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Description

TECHNICAL FIELD OF THE INVENTION

[0001] This invention relates to a tool magazine for an
automatic tool changer, in particular a numerical-control
machine tool.

PRIOR ART

[0002] In the sector of mechanical processing with au-
tomatic numerical-control machine tools, it is known to
use automatic tool changers, which, ensuring the ma-
chine tools a wide availability of tools on board the ma-
chine tool and avoiding interruptions in production for the
operator to change the tools, make it possible to increase
the productivity and operational flexibility of the machine
tool, to minimise passive technical times due to the tool
change, and to reduce, thus, the costs of mechanical
processing.

[0003] As is known, an automatic tool changer gener-
ally comprises a tool magazine, in which the tools to be
used during processing are stored, and a tool changer,
which can be moved between the tool magazine and a
spindle of the machine tool to perform the simultaneous
change of position between a tool to be replaced fitted
on the spindle and a replacing tool stored in the tool mag-
azine. Insome embodiments, the tool changer comprises
a motorised arm mounted to rotate around a fixed point
and provided, at its opposite ends, with grippers config-
ured to grasp and release the tools from/on the tool mag-
azine and the spindle following the rotation of the arm
and, thus, to carry out the position change of the tools
between the tool magazine and the spindle.

[0004] Itisalsoknown that, in order to be automatically
changed, the tools must be designed to be interchange-
able on the spindle and, to this end, each tool has a cou-
pling portion that is equal to the coupling portion of the
other tools and designed so as to simplify the operations
of the tool changer’s gripping the tool and of centring the
tool on the spindle.

[0005] The tool magazine may be of a different kind,
for example a drum magazine, and normally comprises
aconveyor and a plurality of tool-holder pockets arranged
in respective positions on the conveyor and normally
identical so that each tool-holder pocket can receive the
coupling portion of any of the tools.

[0006] The conveyor and the tool changer are elec-
tronically controlled by an electronic control unit that man-
ages the tool change operations so that they are syn-
chronised with the processing to be done on the machine
tool.

[0007] During operation, a tool is automatically
changed as follows. After receiving a tool-change com-
mand, the conveyor is caused to bring the tool-holder
pockethousing the replacing tool to a tool change station,
in which the tool-holder pocket is arranged in a tool
change position, normally different from the tool storage
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position on the conveyor, so that the tool changer can
reach it. Atthis point, the arm of the tool changer is rotated
tobring one of the grippers to grasp the tool to be replaced
from the spindle and the other gripper to grasp the re-
placing tool from the tool magazine. Thus, the armrotates
to exchange the two tools: the tool to be replaced is
brought to the magazine and the replacing tool is brought
to the spindle. Finally, the tool-holder pocket that has
received the tool to be replaced is returned to the tool
storage position and the arm rotated into an intermediate
position spaced apart from the tool magazine and the
spindle, and the processing with the new tool can start
again at this point.

[0008] Ingeneral, the tool magazines of the known tool
changers operate according to two different control log-
ics: "random" or "fixed place".

[0009] According to the random control logic, the place
occupied in the tool magazine by the replacing tool is
occupied by the tool to be replaced at the time of the
change; the tools are not, therefore, assigned a specific
position, but the latter changes continuously inside the
tool magazine. Conveniently, the electronic control unit
stores the new position of each tool in the tool magazine,
as the processing continues and pairs of tools are mutu-
ally changed.

[0010] According to the fixed place control logic, each
tool occupies a precise position in the tool magazine,
which position is not changed. Thus, at each tool change,
once grasped the two tools to be changed, the arm makes
a first rotation, so as to bring these tools into a position
spaced apart from the tool magazine and the spindle,
respectively. After this, the conveyor of the tool magazine
makes the necessary movement to bring to the tool
change station the tool-holder pocket specifically des-
tined to house the tool to be replaced. At this point, the
arm makes a second rotation to complete the exchange
and the positioning of the tool to be replaced in its own
tool-holder pocket.

[0011] Mixed control logics are also known: in this
case, in the same tool magazine, some tools are posi-
tioned in specific positions and will need to be managed
according to the fixed place logic to always be reposi-
tioned in the positions assigned to them, while other tools
can occupy any position on the conveyor and may, thus,
be managed according to the random logic.

[0012] In particular, the fixed place control logic is nec-
essary where the tool magazine contains tools having
larger dimensions than the spacing of the tools, or of the
tool-holder pockets, on the tool magazine and that, there-
fore, need to occupy a specific position between two emp-
ty adjacent positions.

[0013] In light of what has been described above, it
may be appreciated that the fixed place control logic re-
sults in a higher tool change time, even three times, than
that necessary for the random control logic and, as a
result, an increase in dead time during a processing cy-
cle.

[0014] EP 1905 535 A2 discloses a tool magazine in-
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cluding a track in which a plurality of tool-holder pockets
is dragged. The tool magazine comprises a gear wheel
having a part of the toothing extending in the track; elec-
trically-operated geared motor means controlling the ro-
tation of the gear wheel; a plurality of tool-holding bushes
juxtaposed in the track two by two in mutual contact and
for filling-in the track; at least a change station arranged
in the track (12) and at which the coming-out and the
reintroduction of one ofthe bushes ata time is determined
selectively, so that when, by means of the gearmotor,
the gear wheel is rotated, a bush at a time is received in
a corresponding cavity of the gear wheel, it is dragged
by the gear wheel along a portion of the track, it is re-
leased downwards the gear wheel and together with all
other bushes outside the gear wheel is moved along the
remaining portion of the track due to the push of other
bushes. The simultaneous motion of all the bushes stops
when the bush chosen for the tool change is at the tool
change station.

[0015] US 4,196,506 A discloses a machining center
including an automatic tool changer adapted for boring,
drilling, milling, tapping and tool changing operations un-
der numerical control. The machine, which may be built
in both horizontal spindle and vertical spindle configura-
tions, includes a tool storage matrix and tool transport
shuttle compactly arranged on the upstanding column
and a two-handed transfer arm on the headstock. The
toolholders are carried in tool cups having mechanical
latches. The matrix and the shuttle are also provided with
mechanical latches for the tool cups actuated as an in-
cidentto transfer of tools between the matrix, shuttle, and
arm or vice versa. The machine is adapted to operate
with toolholders interchangeable with those for a current
commercial vertical spindle machining center.

SUBJECT AND SUMMARY OF THE INVENTION

[0016] The purpose of the presents invention is to pro-
vide a tool magazine which is highly reliable and allows
atleast some of the above-indicated drawbacks of known
tool magazines to be overcome.

[0017] According to the invention, this purpose is
achieved by a tool magazine as claimed in the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Figures 1 and 2 are perspective views, with parts
removed for clarity, of an automatic tool changer
comprising a tool magazine according to a first pre-
ferred embodiment of the present invention, in two
different operating conditions.

Figure 3 is a partially exploded, perspective view of
a detail of the tool magazine shown in Figure 1.
Figures 4 and 5 are enlarged-scale, partial cross-
section, perspective views of a detail of the tool mag-
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azine shown in Figure 1, in two different operating
conditions.

Figures 6 and 7 are enlarged-scale, perspective
views, with parts removed for clarity, of a detail of
the tool magazine shown in Figure 1, in two different
operating conditions.

Figure 8 is a partially exploded perspective view of
the detail shown in Figures 6 and 7.

Figures 9A-9E schematically represent operating
steps of the automatic tool changer shown in Figure
1 when replacing a "random-place" tool with a "fixed-
place" tool.

Figures 10A-10E schematically represent operating
steps of the automatic the tool changer shown in
Figure 1 when replacing a "fixed-place" tool with a
"random-place" tool.

Figures 11 and 12 are perspective views, with parts
removed for clarity, of the automatic tool changer
according to a second preferred embodiment of the
present invention, in two different operating condi-
tions.

DETAILED DESCRIPTION OF PREFERRED EMBOD-

IMENTS OF THE INVENTION

[0019] With reference to the attached Figures, refer-
ence numeral 1 references, as a whole, an automatic
tool changer for a numerical-control machine tool 2
(known per se and only partially shown for the purposes
of understanding this invention) designed to perform me-
chanical processing on pieces of various shapes and ma-
terials be means of tools 3.

