having in the lowest
position thereof a socket for receiving the
shank of each said arbor, and a chuck ad-
apted to be opened and closed in response
to the movement of a head at the top there-
of alternately to release and hold firmly the
end of each said arbor, a drive means for
driving said tool spindle, a second cam
operatively associated with said mechanism
adapted to open and close said chuck in
said tool spindle, a third cam operatively
associated with a mechanism adapted to
move vertically said tool rack, a first cam
operatively associated with said ratchet
means to rotate said disc through said pre-
determined angle when said tool rack is
lowered by the action of said third cam,
and a driven cam shaft means operatively
associated with all of said cams for control-
ling the operation thereof, the arrangement
being such that during one revolution of the
cam. shaft means the second cam operates
to cause the chuck to open so as to release
an arbor held therein, the third cam oper-
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ates to cause the tool rack to move down-
wardly so as to remove the arbor from the
chuck, the first cam then operates to rotate
through said predetermined angle the disc
to bring another plate to said work station,
the third cam then operates to cause the
tool rack to move upwardly so as to insert
the arbor of that another plate in the chuck
and the second cam operates to close the
chuck so as to grip that arbor.

The improved device provided in accord-
ance with the present invention is designed
so that a multiplicity of tools can be held
in such a manner that the tool change may
be accomplished at a position nearest to
the work without any possibility of inter-
ference with the work, thus reducing the
tool changing time and ensuring more ac-
curate indexing of tools.

1t is an advantage of the present invention
that it makes it possible to provide an im-
proved automatic tool changing device
which can be made smaller and more com-
pact by so designing that the tool indexing
and changing operations can be accom-
plished by means of only one revolution of
a rotary shaft.

It is further advantage of the present
invention that it makes it possible to pro-
vide an improved automatic tool changing
device which is so designed that the tools
can be positively held in positions which are
free from interference with a piece of work
both before and after their use.

One embodiment of the invention will
now be described by way of example and
with reference to the accompanying draw-
ings, in which:

Fig. 1 is a front view of an automatic fool
changing device in a machining centre ac-
cording to the invention.

Fig. 2 is a side view of Fig. 1.

Fig. 3 is a sectional view of the device
shown in Fig. 1.

Fig. 4 is a back view of the rotary tool
rack as viewed in the direction of the line
IV—1V of Fig. 3.

Fig. 5 is a plan view of the cylindrical
cam mount as viewed in the direction of
the line V—V of Fig. 3.

Fig. 6 is a plan view of the chuck con-
trol cam.

Fig. 7 is a diagram showing in developed
form the relationship of the cylindrical
cams and the chuck control cam one to
another.

Fig. 8 is a sectional view showing the
operative association between a rotary disc
of the tool changing device and the inner
cylindrical cam. ,

The present invention will now be de-
scribed in greater detail with reference to
the illustrated embodiment.

Referring to the drawings, there is shown
a machining center 50 equipped with an

automatic tool changing device 60. A head
2 is vertically movably mounted on a pair
of guide rails 3 on the front part of a
column 1, and a rotary tool rack 4 com-
prises a rack base 5 adapted to be vertically
guided by a pair of guide rails 3 on the
front part of the head 2, and a frusto-conical
casing 6 integral with the base 5. Referring
to Fig. 3, there is shown, a disc 8 rotatably
mounted on a fixed shaft 7 projected from
the central portion of the base 5 to slant
downwardly, a front wall portion 9 fixedly
mounted on the outer end of the fixed shaft
7 to form the front part of the rack, an an-
nular space 10 (see Figure 4) defined be-
tween the peripheral portions of the casing
6 and the disc 8, and a large number of
movable plates 12 received in the annular
space 10 and each being adapted to rotat-
ably hold a tool holding arbor 11.

