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BACKGROUND OF THE INVENTION

5 Field of the Invention
The present invention relates to a tool changing

method to be carried out in a machining center and the like
and a tool changing apparatus for carrying out the tool
changing method.
10 Description of the Related Art
A machining center disclosed in JP-A-63-52945
published March 7, 1988, employs a tool magazine disposed
on the column of the machining center and capable of

sequentially positioning a plurality of tools at a standby

15 position and of shifting a desired tool from the standby

position to a tool change position, and a tool changing

device mounted on a headstock vertically slidably supported

on the column. The tool changing device has a tool

changing head capable of turning about the axis of the

20 spindle and of moving toward and away from the axis of the

spindle, two pairs of grippers supported on the tool

changing head so as to extend in diametrically opposite

directions, respectively. One of the two pair of grippers

is at a position to grip an on-spindle tool, i.e., a tool

25 attached to the spindle, and the other pair of grippers is

at a position to grip the tool positioned at the tool

change position when the headstock is raised to a position
corresponding to the tool change position.

When changing the tool by the tool changing device,

30 the tool magazine positions the next tool at the standby

position and moves the next tool to the tool change

position while the machining center is in operation using

the on-spindle tool. When a tool changing instruction is

given, the headstock is raised to the ©position

35 correSponding to the tool change position, one of the two

pairs of grippers grips the on-spindle tool, the other pair

of grippers grips the next tool positioned at the tool

~ .



on t-he cdlunn. The tool changi ng device has a tool changi ng head capabl e
of. turning about the axis of the 20 spi ndl e and of noving toward and
away, fromthe axis of the spindle, two pairs of grippers supported on the
t ool changing head so as to extend in dianetrically opposite directions,

respectively. One of the two pair of grippers is at a position to grip an
on-spindle tool, i.e., a tool 25 attache® t-0o the spindle, and the other

pair of grippers is at a position to grip the tool positioned at the tool
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moved from the tool change position to the standby
position, and then the tool magazine carries out a tool
positioning operation for positioning the next tool at the
standby position for the next tool changing cycle.

10 This prior art machining center was developed to
machine steel workpieces by using tools of tool diameters
not greater than 53 mm. When machining workpieces of light
alloys on the machining center, tools of tool diameters
greater than 53 mm, for example 75 mm, must be used because

15 the amount of chips increases when workpieces of 1light
alloys are machined by using tools of diameters not greater
than 53 mm. Since the stroke of each pair of grippers is
determined such that the pair of grippers make only a -
movement enough for the pair of grippers to grip a tool of

20 53 mm in tool diameter to shorten the time necessary for
gripping and releasing the tool to the least possible
extent. Accordingly, if the next tool of 75 mm in tool
diameter is positioned at the tool change position, the
pair of grippers will interfere with the next tool when the

25 headstock is moved along the axis of the spindle to the
position corresponding to the tool change position in
response to a tool changing instruction.

Such a problem may be solved by a first measure
that increases the stroke of the pair of grippers so that

30 the pair of grippers are able to grip the tool of 75 mm in
tool diameter or by a second measure that positions the
next tool at the standby position, holds the next tool at
the standby position until the headstock is positioned at
the position corresponding to the tool change position in

35 response to a tool changing instruction, moves the next
tool from the standby position to the tool change position,
carries out the tool changing operation, and then moves the



35 -l.cor%esponding to the tool change position, one of the two pairs of
grippers grips the on-spindle tool, the other pair of grippers grips the
next_tool positioned at the tool -2- change position, the tool changing
device carries out a tool changing operation to replace the on-spindle tool
with the next tool, the headstock supporting the spindle holding the next
tool is noved along the axis of the spindle3oeward 5 a machi ni ng
position, the tool renmoved fromthe spindle is noved fromthe tool change
posi tion to the hasdsiiockobdt 8omaciiaingepasidiayo| afieeazinovingr thes tmal a

pos P or MBS S g 0t W bl
machi ni ng center was de¥dedn q(ﬁlrst measure were taken, the design of
the grippers would have to be changed and the time
5 necessary for the grippers to grip and release the tocol
would increase and the idle time for which the machining
center is not cutting the workpiece would increase. When
the second measure were taken, the next tool would have to
be moved from the standby position to the tool change
10 position before the tool changing operation and the tool
removed from the spindle would have to be moved from the
tool change position to the standby position after the tool
changing operation in each +tool changing cycle and,
consequently, the idle time for which the machining center

15 is not cutting the workpiece would increase.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present

invention to provide a tool changing method that requires

the least possible stroke of grippers and the least

20 possible tool transferring actions before and after a tool

changing operation, and to provide an apparatus for
carrying out the same tool changing method.

According to a first aspect of the present

invention, there is provided a tool changing method which

25 comprises: classifying a plurality of tools into small type

tools and large type tools with reference to a

predetermined threshold tool diameter determined on the

basis of the stroke of pairs of grippers; positioning a

next tool to a standby position, and moving the same to a

30 tool change position before the headstock of the machining

center has been moved to a position corresponding to the

tool change position in response to a tool changing

instruction, when the next tool is of the small type:;

positioning and holding the next tool at the standby

35 position, moving the next tool from the standby position to

the tool change position after the headstock has been moved

to the position corresponding to the tool change position



machi ne steel workpi eces by using tools of tool diameters not greater than
53 mMm Wen machi ni ng wor kpi eces of light alloys on the nmachining center,
tools of -tool dianeters greater than 53 mm for exanple 75 mm nust be used
because 15 t he amount of chips increases when workpi eces of light alloys
are machi ned by using tools of dianeters not greater than 53 mm Since the
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moving the tool removed from the spindle from the tool
change position to the standby position, when the tool
removed from the spindle is of the small type; carrying out
the tool changing operation, and moving the headstock to

10 the machining position after moving the tool removed from
the spindle from the tool change position to the standby
position, when the tool removed from the spindle is of the
large type.

According to an embodiment of the present

15 invention, the tools that can be moved through a space
between the grippers in an open position are classified as
those of small type, and the tools that cannot be moved
through the same space are classified as those of the large
type.

20 According to another embodiment of the present
invention, the small type tools of a weight exceeding a
predetermined weight are classified as large type tools,
and the tool changing operation for replacing an on-spindle
tool with a next tool, in a case where at least one of the

25 on-spindle tool and the next tool is of the large type is
carried out at a tool changing speed lower than a tool
changing speed in a case where both the tools are of the
small type. '

According to another aspect of the present

30 invention, a tool changing apparatus comprises: storage
means for storing types of tools classified into small type
tools and large type tools with reference to a
predetermined threshold tool diameter determined on the
basis of stroke of a pair of grippers; type identifying

35 means for identifying the respective types of an on-spindle
tool and a next tool; small type tool feed instruction
issuing means for issuing a small type +tool feed



Such a problen1nay be solved by a first neasure that increases the stroke
of the pair of grippers so that 30 the pair of grippers are able to grip
the tool .of 75 mmin tool dianmeter or by a second neasure that positions
the next tool at the standby position, holds the next tool at the standby
position until the headstock is positioned at the position corresponding to
the tool change position in 35 response-t® & tool changing instruction,
noves the next tool fromthe standby position to the tool change position,
carries out the imtrmh‘anrgmngbquttm nexitd toeh fmomwsa tsikandby position
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spindle to the standby positi When the first neasure were taken, the
desi gn of a pos tlon corresponding to the tool change position, when

the next tool is of the small type; large type tool feed

5 instruction issuing means for issuing a large type tool

feed instruction to move the next tool from the standby

position to the tool change position after the headstock

has been moved to the position corresponding to the tool

change position, when the next tool is of the large type;

10 small type tool return instruction issuing means for

issuing a small tool return instruction to return the tool

removed from the spindle by the tool changing operation

from the tool change position to the standby position after

the headstock has been moved toward a machining position

15 when the tool removed from the spindle is of the small

type; and large type tool return instruction issuing means

for issuing a large tool return instruction to return the

tool removed from the spindle by the +tool changing

operation from the tool change position to the standby

20 position before the headstock is moved toward a machining

position, when the tool removed from the spindle is of the
large type.

According to the present invention, when the next

tool is of the small type, the next tool is positioned at

25 the standby position and moved to the tool change position

while the machine tool is in operation using the on-spindle

tool, the headstock is moved to the position corresponding

to the tool change position in response to a tool changing

instruction, and the tool changing operation is carried

30 out. When the next tool is of the large type, the next

tool is moved to and held at the standby position while the

machining center is in machining operation, the next tool

is moved from the standby position to the tool change

position after the headstock has been moved to the position

35 corresponding to the tool change position in response to a

tool changing instruction and the tool changing operation

is carried out. When the tool removed from the spindle is



the grippers would have to be changed and the tinme 5 necessary for the
grippers to grip and release the tool would increase and the idle tine for
whi ch the machining center is not cutting the workpi ece would increase.
Wien ‘t he second neasure were taken, the next tool woul d have to be noved
fromthe standby position to the tool change 10 posi tion before the tool
changi ng operation and the tool renoved fremé he spindl e woul d have to be
noved fromthe tool change position to the standby position after the tool
changi ng oper at i af i theasmlbotypdanghaegheadbstogkdisc mpvedqudot lay madhelnidige

Ciopdp o ot et o : i
would i ner ease. | SHRARELEMARE Y Beter thBttodl Ml HUAREGP nas
the present inverheem compketedicandt e &enlgitRPoHat EroMmathecspindde: He

| east possi bl e stfRky Oferdid PRBES 8861t henkRge! pOsiti®@SStd! &HeOlstandby

transferring actions before and after a_tool
g% position. en the tool removed from the spindle is of the

small type, the headstock is moved to a machining position
after the tool removed from the spindle by the tool
changing operation has been removed from the tool change
position to the standby position.

