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laser welding apparatus

AN

AMS/hek ' EU 1711
9.9.93 c

af -

B R I - gy MRS vy, #~y,
§ 4 ; - ’% y x ' g; _y
-, Wi gl i peres ‘&n' - s s' e iﬂ})



L _ . : REPLACED SHEETS
Description - The inventi
for a punch press equi pped with at |east one
appafatus, which 'aser wel di ng apparatus in-
supporting block for a guided sup- porit
the | aser wel di ng appa- ratus with a
a predeter- m ned focal point, which t

CUSM

n l'ates to a tool asse
@escnpnon p’w‘wl L.0g paged

Délanm%s?l L"d&ssnﬂat\sl eg)s% a233€|

Ice

Vﬂﬁ‘% n'éH SFHCat - fepRged - 'ﬁd
bstrect ud:e@gap t.601 tdomaghpd WiTt.

PN di-einserted

a working surface at whi ale ,eqs | :
thereinto is | ocated, FSW%I ﬁE %ebug??’hS%%% . gage is aligned with a

surface portion of the r ki n
supporting block is de_T%ser Welding appara

5 The invention relates to a tool assembly for
a punch press equipped with at least one laser welding
apparatus, which laser welding apparatus includes at
least one supporting block for a guided supporting of a
focusing device of the laser welding apparatus with a

10 predetermined focal length and a predetermined focal
point, which tool includes a tool body with a working
surface at which at least one recess for a die inserted
thereinto is located, of which the cutting edge which is
aligned with a surface portion of the working surface of

15 the tool body, which supporting block is designed and ar-
ranged in such a manner that a laser beam emitted by a
focusing device mounted to the supporting block is fo-
cused to a predetermined point at the die such to perform
welding operations at a workpiece located thereat, and

20 which supporting block includes at least one guiding sur-
face for its positioning relative to the focal point.
Punch presses, of which the operation encom-
.passes also a welding by means of a laser welding appara-
- tus, are utilized, for instance, for the production of
25 stacks of plates used in electrotechnical products. Exam-
ples of such products are packages of plates for stators
and rotors of electromotors. Hereto the individual plates

are individually punched and stacked, whereby the stack- "™

ing is, for instance, achieved, in that a braking member
30 is located in or below a die cooperating with a punch.
When stacking the consecutively punched plates, each
plate set onto the stack is welded at at least one loca-
tion to the prev1ously stacked plate located thereunder,
for instance, by means of a laser beam acting commensu-
35 rate with the operating cycle of the punch press until a
predetermined number of indivjdual plates form g stack of
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signed and arranged in such a manner that a |aser .beam . emtted by a
focusi ng device nmounted to the supporting . block is foqusgd to a
preédét erm ned:point ‘at the die" such to perform wel ding operations
at a workpi ece | o- cated thereatz and which supporting bl ock _

I ncl udes at | east one guiding surface for its positioning relative
to the focal point. Punch presses, of which the .
operation erplates. Thexsgfissenalveslding ¥ noebformed sdwfimg | aasn_aeextz\/e:c di ng
appar at us, bALE . 1 st f 0 -f1 on o
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punched agd stacked, The dies are generally sleevelike products
made of a hard metal, which are set into a corresponding
opening in the lower tool of the punch press and having
specifically a cutting edge which is aligned with the op-
erating surface of the tool.

10 As is generally known, this cutting edge is .
subject to wear during operation and the tools, i.e. spe;
cifically their working surfaces, are periodically ground
in order to obtain again the original sharpness of the
cutting edge(s).

15 The sheets or plates, resp., which are
stamped are extremely thin and due to this reason and
also due to reasons of welding techniques it is necessary
to set the respective welding points of the laser beam
welding with tolerances of a few 1/100 mm. This demand

20 causes obviously a correspondingly precisely located
mounting of the optical focussing part of the laser weld-—
ing apparatus, of which the focal depth and the focal
point determine the respective welding point. The optical
focusing devices of laser welding apparatuses are com-

25 monly mounted to a part of the frame or also to a tool of
the punch press and are initially set when setting up the
punch press such as all the cutting tools thereof with a
high precision. . :

If now the tool is dismounted in order to. -

30 newly grind the working surface due to the reason men-—
tioned above, all focusing devices mounted thereonto must
be adjusted newly because due to the grinding the loca-
tion of the welding points are now shifted relative to
the earlier focal point of the focusing device. This new

35 adjusting of the focusing devices is a tedious, time con-
suming prbcess.
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' wﬁereby;the stacking is, for instance, achi eved, in that a braking..

menber is |ocated,in or below a die co- - operating with a punch.
Wiers st acki ng- t he consecutively punched pl ates, each plate set onto
t he -stack is wel ded at at |east sone location to the previously

st acked pl ate | ocated thereunder, for instance, by neans of a

Here, the invention intends to provide a rem-
edy. The invention such as described in the claims solves
the object to provide a tool for a punch press with a la-
ser welding apparatus, in which the respective supporting

5 block for a focussing device of the laser welding appara-
tus is arranged with a guiding surface on a positioning
surface of a supporting member which is aligned with the
working surface of the tool body into which the die is
set, of which the cutting edge is aligned with the work-

10 ing surface. _

The advantages gained by the invention are
substantially to be seen, in that during a grinding of
the working surface of the tool body in order to re-
sharpen the cutting edges, the positioning surface of the

15 supporting member which is aligned with the working sur-
face of the tool is ground, too. Thus, the height posi-
tion of the supporting block for the focussing device re-
mains also after the grinding unchanged relative to the
welding point and the focal point of the laser ray beam

20 because the cutting edge of the die and the positioning
surface of the supporting member are ground down to-
gether, thus at the same magnitude. Therewith, after a
resharpening of the cutting edge of the die an anewed,
tedious adjusting of the supporting block, i.e. the fo-

25 cussing device and the corresponding trial runs of the
punch press are no longer necessary.

Below, the invention will be explained closer
based on drawings illustrating several embodiments.

Fig. 1 illustrates schematically a punch B

30 press equipped with a laser welding apparatus,

Fig. 2 illustrates a side view, partly in
section of a part of a tool body having a focusing device
held in a supporting block, .

Fig. 3 illustrates a top view of a portion of

35 a tool body having three focusing devices mounted
thereonto, '

L.
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2 .l aser beam acting commensurate with the operating cycle of the
punch press until a predeterm ned nunber of in- dividual plates forma
strack of pl ates. Thereafter no wel ding is perfornmed during a next fol l owing-
(punching) stroke such that the finally the produced stack of plates is
urged out and away fromthe braking nenber by

Figs. 4 and 5 illustrate a side view of and a
section through a checking tool for a focusing device,

Figs. 6 and 7 illustrate embodiments, in
which the supporting block is mounted to a separate sup-

5 porting structure mounted to the lower tool,

Fig. 8 is an illustration corresponding to
Fig. 2. and depicts an embodiment of-.-suction channels for
vapors produced during welding, '

Fig. 9 illustrates a detail of Fig. 8,

10 Fig. 10 illustrates a top view of the embodi-
ment illustrated in Fig. 8,

Fiq. 11 illustrates a side view of an embodi-
ment having one single suction channel,

Fig. 12 illustrates a top view of the embodi-

15 ment according to Fig. 11,

Fig. 13 illustrates a front view of the em-
bodiment illustrated in Fig. 11, and

Fig. 14 illustrates the cross-sectional
shapes of the two sections of the suction channel of Fig.

20 11.

Fig. 1 illustrates purely schematically a
punch press which is equipped with a laser welding appa-
ratus. The punch press includes a frame 1, in which a ec-
centric shaft or crankshaft, resp., 2 is supported for

25 rotation in bearings 3, 4. This eccentric shaft 2 is
driven according to well known principles by a not par-
ticularly illustrated driving motor, for instance, via a
belt drive. According to the illustrated embodiment. two
connecting rods 5, 6 are supported on the eccentric shaft™

30 2, which are pivotally connected at their lower ends to a -
so-called ram 7, which carries an upper tool. The frame 1
supports, furthermore, a so-called lower tool 8. Guide
columns 9, 10 project downwards from the ram 7, by means.
of which guide columns 9, 10 the ram 7 is guided in its

35 vertical reciprocating movement. '

_ A punching tool 11 illustrated as example is
set into mentioned upper tool which cooperates with a die

This Sheet Has Been RT

TG




t he next follow ng punched pl ates. : The dies are generally

sl eevel i ke products made of a hard metal, which are set into a correspond-
ing opening in the | ower tool of the punch press and having specifically a
cutting edge which is allgned with the gperating surface of the tool.

. As is generally known, this cutting edge is subject to wear during
operation and the tools, I .e. specifically their working surfaces, are
periodi cal | y2giouadedniar dhe fLowebt gbblagain biteeer kgl sabkmphaufiness aof the

CULLLrg SI95EBL s3aushranac)) SheRlcBbatn bRt B thaTReReA, SeRetiTR Y (1
necessary t tiosthet hélnegpetion of Fig. 1 from the left to the rlght :
e.g. plates for rotors which are united in the lower tool
5 8 to respective stacks 13 of metal sheets. Hereby punch-
ing tool 11 and die 12 form the last tool-pair of a con-
secutive working of a sheet metal strip, which during be-
ing moved between the upper tool and the lower tool 8 de-
signed as multiple press tools after earlier working per-
10 formances made thereon for the production of the final
product punched out of the sheet metal strip such as well
known to the persons skilled in the art.
A laser generator 14 is mounted to the frame
1 which communicates via optical conductors 15 (of which
15 only one is illustrated), e.g. glass fiber cables with a
focusing device 16, which is located on the lower tool 8.
For sake of completeness it shall be men-
tioned, furthermore, that a braking means or member,
-resp., 17 is located in the die 12. This braking member
20 17 acts e.g. by friction onto the stamped out plates lo-
cated in the die 12 in order to hold the plates in the
die 12 by friction, which plates (or a respective stack
of plates) are pushed down step by step by every consecu-
tive plate punched out of the sheet metal web until the
25 punched plates or an entire stack has passed the braking
member 17 and thereafter glide or fall out of the lower
tool 8 under the influence of gravity.
In operation the eccentric shaft 2 rotates
and causes via the connecting rods 5, 6 the punching =
30 -movement of the ram 7 together with the upper tool -
mounted thereto for the production of the individual
plates, which remain at the last operating step in the.
die 12. Accordingly, during every working stroke of the -
ram 7 one plate is placed. in the die 12 onto a preceding
35 plate located already in the die. As soon as the.punch 11 .
has moved away during the upwards stroke portion by a
small distance from the die 12, the laser welding appara-
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tive wel.ding points of the | aser beamwelding with tol- erances of a few
1/100 mm This denand causes obviously a correspondingly precisely |ocated
mounting of the op- tical focusing part of the |aser welding apparatus, of
whi ch the focal depth and the focal poimt determ ne the respective wel ding
poi nt. The optical focusing devices of |aser welding apparatuses are
commonly nounted to a part of the frame or also to a tool of the punch
press and atusi hfri 4Pryl8cbeamenasdaspngbepm RE poneKtEeBEd Ys§BRTES all the

cutting tookeirhbesfotowhtRsatiedBoRhe- ofl Sbfftact betweehl thewplBeet 00l is
di smount ed i p,order %o nemﬁé %rlnd t he morklngﬁfurfgge ue &o t he reason.
| b B &n

men- ti oned"3b6Pel USFI PRS- BEPRgIEROSLEE AR &S R gcated

thereunder such as to weld the two plates together. The
5 operating cycles of the laser welding apparatus are obvi-
ously controlled depending on the position of the punch-
ing tool 11 relative to the die 12 or generally from the
rotational position of the eccentric shaft 2. After a
predetermined number (e.g. 20) of individual plates have
10 been welded together, the welding apparatus is controlled
such that during one punching cycle of the punching op-
eration no welding is performed, such that the production
of one stack of plates is terminated and the production
of the next following stack can begin. The finally pro-
15 duced, welded stack of plates is pushed in the die fur-
ther downwards by the next following plates deposited
thereupon and again welded together, which stack is fi-
nally pushed past and out of the braking member.
It has now been explained initially that the
20 cutting edge of the die 12 (and obviously also. of the
punching tool 11) gets worn, such that the entire working
surface 18 of the lower tool must be reground in order to
resharpen the cutting edge of the die 12.
Conclusively, a respective welding point in
25 the die is subjected to a relative change of the location
such that basically a new adjusting of at least the fo-
cusing device 16 of the laser welding apparatus is needed
and specifically independent from the location where it
is mounted in the punch press. By the present invention, ---
30 of which one exemplary embodiment is illustrated in Figs.
2 and 3, a new adjusting of the focusing device 16 is no
longer necessary.
Fig. 2 illustrates a section through a part
of the lower tool 8 having a die 12, which is set into a
35 -recess or through bore, resp., 19 in such a manner that
its cutting edge 20 is aligned with the working surface
18 of the tool. The braking member 17 in the die 12 is
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for instance a portion thereof having a somewhat de-
Creased diameter achieved by any known procedures. A
stack 13 of stamped individual plates which have been
welded together .are illustrated to be in the die 12.

