PCT/ CH2008/ 000047 1 Method for clinching thick netal workpieces, use
of a clinching tool, and steel structural elenment produced
accordingly 5The invention relates to the clinching of thick netal
wor kpi eces for producing | oad-bearing clinch connections according to
t he introdug&gbymggP&mgf claim1, the use of corresponding clinch
connections I n steel construction according to the introductory part
of claim9, as well as correspondingly produced steel construction

el enents, particularly for use in escalators, noving wal kways or |ift
installations, according to the introductory part of claim 1013.
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Characterisation of clinching is possible in accordance with the following:

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

- according to the matrix shape: solid and open matrices

- according to the too! kinematics: single-step and multi-step clinching.

In the following the primary concern is clinching without a cutting component. This method

25  has certain advantages relative to the conventional method used for connecting plales or
other workpieces, such as, for example, welding, spot-welding, connecting by means of
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.

30
The clinching of plates and other metal workpieces thicker than 4 millimetres is known
from US 2006/0086075 Af. As was established within the scope of the present invention,
however, the clamping forces ih this known method are very high, which on withdrawal of
the die can lead to damage of the plates or metal workpieces.

35



PCT/ CH2008/ 000047 2 The object of the invention is to provide a
met hod for clinching plates and girders of thick plates, preferably

with thicknesses greater than 4 mllinmetres, with | ow clanping forces
so as to bePCAKHE0P#000R47 ably use clinching in the future even in
steel element construction where it is ijrportant that the

correspondi ng parts can be | oaded with eater nonents and 5 forces.
Stated in other words, the clinching shall be nade usable for
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circumscribed or defined by the respective dependent patent claims.

20
According to the invention it is possible to clinch steel plates and steel girders or steel
profile members (here generally termed metal workpieces) by lower clamping forces and
thus reliably produce stable and load-bearing steel construction elements, wherein the
metal workpieces together have a total workpiece thickness (it) thicker or greater than 8

25  millimetres.

Steel components of sufﬁcienf' load-bearing capability and stability can be reliably
produced only with the correspondingly thick metal workpieces and the clinching method
according to the invention.
30
In order to make this possible the clinching tools were appropriately developed and
optimised. The fools according to the invention are distinguished by the fact that they
have a conically shaped die with two transition regions, wherein the transition region in the
area of the end surface has a greater angle than the upper transition region connected
35 therewith the greater flank angle can be smaller than or equal to 10 degrees and go over



PCT/ CH2008/ 000047 3 into a flank angle of from5 degrees to zero
degrees. The dianmeter of this die preferably lies in the range
between 10 mllinetres and 35 mllinmetres. Particularly preferred are
di anet er s DETVEH2R0SIT00A4A | i metres (14 mllimetres, 16 millinetres, 18
mllimetres) to 20 millinetres or 25 mllinetres, wherein this

di aneter depends on the thickness of the3nmetal 5 workpieces to be
connected and on the required strength or tensile force. Through the
present invention, clinching is a real alternative to welding, which
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framewor k or Fporti ng structure of an escalator can be produced by
means of clﬂqq@nd nado thecinvengow. platesavalie membarwgdlomnmtcbmgonents or metal
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for exanple to eari ng or support rarrevvor struct
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spot - wel de@xgapisohneatiens on steel girders with plate profile members, plate parts or plate strips
20 to increasing extent in lift and escalater construction, wherein, inter alia, a part of the lift
cage or of the framework or supporting structure of an escalator can be produced by

means of clinching technique.

However, various load-bearing attachment parts can be fastened by means of clinching

25 technology, for example to a load-bearing or supporting framework, structure, bracket,
sculpture, chassis or frames. Tt{us, for example, plate claddings (panels) can be mounted
by means of clinching.

A non-detachable connection of two metal workpieces, which in addition achieves

30 substantial helding forces (tensile forces and shear forces), is created by the present
invention. Under dynamic loading it emerges that the thus-produced clinched steel
construction elements have a significantly better load-bearing behaviour than spot-welded
connections,

35 Both coated and uncoated materials can be connected together without problems in



PCT/ CH2008/ 000047 4 accordance with the invention, which opens up new
possibilities of material selection particularly in lift and

escal ator construction. Thus, for exanple, plated, painted or

pl asti c- coRATACHAREEO04INd/ or steel girders can be connected together
wi t hout the coating suffering noticeabl e danage due to the clinching.
The netal conponents or metal workpi eces? can 5al so be provi ded with
an anti-corrosion coating before they are joined together by
clinching to forma |arger steel construction element. A further
advant age dfcceriance| Wittt fen pverdiophwhick sipeps Gﬂmeo%%'t'%r?ﬁé‘@qﬂ?r&h selection
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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:

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

together by clinching, in a substantially simplified schematic illustration;

Fig. 2A shows a first step of clinching according to the invention, in a schematic
illustration, wherein the two transition regions of the die are not illustrated;

25
Fig. 2B shows a second step of clinching according to the invention, in a schematic
illustration, wherein the two transition regions of the die are not illustrated;
Fig. 2C shows a third step of clinching according to the invention, in a schematic
30 illustration, wherein the two transition regions of the die are not illustrated;
Fig. 3A shows a section through two clinched metal workpieces;
Fig. 3B shows a part section or detail of a region of the clinching tool according to

35 the invention;



30il lustration, wherein the two transition regi ons of the die are not
Illustrated; Fig. 3Ashows a section through two clinched netal

wor kpi eces; PCT/ CH2008/ 000047 5 Fig. 4A 5 Fig. 4B 10Fig. 4C shows a
secti on showgmgHaoomommbamched nmetal wor kpi eces or nmetal conponents and
a part of the clinching tool (not according to the invention),
wherein the die of the clinching tool ha®% a dianmeter of 12
mllimetres; shows a section show ng two clinched netal workpieces
and a part of the clinching tool (not according to the invention),
wherein the die of the clinching tool has a dianeter of 14
mllinmetress oWs a [ Wi : | i I kpi.e

and a partsﬁ)‘?'%t e cl is'!r?]c |nagqsteoo(?l (Sﬁ‘%}uh ccor&ﬁ}%ggéjomtgﬁg\?n é%%goﬁ ,smetal
wherein the die of tRempenentsiAnd@ Radialf thesglinehing taatdnetracodrding to the invention),
mllimetres; Fig. 5 ' la%? ’ .
illustrated die acco@g?%}sﬁpgdﬁ??%%m&\pgﬁﬁ?j%ﬁ?ggi%%. stﬁg\?\gHg%g?tr 8’ Vi ew
of an edcal ator or a noving wal kway with the franework or support
structure; BORBI. 7SHOWE A sSdtidR sHORRG ;w(b)o ?Iin@ﬁé& mefal FofkbREBEVBFKa Wak ¥f the

doubl e clinch connections, according to the invention; ) )
clinching tool (not acfording to the invention), wherein the die of the

clinching tool has a diameter of 14 millimetres;

