WD 2008/ 098390 1 Method for clinching thick netal workpieces, use of the
corresponding clinch connections in steel construction, as well as
correspondi wal 2o0pbsedgeed steel construction elenments The invention rel ates
to the clinching of thick nmetal workpieces for producing | oad-bearing
clinch connections according to the introductory part of claim1l, the use of
corresponding clinch connections in steel construction according to the
introductory part of claim9, as well as correspondingly produced st eel

constructi opefiidd R chinchinb thick!miétahwbpidtes, iise opﬁﬁaéoﬂéyp%nqu/émhwl kways
or lift installations, according to the introductory part of clarm 13.

C i nchi ng i eonnestipps ik steshcorstuctipnas nell as carerpoRdingly preducedssteelt i ne.

Thi s met hodgéfstrittion di&heR& penetration joining. Cinching is a
def ormat i on- based connecti ng technol ogy which depending on the respective

form of enbodi ment nanages w thout any auxiliary joining conmponent. For

cl inchi ng 't hgl %véﬁtférr]u%faie%r to'the &Wc‘hﬁﬁgtcﬁ iR erfa?%ﬂ@‘iec%@ o ;ﬁga'&éiﬁgoﬂaa&’-fbgéﬂﬂﬁg
j oi ni ng el enent. aracterisation Of clinching 1s possible InTaccordance
with the fotlinchvicagnectioesactanding ¢o theeinjredustany peit @fnsiaim dothe vsecof eanrespondinghi ng
wth and w t : ol (o} ri oSl id
and open m%l{ﬁ?@ggﬁg%&éﬂ%&%ﬂﬂatet% g%@ﬁ ?‘E)"& %ﬁ%&p? Ehtg: m{sr?ﬁ]gﬁ[@&sdta)étp&mﬁ S ég

mul ti-step well msheerespondingle droducedi siget henshuchicar plectants r particulartyi forhiiseg in
without a c ' o Thi s, . ha 1 aj Lve to
the. convent FSao afRRES Blweyd oP i slehons"Sr S I e RRh G parf bt
such as, fot3.exanple, welding, spot-welding, connecting by neans of rivets
or blind rivets and use of punch rivets. By conparison with conventi onal
connecting nethods, clinching without a cutting conponent is nore

advant ageouS€lindhawy is lredeforstatiop goining onetbed aloeadyrkamotvalfena ilorigotinen Jhidemethod s
Until now, hlovx@ver,d it ﬁ/ats not 'l'f)osﬂi bbfa tio C ifncht.ﬁl%t es acr)ld o&he{ aﬁtlal

wor kpi eces £RP CXEIPY RAZH IR et INehnoNE ASSIFMtRNPREFT 5OTHEFENY, 1R Yt es
of equal orwhisRGiependihg PNEBS respeztive dorneot emlbbdigehharanbhyes Withelti ary. aukiliary
object of the.invention is to provide a nethod for clinching plates and

gi rders of Joffjing .component.

For clinching there 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

- 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
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
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



WD 20081098390 2 plates, preferably with thicknesses greater than 4
mllimetres, so as to be able to use <clinching in the future also in steel
el enent congbroood/ogmioovhere it is inportant that the corresponding parts can
be | oaded with greater nonents and forces. Stated in other words, the
clinching shall be nade usable for stressz2bearing and | oad-bearing as well
as supporting netal workpieces. In that case thick netal workpieces shall
be so connected together that an optimum undercut stanping and a | argest

possi bl e negltet hprekrafy withethickpBisR¥estester @fant # riliEidtes as€ A8t BBINE use
strength of the clinch connection, In addition, correspondingly optinised

uses of t heCliBFiRg iR the Efdreaalsdin stash slamant wonsirustion aiese deis iBwRERMUGR] Bie
el ement  shaldrreldgordfiRPpaRs caf Wef !obH@d‘Wtﬁf%rEQ%r Mnesiits Al 8rdBs aCtay hh&her

features of claiml rsb?or t he met hod features of claim9 for the use
and by the W@ﬁﬁ uthé§“@ﬁh'r€9 sinath tl%mlaéﬁ Uﬁﬁ@eé‘?feﬁleséﬁﬁé'ﬂmgjé'ﬂqi nad-kaagng as well as

