PATENT SPECIFICATION

(22) Filed 4 Nov. 1977

(21) Application No. 46010/77

(31) Convention Application No.
\ 51/133644

(33) Japan (JP)

1584 729

(51) INT.CL? GO5B 23/02

(52) Index at acceptance
G3N 283 385 402 K

{(32) Filed 6 Nov. 1976 in

(44) Complete Specification published 18 Feb. 1981

an 1584 729

(54) INDEX DEVICE FOR TOOL STORAGE MAGAZINE

(€3] We, Tovopa Koxki KABUSHIKI
KarsHA, a Japanese body corporate, of 1-1,
Asahi-machi, Kariya-shi, Aichiken, Japan,
do hereby declare the invention, for which

5 we pray that a patent may be granted to
us; and the method by which it is to be
performed, to be particularly described in
and by the following statement: —

The present invention relates to an index

10 device for indexing a rotatable magazine

*" having a plurality of tool holding devices
to a predetermined tool change . position
for a tool change operation.

For indexing a rotatable magazine pro-

15 vided with a plurality of tool holding de-
vices being addressed in a numerical order
to a predetermined tool change position,
an index signal is generated each time each
tool holding device is indexed to the tool

.20 change position. An up-down counter

".  counts the index signal in order to dis-
tinguish an address of the tool holding
device indexed to the tool change position.
When the content of the counter coincides

25 with a commanded address, rotation of the
magazine is stopped to position the tool
holding device having the command ad-
dress at the tool change position. However,
if the counter miscounts the index signal,

30 the address of the tool holding device
having been indexed to the tool change
position does not coincide with the content
of the counter. Accordingly, an incorrect
tool holding device is indexed to the tool

35 change position and the malfunction is
overlooked.

Tt is therefore an object of the present
invention to provide a new and improved
index device for a rotatable magazine

40 capable of detecting that an incorrect tool
holding device has been indexed to the tool
change position.

Another object of the present invention
is to provide a new and improved index

45 device wherein a check signal is generated
each time a specific tool holding device
having an address of a predetermined
binary coded state is indexed to the tool
change position and a memory device stores

50 a binary coded number of a tool holding

device indexed at the tool change position
so as to check the abnormality of the in-
dexing operation.

According to the present invention, the
foregoing and other objects are attained by 55
the provision of an index device for in-
dexing a rotatable magazine, having a
plurality of tool holding devices which store
a variety of tools and are addressed in a
numerical order, to a predetermined tool 60
change position for a tool exchange opera-
tion between a tool indexed at the tool
change position and a tool held in a spindle
of a machine tool by means of a tool ex-
change device, which comprises means for 65
generating an index signal each time each
tool holding device is indexed to the tool
change position, means for generating a
‘check signal each time a specific tool hold-
ing device having an address of a pre- 70
determined binary coded state is indexed
to the tool change position, means for
rotating the rotatable magazine, means for
commanding in a binary code a tool to be
indexed to the tool change position, first 75
memory means for storing a binary coded
number of a tool held in the spindle, second
memory means for storing a relationship
between binary coded numbers of the tool
holding devices and the tools held in the 80
respective tool holding devices, third
memory means responsive to the command
means for storing a binary coded number
of the commanded tool, fourth memory
means responsive to the index signal 85
generating means for storing a binary
coded number of a tool holding device
indexed at the tool change position, means
responsive to the command means for
searching a number of tool holding device 90
holding the commanded tool from the
second memory means, fifth memory means
responsive to the search means for storing
the searched number of the tool holding
device, means for determining a rotational 95
direction of the magazine in accordance
with a difference in the contents stored in
the fourth and fifth memory means to
thereby cause the rotating means to rotate
the magazine and for checking coincidence 100
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of the contents in the fourth and fifth
memory means, whether a tool holding
for checking, in accordance with the check
signal generating means and the fourth
5 memory means, whether ta tool holding
device holding the commanded tool is
correctly indexed to the tool change posi-
tion after the coincidence of the contents
in the fourth and fifth memory means has

10 been found and for causing the rotating
means to stop rotation of the magazine
to thereby cause a tool exchange opera-
tion to be performed when the abnormality
is not found, and means for loading the

15 content of the third memory means into
the first memory means and for loading the
content of the first memory means into the
second memory means after the tool ex-
change operation has been completed.

