1 Method and tool for clinching thick plates and use of the tool or
of the clinching apparatus or of the clinching appliance The
invention relates to a clinching tool for producing a | oad-bearing
connection of two 5 netal workpieces according to the introductory
part of claiml1, to a nethod for clinching netal workpieces for
produci ng a | ocad-bearing connection according to the introductory
part of claim 10, and to the use of the clinching tool according to
the introductory part of claim15. 100 inching is a deformation
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i nvent iign, Fbh@inehifd HeRDarbQiffepdnt varidnfd Witk RAPELt B8 bldAG:tBR Bf tHRGURIE element.
very hi gh, ich can lead to ,damaqe of the plates or metal "workpi eces
when t he dibaractelisatiqn pgaﬁt_:hmg 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 mulfi-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.

The clinching of plates and other metal workpieces, which are thicker than 4 millimetres, is

30  known from WO 2006/047848 A1. As was ascertained within the scope of the present
invention, the clamping forces in this known method are, however, very high, which can
lead to damage of the plates or metal workpieces when the die is withdrawn.

The object of the invention is to provide a method for clinching plates and girders of thick
35 plates, preferably with thicknesses greater than 4 millimetres, with low clamping forces,



2 wherein working shall be with opti mum undercut stanping and | argest
possi,bl e neck thickness so as to ensure a correspondi ngly high
strength of the clinch connection. In addition, an appropriate tool
shal | be proposed and use thereof optimsed. 5Fulfilnent of the

obj ect takes place by the features of clbaim1l for the tool, by the
features of claim9 for the nethod and by the features of claim 14
for the use. Advantageous exanples of enbodi ment and devel opnents of

the invention are rc cribed or defined the re cti
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pl at es1®r workpi eces (for exanple 30St-37, St-44, St-52, St-70 plate
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directly region connected therewith. The greater flank angle can be smaller than or equal to 10
degrees and go over to a flank angle of 5 degrees to zero degrees. The diameter of this
die preferably lies in the range between 10 millimetres and 35 millimetres. Particularly
preferred are diameters betwsen 12 millimetres (14 millimetres, 16 millimetres, 18
millimetres) to 20 milimetres or 25 millimetres, wherein this diameter depends on the

25  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
mostly used as the Jeining method for connecting thicker plates or workpieces (for example

30  St-37, St-44, St-52, 8t-70 plate or EN-S235, 275, 8355, 8460 plate) or girders (thickness
> 4 millimetres). However, the clinching can also replace rivet and screw connections.

According to the invention, piates, profile members and other metal components or metal
workpieces of different thickness and different materials can be connected together. The

35  connection of two metal workpieces comes about exclusively in the clinching and directly



3 fromthe material or materials of the nmetal workpieces to be
connected. The el enments connected by clinching are here terned
clinched workpi ece. The present invention now nmakes it possible to

al so use netal workpiece connections, for 5 exanple steel

connections, plate profile nenber connecfions, plate part

connections, plate strip connections or quite generally plate
connections, to increasing extent in lift and escal ator construction,
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pl asti c- codorevey| edrivss dowdimarisd ettdchgientpars cxmnbd tastennd &g treshnt afj elirthing

10U, 0GRt ) o B e AR ofold, S L
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joining parts, connecting parts or connecting material are needed.
The principal advantage of clinching relative to conventional nethods
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to the drawing, n which: 4 Fig. Ishows the die of a clinching tool

and two nmetal workpieces connected together by clinching, in a
substanbi aBbh sddted bhd efcoREE MRitdriald b8k rdhhédted together without problems in

accordance with the invention, which opens up new possibilities of material selection
particularly in [ift and escalator construction. Thus, for example, plated, painted or plastic-
coated plates and/or steel girders can be connected together without the coating suffering
noticeable damage due to the clinching.
25
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,
however, the low joining costs. Moreover, no heat intake or heat induction into the
30 workpieces to be connected takes place, so that distortion, fusion and structural changes
are aveided.