10 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;

Fig. BA shows a section through a schematically illustrated die according to the
15 invention;
Fig. 6 shows a side view of an escalator or a moving walkway with the framework

or support structure;

20 Fig.7 shows a side view of a part of a framework with double clinch connections,

according to the invention;

Fig. 8A shows a part view of the framework with double clinch connections,
according to the invention;

25
Fig. 8B shows a section G-G through the double clinch connections, according to
the invention;
Fig. 8C shows a part view of a framework with weld connections, according to the
30 state of the art;
Fig. 9 shows a part view of a further framework with single clinch connection,

according to the invention; and

35 Fig. 10 shows a part view of a centre support for a framework with clinch



Fig. 8Ashows a part view of the framework with double clinch
connections, according to the invention; 25 Fig. 8Bshows a section

G G through the double clinch connections, according to the

i nventi on; AETEH28THWOMT a part view of a framework with weld
connections, according to the 30state of the art; Fig. 9shows a part
view of a further framework with single &linch connecti on, according
to the invention; and PCT/ CH2008/ 000047 6 connections, according to
the invention. The scope of the present patent application, as

al ready indicated i nc@ectionsrasgereing dnthedwyreidns clinching without a
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10
The principle of the invention is illustrated in Fig. 1 purely schematically. Two metal
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 termed die, is shown above the clinch
connection 10 or the clinching point 10.

15

The clinching too! 20 comprises a die and a counter-tool 30 which can be constructed as a
matrix or anvil. The die is designed to be rotationally symmefrical with respect to its
rotational axis 24. The die has a flank 25, which is arranged concentricaily with respect to
the rotational axis 24, with a flank angle W. With respect to a terminal front end surface 23

20  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
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 5A, merge into one another in non-continuous

25 mode and manner and have different flank angles W1, W2, The metal workpieces 11, 12
to be connected (for example, a steel girder with thickness t1 and plate with thickness t2,
wherein t1 > 12), 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 connection 13, which has a shape similar to a

30  pushbutton, a compression point or a stamping peint, 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 construction of the clinch connection 13



The clinching tool 20 conprises a die and a counter-tool 30 which can
be constructed as a matrix or anvil. The die is designed to be
rotationally symmetrical with respect to its rotational axis 24. The
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termed die return stroke finally takes place (see Fig. 1). The (partly) finished or connected
35 orjoined steel construction element can then be removed or further clinch connections can



30 produces the so-called die forward stroke in'the direction of the
metal wor kpi ece 11 and subsequently the workpiece 12. In a first
phase of the die forward stroke the die is advanced (Fig. 2A), then

t he recessipog/qHrassooadees pl ace in which the die is sunk into the
metal workpieces 11, 12 and these are upset and defornmed (Figures 2B
and 20). A phase terned die return strolk® finally takes place (see
Fig. 1). The (partly) finished or connected 35or joined steel
construction el enment can then be removed or further clinch
connect i onsedanmedPCT/ C H2008/ 000047 8 be fornmed. As a consequence of
the upsetting pressure during the recessing a transverse flow of the
material of the netal workpieces 11 and 12 occurs, whereby the matrix
30 with thets ascaiepml@@% ohthe eiperiting prasdure/dwing desf iscensingontrapuerse Jaw of be
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in the regifndly withBuPRtLBhPabRForeHt SRRt RWRYPktrix 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 smail 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 themsg}ves lie in the region of the anticipated outcome (however,



PCT/ CH20081000047 9 notw thstanding tool |ubrication a high |evel of
jamm ng of the die in the workpiece occurred). More precise tests
wWth respect to the jamm ng of the die have shown that the jammng is
5caused by RCTGItH088/009047ess acting on the flank of the die. It has
proved that excessive radial stresses arise particularly in the upper
transition region 22 of the flank 25. Inffa further optim sation step
the geonetry of the die was now sel ectively changed in such a manner
that a lower radial stress acted on the flank 25. Due to the fact
that in thenotwithstanding tpeJolbricgtivmm Bigh Hevel f iemming efhthendigkin the workpiece
t hi cknesses,diprefpd the val ue for the undercut f of the die with the
dianeters D2 = 12 mllinetres and 02 = 14 mllinetres were al nost the
sanme, further optim sations were undertaken Tests were in that case
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are even nutually contradjctory in rou%‘i sel ection
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basis for thaevdeRitkkwiikpiesest!q, nohiThg &fmysx @Ifé lﬁ:ltc"eE %ﬂh réduass fhtéqstﬂeﬁg}h of the
el ements by clinch conn ctlon

t
Shown | n FIGGUPESRAS SUh COHTR ofb 12 P B o SR Bishlyersies gviction

accordi ng te]bn’ddm invention has in each instance a constant die flank
angl e Vy , i.e. DL < D2, or, stated in other words, at |east that
part of othe die comng into cont act with the workpieces 11 and 12
during rec els’nswlagousa:fpltmmtmmstdm\hmrleld th the cd¢dognitign that theriesihe oflthediatiksost
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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

25 flank angle W, W1, the jamming could be reduced or entirely prevented without leading to
a detectable cavity formation. it is proved that these two effects are correlated only in part
and are even mutually confradictory in part. Through the selection of a suitable angle
range the two effects could be minimised. Thus, the basis for the thick plate clinching of
stable steel construction elements by clinch connections 13 was established.

30
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 = 59, i.e. D1 < D2, or,
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

35 of the die at the workpiece side).