According to the top view of Fig. 3 the sta-
tor plates 21 are punched and welded together to stacks.
As can be seen clearly, three focusing devices 16, 16A,
16B are present, such that the respective plates are
welded together at three points. Of these focusing de-
vices one is shown by full lines, namely device 16 and
the other two focusing devices 16A, 16B are illustrated
by dash dotted lines.

The focusing devices are connected to a laser
generator common to all via a respective glass fiber ca-
ble coupled at 22 to the respective focusing device.

Such focusing devices are generally known
and, therefore, there is no need of a detailed descrip-
tion thereof.

Below, the embodiment will be described
merely by reference to the focusing device 16. The focus-
ing device 16 includes a preset focal length and a prede-
termined focal point, which latter determines the (or
one, resp.) welding point 23 at two plates 21. To this
end the focusing device 16 is set into a supporting block
24 and includes a collar 25, via which it contacts one
side surface 26 of the supporting block 24. The surface
26 acting as guiding surface. for the focusing device 16
extends now precisely perpendicularly to the optical axis
38 of the focusing device 16. The supporting block 24 is -
machined with such a preciseness and located at a posi-
tion which has such a precisely determined distance from
the welding point_23 and is mounted with such precisely
produced mounting members to the body of the lower tool |
8, that the weIding:point determined by the optics of the
focusing device 16 is maintained precisely. The precise-
ness is in a range of 1/100 mm. A corresponding precision
is also at the contact surface of the collar 25 of the
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nmust be adjusted newly because due to the grinding the | ocation of the
wel di ng points are now shifted relative to the earlier focal point of the.
focusing device. This new adjusting of the focusing devices is a tedious,
time time-consum ng process. gh tool for a punch press equipped
with a |laser welding apparatus is disclosed in the EP-A-343 661, of which
the focusing device is held in a support which is rigidly nounted to a
vertical sid€ochisihg Hewtret peksefby HREHRI BEndaviteesugfatbepgbyf faled in a

an adj usting QBBP§£18é %?g %u Hort If the working sur- face of the | ower

tool is groun r°of _ _
The supporting block 24 is basically a clamp-

like structure having two jaws 27, 28, which surround the

5 through hole for receipt of focusing device 16. At the
top the two jaws 27, 28 are separated from each other by
a slot 29 and interconnected by a threaded bolt 30. When
tightening the threaded bolt 30, the focusing device 16
is clamped in the supporting block 24.

10 The working surface 18 of the body 8 of the
lower tool acts as positioning surface for the supporting
block 24, and this positioning surface is aligned with
the cutting edge 20 of the die 12, which is set into the
body of the lower tool 8. The bottom surface of the sup-

15 porting block 24, via which it rests on the working sur-
face 18, acts as guiding surface 31, because it deter-
mines at least the height position of the focusing device
16 inserted in the supporting block 24. The location and
the position of the focusing device 16 in the supporting

20 block 24 determine among others the welding point 23 at
the die 12.

The horizontal distance between the support-
ing block 24 and the welding point 23 and accordingly
specifically of the surface 26 of the supporting block 24

25 (measured along the working or positioning, resp., sur-
face 18) is determined by two positioning pins 32, 33,
which are set into bores arranged in the supporting block
24 and in the body of the lower tool 8. The supporting
block 24 itself is.mounted by means of a threaded bolt 34-

30 to the body of the lower tool 8. The longitudinal center
axis 35, 36 of the positioning pins 32, 33 and the longi-
tudinal center axis 37 of the screw bolt 34 (due to rea~

- sons of clarity the longitudinal center axis 37 is only
illustrated at the focusing device 16A in Fig. 3) are

35 aligned with each other along a straight line, i.e. they
determine a plane, in which the optical axis 38 of the
focusing devices 16 lies. This allows that the supporting
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the focusing device nmust be adjusted by a corresponding new setting of the
adj usting nmenber again newly to the welding point at the |lower tool which
is"at’” a new | oca- tion. Here, the invention intends to provide
a remedy. The invention such as describeg in the clains solves the object
to provide a tool for a punch press with a | aser wel ding apparatus, in

whi ch the respective supporting block for a focusing device of the |aser
wel di ng appdrlxiais 24 @an dngdsil t rqmwiz@&fugom&ﬁacetm aipobstpossng

the tool “bodtT n A TR rERpEOLL P AR et e Y 0
al i gned vm thf hﬁpcmﬁmq]g:i@mctmelﬁ of the laser welding apparatus
acting at one and the same die 12 such that two respec-

5 tive plates in the plate stack 13 can be welded together
simultaneously at a plurality of points.

It is to be noted that a modified design can
be present at the surface 26 of the supporting block 24.
It is possible to have a disc having an outer thread

10 screwed into the supporting block 24, which in order to.
precisely set the distance of the accordingly now adjust-
able surface 26 from the welding point 23 can be screwed
further into or somewhat out of the supporting block and
then be arrested in the correct, desired position.

15 In order to check at least at a first mount-
ing if the position of the supporting block 24 is correct
and also to check the path of the laser beam that the la-
ser beam cannot impact onto other parts of the tool and
also parts of the workpiece which are not to be welded

20 and, specifically, to prevent én impacting onto a loca-
tion ahead of the welding point a checking tool is used,
which is illustrated in Figs. 4 and 5 and which can be
termed checking mandrel. |

The checking tool includes a main body having

25 a first portion 39, which corresponds to the collar 25 of
the focusing device 16. The shoulder 40 which is to rest
onto the surface 26 of the supporting block 24 which is a
guiding surface and onto which surface 26 the correspond-
ing surface of the collar 25 of the focusing device 16 -

30 will lie when the focusing device 16 is mounted in the
supporting block 24, is machined initiaily precisely. The
shoulder 40 is followed by a cylinder shaped portion 41,

- of which the diameter and the length correspond exactly
to the diameter and the length of that portion of the fo-

35 cusing device 16 which is held and supported .in the sup-
porting block 24. The next following, short cylinder
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Thé advant ages gai ned by the invention are substantially to be seen, in

that during a grinding of the working surface of the tool body in order to
re- sharpen cutting edges, the positioning surface of the .supporting menber
which is aligned with the working surfacg of the tool is ground, too. Thus,
the height position of the supporting block for the focusing de- vice
remai ns al so after the grinding unchanged rel ative

10

15

20

25

30

35

shaped portion 42 corresponds also to the corresponding
portion of the focusing device 16.

An important portion is the cone-like con-
verging portion 43 following mentioned portion 42. Its
enveloping surface corresponds namely to the cone-shaped
enveloping surface of the beam of rays emitted by the fo-
cusing device 16, which enveloping surface is shown and
identified specifically in Fig. 3 by the broken lines
identified by the reference numerals 44 and 45.

A needle 47 extends in an axial direction
through the main body of the checking tool, which needle
47 has a tip portion 46. The enveloping surface of this
tip portion 46 corresponds further to the enveloping sur-
face of the beam of laser rays.

The needle 47 has an outer thread 48, by
means of which it is screwed into the main body 49. The
needle 47 is, furthermore, locked relative to the main
body 49 by a nut 50. ,

For an initial setting the needle 47 is ad-
justed by means of a screwdriver placed into the slot 51
in such a manner that the distance between the shoulder
40 and its frontmost tip corresponds exactly to the dis-
tance between the welding point 23 in the die 12 and the
surface 26 of the supporting block 24 acting as guiding
surface and thereafter is locked by a tightening of the
nut 50. The exactness of the set distance lies within a
range of a few 1/100 mm.

_ The measuring tool which has been set as de-
scribed above is now inserted in place of the focusing -
device 16 into the supporting block 24 and is clamped
therein by a tightening of the threaded bolt 30. The tip-
of the needle 47 is then located exactly at the focal.
point, i.e. at the welding point at the die 12.

The"enveloping surfaces of the coned shaped
portion 43 and of the tip portion 46 of the checking tool
play an extremely important role. These enveloping sur- -
faces are not to contact any obstacle. Such an obstacle
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4 :to the welding point and the focal point of the lI'aser .ray beam

because the cutting edge of the die and the positioning surface of the

- supporting nmenber are ground down together, thus at the sane nagnitude.
Therew t h, . 11 Lo

can be, e.g. a part of a workpiece, a part of a tool or a
part of a mounting member at the lower tool 8 and such
parts would be partly exposed to the laser beam and ac-
cordingly could be heated such to be damaged and also

5 could partly deflect the laser rays. Furthermore, such as
illustrated in Fig. 3, the three beams of rays do not in-
tersect each other, they cannot influence each other and
also this arrangement of the beams of rays can be exactly
checked by the checking tool.

10 After the checking has been made, the focus-
ing device 16 or the focusing devices 16, 16A, 16B,
resp., are inserted into the corresponding supporting
block 24, optically connected to the laser generator 14
and thereafter the punch press can be operated.

15 : If a regrinding, a resharpening of the cut-
ting edge 20 of the die 12 (i.e. of all cutting edges
present in the lower tool) is to be performed, the lower
tool is removed, whereby the focusing device 16 has been
removed previously and thereafter the supporting block 24

20 1is removed from the body of the lower tool 8 by a loosen-
ing of the threaded bolt 34. .

Thereafter, the working surface 18 of the
tool is reground in a manner as generally known in order
to resharpen the various cutting edges. Important is now

25 the fact that during the grinding not only the area of
the body of the lower tool 8 at the die 12 but also si-

" multaneously and by the same measure also the area of the
positioning surface of the body of the lower toocl 8 is
.ground determines the height position of the supporting -

30 block 24 and correspondingly also of the focusing device.

- 16. Accordingly, after mentioned working the supporting -
block 24 can be again mounted to the body of the lower
tool 8 without any further ado and the focusing device 16
‘can again be mounted into the supporting block 24. A

35 time-~consuming and tedious readjusting specifically of

 the supporting block 24 relative to the welding point
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after a resharpening of the cutting edge of the die an anewed, tedious
adj usting of the supporting block, i.e. the focusing device and the
corresponding-trial runs of the punch press are no I'onger necessary.

Bel ow, the invention will be explained chgser based on draw ngs
illustrating several enbodi- nments. Fig. 1 illustrates
schematically a punch press equipped with a |aser welding apparatus,

Fig. 2 illuswWwhicbsnawshde wnioéwshidtadn redatliye tosatid positfionipayt of a

t ool body hayj f oQUSLRT i I'd in a supporting bl ock,
Fig. 3 iIIus%Pg?ggeaggo%bgig%ﬁ%Fggr ortion of a tool body having three

f ocusi ng devi ces nountedfFigs. 6 and 7 illustrate modifications, at

which the supporting block 24 of the focusing device 16

5 1is not directly mounted to the tool body 8. In these mod-
ifications the supporting block 24 is located on a sepa-—
rate supporting member 52. This blocklike supporting mem-
ber 52 can be, for instance, set into the body of the
lower tool 8 at an edge area thereof such as illustrated

10 in Fig. 6 or, according to the embodiment illustrated in
Fig. 7, the supporting member 52 can be mounted at a side
of the body of the lower tool 8. The connection can be
achieved by the exemplary illustrated threaded bolts 57,
S8. It is not important where and how this supporting

15 member 52 is mounted to the body of the lower tool 8. De-
cisive is that the free surface, on which the supporting
block 24 of the focusing device 16 rests via its guiding
surface 31 is aligned with the working surface 18 of the
body of the lower tool 8 and is also ground during the

20 regrinding of the working surface 18.

During a welding operation welding smoke and
welding vapors are produced, which must be removed.
Thereto it is known to form bores in the tool.