[0020] To this end, the machine tool 2 comprises a
spindle 4 configured to receive one tool 3 at a time and,
according to a known modality not described in detail, to
drive the tool 3 so as to carry out the desired processing
on a piece (not shown).

[0021] The automatic tool changer 1 comprises:

- atool magazine 5 configured to store a plurality of
tools 3; and

- atool changer 6 configured to simultaneously with-
draw a replacing tool 3 from the tool magazine 5 and
a tool 3 to be replaced from the spindle 4 and to
exchange the tools 3 so that the replacing tool 3 is
arranged on the spindle 4 and the tool to be replaced
is put back in the tool magazine 5.

[0022] In this discussion, the term tool 3 is meant to
indicate the assembly constituted by the actual tool (in-
dicated in the attached Figures with the reference nu-
meral 3a) and the tool carrier or coupling portion 3b,
which is firmly connected to the actual tool 3a and defines
the mechanical coupling interface of the tool 3 to the tool
magazine 5 and to the spindle 4 (Figure 4). Since all the
tools 3 have to be mutually exchanged and coupled to
the spindle 4, the coupling portions 3b of the tools 3 are
all identical.
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[0023] AsshowninFigures 1 and 2, the tool magazine
5is ofadrum type and comprises a conveyor, in particular
a rotary table 7 mounted to rotate about an axis X, and
a plurality of tool-holder pockets 8 carried by the rotary
table 7 to be moved, as a result of the rotation of the
rotary table 7 about the axis X, along the conveying path
P and through a tool change station S.

[0024] In more detall, the tool-holder pockets 8 are ar-
ranged at a peripheral portion of the rotary table 7 and
the conveying path P is a closed-loop path.

[0025] In particular, the rotary table 7 comprises a plu-
rality of support pouches or seats 10, each of which is
designed to house a corresponding tool-holder pocket 8
to guide it along the conveying path P.

[0026] As shown in the attached Figures, in particular
in Figure 3, the seats 10 are formed along a peripheral
edge of the rotary table 7 so as to be open at least on
their radially outer side, with respect to the axis X, and
are each coupledto abase portion 9 of the corresponding
tool-holder pocket 8. Conveniently, the seats 10 are
evenly angularly distributed around the axis X with a con-
stant pitch.

[0027] Eachtool-holder pocket 8 comprises, on the op-
posite side to the corresponding base portion 9, a cavity
designed to receive and removably hold the coupling por-
tion 3b of any of the tools 3. In this way, the tools 3 are
interchangeable with each tool-holder pocket 8 and with
the spindle 4.

[0028] The tool-holder pockets 8 are coupled to the
rotary table 7 so that they can be individually automati-
cally disengaged from the rotary table 7 in the tool change
station S so as to allow the rotary table 7 to move the
other tool-holder pockets 8 that remain engaged with the
rotary table 7 along the conveying path P, leaving, in-
stead, the tool-holder pocket 8 disengaged from the ro-
tary table 7 in the tool change station S.

[0029] More precisely, each tool-holder pocket 8 can
be moved, in the tool change station S, between:

- aconveying position (Figures 4 and 6), in which it is
engaged to the rotary table 7 and can be moved
along the conveying path P as a result of the rotation
of the rotary table 7; and

- a change position (Figures 6 and 8), in which it is
disengaged from the rotary table 7 and remains sta-
tionary in the tool change station S, while the other
tool-holder pockets 8 can be moved along the con-
veying path P as a result of the rotation of the rotary
table 7.

[0030] Allthetool-holder pockets 8 carried by the rotary
table 7 are preferably disengageable from the rotary table
7.

[0031] Inorderto guide the tool-holder pockets 8 along
the conveying path P, the tool magazine 5 comprises a
fixed guide device 22 that, in the example shown, is in
the form of a fixed disk, which is arranged facing the
rotary table 7, opposite to the tool-holder pocket 8, and
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has, on one surface facing the rotary table 7, an annular
groove 23 that is coaxial to the axis X and defining the
conveying path P of the tool-holder pocket 8.

[0032] Each tool-holder pocket 8 is coupled to the
guide device 22, in this example the above-mentioned
fixed disk, via a corresponding slide 24 that is slidably
engaged in the groove 23. In the example shown, the
slide 24 is formed by a pair of cam-follower rollers, which
slidably engage the groove 23 and are so sized as to
prevent the tool-holder pocket 8 from moving in a radial
direction in relation to the axis X so as to ensure the
stability and precision of the coupling between the tool-
holder pocket 8 and the rotary table 7.

[0033] According to the preferred and non-limiting em-
bodiment shown in Figures 1 to 10, the tool changer 6
comprises an arm 11 that is mounted between the tool
magazine 5 and the spindle 4 to rotate about a fixed axis
Y transverse to the arm 11 and to the axis X, and two
grippers 12 arranged at respective free ends of the arm
11 to be conveyed by the arm 11 in a rotary movement
about the axis Y.

[0034] When, during operation, the tool changer 6 is
operated to replace a tool 3 on the spindle 4 with a tool
3 in the tool magazine 5, the arm 11 is first rotated about
the axis Y to bring the grippers 12 to simultaneously en-
gage the tool 3 to be replaced on the spindle 4 and the
replacing tool 3 in the tool-holder pocket 8 that is in the
tool change station S in the above-mentioned change
position, and is then rotated to simultaneously release,
in inverted positions, the tool 3 to be replaced and the
replacing tool 3.

[0035] In particular, the arm 11 is movable between an
angular gripping and release position, in which the grip-
pers 12 grasp and release the replacing tool 3 and the
tool 3 to be replaced (Figure 2), and an intermediate an-
gular position, through which the arm 11 passes during
the change of tools 3 and in which the arm 11 stops after
releasing the tools in the tool magazine 5 and on the
spindle 4 (Figure 1).

[0036] In the example shown in Figures 1 and 2, the
angular gripping and intermediate positions are angularly
spaced apart by 90°.

[0037] Conveniently, the automatic tool changer 1 fur-
ther comprises an electronic control unit 13 (Figures 9A-
9E and 10A-10E) programmed to control the movement
of the rotary table 7 about the axis X, i.e., the tool-holder
pockets 8 along the conveying path P, the movement of
the tool changer 6, i.e., the rotation of the arm 11 about
the axis Y, and the movement of the tool-holder pockets
8 between the conveying position and the change posi-
tion in the tool change station S.

[0038] As it will be explained in more detail below, the
electronic control unit 13 is programmed to control the
movement of the rotary table 7, the tool changer 6, and
the tool-holder pocket 8 arranged in the tool change sta-
tion S based on the type of tools 3 to be changed, in
particular based on whether the tools 3 have to be man-
aged according to the "random place" logic (known per
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se), i.e., whether the tools 3, when they are withdrawn
from the spindle 4 and returned to the tool magazine 5,
may occupy any position, i.e., any seat 10, on the rotary
table 7, or whether the tools 3 have to be managed ac-
cording to the "fixed place" logic (known), i.e., whether
the tools 3 are intended to occupy only one specific po-
sition, i.e., a specific seat 10 assigned thereto, on the
rotary table 7.

[0039] Inthe tool magazine 5 according to the embod-
iment exemplarily shown in the attached Figures, a plu-
rality of tools 3 are stored that are intended to be managed
according to the "random place" logic and one tool 3 is
stored that is intended to be managed according to the
"fixed place" logic.

[0040] In particular, in the example described, the
"fixed place" tool 3 is greater than the other tools 3, or,
in any case, greater than the pitch between the seats 10
around the axis X of the rotary table 7 and, for this reason,
the seat 10 assigned to the "fixed place" tool 3 on the
rotary table 7 is placed between two adjacent seats 10
destined to remain empty or, at the most, occupied by
respective tool-holder pockets 8 without tools 3.