4C, because they are applicable in anal ogous manner to the die
according to the invention. The flow behavi our of the workpieces 11,
12 in the casecafosrsmosf dies with different dianeters is shown. In

5 Fig. 4A it is showm how the two netal workpieces 11, 12 deform when
the die has a dianeter of 12 mllinmetresl0In Fig. 48 it is shown how
the two netal workpieces 11, 12 deform when the die has a dianeter 14
mllimetres. Fig. 4C shows how the two netal workpieces 11, 12 deform
when the die has a dianmeter of 20 mllinetres. In all three
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35 Dies have proved particularly satisfactory with a diameter D2 between 10 millimetres and



15connection too small. Fornms of construction of the die are ideal in
whi ch the flank recessing or flank reduction produced by the flank
angle ri not too large, since in the case of a too-large flank
recessi ng OPCTCHaWEA@A4Tti on the radially directed pressure on the
wor kpi eces 11, 12 is too 20small and the transverse flow of the
materials or of t he nmetal workpieces t hus! reduces. The i ndicated
angl e values for W W, W have 'al so proved satisfactory because the
clinch connections produced by t hese di es have values for the neck
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4., < 2 tt, | t he coni ca dsha ed tr nS|t|0{Plre ons 21, 1%2
cor r espond r\?ﬂ‘f’ﬁ Zp P \RE &Yay: ing Qi FisPripctingdroming mekal gsimiceg 11,12 (e in
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12 follow ng by way of Figures 1 and 5A. Form of enbodinment 1 -
10  This construction of conical dieéjexhibits 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
hetween the metal workpieces 1'jl, 12, i.e. the flank angie W, W1, W2 cannot be selected
arbitrarily, since otherwise the cavity X would be too large and the strength of the clinch

15  connection too small.

Forms of construction of the die are ideal in which the flank recessing or flank reduction
produced by the flank angle l$' not too large, since in the case of a too-large flank
recessing or flank reduction the radially directed pressure on the workpieces 11, 12 is teo

20  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

25 cylindrical thin-sheet die. This" means a comparable, identical tensile strength of the
corresponding clinch connection 13.

The conical shape of the die éxtends 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
30 metal workpieces having an overall workpiece thickness tt > 8 milimetres 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 it and twice the

workpiece thickness tt.

35 The different die shapes accqrding to the invention are summarily explained in the



2 Fig. 1' 5A Typical diameter DI <D2 and 10°mm < D2 <30 nm _ DI < D2
and 10 mm< D2 < 30 mm _ Length L of the transition regions 21, 22 0
3ttt <L<2. tt0O03tt <L<<2. ft Algle W < 10 degrees in
t he | ower tRCAWE3H20082000047gi on 21 and

10

15

20

12
following by way of Figures 1 and 5A.
Form of embodiment 1- 2
Fig. 1 5A
Typical D1 <D2and D1 < D2 and
diameter 10 mm < D2 10 mm < D2
5'30 mm <30 mm
Length L of the 0.3tt<L <2 03tt<L=<2
transition regions 21, 22 | tt tt
Angle W1 < 10 degrees W1 < 10 degrees
in the lower in the lower

transition region 21 | transition region 21
and and

‘W2 =0in the upper | Ddegrees <W2in

transition region 22 | the upper transition
region 22, wherein

W1 > W2

The attained strengths, which are achieved with the die according to the invention, for
example with a die with 12 millimetre diameter and a 5° to 0° die flank (form of
embodiment 2, Fig. 5A), is on the average more than 50 kN or 55 kN. In the case of
particularly carefuily selected conditions the tensile force even lies at approximately 58 kN

with a slight tolerance of only a few percent.

Two criteria are to be taken into consideration for the stripping (stripper) force design of
the stripper 40. On the one hand the stripping force or stripper force has to be larger than
the jamming force of the die. This value is naturally strongly dependent on the die

-geometry employed, as was described, but also on the lubrication or coating of the tools.

Maximum ejection forces of 30 kN to 40 kN have led to very reliable results. In an
optimum design of the fiank angle W or the conicity of the die, ejection forces attain 25 kN.
A further reduction in ejection force can even be taken into account for the 5° to 0° die

{form of embodiment 2, Fig. 5A), since jamming of the die never occurs here.



W = 0 in the upper transition region 22 WL < 10 degrees in the | ower
transition region 21 and O degrees < W2 in the upper transition
region 22, wherein WL > W2 5 The attained strengths, which are
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20
This steel construction 4 has to satisfy the highest demands and is therefore costly and
complicated in production. According to the invention use is now made of framework steel
construction elements or framework support elements 5 as shown in Fig. 7. Such a
framework steel element or framework element 5 can comprise two steel girders or profile

25 girders 6.1 and 6.2 extending in longitudinal direction. Particularly preferred are steel
beams with an L, | or U profile, as well as tubes or shaped tubes. These two steel girders
6.1, 6.2 are connected together by a number of flat plates or iron sheets or by a number of
plate profile members or steel profile members 6.3, 6.4. The flat plates or iron sheets or
the plate profile members or steel profile members 6.3, 6.4 are, according to the invention,

30 fastened to each of these steel girders or profile girders 6.1 and 6.2 by means of one, two,
three or more clinch connections 13 and thus form a stable framework frame, framework

support wall or framework support element.

As can be seen in Fig. 7, the flat sheets or iron sheets or the steel profile members or plate
35 profile members are typically so arranged that in each instance in alternation a vertical



15 with encircling handrail and an endless chain with tread steps or
steps 3. Typically arranged bel ow the balustrade 2 of the escal ator
or noving wal kway is a steel construction 4 which is so constructed
that it briREFJ&®206084000847e i nt er nedi ate space or the support wi dth
between two floors El and E2 and carrles the el enments, conponents or
subassenblies of the escalator 1 or the ﬁDV|ng malkmay 20 Thi s steel
construction 4 has to satisfy the highest demands and is therefore
costly and conplicated in production. According to the invention use
i s now mad&tRyforfstriheadellews apdnciives syt s diaganal (St e clisch cRanAstiRnsKiS are
support el iRt iR FRS7 Bheirdled 'm"Fi g. 7. Such a franmework steel el ement
or framework el ement 5 can conprise two steel girders or profile 25
girders 6.1 and 6.2 extending in longitudinal direction. Particularly
preferred FetaisorelstsRPedigtridtioh effent 5 hcadiding fortbé irventiorsarsvehdwrais Ridsbes

Coget hot by SR Aol 01 Heel BT s okt v, recTaL SRS B SRestt R shre!