Figures 8-10 illustrate an advantageous vari-

+ 25 ant, in which no such bores in the tool are needed. The
supporting block 24 is equipped with suction channels 53,
54. These are designed as through bores in the supporting
block 24, which receive at the side of the area of the
welding short tubes having chamfered ends. At their oppo~-
30 site end the through bores communicate with a rigid mani-
fold 55. A possibly flexible suction line 56 connects to
this manifold 55. The illustrated embodiment is extremely
effective and advantageous because the tube stubs can be .
dimensioned and'shaped in such a manner that they can be
35 led independently from a given welding area as close as
possible to the location of the vapors produced during
the welding. Furthermore, in case of a plurality of fo-
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t her eont o, Figs. 4 and 5 illustrate a side view of and a

section through a checking tool for a focusing de- vice, Fi gs.
6 and 7 illustrate enbodi ments, in which the supporting block is nounted to
a separate supporting structure nounted 30 the | ower tool, _ Fi g.
8 is an illustration corresponding to Fig. 2 and depicts an enbodi nent of
suction channels for vapors: produced during wel di ng, Fig. 9

i | | ustrat es cusfgtnidewifcasel @nbodi - amdrdionprih rthé afitangdent of
Fig. 10 11ustgats pyd opy Vi SRS {116y SR B0 TP PrddddS thed A D f39- 8
suction channels. It is also possible to provide individ-
ual supporting blocks 24 with only one suction channel,
5 such that a drawing off, removing of the welding vapors
can be optimized in accordance with the local conditions.
Figs. 11-14 illustrate further modifications.
The focusing device 16, which, as is the case of all em-
bodiments is of a vibration-proof design and has a gas-—

10 tight, calibrated casing for an exactly positionable re-
ceipt in the supporting block 24, has one single suction
channel 59. The suction channel 59 extends along the cas-
ing and includes a first portion 61, which has a somewhat
elongate cross-sectional shape corresponding to a broad

15 slit nozzle, which portion 61 is followed by a portion 62
having a circular cross-sectional shape. In comparison
with the embodiment having the two suction channels 53,
54 the suction channel 59 features a larger cross section
but requires not a substantially larger space.

20 Figs. 11-13 illustrate, furthermore, a safety
arrangement which for sake of clarity has not been illus-
trated in the initial embodiments.

Obviously and as generally known a laser sys-
tem features a considerable danger of injury to human be-

25 1ings because the laser beams have an extremely high en-
ergy. Therefore, it must be ensured that the laser beams
are beamed only when the focusing device is mounted on
the tool and that the laser generator is switched off
when any focusing devices connected thereto are removed. --

30 A cable 62 runs from the (not particularly
illustrated) control apparatus of the laser generator to
the focusing device, i.e. to each focusing device. Two
electrical conductors forming an electrical current cir-
cuit are located in this cable 62, which circuit must be

35 closed to allow a switching on of the laser generator.
The cable 62 ends at a plug 63, which in order to be
mounted to the casing or the supporting block of the fo-
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Fid.-ll illustrates a side view of an em bodi nent having one single
suction channel, . 5

14

cusing device must be plugged in and screwed on. After
having been plugged in and screwed on, the plug 63 con-
tacts a plug socket 64 (Fig. 12), in which an electrical
bridge is present, by means of which the electrical cir-

5 cuit is closed allowing a switching on of the laser gen-
erator.
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Fig. 12 illustrates a top view of the em bodi nent according to Fig. 11,
Fig. 13 illustrates a front view of the em bodi nent I|~Q§LLaLed~FH—FIg
11; and . Fig. 14 illustrates the cross -secti onal shaﬁﬁm‘)f t he

two sections of the suction channel of Fg. “\“u“lumug
Il lustrates purely schematically a punch press mhl th a
| aser wel di ng ap- paratus. The punch press includes*a ¥rdme 1, in which

Claims

1. A tool for a punch press having at least

5 one laser welding apparatus, which laser welding appara-
tus includes at least one supporting block (24) adapted
for a guided supporting of a focusing device (16) of the
laser welding apparatus which features a predetermined
focal length and a predetermined focal point, which tool

10 includes a body (8) having a working surface (18), at
which at least one recess (19) for a die (12) inserted
thereinto is located, of which the cutting edge (20) is
aligned with a surface portion of the working surface of
said body (8), which supporting block (24) is designed

15 and arranged in such a manner that a laser beam emitted
by a focusing device (16) mounted to the supporting block
(24) is focused to a predetermined point (23) to perform
welding operations at a workpiece located thereat, and
which supporting block (24) includes at least one guiding

20 surface (31) for its positioning relative to the focal
point (23), characterized in that the supporting block
(24) rests by its guiding surface (31) on a positioning
surface of the supporting member (8; 52), which position-
ing surface serves for'setting the height position of the

25 focusing device (16) relative to the surface portion of
the working body (8) which is aligned with the cutting
edge (20), and is aligned with this surface portion of
the body.

2. Tool according to claim 1, characterized --

30 by a positioning means (32, 33) acting between the sup-
porting member (8; 52) and the supporting block (24) fix
the distance between the supporting block (24) and the
focal point (23) parallel to the positioning surface in )
an unchangeable manner.

35 : 3. Tool according to claim 2, characterized
in that the positioning means comprise at least two posi-
tioning pins (32, 33) inserted in such a manner into re-
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an” eccentric shaft or crankshaft, resp., 2 is supported for rotation in

bearings. 3, 4. This eccentric shaft 2 is driven according to well_ known
principles by.a not particularly illustrated drixu "ﬂq j“"m “ﬂ t ance,
via a belt drive. According to the illussrated e o " necti ng

rods 5, 6 are supported on the ec- centric shaft 2, which are pivotally
connected at their |lower ends to a so-called ram 7, which carries an upper

tool . The fF&%Sef dfpfda SumattHaddrlocks @dlcanedn dha SWROXEing)i de

colums 9, HAmpled] q@; YL N APl d) Eiteofady cfsg he ram 7
I's guided |g%%ts erti.cal reﬁéproc t.ing novenent. . A punchi ng
tool 11 illd&r NS AnRldns K qoanrieoitd gRfdcabo@* i ch

cooperates wWi3Bh of the focusing device (16) lined up with the focal
5 point (23).
4. Tool according to claim 3, characterized
in that the supporting block (24) includes a receptacle,
in which the focusing device (16) is supported in a

guided manner and a further guiding surface (26) extend-

10 ing perpendicularly to the optical axis (38) of the fo-
cusing device (16), that the focusing device (16) in-
cludes an abutment surface extending perpendicularly to
its optical axis (38) and abutting said further guiding
surface (26), whereby the distance between the further

15 guiding surface (26) and the respective focal point is
set by the positioning means.

5. Tool according to one of the preceding
claims, characterized in that the supporting member is
formed by said body (8).

20 6. Tool according to one of the claims 1-4,
characterized in that the supporting member is a separate
supporting structure (52) mounted to the body (8).

7. Tool according to one of the preceding
claims, characterized by at least one suction channel

25 * (53, 54; 59) for a drawing off of smoke and vapors pro-
duced during a welding operation and which extends
through or is located at the side of the supporting block
(24).
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a die 12 located in the lower tool 8 in order to stanp out of a .(not
|IIustrated) sheet netal band which is fed according to the ill.ustrati on of
Fi'g. "1 fromthe left to the right e.g. plates for rotors which are united
in the lower tool 8 to respective stacka713 of netal sheets. Hereby
punching tool 11 and die 12 formthe |ast tool-pair of a consecutive

wor king of a sheet netal strip, which during being noved between the upper
tool and the lower tool 8 after earlier working per- formances nade thereon

for the production of tRhgdtHalt

The supporting block (24) for the focusing

5 device (16) of the laser welding apparatus is mounted
onto the working surface (18) of the body of the lower
tool (8). The cutting edge (20) of the die (12) set into
the body of the lower tool (8) is aligned with the work-
ing surface (18). For a resharpening of the cutting edge

10 (20) the working surface (18) is reground and accordingly
also the area, on which the supporting block (24) rests.
Conclusively, no readjusting of the focusing device (16)
relative to the welding point (23) at the die (12) is
necessary.

15

(Fig. 2)

Sheet Has Been Replaced T

T




Bak ol o od ~e f'f'ﬂr e

fuct . punched out of the sheet m}tar'strl p'. such ascwetk k;how"t orct he"
otnsﬂskrlledlnthe art. ~ - e

2 ~ fro- -~ ~~ ~r o ~n

AN
Fig. 1l 15
_ . ~

. i 10

T F ™16
Lk 1!
- 1!

®

TSNS S S S S

“his Sheet Has Been Re[ilaced




Biser beam generator 14 is nouniedfto the ffafre 1 Rhi.Ch. comfiini Tdtles via
ki €al conductors 15 (of which onlyrone is |ITusIfatéd), e. ¢ .gl ass flber
gles with a. focu5|ng devi ce 16, ~whi‘ch is~] ocated “en"t he” | ower.“tql” 2 /5
¢ sake of conpleteness it shall be nmen- tioned, furthernore, that a

.k|ng means 17 is located in the die 12. This braklng means 17 acts e.g.
fric- tion onto the stanped out plates located in the die 12 in order to
3 d the plates in the die 12 by friction, which plates (or a respective
a@ock of plates, resp.) are pushed down step by step by every consecutive
gt e punched out of the sheet nmetal web until the pu22hegsPhates or an
Bt i re stack has passed the braking nenber

% 30 25
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# 2nd thereafter glide out of therd ower tool "8 Under "thé infl uencé of i
Seavity. - \ In operation 4 Herecceniric shafit 2 T.of at €5..dnd tauses
¥ a the connecting rods 5, 6 the punching nbvenent Jf .fhe.ram 7. t'ogether 5 /s
Meth the upper tool for the production of the individual plates, which
MEnain at the |last operating step in the die 12. Accordingly, during every
Hrking stroke of the ram 7 one plate is placed in'the die 12 onto a

teceding plate located al- ready in the die. As soon as the punch 11 has
wpved away. during the upwards stroke portion by a small dis- tance fromthe
die 12, the laser welding apparatus 14, 15, 16 beans ser beam of an
e>§tremely short dura- tion towards the point of conta etween the plate

+
L

Fig.6
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whi-ch j’ust has been deposited and tHe. plate l-ecat-ed thereunder sudh as to
wel d:- the two plates together. The operating cycl es of -t he’l aser meldi ng
apparatus are.ob- "viously controlled dependi ng on-t he-padsifiorn of “the =
7 . : ° - - =~ o~ .~'c-

4 / 5

Fig.8

Fig.9

53 24\ 55

Fig.10
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~punthing tool relative to the die 12' ‘or -genertal Iy:Trom the rotatlonal .
~position of the eccentric shaft 2. After a predeterm ned:z nunber (e-g 20)

~of individual -plaies have been wel ded t oget her.,  nd wel dlng S perfor med -

during one punching cycle of the punching operation, such that the 5/ 5
production of one stack of plates is ter- mnated and the production of the
next follow ng stack can begin. The finally produced stack of plates is

pushed in the die further dowwards by the next foll ow

Fig.11
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ing plates deposited thereupon and again wel ded BREPIQeIhAE 4
finally od.out . of the brak- i ng menber. ,”vmﬁaEOEIL. ' l
explai1ed a% thaL ting edge of tUzcgm@u} (“ _ v O H3EsH EFSJ
of the|punc |ng 60!~ such t hat E,'h@r%l,,l f TR Mgtos prgedcld. 1p
of the iptiowlt ; ~m,|st €1 ggéegu‘ﬁbl peri odi calf | g Ak € It‘(yéwldefshf'é?rpeza:f*t. he
cuttin ﬁ,szf t he die\g2, T |r conclusi ve1 y a Tt teepagetidi ng
poi nt I% is subj adq B z-rlel ati ve ,hﬁgﬁg of the | oca-_tian such

t hat ba@ aip s)a Frew!adj- udt paapdot...at| | east t FnEEGfE_W’DgQPd A he

| aser d@”ﬂﬁh@ﬁappanabus .i.%0 papeded..arld specifically i ndependem—fromthe—)

| oca-

Tool for a Punch-press

The invention relates to a tool for a Punch-
press equipped with at least one laser-welding apparatus,
which laser-welding apparatus includes at least one sup-
porting block for a guided supporting of a focusing de-
vice of the laser-welding apparatus with a predeterminded
focal length and a predetermined focal point, which tool
includes a toolbody with a working surface at which at
least one recess for a bottom die placed therein is lo-
cated of which the cutting edge is aligned with a surface
portion of the working surface of the body of the tool,
which supporting block is designed and located in such a

‘manner, that a respective laser beam exiting the focusing

device set in the supporting block is focused towards a
set location at the bottom die in order to perform weld-
ings at a work piece located thereat, and which support-
ing block includes at least one guiding surface for its
positioning relative to the location of the focusing.
Punch presses in which the working operations

.include also a welding by means of a laser-welding appa-

ratus are used for instance for the production of stacks
of metal sheets for electro-technical products. Form

parts of metal sheets for stators and rotors of electro-
motors can be mentioned as example. Hereto the sheets are
individually punched and stacked whereby the stacking is
for instance arrived at in that a so called braking ar-
rangement is present in or below a bottom die cooperating
with a punch. When staéking the subsequently punched
sheets, each sheet which is newly set onto the stack is
welded e.g. by a laser beam at least at one point to the

——————
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tion where it is nounted in the punch press. By the present invention, of

whi ch ,one exenplary enbodinent is illustrated in Figs. 2 and 3, a new
adj usting of the focusing device 16 is no | onger necessary. ,
Fig. 2 illustrates a section through a part of the |lower tool 8 having a

die 12, which is set into a recess or through bore, resp., 19 in such a
manner that its cutting edge 20 is aligned with the working surface 18. The
braki ng menber 17 in the die 12 is for instance a portion thereof having a

somewhat dgakee®s gécAitae the ratiidere d nha it d e det s . tie sbackid® of
cycle of the punch press until a stack of sheets having a
set number of individual sheets is formed. Thereafter no
welding is performed during one working (punching) cycle
such that the finally produced stack of sheets is pressed
out of the braking arrangement by the further punched
sheets.