Advant ageouscu al%orﬁHJ@ ﬁée%aﬁ%eQE‘ég|n?é%Qﬁﬂ6r§p|@Eeé §%alll bW 881 Ebtbciide

ci r cunscr i bed respecti ve dependent patent clalns.
Accor di ng ttQQ@th@r thﬁt’@ﬁtqptqun’t Ur\@erp@ts@amp@gfaﬂd 8 Hﬁgﬁﬁrmsstbieﬁ@e‘-ﬂbtmﬂknﬂﬁﬁ’la@t eel

plates and ghegl sa'a YSERsUE aoR8EpdHaflgl dien Er%sm%nsﬁ all'y termed
9 uce tgbl Ioa

nmet al wor kpi eces thus pro S bearing steel
construction el errents wherein the netal vvorkpl eces together have a total

wor kpi ece thi 55(@{? é]rfe)s bt %ﬁro;ﬂﬁm LIEL FRE SincAinh! LAEtd %geée;g)ngfngﬁr to

make this possi |nch too S were appropriatély devel

opti m sed. prhdudedaitesl aommtlmelemenr@allmmn@pomd are distingui shed by the
fact that they have a conically shaped die, the flank angle of which is
smal l er than or equal to 10 degrees. The flank angle preferably goes from5
degrees to Ediilmedegf desobjetictadeapicerby e febiusesdok claineflefaiithg meétbed,i by thee

range betwe f%?tu?'é’s 1:%& h”?tféretﬁ nd a?-.% ASUmhFleStL €80 cléf@% ﬁlr”tﬁlé ts%éeeE,Ec?Js‘f@Et?o are

di aneters be I'T'metres

mllinmetresglement20 mllinmetres or 25 nllllnetres, wherein this dianeter
depends on the thickness of the netal workpieces to be connected and on the
required strength or tensile force. Through the present invention,

cl i nching iAdwantagebusi| ¢é>ampés ve& embodintinhgandvhdesieldpirtenes tad thes invention are

circumscribed or defined by the respective dependent patent claims.

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

millimetres.

In order to make this possible the clinching tools were appropriately developed and
optimised. The tools according to the invention are distinguished by the fact that they
have a conically shaped die, the flank angle of which is smaller than or equal to 10
degrees. The flank angle preferably goes from 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 between 12 millimetres (14 millimetres, 16 millimetres,
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



WO 2008/ 098390 3 nostly used as the joining method for connecting thicker
wor kpi eces (for exanple St-37, St-44, St-52, St-70 plate or EN S235, S275,
S355, S460 wbhaloBg/oshze@i rders (thickness > 4 mllinetres). However, the
clinching can also replace rivet and screw connections. According to the
invention, plates, profile nenbers and otl3er netal conponents or netal

wor kpi eces of different thickness and different materials can be connected
together. The connection of two nmetal workpieces cones about excl usively in

the, ol ol ABaANSkel Sl inink AEhbA forTRhRELRl REKIIEKbBbSs B ShngiE SRy

morkpleces t 0o be connect he el enents cohnnect e her'e
termed cli nStet $i58eBt-¢0 miate oc ENoB238, SA7At S3551e3‘}ﬁoel§éﬁ¢t or lvé¢r§|(tttfpkn©w ek es

t bl t f
connocti ona™ SIS, HEFelE) B RG] GFGIRPRPREE HRRmg Blew FATRRIGS .

