WD 2008/098389 1 METHOD AND TOOL FOR CLI NCHI NG THI CK SHEET METAL, AND USE
OF THE TOOL The invention relates to a clinching tool for producing a

| oad- bear i on of two 5 netal workpieces according to the

i ntroduct op\gb %@r%{b%%égm aiml, to a nethod for clinching netal workpieces
for producing a | oad-bearing connection agcording to the introductory part
of claim10, and to the use of the clinching tool according to the
introductory part of claim15. 10 Cinching is a defornmation joining nmethod
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dependi ng dOGthe respective form of enbodi mrent nmanages w thout any auxiliary
j oi ni ng conmponent. 15 For clinching there are different variants with
respect to production of the joining elenent. Characterisation of clinching
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el enent construct clinc vmthadvmth i ng
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pl ates or cRihak wor kpi eces, such as, for exanple, welding, spot-welding,
connecting by means of 25 rivets or blind rivets and use of punch rivets. By
conparison w th conventional connecting methods, clinching without a
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taken into consideration. Until now, however, it was not possible to clinch
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toget her by clinching.” The object of the invention is to provide ‘a method
for cli nchllqmn@P@mé@n%d g| rders of thick plates, preferably with
t hi cknesses greater than 4 mllinmetres, wherein working shall be 35 wth

opti mum under cut stanpi ng and | ar gest possi bl e neck thickness so as to
ensur e 12 WHopclowhinggnge are different variants with respect to production of the joining element.

Characterisation of clinching is possible in accordance with the following:

- according to the joining element construction: clinching with and without a cutting
component; ‘

- according to the matrix shape: solid and open matrices

20 - according to the tool kinematics: single-step and multi-step clinching.

In the following the primary concern is clinching without a cutting component. This method
has certain advantages relative to the conventional method used for connecting plates or
other workpieces, such as, for example, welding, spot-welding, connecting by means of

25 rivets or blind rivets and use of punch rivets. By comparison with conventional connecting
methods, clinching without a cutting component is more advantageous when the costs per
connection are taken into consideration.

Until now, however, it was not possible to clinch plates and other metal workpieces thicker
30 than 4 millimetres. Moreover, hitherto merely two plates of equal or unequal thinness were
connected together by clinching.

The object of the invention is to provide a method for clinching plates and girders of thick
plates, preferably with thicknesses greater than 4 millimetres, wherein working shall be

35  with optimum undercut stamping and largest possible neck thickness so as to ensure a



2 correspondingly high strength of the clinch connection. In addition, an
appropriate tool shall be proposed and use thereof optimsed. Fulfilnent of
t he obj ect WaKk988/p¥sk6e by the features of claiml for the tool, by the
features of 5 claim10 for the nethod and by the features of cIa|m15 for
the use. Advantageous exanpl es of enbodi n#nt and devel opnents of the
invention are circunscribed or defined by the respective dependent patent
claims. 10 According to the invention it is possible for the first tine to
clinch steetorfispbedingiy tight stedngtrgbf ther dinoh ceheedtiopr dhiddeitioanberapp(dpeiate tool
general ly ter d nmet al _ wor kg ﬁlﬁ(?s%f Y\/n gl n at |east one of these elenents
has a thick DR af USe RFTELPUMSCEr der to nmke this possible the
clinching tools were appropriately devel oped and 15 optim sed. The tools or
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or equals t oclaid)1@RGRERethdBandl bhe RaGIes ¢rorfiaradbytheass. from 5 degrees to
zero degrees. The dianmeter of this die preferably lies in the range between

10 millimetres and 35 mllinmetres. Particularly preferred are dianeters
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strength or tensile force. Through the present invention, clinching is a

real alternative to wel di ng{ which hitherto was 25 nostly used as the
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repl ace ri vieastang 0§Hleéﬁ/e&ﬂﬂﬁé%ha%ﬁ@lenAé%éij/ierf’gmt"ﬁn@tFﬁas i nvention, plates,
profile nmenbers and other netal conponents or netal 30 workpi eces of
different thickness and different materials can be connected together. The
connect i on lof otdeo tergnake s koseiblestheodlinshiap olapiseweleugpprepiateli devglaped ntd ng
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pl ate profi er connec connec ons,
' diameter of this die preferably lies in the range between 10 millimetres and 35 millimetres.

Particularly preferred are diameters between 12 millimetres (14 millimetres, 16 millimetres,
20 18 millimetres) to 20 millimetres or 25 millimetres, wherein this diameter depends on the
thickness of the metal workpieces to be connected and on the required strength or tensile

force.

Through the present invention, clinching is a real alternative to welding, which hitherto was

25 mostly used as the joining method for connecting thicker plates or workpieces (for example
St-37, St-44, St-52, St-70 plate or EN-S235, S275, S355, S460 plate) or girders (thickness
> 4 millimetres). However, the clinching can also replace rivet and screw connections.

According to the invention, plates, profile members and other metal components or metal

30  workpieces of different thickness and different materials can be connected together. The
connection of two metal workpieces comes about exclusively in the clinching and directly
from the material or materials of the metal workpieces to be connected. The elements
connected by clinching are here termed clinched workpiece.