10 Accordingly, the idle time for which the machining
center remains inoperative can be limited to a minimum even
if the stroke of the pair of grippers of the tool changing
device is increased to enable the pair of grippers to grip
the large type tools and the time necessary for the pair of

15 grippérs to grip and release the tool increases
accordingly. Furthermore, since +the tool changing
operation for replacing the on-spindle tool with the next
tool in the case where at least either the on-spindle tool
or the next tool is of the large type is carried out at a

20 tool changing speed lower than that at which the tool
changing operation is carried out in the case where both
the tools are of the small type, excessively large force
will not be exerted on the component parts of the tool
changing device and the tool will not fall off the pair of

25 grippers during the tool changing operation.

The above and other objects, features and

advantages of the present invention will become more
apparent from the following description taken in connection
with the accompanying drawings.
30 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a plan view of a machining center:;

Fig. 2 is a side view of the machining center of
Fig. 1;
Fig. 3 is a partly sectional plan view of a tool

35 changing head;
Fig. 4 is a sectional view taken on line IV-IV in

Fig. 3:



changi ng operation, and to provide an apparatus for carrying out the sane

t ool changi ng nethod. According to a first aspect of the present invention,
there is provided a tool changing method which 25 conprises: classifying
a plurality of tools into snall type tools and large type tools wth
reference to a predeterm ned threshold tool dianeter determ ned on the
basis of the stroke of pairs of grippers; positioning a next tool to a

st andby position, and noving the sane to a 30 t ool change position

bef ore the headstock of tHigg.nmeBhils ngy ferageentasybastamovidwt @f pbei ttamil
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fromthe standby jpagjtion to the tool change position after the headstock

has been noved to the position_corresponding to the tool change ositign
5 Fig. 6 is a longitudinal sectional” view of a

headstock;
Fig. 7 is a plan view of a tool magazine;
Fig. 8 is a bottom view of the tool magazine of

Fig. 7:

10 Fig. 9 is a sectional view taken on line IX-IX in
Fig. 7;

Fig. 10 is a sectional view taken on line X-X in
Fig. 7;

Fig. 11 is a sectional view taken on line XI-XI in
15 Fig. 7;
Fig. 12 is a longitudinal sectional view of a tool
pot and an idler;
Figs. 13(a) to 13(e) are diagrammatic views
explanatory of a tool changing operation;
20 Figs. 14(a) to 14(e) are diagrammatic views for
assistance in explaining a tool changing operation; and
Fig. 15 is a flow chart of a tool changing method
in a preferred embodiment of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
25 A tool changing method according to a preferred
embodiment of the present invention will be described as
applied to a vertical machining center 1. Referring to
Figs. 1 and 2, the machining center 1 has a main frame la
a column 3 supported for movement in longitudinal and
30 transverse directions in a horizontal plane on the main
frame la, and a headstock 5 supported for vertical sliding
movement, i.e., sliding movement along the axis of a
spindle 4, on the column 3. A tool changing device 6 is
disposed near the spindle 4 supported in a vertical
35 position on the headstock 5. A tool magazine 7 is disposed
beside the column 3. First, the tool changing device 6
will be described with reference +to Figs. 3 to 5.




-4- in response to a tool changing instruction, and carrying out the tool
changlng operation, when the next tool is of the |arge type; carrying out

t he tool .changi ng operation, noving the headstock, inmediately after
conpletion of the 5 t ool changi ng operation, to a nachining position and
then noving the tool renoved fromthe spindle fromthe tool change position
to the standby position, when the tool renmev@d-fromthe spindle is of the
smal | type; carrying out the tool changing operation, and noving the

headst ock to 10 Fundamemalily,n¢heosidalorchadnigingroleviyre h@ isotheesamed in

from the spi ndl e Jbaiplag. 0! aghagge gopi t#@é}%ﬁ%h%&l@bﬁ&@&e@ in

when the tool refove romthe spindle 1s o rge t
JP-A~-63-52945. A tool change shaft 1s supported in

vertical attitude on the headstock 5 so as to be turned
5 about and to be moved toward and away from the axis of the
spindle 4, and a tool changing head 10 provided with two
pairs of grippers 9 is mounted on the lower end of the tool
change shaft 8.

A base member 1l0a is attached to the lower end of
10 the tool change shaft 8. The two pairs of grippers 9 are
pivotally supported at their proximal ends 16 for turning
about vertical axes on the opposite side walls of the base
member 10a so as to extend in opposite directions,
respectively. A first pair of grippers 9 are shown to be
15 positioned at a on-spindle tool gripping position to grip
an on-spindle tool, and a second pair of grippers 9 are
shown to be positioned at a next tool gripping position to
grip the next tool positioned at a tool change position Q
to be described later when the headstock 5 is positioned at
20 a tool change position A which will also be described
later. The inner surfaces of the extremities of each pair
of grippers 9 facing each other are fixedly provided with
tool holding projections 14 that engage recesses 11 formed
in the tool T, respectively. The diameter of the tool T
25 does not change substantially in the region of the recesses
11 regardless of whether the tool is of a small type or a

large type which will be described hereinafter.
A cam member 13 is disposed in a chamber 12 defined
in the base member 10a so as to be vertically slidable
30 between an upper position indicated by solid lines and a
lower position indicated by imaginary lines in Fig. 4. The
lower end of an operating rod 18 extends vertically
slidably in a central bore 8a of the tool change shaft 8
and is fastened to the upper surface of the cam member 13
35 with a screw. The cam member 13 is provided with sloping
cam grooves 15 for operating the grippers 9. Gripper
operating members 17 fixed to the proximal ends 16 of the



B

Accarding to an enbodi ment of the present 15 I nvention, the tools that
can be noved through a space between the grippers in an open position are
classified as those of small type, and the tools that cannot be noved

t hrough the sane space are classified as those of the |arge type. 20
Accordi ng to anot her enbodi nent of the present invention, the small type
tools of a weight exceeding a predeterm nedowsi ght are classified as |arge
type tools, and the tool changi ng operation for replacing an on-spindle
tool with a nextgxﬁqx#ersi ngaar@SEimhehgagémbﬁ&Stwﬂﬂe thet lmn?5groovassdifidl e
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changi ng speed I'0 I'n"a case where
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invention, a toQo1GRPRILRE SRAH FHHBLLAHY beeItishCiRdfcated by imaginary
5 lines in Fig. 3 when the operating rod 18 is moved
vertically. As shown in Fig. 5, the angular stroke S,
i.e., the turning range, of each gripper 9 for gripping and
releasing the tool is & smallest possible angle only

necessary for gripping and releasing the tool.

10 Fig. 6 shows a tool change shaft lifting mechanism
21 for vertically moving the tool change shaft 8, a tool
change shaft turning mechanism 22 for turning the tool
change shaft 8, and an operating rod lifting mechanism 23
for vertically moving the operating rod 18. . The tool

15 change shaft lifting mechanism 21 has a shaft 26 supported
for rotation in bearings 25 on the body 5a of the headstock
5. A cylindrical cam 28 provided with three cam grooves,
i.e., a first cam groove 27a, a second cam groove 27b and
a third cam groove 27c, in its outer circumference is fixed

20 to the upper end of the shaft 26. The upper end of the
cylindrical cam 28 is connected to the drive shaft 31 of a
motor 30 by a coupling 29. A cam follower 33 pivotally
supported on the middle portion of a cam lever 32 is shown
to be in engagement with the second cam groove 27b of the

25 cylindrical cam 28. The cam lever 32 has one end 32a
pivotally supported on the body 5a of the headstock 5, and
the other end provided with a roller 34. The roller 34 is
in engagement with a groove 35a formed in an engagemenf
member 35. When the cylindrical cam 28 makes one full

30 turn, the second cam groove 27b turns the cam lever 32 so
that the tool change shaft 8 will be lowered by a
predetermined distance.

The tool change shaft turning mechanism 22 has a
support shaft 41 fixedly held on the body 5a of the

35 headstock 5, and a drive gear 43 is supported for rotation
on bearings 42 mounted on the support shaft 41. The drive
gear 43 is provided with a groove 44 in part of its



neans for storing types of tools classified into small type tools and |arge
type tools with reference to a predeterm ned threshold tool dianeter
determ ned on the basis of stroke of a pair of grippers; type identifying

35 ° neans for identifying the respective types of an on-spindle tool and
a next tool; small type tool feed instruction issuing nmeans for issuing a
smal | type tool feed 5 instruction to home £ he next tool froma standby

position to a tool change position before the headstock is noved to a
posi ti on corresperdphgryo tAerdlEr dfangespppotrted, rotetably arexthel doweirs
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st andby with the groove 44. A driven gear 46, which engages with
the drive gear 43, is fixed to the middle portion of the
5 tool change shaft 8. When the shaft 26 makes one full
turn, the tool change shaft 8 is turned through an angle of
180°.