The bottom dies are generally sleeve-shaped
products of a hard metal which are set into a correspond-
ing opening in the lower tool of the punch press and in-
clude specifically a cutting édge which is aligned with
the working surface of the tool.

As generally known this cutting edge will
wear during the continued operation and the tools, 1i.e.
their working surfaces are, thereby periodically ground
in order to produce again the original sharpness of the
cutting edge (s}.

' The punched sheets are extremely thin and for

" this reason and also for welding technique reasons the
respective locations of the welding of the laser-beam
welding must be set to a few 1/100 mm. This prerequisite
stipulates obviously a corresponding precisely adjusted
mounting of the focusing optics of the laser-welding ap-
paratus of which the focal length and the focal point de-
termine the respective location of the welding. This fo-
cusing optic, i.e. the focusing device is mounted gener-
ally to a part of the frame or at any location to a tool
'of the punch press and is initially precisely set and ad-
justed such as all cutting tools of the punch press.

If now the tool is disassembled in order to
re—-grind the working surfate due to above mentioned rea-
son, it is necessary that after the re-mounting thereof
all focusing devices must be newly set because due to the
grinding the location of the welding points has shifted
relative to the previous focal point of the focusing de-
vice. This new setting of the focusing devices is a tedl—

ous time-consuming work.
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8 st anped i ndi vi dual pl ates which have ng{wéLded t o- geiher are
il'lustrated to be in the die 12. e : :

e

A tool for a punch-press with a laser-welding:
apparatus is disclosed in the EP-A-343 661 of which the
focusing device is held in a support which is rigidly '
connected to a vertical side surface of the lower tool.
This focusing device is held, thereby, in:a adjusting
member of the support. If the working surface of the
lower tool is ground, the focal point of the focusing de-
vice must be set anew by a corresponding new setting of
the adjusting member according to the location of the
welding in the lower tool located now at a new location.

Here the invention intends to provide a rem-
edy. The invention such as characterized in the claims
solves the object to provide a tool for a punch press
having a laser-welding apparatus in which the respective
supporting block for a focusing device of the laser-weld-
ing apparatus rests by a guiding surface on a positioning
surface of a supporting member which is aligned with the
working surface of the body of the tool into which the
"bottom die is set of which the cutting edge is aligned
with the working surface.

The advantages gained by the invention are to
be seen substantially in that during a grinding of the
working surface of the tool body in order to re-sharpen
the cutting edges, the positioning surface of the sup-
porting body, which is aligned with the working surface
of the tool is also ground. Therefore, the height po-
sition of the supporting block for the focusing device
remains also after the grinding unaltered relative to the
location of the welding and the focal point of the laser
beam bundle, because the cutting edge of the bottom die
and the positioning surface of the supporting member have
been ground together, that is to the same extent. Thus,
after a re-sharpening of the cutting edge of the bottom
die has been made, a new_tedious setting and adjusting of
the supporting block, that is of the focusing device and
the corresponding trial operations of the punch press are

no longer necessary.
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According to the top view of Fig. 3 the stator p
wel ded together to stacks. As can be seen clearly,} tlhree fo
16, 16A, 16B are present, such that the respective| p| aé&0
together at three points. O these focusing device ne is_s ul |
i nes, nanely de- vice 16 and the other two focusi evi ces 16A, 16B are
illustrated by dash dotted |ines. The f ¢cusi '
connected to a |l a- ser generator common to al| via a respectjve Qlass fiber
cabl e coupled at 22 to Inethesfediowindding ngpertien will be eX= g,

focusi ng deyhae@sedr Ro2RNEnAe} diNOWh AU ot NEF 8L 0REs, t HRLaskgantngead of a
detail ed descrip- . ) :
plurality of embodiments.
Fig. 1 illustrates purely schematically a
punch press equipped with a laser-welding apparatus.
Fig. 2 illustrates a side view, designed
partly in section of a part of a tool body having a fo-
cusing device held in a supporting block,
Fig. 3 illustrates a top view of a part of a
tool body equipped with three focusing devices,
| Fig. 4 and 5 illustrate a side view and a

section through a checking apparatus for a focusing de-

vice,

Fig. 6 and 7 illustrate embodiments in which
the supporting block is located on a separate supporting
part mounted to the lower tool, _

Fig. 8 illustrates a embodiment corresponding
to Fig. 2 and having suction channels for welding vapors,

Fig. 9 illustrates a detail of the embodiment
according to Fig. 8,

Fig. 10 illustrates a top view of the em-
bodiment shown in Fig. 8,

Fig. 11 illustrates a side view of an em-
bodiment having one single suction channel,

Fig. 12 illustrates a top view of the em-
bodiment according to Fig. 11,

. Fig. 13 illustrates a front view of the em-
bodiment according to Fig. 11, and

Fig. 14 illustrates shapes of the cross sec-
‘tion of the two sections of the suction channel according
to Fig. 11. |

Fig. 1 illustrates purely schematically a
punch press which is equipped with a laser-welding appa-
ratus. The punch press includes a frame 1 in which an ec-
centric shaft or crank shaft 2 is supported for rotation
in bearings 3,4. This eccentric shaft 2 is driven accord-
ing to known designs by a not illustrated driving motor,
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tion thereof. _ ..———""Below, the enbodi ment wi ™ bﬁmﬁﬂﬂﬂﬂ1eﬂﬁET rely by
reference to the focu5|§_ Jfeyice 16. The fo- cusi ' -6 udes a -
preset focaﬂmb redeterm ned focal poinf, mhlch kéir

det erm nes t p.) welding point 23 at}t o this
end the focus is set into g support- |n block 24.2a Incl udes
a collar 25, via mhlch |t contacts one side surfac 6 of the supporling

bl ock 24. The surface 26 acting as guiding surfacelfor the.-feedstrng=tevice
16 extends foecisstanperpeadacbkak! dricet.h@nophiecdll lavstx a3 dbfemtidud f-ocusi ng

and | ocat e ST ot peRRrGh LA ERRas 6K, SoPEErLae, Or L RdUdfesgness
shaft 2 which are pivotally mounted at the lower end to a
so called ram 7, which carries an upper tool. The frame 1
supports, furthermore, a so called lower tool 8. Guiding
columns 9,10 project downwards from the ram 7, by means
of which the ram 7 is guided for vertical movement.

A exemplary designed punch 11 is set in men-
tioned upper tool, which cooperates with a lower die 12
present in the lower tool 8 in order to punch out of a
(not illustrated) sheet metal web which is fed in Fig. 1
from the left side towards the right side in succession
e.g. rotor sheets which are assembled in the lower tool 8
to respective sheet metal stacks 13. The punch 11 and the
lower die 12 form thereby the last pair of tools of the
processing sequence of the sheet metal web which when

. running through the upper tool and the lower tool 8 is
 punched after pre-shaping processes for the production of
the product punched finally out of the sheet metal web,

such a known for the person skilled in the art.

A laser beam source 14 is mounted to the
frame 1 which communicates via optical conduits 15 (only
one is illustrated) e.g. glass fiber cables with a focus-
ing device 16 which is arfanged on the lower tool 8.

For sake of.completeness it also shall be
mentioned that a breaking arrangement 17 is present in
the lower die 12. It acts e.g. by friction onto the
stamped out metal sheets in the lower die 12 in order to
hold the sheets by friction, which sheets (or a respec-
tive stack of sheets) are urged step by step further
downwards by each following sheet which has been punched
out, until they leave the breaking arrangement 17 and
slide out of the lower tool 8 under influence of gravity.

In operation the eccentric shaft 2 rotates
and causes via the connecting rods 5,6 the punching move-
ment of the ram 7 with the upper tool, for the production
of the individual sheets which remain in the final oper-



determ ned distance fromthe welding point 23 and is rrolgrﬂgep@mgmm
preci se-nmounting nmenbers to the body of the |ower tool =)
poi nt determ ned by the optics of the focusing device 16 Ji s i nt ai ned
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ating step in the lower die 12. Accordingly, at each
working stroke of the ram 7 a sheet is placed in the
lower die 12 onto a sheet already present therein. As
soon as the punch 11 has moved away from the lower die 13
by a small distance during the upwards stroke, a laser
beam of an extremely short duration is beamed by the la-
ser-welding apparatus 14, 1S5, 16 against a point of con-
tact between the sheet having been placed in the cutting
die and the sheet located thereunder in order to weld the
two sheets together. The working cycles of the laser-
welding apparatus are obviously controlled depending from
the position of the punch 12 relative to the lower die or
generally from the rotational position of the eccentric
shaft 2. After a predetermined number (e.g. 20) individ-
ual sheets have been welded together, no welding is per-
formed during one working cycle of the punching operation

- in a controlled manner such that the production of the

‘sheet stack is terminated and the producing of the next

- following can begin. The finally produced stack of sheets
is thereafter pushed out of the braking arrangement by
the further sheets placed thereon which are again welded
together. _

It has now been explained above, that the
cutting edge of the lower die 12 (and obviously also of
the punch) wears, such that the working surface 18 must
be pefiodically ground for re-sharpening the cutting edge
of the lower die 12. _

Therefore, it follows that a respective loca-
tion of the welding in the lower die is subject to a
relative change of the location, thus that basically a _
new setting of at least the focusing device 16 of the la—.'
ser-welding apparatus is necessary, and independent from
the location where it this mounted in the punch press. At
the present invention of which one exemplary embodiment
is illustrated in Figs. 2 and 3 a new settlng of the fo-

cusing device 16 is no longer necessary. T
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e S|on 75 al so the contact surface of_th o
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T cptdhd
contacts sur upportlng
ol bl ock 24 is basﬁﬁ‘uﬁﬁaﬁ l S"HI I ke
structure having i ch sur- round le for

recei pt of the fofusing de- V|ce 161 At The top the two jaws 27, 28 are
separ at ed

Fig. 2 illustrates a section through a part
of the lower tool 8 with a lower die 12 which is set in a
recess or through pore 19, respectively, in such a manner
that its cutting edge 20 is aligned with the working sur-
face 18. The braking arrangement 17 in thé lower die 12
is for iﬁstance a section having a somewhat reduced di-
ameter made by any kind of procedure. In the lower die 12
a sheet stack 13 of a number of individual sheet welded
together is illustrated.

According to the top view of Fig. 3 the sta-
tor sheets 21 are punched and welded together to stacks.
It specifically can be seen that three focusing devices
16, 16A, 16B are present such that the respective sheets
are welded together at three locations. The device which
corresponds to the one of the illustration according to
Fig. 2 is designed by solid lines and the two other ones
16A, 16B are illustrated by broken lines.

The focusing devices communicate individually
via a glass fiber cable connected at 22 to a laser beam
source commor to all.

Such focusing devices are generally known
and, therefore, must be not explained more in detail.

Furthermore, the embodiment will now be de-
scribed merely under reference to the focusing device 16.
The focusing device 16 has a set focal length and a set
focal point which determines the (or one respectively)
location of welding 23 of two sheets 21. To this end the
focusing device 16 is set into a supporting block 24 and
include a collar 25 via which it rests against one side
26 of the supporting block 24. This side 26 acting as
guiding surface for the focusing device 16 extends pre-
cisely perpendicularly to the optical axis 38 of the fo-
cusing device 16. The supporting block 24 is machined
precisely in such a manner and mounted at a location
which has a in such a manner precisely set distance from
the location 23 of the welding and is mounted with such
precise connecting means to the body of the lower tool 8



AR the focusing de% Lha d |n t he

supporting bl odk {24 The working surf y 8 of
atsZisOQEs“lqﬂo ing surface for th bl ock 24,

and this positijn ) Al igned with the of the die

the | ower too
12, which is se At O the body offthe | &ver tool 8. The bottonlsurface of
t he supporting , ' it rests on the morklng surface 18, acts

of the focuthAG aae.iecaslpnse%fgatei WIS s (Bh gt GIRESA FhetPocat i on
and the posfbcasing dbeitacusi ng geeicisels malntalned The position

is in the range of (1/100 mm). A corresponding precision

is also present at the resting surface of the collar 25

of the focusing device on the side 26 of the supporting

block 24.