35 The present invention now makes it possible to also use metal workpiece connections, for
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strip connections or quite generally plate connections, to increasing extent
inlift and escalator construction, wherein, inter alia, a part of the lift
cage or thgdddokoaguggor of the lift engine roomor of the framework or
supporting structure of an escal ator can be produced 5 by neans of
clinching techni que. However, various |oal-bearing attachnment parts can be
fastened by neans of clinching technology as well as |oad-bearing or
supporting franmeworks, structures, brackets, scul ptures, chassis, panels or
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sel ecti %g}etapig %‘PFV”? 9 PH" and escal ator construction. Thus, for
exanpl e, pI ated, painted or plastic- coated plates and/or steel gi rders can
be connected together wthout thecatl ufferi 20 . not | ceabl.e damage
due Lot he BNEFRnIAEUSACRTPERIS SiRFIMenbady combedrrlry Ry M cipging
produci ng té&an@ogmeast wen aeilbdwebedringl onisuppyrting pearheworkg, spadtarels 0 msadkets,
auxiliary connectin e% parts or connecting material are
needed. Th & Pfﬁg %ﬁss'ﬁdmsaﬂéraé'? clinching relative to conventi onal

nmet hodsg i s, 25 however, the low joining costs. Mdreover, no heat intake or

heat inductl on into the work s to be connected t kes pl so, 1 hat
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35 Fig. 2A shows a first step of clinching according to the invention, in a

schemaf®c WD 2008/098389 4 illustration;
Both coated and uncoated materials can be connected together without problems in

accordance with the invention, which opens up new possibilities of material selection
particularly in lift and escalator construction. Thus, for example, plated, painted or plastic-
coated plates and/or steel girders can be connected together without the coating suffering

20 noticeable damage due to the clinching.

A further advantage of the clinching is that for producing the connection neither preliminary
aperturing operations nor auxiliary joining parts, connecting parts or connecting material
are needed. The principal advantage of clinching relative to conventional methods is,

25 however, the low joining costs. Moreover, no heat intake or heat induction into the
workpieces to be connected takes place, so that distortion, fusion and structural changes
are avoided.

Further details and advantages of the invention are described in the following on the basis
30 of an example of embodiment and with reference to the drawing, in which:

Fig. 1 shows the die of a clinching tool and two metal workpieces connected

together by clinching, in a substantially simplified schematic illustration;

35  Fig. 2A shows a first step of clinching according to the invention, in a schematic



Fig. 2B shows a second step of clinching according to the invention, in a
schematic illustration; 5 Fig. 2C shows a third step of clinching according
to the i nverdsmBoosdasca schematic illustration: Fig. 3A shows a section
through two clinched netal workpieces; 10 Fig. 3B shows a part section or
detail of a region of the clinching tool 4a4ccording to the invention; Fig.
4A shows a section show ng two clinched netal workpieces or netal 15
conponents and a part of the clinching tool, wherein the die of the
clinching tool has gdifggter of 12 millinmetres; Fig. 4B shows a section
showi ng two clinched netal Wworkpieces and a part of the clinching tool,
wherein the die of the clinching tool has a dianmeter of 14 20 mllinetres;
Fig. 4C sh sect | 1 L e : NEGRS 4 of
the ol inchindltool, e 28atdl JPor UnBRRg ScRAy o e Rl AR PR PRI, o
20 nmillinetres; 25 Mugrat®nshows a section through a steel profile nenber to
whi ch plate profile mnenber, steel profile nenber or steel angle nenber
was fixedly clinched by two clinch connections; 30 Fig. 6A shows a section
t hrough a Bigh2@at i cabhows hlthisd stepedf dinehing aocatding to dhe iryeniion, émiai sphematiel

Fig. 6B shows a secthg&zhghough a further schematically illustrated die
according to the i nVERtd on. 35 WD 2008/ 098389 5 The scope of the present
patent application, as already indicated in the introduction, concerns

clinching without a cuttin 0 en Thi L ing is a pure
deformati oﬁfgj g/igni ng l?% se%ggé}@g"ﬁﬁrggglﬁ F]wgo %Wé?%ag%%?bﬁﬂgﬁ:%ggi s realised nerely
by 10

Fig. 3B shows a part section or detail of a region of the clinching tool according to

the invention;

Fig. 4A shows a section showing two clinched metal workpieces or metal
15 components and a part of the clinching tool, wherein the die of the clinching

tool has a diameter of 12 millimetres;

Fig. 4B shows a section showing two clinched metal workpieces and a part of the
clinching tool, wherein the die of the clinching tool has a diameter of 14

20 millimetres;

Fig. 4C shows a section showing two clinched metal workpieces and a part of the

clinching tool, wherein the die of the clinching tool has a diameter of 20

millimetres;
25
Fig. 5 shows a section through a steel profile member to which a plate profile
member, steel profile member or steel angle member was fixedly clinched
by two clinch connections;
30 Fig. 6A shows a section through a schematically illustrated die according to the

invention; and

Fig. 6B shows a section through a further schematically illustrated die according to
the invention.
35



penetration in conjunction with recessing and subsequent upsetting. The
underlying 5 principle in the devel opnent of this nmethod without a cutting
conmponent VR)?%EB@&%@Y the desire for increased connection stiffness as a
consequence of greater material confinenent. The principle of the invention
is illustrated in Fig. 1 purely schematigally. Two netal 10 workpieces 11
and 12 which were connected together by a clinch connection 13 are shown. A
part of the die tool 20, which is here terned die, is shown above the clinch
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The two tran |t|on regions 21, 22 nmerge into one another. In that case they
can, as shBAHNFRE Phe exanpl es of enbodi nent according to Figs. 1, 3B and