The operating rod lifting mechanism 23 will be
described below. A spring 48 is interposed between the
10 operating rod 18 and the tool change shaft 8 to bias the
operating rod 18 upward relative to the tool change shaft
8. A cam lever 49 is supported pivotally at its middle
portion on the body 5a of the headstock 5. A cam follower
51 pivotally supported on one end of the cam lever 49 is in
15 engagement with the first cam groove 27a of the cylindrical
cam 28, and a pressing member 52 fixed to the other end of
the cam lever 49 is pressed against the upper end of the
operating rod 18 biased upward by the spring 48. When the
cylindrical cam 28 makes one full turn at a predetermined
20 phase of operation, the first cam groove 27a makes the cam
lever 49 turn to move the operating rod 18 up and down so
that the grippers 9 are turned for gripping and releasing
operations. The motor 30 for driving those mechanisms 21,
22 and 23 for operation is a servomotor capable of driving
25 those mechanisms 21, 22 and 23 for operations at different
driving speeds when handling a large type tool LT and a

small type tool ST.
The tool magazine 7 will be described with
reference to Figs. 7 to 12. The tool magazine 7 is
30 substantially the same in fundamental construction as a
tool magazine disclosed in JP-A-6-246,572 published
September 6, 1994 and is provided with a feed mechanism 55
and a pot extracting mechanism 56. As shown in Figs. 7 and
9, a magazine body 59 has a base end fastened to a bracket
35 58 which has a mounting plate 57 attached to the side
surface of the column 3. A noncircular guide groove 60

having a cross section as shown in Fig. 9 is formed in the



position to the tool change position after the headstock has been noved to
the position corresponding to the tool change position, when the next tool
is of the large type; 10 smal| type tool return instruction issuing
means for issuing a small tool return instruction to return the tool
renoved fromthe spindle by the tool changing operation fromthe tool
change position to the standby position aft&l +he headst ock has been noved
toward a machi ning position 15 when the tool renoved fromthe spindle is
of the small tym@riphbtmrgﬁ thee lpwelr manﬁacerQirUbeimngasinen@QQmﬂﬁsior
i ssuing a large r gt t é¥¥ﬁﬁ¥€ rm
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According té’tr“%i”gﬁgnérégxsg Igftexﬂgge Qeln shccess1on and in contact
with each other in the guide groove 60 so as to be
horizontally movable. As shown in Fig. 12, As shown in
Fig. 12, each tool pot 61 has a pot body 6la provided with
a tapered hole 65 for receiving the tapered shank 64 of a

10 tool T, balls 67 and springs 68. The springs 68 urge the
balls 67 into engagement with the pull stud 66 of the tool
T to hold the tool T on the pot body 6la.
As shown in Fig. 9, tools T to be held on the tool
pots 61 are classified into small type tools ST having
15 diameters of 53 mm or below and large type tools LT having
diameters greater than 53 mm. In this embodiment, tools of
diameters of 53 mm or below having weights of 1.5 kgf or
above are included in the group of large type tools LT.
. As shown in Fig. 12, two rods 71 each having one
20 threaded end are screwed in the upper end of the pot body
61la of each tool pot 61 in an upright attitude. A circular
head member 72, a guide roller 73 (bearing), a pair of
contact plates 74 and an engagement roller 75 (bearing) are
mounted on each rod 71. Each idler 62 is constructed by
25 mounting a head member 78, a guide roller 79 (bearing), an
engagement roller 82 (bearing) and a pair of contact plates
81 on a rod 77. The head member 78, the guide roller 79
and the engagement roller 82 of the idler 62 are identical
in shape and size with the head member 72, the guide roller
30 73 and the engagement roller 75 of the tool pot 61,
respectively. The pair of contact plates 81 of the idler
62 are different in shape and size from the pair of contact
plates74 of the tool pot 61.
As shown in Fig. 9, the respective head members 72
35 and 78 of the tool pot 61 and the idler 62 are inserted in
the wide portion of the guide groove 60 to suspend the tool
pot 61 and the idler 62 from the magazine body 59, and the



tool-is of the small type, the next tool is positioned at 25 t he st andby
position and noved to the tool change position while the machine tool is in
operation using the on-spindle tool, the headstock is noved to the position
corresponding to the tool change position in response to a tool changing

I nstruction,. and the tool changing operation is carried 30 out. \Wen
the next tool is of the large type, the nextlZoeol is noved to and held at

t he standby position while the machining center is in nmachining operation,
the next tool isguddedraldershe?3t andby’Dosrei dm teontrct owitbhathge inner

position after thgrRgadst ok PRs HeRRAO¥PLhids t BE N9 th8Ga3®ne body 59

corresponding to_the tool change position in response to a tool changin
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renmoved from thetgei #db@ pdt 61 and the idler 62 for movement along the

5 guide groove 60. The pair of contact plates 74 of the tool

pot 61 and the pair of contact plates 81 of the idler 62

are in end-to-end abutment, respectively. The engagement

rollers 75 and 82 come into engagement with a sprocket 87
included in the feed mechanism 55.

10 Referring to Fig. 10, the feed mechanism 55 has a

shaft 86 supported for rotation in bearings 85 on the boss

84 of the magazine body 59, the sprocket 87 fixedly mounted

on the lower end of the shaft 86, a reduction gear 88 and

a reversible indexing motor 89 having a drive shaft 90.

15 The reduction gear 88 has an output shaft coupled with the

shaft 86, and an input shaft coupled with the drive shaft

90 of the indexing motor 89. The indexing motor 89 drives

the sprocket 87 for rotation to drive the tool pots 61 in

engagement with the sprocket 87 so that the tool pots 61

20 and the idlers 62, which are arranged successively and

contiguously, are moved along the guide groove 60 to

position the tool pot 61 holding a desired tool T at a

standby position P.

Referring to Fig. 11, the pot extracting mechanism

25 56 has a frame 92 fixed to the magazine body 59 and

provided with a space 94 opening toward the spindle 4 of

the machining center 1. Two guide rods 95 are held so as

to extend in a horizontal position in the space 94 and to

project outward from the magazine body 59, and a slider 96

30 is supported on the guide rods 95 for sliding movement

between the standby position P and a tool change position

Q. The lower portion of the slider 96 lies in the cutout

portion 97 formed in the lower surface of the magazine body

59 and is provided with a support groove 98, which is the

35 same in cross section as the guide groove 60. When the

slider 96 is positioned at the standby position P, the

support groove 98 is continuous with the guide groove 60



of the small| type, the headstock is noved to a nmachi ning position

i medi ately after the tool changing operation has been conpl eted and the
tool renoved fromthe spindle is noved fromthe tool change position to the
standby 5 position. Wen the tool renoved fromthe spindle is of the
smal | type,.the headstock is noved to a nmachining position after the tool
renoved fromthe spindle by the tool changing eperation has been renoved
fromthe tool change position to the standby position. 10

Accordingly, thea cﬁlmtt ithe ftoolwipiodh 61h eamadie rﬁmgxsiemzad faoa the guide

i noperative can t he stroke of the pair of
4}%‘4" Melrdd g:n%e\%g@f@ YoVl 9

grippers of the changln I'S |ncrease ‘to enabl e the pair of
grippers to grip the | ahgpotypstragtingnuoter 19helhauatad arothehapper

of 15 gri ppers%rfta%e 9% Bhe2Prhmé YE2HMA tahgwn.hﬁoérm' 163 685 &% tached to
accordi ngl y. Furt hernmore, since the  tool angi ng operation for

repl aci ng the oﬁh§pﬂﬂﬂ9¥ﬁ(ﬁ§aﬁﬁtWP%errﬁﬂﬁ -pot extracting motor 101.

roller 104 is supported pivotally on the extremity of the
swing arm 103 and is fitted in an elongate groove 105
formed in the upper surface of the slider 96. When the
swing arm 103 is driven for turning by the pot extracting
10 motor 101, the roller 104 fitted in the elongate groove 105
shifts the slider 96 between the standby position P and the
tool change position Q.
The functions of a controller 200 (Fig. 7)
connected to the indexing motor 89 of the feed mechanism 55
15 and the extracting motor 101 of the pot extracting
mechanism 56 will be described with reference to a flow
chart shown in Fig. 15.
In step S1, the controller 200 stores the types of
the tools, i.e., large type tools LT and small type tools
20 ST, held by the tool pots 61. Step Sl is carried out by a
storage means. In step S2, the respective types of the
on-spindle tool and the next tool to replace the on-spindle
tool in the next tool changing cycle are identified. Step
2 is carried out by a type discriminating means. When the
25 next tool is discriminated or identified as the small type
tool ST in step S2, the next tool is indexed or positioned
at the standby position P in step S3 and is moved to the
tool change position Q in step S4. When a tool changing
instruction is given in step S5, the headstock 5 is raised
30 to a tool change position A (Fig. 13(b)) in step S6, and a
predetermined tool changing operation is carried out in
step S8. Step S4 is carried out by a small type tool feed
instruction issuing means. When the next tool is
identified as the large type tool LT in step S2, the next
35 large type tool is positioned and held at the standby
position P in step S3. When a tool changing instruction is
given in step S5, the headstock 5 is raised to the tool



tool. in the case where at |east either the on-spindle tool or the next tool
is of the large type is carried out at a 20 t ool changi ng speed | ower
than that at which the tool changing operation is carried out in the case
where both the tools are of the small type, excessively large force wll
not be exerted on the conponent parts of the tool changing device and the
tool wll not fall off the pair of 25 grippers during the tool changing
operation. The above and other objects, features and advantages of
the present inveshamge \poditieno e ifDseepPPa| cthefnext ttwol ald anrarngsferred

BRI EF DESCR PTI GV SHE TRNRNGE L o o i, Gy B polfiriop o

center; Fig. 2 iinastBple?, andfthd praddtenmineskitanl efhariging ;opdratidn s

a partly secticwgg é%f%i&&egﬁgfiﬁ Eggb S8. Step S7 is carried out by a
5 large type tool feed instruction issuing means.