20 The foregoing and other objects and
many of the attendant advantages of the
present invention will be readily appre-
ciated as the same becomes better under-
stood by reference to the following detailed

25 description, when considered in connection
with the accompanying drawings, in which:

FIGURE 1 is a schematic block diagram
of an embodiment of a tool magazine index
device according to the present invention;

30 FIGURE 2 is a block diagram for de-
scribing an operaion of a computer shown
in FIGURE 1; and

FIGURE 3 is a flow chart of a tool
magazine index cycle.

35 Referring now to the drawings, wherein
like reference numerals or characters refer
to identical or corresponding parts through-
out the several views, and more particularly
to FIGURE 1, there is shown a tool storage

40 magazine 10 which is rotatably mounted on
a body of a machine tool, not shown. A
plurality of, for example, eight tool holding
devices HOO0 to HO7 are equedistantly
arranged on the periphery of the magazine

45 10 and are addressed in numerical order
from 00 to 07 in a clockwise direction. A
spindle head 11 is provided to rotatably
support a spindle 12. A tool exchange de-
vice 13 is mounted on the spindle head 11

50 in such a manner as to exchange the tool
held in the spindle 12 for the tool at a tool
change positions 14 on the tool storage
magazine 11 by means of a driving device
15 for the exchange device 13. A rotary

55 shaft 20 of the tool storage magazine 10
is connected to a magazine driving device
21 to be rotated thereby in response to a
command given from a computer 30. An in-
dex plate 22 is connected to the rotary shaft

60 20 through gears in such a manner as to be
rotated one revolution when the magazine
is rotated one pitch or a distance between
two adjacent tool holding devices. A pro-
jection 23 is provided on the index plate

65 22 to actuate a corresponding proximity

switch 24 to apply an index signal to the
computer 30, each time the magazine 10 is
rotated one pitch, that is, each tool hold-
ing device is indexed to the tool change
position. A plurality of, for example, four 70
in this particular embodiment, dogs 25 are
fixed on the outer periphery of the maga-
zine 10. Each dog 25 corresponds with the
specific tool holding device which has, in
this particular embodiment, an even ad- 75
dress number, such as 00, 02, 04 or 06
in FIGURE 1, whose least significant digit
bit is in a “0” state when represented by

a binary coded format. A limit switch 26 is
provided to be actuated by each dog 25 80
to apply a check signal to the computer
30. A numerical control device (NC device)

40 applies machining data to the machine
tool, not shown, data for a required tool

to the computer 30 and a tool exchange 85
command to the exchange device driving
device 15 in response to NC data read out

by a tape reader 41. A memory device 31
stores data in a binary coded format and
comprises an area 3la for storing a table 9C
of a relationship between the number of
the tool holding device and the number of

a tool held in the respective tool holding
device, an area 31b for storing the number

of a tool received in the spindle 12, an 95
area 31lc for storing the number of a
required tool commanded by NC data, an
area 31d for storing the number of a
tool holding device which holds the re-
quired tool, and an area 3la responsive to
the index signal from the proximity switch
24 for storing the number of a tool holding
device which is indexed at the tool change
position 14. The table stored in the area
31a is prepared by a manual setting device,
not shown, prior to the operation of the
machine. The content of the memory de-
vice 31 is rewritten by the computer 30,
each time a tool exchange operation has
been performed.

FIGURE 2 shows a block diagram for
describing the operation of the computer
30. The computer 30 operates as a reading-
out and writing circuit 51, a magazine
rotation control circuit 52, an abnormality 115
cgeck circuit 53 and a cycle control circuit
54.

The reading-out and writing circuit 51
reads out and writes the binary coded con-
tents of the respective areas 3la and 31b,
31c, 31d and 3le of the memory device 31.
More specifically, the reading-out and
writing circuit 51 writes data for a required
tool in the area 31lc upon receipt of the
same from the NC device 40, and writes
the number of a tool holding device hold-
ing the required tool in the area 31d after
searching or scanning the same in the area
31la. When a tool exchange operation has
been completed, the reading-out and writing 130
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circuit 51 writes the tool number stored
in the area 31b into a tool number column
in the area 3la corresponding to the num-
ber of the tool ‘holding device stored in
the area 31d and writes the tool number
stored in the area 3lc into the area 31b.