Further details and advantages of the invention are described in the following on the basis
of an example of embodiment and with reference to the drawing, in which:
35



Fig. 2Ashows a first step of clinching according to the invention, in
a schematic 5illustratiaon, wherein the two transition regions of the

die are not illustrated; Fig. 2Bshows a second step of clinching
according to the invention, in a schematic illustration, wherein the
two transition regions of the die are not illustrated; 10Fig. 2Cshows

athird step of clinching according to the invention, in a schematic
illustration, wherein the two transition regions of the die are not
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Fig. 40 shows a sectl on showi ng two clinched netal workpieces or

metal conp s and_a th Ilnchln t ool .[not according to .
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i nvention), wherein as a
20 mllinmetres; ( 30Fig. 5shows a section through a steel proflle
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angl e nmenber” was fixe clinched b I nclf connect | ons; n
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Fig. 3A shows a section through two clinched metal workpieces;

15  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
components and-a part of the clinching tool (not according to the invention),
.-.20 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 (not according to the invention), wherein the die of the
glinching tool has a diameter of 14 millimetres;

25

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

clinching tool (not according to the invention), wherein the die of the
" clinching tool has a diameter of 20 millimetres;

- 30 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; and

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



5 The scope of the present patent application, as already indicated
i'n the introduction, concerns clinching without a cutting conponent.
This formof clinching is a pure deformation joining process.
Connecting of the workpieces is realised nmerely by 5 penetration in
conjunction with recessing and subsequeni upsetting. The underlying
principle in the devel opnment of this nmethod without a cutting
conponent is primarily the desire for increased connection stiffness
as a consequence of greater material confinenment. 10The principl e of
the invention is illustrated in Fig. 1 purely schematically, Two, .
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35  cutting component by a counter-tool 30 constructed as a rigid matrix, this matrix having a



15 bears against the base of the recess, cavity, deformation space or
depression 31 of the matrix 30. In a further step the die is then
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shewn in Fig. 1). According to the invention use is preferably nade,
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35 metal workpieces 11, 12 and these are upset and deformed (Figures 28 and 2C). Aphase



25si mul ation. Tool design principles for clinching without a cutting
conponent and with a solid matrix 30 served as the basis for the
tests with_respect to tool design. First tests yielded the result
that for the production of a clinch connection 13 for a small die

di anmeter (dianeter D2 = 12 mllinetres gr 14 mllinmetres) joining
forces of approximately 30 400 kN to 510 kN have to be used and for
the larger die dianmeter (D2 = 20 nllllnetres) joining forces of

appr oxi mat | usi ve of hol di ng- down
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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

30 400 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
force). These results in themselves lie in the region of the anticipated outcome (however,
notwithstanding tool lubrication a high level of jamming of the die in the workpiece
cccurred).

35 -



Sone aspects of the different tests are illustrated in Figures 4A to
4C, because they are applicable in anal ogous manner to the die
according to the invention. The flow behaviour of the workpieces 11,
12in the case of use of dies with different dianeters is shown. In
Fig. 4A it is shown how the two netal wgykpieces 11, 12 deform when
the die has a 35dianeter of 12 mllinetres. In Fig. 4B it is shown
how the two netal workpieces 11, 12 9 deformwhen the die has a
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30
Some aspects of the different tests are illustrated in Figures 4A to 4C, because they are
applicable in analogous manner to the die according to the invention. The flow behaviour
of the workpieces 11, 12 in the case of use of dies with different diameters is shown. In
Fig. 4A it is shown how the two metal workpieces 11, 12 deform when the die has a
35 diameter of 12 millimetres. In Fig. 4B it is shown how the two metal workpieces 11, 12
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by way of Figures
‘ 8 millimetres, the design of the flank 25 has a particularly important and significant role.

The present invention is accordingly distinguished by the fact that the die, which is sunk
- 20 into the metal workpieces 11 and 12 during the deforming, is conicaily 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
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
25 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 A, the flank angle W2 of the upper transition
region 22 is preferably equal to zero degrees or similarly preferably smaller than or equal
to 5 degrees (examples of embodiment according to Figs. 4A to 4C as well as 6B).

30  Dies have proved particuiarly 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 o a
second angle W2, wherein the first angle 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 preferably 0 to 1 degrees. In that case the first angle W1 is

35  located in the immediate (lower) transition region 21 to the front end surface 23 (i.e. in the



11 Form of enbodiment 1 2 Fig. 1 6A Typical dianmeter 01 < D2 and 10
nm <02 < 30 mMm D1 <02 and 10 nm <02 < 30 mm Length L of the
transition regions 21, 22 0.3 tt <L <2 tt 0.3ttt <L <2 tt Angle
WL <10 -degrees in the lower transition region 21 and W2 = 0 in the
upper transition region 22 10

10

15

25

30

region of the end of the die at the workpiece side) and the second angie W2 on the (upper}
transition region 22 going away, extending out or projecting from the metal workpiece 11,

12 (i.e. in the region of the die at the tool side).