pl ate prof Ipl'cﬁllmfﬁéfﬁhérs opstestt [ﬂ&ﬁie pTeofblefses b earsbebsen. Bn the lﬂ'd!;ﬁaﬂ‘eﬂ@cample

pl ates or ijton shee I o]

menber s Q" éteﬁl %' césof’"ﬁ th F ﬁg Ifgn'ﬁ%rﬁ%qgﬁ{ d%?tg ?qeth'gﬁ{et%% eacﬁ
of t hese smml&ﬁnetgesrdwrmemtrupsrmﬂhéetays rapid rdiag6nas aredaiigle! pigtenprafiis nofmbers,
one, nne, t
Framevor k oA0eet, SR Geftd BERLERNIELY b toh ieriTb, B e
PCUCH2008/ Otdeialthicknessd gmat@tthart oreeqRial tg|3 milisnetias.i ﬁcsacm“dths:tulnttwmlmch
di agonal 6'061n LhishsChi n,frl‘}angé’d“'b%fa‘cb&nﬁ: bre %n%thbpcﬂaﬁaﬁéa%ebﬁ' ik Eeby The
circles Betarl s of a steel construct]on el ement accor%l

t he i nvent |cgrmeswp@dragmmectwnﬁ #s0 tegned @%M"B@ cmn@ct@f! t he st eel
girders 6.1 and two of the flat plates or iron sheets or the sheet
profile menbers or steel profile nmenbers 6.3, 6.4 can be seen. In the
i |1 ustrat edcexdingta tﬁ"ﬁe'“!ﬁﬂé’@!‘ Ye9 deansiguction £lemenis §re degardsd éﬁg?aé“c”’arly

menber 1¢i t @d@an@teeus a,bhudrhlcﬁﬂfrreesaogelhe? hefdil Ivbdrmcteesmaamretehe tﬁbmb§ (o

th t d |
Cheets ot Bdmale aPS ehoiudiial, o 0gE G Bl Siedbis butcano e A pradlecBambers o
6.3, 6.4 wistehl ﬁ'ofllé(}némﬁeﬂ bastetlndonkinesion pidfi lgrrﬁ!a'hlﬁrs Bl8a6.40r wiesreialthd dindh

| h d
T oy < onheRE R AR PP PR 003 g 25 A e
connect i on clirehing stoolt isrsvekl midmtrll ¢hec bidacif tlumtmﬂ(et grmtel virkpect agd ltmel tiimeh
t (£ e aptjc :
15" acvalt o RBRei RER® B k8o oS e BhE, G rler 4B SaBR B GRS, Yinen
t hi ckness comecmmoe preferied in whigh thecthlnls&r n@ﬁter@éﬁsestPeqbbbfonﬂledegirmd@ﬂsin

6.1 and ! Pg}fothf% Al @W%ﬂ%&r%’fﬁhgvé@%ﬂ?ultﬁ%ﬁ%Wrs or steel

connecti ons 13 are pr ef erably applied fromthe thicker workpiece
side, i.e. fpg écqh&E i Bfovi, 'f&CéUnﬂﬁnE&?P'a ba?'t atmha.hew&kcunfﬁa%wmda,p%n

t he thlcker met al wor kpi ece_and inch 20 connection forns on

the op@bsi framgiaiahichdee pogpieges 6 6. "s@ét e@‘d 3 Weldee togdred Py regansh five or six
connect i ONgyefl @nRécRbY. Ned obmounhﬁtfbut:nmmoﬁﬂfe%ﬁomr@u;em& 1 probigsehaped

by local deformation in the thinner material through trans?ierse flow
to forma fixed connection. In Fig. 8Cthere is shown, for

\(ll\ﬁ”pﬁri EOHA farl'(tlﬁ?@rfbrnﬂbf mﬁdmwgh@rnvémaﬁwd ddesmmvg)ra PBref usane nﬁsfde of
ich the workpieces ar e e

Flve or "si Al RGO aaRRRS Y SiteP i EES 3, HBAC bR trudeg RERL" Tre
connectaoonsomsaoms;td:qnnenlopnsddune}i singlé’clinal téreectioor m of enbodi nent of
the invention is shown in Fig. 9. Here use is made of single clinch
connection 13 in .order to produce a steel construction elenent. The
30cor r espoiduntiger daymnd @nibodimiest ofanvertiorsisisgbwen vl Righdlif. dteneest isagainAnade of

Further forf RloofRRA I Fhel BYRP ek Scrd O Wnidid blcentd) siifoR 8154
steel mode of construction. This (middle or centre) support 51 can be part of a steel
35 construction element 50, 5 for use in moving walkway ceonstruction or escalator



clinch connections 13 in order to, for exanple, create a (m ddle or
centre) support 51 in steel node of construction. This (m ddle or
centre) support 51 can be part of a steel 35construction el enment 50,
5 for use iRCTMHZOPRI008B4KWay construction or escal ator

PCT/ CH2008/ 000047 15 construction. A steel profile nenber 7.1 rests,
as schematically illustrated, on a | over 135t eel profile nmenber 7.2.
The to steel profile nmenbers are connected together by clinch
connections 13. In addition, 7.1 and 7.3 can also be clinched with
6.2 and hawvengistien.i Actied prnefie Meatbenr . lareplenas Feheatiealli riktustrigason 3. loveer

| ongi t udi NnadedlplofiRméhbd? 7 1 TH tab 'SERY pBfild Mefitefs ar@ cOfndcRRY t8§&8dr b?f clinch
profile nmenber Several flat plates or iron sheets or severa