In case the on-spindle tool is identified as the
small type tool ST in step S2, the headstock 5 is lowered
to a machining position in step S10 immediately after the
completion of the tool changing operation in step S8, and

10 then the tool removed from the spindle 4 is returned from
the tool change position Q to the standby position P in
step S11. Step S11 is carried out by a small type tool
return instruction issuing means. When the on-spindle tool
is identified as the large type tool LT in step S2, the

15 tool removed from the spindle 4 is returned from the tool
change position Q to the standby position P in step 89, and
then the headstock 5 is lowered toward a machining position
in step S10. Step S9 is carried out by a large type tool
returning instruction issuing means.

20 The above steps of the tool changing method
executed by the machining center 1 will be described more
specifically with reference to Figs. 13(a) to 13(e). The
controller 200 executes a preparatory task in step S1 to
store the types of the tools held by the tool pots 61 to

25 classify the tools into large type tools LT and small type
tools ST. The tool changing method will be described on an
assumption that the on-spindle tool held on the spindle 4
is a large type tool LT and the next tool is a small type
tool ST. In step S2, the controller 200 identifies the

30 next tool as the small type tool ST. As shown in Fig.
13(a), the feed mechanism 55 positions the next small type
tool ST at the standby position P in step S3 and the pot
extracting mechanism 56 transfers the next small type tool
ST from the standby position P to the tool change position

35 Q in step S4 during machining operation using the large
type tool LT held on the spindle 4.

Then, when a tool changing instruction is given in



35 . changing head;, Fig. 4 is a sectional view taken on line IV-IVin Fig.

3; -7- Fig. 5is a fragnentary plan view of the tool changi ng head of
Fig. 3, for assistance in explaining the angul ar stroke of grippers
included in the tool changing head; 5 Fig. 6 is a |longitudina
sectional vjew of a headstock; Fig. 7 is a plan view of a tool nagazine;
Fig. 8 is a bottomview of the tool nagaz+nk5of Fig. 7; 10 Fig.

9 is a sectional viewtaken on line I X-1Xin
step S5, the headstock 5 is raised to the tool change

position A in step S6 as shown in Fig. 13(b). The pair of
grippers 9 of the tool changing head 10 at the side of the
small type tool ST positioned at the tool change position
5 Q are open so that the pair of grippers 9 do not interfere
with the small type tool ST. Then, in step S8, the tool
changing head 10 carries out the predetermined tool
changing operation, as shown in Fig. 13(c), in which the
two pairs of grippers 9 grips the on-spindle large type

10 tool LT and the next small type tool ST positioned at the
tool change position Q, respectively, the tool changing
head 10 is lowered by a predetermined distance relative to
the headstock 5 to pull out the large type tool LT from the
spindle 4 and the small type tool ST from the tool pot 61,

15 the tool changing head 10 is turned through an angle of
180°, the tool changing head 10 is raised to mount the next
small type tool ST on the spindle 4 and to mount the large
type tool LT on the tool pot 61, and then the two pairs of
grippers 9 are opened.

20 Since the on-spindle tool has previously been
identified as the large type tool LT by the controller 200
in step S2, the pot extracting mechanism 56 transfers the
large type tool LT removed from the spindle 4 from the tool
change position Q to the standby position P after the

25 completion of the tool changing operation in step S9 as
shown in Fig. 13(d), and then the headstock 5 is lowered to
a machining ﬁosition in step 810 as shown in Fig. 13(e)
without interference between the large type tool LT and the
grippers 9.

30 The tool changing method will be described with
reference to Figs. 14(a) to 14(e) on an assumption that the
on-spindle tool held on the spindle 4 is a small type tool
ST and the next tool is a large type tool LT. In step S2,
the controller 200 identifies the next tool as a large type

35 tool LT in step S2. As shown in Fig. 14(a), the feed
mechanism 55 positions the next large type tool LT at the
standby position P in step S3 during machining operation



Fig.- 7, Fig. 10 is a sectional viewtaken on line X-Xin Fig. 7; Fig. 11 is
a sectional view taken on line XI-XI in 15 Fig. 7; Fig. 12 is a

| ongi tudi nal sectional view of a tool pot and an idler; Figs. 13(a) to
13(e) are diagrammatic views explanatory of a tool changi ng operation; 20
Figs. 14(a) .to 14(e) are diagrammatic views for assistance in explaining a
tool changi ng operation; and Fig. 15 is a-fléw~-chart of a tool changing
method in a preferred enbodi nrent of the present invention. DETAILED

DESCRI PTI ON OF THELIRREERBRED-EYBOANENSEaRE type tool ATtool Weeang ngool

met hod accordin . E{@? | 5 be
descri bed as apg‘f o&" r(?)& :{I\?/%Erlﬁpc {E(‘#%%{ cierbnfseég& e#%?%é&&&*
is raised to the tool change position A in step S6, and

then the pot extracting mechanism 56 transfers the next
5 large type tool LT from the standby position P to the tool
change position Q in step S7 as shown in Fig. 14(b).
Subsequently, as shown in Fig. 14(c), the tool changing
head 10 carries out the predetermined tool changing
operation in step S8 to replace the on-spindle small type
10 tool ST with the next large type tool LT. Since the
on-spindle tool has previously been identified as a small
type tool ST by the controller 200 in step S2, the
headstock 5 is lowered to a machining position in step S10
without interference between the small type tool ST and the
15 grippers 9, immediately after the completion of the tool
changing operation as shown in Fig. 14(d). Subsequently,
the pot extracting mechanism 56 transfers the small type
tool ST removed from the spindle 4 from the tool change
position Q to the standby position P in step S11 as shown
20 in Fig. 14(e).
When both the on-spindle tool and the next tool are
of the large type, steps illustrated in Figs. 14(a), 14(b),
14(c), 13{d) and 13(e) are executed sequentially in that
order. When both the on-spindle tool and the next tool are
25 of the small type, steps illustrated in 13(a), 13(b),
13(c), 14(d) and l1l4(e) are executed sequentially in that
order.
When at least either the on-spindle tool or the
next tool is of the large type, the motor 30 for driving
30 the tool change shaft lifting mechanism 21, the tool change
shaft turning mechanism 22 and the operating rod lifting
mechanism 23 is operated by the controller 20 (Fig. 6) at
an operating speed lower than that at which the motor 30 is
operated when both the on-spindle tool and the next tool
35 are of the small type.
As is apparent from the foregoing description, the

tool changing apparatus in accordance with the present



Figs. 1 and 2, the machining center 1 has a nain frame la a colum 3
supported for novenent -in |ongitudinal and 30 transverse directions in a
hori zontal plane on the main frame la, and a headstock 5 supported for
vertical sliding novenent, i.e., sliding novenent along the axis of a
spindle 4, on the colum 3. A tool changing device 6 is disposed near the
spindle 4 supported in a vertical 35 peslfien on the headstock 5. A tool
magazine 7 is disposed beside the colum 3. First, the tool changing
device 6 wi || benbegddidredswcapabdeeoénbanddinggtargettype toolsg-of 75 mm

oo Thanat ny odk 5281, “HEGHL 0 5GP (58 “AEMARGILIL, Mty 2

supported in workpieces without interference between the grippers and

the large type tools. When the angular stroke S of the two

5 pairs of grippers 9 is determined so that the pair of

grippers make only a movement enough for the pair of

grippers to grip the small type tool ST of 53 mm in tool

diameter, the time required for the pair of grippers 9 to

operate to grip and release the tool can be suppressed to

10 a minimum. Further, since the next tool is transferred

from the standby position P to the tool change position Q

immediately before carrying out the tool changing operation

only when the next tool is of the large type, and since the

tool is transferred from the tool change position Q to the

15 standby position P after the completion of the tool

changing operation before lowering the headstock 5 toward

a machining position only when the on-spindle tool is of

the large type, the idle time of the machining center 1 is

shorter than that of a machining center provided with the

20 conventional tool changing apparatus. Furthermore, since

the tool changing operation for replacing the on-spindle

tool with the next tool in the case where either the

on-spindle tool or the next tool is of the large type is

carried out at a tool changing speed lower than that at

25 which the tool changing operation is carried out in the

case where both the tools are of the small type,

excessively large force will not be exerted on the

component parts, such as the tool changing shaft and the

tool changing head 10, of the tool changing device and the

30 tool will not fall off the pair of grippers during the tool
changing operation.

The tool magazine 7 may be installed on a
stationary column and may be used in combination with
machine tools. other than the wvertical machining center 1,

35 such as hori-zontal machining centers and boring machines.