6A, nmerge into one another in non-conti nuous node and manner and have

different f]ank angl e ver is al so nd as s
b oy arts BangpRcicibg: hustion s aiusiaied b FRgd PUby shepalralyan Wporerhe. 25
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continuously and the flank an‘%l es i dentical. The netal

wor kpi ecesstewn. 1A past getheodiadesletp. ("f"tb‘?rh 'Se'i’eé?rﬁ?r@edt dis: 51 shtove abovgi thediash or

the same t BifreBesS10 & BB IRAIngAsdntPlpessed by the die, simlarly to stanping
or upsetting, under plastic deformation into a depression, recess, cavity

or deformation space 31 of the matrix 30, as shown in Figs. 2A to 2C. A

clinch 30 eROBREhiNgRodi30 d@fﬂip?lgeé‘ﬁ%lélarﬁ@@&rﬁér%!ﬂago Wﬂcl@c@h‘%@%ﬁét%tedaas a
conpr essi on §0| nt or a_ stanmping point, arises Iy virtue of a special form
i

of theldepMedki gnanvilec s die i Hesigrgd taybe gpiptionally symBetrigal withh espeFtniohits
connection I [
ro%&wﬁ&%%ﬁ eﬁ;’ﬁ'@;gge&a% a N, GRRR id %rraﬂ%l Caﬁ?\@@ﬁﬂﬁ@ﬂly vAth r espect It:Q

shape-| ocki ng an manner, as sc I"cat e
1, Fig. 2te rptationaaxisd, witlya fl@nk gangg)/ 2With/resie i astermlnal front end surface 23

of the die distinction is to be made, in the case of the flank 25, between a lower transition
region 21, which adjoins the front end surface 23, of the flank 25 with a flank angle W1 and
20  an upper transition region 22, with a flank angle W2, of the flank 25. The two transition
regions 21, 22 merge into one another. In that case they can, as shown in the examples
of embodiment according to Figs. 1, 3B and 6A, merge into one another in non-continuous
mode and manner and have different flank angles W1, W2. However, it is also possible,
and as shown in the examples of embodiment according to Figs. 4A to 4C and 6B, for the
25 lower and upper transition regions 21, 22 to merge into one another continuously and the
flank angles W1, W2 to be identical. The metal workpieces 11, 12 to be connected (for
example, two plates of different or the same thickness t1 and t2) are pressed by the die,
similarly to stamping or upsetting, under plastic deformation into a depression, recess,
cavity or deformation space 31 of the matrix 30, as shown in Figs. 2A to 2C. A clinch
30 connection 13, which has a shape similar to a pushbutton, a compression point or a
stamping point, arises by virtue of a special form of the depression, recess, cavity or
deformation space 31. The clinch connection 13 connects the metal workpieces 11, 12
together in shape-locking and force-locking manner, as schematically indicated in Fig. 1,
Fig. 2C, Fig. 3A and Fig. 4.
35



Figures 2A to 2C show, in three stages, the formation of the clinch
connection 13 without «cutting conponent by a counter-tool 30 constructed as
a rigid mtwooos/bdsssgatri x having a recess, cavity, deformation space or
depression (31) in the region of the processing surface, wherein the die
deforms the metal workpieces 11, 12, whiclb are arranged on the 5 processing
surface, in an intersection region or overlap region above the recess,
cavity, deformation space or depression 31 in such a manner that a | oca
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According to the invention use is preferably made, during separation, of a stripper or
holding-down device 40 which facilitates separation of the die after deformation of the
metal workpieces 11 and 12. Such a stripper or holding-down device 40 is particularly

25 advantageous when the die, due to the forces and material deformations arising during
deforming, might jam in the clinch connection 13. The stripper 40 is (quasi) supported
relative to the surface 15 of the upper metal workpiece 11 at the die side whilst the die is
retracted or drawn back. With knowledge of the present invention the expert can obviously
also realise a stripper at the matrix side instead of a stripper at the die side.

30
The metal workpieces 11 and 12 to be connected are preferably urged towards or against
the matrix 30 by a holding-down device which is characterised in Fig. 1 by the number 41
or 40. The die tool 20 comprises a pressure cylinder (for example a hydraulic cylinder,
compressed gas cylinder, hydropneumatic cylinder, servo-electric cylinder) which

35 produces the so-called die forward stroke in the direction of the metal workpiece 11 and



conpressed gas cylinder, hydropneumatic cylinder, servo-electric cylinder)
whi ch 35 produces the so-called die forward stroke in the direction of the
met al wor kpve2eogimsastd WO 2008/ 098389 7 subsequently the workpiece 12. In a
first phase of the die forward stroke the die is advanced (Fig. 2A), then
the recessing phase takes place in which fhe die is sunk into the netal
wor kpi eces 11, 12 and these are upset and deformed (Figures 2B and 2C). A
phase termed die return stroke finally takes place (see Fig. 1). 5 As a
consequencasubfeduaatiy iseisorkpleder €asunea ditstiphasé lvd the ais Soma@rda stroleen shee digeisf | ow
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for assessing a clinch connectlon 13, as sho 3A, since
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desi gn. workpiece thlckness t1 at the die side and total workpiece thickness tt. A typical value for
the undercut f is 0.5 millimetres and a typical value for the neck thickness tn is 1.5

20  millimetres.

Different tests and experiments were undertaken in order to optimise the clinching
process, which is known per se, and so modify it that it is also possible to clinch metal
workpieces 11, 12 thicker than 4 millimetres. Simulations were undertaken and

25 subsequently different tools produced and joining tests conducted in order to be able to
compare the determined (in the experiment) cross-sections, joining forces and holding-
down forces with the reference based on the simulation. Tool design principles for
clinching without a cutting component and with a solid matrix 30 served as the basis for
the tests with respect to tool design.

30
First tests yielded the result that for the production of a clinch connection 13 for a small die
diameter (diameter D2 = 12 millimetres or 14 millimetres) joining forces of approximately
400 kN to 510 kN have to be used and for the larger die diameter (D2 = 20 millimetres)
joining forces of approximately 670 kN have to be used (both inclusive of holding-down

35 force). These results in themselves lie in the region of the anticipated outcome (however,
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cont r adi ct epyneiciiompAd.t . Through the sel ection of a suitable angle range the
two effects could be m nimsed.