7.1.
pl at e prof iqEBNeAieselS 18addtiNe 7. 1773 eanvaisades dingneg with &2 gphavgang glingh
to this | onghidetbhat a Gw EIREN B6nrRERINS|18. N bAGIURalZgild¥r 61 pro@d girder 6.2 rests

connections 13. According to the invention stee%’a?s%nstructl on

h
oF oot & c2 1B SESURONIBAATOO ¢ dd SRFIEh 121 PBISo, 6] TR o8P o4 SPYGFR) Plte profle

i nstal | at i QRembEigI6r stéd profikaigrhibers 6% 66idrs tastehédilo tiRNdraitedieal §tder a0 plfte
a supporting or é:axrsr%l Fg el emantmor a fixing elenment of a lift cage.
The second FFEE-< ROFISD EpNes®nSd3 hen a flat plate or iron sheet or a
plate profile nmenber or steel profile nmenber, which is fastened to

t he supportjng or rr.yi e S 10X I ,
tuo, b ec A5PBp S TS Ml a B REE e Rloioh B Rng AR sReF AR it S
frane o0 Tarttdfea dififisstglatiommeTtol, forl éxbmpeadee Gmh netal cgorspiecec ti & ccahr e
stable ste 5 de : | r S f
sections. %B@erﬁ @t F)'lsjf %é&:gqpﬁggﬁﬁggcﬁnﬁcﬁéﬂ&tﬁo&t%zﬁgc%g%lrmgfelr é%%&t"?%'
addi tion, tweekpidcact? isitedr] a dlat pleiever itanedhiettsor alplateeprotiamenredryionstest prefile
wi nch fra NGE i bl {4
Tember s o N ELoUHEE i ARl 16 1P o] 3 il et By Mg lemant b
be a suppormeass of praniwe|tre At mere dinelb connertites dAt Thew dertaxpmeleg e fRmgnms
or counjser Wl estybmskebr aflitecdgiel dani s Edstradtéd From! lablBisteet 3R Gerk N8 having
second nmetal workGO ece 12 is a flat plate or iron sheet or a_r{%l ate
profile nmefBraloiruly efethegt petd ar sieabeactionsst Hsss strutstaie fixedip sliches to the
2 g am;'Se: tem%mel de?@aﬁﬁadgfltioﬂ!]@\? Wnt»wh tr%lﬁﬁ; G?vé)!l’relﬁ% deve béﬂﬁ,herfg?iér%ttﬁﬁd, Qfirzh
: i_,s al so possible .the die tqol 20 accordi o the
Fventi on (GTEGT APSUS RN Behbe DAt VEHES §rouE RS PePRs anor her
(see Fig. 8A and Fig. 813) in order to further increase the tensile
strengt% ILn 'this case_ .t

and. shear strength, has proved that the
Censt P 0s; DRGPR TeRl ohHer 1 o v E T crt oo A PR it sleMen ot e
as | arge byoadenpeight aountetweigh frame sir glirtersieight haskenofee tift dnstalldtionThia this
sanpl es coul I e Wi_t roxj ,
pamji cul ar I%ggeaﬁ'g asﬁ?%ge'ﬂ%tgngﬁkﬁ%%?ﬁzg'yﬁoﬁ B@% %ﬁﬂﬁpﬁ?}\%éetgor tJa ﬁatlg glreorqﬁ ”S%Tber
di es whi ch casteebprotie gexntedjfastaned to theosippamot fiame ledhenh by meane ot apaltve
of connecti I . rkpiece 11 with the second netal

8o bGore' disdh d8hh tlof?fé‘lgm
irg %y WO cﬁ| n‘g’ﬁ

wor kpi ece connections. Here, two
25

It is also possible with t'he die tool 20 according to the invention to form two clinch
connections 13 adjacent to one another (see Fig. 8A and Fig. 8B) 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
30 a single clinch connection 13. The samples could be loaded on average with

approximately 118 kN.

A particularly advantageous clinching tool 20 comprises two identical dies which are
arranged adjacent to cne another and which are capable of connecting the first metal
35 workpiece 11 with the second metal workpiece 12 by two clinch connections. Here, two



PCT/ C H2008/ 000047 16 clinch connections adjacent to the another are
produced sinultaneously by an advance novenent and a recessing

noxi ement. The exanpl e of a correspondi ng double clinch connection is
shown in FiRfE/@RO8HEO08E. 1t can be seen in the illustrated exanple
that according to the invention, for exapple, a thicker steel profile
menber girder 11, 6.1 (first 5 nmetal workpi ece) can be connected
with a thinner plate, iron sheet, steel profile nenber or plate
profile menmber 12, 6.3, 6.4 (second netal workpiece) by two clinch
connect i onsclingh éR!]“&@téW? adigceNdo aRv PRRther e dedyiced Sifmyltanroupiy ¥ ran astyance

clinch CO”%@JME aA® aCBBesding %a@n@hpdmﬁ@examwé bspatcoﬂreﬁsbtnahagjou&@ clinch
conponent, by open matrices. |h that case resiliently nounted plat

of the mat r‘i°6@%°t'8'i‘ & HYEainJuigsnat @n9 8B ¢ b cap RE SPE'&&Q’?‘?H@JSHPE?@&‘@BV that

t heblr ad:c al efcltc@r\Mn@ft? Eltéanmtlgrplf@cétkaﬁﬁle?bltlﬂbkeb@ﬂe@lvbrbﬁ]@ m?eagwérhmss 1 (first
enaple rormatl on O cu rom
Convent 1 ondneearHdey car snpesps ap et Hgtec Gon Siveh SBal Al ygmber or

whi ch has tpste fopdflecomemberatdy 818, dgie@edond\metalueorkdiedel by sqxeclinah cpriestions! 13
of function ween (joining) die and counter-tool (anvil)
does not wﬁﬁjéalc?ntﬁﬂgn%ﬁ%chmtry of the connection 13. The demands on
accuracy for the joining nachine thereby are not dim nished.

Ti me- consug&g&grdﬁ th tﬁ@|n9§1t@§§{irfcﬁwtc%ﬂﬁec?gﬁ5 P?cﬁ‘l élgé HQ r ea%p v\){fﬁgﬁtaat cutttH'Ig

reduces an Proces I NCreases, Sl nce
mat ri x Hdgecopwrnend, liyootgaannaj&@ar In nhaé caserresilianily movnied ikstessefdhe matriges are

j oi ni ng taslhﬁ e&,hﬁ%[} teP theTREEdsth apf?oée{%? bgé%ﬁ@ra‘a al ﬁm%gﬁe%o*&b& Rdterial

task, as in case conventi o 'S no
necessary. M@djedﬂﬁtfh@cﬁﬁ‘ﬁb‘étfwmﬁﬁomg’ﬂéﬁ'énderca'tter and Iess
di sruptive than the connections-produced by conventional clinching. A

change in the sheet thickness is.possible wthout tool change and
saves val udtieg e he gdyantages Af cpauegtionah cinsBingmialrix-diee pAnehingy camplse be

pl ace wst hQiskd AuHidras tiedfoldind édJah@Qe@by VGl 6TQts ispédiat PRSI BEfURBREr
of clinch Connect | %Q;et betwéen @ollnnlrgg) die ands counter-tooi (anvil) does not impair the quality
of the connection 13. The demands on accuracy for the joining machine thereby
are not diminished. .
- Time-consuming setting up operations can be eliminated.
20 - 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
change of joining task, as in the case of conventional clinching, is no longer
necessary. K
25 - The joint connections 13 are flatter and less disruptive than the connections
produced by conventional clinching.
- A change in the sheet thif_:kness is possible without tool change and saves valuable
working time.
- A change in the material pairing takes place without outlay.
3¢ - Matrix-free clinching increases the number of clinch connections or joining points

per tool set or per (joining") die.