Although the invention has been described in its

preferred form with a certain degree of particularity,



vertical attitude on the headstock 5 so as to be turned 5 about and to
be noved toward and away fromthe axis of the spindle 4, and a tool

changi ng-head 10 provided with two pairs of grippers 9 is nounted on the

| ower end of the tool change shaft 8. A base nenber 10a is attached to the
| ower end of 10 the tool change shaft 8  The two pairs of grippers 9
are pivotally supported at their proximl endgs 16 for turning about

vertical axes on the opposite side walls of the base nmenber 10a so as to
extend i n opposi bbviloustyimearsy ammm andl| yarfations axm' poalsitpliepphesednar e
o o e 1% o3PS A 1 B SRALEL Eob@Unl 'l BOcBAR! 1 R0ehe: 4R P
an on-spindle to0o econ parr ers are

positioned at a nextbeontagtipgﬁngtbesWi$%nth@nga$pSPﬁélﬁéﬂﬁllﬁoﬂescrlbed
posi tioned at a hEPbifNMEKoPEO Hdd=RtiRd QrBﬁl £RE EddiRd dridf %bi‘ﬁ’ﬁ%”tﬁ@?eof
headst ock 5EIS positioned at 20 a tool change position A which will also
be descri be



| ater. The inner surfaces of the extremties of each pair of grippers 9
facing each other are fixedly provided with tool holding projections 14

t hat engage recesses 11 formed in the tool T, respectivel ) The di-anet er of
the tool T 25 does not change substantially in the reg the"
recesses 11 regardl ess of whether the tool is of a small

type which will be described hereinafter - Agcam nenber 13 | s d/ﬂyéﬂl/
chanber 12 defined in the base nmenber 10a so as to be vertlcally Sl

30 between an upper position indicate€tayMsolid |ines and a | ower

position indic ed y Lnmagi na | i,nes in The | owe of an
operating rod 13° hg ger?ﬁ%ﬁ FVQSIF8§§P§ %‘ céhtﬂﬁ‘ a TP tRE
t ool change sh&@m&%gafmtmd&b Ei”letooﬂ.pmagamiheceﬂ)ffotlestamngnduer

13 35 Wih pRgreyee n,éTc{sﬁ R &'5953&3136%9‘6&‘&{&& ghaagegﬁggoﬁérgf

grooves 15 for perati er operat
fixed to the prehert@oksi@s gas§en hg position (P) and of transferrlng the

tool from the standby position to a tool change position
(Q), a headstock (5) slidably supported on the column (3)
so as to slide along an axis of a spindle (4) held thereon,
and a tool changing head (10) mounted on the headstock (5)
so as to be turnable about and to be moved toward and away
from the axis of the spindle, said tool changing head being
provided with two pairs of grippers (9) respectively
extended in opposite directions such that one of the two
pairs of grippers (9) is positioned to grip a tool (T) held
on the spindle when the headstock (5) is positioned at a
position corresponding to the tool change position in
response to a tool changing instruction and the other pair
of grippers (9) is positioned to grip the next tool
positioned at the tool change position, whereby the tool
changing head carries out a predetermined tool changing
operation, characterized by comprising:
classifying the tools into small type tools (ST) and large
type tools (LT) with reference to a predetermined threshold
tool diameter determined on the basis of the stroke (S) of
the pairs of grippers (9);

positioning a next tool (T) at the standby position
(P), and moving the same to the tool change position(Q)
before the headstock (5) of the machining center (1) has
been moved to the position corresponding to the tool change
position in response to a tool changing instruction, when
the next tool is of the small type (ST):

positioning and holding the next tool at the standby
position (P), moving the next tool from the standby
position to the tool change position (Q) after the
headstock (5) has been moved to the position corresponding
to the tool change position in response to a tool changing



-9-.grippers 9 are in engagenent with the cam grooves 15, respectively.
Thus, each gripper 9 will be turned about the vertical axis between-a - - -

gripping position indicated by solid lines and a rel easwﬂm
i ndi cated by inmaginary 5 lines in Fig. 3 when the'o HM'"EHSHE,"!S
moved verti.cally. As shown in Fig. 5, the angular stroké S ite.s *

turning range, of each gripper 9 for grippi20y-and releasing the tool is a

smal | est possi ble angle only necessary for gripping and rel easing the tool.
10 Figstfushibos, aanhdotarhping eltfthéi toohgchenging sapétatbon

vertically movipg.the,toQ %ﬁgh?‘g%? f%aék @h% +59%é g%@gﬁvfgaft t urni ng

mechani sm 22 for turning ange s eratln rod
lifting mechani sm 2@@rrying out the tool changlng operation, mov1ng the

headstock (5), immediately after completion of the tool
changing operation to a machining position, and then moving
the tool removed from the spindle (4) from the tool change
position (Q) to the standby position (P), when the tool
removed from the spindle is of the small type (ST); and

carrying out the tool changing operation, and moving
the headstock (5) to the machining position after moving
the tool removed from the spindle (4) from the tool change
position to the standby position (P), when the tool removed
from the spindle is of the large type (LT).

2. A tool changing method according to claim 1, wherein
tools (T) that can be moved through a space between the
grippers (9) in an open position of the grippers are
classified as those of small type (ST), and the tools (T)
that cannot be moved through the same space are classified

as those of the large type (LT).

3. A tool changing method according to claim 1, wherein
the small +type tools (ST) of a weight exceeding a
predetermined threshold weight are classified as large type
tools (LT), and the tool changing operation for replacing
an on-spindle tool mounted on the spindle with a next tool,
in a case where at least one of the on-spindle tool and the
next tool is of the large type (LT), is carried out at a
tool changing speed lower than a tool changing speed in a
case where both the tocols are of the small type (ST).

4. A tool changing apparatus to be used in combination
with a machining center comprising a column (3), a tool
magazine (7) for storing a plurality of tools (T) and
positioning a desired one of the tools at a standby
position (P) and for transferring the one tool from the



for. vertically movi ng the operating rod 18. The tool 15 change shaft
lifting mechanism 21 has a shaft 26 supported for rotationin beari-ngs-25.

on the body 5a of the headstock 5. A cylindrical cam 28 h three
cam grooves, i.e., a first camgroove 27a, a second cam 'ﬂ“ﬁﬁﬁjﬁ“ﬂ[ﬁ”m
third cam groove 27c, in its outer circunference is flxe .
upper end of the shaft 26. The upper end @1 the cylindrical cam28 is
connected to the drive shaft 31 of a notor 30 by a coupling 29. A cam

fol l ower 33 pi vetahibysppebtienl tonat beoki chhrge@asidnial (@)cam headstadki s

shown to be in a i
cylindrical can?gg giﬁﬁﬁblggkﬂPkﬁ Zqﬁgs one eH%m§2§§Z|votgnyagu%lﬁ??ed
on the body 5a ®alon@e afvadsischkos, aanﬁpvhél%t Her) ehel@r dherepm t B ateel| er

34. The roller éﬂah%ih& ﬁé’&@%@”ho‘&n%d%ﬁ@ﬂé%@&?séé&ﬁ%) 'sc?ABs to be
engagenent nenber When the cylindrical cam 28 nakes one fu

|1 30
turn, the seconﬂuﬁﬁ?ﬁ?m"?ﬂ?q tenbet Reved foward apsl ayay from a axis
of the spindle (4), said tool changing head being provided

with two pairs of grippers (9) respectively extended in
opposite directions such that one of the two pairs of
grippers is positioned to grip a tool (T) held on the
spindle (4) when the headstock (5) is located at a position
corresponding to said tool change position in response to
a tool changing instruction and the other pair of grippers
(9) is positioned to grip a next tool positioned at the
tool change position (Q), whereby the tool changing head
carries out a predetermined tool changing operation,
characterized by comprising control means (200) including:

storage means for storing types of tools classified
into small type tools (ST) and large type tools (LT) with
reference to a predetermined threshold tool diameter
determined on the basis of stroke (S) of the two pairs of
grippers (9);

type identifying means for identifying the respective
types of an on-spindle tool mounted on the spindle and a
next tool to be used;

small type tool feed instruction issuing means for
issuing a small type tool feed instruction to move the next
tool from the standby position (P) to the tool change
position (Q) before the headstock (5) is moved to a
position corresponding to the tool change position, when
the next tool is of the small type (ST);

large type tool feed instruction issuing means for
issuing a large type tool feed instruction to move the next
tool from the standby position (P) to the tool change
position (Q) after the headstock (5) has been moved to the
position corresponding to the tool change position, when
the next tool is of the large type (LT);

small type tool return instruction issuing means for



that,the'tool change shaft 8 will be lowered by a predeterm ned distance.
The tool change shaft turning mechanism 22 has a support shaft 41 fixedly
hel d on the body 5a of the 35 headstock 5, and a drive gear 43 is

supported for rotation on bearings 42 nounted on the supgmmﬁ"mm 4"'1 T
drive gear .43 is provided with a groove 44 in part of it ul l" F
periphery. Aroller 45 is supported rotatal@2y-on the | ower* efid 6f Phe® shraft

26 so as to be brought into engagenent with the groove 44. A driven gear
46, whi ch engageéssuwing ahsmalkl voajearetd@n dnsirnetion thereitddhetbertooh of

the 5 t ool a??,@g@ &hafdm el:he g\pgﬂd ge(2haf gﬁ; 1'31% RKSScRBAgiHY! ob&Fatibhe

t ool change sh I's turned oug an an
from the tool change position (Q) to the standby position

(P) after the headstock (5) has been moved toward a
machining position, when the on-spindle tool removed from
the spindle is of the small type (ST); and

large type tool return instruction issuing means for
issuing a large tool return instruction to return the on-
spindle tool removed from the spindle (4) by the tool
changing operation from the tool change position (Q) to the
standby position (P) before the headstock (5) is moved
toward a machining position, when the on-spindle tool is of
the large type (LT).

5. A tool changing apparatus according to claim 4, wherein
said control means (200) further includes means for
carrying out the tool changing operation at a reduced speed
when said type identifying means issues a signal indicating
that at least one of the tool on the spindle and the next
tool is of the large type (LT).