The various optimisation steps have led to the recognition that the design of the flanks of
20 the die has a direct influence on the jamming and the formation of the cavity X. In order to
reduce or entirely eliminate these two negative effects dies were developed and tested
which are shaped conically at least in part. With suitable selection of the corresponding
flank angle W, W1, the jamming could be reduced or entirely prevented without feading to
a detectable cavity formation. It is proved that these two effects are correlated only in part
25 and are even mutually contradictory in part. Through the selection of a suitable angle

range the two effects could be minimised.

In the tests shown in Figures 4A to 4C and described in the following the die according to
the invention has in each instance a constant die flank angle W = 5 °, i.e. D1 < D2, or,

30 stated in other words, at least that part of the die coming into contact with the workpieces
11 and 12 during recessing narrows in downward direction (i.e. in the direction of the end
of the die at the workpiece side).

Some aspects of the different tests are illustrated in Figures 4A to 4C. The flow behaviour

35  of the workpieces 11, 12 in the case of use of dies with different diameters is shown. In



In the tests shown in Figures 4A to 4C and described in the follow ng the
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the streng t h conne tign 13. 1t has proyed that for the
clinching 5{".\“ ﬁr%lfﬂ?m%F kPPPBcBsC h(g?'fojtgd BY &N inr'ﬁat%((g)s APPHYS LLVEH §fe t he
flank 25 hagrkpigeastit@nbaply i nportant and significant role. 20 The present

i nvention is accordingly distinguished by the fact that the die, which is
sunk fito the metal wor kpi eces 11 and 12 during the deformng, is conically

shaped. Thas te®diverRle SipaRMenfs drteredbsrchad RAGSsHIwn, &R HieQlighetr RAGHly (:h@romed
transition regions 21, 22) of that |ength L of the die which is sunk o

pressed | nVay! ﬁé)%pgtﬁrse@gngﬁ dirget mfﬁq@@c%gnltla%plmchlng process and the strength of

the clinch connection 13. It has proved that for the clinching of thicker workpieces with tt >
8 millimetres, the design of the flank 25 has a particularly important and significant role.
20
The present invention is accordingly distinguished by the fact that the die, which is sunk
into the metal workpieces 11 and 12 during the deforming, is conically shaped. The
conical shape of the die extends at least over a part (termed transition regions 21, 22) of
that length L of the die which is sunk or pressed into the workpieces 11, 12. The conical
25  shape results due to the fact that the flank 25 of the die - see Fig. 3B - is conically shaped
at least in the lower transition region 21 to the front end surface 23 and has a flank angle
W1 which is smaller than or equal to 10 degrees, preferably smaller than or equal to 5
degrees. As further shown in Figs. 1 and 6A, the flank angle W2 of the upper transition
region 22 is preferably equal to zero degrees or similarly preferably smaller than or equal
30 to 5 degrees (examples of embodiment according to Figs. 4A to 4C as well as 6B).

Dies have proved particularly satisfactory with a diameter D2 between 10 millimetres and
20 millimetres and with a flank angle W, W1, W2 going over from a first angle W1 to a
second angle W2, wherein the first angle W1 is smaller than or equal to 10 degrees and

35 preferably smaller than or equal to 5 degrees and the second angle W2 is smaller than or



25 shape results due to the fact that the flank 25 of the die - see Fig. 3B
- is conically shaped at least in the lower transition region 21 to the
front end W@ 200860989 nd has a flank angle W. which is snmaller than or
equal to 10 degrees, preferably smaller than or equal to 5 degrees. As
further shown in Figs. 1 and 6A, the f1anl® angle W2 of the upper transition
region 22 is preferably equal to zero degrees or simlarly preferably

smal l er than or equal 30 to 5 degrees (exanples of enbodi nent according to
Figs. 4A teq@bﬂ:tasz degrbeasarﬁﬁbreféiﬁaus thav ¢ degmesd |pathbt casetHeyfishbngleadt os y

h d b

TORNEY v e e T e e

P e ureafine atd ““"2?“‘5’?&1’6?@ ”‘“"%:ﬁ“:ﬂ:“iﬁ“" ol angle 102 dedracepend 35
era S X

Cml Ler thRor oo uas 843 o Rendie ST P dRgrad®r TR AEBS 670 1

degreess | n2tikain hasegibmef thirdsd atathgtdbl Ye).s located in the i mediate
(lower) transition region 21 to the front end surface 23 (i.e. in the
region of the end of the die at the workpiece side) and the second angle W

on the (uppei)conétfudtion b @csm.crafegie@rex%ntgeism.famw leSger eeritiengy wbmun@am aet i ng
fromthe taI vvork&)l ece 11, % I(HF Qe I’e% on o the[? at théa

t ool side)! or-p,l;liyqu% Sronpunees C@f’“'@% fE%I'P ®8dva37 ?fsth% W ARl Sigss §n

| esser t engrRGhe le@séraBRddHdy 36 fanfifing GRS, HOWeVerP @ard fr rbwﬁ@uwéﬁ@li ofcth¥ ichiiysX X
form The advanta e of the |ower radial stress and thus the |esser t endency

to j ami? ngbaiween ﬁ*&ﬁ/\é\?&?‘ workpigaes s 12phe. e flateandiadV.ofV 1t e ROt ke selaged

bet ween t hgrdiedr), siRekRhaaRe the calify Xiwdild bB8od |Gk aﬁ&'%@sfﬂéng\éﬂ- of \We ginmot
be selected arbitrarily, since otherwise the cavity X would be too | arge

and the stp@mﬁchorb?ootsﬁéa"cl inch connection too small. Forms of construction
of the die are ideal in which the flank recessing or flank reduction 15
produced b¥ the flank angle is not too |ar since in the case of a