per tool set or per (joining) die. PCT/CH2008/ 000047 17 Patent
claims 1. Method of producing a.l oad-bearing steel construction
connection, wherein a clinch connection (13) connecting a first
met al wor kRG36#H20081G008471, 6.2; 7.1) with a second netal 5workpiece
(12; 6.3, 6.4, 6.5, 6.6; 7.2, 7.3) is formed by |ocal deformation by
means of a die tool (20) and a count er - t Yol (30), conprising the
steps: placing one on the other and aligning the first netal

wor kpi ece (11; 6.1, 6.2; 7.1) and the second netal workpiece (12;
6.3, 6.4, Paentglaims7 o 7. 3) on a processing surface of the
count er - t ool (30), 10- advanC|ng a die of the die tool (20), 5|nking
the die |nto the two netal workpieces (11; 12; 6.1, 6.3; 6.4;

6.5 6.6, 7-1, W%odwfssoduwm él‘Pf‘Qrb@E'iﬂQa%%?i CB'F?érUStfP"tQ’?@”Qﬁ“H'érWheiﬁW PIC"HCh

t htehgl i nch c@ﬁrﬁlﬁtﬂgﬁ {180 corndktirigSa firef MBI \barkblae@dﬂd@ﬁ% pE?.hORitRAdecond metal
W I’aWI n e | I’EI ece

o o2 e (72 8 G oA B {7 LR BamE] af‘oa%{&e@ﬁaat@@@am%m die
wﬁ_r kEi ece Etd%(zcﬁaad aﬁoehter&o&l (3(13, é&mpfisidg tI~Zas’£e)pshas a secgnd wor kpi ec)e

t hi ckness 1 i ch CetIC I

L ckor T han s FEORE sbBRBARE bt 45 Bidhadhe MR Rl SEuREeRLrR. 62070
desi gned to be mod #tel sEcahd meﬂa}'mﬂdplecemz,\&a, 6.4, 6 6, 7t 78) rontaapriocessing

axis (24) and h cally shaped transition region
(21, 22) which %grrfa%tg lr BuFﬁQPtOSRQb)(W WL, W2).in the direction of

si nki ngi0i n-of t hevadrieg aa:irﬂjc’ftﬂhaadléltcwh[mhngl e (W W, W2) goes over from
a first angle (}%)(mgftgea%%e P({Grthé Bt w&k%FQés"%(?—zl)m "6“3%‘4 lE?’?Q%S 8.6;

into the end su to a second an
transition regi &t {227.3 Whisheare plaped eneragtt angheé U(1W.fb1€‘ F'@Cblcéléﬂeéﬂoﬁ {18his

the second angl g ¥®hy RRE deh@hatbn’dn@g the reshaping the die also in
the upper transition re lon (22 is at least partly sunk into the

met al wor kpi ecey'”QQEW'”S e die, wherein
15 - the first metal workpiece (11, 6.1, 6.2; 7.1) has a first workpiece thickness (t1) and

the second metal workpiece {12; 6.3, 6.4, 6.5, 6.6; 7.2, 7.3) has a second
workpiece thickness (t2) which together give a total workpiece thickness (it) thicker
than 8 millimetres,
characterised in that

20 - the die is designed to be rotationally symmetrical with respect to a rotational axis
{24) and has at least one conically shaped transition region (21, 22) which narrows
at an angle (W, W1, W2) in the direction of sinking in of the die, and the flank angle
(W, W1, W2) goes over.from a first angle (W1) of a lower transition region (21),
which leads into the end surface (23), to a second angle (W2) of an upper

25 transition region (22), wherein the first angle (W1) is greater than the second angle
(W2) and that during the reshaping the die also in the upper transition region (22) is
at least partly sunk into the metal workpieces (11, 12).

2, Method according to claim 1, characterised in that a steel construction connection
30 is concerned in which a steel- profile member, steel girder, steel plate, shaped tube,
stainless-steel, aluminium or copper plate or steel plate profile member (6.1, 6.2; 7.1) is
used as first metal workpiece (11) and a steel plate, steel profile member, shaped tube,
stainless-steel, aluminium or copper plate or steel plate profile member (6.3, 6.4, 8.5, 6.6,
7.2,7.3) is used as second metal workpiece (12).
35



ettt e ] R
2. Method according to claim1, characterised in that a steel
construction connection 30 is concerned in which a steel. profile
menber, steel girder, steel plate, shaped tube, stainless-steel,

al um ni um dICTEDREH00804Ht e or steel plate profile nenber (6.1, 6.2;
7.1) is used as first metal workpiece ( and a steel plate, steel
profile nmenber, shaped tube, stainless-steel, alumniumor copper
plate or steel plate profile nenber (6.3, 6.4, 6.5, 6.6, 7.2, 7.3) is
used as second netal workpiece (12). PCT/ CH2008/ 000047 18 3. Met hod
accordi ng to c| Mefthod acgeidingdq eipimse ghargcterizpd it Hiat thefistt wadirigse ddgkness (1)
t hld C\lmess (id t@Leaté‘r tﬁé@&ﬁ@rse&d?ﬂnwér?ﬁe&iﬂﬁﬁkﬂey@(tﬁph@@QvHeFHm? Iﬂgfﬁsst (V\Foa%plece
an erein the i ece thickness ra reat er
Than o equuPEss Ui piereal st et ALSReLE MBS Sbhe riac sblirice
(t1) is pr eafhicunabd {1)0¢ prefepably fraaieothae quejual o 3aniliretrestet res. 4. Met hod
accordi gg to any one of the preceding clainms, characterised in that a

die is sSelected having a conically shaped transition region (21, 22)
with a length Lmemdradbcﬁrgingmo bieorteadf He wecddigentdéms, luhetastesised intthat asiie is

than Tt andSehes Bring A cmIRbd RIS Balok 21 '2) APE 16T Gtk S
accordi ng the wta) worI@teoé thitkoepr @iy edifaligws |63 th | £hawbereis preferdbly h. is Ishortes

die is sel %ﬁasga@ﬁdﬁ%aﬁ}d(wﬁl@ e[(;grg%}re@?%] enpkqi and 30 millinmetres

or 35 mllinetres plrece ess (tt) thicker than 8
mllinmtres, wherein the dianeter (D2) preferably lies between 12 and