[0041] In addition, as shown in Figures 1 and 2, the
tools 3 and the corresponding tool-holder pockets 8 are
stored on the rotary table 7 in such a way that the rotary
table 7 has always at least one empty position, i.e., so
that, during operation, there is always at least one seat
10 empty from a respective tool-holder pocket 8. The
arrangement of one empty pocket 10, in a position that
changes during use with the changing of the tools 3 on
the rotary table 7 enables, in combination with the pos-
sibility of disengaging the tool-holder pocket 8 in the tool
change station S from the rotary table 7, the changing of
the "fixed place" tools with a similar method to the chang-
ing of "random place" tools, as will be clearer from what
is described below.

[0042] As shown in Figures 4-8, the tool magazine 5
further comprises:

- a disengagement device 14 arranged at the tool
change station S and operable to move the tool-hold-
er pocket 8 in the tool change station S from the
conveying position to the change position, in which
the tool-holder pocket 8 is disengaged from the ro-
tary table 7; and

- anactuator 16 coupled to the disengagement device
14 to move it between a receiving position (Figures
4 and 6), in which the disengagement device 14 is
coupled to the tool-holder pocket 8 arranged in the
conveying position in the tool change station S, and
a disengaging position (Figures 5 and 7), in which
the disengagement device 14 arranges the tool-
holder pocket 8 to which it is still coupled in the cor-
responding change position.

[0043] According to the preferred embodiment shown
in Figures 1to 10, the disengagement device 14 is mount-
ed to tilt at the tool change station S on the side of the
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rotary table 7 opposite that which carries the tool-holder
pockets 8 and is hinged to a fixed pin to rotate about an
axis C and to tilt between the receiving position and the
disengaging position under the thrust of the actuator 16.
[0044] The fixed pinis preferably supported by a brack-
et fixedly connected to the guide device 22 and the axis
C is transverse to both the axis X and the axis Y (Figures
1 and 2).

[0045] The disengagement device 14 has a coupling
seat designed to allow the disengagement device 14 to
automatically couple, when it is in the receiving position,
with a tool-holder pocket 8 arranged in the conveying
position in the tool change station S.

[0046] To this end, the guide device 22 has, at the tool
change station, a peripheral recess that interrupts the
groove 23, and the above-mentioned coupling seat of
the disengagement device 14 is defined by a curved
groove 15 that, when the disengagement device 14 is in
the receiving position, is continuous with the groove 23
so as to form an extension of the groove 23 and so give
continuity to the conveying path P of the tool-holder pock-
et 8. In this way, during the rotation of the rotary table 7
and the movement of the tool-holder pockets 8 along the
conveying path P, the groove 15 is travelled along by the
slides 24, in this case by the cam-follower rollers carried
by the base portion 9 of the tool-holder pockets 8, as if
the groove 23 were uninterrupted.

[0047] When one of the tool-holder pockets 8 is
stopped in the tool change station S, the engagement
between the slide 24 of the tool-holder pocket 8 and the
groove 15 results in an automatic coupling between the
disengagement device 14 and the tool-holder pocket 8,
which become mutually integral. In this way, the move-
ment of the disengagement device 14 from the receiving
position to the disengaging position causes the tool-hold-
er pocket 8 to move from the conveying position to the
change position.

[0048] In detail, the actuator 16 comprises a double-
effect piston 17 slidable inside a cylinder 18 and a con-
necting rod 19 fixed to the piston 17 and hinged to the
disengagement device 14 in a position diametrically op-
posite the groove 15 in relation to the rotation axis of the
disengagement device 14, so that the thrust imparted to
the disengagement device 14 by a linear movement of
the piston 17 causes the disengagement device 14 to
oscillate about the axis C.

[0049] More precisely, the piston 17 is slidable be-
tween an extracted position (Figure 3), in which the dis-
engagement device 14 assumes the receiving position,
and a withdrawn position (Figure 5), in which the disen-
gagement device 14 assumes the disengaging position,
in which the tool-holder pocket 8 coupled to the groove
15 assumes the above-mentioned change position.
[0050] The tool-holder pocket 8 is guided in its move-
ment between the conveying and disengaging positions
in the tool change station S by two facing lateral guides
20 designed to slidably cooperate with respective lateral
slides 21 formed on opposite sides of the tool-holder
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pocket 8.

[0051] In particular, as shown in Figures 4, 5, 6, 7 and
8, each of the two lateral guides 20 comprises a first
portion 20a stationary in the tool change station S and a
second portion 20b formed on each support seat 10 and,
hence, is movable with the support seat 10 as a result of
the rotation of the rotary table 7 and is aligned with the
corresponding first portion 20a only when the support
seat 10 is in the tool change station S.

[0052] In this example, the first portions 20a of the two
lateral guides 20 are arranged outside the rotary table 7,
on opposite sides of the disengagement device 14, and
each first portion 20a is defined by a curved track coaxial
to the rotation axis C of the disengagement device 14.
[0053] The second portions 20b of each lateral guide
20 are arranged on respective sides of each support seat
10 and are defined by respective curved tracks that, when
the corresponding support seat 10 is in the tool change
station S, are coaxial to the rotation axis C of the disen-
gagement device 14 and each form an extension of the
corresponding first portion 20a of the linear guide 20.
[0054] As shown in Figures 7 and 8, the lateral slides
21 integral with the tool-holder pocket 8 comprise respec-
tive grooves formed on opposite sides of the base portion
9 of the tool-holder pocket 8 so as to slide along the first
portions 20a and the second portions 20b of the corre-
sponding lateral guides 20 when the tool-holder pocket
8 is moved by the disengagement device 14 towards and
from the change position.

[0055] Due to the second portions 20b of the lateral
guides 20 being stationary and separated by the corre-
sponding first portions 20a, and to the lateral slides 21
of the tool-holder pocket 8 being so sized that, when the
tool-holder pocket 8 is in the change position, the lateral
slides 21 engage only the second portions 20b of the
lateral guides 20 and are completely detached from the
first portions 20a, in the change position, the tool-holder
pocket 8 is completely detached from the rotary table 7
and, thus, the rotary table 7 can freely rotate without the
tool-holder pocket 8 that remained in the tool change
station S.

[0056] In other words, in the tool change station S, the
tool-holder pockets 8 are able to disengage from the ro-
tary table 7 and couple with the disengagement device
14 automatically, i.e., not as a result of an outside inter-
vention, but as the direct result of the fact that, in the tool
change station S, the slide 24 of the tool-holder pocket
8, in this case the cam-follower rollers, is no longer en-
gaged in the groove 23 of the guide device 22, but in the
groove 15 of the disengagement device 14.

[0057] Whenthedisengagementdevice 14 rotatesinto
the disengaging position, the groove 15 is no longer
aligned with the groove 23. If, in this configuration, the
rotary table 7 is rotated, the tool-holder pockets 8 that
remained engaged with the rotary table 7 are dragged
along the conveying path P and, being attached in the
corresponding seats 10, maintain their correct position
on the rotary table 7 also along the section of the con-
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veying path P that crosses the tool change station, de-
spite the absence of the groove 15.

[0058] The fact that the tool-holder pockets 8 are able
to be automatically disengaged from the rotary table 7
and engaged to the disengagement device 14 and that,
after a tool-holder pocket 8 has been moved into the
change position by the disengagement device 14, the
rotary table 7 is free to rotate without the disengaged
tool-holder pocket 8 ensure that it is possible to operate
according to a "random" logic, even if the replacing tool
or the tool to be replaced is a "fixed place" tool. In fact,
as in the "random" logic, even if the replacing tool or the
tool to be replaced is a "fixed place" tool, it is possible to
leave the tool 3 removed from the spindle 4 on the tool-
holder pocket 8 arranged in the change position, to shift
immediately the tool changer 6 into the intermediate po-
sition so as to make the machine tool 2 start again and
reposition the tool 3 removed while the machine tool 2
has started working again.

[0059] By way of example, Figures 9A-9E schemati-
cally show the case in which a "random place" tool is to
be replaced by a "fixed place" tool, while Figures 10A-
10E schematically shows the case in which a "fixed
place" tool is to be replaced with a "random place" tool.
[0060] The rotary table 7 comprises, for simplicity, nine
seats 10, of which six seats 10 may be interchangeably
occupied by "random place" tools, and one seat 10 (iden-
tified with the reference numeral 10F) is exclusively as-
signed to one "fixed place" tool (identified with the refer-
ence numeral 3F) and is arranged between two seats 10
with the respective empty tool-holder pockets 8 (as
shownin the Figures) or, alternatively, without tool-holder
pockets 8. In addition, one of the seats 10 (identified with
the reference numeral 10V) is empty or free of tool-holder
pockets 8.