This construction of conical dies exhibits a significantly lesser tendency to jamming and no
(or only poorly pronounced) cavities X form. The advantage of the lower radial stress and
thus the lesser tendency to jamming are, however, 'paid for' by the creation of the cavity X
between the metal workpieces 11, 12, i.e, the flank angle W, W1, W2 cannot be selected
arbitrarily, since otherwise the cavity X would be too large and the strength of the clinch

connection too small.

Forms of construction of the die are ideal in which the flank recessing or flank reduction
produced by the flank angle is not too large, since in the case of a too-arge flank
recessing or flank reduction the radially directed pressure on the workpieces 11, 12 is too
small and the transverse flow of the materials or of the metal workpieces thus reduces.

The indicated angle values for W, W1, W2 have also proved satisfactory because the
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 fensile strength of the -

corresponding clinch connection 13.

The conical shape of the die extends at least over the fransition 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 tt, i.e. the conically shaped transition regions 21, 22
correspond with between three tenths of the total workpiece thickness it and twice the
workpiece thickness tt.

The different die shapes according to the invention are summarily explained in the
following by way of Figures 1 and 6A.
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With the die tool 20 according to the invention it is also possible to produce two clinch

10

strength and shear strength.

connections 13 adjacent to one another (see Fig. 5) in order to further increase the tensile
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 could 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

movement and a recessing movement.

20

The example of a corresponding double clinch
connection is shown in Fig. 5. It can be seen in the illustrated example that in accordance
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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
these components, subassemblies or constructional elements with clinch connections 13
25 lie below those of welded, riveted or screwed connections. The composite material costs
for components, subassemblies and constructiona! elements with clinch connections 13
are zero. Moreover, the working time is restricted, reduced or confined to a minimum.

According to the invention clinch connections 13 can also be produced, without a cutting

30 component, by open matrices. In that case resiliently mounted plates of the matrices are
urged outwardly after the recessing process by the radial flow of the workpiece material
below the die and thus enable formation of the undercut.

Apart from the advantages of conventional clinching, matrix-free clinching can also be
35 used in which use is made of an anvil with flat processing surface as counter-tool 30,



A change in the material pairing takes place w thout outlay.
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or joining points per tool set or per (joining) die. 14 Patent
clainms. 1.dinching tool (20) for producing a | oad-bearing connection
of a first metal workpiece (11) with a ggcond netal workpiece (12),
wherein the clinching tool (20) 5 conprises a die tool and a
counter-tool (30) which together form by deformation of the two
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30t he diameter (D2) preferably lies between 12 and 20 mllinetres or
25 m*l]inmetres (inclusive). 5. dinching tool (20) according to
any one of the preceding clainms, characterised in that the
counter-tool (30) is constructed as an anvi having a flat, even,

pl anar, horizontal 35or |evel working arnga or surface. 15 6.
Clinching tool (20) according to any one of the preceding clains 1 to
5, characterised in that the counter-tool (30) is constructed as a
matri X havpgg,adigcess, cavity, deformation space or depression (31).
7. dinching too %20) according to any one of the preceding clains,
characterised in that it contains, has or conprises a hol di ng-down
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(30), adv a@f@qqgl ta 1apj@grgps tpmfergblé an@ggr thazo‘.)r,equal to 5 degrees, characterised in that

the flank angle (W, W1, W2) goes over from a first angle (W1) directly at the end of the

15  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), and that during the deforming the die is sunk also in the upper
transition region (22) at least in part into the metal workpieces (11, 12).

-20 0 2 Clinching tool (20) according to claim 1, characterised in that the entire length (L) of
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 first angle
(W1) is smaller than or equal to 10 degrees and preferably smaller than or equal to 5

25  degrees and the second angle (W2) is smaller than or equal to 2 degrees and is preferably
0 to 1 degrees.

4, 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

30 the diameter (D2) preferably lies between 12 and 20 millimetres or 25 millimetres
(inclusive).