20 ml1inetres Qg g%érhlhg?d ér?yson@'d?ﬁ'lelb?ééé%)ng c@m%gl‘é@teﬁ%ﬁ %d?g diePis

any one of the prece haract eri sed | ppe
(40) is us éale@tﬁd WRIRER a\ﬂmet%@%)rb@tvmeé 19@ng 30 mll'@ﬁ%ﬂﬁ Qi 3§éw%lm5¥¢90fﬁr a total

after cli n%ﬁ'l‘!’ﬂﬂac@ftm&ﬂ?ﬁsé’fm 3hick®'thdH & GRIBmétiss, wherbin theZdiarfetds (DB preﬁerﬁbly
6.4, 6.5, 6. c#é;) 207. Met hod. accor di 38%\% laim5 and 0,

characteri Q%%Ib"r't‘r‘{e?%%?ta'i ‘EH“I‘TIGHS%P"%%@ flimetreg t owards a surface
(15) ofisthe first rretal wor kpi ece (11; 6.1, 6.2; 7.1) prior to the
separation _and dur i t he separatjon arating force i

exerted refativ dt?‘?& ae IWr 8‘%:&? ‘frfciede‘% flaims, %har?ctfnselen thatza
6.4, k6. ? @trﬁper?dﬁ) is (s&) orbwltmam obthet diess big tq)@mble(sﬁb}aralugn hfﬁer&\lll\n;]cmtrvg_rdﬁ
stroke forge act it e ack, erein
t he 255epaﬁhaetmﬁ f‘?‘%b%%ce 29103 %tzhlztjl %b%gbgg%% or kpi ece

thi ckness (tt) thicker than 8 nmllinmetres. 8. I\/Ethod accordi ng to any

one of jhhe precgding a%@r!dgﬁ t?%%ﬁﬁd’/b%dcﬂa%c}é?ééd ‘ing]a't W%P@ﬂé (8488

ar range adj acent to one ot her 'are used simultaneou
first netaladgmcebiovgrascesyriace (§) of the fipst mptal yorkpiege hﬂe@ﬂe@ZMi' i )hpriohte the
second net g} é?ﬁlfo‘ﬁ@nﬁ%t@%g ffle 3 paﬁ?tl%n a@eﬁaraﬁ)gf?orcz |s.2exe7te§éel§§0e§d"ﬂ:\e metal
adj acent cli n connecti ons g e sinking I1n an hdr awal
of the di eworkpieces (11;6.1,6.2; 7.1; 12; 6.3, 6.4, 6.5, 6.6; 7.2, 73) by means of the stripper (40)
while a return stroke force acting in opposite direction draws the die back, wherein the
25 separating force is less than 45 kN for a total workpiece thickness (tt) thicker than 8

millimetres.

8. Method according to any one of the preceding claims, characterised in that two
identical dies arranged adjacent to one another are used simultaneously and the first metal

30 workpiece (11; 6.1, 6.2; 7.1) is ;:onnected with the second metal workpiece (12; 6.3, 6 4,
6.5, 6.6, 7.2, 7.3) by two adjécent clinch connections (13) after the sinking in and
withdrawal of the die.

9. Use of a clinching tool (20) for producing a load-bearing steel construction element
35 (5; 50) from two metal workpie'ces (11; 6.1, 6.2, 7.1; 12; 6.3, 6.4, 6.5, 6.6; 7.2, 7.3) ,



PCT/ C H2008/ 000047 19 wherein the nmetal workpieces (11; 6.1, 6.2;
7.1; 12; 6.3, 6.4, 6.5, 6.6; 7.2, 7.3) are connected together at

| east by a clinch connection (13), characterised in that the

cl i nchi ng tRESVCH2R08/008847r i ses a -die with conically shaped transition
region (21, 22) with a flank angle (W W, W), which goes over from
a first angle (W) of a | ower tran5|t|on9reg| on (21), 5 which |eads
into the end surface (23), to a second angle (W2) of an upper

transition region (22), wherein the first angle (W) is greater than
t he second wisgdie trqa/\zr)etanmorkmaqudﬁjm Ad. Bl Thstaf hob.#h€.5dibé. a3 o7 Bnare

the upper tdanshdd tgqletﬁ@r%t Rasf eyza clirh %nde@ﬁoﬂ(mﬁeﬁérxctémh ih %Pth%@ﬁnchwg

met al wor kpi eces hat an end face (23) o di e at

wor kpi ece §Ptaé2fh§§man~°gs|ag<h% i §?Fﬁ¢‘%")éﬁhﬁﬂea#éﬂﬁﬁ'°r'(rm?”é%1 AT flaskengle
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30 13 Steel construction element (5; 50) of at least two metal workpieces (11, 12; 6.1,
6.2, 6.3, 8.4, 6.5, 6.6; 7.1, 7.2, 7.3), which are connected together by at least one clinch
connection (13), characterised in that the steel construction element (5; 50) was produced

by a method according to any one of claims 1 to 8.