[0061] Case 1 - Figures 9A-9E: the replacing tool is
a"fixed place" tool 3F, the tool to be replaced is a "random
place" tool 3 (identified with the reference numeral 3R)
(Figure 9A).

[0062] After the rotary table 7 has brought the "fixed
place" tool 3F to the tool change station S and the dis-
engagement device 14 has moved the tool-holder pocket
8 with the "fixed place" tool 3F into the change position,
the changer 6 simultaneously withdraws the "fixed place"
tool 3F from its tool-holder pocket 8 and the "random
place" tool 3R from the spindle 4 (Figure 9B) and changes
them, placing the "random place" tool 3R in the tool-hold-
er pocket 8 previously occupied by the "fixed place" tool
3F and then moving into the intermediate position (Figure
9C), thus enabling the machine tool 2 to recommence
working. Since the tool-holder pocket 8 with the "random
place" tool 3R cannot occupy the seat 10F assigned to
the "fixed place" tool 3F, the tool-holder pocket 8 ar-
ranged in the change position with the "random place"
tool 3R is not returned to the conveying position on the
rotary table 7 but, while the machine tool 2 works, the
rotary table 7 is rotated, withoutthe disengaged tool-hold-
er pocket 8, until it brings the seat 10V, initially empty, to
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the tool change station S (Figure 9D). At this point, via
the movement of the disengagement device 14 from the
disengaging position to the receiving position, the tool-
holder pocket 8 that remains waiting in the tool change
station S with the "random" tool 3R is repositioned in its
conveying position occupying the seat 10V (Figure 9E).
On the rotary table 7, the seat 10F remains empty and
becomes the pocket 10V.

[0063] Case 2 - Figures 10A-10E: the replacing tool
is a "random place" tool 3R, the tool to be replaced is a
"fixed place" tool 3F.

[0064] Afterthe rotary table 7 has brought the "random
place" tool 3R to the tool change station S and the dis-
engagement device 14 has moved the tool-holder pocket
8 with the "random place" tool 3R into the change position
(Figure 10A), the changer 6 simultaneously withdraws
the "random place" tool 3R from its tool-holder pocket 8
and the "fixed place" tool 3F from the spindle 4 (Figure
10B) and changes them, depositing the "fixed place" tool
3F in the tool-holder pocket 8, previously occupied by
the "random place" tool 3R and then moving into the in-
termediate position (Figure 10C). Since the "fixed place"
tool 3F cannot occupy any seat 10 on the rotary table 7,
but must occupy the seat 3F assigned to it, the tool-holder
pocket 8 arranged in the change position with the "fixed
place" tool 3F is not returned to the conveying position
on the rotary table 7 but, while the machine tool works,
the rotary table 7 is rotated, without the disengaged tool-
holder pocket 8, until it brings the seat 10F that is empty
to the tool change station S (Figure 10D). At this point,
via the movement of the disengagement device 14 from
the disengaging position to the receiving position, the
tool-holder pocket 8 that remains waiting in the tool
change station S with the "fixed place" tool 3F is reposi-
tioned in its conveying position occupying the seat 10F.
On the rotary table 7, the seat 10 previously occupied by
the "random" tool 3R loaded on the spindle 4 remains
empty and defines the seat 10V.

[0065] In light of the above, it may be appreciated that
the fact that the tool-holder pockets 8 may be disengaged
from their seats 10 in the tool change station to enable
the rotary table 7 to rotate and bring another empty seat
10 into the tool change station S suitable for being occu-
pied by the disengaged tool-holder pocket 8, enables the
elimination of conventional dead time when one of the
tools involved in the tool change is of the "fixed place"
kind, being able to manage, in this case too, the tool
change with the same time frames of a tool change be-
tween "random place" tools.

[0066] Figures 11 and 12 show a further embodiment
of the automatic tool changer of the present invention.
This embodiment differs from that shown in Figures 1 to
10 basically only as to how the disengagement device
14 is moved from the receiving position to the disengag-
ing position and, as a result, as to how the tool-holder
pocket 8 arranged in the tool change station S is moved
from the conveying position to the change position. For
this reason, for the purposes of clarity, in the following
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description the same reference numerals will be used,
where possible, to reference parts of Figures 11 and 12
that are equal or correspond to parts of Figures 1-10.
[0067] In this case, the disengagement device 14 is
not mounted to rotate about a fixed axis (axis C - Figures
6 and 7), but to displace radially with respect to the rota-
tion axis X of the rotary table 7 so as to radially extract
the tool-holder pocket 8.

[0068] The way in which the tool-holder pockets 8 au-
tomatically disengage from the rotary table 7 to automat-
ically couple to the disengagement device 14 remains
unchanged compared to the above-described embodi-
ment, namely occurs as a result of the fact that, in the
tool change station S, the slide 24 of the tool-holder pock-
et 8, in this case the cam-follower rollers, no longer en-
gages the groove 23 of the guide device 22, but engages
the groove 15 of the disengagement device 14.

[0069] Opposite to the groove 15, the disengagement
device 14 comprises an additional groove 25 slidably en-
gaged along a fixed linear guide 26 extending radially
with respect to the rotation axis X of the rotary table 7.
During operation, the disengagement device 14 is moved
along the linear guide 26 between the receiving position
(Figure 11) and the disengaging position (Figure 12) by
means of the hydraulic actuator 16. The disengagement
device 14 and the hydraulic actuator 16 are preferably
arranged on opposite sides of the linear guide 26 and
the piston 17 is rigidly connected to an appendage of the
disengagement device 14 extending transversely
through the linear guide 26.

[0070] Since the tool-holder pockets 8 are moved be-
tween the conveying and change positions, not via a ro-
tation, as in the previous embodiment, but via a displace-
ment in a radial direction with respect to the rotary table
7, in this embodiment the slides 21 formed on the sides
of the base portion 9 of the tool-holder pockets 8 are not
curved but straight. Correspondingly, the lateral guides
20 too, which in this case comprise just the stationary
portions 20b formed on, and movable with, each seat 10,
are linear and not curved to be able to slidably couple
with the slides 21 of each tool-holder pocket 8.

[0071] In the end, as shown in Figures 11 and 12, the
radial extraction of the tool-holder pockets 8 in the tool
change station S also entails a different orientation of the
tool changer 6 compared to the above-described embod-
iment.

[0072] Inthiscase, infact, the arm 11 of the tool chang-
er 6 is mounted to rotate about a fixed axis Y parallel to
the rotation axis X of the rotary table 7 so that the grippers
12 move on a plane parallel to the rotary table 7 and are
able to grasp and release the tool-holder pockets 8 radi-
ally extracted from the rotary table 7. The spindle 4 (not
shown in Figures 11 and 12) is suitably oriented so as to
be able to receive/release the tool-holder pockets 8
from/to the grippers 12.
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Claims