Each movable plate 12 is provided at its
one end with a roller 13 (see Figure 3) to
contact with the peripheral portion of the
casing 6 and at its other end with a roller
mounted holder 14 fitted thereon through a
spring 15 with the roller of the holder 14
being placed in contact with the peripheral
portion of the disc 8. One of a large num-
ber of the arbors 11 is positioned at a
work station at the lowermost part of the
annular space 10 and the remaining arbors
11 are arranged along the upper peripheral
portion on both sides of the lower arbor 11
with a predetermined angle between the
arbor at the work station and the arbors
adjacent to and on opposite sides of that
arbor. This predetermined angle must be
in such a range that the tools which are
not in use are free of interference with the
work, and the angle is 60° in the illustration.
The shank of the arbor 11 positioned on the
lower side of the casing 6 is inserted in the
shank socket in the lower end of an upright
cutter head spindle 28 in the head 2, and
the machining is effected by the tool at-
tached to the lower arbor 11.

To suitably arrange the arbors 11, as
shown in Figs. 3 and 4, the back surface of
the disc 8 is formed with a plurality of
radial open channels (6 channels in the
illustrated embodiment) and the back sur-
face is covered with a ratchet wheel 16 thus
providing a plurality of covered channels
into which bars 18 are radially and slidably
fitted. Fixedly mounted at the outer end of
each bar 18 is a C-shaped carrier 19 fitted
on the roller mounted holder 14 of the mov-
able plate 12, and also fixedly mounted on
the fixed shaft 7 is a cam 20 against which
the bars 18 are pressed by their respective
springs 21 and whose crest portion 20a is
positioned on the underside of the shaft 7.
A movable plate 12 is supported on each of
a carrier 19a positioned on the lower side
of the casing 6 and carriers 195 and 19f
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positioned on both sides of the carrier 19a
and spaced by 60° therefrom. A ratchet
wheel 22 fixed with respect to the disc 8
is fixedly mounted in place in such a manner
that its teeth are aligned with the bars 18
respectively, and the disc 8 is rotated by
applying in the manner that will be des-
cribed Jater a turning force to an outer
wheel 23 carrying a pawl piece 24 adapted
to engage with the teeth of the ratchet wheel
2. The front wall 9 fixedly mounted on the
fixed shaft 7 is provided in the outer peri-
phery thereof with a plurality of notches 25
containing springs which are placed in posi-
tions corresponding to the carriers 19. Fitted
in each notch 25 is a supporting piece 26
with a V-groove, and each of the roller
holders 14 is provided with a projection 27
adapted to fit in the V-groove. In this way,
the positions of the arbors 11 can be ac-
curately maintained by means of the notches

The arbor 11 located on the lower side
of the rotary tool rack 4, is fitted in the
shank socket in the cutter head spindle 28
of the head 2 and is held by a chuck 29
disposed above the shank socket. The chuck
29 is designed so that when the head 30 of
a spindle, which head has a conical upper
part and is spring biased upwardly against
a cam plate 35, is depressed downwardly by
the cam plate 35, the spindle is also de-
pressed so as to cause the chuck 29 to open,
the arbor being clamped in response to the
return motion of the spindle head 30. The
cutter head spindle 28 is provided with a
rotary motion transmission unit 31 which
may comprise a gearing or the like.

The structure for engaging and disengag-
inng the arbors 11 with the cutter head
spindle 28 includes a rotary shaft 32 dis-
posed above the cutter head spindle 28 in
the head 2 so as to be slightly offset from
the central axis of the cutter head spindle
28 but to extend parallel therewith, a reduc-
tion gear 33 and a supporting plate 34 which
are mounted on the rotary shaft 32, the
chuck control cam 35 fixedly attached to the
lower end of the shaft 32, and a motor 37
disposed in the head 2, whereby the driving
force of the motor 37 is transmitted at a
reduced speed to drive the rotary shaft 32.
The chuck control cam 35 consists of a
disc against the lower surface of which is
pressed the spindle head 30 disposed at the
upper end of the chuck 29. Also the cam
35 is formed with a depression 36 in a
portion of the path of contact with the
spindle head 30 so that the arbor 11 is held
when the spindle head 30 is in engagement
with the depression 36, and the arbor 11 is
released when the spindle head 30 comes
out of engagement with the depression 36.
The supporting plate 34 is provided with a
pair of cylindrical cams 38 and 39 which are