pl ate strlps to increasing extent in lift and escal ator construction,

wher ei n, A?&’orﬂ%ﬁj th@ twn'tlorqf a%t@? Oﬂr’oﬁl& m (t]d %fth t?’r?etfalr X OEtsot{r met

supporting structure of can uced by ne |nc I ng
t echni que. Workpieees ofvtaffereutsthlohaelssbaw dlftgeat mawlnla’smanﬁw conneateddegdthent eied by

means of Clé:qr?t?ugt:t ofttﬁgrackp\?é’rkple% & g?ago%%xaugi%\?tf?%%@ghiﬁlé uaZtH%?rg{:tW ng

f ramewor k Scu ure assIs o
exanpl e, plfatre thé armhilemgl;sar(npﬂenaéls)oftttmrﬂetal noukpiess thybereenmecteld. cThenelemegts A

achi ovee.  ctRedan SacHaht g ey BELS pRbRPRERRnstlahl Attt o Coe) 16

created by the present |nvent| on. Under dynamc loading it errerges that the
thus-produc d clinched truct1 n el enent s Gitve a nlflcgant

bt ter 1 oaq Tt Giesaa ERbr Sy TAER CbRo A T Rl WP iiste BRI & and
unCﬁat ﬁd rraémrr:mé Sortrmtldms amsteelcgnredrst\mge;blaterpwﬁlé :’rmmmp? qibdtte parts or platecsnmtphance

t elnvenlon cn. o n 111 es.o 1151 r a e ct.l.on
bar i cur ar 1§ nsrerg Sefl OBERS Bhea FraEirion. WhAGLY ET (A .aprh ot feded,
pai nted or ¢dgasén 6f theokarmewprkadresuppoingr staicked of iandéscalatemcdre be Qrodiiet cby

t oget her w t hout the coafi suffering noticeabl e damage due to the
clinching. TR& str%ftc‘étpcrﬁ%{%ﬁrgﬂt‘% or netal workpi eces can al so be provided

with an anti-corrosion coating before they are joined together by clinching

to forma Iﬁ“gler steel construction el ene
owever, various load-bearing attachment parts can be fastened by means of clinching

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

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

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
noticeable damage due to the clinching. The metal components or metal workpieces can
also be provided with an anti-corrosion coating before they are joined together by clinching

to form a larger steel construction element.



WO 2008/ 098390 4 A further advantage of the clinching is that for producing
the connection neither prelimnary aperturing operations nor auxiliary

j oi ni ng parwe,20080983001 Nng parts or connecting material are needed. The
princi pal advantage of clinching relative to conventional nethods is,
however, the low joining costs. Mreover, 4h0 heat intake or heat induction
into the workpieces to be connected takes place, so that distortion, fusion
and structural changes are avoided, which, for exanple, is particularly

advant ageous firther aa%t@g“edoflt@@elmhmghs th@om bfodating theetHmedlich neitheNprammary
support structure, framework, frame, safet frame, support frame

and carri er 2R&MURY @Peratipns Pﬂ%?“’ﬂ' %JQ'@n%ﬁa’tﬁo‘?Pé'ﬁ? SPs ?rh‘éo']nﬁ%?& mgierial e

described i get hsadeq! | PVé REn@paltdtvaRage of dihchiy @Rl © 6dnveriadl MRithodenid
with reference to the drawing, in which: Fig. 1 shows the die of a clinching

tool and t wePWRYeRI thRoloWpioluRgs cesline MOERPVEF, d@ef’ﬁ%‘r infRkec P Redl inguction igto the
subst ant i al \¥rkpiet®s td b@@o&@&%ﬂ&%ké‘s {Jlbbél%ortﬁét' @8tortiohJfusidn SeOsMRuckurall dhahgsd ep

of clinching according to the invention schematic illustration; Fig.
OB shows a 3EcayRides; i fer iexempigg i adicdary advantagequsviBnigrasnand fong steel
schematic  pddstittlont él@ﬁwené Quc@%ssg%p@r‘t tsﬂhétﬁreﬁfﬁ‘a‘?né%orﬁ' SRS €aRfeC Qhféy19
to the invention, in a schemtic | ustration: sovvsasechon