The magazine rotation control circuit. 52
controls the rotational direction and the
amount of rotation of the tool storage
magazine 10. The magazine rotation con-
trol circuit 52 detects the difference in
the numbers of the tool holding devices
stored in the areas 31d and 3le and causes
the magazine driving device 21 to rotate
the magazine 10 either in a forward direc-
tion or in a reverse direction in accordance
with the detected difference, in order to
increase the speed of indexing of the tool
holding device holding the required tool
into the tool change position 14. The
magazine rotation control circuit 52 also
checks whether the content in the area
3%3 coincides with the content in the area
31d. :

The abnormality check circuit 53 ex-
amines whether the correct tool holding de-
vice is indexed at the tool change position
14, after the magazine indexing operation
has been performed. When the limit switch

30 26 is actuated but the least significant digit

35
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bit in the area 3le is in the logic “1”
state, or when the limit switch 26 is not
actuated but the least significant digit bit
in the area 3le is in the logic “0” state,
the abnormality check circuit 53 causes the
magazine driving circuit 21 to stop the
rotation of the magazine 10 and a lamp 55
to be illuminated to indicate the ab-
normality. On the other hand, when the
limit switch 26 is actuated and the least
significant digit bit in the area 31e is in the
logic “0’” state, or when the limit switch
26 is not actuated and the least significant
digit bit in the area 3le is in the logic
“1” state, the abnormality check circuit 53
causes the magazine driving circuit 21 to
stop the rotation of the magazine 10 in
order to perform a tool exchange opera-
tion. '

The cycle control circuit 54 receives a
signal from the magazine driving device
21 upon completion of a normal indexing
operation to thereby cause the NC device
40 to apply tool exchange command data
to the exchange device driving circuit 15.
After a tool exchange operation has been
completed, the cycle control circuit 54
receives a signal from the exchange device

" driving device 15 to thereby cause the

60

65

reading-out and writing circuit 51 to rewrite
the contents of the areas 31a and 31b.
The operation of the present embodiment
will now be described with reference to
a flow chart shown in FIGURE 3.
It is to be assumed that a machining

operation is being performed by a tool
T14 held in the spindle 12 and the tool
holding device HOO is indexed at the tool
change position 14, In this case, the area
31b of the memory device 31 stores the
number 14 of the tool held in the spindle
12, and the area 3le stores the number 00
of the tool holding device indexed at the
tool change position 14. After the machin-
ing operation has been completed by the
tool T14, the next required tool T32 is
assumed to be commanded by the NC de-
vice 40. The command data from the NC
device 40 is read out by the reading-out
and writing circuit 51 .in step (). In
accordance therewith, the number 32 of
the commanded tool is stored in the area
31c of the memory device 31.in step (ii).
The commanded tool number 32 is then
searched or scanned in the table in the area
31a in step (iii). As a result of the search
in step (iii), the number 03 of the tool
holding device which holds the commanded
tool T32 is set in the area 31d of the
memory device 31 in step (iv). At the next
step (v), the magazine rotation control
circuit 52 detects the difference in the
numbers of the tool holding devices stored
in the areas 31d and 3le and causes the
magazine driving device to rotate the
magazine 10 in a reverse or counterclock-
wise direction in accordance with the de-
tected difference, so as to thereby increase
the speed of indexing of the tool holding
device HO3 into the tool change position
14. Each time the magazine 10 is rotated
one pitch in the reverse direction, the
proximity switch 24 is actuated to generate
an index signal to increase the content of
the area 3le so as to count the number of
the tool holding device indexed at the tool
change position 14 in step (vi). At the step
(vil), the content of the area 3le is com-
pared with the content of the area 31d
by the magazine rotation control circuit
52. If as a result of step (vii) the content
of the area 3le does not coincide with the
content of the area 31d, the operation
returns to the step (v). If the result of
step- (vil) shows that the content of
the area 3le coincides with the content
of the area 31d, the operation pro-
ceeds to the next step (viii). At the step
(viii), the abnormality check circuit 53
examines whether the correct tool holding
device is indexed at the tool change posi-
tion 14. If the abnormality is found as a
result of step (viii), the abnormality check
circuit 53 causes the lamp 55 to be illumin-
ated and the magazine driving circuit 21 to
stop the rotation of the magazine 10 at step
(ix). If the result of step (viii) shows the
correct indexing of the tool holding device,
the magazine rotaiton control circuit 52
causes the magazine driving device 21 to
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stop the rotation of the magazine 10 at
step (x). Accordingly, in a normal operation,
the tool holding device HO03 holding the
next tool T32 is indexed to the tool change
5 position 14 at the end of step (x). Upon
completion of the indexing operation, the
cycle control circuit 54 receives a signal
from the magazine driving device 21 to
thereby cause the NC device 40 to apply

10 tool exchange command data to the ex-
change device driving device 15. The
exchange device driving device 15 is thus
operated to cause the tool change device
13 to perform the tool exchange operation.