35 14 Steel construction element (5; 50) according to claim 13, characterised in that the



10wal kway or an escalator (1). 16. Steel construction el enent
according to claim 13 and/or or 14, characterised in that the steel
construction elenent is or the netal workpieces (11, 12) are part of
a lift instRUTVCGH2PEAM00004 17, St eel construction el ement according to
claim 16, characterised in that the first metal workpiece (11) is a
supporting, fixing or carrying el enent % a frane elenent of a Iift
cage and the second netal workpiece (12) is a flat plate, flat steel,
steel profile nmenber or plate profile nenber fastened to the support
el enent, catesl egnsibelioneiement (G; 8) is pariehe framewark {4, eﬁTéo)e‘Pf@w@ﬁ‘{'nQNa'Eww
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frame ele . | |V reldi ri e r '
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flat pl&tewdkvay osbrescaladerdé). profile nenber or plate profile nenber
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(13). PCT/16H2088bomeugctipn exmest aesordingrie claine {3 and/en arrtdnehasadiesised imghat

to claim 1%@@1%%0&’5%?%3&%[9% fssé’rdthb“métgf‘hoﬁcﬁ%céé ?Pﬂ Pﬂrb?é g4t 508 itt

elenent is or the neta kpi eces (11 are part

construct i éwtalipan. cr ane, gantry crane, contai ner crane or cont ai ner
har bouryscrane. 521. Steel construction el ement according to claim13
and/ or 14, characterised in that the steel construction elenent |s

the nmetal W8r kpStekgonsirvctionoslement geeprdingsto Liain 16, \FhpragigEsHsy INdhat the frt
hi gh- vo:c t ageetd Wopidcasi Blié alsussbrting, mqubr\c@}rma@elebéamrrwfmmbiainleaftdf@rnft
a transtor rregr!e grgda t“a ggco?qrd rﬁetgl workplece% |s a flat plate, flat steel, steel profile member or

plate profile member fastened to the support element, carrier element, fixing element or

20 frame element by means of one, two, three or more clinch connections (13).

18.  Steel construction element according to claim 16, characterised in that the first
metal workpiece (11) is a support element or frame element of a counterweight,
counterweight frame or counterweight basket of the lift installation and the second metal
256 workpiece (12) is a flat plate, flat steel, steel profile member or plate profile member
fastened to the support element or frame element by means of one, two, three or more

clinch connections (13).

19. Steel construction element according to claim 16, characterised in that the first
30  metal workpiece (11) is a supporting, fixing or carrier element or frame element of a winch
treflis, drive trellis, drive beam or engine frame of a lift installation and the second metal
workpiece (12) is a flat plate, flat steel, steel profile member or plate profile member
fastened to the support element, carrier element, fixing element or frame element by
means of cnhe, two, three or more clinch connections (13).
35



1022. Steel construction el enment according to claim 13 and/or 14,
characterised in that the steel construction elenent is. or the netal
wor kpi eces (11, 12) are part of a steel girder wi nd power station

i nstal | ati AET/CH2a08100pHWer station installation or a solar

instal |l ati on. 23. Steel construction el ement according to claim13
and/or 14, characterised in that 15the stlkel construction element is
or the netal workpieces (11, 12) are part of a pedestrian steel

bridge, a steel bridge, a pylon, a steel girder pylon or a rotar
bridge i nst2) | aiStesh construgtipn elpraent aseiding de claivh 13 laBen fi4.aeheecifirisggl inghat
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el ement i s tensfoimeerstetioh onopbdupiretation.( 11, 12) are part of a refinery, a
factory, a sugar refinery or an industrial plant. 30 27. Steel
construction el enent according to claim 13 and/or 14, characterised
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railway carri e

rail way car\mmch@cefvemnstaaomingﬂaua;pe@wmd|ppwgraﬁiatloagzstallawwr@ %@mmﬁﬂ@mm
22 28. Steel construction elenment according to claim13 and/or 14,
characterised in that the steel construction elenent is or the netal
wor kpi eces %811, Stz C%Sé’u?}li’ﬂte@\“eré agprsding ép Flaltd? andfocit. cohgractegped ig that

tracked 5V9hh§§t€el c@nétﬁfcﬁéd lbmer iS bPGK et Mflpiecas fﬂoﬂﬁ)'aﬁ@%ah ‘éﬁd%&dé&lnaﬁ
si de st acker. . Steel construction el errenﬁjwaccor to claim 13

and/ or 14, %ﬁ’r&@?e’i‘ PERIPTINGE. APYONy A A1eSL EFT RYAR rade&arv ?t"}l”s or

t he net al Workpleces (11, 12) are part of a marine |nstallation a

ship crane,, g}a%i c?'}sﬁﬂHt@%rBreeS[Q (:qra a%,gwelaim M QRarof 11 f afacterised in that

connectlon
the steel construction element is or the metal workpieces (11, 12) are part of a sieel hall

20  roof, a steel dome roof or a steel roof vaulting.

25. Stee] construction e[emeﬁt according to claim 13 and/or 14, characterised in that

the steel construction element is or the metal workpieces (11, 12} are part of a steel/glass

facade, a high-rise building facade, a high-rise building steel girder skeleton or a high-rise
25  building steel girder.

26.  Steel construction element according to claim 13 and/or 14, characterised in that
the steel construction element is or the metal workpieces (11, 12) are part of a refinery, a
factory, a sugar refinery or an industrial plant.

30 )
27.  Steel construction element according to claim 13 and/or 14, characterised in that
the steel construction element is or the metal workpieces (11, 12) are part of a freight
installation, a freight carriage, a railway carriage, a passenger carriage, a subway carriage,
an urban railway carriage or a hfgh-speed rajl carriage.

35



10 30. Steel construction el enent according to claim13 and/or 14,
characterised in that the steel construction elenent is or the netal
wor kpi eces (11, 12) are part of a steel arnouring, a wear-protective
st eel ar noWACTAEI200HD08947four ed conveyor, an arnoured chute, an arnoured

punp or

10

15

a wheel arnouring.

22

28. Steel construction element according to claim 13 and/or 14, characterised in that
the steel construction element is or the metal workpieces (11, 12) are part of a wheeled
loader, a Caterpillar, a tracked vehicle, a forklift, a stacker truck, a front-end loader or a

side stacker.

29.  Steel construction element according to claim 13 and/or 14, characterised in that
the steel construction element is or the metal workpieces (11, 12) are part of a marine
installation, a ship crane, a ship, a water vehicle, a fowed barge, a frame connection, a

steel frame or a ship frame.

30.  Steel construction element according to claim 13 and/or 14, characterised in that
the steel construction element is or the metal workpieces (11, 12) are part of a steel
armouring, a wear-protective steel armouring, an armoured conveyor, an armoured chute,

an armoured pump or a wheel armouring.