The supporting block 24 is basically a clamp
shaped structure which includes two side walls 27, 28
which surround the through bore for the supporting re-
ceipt of the focusing device 16. At the top the two side
walls 27, 28 are separated from each other by a slot 28
and connected to each other by a screw bolt 30. When
tightening the screw bolt 30 the focusing device 16 is
clamped in the supporting block 24. ' '

The working surface 18 of the body 8 of the
lower tool acts as positioning surface for the supporting
block 24 and this positioning surface is aligned with the
cutting edge 20 of the lower die 12 which is set into the
body of the lower tool 8. The bottom side of the support-
ing block 24 ﬁia which it rests on the working surface 18
acts as guiding surface 31 because it sets at least the
height position of the focusing device 16 placed in the
supporting block 24. The location and the position of the
focusing device 16 in the supporting block 24 set among
others the welding location 23 at the lower die 12.

The horizontal distance between the support-
ing block 24 and the welding location 23 and, therefore,
specifically-ﬁhe side 26 of the supporting block 24 (seen
along the working or positioning, resp. surface 18) is
set by two positioning pins 32, 33 which are set into
bore holes in the supporting block 24 and in the body of
the lower tool 8. The supporting block 24 itself is
mounted by means of a screw bolt 34 to the body of the
lower tool 8. The positioning pins 32, 33 with the longi-
tudinal center axes 35, 36 and the screw bolt 34 with its
longitudinal center axis 37 (for sake of clarity designed
at the focusing device 16A in Fig. 3) are aligned along a



In the supporting block 24 determ ne anong others the meldln PI%t 23 at
the die 12. The horizontal distance b&v portlng

bl ock 24 and the wel ding point 23 and accord- |ngI of the
surface 26 of the supporting block 24 (neasured aI

positioning, resp., surface 18) is deterjmned by two p05|t|on|ng plns 32,
33, which are set into bores arranged in the supporting block 24 and in the
body of the lower tool 8. The supporting block 24 itself is nounted by

means of a lhﬁ@ﬁdﬁdebotﬁeg4dé@ekﬁ@néOQYpQEnbh@dn@ﬂﬂcdﬁnﬁlﬁh gle op-

IongltudlnaélggftaXLS 2 ocﬁgﬁngoéé%&%®'¥%. By means of this
the supporting block 24 can be designed extremely narrow
such that it is possible to mount in a narrow limited
space a plurality of focusing device 16 of the laser-
welding apparatus acting onto the same lower die 12 such
that two respective sheets in the stack 13 of the sheets
can be welded together simultaneously on a plurality of
locations. |

It is to be noted that a modified design may
be present at the side 26.0f the supporting block 24. It
is possible to have a disc equipped with a outer thread
screwed into the supporting block 24 at mentioned side
and which can be screwed further into or out of, respec-
tively, the supporting block 24 for a precise setting of
the distance between the accordingly adjustable side 26

~and the location 23 of the welding and thereafter can be
" locked in the correct position.

In order to check if the position of the sup-
porting block 24 is correct at least at the initial
mounting and if the laser beam does not hit parts of
tools and parts of workpieces which are not to be welded
and specifically ahead of the location of the welding, a
checking tool is used which is illustrated in Figs. 4 and
5 and which may be termed checking mandrel.

The checking tool includes a main body with a
first portion 39 which corresponds to the collar 25 of
the focusing tool 16. The shoulder 40 which rests on the
supporting surface of the collar 25 of the focusing tool
16 on the side 26 of the supporting block 24 forming the
guiding surface is initially machined precisely. A cylin-
der shaped portion 41 follows this collar 40 of which the
diameter and length correspond precisely to the diameter
and length of the portion of the focusing device 16 held
in the supporting block 24. The next following, short

cylinder shaped portion 42 is shaped correspondinqﬂ¥ﬁ T &ﬂffﬁ
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A important|portion is the portion 43 which
follows the'portion 42 and converges in a cone like man-
ner. Its outer surface corresponds namely to the cone
shaped envelope surface of the bundle of the laser beams
exciting the focusing device 16 which enveloping surface
is illustrated specifically in Fig. 3 by the reference

numerals 44 and 45.

A pin 47 with a tip portion 46 extends, fur-
thermore, axially through the main body of the checking
tool. The outer surface of this tip portion 46 corre-
sponds, furthermore, to the enveloping surface of the
bundle of laser beams.

The pin 47 includes a outer thread 45 by
means of which it is screwed into the main body 49. The
pin 47 is, furthermore, locked by means of the nut 50
relative to the main body 49.

For an initial setting the pin 47 is adjusted

22 0eT 1997 10

' by means of a screw driver set to the slot 51 so that the

distance between the collar 40 and its furthermost tip
corresponds exactly to the distance between the location
23 of the welding in the lower die 12 and the side 26 of
the supporting block 24 acting as guiding surface, and is
thereafter locked by a tightening of the nut 50. The pre-
cision of the set distance is in a range of a few 1/100
mm. .

The measuring tool set and adjusted in this
manner is now placed into the supporting block 24 in
place of the focusing device 16 and clamped by a tighten-
ing of the screw bolt 30. The tip of the pin 47 is than

‘located precisely at the focal point, that is at the lo-

cation of the welding at the lower die 12.

Now, the jacket surfaces of the cone shaped
43 and of the tip portion 46 play an important role dur-
ing. this testing. This jacket or enveloping surfaces are
not to contact an obstacle. Such an obstacle e.g. any
part of a workpiece, a tool or mounting tool at the lower
tool 8 would e.g. partly block the bundle of rays, thus
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can be seen in Fig. 3 the three bundles of rays do not
intersect each other, they cannot mutually influence each
other and also this arrangement of the bundles of the
rays can be checked exactly by the measuring tool.

After this checking has been terminated the
focusing device 16 or the focusing devices 16, 16A, 16B,
respectively, are set into the corresponding supporting
block 24, optically connected to the laser source 14 and
the punch press can be set in operation.

When the re-grinding of the cutting edge 20
of the lower die 12 (or of all cutting edges in the lower
tool, respectively) must be made the lower tool is dis-
mounted and at a already removed focusing device 16, the
supporting block 25 is removed from the lower tool 8 by a

- loosening of the screw bolt 34.

Thereafter, the working surface 18 can now be
ground according to known procedures in order to re-
sharpen the various cutting edges. It is now decisive,
that during the grinding not only the area of the body of
the lower tool 8 at:the lower die 12 is ground, but
rather simultaneously and by the same measure also the
area of the positioning surface of the body of the lower
tool 8 which sets the height position of the supporting

. block 24 and, therefore, of the focusing device 16. Thus,
after mentioned work has been completed the supporting
block 24 can be mounted again without any further ado to
the body of the lower tool 8 and the focusing device 16
can be mounted again. A time consuming and intrinsic new
adjusting specifically of the supporting block 24 rela-
tive to the location of the welding, which has not
shifted relative to the positioning surface is, there-
fore, not necessary.

Figures 6 and 7 illustrate variants in which
the supporting block 24 of the focusing device 16 is not
directly mounted to the body 8 of the tool. In this modi- -
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can be present at.?hﬁﬂiﬂﬁﬁﬁ@ﬁ T} the supporting bl ock 24.If_7§—6655ible
t.o have a di sc hayi npg..an" 7 ﬁ epd screwed i nfRs $Ha& Ha: pRéplaagi bl'ock 24,
g [y 4IR30 Réplldoe

which in order to]pfecisely set the]distance of t ||Hf| now
adj ust abl e surface p6<&2 @GT M9Me] dj ng point 23 ¢ urther into

or sonmewhat out o he support- ing| bl ogk and the I'n the
correct position. Tn order to check at least at a first
nmounting if the pasition of the supporting block 24 is correct and also to

check the patiftarfidnise thas guppaisigibldek 24 tanbotategaon enserather
el ded and, TARRITRRAT Y SAR et - et Engn ik o uPpezEing PaRE | of
t he wel di ng SPoiqan decifeckiingttaomie in accordance with the embodiment

according to Fig. 6 set at a edge area of the body of the

lower tool 8 into the lower tool or in accordance with

the embodiment according into Fig. 7 at the side to the

body of the lower tool 8. The connecting can proceed by

the exemplary illustrated threaded bolts 57, 58. Where

and how the supporting part 52 is mounted to the body of

the lower tool 8 is not important. Decisive is that the

free surface against which the supporting block 24 of the

focusing device 16 rests by its guiding surface 31, is

aligned with the working surface 18 of the body of the

lower tool 8 and is also ground during the re-grinding of

the working surface 18.

During a welding, welding vapors and welding
steam are produced which must be removed continuously. It
is thereto known to form bore holes in the tool.

Figures 8-10 illustrate an advantageous vari-
ant in which mentioned bore holes in the tool are not
needed. The supporting block 24 is equipped with suction
channels 53, 54. These are formed in through bores in the
supporting block 24 in which tubes are set which are
chamfered at the side of the location of the welding at
their ends. At the opposite side the through bores commu-
nicate with a rigid collecting channel 55. This collect-
ing channel 55 is followed by a possibly flexible suction
line 56. The illustrated embodiment is extremely effec-
tive and advantageous because the tubes can be dimen-
sioned and shaped in such a manner, that they can be led
independent from the given location of the welding as.
close as possible to the location where the welding va-
pors are produced. Furthermore, in case of a plurality of
focusing devices 16, e.g. in accordance with the arrange-
ment according to Fig. 3, not all supporting blocks 24
present thereat must equipped with suction channels. This
is also possible that individual supporting blocks 24 can

U




is used, which is |II3§ELA&BMENT| sﬁﬁTg<. 4 and 5 dﬁaTﬁT'Eéﬁ"b‘é"'t‘éT‘rred
checklng mandr el . +he—checki ng toolrhgg&ggg§3&n pody hav-

ing a first portiog 3 sponds to the he f ocusi ng
device 16. The shogl Ierzégj@ﬁl@ﬁ 0 rest onto Hmlmﬂlﬂ lm of the
13

supporting block 2

be equipped with only one suction channel such that the
sucking off of the welding vapors can be optimized in ac-
cordance with the local situations.

A further variant is illustrated in Figs. 1l1-

. 14. The focusing device 16 which is a non+vibrating
structure such as is the case in all other embodiments
and includes a gas-tight, calibrated casing for a pre-
cisely positioned receipt in the supporting block 24, is
equipped with one single suction channel 59. The suction
channel 59 extends along the housing and includes a first
portion 61 which comprises a somewhat elongate cross sec-
tional shape similar to a wide slot shaped nozzle, which
portion 61 is followed by a portion 62 have a circular
cross sectional shape. In comparison with the embodiment
having the two suction channels 53, 54 the suction chan-
nel 59 features a larger cross sectional surface, occu-
pies, however, no substantially larger space.

Additionally, a safety arrangement is illus-

trated in Figs. 11-13 which due to reasons of clarity is
not illustrated in the previously embodiments.

Obviously a laser apparatus incorporates a
considerable danger of injury to human beings because the
laser beams incorporate a high energy. Therefore, is must
be ensured that laser beams can be beamed only'if the fo-
cusing device is mounted to the tool, and the laser
source is switched off upon a removing of the focusing
devices which are connected thereto.