fixedly mounted concentrically thereon, so
that the outer cylindrical cam 38 vertically
moves the rotary tool rack 4, and the inner
cylindrical cam 39 rotates the disc 8 through
a desired angle. The relationship of the
cylindrical cams 38 and 39 and the chuck
control cam 35 to one another is shown in
developed form in Fig. 7, namely, as shown
by the one-dot-chain line, the outer cylin-
drical cam 38 has a slope which gradually
descends from a highest position A toward
a lowest position B and again returns to the
highest position A from a position C spaced
from the lowest position B, and the cam 38
is in engagement with a roller 40 projected
from the base 5 of the tool rack 4, as shown
in Fig. 5. Also, as shown by the dotted
line in the Figure, the inner cylindrical cam
39 is formed so that while its slope descends
from the highest position A toward the
lowest position B as in the case of the
outer cam 38, the slope immediately ascends
with a gradient toward a highest position D
from which the slope returns to the original
position A. On the other hand, as shown
by the two-dot-chain line, the chuck control
cam 35 is so formed that the spindle head
30 is raised at each of positions E opposite
to the highest positions A and lowered be-
tween the positions E.

As is shown in Fig. 8, the structure for
rotating the disc 8 by the inner cylindrical
cam 39 includes a rod 42 vertically movably
supported by a bracket 41 and provided at
its upper end with a roller 43 disposed to
contact with the inner cylindrical cam 39,
and the lower end of the rod 42 is coupled
through a universal joint 44 to the outer
wheel 23 of ratchet wheel 22 mounted on
the disc 8.

With the construction described above,
the device of this invention operates as fol-
lows. When it is desired to change the
tools, the head 2 is first raised to a position
where the tools are free of interference
with the work during the tool changing oper-
ation, and the motor 37 is operated to com-
plete the tool change during one revolution
of the rotary shaft 32. As the shaft 32 is
rotated, the spindle head 30 of the cutter
head spindie 28 is first lowered by the chuck
control cam 35 so that the grip on the
arbor 11 is released, and at the same time
the rotary tool rack 4 is lowered by the outer
cylindrical cam 38 thus withdrawing the
arbor 11 from the taper shank socked at the
lower end of the cutter head spindle 28.
The rod 42 is raised first by the inner
cylindrical cam 39 while the rotary tool rack
4 remains in the lowered position and re-
lative movement between the rod 42 and
the rack 4 causes the disc 8 to be rotated
through a predetermined angle (60° to the
right in the illustrated embodiment). Con-
sequently, as shown in Fig. 4, the carrier
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19z with its arbor 11 is moved to the posi-
tion where the carrier 195 previously was,
and the carrier 19f is moved, along with the
arbor 11 engaged therewith, to the position
where the carrier 19a previously was. Then
the rotary tool rack 4 is raised so that the
taper shank of the next arbor 11 to be used
is inserted into the shank socket of the cut-
ter head spindle 28, and at the same time
the head 30 is raised by the chuck control
cam 35, thus causing the arbor 11 to be
firmly held by the chuck 29.

The movement of the respective arbors 11
and carriers 19 made in response to the
rotation of the disc 8 by the rod 42 will
now be described in greater detail. When
the carrier 19a located on the lower side
in the illustration is moved 60° to the right
along with the movable plate 12 engaged
therewith, the carrier 196 is moved simul-
taneously. In this case, however, the carrier
1956 is lowered by the cam 20 toward the
center of the disc 8 so that the carrier 195
is disengaged with the movable plate 12b
and it is rotated as such, thus causing the
movable plate 126 to remain in its position.
However, the movable plate 12 now being
moved strikes against and shoves the mov-
able plate 12b. On the other hand, the
movable plate 12n located on the left side in
the illustration is engaged with the carrier
19f and moved downwardly therewith. At
the same time, a carrier 19¢ is moved to
the position where the carrier 19f previously
was, so that the carrier 19¢ is pushed by
the cam 20 toward the outer periphery of
the disc 8 and it is thus engaged with a mov-
able plate 12m adjoining a movable plate
12n. Consequently, the carrier 19¢ stands
by at the position where the movable plate
12n previously was. The notches 25 ensure
accurate positioning of the movable plates
12 which engage with the carriers 19. There-
after, the head 2 is lowered and the desired
machining of the work is accomplished.