15 Upon completion of the tool exchange
operation, the exchange device driving de-
vice 15 applies a signal to the cycle control
circuit 54 to thereby cause the reading-out
and writing circuit 51 to rewrite the num-

20 ber 32 into the area 31b and the number
14 into the tool number column corre-
sponding to the number 03 of the tool hold-
ing device in the area 3la at step (xi).

Obviously, numerous modifications and

25 variations of the present invention are
possible in light of the above teachings.
It is to be understood therefore that within
the scope of appended claims, the inven-
tion may be practiced otherwise than as

30 specifically described herein.

WHAT WE CLAIM IS: —

1. An index device for indexing a rotat-
able magazine, having a plurality of tool
holding devices which store a variety of

35 tools and are addressed in a numerical
order, to a predetermined tool change posi-
tion for a tool exchange operation between
a tool indexed at the tool change position
and a tool held in a spindle of a machine

40 tool by means of a tool exchange device
comprising:

means for generating an index signal
each time each tool holding device is in-
dexed to the tool change position;

‘45 means for generating a check signal each
time a specific tool holding device having
an address of a predetermined binary coded
state is indexed to the tool change posi-
tion;

50 means for rotating said rotatable maga-

zine;

means for commanding in a binary code
a tool to be indexed to the tool change
position;

first memory means for storing a binary
coded number of a tool held in the spindle;

second memory means for storing a re-
lationship between binary coded numbers
of the tool holding devices and the tools

60 held in the respective tool holding devices;

155

third memory means responsive to said
command means for storing a binary coded
number of the commanded tool;

fourth memory means responsive to said
index signal generating means for storing a 65
binary coded number of a tool holding
device indexed at the tool change position;

means responsive to said command means
for searching for a number of a tool hold-
ing device holding the commanded tool 70
from said second memory means;

fifth memory means responsive to said
searching means for storing the searched
number of the tool holding device;

means for determining a rotational direc- 75
tion of said magazine in accordance with a
difference in the contents stored in said
fourth and fifth memory means to thereby
cause said rotating means to rotate said
magazine and for checking coincidence of 80
the contents in said fourth and fifth
memory means;

abnormality check means for checking,
in accordance with said check signal
generating means and said fourth memory 85
means, whether a tool holding device hold-
ing the commanded tool is correctly in-
dexed to the tool changed position after
the coincidence of the contents in said
fourth and fifth memory means has been 90
found and for causing said rotating means
to stop rotation of said magazine to thereby
cause a tool exchange operation to be per-
formed when the abnormality is not found;
and 95

means for loading the content of said
third memory means into said first memory
means and for loading the content of said
first memory means into said second
memory means after the tool exchange
operation has been completed.

2. An index device as claimed in Claim
1, wherein said check signal generating
means comprises a plurality of dogs
mounted on the periphery of said maga- 105
zine and corresponding in number to said
respective specific tool holding devices each
having an address of the predetermined
binary state; and a limit switch adapted to
be actuated by each of said dogs when the
associated specific tool holding device is
indexed to the tool change position.

3. An index device as claimed in Claim
2, wherein said abnormality check means
comprises means for checking an ab- 115
normality in accordance with the status
of said limit switch and the status of the
least significant digit bit of the content in
said fourth memory means. )

4. An index device as claimed in any 120
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bone of Claims 1 to 3, wherein said ab- Agents for the Applicants,

normality check means comprises means STANLEY, POPPLEWELL, FRANCIS
for causing a lamp to be illuminated when & ROSS,
an abnormality is found. Chartered Patent Agents,
5 5. A tool magazine index device substan- 1, Dyers Buildings,
tially as herein described with reference to Holborn,
the accompanying drawings. London, ECIN 2JT.

Printed for Her Majesty’s Stationery Office by The Tweeddale Press Ltd., Berwick-upon-Tweed, 1980.
Published at the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from which copies
may be obtained.
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