180[err]. The operating rod lifting mechanism 23 w |l be escr'rb'e'd' bet-ew. _A
spring 48 is interposed between the 10 operating rod 1 W&tyg%et ool

change shaft 8 to bias the operating rod 18 upward relatiy "Placed
change shaft 8. A camlever 49 is supported pivotally at i |on
on the body 5a of the headstock 5. A camfollower 51 pivotal I y

one end of the camlever 49 is in 15 <emzmgenent with the first cam
groove 27a of the cylindrical cam 28, and a pressing nmenber 52 fixed to the
ot her end of the cam|lever 49 is presscRBSERACEt the upper end of the

gperating rod 18 birased uwprehyol desspiLadifto MEN! Nersy! tagibCRsToam

28 makes one full turn at & prede erm ne ase of “operation, the
first cam gr oovhat; gappRasst khreugh| the rsppre MW@W@&%O(%SF&PP@&% od

18 up and down ¢ tlhatlweoﬁéhpssgitﬁoar anunnragd Olfyp}élt’c&bllg @nd)r eheasi ng
operatl Onss. Th%arrrztr)lto%r pass t{-nro{xlgﬁl'tr:] e sggcee ec'pv?é]elr;s mixe pair of grippers
(9) in the open.ppéitlon, when the headstock (5) supporting
a spindle (4) hélding a tool (T) is moved to a position
corresponding to a tool change position. When the next
tool to be used is of the small type (ST), the tool is
10 moved through a standby positioﬁ'(P) to the tool change
position (Q) during a machining operation using the tool on
the spindle (4), the headstock (5) is moved to the position
corresponding to the tool change position in response to a
tool changing instruction and a predetermined tool changing
15 operation is carried out. When the next tool is of the
large type (LT), the next tool is positioned and held at
the standby position (P) during a machining operation, the
headstock (5) is moved to the position corresponding to the
tool change position, the next tool is moved to the tool
20 change position and the tool changing operation is carried

out.



22 and 23 for operation is a servonotor capable of driving 25 those
mechani sns 21, 22 and 23 for operations at different driving speeds “when’
handling a large type tool LT and a small type tool ST. The tOMsm&g%Im&ﬁ placed
wi |l be described with reference to Figs. 7 to 12. The t ool

30 substantially the same in fundanmental construction as a t &’”ﬁ‘"’
di scl osed in JP-A-6-246,572 puqlished-Septenber 6, 1994 and is pro

with a feed machamsm 55 and a pyt extracting mecha@i sm 56. As shown in
Figs. 7 and 9, a asi-aned-t o Iket 35

58 which has a rd)untl ng plate surjf ac f tipe col um
3. A noncircul ar}gui de groove ifh Fig. 9
is formed in the

o
>
Q
0]
(0]
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per.i phery of the |lower surface of the magazi ne body 59. The gui de groove 60
is continuous but is interrupted at a cutout portion 97 as_shown in Fig. 8.
A plurality of tool pots 61 (sixteen tool pots in this. enbodinent) and ~—
idlers 5 62 are arranged al ternately in succession anthisShedt GR{EES RMabd

each other in the guide groove 60 so as to be horizontal
showmn in Fig. 12, As shown in Fig. 12, each tool pot 61 h | !Fla'
provided with a tapered hole 65 for receiving the tapered 10

tool T, balls 67 and springs 68. The springs 68 urge the balls 67 into
engagenment with the pull stud 66 of the tool T to hold the tool T on the

pot body 6la. As shown in Fig. 9, tools ﬁ(Bo be held on the tool pots 61
are classified into small type tools havi ng 15 di aneters of 53 nm or
bel ow and | arge type too LT havin famelers greater tpn 53 mm In this
embodi nent , too“$~gt\gL"#.ter§ [ or bellpw @i n ights ol 145 kof
or {
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abave ar'e included in the group of large type tools LT. As shown in Fig.
12, two rods 71 each having one 20 t hreaded end are screwed in the upper
end of the pot body 6la of each tool pot 61 in an upright-attitude-—A———-
circular head nenber 72, a guide roller 73 (bearing), a pai/[.

af ac
plates 74 and an engagenent roller 75 (bearing) are nounte 1~ et né eptaped
Each idler 62 is constructed by 25 nounti ng a head neqbej H
roller 79 (bearing), an engagement roller 82 (bearing) and af

contact plates 81 on a rod 77. The head nenber 78, the guide roller 79 and
t he engagenent roller 82 of the idler 62 are identical in shape and size
with the head nenber 72, the guide roller 30 73 and t he engagenent
roller 75 of the tool pot 61, respectively. The pair of contact plates 81
of the idler 62 are different ﬂgfshape and size fromthe pair of contact

pl ates74 of the tool pot 61. As}showngn Fig. 9, the respective head
menbers 72




35 -.

and 78 of the tool

fromthe nmagazi ne body 59, and the

contact with the inner surfaces of the inner flanges of the

3| el

pot 61 and the idler 62 are insertef;id.d S B Aolaced |
portion of the guide groove 60 to suspend the tool pot 61 ?ﬁ%f;,%’h i
- 12 - guide roIIers;?nL “ lgﬂ H .

59 defining a narrow portion of the guide groove 60 to guide.the tool pot :

of contact plates 74

of the idler 62 are in en

rollers 75 and 82 cone intd

f eed nmechani sm55. 10

55 has a

61 and the idler 62 for novenent along the 5 gui de _groove 60. The pair
_goohe nd the pgir | ¢ ntact plates 81
a\tQORW@KﬁPEERE tive The engagenent
nt th a sprocket I ncluded in the
Referring to Fifg. 70 i feed nechani sm
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shaf.t. 86 supported for rotation in bearings 85 on the boss 84 of the
magazi ne body 59, the sprocket 87 fixedly nounted on the | ower end of the
shaft 86, a reduction gear 88 and a reversible indexing notor 89 having a
drive shaft 90. 15 The reduction gear 88 has an output shaft coupled -~~~
with the shaft 86, and an input shaft coupled with the driversdshbd H3h:0f re taced
the i ndexing notor 89. The indexing notor 89 drives the sproc

rotation to drive the tool pots 61 in engagenent with the Sprggﬂgﬂimmﬂ(mm’
that the tool pots 61 20 and the idlers 62, which are arra '
successi vely and contiguously, are noved al ong the gui de groove 60 to
position the tool pot 61 holding a desired tool T at a standby position P.

Referring to Fig. 11, the pot extracting mechani sm 25 56 has a frane 92
fixed to the magazi ne bde“Eﬁgigﬂ prov@¥ed with a space 94 opening toward

the spindle 4 of the machini enter W\ ide rods 95 are held so as
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E“tn .~ L . 0
< B S

LA A4 A

A4 o1 ANE A

1 7 / Ty \ \

A o b YA
EESE =F — !

_.;4‘ ~__J L________r__../ ;

.o — — i .

S ! TN 3 1
= 1@ Fen ey o ©|
! U : |1 { | |

B I | i Hl p | |

4 by [ ! . ] I |

= = 1] ! 7| '

=== e i t

: i i Ml |

| | '\....__...J Nk i
AN x| Iy Al
o [ o

r\/’i_ | - —~T—

3 < U} M ™~
& - '
2 o 1
) | } ©
7] J - (T

B | Ja
6’ NN N ]
E AT VT ET
3 ) azdl
y z '
O o) o
LD\ |) . R m (z.‘.._\l\
, - | ©
e
0
e}

£
<

G
95 ;
\
o
/
N
/
A
)

(o]
@)

L
X



to extend in a horizontal position in the space 94 and to project outward
fromthe magazi ne body 59, and a slider 96 30 I S supported on the guide
rods 95 for sliding novenent between the standby position P and a-toal.
change position Q The |lower portion of the slider 96 lies in the cutout

portion 97 forned in the |l ower surface of the magazi ne body 59 El ?@‘BtHasBeenReplac

—

provided with a support groove 98, which is the 35 sanme injcrc

as the guide groove 60. Wen the slider 96 is positioned at the 'H”l
position P, the support groove 98 is continuous with the gui de groove

- 13 - so that the tool pot 61 can be transferred fromthe guide groove 60

to the support groove 98. A pot extracting notor 101 is nounted on the

upper

o),
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surface of the frame 92, and a swwng arm 103 is attached to 5

shaft 102 of the pot extracting notor 101.
pivotally on the extremty of the swwng arm 103 and is fitted in an— _
el ongate groove 105 fornmed in the upper surface of the slid@bis8f iF\hen the

swing arm 103 is driven for turning by the pot extracting 10

g

- by

u

the roller 104 fitted in
bet ween t he standby posi
functions of a control

of the feed nechani sm 55
pot extracting nechanis

e el ongate groove 105 shifts the
n_P and the tool

change position

t he out put

Aroller 104 is- supported

L

(Fig. 7) connected to the |ndeX|ng not or 8

56 w | I°

notor 101 of the

Ekference to a fl ow

chart shown in Fig. 15. @st%‘S ) 200 stores the types of
the tools, i.e., large ty ] : ¥200ls 20 ST, held by
the tool pots 61. Step Pl—t+syeditt i 59
73(79)H—_| 50
JE T 74(81)
5l ol
75(82)
ST~- LT




storage means. In step S2, the respective types of the on-spindle tool and
the next tool to replace the on-spindle tool in the next tool changing
cycle are identified. Step 2 is carried out by a type discrimnating neans.
When the 25 next tool is discrimnated or identified as the small type

tool ST in step S2, the next tool is indexed or positi onggis8heet e Bednde
position Pin step S3 and is noved to the tool change pomﬂ‘ﬂ“ﬂﬂ&@ ﬁﬂ
S4. Wien a tool changing instructj is given in step S5

is raised 30 to a tool change tioI (Fig. 13(b)) , a
predet ermi ned tool changing opera K I S rried out in:step S8. Step $4 is
carried out by a small type togt4s6 ruction issuing neans. When
the next tool is |dent|fltﬁ as| {he|{llaf@@ type tool LT in step S2, the
next 35 | arge type tool osi { 11qQH held at the standby position P