It will thus be seen from the foregoing
description that the automatic tool changing
device of the machining centre has among
its great advantages the fact that the outer
peripheral surface of a rotary tool rack is
formed with an annular space with which a
large number of arbors are rotatably en-
gaged, and the arbors are arranged in such
a manner that one of the arbors is engaged
with the cutter head spindle of a head and
the arbors on both sides of the engaged
arbor are held in positions which are free
of interference with the work to be ma-
chined, thus making it possible to con-
tinuously arrange the remaining arbors be-
tween the two arbors in the non-interfer-
ring positions and thereby hold a large
number of tools. _ .

Another advantage of this device is that
to make the tool change, after the head

has been raised, the rotary tool rack is
lowered thereby withdrawing the arbor from
the cutter spindle, and after the disc dis-
posed in the tool rack has been rotated
through a predetermined angle, the tool
rack is again raised thereby engaging the
next arbor with the cutter spindle thus en-
suring rapid tool changes, and moreover
the fact that these operations can be ac-
complished by a pair of concentrically ar-
ranged cylindrical cams adapted to be
rotated by a single rotary shaft has the
effect of making the device relatively simple
and compact in construction and also con-
siderably reducing, in the case of small
works, the time required for making the tool
change and commencing the machining by
the next tool since it is only necessary to
raise the head to such an extent that the
tools are free from contact with the work
during the above described tool changing
operation.

Still another advantage is that with the
arbor engaged with the cutter head spindle
and the arbors located on both sides of the
engaged arbor so as to be free from inter-
ference with the work, in the course of the
machining by the tool there is no danger of
the other arbors carrying the tools slipping
towards the work station and a very high
degree of operating safety is ensured, since
the disk is provided with a plurality of
equally spaced carriers adapted to engage
with a plurality of movably plates adapted
to support the arbors and movable from
the center of the disk toward and away from
the outer periphery thereof, and a cam is
mounted on a fixed shaft supporting the disk
so0 as to move the carriers forward and back-
ward and thereby hold the movable plates of
the abovementioned three arbors.

Still another advantage is that by virtue
of the fact that a rod is vertically moved
by an inner cylindrical cam and its upward
movement if transmitted through a ratchet
mechanism to cause a predetermined degrees
of rotation of the disc, there is no danger of
the disc being rotated in the reverse direc-
tion but the disk can be positively rotated
through a predetermined angle each time,
thereby indexing and moving the arbors to
the proper positions.