From the (not illustrated) control apparatus
of the laser source a cable 62 runs to the focusing de-
vice, i.e. to each focusing device. In this cable 62 two
electrical conduits are arranged for forming a electrical
circuit which allows a switching on of the laser source
only when the circuit is closed. The cable 62 ends at a
plug 63 which in order to be connected to the housing or
the supporting block of the focusing device must be
plugged in and screwed in. The plug 63 will, thereby, be
connected to a socket 64 (Fig. 12) in which an electrical



which is a guiding surface and onto which surface 26_the corresponding
surface of the collar 25 of the fo- cusing device 16 will Tie vVnen tT‘
focusing device 16 is nmounted in the supporting bl oc‘kls%::tHaSBé&Q i -

tially precisely. The shoulder 40 is followed by a c
portion 41, of which the dianeter and the 'nm
14

bridge is present by means of which they electrical cir-

cuit is closed and a switching on of the laser source is
made possible.




| ength correspond exactly to the dianeter and the I ength of that portion of
the focusing device 16 which-is—held and supported in the supporting block
24. The next TolTow ng, short_cylinder shaped portion 42 corre- sponds,

t 00. mm‘lﬂ““ \L‘! the cone-like copuesgi s Bk Réphidedd3 1
fol |l ow ng nent\ : » Its envel op- ing ' onds nanely
to the cone-shaped®en: vel opi ng surfaceldf the be%m mga\ ted by the
fo- cusing device 16, which envel oping surface is ally in

Fig. 3 by the broken Iige% igeniighgd by the reference nunerals 44 and 45.
A needl e 47 extends in an-aXi "P8ction through the main body of the
checki ng tool which has a

1. Tool with at least one supporting block
(24) and a focusing device (16) for a punch press
equipped with a laser-welding apparatus, which supporting
block (24) is designed for a guided supporting of the fo-
cusing device (16) and which focusing device (16) is de-
signed with a predetermined focal length and a predeter-
mined focal point, which tool includes a body (8) with a
working surface (18) at which at least one recess (19)
for a bottom die (12) placed therein is located of which
the cutting edge (20) is aligned with a surface portion
of the working surface of the body (8), which supporting
block (24) is designed and located in such a manner that
a respective laser beam exiting the focusing device (16)
. set in the supporting block (24) is focused towards a set
location (23) of a workpiece in order to perform weldings
‘at a workpiece located thereat, and which supportihg
block (24) includes at least one guiding surface (31) for .
its positioning relative to the location (23) of the fo-
cusing, characterized in that the supporting block (24)
-rests with its guiding surface (31) on a positioning sur-
face of a supporting member (8; 52), which positioning
surface is serves for a setting of the hight position of

he focusing device (16) relative to the surface portion
of the body (8) which is aligned with the cutting edge
(20), and is aligned with this surface portion.

2. Tool according to claim 1, characterized
%; ky_a positioning device (32, 33) acting between the sup-
“porting member (8; 52) and the supporting block (24),

. Which sets the distance between the supporting block (24)
—~aﬁd the respective location (23) of the focusing extend-
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ing.parallel to the positioning surface in an unchange-
able manner. '

3. Tool according to claim 2, characterized
in that the positioning device comprises at least two po-
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tip portion 46. The envel oping surface of this tip por- tion 46 corresponds
further to the envel oping surface of the beam of |aser rays.
The needl e 47 'has  an outer thread 48, by neans of V\hrhﬁfShéetHasBeén(R’ |nto

the main body 4 i's, furthernore, Iock

ot n body 49 oy NNTFAIFIRAIIIIN > " For "an ¥ oct o s foi .7
I s ad- justed by*neans- of* asscrewdri ver, placed into t |n such a
manner that the distance between the sﬁgulder 40 and |ts frontnDst tip

corresponds exactly to the distance between the welding point 23 in the die
12 and thesilt&fo%%g%l@ﬂ‘ t(@@ Stﬂmorviﬁﬂﬂx bd Jac ki ede PEEHNEnagZeaesdBgiaur f ace
and thereaf%gr s loc % 65
supportlng lock 4) and in the supporting member
(8; 52) in such a manner that their longitudinal center
axes (35S, 36) determine a plane containing the optical
axis (38) of the focusing device (16) aligned with the

location (23) of the focusing.

4. Tool according to claim 3, characterized
in that the supporting block comprises a receptacle in
which the focusing device (16) is supported in a guided
manner and comprises a further guiding surface (26} ex-
tending perpendicularly to the optical axis (38) of the
supported focusing device, in that the focusing device
comprises an abutment surface extending perpendicularly
to its optical axis (38) which rests on the further guid-
ing surface (26), whereby the distance between the fur-
ther guiding surface (26) and the respective location of

" the focusing is determined by the positioning device.

5. Tool according to one of the preceding
claims, characterized in that the supportlng member is
formed by the body (8).

6.. Tool according to one of the claims 1-4,
characterized in that the supporting member is a separate

-~ supporting part (52) mounted to the body (8).
' 7. Tool according to one of the preceding
claims, characterized by at least one suction channel
(53,54; 59) for a drawing off of welding smoke and weld-
ing vapors which extends through the supporting block
(24) or is located aside of same. ‘
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" TO0OL FOR A PUNCH PRESS EQUIPPED WITH A LASER WELDING APPARATUS

-,

Description

The invention relates to a tool assembly
for a punch press equipped with at least one laser
welding apparatus, which laser welding apparatus in-
cludes at least one supporting block for a guided sup-
porting of a focusing device of the laser welding'appa-
ratus with a predetermined focal length and a predeter-
mined focal point, which tool includes a tool body with
a working surface at which at least one recess for a
die inserted thereinto is located, of which the cutting
edge is aligned with a surface pdrtion of the working
surface of the tool body, which supporting block is de-
signed and arranged in such a manner that a laser beam
emitted by a focusing device mounted to the supporting
block is focused to a predetermined point at the die
such to perform welding operations at a workpiece lo-
cated thereat, and which supporting block includes at

' least one guiding surface for its positioning relative

to the focal point. ,

Punch presses, of which the operation en-
compasses also a welding by means of a laser welding
apparatus, are utilized, for instance, for the produc-
tion of stacks of plates used in electrotechnical prod-
ucts.'Examples of such products are packages of plates
for stators and rotors of electromotors. Hereto the in-
dividual plates are individually punched and stacked,
whereby the stacking is, for instance, achieved, in
that a braking méember is located in or below a die co-
operating with a punch. When stacking the consecutively
punched plates, each plate set onto the stack is welded
at at least one location to the previously stacked
plate located thereunder, for instance, by means of a
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laser beam acting commensurate with the operating cycle
of the punch press until a predetermined number of in-
dividual plates form a stack of plates. Thereafter no
welding is performed during a next following (punching)
stroke such that the finally the produced stack of
plates is urged out and away from the braking member by
the next following punched plates.

The dies are generally sleevelike products
made of a hard metal, which are set into a correspond-
ing opening in the lower tool of the punch press and
having specifically a cutting edge which is aligned
with the operating surface of the tool.

As is generally known, this cutting edge is
subject to wear during operation and the tools, i.e.
specifically their working surfaces, are periodically
ground in order to obtairn again the original sharpness
of the cutting edge(s).

The sheets which are stamped are extremely
thin and due to this reason and also due to reasons of
welding techniques it is necessary to set the respec-
tive welding points of the laser beam welding with tol-
erances of a few 1/100 mm. This demand causes obviously
a correspondingly precisely located mounting of the op-
tical focusing part of the laser welding apparatus, of
which the focal depth and the focal point determine the
respective welding point. The optical focusing devices
of laser welding apparatuses are commonly mounted to a
part of the frame or also tp‘a tool of the punch press
and are initially set when setting up the punch press
such as all the cutting tools thereof with a high pre-.
cision.

If now the tool is dismounted in order to
newly grind the working surface due to the reason men-
tioned above, all focusing devices mounted thereonto



tool play an extremely inportant role. These envel oping surfaces are not to
contact any obstacle. Such an ob- stacle can be, e.g. a part of a
. workpiece, a part of _a tool or a part of a nmounting nenber at the | ower

tool 8 and such parfs ylexposed to the | aser beam and
accordingly could b Pﬁquwgﬁl%ﬂdfr p damaged and al so could partly

deflect the laser r y$. Further- e{ such as illustrategd:f I (L, .3, the

three beans of rays|d¢ rb® ARR 6199930 pach ot her, they canﬁb?%%@r@&@aeh
ot her and al so thisfafrangenent of {hg beans of rays can be exactly checked
by the checking tool. tper the checking has been nade, the fo-

cusing device 16 orlthe focusing deviges 16, 16A, 16B, resp., are inserted
|nto t he correspondi ng supporting

must be adjusted newly because due to the grinding the

location of the welding points are now shifted relative
to the earlier focal point of the focusing device. This
new adjusting of the focusing devices is a tedious,
time time-consuming process. '

A tool for a punch press equipped with a
laser welding apparatus is disclosed in the EP-A-343
661, of which the focusing device is held in a support
which is rigidly mounted to a vertical side of the
lower tool. The focusing device is, thereby, held in a
an adjusting member of the support. If the working sur-
face of the lower tool is ground, the focal point of
the focusing device must be adjusted by a corresponding -
new setting of the adjusting member again newly to the
welding point at the lower tool which is at a new loca-
tion.

Here, the invention intends to provide a
remedy. The invention such as described in the claims
solves the object to provide a tool for a punch press
with a laser welding apparatus, in which the respective
supporting block for a focusing device of the laser '
welding apparatus is arranged with a guiding surface on
a positioning surface of a supporting member which is
aligned with the working surface of the tool body into
which the die is set, of which the cutting edge is
gligned with the working surface.

) The advantages gained by the invention are
substantially to be seen, in that during a grinding of
the working surface of the tool body in order to re-
sharpen cutting edges, the positioning surface of the
supporting member which is aligned with the working
surface of the tool is ground, too. Thus, the height
position of the supporting block for the focusing de-
vice remains also after the grinding unchanged relative



bl ock 24, optically connected to the |aser generator 14 and thereafter the
punch press can be operated. If a regrinding, a resharpening of
the cut- ting ed (i.e. of all cutting edges present in

the lower tool) i the lower tool' is renoved, whereby the
focusing device 1 previ ously and thereafter the support-
ing block 24 is r ody of the-lower tool 8 by a | oosening of

t he threaded bolt REPLACEMENT SHEET

to the welding point and the focal point'of the laser
ray beam because the cutting edge of the die and the
positioning surface of the supporting member are ground
down together, thus at the same magnitude. Therewith,
after a resharpening of the cutting edge of the die an
anewed, tedious adjusting of the supporting block, i.e.
the focusing device and the corresponding trial runs of
the punch press are no longer necessary.

Below, the invention will be explained
closer based on drawings illustrating several embodi-
ments. '

Fig. 1 illustrates schematically a punch
press equipped with a laser welding apparatus,

Fig. 2 illustrates a side view , drawn
partly in section, of a part of a tool body having a
focusing device held in a supporting block,

Fig. 3 illustrates a top view of a portion
of a tool body having three focusing devices mounted
thereonto,

Figs. 4 and 5 illustrate a side view of and
a section through a checking tool fof a focusing de-
vice, ' _
Figs. 6 and 7 illustrate embodiments, in
which the supporting block is mounted to a separate
supporting structure mounted to the lower tool,

Fig. 8 is an illustration corresponding to
Fig.' 2 and depicts an embodiment of suction channels
for vapors produced during_yelding, '

Fig. 9 illustrates a detail of the embodi-
ment according to Fig. 8,

Fig. 10 illustrates a top view of the em-
bodiment illustrated in Fig. 8,

Fig. 11 illustrates a side view of an em-
bodiment having one single suction channel,
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Fig. 12 illustrates a top view of the em-
bodiment according to Fig. 11, '

Fig. 13 illustrates a front view of the em-
bodiment illustrated in Fig. 11, and

Fig. 14 illustrates the cross-sectional
shapes of the two sections of the suction channel of
Fig. 11.

Fig. 1 illustrates purely schematically a
punch press which is egquipped with a laser welding ap-
paratus. The punch press includes a frame 1, in which
an eccentric shaft or crankshaft, resp., 2 is supported
for rotation in bearings 3, 4. This eccentric shaft 2
is driven according to well known principles by a not
particularly illustrated driving motor, for instance,
via a belt drive. According to the illustrated embodi-
ment two connecting rods 5, 6 are supported on the ec-
centric shaft 2, which are pivotally connected at their
lower ends to a so-called ram 7, which carries an upper
tool. The'frame 1 supports, furthermore, a so-called
lower tool 8. Guide columns 9, 10 project downwards
from the ram 7, by means of which the ram 7 is guided
in its vertical reciprocating movement.

A punching tool 11 illustrated as example
is set into mentioned upper tool which cooperates with
a die 12 located in the lower tool 8 in order to stamp
out of a {not illustrated) sheet metal band which is
fed &ccording to the illustration of Fig. 1 from the
left to the right e.g. plates for rotors which are
united in the lower tool 8 -to respective stacks 13 of
metal sheets. Hereby punching tool 11 and die 12 form
the last tool-pair of a consecutive working of a sheet
metal strip, which during being moved between the upper
tool and the lower tool 8 after earlier working per-
formances made thereon for the production of the final



Is now the fact that during the grinding not only the area of the body of
t.he Iomerltoolhs at the die 12 but al so sinultaneously and by the .sanme
neasure al so the are ”Tzkffrhg surface of the body of the |ower
tool 8 is ground det ngﬁéﬁgﬁt position of the suppgrting bl ock 24
and correspondi ngly o of the focugimg device 16. Accordingly, after
nmenti oned working th up@9r APRA999 og¢k |24 can be again nounted to the body
~of the lower tool 8 Vitfhout any furthed ado and the focusi Rg-UsVEMENTLEHERD
be nounted again. A tji nd {t edi ous readjusting specifically of
t he supporting block |24 rel ative to thd wel ding point which now has not
shifted relative to the positioning surface is not necessary.

product punched out of the sheet metal strip such as
well know to the persons skilled in the art.