t 0o- | ar ge Fpuwkof eanstigetiongofdhe fdieaate ld@%lu&tw ﬁ;hﬁe‘lalnhdﬁ%ﬁslssﬂgonfrf@@l(éwtﬁﬂ%sur e

on the, Emdﬁg 2 ]f?ﬁn'ksaﬁ is %{Eﬁ'té fick rnﬁ‘ﬂﬁ%ﬁfa%@ &l QWoSar %@?Iank

nater|a |eces t us reguces |cate
val ues f or ragessing ovffankaneduetionshe rasialty ctr@ptedfmesesoqu/onétmwgéptehes 20, B iSﬁQCh

t t t d
The " under CE! PO (ReviiSE TRy B MR Wit ritial e T RO o

conventional purely cylindrlcal th|n sheet die. This nmeans a conparabl e,
Pdentical GE0SHdi6aSd BROA s 1P, P \RERANE! b B1dvBE S HHBPRR! ba%uld the

20 clinch connections produced by these dies have values for the neck thickness tn and the
undercut f similar to and comparable with the commercially available, conventional purely
cylindrical thin-sheet die. This means a comparable, identical tensile strength of the

corresponding clinch connection 13.

25  The conical shape of the die extends at least over the transition regions 21, 22 with that
length L of the die which is sunk into the workpieces 11, 12. This length L in the case of
metal workpieces having an overall workpiece thickness tt > 8 millimetres can be
determined as follows: 0.3 tt < L < 2 {t, i.e. the conically shaped transition regions 21, 22
correspond with between three tenths of the total workpiece thickness tt and twice the

30 workpiece thickness tt.

The different die shapes according to the invention are summarily explained in the
following by way of Figures 1, 6A and 6B.

35
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25 The coni cal shape of the die extends at |east over the transition regions
21, 22 with that Ilength L of the die which is sunk into the workpieces 11,

12. This | ¢u9bdbsloobizot he case of netal workpieces having an overal

wor kpi ece thickness tt > 8 millimetres can be determned as follows: 0.3 ft
<L<2tt, i.e. the conically shaped transition regions 21, 22 correspond

with between three tenths of the total workpiece thickness tt and twi ce the
30 workpi ece thickness tt. The different di e shapes according to the

i nvention are summarily explained in the follow ng by way of Figures 1, 6A
and 613, 35 WD 2008/098389 11 Formof enbodinment 1 2 3 Fig | 6A 6B
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the die tool 20 according to i, oReention itin tife 18WEE POSSIiihkeaddnpr oduce
two clinch
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transition region 22 | the upper transition | 21, 22

region 22, wherein
W > W2

The attained strengths, which are achieved with the die according to the invention, for

5 example with a die with 12 millimetre diameter and a 5° to 0° die flank (form of
embodiment 2, Fig. 6A), is on the average more than 50 kN or 55 kN. In the case of
particularly carefully selected conditions the tensile force even lies at approximately 58 kN
with a slight tolerance of only a few percent.

10  With the die tool 20 according to the invention it is also possible to produce two clinch
connections 13 adjacent to one another (see Fig. 5) in order to further increase the tensile
strength and shear strength. In this case it has proved that the tensile strength could be
increased to values which are almost twice as large by comparison with a single clinch
connection 13. The samples couid be loaded in average with approximately 118 kN.

15
A particularly advantageous clinching tool 20 comprises two identical dies which are
arranged adjacent to one another and which are capable of connecting the first metal
workpiece 11 with the second metal workpiece 12 by two clinch connections. Two clinch
connections adjacent to one another are produced simultaneously here by an advance

20 movement and a recessing movement. The example of a corresponding double clinch



connections 13 adjacent to one another (see Fig. 5) in order to further

I ncrease the tensile strength and shear strength. In this case it has
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particul arly advant ageous clinching tool 20 conprises two identical dies

whi ch are arranged adj acent to one anot her and which are capabl e of

connect i ng cbiveection &t shoinah FigN(5l‘ de:amm delenvin U:er ﬁlhﬁrai@:teminp‘lelthdt imacdopdamce 12
by two cli

I nec gnnect.i on I nch. con ept | ept to,0
are producévdtn %Fru'W%m'é’Buz?r @e’bﬁ tgﬁkgrdﬁ{% rcg ﬁ&/’ﬁ% Q’ rdeﬁd1 ?ﬁgtag%il ng
novenent . Woekpieceeae bef cmmretdewmradnhhr@edpldné esteénslnebt \&DeD D& Oﬁ%aﬁoﬂlé
connection _is sho seen in IIustrat
Chat in acElmdaete ot tesmenk ARl b e 12 (eI B R 1
menber gir @¢twd dlirchicoshedtidhah 3 dispbig aqac)enc&fermmect ed wit h a thinner
pl ate, steel sheet, sheet iron, steel profile nenber, plate profile nenber

or plate profile angle nenber 12 (second netal workpiece) 5 by two clinch

connect i ongTwb3crilériPaeed [Rsliaker Mito lcansierabowidiane st lfs@lr@r(lstrkpbéﬁ) foice deélfgh
taken into consideration for the stri (strip force de t he

stripper 48 PRI &0 (A therRpe anddbe ?g'ﬁp'ﬁg f‘?rﬁ?@és |pp i forgseas tf)%{eg%rgﬁr &3 pe

| arger thamme Edh@mln@nmrd&of e gieof Twsevéllu@ is HatFalyaktiénglys dapéntent lov ker@agl y
dependent on the die 10 geonetry enplo as was described, but also on the

| ubri cdPi ogeeMeH&mMPIRyedsag was figgqr@ed *N‘H)é'%% Hedubricaon oF caatingrofdbe kit o 40