t hr ough tV\foamﬁrﬁklﬁé@rtffémélanﬂ(ﬂakftﬂfétfé@tﬂeﬁ g. 3B shovvs a part section or
detail of a region of the clinching tool according to the invention; Fig.
4A shows a section showi ng two clinched netal workpieces or netal _
conponent s Bwithea dptswl@ ab@ agyrntagasmfihervention areudesasibad imthedpliovdng phéhe basis
clinching b eldfh iBEnina i Teldr R4S B arbibfho, EHBRVS @ sect ion
show ng two In wor kpl eces and a part e clinching tool,
wherein the die of the cI inching tool has a dianmeter of 14 WD 2008/ 098390 5
m I Timet resFig. 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;

Fig. 2B shows a second step of clinching according to the invention, in a schematic
illustration;

Fig. 2C shows a third step of clinching according to the invention, in a schematic
illustration:

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

the invention;

Fig. 4A shows a section showing two clinched metal workpieces or metal
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



Fig. 4C shows a section showing two clinched netal workpieces and a part of
the clinching tool, wherein the die of the clinching tool has a dianeter of
20 m || i mepvoens/bosdoo SA shows a section through a schematically illustrated
die according to the invention; Fig. 5B shows a section through a further
schematically illustrated die according té& the invention. Fig. 6 shows a
side view of an escalator or a noving wal kway with the franmework or support
structure; Fig. 7 shows a side view of a part of a framework with double
clinch connections, @AMeNtHsNg to the invention; Fig. BA shows a part view
of the framework wi th double clinch connections, according to the

i nvention; Fig. 8B shows a section G G through the double clinch

connect i onsgigaggor di NghdwR a 5B&idNTSHMIIOMNO diinBhedBfmetdl Wik fledeardndva Bt @f ti

f ramewor k ngh wel d connections, according to the state of the art; Flz%. 9
shows a part view of @infFhipgHeel whaiadiecdigi efhe idigehing: fqoh bas Godiaatetsr o,
according to the invepfiméresand Fig. 10 shows a part view of a centre
support for a framework w teh’cl inch connections, according to the

i nvention. The scope of the present patent application, as already indicated
in the intrgduetion, CLrdssi ol i ' ' i ' 0. ] S
form of cl iﬁ h%g IS %%rg tl@o%@?” rggQéo%éggg%%”grlﬁ}a%ﬁagéﬁg?%i %qegg%%& (tjocgﬁsys.
Connecting of the worikpediees is realised nerely by penetration in
conjunction with recessing and subsequent upsetting. The underlying
principle in the devel opnent of this nethod without a cutting conponent is
primarily thg. 5Besi resiaws a sestiondbpugh arfethersehematidaly dkistiated disvasnorlirgtoe of
greater material confiRan®nt, The principle of the invention is illustrated
in Fig. 1 purely schematically. Two netal

Fig. 6 shows a side view of an escalator or a moving walkway with the framework

or support structure,

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;

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
state of the art;

Fig. 9 shows a part view of a further framework with single clinch connection,
according to the invention; and

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

connections, according to the invention.

The scope of the present patent application, as already indicated in the introduction,

concerns clinching without a cutting component. This form of clinching is a pure



wor kpi eces 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 chongbsoggpmecti on 10 or the clinching point 10. 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 b& rotationally symetrical with
respect to its rotational axis 24. The die has a flank 25, which is
arranged concentrically with respect to the rotational axis 24, with a

flank angl eqdfbrtbh fo GrodeRs 2 tcﬁfn%&gvp bf A Ropisked @&eregt%edoheﬁ'éhe i e

distinction is to be made, 1 n the case. the flank 25, between a | ower
transition PenegRben I copmnetiPnawjtdiresessig ARG pubseryest upseting 3, The upderlyindank