A tool magazine (5) for an automatic tool changer
(1) for a numerical-control machine tool (2); the tool
magazine (5) comprises a conveyor (7) and a plu-
rality of tool-holder pockets (8) carried by the con-
veyor (7) to move along a conveying path (P) and
through a tool change station (S);

the conveyor (7) comprises a plurality of support
seats (10) designed to individually releasably
house respective tool-holder pockets (8) to
guide them along the conveying path (P);

the tool-holder pockets (8) are mounted on the
conveyor (7) so as to be individually automati-
cally disengageable from the conveyor (7) in the
tool change station (S) to allow the conveyor (7)
to move the tool-holder pockets (8) engaged to
the conveyor (7) along the conveying path (P),
while leaving a tool-holder pocket (8) disen-
gaged from the conveyor (7) in the tool change
station (S);

the tool magazine (5) further comprises a dis-
engagement device (14) arranged at the tool
change station (S) to move a tool-holder pocket
(8) in the tool change station (S) from a convey-
ing position, in which the tool-holder pocket (8)
is housed in a support seat (10) and engaged
to the conveyor (7), and a change position, in
which the tool-holder pocket (8) is extracted from
the support seat (10) and disengaged from the
conveyor (7) and may be left in the tool change
station (S), while the other tool-holder pockets
(8) may be moved by the conveyor (7) along the
conveying path (P);

the disengagement device (14) is movable be-
tween a receiving position, in which the disen-
gagement device (14) is coupled to the tool-
holder pocket (8) arranged in the conveying po-
sition in the tool change station (S), and a dis-
engaging position, in which the disengagement
device (14) holds the tool-holder pocket (8), to
which it is still coupled, in the change position;
the conveyor (7) and the disengagement device
(14) are mutually arranged such that the con-
veyor (7) is free to move the tool-holder pockets
(8) along the conveying path (P) when the dis-
engagement device (14) is both in the receiving
position and in the disengaging position;

the disengagement device (14) is configured to
automatically couple, when it is in the receiving
position, with a tool-holder pocket (8) arranged
in the conveying position in the tool change sta-
tion (S), so as to move the tool-holder pocket (8)
from the conveying position to the change posi-
tion when the disengagement device (14)
moves from the receiving position to the disen-
gaging position;
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each support seat (10) is so shaped as to allow
the tool-holder pocket (8) housed in the support
seat (10) to automatically disengage from the
support seat (10) in the tool change station (S)
as a result of the automatic coupling of the tool-
holder pocket (8) with the disengagement de-
vice (14) and of the movement of the disengage-
ment device (14) from the receiving position to
the disengaging position;

the tool magazine (5) further comprises a guide
device (22) carried by the conveyor (7) and ex-
tending along the conveying path (P), except for
a section thereof the conveying path (P) extend-
ing through the tool change station (S), to guide
the tool-holder pockets (8) along the conveying
path (P);

the guide device (22) comprises a groove (23)
interrupted at the change station (S), so as to
define the conveying path (P) of the tool-holder
pockets (8), except for the section of the con-
veying path (P) extending through the tool
change station (S);

each tool-holder pocket (8) comprises a slide
(24) slidably coupled to the groove (23);

the disengagement device (14) further compris-
es a coupling seat (15) designed to cooperate
with the guide device (22) when the disengage-
ment device (14) is in the receiving position to
guide the tool-holder pockets (8) along the sec-
tion of the conveying path (P) extending through
the tool change station (S) and to automatically
couple the disengagement device (14) to the
tool-holder pocket (8) in the conveying position
in the tool change station (S);

the coupling seat (15) of the disengagement de-
vice (14) is formed by a further groove (15) that,
when the disengagement device (14) is in the
receiving position, is continuous with the groove
(23) of the guide device (22) so as to form an
extension of the groove (23) of the guide device
(22) and give continuity to the conveying path
(P) of the tool-holder pockets (8).

The tool magazine (5) of claim 1, wherein a tool-
holder pocket (8) arranged in the conveying position
in the tool change station (S) is guided in its move-
ment between the conveying position and the disen-
gagement position by two facing lateral guides (20)
designed to slidably cooperate with respective later-
al slides (21) formed on opposite sides of the tool-
holder pocket (8).

The tool magazine (5) of claim 2, wherein each of
the two lateral guides (20) comprises a first portion
(20a) stationary in the tool change station (S) and a
second portion (20b) formed on each support seat
(10) to be movable with the support seat (10) as a
result of the movement of the conveyor (7) and is
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aligned with the corresponding first portion (20a) only
when the support seat (10) is stationary in the tool
change station (S).

- a tool changer (6) to simultaneously pick-up a
first tool (3) from a respective tool-holder pocket
(8) disengaged from the conveyor (7) in the tool
change station (S), and a second tool (3) from

The tool magazine (5) of claim 3, wherein the first 5 the machine tool (2) and to exchange the tools
portions (20a) of the two lateral guides (20) are ar- (3) so that the first tool (3) is coupled to the ma-
ranged outside the conveyor (7), on opposite sides chine tool (2) and the second tool (3) is coupled
of the disengagement device (14) and are defined to the tool-holder pocket (8).
by respective tracks;
the second portions (20b) of each lateral guide (20) 10 The tool changer of claim 7, further comprising an
are arranged on respective sides of each support electronic control unit (13) to control operation of the
seat (10) and are defined by respective tracks that, conveyor (7) and of the tool changer (6) and engage-
when the corresponding support seat (10) is in the ment/disengagement of the tool-holder pockets (8)
tool change station (S), each form the extension of from the conveyor (7) in the tool exchange station
the corresponding first portion (20a) of the linear 175 (S);
guide (20).
the conveyor (7) has a plurality of support seats
The tool magazine (5) of any of the preceding claims, (10) to receive and carry respective tool-holder
wherein the conveyor comprises a rotary table (7) pockets (8), and wherein, during operation, at
mounted to rotate about an axis (X); the tool-holder 20 least one of the support seats (10) is empty of
pockets (8) are arranged along a peripheral portion a tool-holder pocket (8) to define an empty po-
of the rotary table (7), and the conveying path (P) is sition on the conveyor (7);
a closed ring path; and the guide device (22) com- the electronic control unit (13) is configured to
prises afixed disc, which is arranged facing the rotary cause, sequentially and for a pair of first and
table (7), on the opposite side with respect to the 25 second tools (3) to be exchanged:
tool-holder pocket (8), and has, on a surface facing
the rotary table (7), an annular groove (23) that is - the conveyor (7) to bring a tool-holder
coaxial to the axis (X) and defines the groove (23) pocket (8) to the tool change station (S);
interrupted at the tool change station (S). - the tool-holder pocket (8) in the tool
30 change station (S) to move from the con-
The tool magazine (5) of claim 5, when dependent veying position, in which the tool-holder
on claim 4, wherein the disengagement device (14) pocket (8) engages the conveyor (7), to the
is mounted to rotate about a fixed axis (C) between change position, in which the tool-holder
the receiving position and the disengaging position, pocket (8) is disengaged from the conveyor
which defines a tilting position of the tool-holder 35 (7);
pocket (8) with respect to the rotary table (7); - the machine tool (2) to stop;
- the tool changer (6) to simultaneous pick-
the first portions (20a) of the two lateral guides up the first and second tools (3);
(20) are arranged outside the rotary table (7), - the tool exchanger (6) to exchange the first
on opposite sides of the disengagement device 40 and second tools (3);
(14), and each first portion (20a) is defined by a - the machine tool (2) to operate;
curved track coaxial to the rotation axis (C) of - the conveyor (7)to bring the empty support
the disengagement device (14); and seat (10) to the tool change station (S); and
the second portions (20b) of each lateral guide - the tool-holder pocket (8) in the tool
(20) are arranged on respective sides of each 45 change station (S) to move from the change
support seat (10) and are defined by respective position to the conveying position, so as to
curved tracks that, when the corresponding sup- cause the tool-holder pocket (8) to occupy
port seat (10) is in the tool change station (S), the empty position on the conveyor (7) and
are coaxial to the rotation axis (C) of the disen- the tool-holder pocket (8) to re-engage the
gagement device (14) and each form the exten- 50 conveyor (7).
sion of the corresponding first portion (20a) of
the linear guide (20).
Patentanspriiche
7. Anautomatictool changer(1)foranumerical-control
machine tool (2), the tool changer (1) comprises: 55 1. Werkzeugmagazin (5) fur einen automatischen