kN have | eqidéniR’ &edtRhi BRIR 6es8!lkihsto 4o Whawwmé@sae@ablefreglm@ firaak
angle Wor the conicity of the die, ejection forces attain 25 A further

reducti on oRtEpP@EdSSIHR Cffmez:féanﬁaaﬂg&‘é/rprﬁbe eegty of thepdigeeisetian fPE?PS ?H@n§5tk<5‘1 0
die (for mAOfurtﬁEPFééi'ugFJH ‘nzejeéjloﬂ foRB) canSkVintbd BIKBh NRocchiit f8F theSVRY ooogigur s

here. 15 In a partic vantageous form of embodinent the stripper 40
al so funct i(9f8 chembpdimeshe-ig.iGfe, Sisceiamlieg algha dienayerpedrg harg. and i s
di nrensiqjgned so that the netal workpieces 11, 12 experience a smallest
possi bl e deformation in order to keep the di stortion of the workpieces 11,

12 as smml IIn aspasiseArlyl advantageeys fdieneffereleodihenti toe sitrinpen 402dsPiunclionsl atrthg
stabl e and JLaadmnheal 5 YRR e 3 1PARSS AhdriforRl sBIRS AL et Wotkpieces

11, 12 experience a smallest possible deformation in order to keep the distortion of the
workpieces 11, 12 as small as possible or keep them free of distortion.
20
Particularly stable and load-bearing components, subassemblies or constructional
elements can be produced in a mode and manner which are as simple, trouble-free,
economic and reliable as possible by the dies-according to the invention and the clinching
tools or clinching machines which have or possess the corresponding dies. The costs for
25 these components, subassemblies or constructional elements with clinch connections 13
lie below those of welded, riveted or screwed connections. The composite material costs
for components, subassemblies and constructional elements with clinch connections 13

are zero. Moreover, the working time is restricted, reduced or confined to a minimum.

30 A particularly advantageous clinching tool 20 comprises two identical dies which are
arranged adjacent to one another and which are capable of connecting the first metal
workpiece 11 with the second metal workpiece 12 by two clinch connections. Here, two
clinch connections adjacent to one another are produced simultaneously by an advance
movement and a recessing movement. The example of a corresponding double clinch

35  connection is shown in Fig. 5. It can be seen in the illustrated example that according to
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An offset between (joining) die and counter-tool (anvil) does not impair the quality
of the connection 13. The demands on accuracy for the joining machine thereby
20 are not diminished.
- Time-consuming setting up operations can be eliminated.
- Wear reduces and processing reliability increases, since break-outs at the matrix
edge can no longer occur.
- The same anvil can be used for all joining tasks. A change of matrix in the case of
25 change of joining task, as in the case of conventional clinching, is no longer
necessary.
- The joint connections 13 are flatter and less disruptive than the connections
produced by conventional clinching.
- A change in the sheet thickness is possible without tool change and saves valuable
30 working time.
- A change in the material pairing takes place without outlay.
- Matrix-free clinching increases the number of clinch connections or joining points
per tool set or per (joining) die.
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- An offset between (joining) die and counter-tool (anvil) does not inpair
the quality of the connection 13. The denmands on accuracy for the joining
machi ne t h&e2p8/098888r e not di m ni shed. - Ti me-consuni ng setting up
operations can be elimnated. - War reduces and processing reliability

i ncreases, since break-outs at the matri x4 edge can no | onger occur. - The
sane anvil can be used for all joining tasks. A change of matrix in the case
of 25 change of joining task, as in the case of conventional clinching, is
no | onger Patenéskdmg. - The joint connections 13 are flatter and |ess

di sruptive than the connections produced by conventional clinching. - A
change in the sheet thickness is possible wthout tool change and saves

val uabl e 30 woCkmdhind itoat. (20) Aor hrogieinign at leadimiaeng adonpactiann of tealfies% metae e

i t hout tl .- i.x-f | h |
bonneot i onofkbiecs; itk i br SeoRy PER) brigices TR S winBfesf 8 SinghinS 169 Gp)
I2003/ 89@3880|ﬁ6nse€®tq[3@'todb bad E&o&nte@fdoﬂ%ﬂ@b Wﬁlch(b@det}ﬁe?%rn*f @y d@mﬁlmaomgftae ;tjwo Cal
Oa eari n on Cll on ne a on net a
horknr oot b MOESEES (e Tel | hosink oppiiony porectigbedthe 1 M B o

a counter- W@ﬂdflefc@ I 1)BheE thd sgeinemefad Warkpisced@bpromatdctatised i igatttne ot
wor kpi eces a.clinch connec;t)(éf)n connecting together the first netal

wor kpi ece F‘i@ﬁ’”%?ﬁd’ Q'ﬁé"tgé@ﬂﬁ'ﬁm?rﬁgéﬂns K# ece (12), characterised in that

the die tool CcRRAISEMsBUBIEE tovbé RothiicHagy tsyrﬁr'ﬁefri@QI'\MﬂSreéBéct t@ 30 rovtichal ass
constructed to be rotatlonall%as ymmetrical with respect to an rotational

axis 10 (24) of24) % tog diexaed as alanka(dd) @BNaes cansaicaln i esReqt |ty t§ t n

respect to the rdigioabl s¥glana’d ﬁoﬁ%dasﬁrfa‘ée L{Z@)“I?m@%é‘r@é‘fﬂhcﬁﬁé’rw toth& dotational
perpendicularly to the rotational axis wherein the fllank (25) of the

die is conical i $¥i8kfbed at | east in the Iower transition region (21) to the
front end surfagRefctdthedRfik325) &ike 81235 @oki¥¥ily\Whap¥® )t RR8EINAME lower transition

region (21) to the front end surface (23) and a flank angle (W, W1, W2) goes over
15 from a first angle (W1) directly at the end of the lower transition region (21), which
leads to the front end surface (23), to a second angle (W2) of an upper transition

region (22), wherein the first angle (W1) is larger than the second angle (W2).