: _ Bl o
in step S3. Wen a tool changj MgN ngt | ven in step S5, the
headstock 5 is raised to th ﬁh\ A '?)gi

o
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66 \62
6la-
65
64-
FIG. 12




- 14 - change position Ain step S6, the next tool is transferred fromthe
standby position P to the tool change position Qin step S7,_and the
predet erm ned tool changing operation is carried out in step S8. Step S7 is

carried out by a 5 | arge type tool feed instruction issilinSheetdnnBeen Riaced
case the on-spindle tool is identified as the small type to

S2, the headstock 5 is lowered to a nmachining positionin s !L

i medi ately after the conpletion of the tool changing operation 1n's ,

and 10 then the tool renoved fromthe spindle 4 is returned fromthe
tool change position Qto the standby position Pin step S11. Step S11 is
carried out by a small type tool return instruction issuing neans. Wen the
on-spi ndl e t ool
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is i.dentrfied as the large type tool LT in step S2, the 15 t ool renoved
fromthe spindle 4 is returned fromthe tool change position Qto the
standby position P in step S9, and then the headstock 5 is | owered—toward. a
machi ning position in step S10. Step S9 is carried out by a'!‘hjgg;gg”_;ﬁgeee t ool

returning instruction issuing nmeans. 20 The abov? M /#ﬁ

Ehlaced
the tool changing nethod executed by the nmachining center
described nore specifically with reference to Figs. 13(a) to
controller 200 executes a preparatory task in step S1 to store the types of
the tools held by the tool pots 61 to 25 classify the tools into |arge
type tools LT and small type tools ST. The tool changing nethod wll be

descri bed on an assunption that the on-spindle togl held-ogn-the spindle 4

is alarge type tool and the next tool is a small typ& tool}yST. 1In step

S2, the controller 20 id?ﬁtifies the 30 next tool as e small type
tool ST. As shown in Figl — —
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13(a); the feed mechani sm 55 positions the next small type tool ST at the
standby position P in step S3 and the pot extracting nechanism 56 transfers
the.next small type tool ST fromthe standby position P to the toot—ehange ._ __
position 35 Qin step $4 during machi ni ng operation using Tthjg§hl rge type
tool LT held on the spindle 4. Then, when a tool changing insty SIS Bees Replaced
given in - 15 - step S5, the headstock 5 is raised to the t H ’{ [ _
position Ain step S6 as shown in Fig. 13(b). The pair of gri’ |
tool changing head 10 at the side of the small type tool ST positioned at '

t he tool change pWWWmWf grippers 9 do
not interfere wwth the small type tool ST. Then, in stgep , the tool

-

FIG. 14(c)
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]

changlng head 10 carries out. the predeterm ned tool changing operation, as
shown in Fig. 13(c), in which the two pairs of grippers 9 grips the
on-spindle |large type 10 tool LT and the next small typmxstSIh&ltHﬁ'BeenRe laced
positioned at the tool change position Q respectively, the

head 10 is |owered by a predeterm ned distance relative to

to pull out the large type tool LT fromthe spindle 4 and t e sna

tool ST fromthe tool pot 61, 15 t he tool changing head 10 is turned

t hrough an angle of 180, the tool changing head 10 is raised to nount the
next small type tool ST on the spindle 4 and to pount the |arge type tool
LT on the tool pot 61, and then the two pairs of grippers are opened. 20
Since the on-spindl’e tool has previously been identified as the |arge type

tool LT by the controllgr 200 in step S2, the pot ext ti ng nmeewani sm 56
transfers the | arge tyde tool LT renoved fromthe spi e 4 frolDthe t ool
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change position Qto the standby position P after the 25 conpl eti on of

the tool changing operation in step S9 as shown in Fig. 13(d), and then the
headstock 5 is |lowered to a machining position in step-S10 as shown in Fig.
13(e) wi thout interference between the large type tool LT and the grippers
9. 30 - The tool changing nethod will be descn’bleﬁhewﬁabage erence
to Figs. 14(a) to 14(e) on an assunption that the on-spi AT AfRERh :
the spindle 4 is a small type tool SI_and the next tool il fe
tool LT. In step S2, the controller ntlfles the next tOOY iy arge
type 35 tool LT in step S2. As sho +h Fig. 14(a), the feed rrechanlsm
55 positions the next |arge type tool T at the standby position P in step

S3 during machi ni ng operation STORE TOOL TYPES
S1{ [(LARGE,SMALL)

|

IDENTIFY TYPES (LARGE, SMALL ) OF
S2 N\ ON-SPINDLE TOOL AND NEXT TOOL

NEXT TOOL ST NEXT TOOL LT
i 1

S3 |POSITION NEXT TOOL TO STANDBY POSITION P

{

MOVE NEXT TOOL TO TOOL
S4 |CHANGE POSITION Q

—

}  §
g HAS TOOL CHANGE INSTRUCTION BEEN GEVEN ? }N—

Y Y
¥

S6 |RAISE HEADSTOCK TO TOOL CHANGE POSITION A

)

MOVE NEXT TOOL TO TOOL
S7 | CHANGE POSITION Q

¥ 1
S8 |EXECUTE TOOL CHANGING OPERATION

ON-SPINDLE TOOL ST " |ON-SPINDLE TOOL LT
4

RETURN TOOL REMOVED
SO |FROM SPINDLE TO
STANDBY POSITION P

S {0 | LOWER HEADSTOCK TO MACHINING POSITION

Y

S RETURN TOOL REMOVED FROM
SPINDLE TO STANDBY POSITION P.

FIG. 1S



- 16 -

using the on-spindle small
instruction is glven in step S5,

change

transfe?gﬁyté IbHB

t he tool
as shown ijn
pr edet er{m

N 0

ghange positi of

g ¢4§$? t he t ool
ne too anQ|

smal | tyvp
on-spin

| e tool

[. UUI

has preV|

the controll-er
position in step S10 without
and the 15
changi ng operation as

type tool ST. When
t he headstock 5 is rai
1S6, and then the pot extracti
rge type too
in step S7 as own in Fig.
changi ng head 10 carri

a tool changing

REPIACEMER T e

LT fromthe standby position P to

14(b). Subsequently,
es out the

g operation in step S8 to replace the on-spindle

| tIPQLh SRANGING

FOROMACHININGSICENTERN e

us IAND) ARAPARMIHS FORJ CARRY 1@ OUT; THE S3ME ST by

10

15

20

200 1 n step S2,

gr [ pper

the headstock 5 is lowered to a nachining
i nterference ABSTRAGST t he snall type tool ST

"Izownwﬁdl | Eeléf'é%%ﬂ u%isetgﬁgﬁ%ﬁgign t?rfpet hk:eoolosm(ST)
that can pass through the space between a pair of grippers
(9) in its open position and large type tools (LT) that
cannot pass through the space between the pair of grippers
(9) in the open position, when the headstock (5) supporting
a spindle (4) holding a tool (T) is moved to a position
corresponding to a tool change position. When the next
tool to be used is of the small type (ST), the tool is
moved through a standby position (P) to the tool change
position (Q) during a machining operation using the tool on
the spindle (4), the headstock (5) is moved to the position
corresponding to the tool change position in response to a
tool changing instruction and a predetermined tool changing
operation is carried ocut. When the next tool is of the
large type (LT), the next tool is positioned and held at
the standby position (P) during a machining operation, the
headstock (5) is moved to the position corresponding to the
tool change position, the next tool is moved to the tool
change position and the tool changing operation is carried

out.

{(Figure 13)
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fhe pbt extracting mechanism 56 transfers the small type tool ST renoved
fromthe spindle 4 fromthe tool change position Qto LACERE HE tion
P in step S11 as shown 20 in Fig. 14(e). Wen both the on- spggd e %ool
and the next tool are of the large type, steps illustrated in Figs. 14(a),
14(b), 14(c), 13(d) and 13(e) are execuﬁed sequentially in that order. Wen

both the on-spindle tool and the next tool are 25 of the small type,
steps illustrated in 13(a), 13(6?\ 13(c) 14(d) é 14(e) are executed
sequentially in thgt—ereer—When—atteast—erther—tt - _ togy or the
next tool is of the |large type, the dr ng 3 he |§ oo
change shaft |ifting mechani sm 21, ool change aft tjurniifiy mg¢hani sm

22 and the operating rod

| me¢hani sm 23 i 9 opfifijat ed py {jie cqhtroller
20 (Fig. 6) at an gperati

‘d5| wer than thdat whi chl t hdllot 4§ 30 is
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¥

dperaied when both the on-spindle tool and the next tool are of the
smal | type. As is_apparent fromthe foregoing descrip
changi ng apparafﬁghgﬁhaéturdanse_miih the present ?ng CEP@%@ﬁ?%%%TiS

capabl e of handf%ﬂg\Lang\%%gﬁpiggls of /5 mMmmin tool dianeter necessary
for machining light alloy es wi thout interference between the

gri ppers and;t he-large type tools.;Wen the angul ar stroke S of the two 5
pai rs of grlépe s 9 is deternned so that the pair of grippers make only a
novenent enougﬁ'ror the pair of grlppers to grip the small type tool ST of
53 mmin tool dianeter, the tinme required for the pair of grippers 9 to

operate to grip and~re|easejthe't' | can B€) suppressed to
S 5 A =
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v