Werkzeugwechsler (1) fiir eine numerisch gesteuer-
- the tool magazine (5) of any one of the preced- te Werkzeugmaschine (2); wobei

ing claims to store a plurality of tools (3); and
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das Werkzeugmagazin (5) einen Foérderer (7)
und eine Vielzahl von Werkzeug- und Werk-
zeughaltetaschen (8) umfasst, die von dem For-
derer (7) getragen werden, um sich entlang ei-
nes Férderweges (P) und durch eine Werkzeug-
wechselstation (S) zu bewegen,

der Férderer (7) eine Vielzahl von Tragersitzen
(10) umfasst, die so gestaltet sind, dass sie die
jeweiligen Werkzeughaltetaschen (8) einzeln
I6sbar aufnehmen, um sie entlang des Forder-
weges (P) zu fuhren;

die Werkzeughaltetaschen (8) an dem Férderer
(7) so angebracht sind, dass sie einzeln auto-
matisch von dem Foérderer (7) in der Werkzeug-
wechselstation (S) lI6sbar sind, um es dem For-
derer (7) zu ermdglichen, die mit dem Férderer
(7) in Eingriff stehenden Werkzeughaltetaschen
(8) entlang des Forderweges (P) zu bewegen,
wahrend eine Werkzeughaltetasche (8) von
dem Forderer (7) in der Werkzeugwechselstati-
on (S) geldst bleibt;

das Werkzeugmagazin (5) weiterhin eine Aus-
rickvorrichtung (14) umfasst, die an der Werk-
zeugwechselstation (S) angeordnet ist, um eine
Werkzeughaltetasche (8) in der Werkzeug-
wechselstation (S) aus einer Foérderposition, in
der die Werkzeughaltetasche (8) in einem Tra-
gersitz (10) untergebracht ist und mit dem For-
derer (7) in Eingriff steht, und einer Wechselpo-
sition, in der die Werkzeughaltetasche (8) aus
dem Trégersitz (10) herausgezogen und von
dem Forderer (7) herausgezogen wird und in
der Werkzeugwechselstation (S) verbleiben
kann, zu bewegen, wahrend die anderen Werk-
zeughaltetaschen (8) durch den Foérderer (7)
entlang des Férderwegs (P) bewegt werden
kénnen;

die Ausruckvorrichtung (14) zwischen einer Auf-
nahmeposition, in der die Ausrickvorrichtung
(14) mit der in der Forderposition in der Werk-
zeugwechselstation (S) angeordneten Werk-
zeughaltetasche (8) gekoppelt ist, und einer
Ausriickposition bewegbar ist, in der die Aus-
rickvorrichtung (14) die Werkzeughaltetasche
(8), mit der sie noch gekoppelt ist, in der Wech-
selposition halt;

der Forderer (7) und die Ausriickvorrichtung
(14) gegenseitig so angeordnet sind, dass der
Forderer (7) frei ist, die Werkzeughaltetaschen
(8) entlang des Forderweges (P) zu bewegen,
wenn sich die Ausriickvorrichtung (14) sowohl
in der Aufnahmeposition als auch in der Freiga-
beposition befindet,

die Ausruckvorrichtung (14) so konfiguriert ist,
dass sie, wenn sie sich in der Aufnahmeposition
befindet, automatisch mit einer Werkzeughalte-
tasche (8) koppelt, die in der Forderposition in
der Werkzeugwechselstation (S) angeordnet
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ist, um die Werkzeughaltetasche (8) von der
Forderposition in die Wechselposition zu bewe-
gen, wenn sich die Ausrickvorrichtung (14) von
der Aufnahmeposition in die Ausriickposition
bewegt;

jeder Tragersitz (10) so geformt ist, dass er es
der im Tragersitz (10) untergebrachten Werk-
zeughaltetasche (8) ermdglicht, sich in der
Werkzeugwechselstation (S) als Ergebnis der
automatischen Kopplung der Werkzeughalteta-
sche (8) mit der Ausrtickvorrichtung (14)und der
Bewegung der Ausriickvorrichtung (14) aus der
Aufnahmeposition automatisch von dem Tra-
gersitz (10) zu l6sen

das Werkzeugmagazin (5) ferner eine Fih-
rungseinrichtung (22) umfasst, die von dem For-
derer (7) getragen wird und sich entlang des For-
derweges (P) erstreckt, mit Ausnahme eines
Abschnitts des Férderweges (P), der sich durch
die Werkzeugwechselstation (S) erstreckt, um
die Werkzeughaltetaschen (8) entlang des For-
derweges (P) zu fuhren;

die Fuhrungseinrichtung (22) eine an der Wech-
selstation (S) unterbrochene Nut (23) aufweist,
um den Forderweg (P) der Werkzeughalteta-
schen (8) mit Ausnahme des durch die Werk-
zeugwechselstation (S) verlaufenden Ab-
schnitts des Férderwegs (P) zu definieren;
jede Werkzeughaltetasche (8) einen Schieber
(24) aufweist, der gleitend mit der Nut (23) ge-
koppelt ist,

die Ausruckvorrichtung (14) ferner einen Kupp-
lungssitz (15) aufweist, der so gestaltet ist, dass
er mitder Fihrungsvorrichtung (22) zusammen-
wirkt, wenn sich die Ausrlckvorrichtung (14) in
der Aufnahmeposition befindet, um die Werk-
zeughaltetaschen (8) entlang des Abschnitts
des Forderwegs (P) zu fuhren, der sich durch
die Werkzeugwechselstation (S) erstreckt, und
um die Ausrickvorrichtung (14) automatisch mit
der Werkzeughaltetasche (8) in der Férderposi-
tion in der Werkzeugwechselstation (S) zu kup-
peln;

der Kupplungssitz (15) der Ausriickvorrichtung
(14) durch eine weitere Nut (15) gebildet wird,
die, wenn sich die Ausriickvorrichtung (14) in
der Aufnahmeposition befindet, mit der Nut (23)
der Fuhrungsvorrichtung (22) durchgéangig ist,
um eine Verlangerung der Nut (23) der Fih-
rungsvorrichtung (22) zu bilden und dem For-
derweg (P) der Werkzeughaltetaschen (8) Kon-
tinuitat zu verleihen.

Werkzeugmagazin (5) nach Anspruch 1, wobei eine
in der Foérderposition in der Werkzeugwechselstati-
on (S) angeordnete Werkzeughaltetasche (8) bei ih-
rer Bewegung zwischen der Férderposition und der
Freigabeposition durch zwei einander zugewandte
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seitliche Fihrungen (20) gefiihrt wird, die so gestal-
tet sind, dass sie gleitend mit entsprechenden seit-
lichen Gleitstiicken (21) zusammenwirken, die auf
gegenuberliegenden Seiten der Werkzeughalteta-
sche (8) ausgebildet sind.

Werkzeugmagazin (5) nach Anspruch 2, wobei jede
der beiden seitlichen Fihrungen (20) einen ersten
Abschnitt (20a), der in der Werkzeugwechselstation
(S) stationar ist, und einen zweiten Abschnitt (20b)
aufweist, der an jedem Tragersitz (10) ausgebildet
ist, um mitdem Tragersitz (10) infolge der Bewegung
des Forderers (7) beweglich zu sein, und der mit
dem entsprechenden ersten Abschnitt (20a) nur
dann ausgerichtet ist, wenn der Tragersitz (10) in
der Werkzeugwechselstation (S) stationar ist.

Werkzeugmagazin (5) nach Anspruch 3, wobei die
ersten Abschnitte (20a) der beiden seitlichen Fih-
rungen (20) auRBerhalb des Forderers (7) auf gegen-
Uberliegenden Seiten der Ausrlickvorrichtung (14)
angeordnet sind und durch entsprechende Spuren
definiert sind,

die zweiten Abschnitte (20b) jeder seitlichen Fih-
rung (20) auf den jeweiligen Seiten jedes Tragersit-
zes (10) angeordnet sind und durch jeweilige Bah-
nen definiert werden, die, wenn sich der entspre-
chende Tragersitz (10) in der Werkzeugwechselsta-
tion (S) befindet, jeweils die Verlangerung des ent-
sprechenden ersten Abschnitts (20a) der Linearflh-
rung (20) bilden.

Werkzeugmagazin (5) nach einem der vorhergehen-
den Anspriiche, wobei der Forderer einen um eine
Achse (X)drehbar gelagerten Drehtisch (7) aufweist,
die Werkzeughaltetaschen (8) entlang eines Um-
fangsabschnitts des Drehtischs (7) angeordnet sind
und die Foérderbahn (P) eine geschlossene Ring-
bahnist, und die Fiihrungseinrichtung (22) eine feste
Scheibe aufweist, die dem Drehtisch (7) zugewandt
auf der der Werkzeughaltetasche (8) gegentiberlie-
genden Seite angeordnetistund aufeiner dem Dreh-
tisch (7) zugewandten Flache eine Ringnut (23) auf-
weist, die koaxial zur Achse (X) verlauft und die Nut
(23) definiert, die an der Werkzeugwechselstation
(S) unterbrochen ist.