A laser beam generator 14 is mounted to the
frame 1 which communicates via optical conductors 15
(of which only one is illustrated), e.g. glass fiber
cables with a focusing device 16, which is located on
the lower tool 8. _

For sake of completeness it shall be men-
tioned, furthermore, that a braking means 17 is located
"in the die 12. This braking means 17 acts e.g. by fric-
tion onto the stamped out plates located in the die 12
in order to hold the plates in the die 12 by friction,
which plates (or a respective stack of plates, resp.)
are pushed down step by step by every consecutive'plate
punched out of the sheet metal web until the punched
plates or an entire stack has passed the braking member
17 and thereafter glide out of the lower tool 8 under
the influence of gravity.

In operation the eccentric shaft 2 rotates
and causes via the connecting rods 5, 6 the punching
movement of the ram 7 together with the upper tool for
the production of the individual plates, which remain
at the last operating step in the die 12. Accordingly,
during every working stroke of the ram 7 one plate is
placed in the die 12 onto a preceding plate located al-
ready in the die. As soon as the punch 11 has moved
away- during the upwards stroke portion by a small dis-
‘tance from the die 12, the laser welding apparatus 14,
15, 16 beams a laser beam of an extremely short dura-

. tion towards the point of contact between the plate
which just has been deposited and the plate located
thereunder such as to weld the two plates together. The
operating cycles of the laser welding apparatus are ob-
viously controlled depending on the position of the



Figs. 6 and 7 illustrate nodifications, at which the supporting block 24 of
. t.he focusing device 16 is not directly nounted to the tool body 8. In these

nodi fi cati ons’ t he—supporti-hg—bl-eek-24 is | ocated on a-separate supporting
menber 52. This EIGhRLAG&NEN]deEEL ing menper 52 can be, for instance, set
:nto thedbody of |t gt an edge area thereof such as il -
ustrated in Fig. 0 g tlo the enbodi nent il- Lusty
7, it can be nounted Q'F gﬁgoﬁd) tlhe body of the |ower toot" g“l\'?&ﬁf&"&]g
connection can be L gxenplary illustrated threaded bolts 57,
58. It is not i rtant where and hHow this support- ing nenber 52 is
nnua;gd to the bo@y-ﬂf-rhe—fnmer”onl 8. Decisive is that the free surface,
on ich the SuB(mching tool relative to the die 12 or generally from

the rotational position of the eccentric shaft 2. After

a predetermined number (e.g. 20) of individual plates

have been welded together, no welding is performed

during one punching cycle of the punching operation,

such that the production of one stack of plates is ter-

minated and the production of the next following stack

can begin. The finally produced stack of plates is

pushed in the die further downwards by the next follow-

ing plates deposited thereupon and again welded to-

gether, which stack is flnally pushed out of the brak-

ing member.

It has now been explained initially that
the cutting edge of the die 12 (and obviously also of
the punching tool 11) gets worn, such that the entire
working surface 18 of the lower tool must be reground
periodically in order to resharpen the cutting edge of
the die 12.

Conclusively, a respective welding point in
the die is subjected to a relative change of the loca-
tion such that basically a new adjusting of at least
the focusing device 16 of the laser welding apparatus
is needed and specifically independent from the loca-
tion where it is mounted in the punch press. By the
present invention, of which one exemplary embodiment is
illustrated in Figs. 2 and 3, a new adjusting of the
focusing device 16 is no longer necessary.

Fig. 2 illustrates a section through a part
of the lower tool 8 having a' die 12, which is set into
a recess or through bore, resp., 19 in such a manner
that its cutting edge 20 is aligned with the working
surface 18. The braking member 17 in the die 12 is for
instance a portion thereof'having a somewhat decreased
diameter achieved by any procedures. A stack 13 of



porting block 24 of the focusing device 16 rests via its guiding surface 31
I.S allgned with the working sur- 14
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stamped individual plates which have been welded to-
gether are illustrated to be in the die 12.

According to the top view of Fig. 3 the
stator plates 21 are punched and welded together to
stacks. As can be seen clearly, three focusing devices
16, 16A, 16B are present, such that the respective
plates are welded together at three points. Of these
focusing devices one is shown by full lines, namely de-
vice 16 and the other two focusing devices 16A, 16B are
illustrated by dash dotted lines.

The focusing devices are connected to a la-
ser generator common to all via a respective glass
fiber cable coupled at 22 to the respective focusing
device.

Such focusing devices are generally known
and, therefore, there is.no need of a detailed descrip-
tion thereof.

Below, the embodiment will be described
merely by reference to the focusing device 16. The fo-
cusing device 16 includes a preset focal length and a
predetermined focal point, which latter determines the
{or one, resp.) welding point 23 at two plates 21. To
this end the focusing device 16 is set into a support-
ing block 24 and includes a collar 25, via which it
contacts one side surface 26 of the supporting block
24. The surface 26 acting as guiding surface for the
focusing device 16 extends precisely perpendicularly to
the optical axis 38 of the focusing device 16. The sup-
porting block 24 is machined with such a preciseness
and located at a position which has such a precisely
determined distance from the welding point 23 and is
mounted with such precise mounting members to the body
of the lower tool 8, that the welding point determined
by the optics of the focusing device 16 is maintained



face 18 of the body of the | ower tool 8 and is also ground during the

regrinding of the working surface 18.

.wel di ng snoke and wel di ng vapors are produced, which nust be renoved.

Thereto it

I s knowyto-fe+m-beres—in_t he tool. Figures 8-10 .

illustrate an advarft SEBGACEMENT SHEET ijn whi gh no such bores in the tool

needed. The suppor tfi g Brock224~FS equi pped wi th suction Chan-R%ﬁLﬁ 53, 54.

These are desi gned |ag tHgo eq ijn the supporting bl ock 24
receive at the sidgq df ?Eé”ﬁﬁ‘ﬁwﬁ

precisely. The preciseness is in a range of 1/100 mm. A
corresponding precision is also at the contact surface
of the collar 25 of fhe focusing device present, which
contacts surface 26 of the supporting block 24.

The supporting block 24 is basically a
clamp-like structure having two jaws 27, 28, which sur-
round the through hole for receipt of the focusing de-
vice 16. At the top the two jaws 27, 28 are separated
from each other by a slot 29 and interconnected by a
threaded bolt 30. When tightening the threaded bolt 30,
the focusing device 16 is clamped in the supporting
block 24.

The working surface 18 of the body 8 of the
lower tool acts as positioning surface for the support-
ing block 24, and this positioning surface is aligned
with the cutting edge 20 of the die 12, which is set
into the body of the lower tool 8. The bottom surface
of the supporting block 24, via which it rests on the
working surface 18, acts as guiding surface 31, be-
cause it determines at least the height position of the
focusing device 16 inserted in the supporting block 24.
The location and the position of the focusing device 16
in the supporting block 24 determine among others the
welding point 23 at the die 12.

The horizontal distance between the sup-
porting block 24 and the welding point 23 and accord-
ingl§ specifically of the surface 26 of the supporting
block 24 (measured along the working or positioning,
resp., surface 18) is determined by two positioning
pins 32, 33, which are set into bores arranged in the
supporting block 24 and in the body of the lower tool
8. The supporting block 24 itself is mounted by means
of a threaded bolt 34 to the body of the lower tool 8.
The longitudinal center axis 35, 36 of the positioning

During a welding operation '
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area of the welding short tubes having chanfered ends. At their opposite
end the through bores communicate with a rigid manifold 55. A possibly
flexible suction |ine 56 connects to this manifold 55. The illustrated
enbodi-ment is extrenely effecti advant ageous' be- cause the tube stubs
can be di nensi oned r @m@ﬂ-figugslnc a nmanner that they can be |ed

I ndependently fro ' i atea at’close as possi ble to the

| ocation of the vagonds produced dufi fg the wel ding. Further MEAS T
a plurality of foc S|ngOQeAPBé@9 .g. ac- cording to thema].!i;@zlr}:g]jegrrente\SOHE(r
Fig. 3, not all sudpdrt- ing bloc 4 present nust include suction

channels. It is also posSsible to provi de individual supporting bl ocks 24
with only one suctiln_channel.—sueh—that a .

pins 32, 33 and the longitudinal center axis 37 of the
screw bolt 34 (due to reasons of clarity the longitudi-
nal center axis 37 is only illustrated at the focusing
device 6A in Fig. 3) are aligned with each other along
a straight line, i.e. they determine a plane, in which
the optical axis 38 of the focusing devices 16 lies.
This allows that the supporting block can be built
quite narrow such that it is possible to mount in a
strongly restricted space a plurality of focusing de-
vices 16 of the laser welding apparatus acting at one
and the same die 12 such that two respective plates in
the plate stack 13 can be welded together simulta-
neously at a plurality of points.

It is to be noted that a modified design
can be present at the surface 26 of the supporting
block 24.It is possible to have a disc having an outer
thread screwed into the supporting block 24, which in
order to precisely set the distance of the accordingly
now adjustable surface 26 from the welding point 23 can
be screwed further into or somewhat out of the support-
ing block and then be arrested in the correct position.

In order to check at least at a first
mounting if the position of the supporting block 24 is
correct and also to check the path of the laser beam
such that it cannot impact onto other parts of the tool
and also parts of the workpiece which are not to be
welded and, specifically, to prevent an impacting onto
a location ahead of the welding point a checking tool
is used, which is illustratéd in Figs. 4 and 5 and
which can be termed checking mandrel.

The checking tool includes a main body hav-
ing a first portion 39, which corresponds to the collar
25 of the focusing device 16. The shoulder 40 which is
to rest onto the surface 26 of the supporting block 24



draw ng of f,

removi ng of the welding vapors can be op- timzed in
~accor dance Mﬁth the local conditions. Figs. 11-14 illustrate a

'furpher nmodi fica- tion, The focusing deV|ce 16, which, as is the case of
all enbodinents is of a vibration-proof design and has a gasti ght,

calibrated casin
bl ock 24, has on

BERCE

al ong the casi nglafo—TTictudes—a—fi st portion 61, mhlchRQPEAggmﬁnn£MMH

el ongate cross-s¢cfi O(S'&'Aﬁﬁalaﬁ cerige-

which is a guiding surface and onto which surface 26
the corresponding surface of the collar 25 of the fo-
cusing device 16 will lie when the focusing device 16
is mounted in the supporting block 24, is machined ini-
tially preciseiy. The shoulder 40 is followed by a cyl-
inder shaped-portion 41, of which the diameter and the
length correspond exactly to the diameter and the
length of that portion of the focusing device 16 which
is held and supported in the supporting block 24. The
next following, short cylinder shaped portion 42 corre-
sponds, too. | B
An important is the cone-like converging
portion 43 following mentioned portion 42. Its envelop-
ing surface corresponds namely to the cone-shaped en-
veloping surface of the beam of rays emitted by the fo-
cusing device 16, which enveloping surface is shown
specifically in Fig. 3 by the broken lines identified
by the reference numerals 44 and 4S5.

A needle 47 extends in an axial direction
through the main body of the checking tool which has a
tip portion 46. The enveloping surface of this tip por-
tion 46 corresponds further to the enveloping surface
of the beam of laser rays.

The needle 47 has an outer thread 48, by
means of which it is screwed into the main body 49. The
needle 47 is, furthermore, locked relative to the main
body 49 by a nut 50. |

For an initial setting the needle 47 is ad-
justed by means of a screwdriver placed into the slot
51 in such a manner that the distance between the
shoulder 40 and its frontmost tip corresponds exactly
to the distance between the welding point 23 in the die
12 and the surface 26 of the supporting block 24 acting
as guiding surface and thereafter_is locked by a tight-

acLLy_pﬁS|t|on- able receipt in the supporting
NEM&tSHMETC annel g& The suction channel 59 extends



15 sponding to a broad slit nozzle, which portion 61 is follomed by a
portion 62 having a,circular cross-sec- tional shape. In conparison with
t'he enbodi ment havi g g jeer

. . . 'S ;‘}E " .
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ening of the nut 50. The exactness of the set distance
lies within a range of a few 1/100 mm.