2. Clinching tool (20) according to claim 1, characterised in that the total length (L) of
20 the die sunk into the metal workpieces (11, 12) during the deforming is conically shaped.

3. Clinching tool (20) according to claim 1 or 2, characterised in that the flank angle

(W, W1, W2) is smaller than or equal to 10 degrees, preferably smaller than or equal to 5

degrees.

25
4, Clinching tool (20) according to claims 1 and 3, characterised in that the first angie
(W1) is smaller than or equal to 10 degrees and preferably smaller than or equal to 5
degrees and the second angle (W2) is smaller than or equal to 2 degrees and is preferably
0 to 1 degrees.

30

5. Clinching tool (20) according to any one of the preceding claims, characterised in
that the die has a diameter (D2) between 10 and 30 millimetres or 35 millimetres, wherein
the diameter (D2) preferably lies between 12 and 20 millimetres or 25 millimetres
(inclusive).
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15 froma first angle (W) directly at the end of the |lower transition
region (21), which leads to the front end surface (23), to a second angle
(W2) of anwgppoes/opg3sRsition region (22), wherein the first angle (W) is

| arger than the second angle (W2). 2. dinching tool (20) according to claim
1, characterised in that the total length§L) of 20 the die sunk into the
nmet al wor kpi eces (11, 12) during the deformng is conically shaped. 3.
Clinching tool (20) according to claim1 or 2, characterised in that the

flank angle. ( W:nrvmng\/%bl (®) aeredramg tb An ohe of G precadidg ctiigs eeRragirisbeimbl y

i me 1 aft G G Gk Sreitirad ona pryLOuH Sl Ge). PAn BT BP A

or equal t@né%@@gx.@g&gre@r&spﬁgé@rably smal | er than or equal to 5 degrees
and the second angle (W2) is smaller than or equal to 2 degrees and is

preferably O to 1 degrees. 30 5. dinching tool (20) according to any one
of the pregedi ngnﬁdrﬂig{meolctm agdcRFdifedoi dny tdhat of Rike obrecétﬁ@%aclamamt ®F 5( D2)

between 10 and 30 millinetres or 35 mllimetres, wherein di anet er (D2)

pr ef er abl ycharagterzadasethal they geunter-tep) ﬁoPré? cerstectesisagia Makix haudng a recess,
(i ncl usi Ve):avﬂ%déf@n?&@ﬁ/sgg&g&gdéb?essﬁm ghy nching tool (20) according to any

one of the preéeceding clalns, characterl sed in that the counter-tool (30) is
constructed as an anvil havi ng a flat, even, planar, horizontal or |evel

wor ki ng arga or Cﬁrﬂ’érﬁrfbcﬁaol ?207 ac&h&h’ﬂ hb gy toﬁ@'of Qr%ohre%@&lﬁ{; Qs téha?é&)[er%@& ,,pf

t he preceding clains cterised in he counter-tool (30) is
constr ¢t ethahdl eonieingi &a%avpﬁ@pase%eé@dmg dewn devicgdtdr ABX fasixinsatie Betal

depr essi Onw()?ﬂ;}ece@ (19 Cng‘ge%@éﬂr?r ((%@) f{oﬂ%@ﬁér@hﬁ@tﬁé)d%né{ﬂﬁn@ef%atﬂgﬁ of the

precedi ng clarnms, characteris I't contains as or conprises a
hol di ng- domtaiwrltpeeqeaiﬂ 4@). for fixing the metal workpieces (11, 12) and a
stripper (40) for separating the die after deformation of the netal

wor kpi eces (11, 12). 9. dinching tool (20) according to any one of the
precedi ng 8! ai nElinahing toot E0) sedording to any one of the preceding claims, characterised in

15  that it comprises two identical dies which are arranged adjacent to one another and are
capable of connecting the first metal workpiece (11) with the second metal workpiece (12)

by two clinch connections (13).

10. Method of using a deformation-based connecting technology for producing a load-
20  bearing connection of a first metal workpiece (11) and a second metal workpiece (12),
wherein a clinch connection (13) connecting the first metal workpiece (11) with the second

metal workpiece (12) is formed by local deformation by means of a die tool (20) and a

counter-tool (30), comprising the steps:

- superimposing and preparing or aligning the first metal workpiece (11) and the

25 second metal workpiece (12) on a processing surface of the counter-tool (30),

- advancing a die of the die tool (20),

- sinking the die into the two assembled metal workpieces (11, 12) until the
underside (14) of the second metal workpiece (12) bears against a region of the
counter-tool (30) and

30 - withdrawing the die,

characterised in that the die has a flank (25) which is conically shaped at least in a lower

transition region (21) to a front end surface (23) and has a flank angle (W, W1) smaller

than or equal to 10 degrees, preferably smaller than or equal to 5 degrees, wherein during
sinking of the die at least the conically shaped lower transition region (21) penetrates into
35  the metal workpieces (11, 12).