5. Clinching tool (20) according to any one of the preceding claims, characterised in
that the counter-tool (30) is constructed as an anvil having a flat, even, planar, horizontal

35  orlevel working area or surface.



sinking the die into the two assenbl ed netal workpieces (11, 12)
until* the 25underside (14) of the second netal workpiece (12) bears
against a region of the counter-tool (30) and withdraw ng the die,
characterised in that the die has a flank (25) which is conically
shaped at least in a lower transition rggion (21) to a front end
surface (23) and has a flank angle (W W, W) 30 smaller than or
equal to 10 degrees, preferably smaller than or equal to 5 degrees,
wherein the first angle (W) is greater than the second angle (W)
and during sinking of the die the upper transition region (21) also
penet rat esbat | @igshingntoglr(20)i Aecerdinge torearyl oRforok ghe criscgding, cleings 1 4% 5,
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the die tool (2 } nmet al wor kpi eces (11, 12) occurs
accordi ng £3itg|dgformatiorasndca of depessigpt®Pi sed in that the stripper (40)
is 5 adyanced against a surface (15) of the first nmetal workpiece

(11) prior_to t ese i on and, that duri the separation a force
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the die. 12. Metho
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recess, cametaywortpibcasn(dl,i1®). space or depression (31) in the regl on of
t he prg essing surface, wherein the die defornms the nmetal workpieces
(11, 1§ whi ch are arranged on the processing surface, (in an

i ntersecti&n r eginohing toch 20 Iaapnrdiegita)ansa@w@)tm hecetﬁn@sbima;amragterised in
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under cut ( oW 0 rra

recess, catdpglle oiswre@ﬁm@athe Grst Bystat wodipiege phid w8h die $e30)d meteBworpieps t12)
accor di ng 5%Icﬁhgﬁ1(%nné&09g(1%ﬂ characterised in that an anvil wth
an even, planar, horizontal evel or flat processing area or surface
IS usebﬁ as counter-tool (30), wherein the die deforns the netal

wor kpi ecesg (11, MékRad oty 8EBmadtibARESH Qhn&ltihg ?&‘ﬂnﬁa?yzﬁr bRRucing a load-

pI’OCGSSI ng surface, in an intersection region or over regl on in
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- 20 counter-toor (30), comprising the steps:
- superimposing and preparing or aligning the first metal workpiece (11) and the
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
25 underside (14) of the second metal workpiece (12) bears against a region of the
counter-tool (30) and
- 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 fiank angle (W, W1, W2)
30 smaller than or equal to 10 degrees, preferably smaller than or equal to 5 degrees,
wherein the first angle (W1) is greater than the second angle (W2) and during sinking of
the die the upper transition region (21) also penetrates at least in part into the metal
workpieces (11, 12).

35 10.  Method according to claim 9, characterised in that a stripper (40) is used during



25 characterised in that the clinching tool (20) is used to firmy
connect together two netal workpieces (11, 12) by at |east one | ocal
undercut ¢13), wherein the two netal workpieces (11, 12) have a total

tthi ckness (tt) greater than 8 mllinetres. 15. Use according to
claim 14, characterised in that the firg netal workpiece (11) is
30t hi cker than the second netal workpiece (12). 16. Use according to
cl ai m 14 and/ or characterised in that either the first netal
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11. Method according to claims 9 and 10, characterised in that the stripper (40) is
advanced against a surface (15) of the first metal workpiece (11) prior to the separation
and that during the separation a force is exerted against the metal workpieces (11, 12) by
means of the stripper (40} whilst a force acting in opposite direction retracts the die.

12. Method according to claim 9, 10 or 11, characterised in that the counter-tool (30) is
constructed as a matrix 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), which are érranged on the processing surface, {in an intersection region or overlap
lregion above) 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).

13. Method according te claim 9, 10 or 11, characterised in that an anvil with an even,
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).

14. Use of a clinching tool (20) according to any one of the preceding claims 1 to 8,
characterised in that the clinching too! (20) is used to firmly connect together two metal
workpieces (11, 12} by at least one locai undercut (13), wherein the two metal workpieces
(11, 12) have a total thicknéss (tt} greater than 8 millimetres.

15.  Use according to claim 14, characterised in that the first metal workpiece (11) is
thicker than the second metal workpiece (12).

18. Use according to claim 14 and/or 15, characterised in that either the first metal
workpiece (11) or the second metal workpiece (12) is a steel profi'le member, plate profile
member, steel angle member, steel sheet, sheet iron, shaped tube, plate member, plate
strip or steel girder.