WHAT I CLAIM IS:—

1. A machining centre having a movable
head, and a tool rack supported movably in
vertical direction on said head and incorpor-
ating an automatic tool changing device,
wherein said tool rack comprises a rack
base adapted to be guided by guide rail
means on the forward end of said movable
head, a casing integral with said rack base,
a fixed shaft projecting from said base, a
disc rotatably mounted on said fixed shaft,
an annular space defined between a peri-
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pheral portion of said casing and a peri-
pheral portion of said disc, a plurality of
movable plates received in said annular
space for movement around said annular
space each of said movable plates being
adapted to hold rotatably a tool holding
arbor, a cam and a carrier mechanism for
maintaining a predetermined angle between
a movable plate at the time being positioned
at a work station in said annular space and
the movable plates adjacent to and on op-
posite sides of the movable plate at said
work station so that the respective spacings
therebetween are wider than the spacings
between the rest of the movable plates in
said annular space, and a ratchet means for
rotating said disc through said predetermined
angle; and wherein said movable head com-
prises a tool spindle having in the lowest
position thereof a socket for receiving the
shank of each said arbor, and a chuck ad-
apted to be opened and closed in response
to the movement of a head at the top there-
of alternately to release and hold firmly the
end of each said arbor, a drive means for
driving said tool spindle, a second cam
operatively associated with said mechanism
adapted to open and close said chuck in
said tool spindle, a third cam operatively
associated with a mechanism adapted to
move vertically said tool rack, a first cam
operatively associated with said ratchet
means to rotate said disc through said pre-
determined angle when said tool rack is
lowered by the action of said third cam.
and a driven cam shaft means operatively
associated with all of said cams for control-
ling the operation thereof, the arrangement
being such that during one revolution of the
cam shaft means the second cam operates
to cause the chuck to open so as to release
an arbor held therein, the third cam oper-
ates to cause the tool rack to move down-
wardly so as to remove the arbor from the
chuck, the first cam then operates to rotate
through said predetermined angle the disc
to bring another plate to said work station,
the third cam then operates to cause the
tool rack to move upwardly so as to insert
the arbor of that another plate in the chuck
and the second cam operates fo close the
chuck so as to grip that arbor.

2. A device as claimed in claim 1 where-
in said fixed shaft extends downwardly
from said base at an angle to the vertical,
and the casing has a frusto-conical rim pro-
jecting towards the disc and defining said
annular space.

3. A device as claimed in claim 1 or
claim 2 wherein said cam and carrier mech-
anism comprises a series of radial arms
which are mounted on said disc and are
equiangularly spaced by said predetermined
angle, said arms having means for engaging
said plates to move them along said annular

space when the disc is rotated, wherein
means are provided to engage, when the
disc is rotated, each arm in turn with a
plate temporarily held at a first position
angularly spaced by said predetermined
angle upstream (in the direction of rotation
of the disc) of said work station and to
maintain such engagement until the arm and
plate reach a second position angularly
spaced by said predetermined angle down-
stream of said work station, which means
are adapted to effect disengagement of the
arm and plate at said second position, and
wherein readily releasable means are pro-
vided to hold plates at said first and second
positions when not engaged by one of said
arms.

4. A device as claimed in claim 3 where-
in the arms are slidable radially of the disc
and are biassed inwardly of the disc into
engagement with an annular cam on said
fixed shaft, said cam being shaped to effect
sliding of the arms to engage and disengage
them with the plates as aforesaid.

5. A device as claimed in claim 3 or
claim 4 wherein said readily releasable
means comprise resiliently biassed latching
members mounted on the periphery of a
stationary disc, which is fixedly mounted on
said fixed shaft, and adapted to engage co-
operating parts on the plates to hold such
plates as aforesaid.

6. A device as claimed in any preceding
claim wherein said second cam is mounted
on one end of said cam shaft, and said
head of the tool spindle is resiliently biassed
against a surface of the cam remote from
the spindle socket, such surface being shaped
to depress the head against its bias during
a greater portion of each revolution of the
cam shaft to effect opening of the chuck.

7. A device as claimed in any preceding
claim wherein said first and third cams com-
prise annular cam members one within the
other, the members being coaxial with, and
fixed to rotate with, the cam shaft, wherein
a follower is provided on said rack base to
co-operate with said third cam which is
shaped to effect raising and lowering of the
rack base and the plates carried thereon
when the cam shaft is rotated through one
revolution, and wherein a follower co-
operating with said first cam is carried at
one end of a rod the other end of which is
connected through a universal joint to said
ratchet mechanism, the arrangement being
such that during one revolution of the cam
shaft the ratchet mechanism is operated to
rotate the disc through said predetermined
angle.

8. A device as claimed in any preceding
claim wherein said ratchet mechanism com-
prises an annular driving member surround-
ing a driven ring fixed coaxially with re-
spect to the disc, at least one spring loaded
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9. An automatic tool changing device, Hancock House,
substantially as hereinbefore described with 87 Vincent Square,
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