15 that it conprises two identical dies which are arranged adjacent to one
anot her and are capable of connecting the first nmetal workpiece (11) with

t he secondwoe20aB/o9&askpi ece (12) by two clinch connections (13). 10. Met hod
of using a defornmation-based connecting technol ogy for producing a | oad- 20
bearing connection of a first netal workpifece (11) and a second net al

wor kpi ece (12), wherein a clinch connection (13) connecting the first netal
wor kpi ece (11) with the second netal workpiece (12) is forned by | ocal

def ormati on by nmeans of a die tool (20) and a counter-tool (30), conprising

t he steps: ri nposin d preparin r.ali the first. netal, .
wor kpi ece 11) &'ﬁg‘c’?l‘ﬂ?co@%‘ @c‘ﬂ%‘ﬂ"ﬁ@ 9%8‘?’ ijérgg’af%Zﬁtr'%‘??ra(‘@r'ﬁdﬁggid%ng
surface of with@rawaldtitees dieowl enaB@) separalid amenngmairdlj 6f taé dider thealid @l (A020) , -
sinking the die into the two assenbled metal workpieces (11, 12) until the
under si de ["EHB Workriaees SELdRUOFRYSII wor kpi ece (12) bears against a regi on of
the cogyinter-tool (30) and 30 - withdrawi ng the die, characterlsed |n t hat
the die has a flank (25) which is conlcall1y shaped at least in a

a

transiti on’fegi Met r(oﬂl'?cc%j"@ {e slatmeA aadr t c,c@a(aﬂ%”s%df‘ fhat the ﬁFrﬁ’REr éﬂ%l'% (W

W) snal | epgydnbad a@ém@tqé'%hrfééé &) @eg{ee@rgt, mea‘?%ﬂ@ﬁédé Rlip:! h&rtottharseeéraﬁwal
to 5 degrees, wherein during sinking o die at |east the conicall

shaped | owerd thahdaiing e seegiaben e;_fqr)cep%ﬁéqrteétag@nshtf@ metal waré(pr?éﬁ%m WIBKBY eces
(11, 12). WQaRQQ%Q%ﬁ%?Qr 0) wﬂaﬂst a%k@%@hﬁ’&ﬁﬁ@p@bﬁﬁb JlFéc%ﬁPéﬁaEB th&éhRr act eri sed

in that a stripper IS used during wthdrawal of die to enable
separ af® on when jaming of the die or the d| e tool (20) of nmet al wor kpi eces
(11, 12) 0GgUr Spmemhol c&%@?ﬁ &0{@'1 %ri12, EhsthBBriddY .ﬁnﬁat%e csh»?eaﬁbﬁ 3|o§>‘ed
in that the stripper |rs

vance agai nst a surface ( NP
met al wor kisieeostryctad a@auncatrlx ba\tlmgaa £RASSS AV Bh de‘émmatlmspamrqr grieRgion éplaimt i on

a force is I%(r%%’ﬁdof Esé Kgs Rl wP@FéﬁP'tr?eC@é o%?ci‘rmsjtﬂé Rtal WER écﬁ%ﬁhe

stri pper rce I nNg 1 n Oopposi Irection retrac
10 13. I\/Et h2)d winiahoare aigantged cinathenprogessing curfage, (rham éndersectivadregiontdiatvetiae

counteggt OPégicfn?’Qr}ove) the recess, cavity, deformation space or depression (31) in such a manner
than a local undercut (f) is formed by radial flow of the materials into the recess, cavity,

deformation space or depression (31).

14. Method according to claim 10, 11 or 12, characterised in that an anvil with an even,
20  planar, horizontal, level or flat processing area or surface is used as counter-tool (30),
wherein the die deforms the metal workpieces (11, 12), which are arranged or aligned on
the processing surface, in an intersection region or overlap region in such a manner that
firstly an elevation is formed at the anvil side and then, through radial flow of the materials,

a local small undercut or undercutting (f).

25
15. Use of a clinching tool (20) according to any one of the preceding claims 1 to 9,
characterised in that the clinching tool (20) is used to firmly connect together two metal
workpieces (11, 12) by at least one local undercut (13), wherein the two metal workpieces
(11, 12) have a total thickness (it) greater than 8 millimetres.

30

16. Use according to claim 15, characterised in that the first metal workpiece (11) is

thicker than the second metal workpiece (12).

17. Use according to claim 15 and/or 16, characterised in that either the first metal

35  workpiece (11) or the second metal workpiece (12) is a steel profile member, plate profile
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is constructed as a matrix having a recess, cavity, deformation space or
depression (31) in the region of the processing surface, wherein the die
def or s t hevonedpaloosespkpi eces (11, 12), which are arranged on the processing
surface, (in an intersection region or overlap 15 regi on above) the recess,
cavity, deformation space or depression (¥1) in such a manner than a | ocal \
undercut (f) is forned by radial flow of the materials into the recess,
cavity, defornmation space or depression (31). 14. Method according to claim
10, 11 or MémbehadtedtagieS@ember, tdtadl shBetaBNédt indh! BhabedeuBa, plaldUmemB&diplate
hori zontal , level or flat processing area or surface is used as counter-tool
(30), whePBPOrERE A% def orms the netal workpieces (11, 12), which are
arranged or aligned on the processing surface, in an intersection region or
overlap region in such a manner that firstly an elevation is formed at the
anvil side and then, through radial flow of the materials, a local small
undercut or undercutting (f). 25 15. Use of a clinching tool (20) according
to any one of the preceding clains 1 to 9, characterised in that the
clinching tool (20) is used to firmly connect together two netal workpieces
(11, 12) by at |east one |ocal undercut (13), wherein the two netal
wor kpi eces (11, 12) have a total thickness (tt) greater than 8 mllinetres.
30 16. Use according to claim 15, characterised in that the first netal

wor kpi ece (11) is thicker than the second netal workpiece (12). 17. Use
according to claim15 and/or 16, characterised in that either the first

metal 35 workpiece (11) or the second netal workpiece (12) is a steel
profile menber, plate profile W 2008/ 098389 17 nenber, steel angle nenber,
steel sheet, sheet iron, shaped tube, plate nenber, plate strip or steel

gi rder.