The measuring tool which has been set as
described above is now inserted in place of the focus-
ing device 16 into the supporting block 24 and is
clamped therein by a tightening of the threaded bolt
30. The tip if the needle 47 is then located exactly at
the focai point, i.e. at the welding point at the die
12.

The enveloping surfaces of the coned shaped
portion 43 and of the tip portion 46 of the checking
tool play an extremely important role. These enveloping
surfaces are not to contact any obstacle. Such an 6b-
stacle can be, e.g. a part of a workpiece, a part of a
tool or a part of a mounting member at the lower tool 8
and such parts would be partly exposed to the laser
beam and accordingly could be heated such to be damaged
and also could partly deflect the laser rays. Further-
more, such as illustrated in Fig. 3, the three beams of
rays do not intersect each other, they cannot influence
each other and also this arrangemenﬁ of the beams of
rays can be exactly checked by the checking tool.

After the checking has been made, the fo-
cusing device 16 or the focusing devices 16, 16a, 16B,
resp., are inserted into the corresponding supporting
block 24, optically connected to the laser generator 14
and thereafter the punch press can be operated.

If a regrinding, 'a resharpening of the cut-
ting edge 20 of the die 12 (i.e. of all cutting edges
present in the lower tool) is to be performed, the
lower tool is removed, whereby the focusing device 16
has been removed previous;y and thereafter the support-
ing block 24 is removed from the body of the lower tool
8 by a loosening of the threaded bolt 34.



the two suction channels 53, 54 the suction channel 59 features a |arger
-cross section but requires not a sub- stantially |arger space.

e, _furthernore, a safety arrangenent which for sake of
, =dL) the initial enbodinents.
Qoviously a | asej h con- sjderable danger of injury to
human bei ngs becpuge -the | aser 5 have &h extrenely hi gh energy.
Therefore, it st bggeﬂeﬂrpggt atf the | aser beans are beaned only when the
focusi ng devicefi ount ed on theftool and that the |as I LS
sw tched of f whg ' eyi ces connect ed theretgﬁgggﬂﬁgﬂ%ﬁéﬂéEr
A cable 62 runs strat ed)

clarity has not

Thereafter, the working surface 18 of the
tool is reground in a manner as generally known in or-
der to resharpen the various cutting edges. Important
is now the fact that during the grinding not only the
area of the body of the lower tool 8 at the die 12 but
also simultaneously and by the same measure also the
area of the positioning surface of the body of the
lower tool 8 is ground determines the -height position
of the supporting block 24 and correspondingly also of
the focusing device 16. Accordingly, after mentioned
working the supporting block 24 can be again mounted to
the body of the lower tool 8 without any further ado
and the focusing device 16 can be mounted again. A
time-consuming and tedious readjusting specifically of
the supporting block 24 relative to the welding point
which now has not shifted relative to the positioning
surface is not necessary.

Figs. 6 and 7 illustrate modifications, at
which the supporting block 24 of the focusing device 16
is not directly mounted to the tool body 8. In these
modifications the supporting block 24 is located on a
separate supporting member 52. This blocklike support-
ing member 52 can be, for instance, set into the body
of the lower tool 8 at an edge area thereof such as il-
lustrated in Fig. 6 or, according to the embodiment il-
lustrated in Fig. 7, it can be mounted at a side of the
body of the lower tool 8. The connection can be
achieved by the exemplary illustrated threaded bolts
57, 58. It is not importanﬁ where and how this support-
ing member 52 is mounted to the body of the lower tool
8. Decisive is that the free surface, on which the sup-
porting block 24 of the focusing device 16 rests via
its guiding surface 31 is aligned with the wdrking sur-



contr ol

current circuit aref
‘to allow a switchi
‘63, which in order d.T
the focusing devicg | iln and screwed on. _Af- ter having been
pl ugged in and scr¢ws
in which an el ec-

trical

apparatus of the |aser generator to the focus- ing device, i.e.
each focusing device. Two electri- cal conductors formng an electrical

circuit

$3 contacts a pl ugRERIACEVENT SHERT.
ooe is p-esent by neans of which the el ec-

is k osed al l owi ng~a switching on of the |aser generator.

face 18 of the body of the lower tool 8 and is also
ground during the regrinding of the working surface 18.

During a welding operation welding smoke
and welding wvapors are produced, which must be removed.
Thereto it is known to form bores in the tool.

Figures 8-10 illustrate an advantageous
variant, in which no such bores in the tool are needed.
The supporting block 24 is equipped with suction chan-
nels 53, S54. These are designed as through bores in the
supporting block 24, which receive at the side of the
area of the welding short tubes having chamfered ends.
At their opposite end the through bores communicate
with a rigid manifold 55. A possibly flexible suction
line 56 connects to this manifold 55. The illustrated
embodiment is extremely effective and advantageous be-
cause the tube stubs can be dimensioned and shaped in
such a manner that they can be led independently from a
given welding area as close as possible to the location
of the vapbrs produced during the welding. Furthermore,
in case of a plurality of focusing devices 16, e.g. ac-
cording to the arrangement of Fig. 3, not all support-
ing blocks 24 present must include suction channels. It
is also possible to provide individual supporting
blocks 24 with only one .suction channel, such that a
drawing off, removing of the welding vapors can be op-
timized in accordance with the local conditions.

- ) Figs. 11-14 illustrate a further modifica-
tion. The focusing device lq, which, as is the case of
all embodiments is of a vibration-proof design and has
a gastight, calibrated casing for an exactly position-
able receipt in the supporting block 24, has one single
suction channel 59. The suction channel 59 extends
along the casing and includes a first portion 61, which
has a somewhat elongate cross-sectional shape corre-

to

12),
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sponding to a broad slit nozzle,'which portion 61 is
followed by a portion 62 having a circular cross-sec-
tional shape. In comparison with the embodiment having
the two suction channels 53, 54 the suction channel 59
features a larger cross section but requires not a sub-
stantially larger space.

Figs. 11-13 illustrate, furthermore, a
safety arrangement which for sake of clarity has not
been illustrated in the initial embodiments.

Obviously a laser system features a con-
siderable danger of injury to human beings because the
laser beams have an extremely high energy. Therefore,
it must be ensured that the laser beams are beamed
only when the focusing device is mounted on the tool
and that the laser generator is switched off when any
focusing devices connected thereto are removed.

A cable 62 runs from the (not illustrated)
control apparatus of the laser generator to the focus-
ing device, i.e. to each focusing device. Two electri-
cal conductors forming an electrical current circuit
are located in this cable 62, which. circuit must be
closed to allow a switching on of the laser generator.
The cable 62 ends at a plug 63, which in order to be
mounted to the casing or the supporting block of the
focusing device must be pPlugged in and screwed on. Af-
ter hav1ng been plugged in and screwed on, the plug 63
contacts a plug socket 64 (Fig. 12), in which an elec-
trical bridge is present, by means of which the elec-
trical circuit is closed allow1ng a switching on of the
laser generator.



G ai ms with at |east one suppoﬁLLﬂg_bLng—e24}—and a

f ocusi ng device (1 ; nch press equipped with a Iaser-

appar atus, which suppo iy 24) is demgnedJl“ \ “
supporting of theffdgc i CeC(16) an 6whlch froc IS
designed with a pfeflet 3l fl ength"and a predeTern1ned focal poi nt,

rhlch t ool incl udes~s 1 £ hf a working surface (18) at which at
east one recess ot t gm/di e (12 | aced t cat ed of

whi ch the cutting €uys i i hned \(/mt% g surfaﬁﬁ’ﬁ??ﬂﬂﬁﬁTéﬁEE

Claims

1. Tool with at least one supporting block
(24) and a focusing device (16) for a punch press
equipped with a laser-welding apparatus, which support-
ing block (24) is designed for a guided supporting of
the focusing device (16) and which focusing device (16)
is designed with a predetermined focal length and a
predetermined focal point, which tool includes a body
(8) with a working surface (18) at which at least one
recess (19) for a bottom die (12) placed therein is lo-
cated of which the cutting edge (20) is aligned with a
‘surface portion of the working surface of the body (8),
which supporting block (24) is designed and located in
such a manner that a respective laser beam exiting the
focusing device (16) set in the supporting block (24)
is focused towards a set location (23) of a workpiece
in order to perform weldings at a workpiece located
thereat, and which supporting block (24) includes at
least one guiding surface (31) for its positioning
relative to the location (23) of the focusing, charac-
terized in that the supporting block (24) rests with
its guiding surface (31) on a positioning surface of a
supporting member (8; 52), which positioning surface is
served for a setting of the hight position of the fo-
cusing device (16) relative to the surface portion of
the body (8) which is aligned with the cutting edge
(20), and is aligned with this surface portion.

2. Tool accordirigd to claim 1, characterized
by a positioning device (32, 33) acting between the
supporting member (8; 52) and the supporting block
(24), which sets the distance between the supporting
block (24) and the respective location (23) of the fo-



whi ch supporting ' 24y i s designed and |ocated in such—a—ranpner—that a

respective | aser it ~focusi ng device (16) set
'_shupp_.orti ng bl ock f '. EtET o ards a set | ocatﬂfwmmﬂmnﬁm!kpi ece
in order to perf orkplegg |l ocated tH L £h
supporting bl oc east one guiding surface (31) for its
positioning rel g tijpon (23) of the focusing, charac- terized
in ;hat the suppad 4) f[rests with !ts guidingﬁagggﬁ _ é%n a
posi tioning surface of g nmenber (8; 52), whic iﬂ@ihgﬁf
surface is served for gf the hight position of the fo- cusing
device (16) relative to the surface portion of the body (8) which is
aligned with thgugigélé§kéﬁggig parallel to the positioning surface in
an unchangeable manner.
3. Tool according to claim 2, characterized
in that the positioning device comprises at least two
positioning pins (32, 33) which are inserted in re-
cesses in the supporting block (24) and in the support-
ing member (8; 52) in such a manner that their longitu-
dinal center axes (35, 36) determine a plane containing
the optical axis (38) of the focusing device (16)
aligned with the location (23) of the focusing.
4. Tool according to claim 3, characterized
in that the supporting block comprises a receptacle in
which the focusing device (16) is supported in a guided
manner and comprises a further guiding surface (26) ex-
tending perpendicularly to the optical axis (38) of the
supported focusing device, in that the focusing device
comprises an abutment surface extending perpendicularly
to its optical axis (38) which rests on the further
guiding surface (26), whereby the distance between the
further guiding surface (26) and the respective loca-
tion of the focusing is determined by the positioning
device. ' '
5. Tool according to one of the preceding
claims, characterized in that the supporting member is
formed by the body (8).
6. Tool according to one of the claims 1-4,
characterized in that the supporting member is a sepa-
rate supporting part (52) mounted to the body (8).
7. Tool according to one of the preceding
claims, characterized by at least one suction channel
(53, 54; 59) for a drawing off of welding smoke and
welding vapors which extends through the supporting
block (24) or is located aside of same.



(20), and is aligned with this surface portion. 2. Too
according to claim1, characterized by a positioning device (32, 33) acting
bet ween the supporting nemher (8; 52) and the supporting block (24), which
sets the di stance between the supporting block (24) and the respective

| ocation (23) of the fo-
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TOOL FOR A PUNCH PRESS EQUIPPED WITH A LASER WELDING APPARATUS

The supporting block (24) for the focusing
device (16) of the laser welding apparatus is mounted
onto the working surface (18) of the body of the lower
toal (8). The cutting edge (20) of the die (12) set into
the bodv of the lower tool (8) is aligned with the work-
ing surface (18). For a resharpening of the cutting edge
(20) the working surface (18) is reground and accordingly
also the area, on which the supporting block (24) rests.
Conclusively, no readjusting of the focusing device (18)
relative to the welding point (23) at the die (12) is
necessary.
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17 . cusing extending parallel to the positioning surface in an
unchangeabl e manner. 3. Tool according to claim?2, characterized
in that the positioning device conprises at |east two positioning pins (32,
33) which are inserted in re- cesses in the supporting block (24) and in

t he support- ing nenber (8; 52) in such_alqpnner that their |ongitu- :
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devi ce. 5. Tool according.to one of the preceding clains,
characterized in that the supporting nenber is forned by the body (8).
_.6. Tool according to one of the clains 1-4, characterized in that the
supporting nmenber is a sepa- rate supporting part- (52) nounted to the body
(8. . 7. Tool according to one of the preceding clains,
characterized by at | east one suction ctrasnel (53, 54; 59) for a draw ng
of f of wel ding snoke and wel di ng vapors whi ch extends through the
supporting block (24) or is |located aside of sane.
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