10 ~a minimum Further, since the next tool is transferr %
standby position P to the tool change position Q i medRaPeR fﬁﬂ% Ngq%‘
carrying out the tool changing operation only when the next tool is of the
| arge type, and since the tool is transferred fromthe tool change position
Qto the 15 standby position P after the conpletion of the tool changing
operation before |owering the headstock 5 toward a machi nippg -osition only
when the on-spindle tool is of the large type, the idle t’ﬁﬁﬂpl" -

machi ning center 1 is shorter than that of a machining centper—f
the 20 conventional tool changing apparatus. Further
t ool changi ng operation for replacing the on-spindle too
tool in the case where either the on-spindle tool or the né

the large type is carried out at a tool changi ng speed lfower t a"
25 whi ch the tool changing o ation is carried out |
both the tools are of the snmall ; pe,

©

4




v

excessively large force will not be exerted on the conponent parts, such as
t he tool changing shaft and the tool changing head 10, of_ the tool. changing
device and the 30 tool will not fall off the pair ofF5f16Q5W§mﬁh$HE§ t he
t ool changi ng operation. The tool nagagkge_? may be installed on a
stationary colum and may be used in conbination with nmachine tools. other

than the vertical machining center 1, 35 such as-hori=zontal nachining
centers and boring mac?oey. A-trotgir-tirey i nventi oh hals n described in
its preferred formwt CONTROOLER ¢ kel ar i |ty obvi ously
many changes and vari ati ons éLe_pnssLiHJaJ‘herein. 1 i erefore to be
understood that the present invention may be pradtic q W se than as

specifically described
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herei'n wi thout departing fromthe scope and spirit thereof. 5 -19-
CLAIM5S 1. A tool changing nethod for a machining center r' '

(3), a tool magazine (7) for storing a plurality of toolgﬁ%ESAeuMFNFiSHgEqnn
positioning a desired one of the tools a standby position (P) and of
transferring the tool fromthe standby position to a tool ch

(Q, a headstock (5) slidably supported on the colum (3) so
along an axis of a spindle (4) held thereon, and a tool cha glng
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provided with two pairs of grippers (9) respectively extended in opposite

directions such that one of the two pairs of grippers (9)pg sitioned to
grip a tool (T) held on the spindl e when the headstock (5}? WGENH@WTM
a position corresponding to the tool chapge position in response to a tool
changi ng instruction and the other pair of grippers (9):is positioned to
grip the next tool positioned at the tool change position, whereby the tool
changi ng head carries out a predeterm ned tool changi ng o[@ki ire%n
characterized by conprising: classifying the tools into s -‘-

(ST) and large type tools (LT) with reference to a predet rrri ned thre
tool dianeter determined on the basis of the stroke (S) off theDBDES 104 |
grippers (9); positioning a next tool (T) at the standby ogition ‘(P), ang

nmoving the same to the tool change position(Q before thefheadstoc
the machining center (1) ha%’ ;
w0




been noved to the position corresponding to the tool change position in
response to a tool changing instruction, when the next t r&ﬁ%ﬁm gl |
type (ST); positioning and holding the next tool at the 3%37 é%§r§ﬁ§n
(P), noving the next tool fromthe staqﬁQy_position to the tool change
position (Q after the headstock (5) has been noved to the position
corresponding to the tool ghange position in response to at

- 20 - instruction, and ca i_ng out the tool changi ng oper atji Aﬁﬁnﬂ%ne —
next tool is of the |arge (LT); carrying out the tool chapgi SHEEJ;
operation, noving the he TTITedT a after conpl gt opy f the
t ool changi ng operation t o§ machifiiing posi t i i, H8hen i
m I 72(78) | Am
l L WAAmaga,

359
\ /

73(79)H_| s
JB 74(81) i
o |ls
75(82) :
ST~ LT
FIG.9
89
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88 55
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85 87
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the tool renoved fromthe spindle (4) fromthe tool change position (Q to
the standby position (P), when the tool renoved fromthe spi Sy
shmal | type (ST); and carrying out the tool changing operati Riwiéﬁimﬁﬁﬂ §§&§§1
t he headstock (5) to the machining position after noving thd tjool renoved '
fromthe spindle (4) fromthe tool cha‘ng% position to the stjarjdb§ SDECtIOIN .

(P), when the tool renoved fromthe spindle is of the largejtype (LT). 2. Aj
t ool changi ng method according to claim1, wherein tools (T)} that can be ™

noved t hrough a space between the pers_(9) in an open pdsition. of the j
grippers are classified as those of : 1l pe (ST), and the tools (T) that
cannot be noved through the sang Ar &/ cl assified as those of the |arge

[ ngy ¥
[al

)]

type (LT). 3. A tool changi\q& t o afiordimg to claim 1, wherein the
small type tools (ST) of a gﬂ 311 % predet erm ned threshol d
wei ght are classified as larg ‘prxe LA
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tools (LT), and the tool changing operation for replacing an on-spindle

t ool nnunteq§§§? A th a next tool, in a case where at |east one
of the on-sgK @@lﬁ’ﬂﬂs «W next tool is of the large type (LT), is
carried out jati a tool changijng speed |ower than a tool changing speed in a
case where Hotjh tsepEQabss aje|of the small type (ST). 4. A tool changing
apparatus td hbe used in conl)i pation with a machi ning center conprising a

I 3), ]) Zih f tori I lit f 1a ged!
colum (3), ja toor—magazine () for storing a plurality gﬁ &ﬁ@é@ NS

positioning ja_desired one of tthe tools at a standby posi i

and for
transferring the one tool fromthe standby position to a tool change
position (Q, a headstock (5) slidably supported on the colum (3) so as to
slide along an axis of a spindle (4) held thereon, a tool
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changi ng head (10) nounted on the headstock (5) so as to be turnabl e about
and to be novey froman axis of the spindle (4), said tool
changi ng head #h two pairs of grippers (9) respectively
extended in op such that one of the two pairs of grippers
IS positioned hel d o¥0 the spindl e (4) when the headstock
(5) is located responding to said tool ?&%& Eoleon in
response to a ok 1Ng ,, ruction and the other pai GrMBNEr SHEBY
is positioned go grl p a next togl positioned at the tool change position
(Q, whereby tietoot—ehangng.llead carries out a predeterm ned tool
changi ng operation, characterized by conprising control neans (200)

i ncludi ng: storage neans for storing types of tools classified into small

type tools (ST) and I[fn—g'e—t-y'p'e—t-oﬁ-r-tﬁj—vm—rh-ref-ereme—rv—s\predet erm ned
t hreshol d tool dianetler determ ned on the basis of strokg (S) lof the two

pairs of [
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TE for identifying the respective types
of an on-spindle it (e spindle and a next tool to be used;
smal | type tool 71 gsuing neans for issuing a small type
tool feed instrugtifo 5%0 4 he ext_tﬁgl fromthe standby position (P)
to the tool change&tpa K before t headstock (5) is noved to a
position corres “Tre=#gol} change position, when g ELNQEMENpqy4&§T
of the small type .. tool feed instruction 1SsSuUing neans

i ssuing a large type t ool $truction to nove the next tool fromthe
standby position (PL_to the tool change position (Q after the headstock
(5) has been noved to the position corresponding to theﬁ?QOI change
position, when the next tool is of the large type (LTéi)snall type tool

grippers (9); typ

return instruction isgyging neans for
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L

-gz- i Ssui ng fnBd s rettHn i nstruction to return the tool renoved
fromthe spi nﬁR@i E) WMEB changi ng operation fromthe tool change
position (Q t{ofthe standby sition (P) after the headstock (5) has been
noved toward B [raghs iy siftifon, when_fhe on-spindle tool renoved from
the spindle ip of%?gs@n%ﬁ tiyde (ST); %\%d'large type tool return

i nstruction ifssUI ijssuing a |arge tool ret urREBLﬁ@IEMEcNﬁ §HEEE
return the onk_spindle tool renoved fromthe spindle (4) by the tool

changi ng operation fromthe Tool change position (Q to the standby
position (P) before the headstock (5) is noved toward a machi ni ng position,
when the on-spindle tool is of the large type (LT).
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5. A tool- changi ng apparatus—according to claim4, wherein said control
means (200) §+ 1:! | [Hdcteans for carrying oquEFMCEMENTCBHiig ng
oeperation at &E? gilfeBtt cpeeth when said type identifying means issues a

one of JE3he tool on the spindle and the next

signal indichting that at_| ek
(START)

tool is of tHell ageeDEGAPELY).
r

STORE TOOL TYPES
S1 |(LARGE,SMALL)

]

IDENTIFY TYPES (LARGE, SMALL ) OF
S2 A\ ON-SPINDLE TOOL AND NEXT TOOL

NEXT TOOL ST NEXTTOOL LT
Y 1
S3 |POSITION NEXT TOOL TO STANDBY POSITION P

J

MOVE NEXT TOOL TO TOOL
S4 | cHANGE POSITION Q

P

\ 1
LN HAS TOOL CHANGE INSTRUCTION BEEN GEVEN 2 }&
S5 Y Y

A
S6 | RAISE HEADSTOCK TO TOOL CHANGE POSITION A

MOVE NEXT TOOL TO TOOL
S7 | CHANGE POSITION Q

S8 |EXECUTE TOOL CHANGING OPERATION

ON-SPINDLE TOOL ST ON-SPINDLE TOOL LT
‘ .

RETURN TOOL REMOVED
SS9 |FROM SPINDLE TO
STANDBY POSITION P

1
S {0 { LOWER HEADSTOCK TO MACHINING POSITION

S RETURN TOOL REMOVED FROM
SPINDLE TO STANDBY POSITION P

|
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