Werkzeugmagazin (5) nach Anspruch 5 in Abhan-
gigkeit von Anspruch 4, wobei die Ausrlckvorrich-
tung (14) um eine feste Achse (C) zwischen der Auf-
nahmeposition und der Ausriickposition drehbar ge-
lagert ist, die eine Kippstellung der Werkzeughalte-
tasche (8) in Bezug auf den Drehtisch (7) definiert,

die ersten Abschnitte (20a) der beiden seitlichen
Fihrungen (20) auRerhalb des Drehtisches (7)
auf gegenuberliegenden Seiten der Ausriick-
vorrichtung (14) angeordnet sind und jeder erste
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Abschnitt (20a) durch eine gekrimmte Spur ko-
axial zur Drehachse (C) der Ausriickvorrichtung
(14) definiert ist, und

die zweiten Abschnitte (20b) jeder seitlichen
Fihrung (20) auf jeweiligen Seiten jedes Tra-
gersitzes (10) angeordnet sind und durch jewei-
lige gekrimmte Bahnen definiert sind, die, wenn
sich der entsprechende Tragersitz (10) in der
Werkzeugwechselstation (S) befindet, koaxial
zu der Drehachse (C) der Ausriickvorrichtung
(14) sind und jeweils die Verlangerung des ent-
sprechenden ersten Abschnitts (20a) der linea-
ren Fihrung (20) bilden.

7. Automatischer Werkzeugwechsler (1) fir eine nu-

merisch gesteuerte Werkzeugmaschine (2), wobei
der Werkzeugwechsler (1) umfasst

- das Werkzeugmagazin (5) nach einem der vor-
hergehenden Anspriiche zum Speichern einer
Vielzahl von Werkzeugen (3); und

- einen Werkzeugwechsler (6), um gleichzeitig
ein erstes Werkzeug (3) von einer jeweiligen
Werkzeughaltetasche (8), das von der Forder-
einrichtung (7) in der Werkzeugwechselstation
(S) geldstist, und ein zweites Werkzeug (3) von
der Werkzeugmaschine (2) aufzunehmen und
die Werkzeuge (3) auszutauschen, so dass das
erste Werkzeug (3) mit der Werkzeugmaschine
(2) und das zweite Werkzeug (3) mit die Werk-
zeughaltetasche (8) gekoppelt ist.

Werkzeugwechsler nach Anspruch 7, ferner mit ei-
ner elektronischen Steuereinheit (13) zur Steuerung
des Betriebs des Forderers (7) und des Werkzeug-
wechslers (6) sowie zum Ein- und Auskuppeln der
Werkzeughaltetaschen (8) vom Férderer (7) in der
Werkzeugwechselstation (S);

wobei der Forderer (7) eine Vielzahl von Trager-
sitzen (10) aufweist, um entsprechende Werk-
zeughaltetaschen (8) aufzunehmen und zu tra-
gen, und wobei wahrend des Betriebs mindes-
tens einer der Tragersitze (10) leer von einer
Werkzeughaltetasche (8) ist, um eine leere Po-
sition auf dem Forderer (7) zu definieren;
wobei die elektronische Steuereinheit (13) so
konfiguriert ist, dass sie nacheinander und fir
ein Paar von ersten und zweiten Werkzeugen
(3), die ausgetauscht werden sollen, bewirkt,
dass

- der Forderer (7) eine Werkzeughalteta-
sche (8) zur Werkzeugwechselstation (S)
bringt;
- der Forderer (7) eine Werkzeughalteta-
sche (8) zur Werkzeugwechselstation (S)
bringt,
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- die Werkzeughaltetasche (8) in der Werk-
zeugwechselstation (S), um sich von der
Forderposition, in der die Werkzeughalteta-
sche (8) in den Forderer (7) eingreift, in die
Wechselposition zu bewegen, in der die
Werkzeughaltetasche (8) von der Foérder-
einrichtung (7) gelost ist,

- die Werkzeugmaschine (2) stoppt;

-den Werkzeugwechsler (6) gleichzeitig die
ersten und zweiten Werkzeuge (3) auf-
nimmt;

-den Werkzeugwechsler (6) zum Auswech-
selndes ersten und zweiten Werkzeugs (3);
- die Werkzeugmaschine (2) arbeitet;

-der Forderer (7) den leeren Tragersitz (10)
zur Werkzeugwechselstation bringt; und

- die Werkzeughaltetasche (8) in der Werk-
zeugwechselstation (S) von der Wechsel-
position in die Férderposition zu bewegen,
so dass die Werkzeughaltetasche (8) die
leere Position auf dem Forderer (7) ein-
nimmt und die Werkzeughaltetasche (8)
wieder in den Forderer (7) einrastet.

Revendications

1. Magasin d’outils (5) pour un changeur d’outils auto-
matique (1) pour une machine-outila commande nu-
mérique (2) ; le magasin d’outils (5) comprend un
convoyeur (7) et une pluralité de poches porte-outil
(8) portées par le convoyeur (7) pour se déplacer le
long d’'un chemin de convoyage (P) et passer par un
poste de changement d’outil (S) ;

le convoyeur (7) comprend une pluralité de sie-
ges de support (10) congus pour loger de ma-
niere individuelle et libérable des poches porte-
outil (8) respectives pour les guider le long du
chemin de convoyage (P) ;

les poches porte-outil (8) sont montées sur le
convoyeur (7) de fagon a étre aptes a étre dé-
solidarisées de maniere individuelle et automa-
tique du convoyeur (7) dans le poste de chan-
gement d’outil (S) pour permettre au convoyeur
(7) de déplacer les poches porte-outil (8) mises
en prises avec le convoyeur (7) le long du che-
min de convoyage (P), tout en laissant une po-
che porte-outil (8) désolidarisée du convoyeur
(7) dans le poste de changement d’outil (S) ;

le magasin d’outils (5) comprend en outre un
dispositif de désolidarisation (14) agencé au ni-
veau du poste de changement d’outil (S) pour
déplacer une poche porte-outil (8) dans le poste
de changement d’outil (S) d’'une position de con-
voyage, dans laquelle la poche porte-outil (8)
estlogée dans un siege de support (10) et mise
en prise avec le convoyeur (7), a une position
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de changement, dans laquelle la poche porte-
outil (8) est extraite du siége de support (10) et
désolidarisée du convoyeur (7) et peut étre lais-
sée dans le poste de changement d’outil (S),
tandis que les autres poches porte-outil (8) peu-
vent étre déplacées par le convoyeur (7) le long
du chemin de convoyage (P) ;

le dispositif de désolidarisation (14) est mobile
entre une position de réception, dans laquelle
le dispositif de désolidarisation (14) est couplé
a la poche porte-outil (8) agencée dans la posi-
tion de convoyage dans le poste de changement
d’outil (S), et une position de désolidarisation,
dans laquelle le dispositif de désolidarisation
(14) retient la poche porte-outil (8), a laquelle il
est encore couplé, dans la position de
changement ;

le convoyeur (7) et le dispositif de désolidarisa-
tion (14) sont mutuellement agencés de sorte
que le convoyeur (7) soit libre de déplacer les
poches porte-outil (8) le long du chemin de con-
voyage (P) lorsque le dispositif de désolidarisa-
tion (14) est alafois dansla position de réception
et dans la position de désolidarisation ;

le dispositif de désolidarisation (14) est configu-
ré pour se coupler automatiquement, lorsqu'il
est dans la position de réception, avec une po-
che porte-outil (8) agencée dans la position de
convoyage dans le poste de changement d’outil
(S), de fagon a déplacer la poche porte-outil (8)
de la position de convoyage a la position de
changement lorsque le dispositif de désolidari-
sation (14) se déplace de la position de récep-
tion a la position de désolidarisation ;

chaque siege de support (10) est fagonné de
facon a permettre ala poche porte-outil (8) logée
dansle siége de support (10) de se désolidariser
automatiquement du siége de support (10) dans
le poste de changement d’outil (S) en consé-
quence du couplage automatique de la poche
porte-outil (8) avec le dispositif de désolidarisa-
tion (14) et du mouvement du dispositif de dé-
solidarisation (14) de la position de réception a
la position de désolidarisation ;

le magasin d’outils (5) comprend en outre un
dispositif de guidage (22) porté par le convoyeur
(7) et s’étendant le long du chemin de convoya-
ge (P), al'exception d’'une section du chemin de
convoyage (P) s’étendant en passant parle pos-
te de changement d’outil (S), pour guider les po-
ches porte-outil (8) le long du chemin de con-
voyage (P) ;

le dispositif de guidage (22) comprend une rai-
nure (23) interrompue au niveau du poste de
changement (S), de fagon a définir le chemin de
convoyage (P) des poches porte-outil (8), a I'ex-
ception de la section du chemin de convoyage
(P) s’étendant en passant par le poste de chan-
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gement d’outil (S) ;

chaque poche porte-outil (8) comprend un cou-
lisseau (24) couplé de maniére coulissante a la
rainure (23) ;

le dispositif de désolidarisation (14) comprend
en outre un siege de couplage (15) congu pour
coopérer avec le dispositif de guidage (22) lors-
que le dispositif de désolidarisation (14) estdans
la position de réception pour guider les poches
porte-outil (8) le long de la section du chemin de
convoyage (P) s’étendanten passant par le pos-
te de changement d’outil (S) et pour coupler
automatiquement le dispositif de désolidarisa-
tion (14) a la poche porte-outil (8) dans la posi-
tion de convoyage dans le poste de changement
d’outil (S) ;

le siege de couplage (15) du dispositif de déso-
lidarisation (14) est formé par une rainure sup-
plémentaire (15) qui, lorsque le dispositif de dé-
solidarisation (14) est dans la position de récep-
tion, est continue avec la rainure (23) du dispo-
sitif de guidage (22) de fagon a former une ex-
tension de la rainure (23) du dispositif de guida-
ge (22) et donner une continuité au chemin de
convoyage (P) des poches porte-outil (8).

Magasin d’outils (5) selon la revendication 1, dans
lequel une poche porte-outil (8) agencée dans la po-
sition de convoyage dans le poste de changement
d’outil (S) est guidée dans son mouvement entre la
position de convoyage et la position de désolidari-
sation par deux guides latéraux (20) se faisant face,
congus pour coopérer de maniere coulissante avec
des coulisseaux latéraux (21) respectifs formés sur
des coOtés opposés de la poche porte-outil (8).

Magasin d’outils (5) selon la revendication 2, dans
lequel chacun des deux guides latéraux (20) com-
prend une premiére partie (20a) stationnaire dans le
poste de changement d’outil (S) et une seconde par-
tie (20b) formée sur chaque siége de support (10)
pour étre mobile avec le siege de support (10) en
conséquence du mouvementdu convoyeur (7) et qui
est alignée avec la premiere partie (20a) correspon-
dante uniquement lorsque le siége de support (10)
est stationnaire dans le poste de changement d’outil

(S).

Magasin d’outils (5) selon la revendication 3, dans
lequel les premiéres parties (20a) des deux guides
latéraux (20) sont agencées a I'extérieur du con-
voyeur (7), sur des cotés opposés du dispositif de
désolidarisation (14) et sont définies par des pistes
respectives ;

les secondes parties (20b) de chaque guide latéral
(20) sont agenceées sur des cotés respectifs de cha-
que sieége de support (10) et sont définies par des
pistes respectives qui, lorsque le siége de support
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(10) correspondantestdans le poste de changement
d’outil (S), forment chacune I'extension de la premié-
re partie (20a) correspondante du guide linéaire (20).

Magasin d’outils (5) selon 'une quelconque des re-
vendications précédentes, dans lequel le convoyeur
comprend une table rotative (7) montée pour étre en
rotation autour d’'un axe (X) ; les poches porte-outil
(8) sont agencées le long d’'une partie périphérique
de la table rotative (7), et le chemin de convoyage
(P) est un chemin annulaire fermé ; et le dispositif
de guidage (22) comprend un disque fixe, qui est
agenceé en face de la table rotative (7), sur le coté
opposeé par rapport a la poche porte-outil (8), et pos-
sede, sur une surface faisant face a la table rotative
(7), unerainure annulaire (23) qui est coaxiale al'axe
(X) et définit la rainure (23) interrompue au poste de
changement d’outil (S).

Magasin d’outils (5) selon la revendication 5, lorsque
prise en dépendance de la revendication 4, dans le-
quel le dispositif de désolidarisation (14) est monté
pour étre en rotation autour d’'un axe fixe (C) entre
la position de réception et la position de désolidari-
sation, qui définit une position d’inclinaison de la po-
che porte-outil (8) par rapport a la table rotative (7) ;

les premiéres parties (20a) des deux guides la-
téraux (20) sont agencées a I'extérieur de la ta-
ble rotative (7), sur des cbtés opposés du dis-
positif de désolidarisation (14), et chaque pre-
miere partie (20a) est définie par une piste in-
curvée coaxiale a I'axe de rotation (C) du dispo-
sitif de désolidarisation (14) ; et

les secondes parties (20b) de chaque guide la-
téral (20) sontagencées sur des cotés respectifs
de chaque siége de support (10) et sont définies
par des pistes incurvées respectives qui, lors-
que le sieége de support (10) correspondant est
dans le poste de changement d’outil (S), sont
coaxiales a I'axe de rotation (C) du dispositif de
désolidarisation (14) etformentchacune 'exten-
sion de la premiére partie (20a) correspondante
du guide linéaire (20).

Changeur d’outils (1) automatique pour une machi-
ne-outil & commande numérique (2), le changeur
d’outils (1) comprend :

- le magasin d’outils (5) selon I'une quelconque
des revendications précédentes pour stocker
une pluralité d’outils (3) ; et

- un changeur d’outils (6) pour simultanément
prendre un premier outil (3) dans une poche por-
te-outil (8) respective désolidarisée du con-
voyeur (7) dans le poste de changement d’outil
(S), et un second outil (3) dans la machine-outil
(2) et pour échanger les outils (3) de sorte que
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le premier outil (3) soit couplé a la machine-outil
(2) et que le second outil (3) soit couplé a la
poche porte-outil (8).

8. Changeur d’outils selon la revendication 7, compre-
nant en outre une unité de commande électronique
(13) pour commander le fonctionnement du con-
voyeur (7) et du changeur d’outils (6) et la mise en
prise/la désolidarisation des poches porte-outil (8)
du convoyeur (7) dans le poste d’échange d’outil

(8);

le convoyeur (7) posséde une pluralité de sieges
de support (10) pour recevoir et porter des po-
ches porte-outil (8) respectives, et dans lequel,
pendant le fonctionnement, au moins I'un des
sieges de support (10) est dépourvu d’'une po-
che porte-outil (8) pour définir une position vide
sur le convoyeur (7) ;

I'unité de commande électronique (13) est con-
figurée pour amener, en séquence et pour une
paire de premier et second outils (3) devant étre
échangés :

- le convoyeur (7)a apporter une poche por-
te-outil (8) au poste de changement d’outil
(S);

- la poche porte-outil (8) dans le poste de
changement d’outil (S) a se déplacer de la
position de convoyage, dans laquelle la po-
che porte-outil (8) se met en prise avec le
convoyeur (7), ala position de changement,
danslaquelle la poche porte-outil (8) est dé-
solidarisée du convoyeur (7) ;

- la machine-outil (2) a s’arréter ;

- le changeur d'outils (6) a simultanément
prendre les premier et second outils (3) ;
-I'échangeur d’outils (6) a échanger les pre-
mier et second outils (3) ;

- la machine-outil (2) a fonctionner ;

- le convoyeur (7) a apporter le siege de
support (10) vide au poste de changement
d’outil (S) ; et

- la poche porte-outil (8) dans le poste de
changement d’outil (S) a se déplacer de la
position de changement a la position de
convoyage, de fagon a amener la poche
porte-outil (8) a occuper la position vide sur
le convoyeur (7) et la poche porte-outil (8)
aseremettre en prise avec le convoyeur (7).
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