25 with a f#m{a |@ﬁgih% d@ve%gﬁnf"ef P RfettddARitdut AUt &itnsohentist pirfarfly 2K

angle W, o e flank 25. "The two transition regions 21, 5 merge 1’nto one
anot her . | ndesirat ffadncreaseg camnectian sstifnass ms e wosaprense of ¥adiedi meterial
according tg kiQsSenl; 3B and 6A, nerge into one another in non-continuous
node and nanner andt' have different flank angles W,, W2. However, it is also
possi ble, and as shown in the exanples of enbodi mrent according to Figs. 4A

to 4C and 6 L : ransitio | 2 22 e

I nto one anﬁﬁ%gﬁlﬁégtﬁ% ntngﬁﬁ%ntlgﬁﬂs;f Iﬁg%%eﬁalﬁknﬁghgl@sré@\%&%@aﬁ %a"%'e F\ggnrﬁfa(%gl .
The netal weotkpiceeed 11dnd 12 whicth evec® sosneatefl (dgether dyaaptlioch aopneation gidr deer

wi th thickn t1l €4\ LHRE repn tl > t :
pressed by ?ﬁogmdi éa&gtl ?rﬂ ﬁ’rgr '%/Mt{’éc]) 2{so?arrfal né%c?ﬁga%y%t%t(lﬂ%’g',s S&]r? grg%qvggﬁ:e?cclmch

def or mat i oncanmectican 1dehe swiching pogtdds, cavity or deformati on space 31 of
the matrix 30, as shown in Figs. 2A to 2C. A clinch connection 13, which
has a shape simlar to a pushbutton, a conpression point or a stanping

poi nt, ari SEse tinching taw 20fcompsipesa dle dralracaintérieol B®prtdsts cambe censtraisted asavi t y
or deformat| O{Eixs(grace t.s th

wor kpi eces Mg 2aqv'lgé{r|1|%rr&?e] %l 'Easj?r;’ée%f){g?gﬁ‘sr‘::ﬁétgﬁ?{i?ﬁ}’ gﬁ%ﬁ%%ﬁli“ﬂ@ F’n%h%‘ért? i!fs
schemat i cal toyationsli axéet 4] Tine digit@s alfjanki2$, waich isagang2l condertrically Avithfregpeceo 2A
L 2SO el DR R 285 o 5 BTt 65 BB RRT S 2
wor kpi eces dflthe tiR W€AinZOOBISORTZMDade, imthes cdserof tHieflariias, btvedem lodiet Jransition
L S e S e Rk W N e SrBod 150 R A Pl a1
are joi ned &®gppéraransitiof.redfiosi2l| anec R amald W, of trer flankhEs. t Tiee BRd &hnsition
wor kpi eces rle%;ion:smﬂ, 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
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, a steel girder with thickness t1 and plate with thickness t2, wherein t1 > 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 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.

Figures 2A to 2C show, in three stages, the construction of the clinch connection 13

without cutting component and with a solid matrix 30. The two metal workpieces 11, 12



pl aced one on the other are then aligned relative to one another, for

exanpl e by neans of a tenplate, and then provided together on a processing
surface of \Wwheopgbdssyp 30 serving as counter-tool. In Fig. 2B it is shown
how the die of the die tool 20 is advanced and was already partly sunk into
the workpi eces 11 and 12. The workpi eces ¥1 and 12 deform under the high
pressure of the die and the material 'flows' into the recess, cavity,

def ormation space or depression 31 of the matrix 30. The sinking-in or
Pressing-i ny@ffof R sakle Bf Sitpficdy! iIGst et withiinel sahfetnléREsSh FRyutds oA td e second
metal workpi ece 12 substantially bears against the base of the recess,
cavity, deformation space or depression 31 of the matrix 30. In a further
step the dijg Fig ANEgbd BeliAng: b fist rid RSt bt {ne &b (pide
the si tuatilgnlg;hzrgv\nﬁgﬁnn éFlg%gr_]atl, V\%er%inﬁétiﬁn C’I'?:*Hg? e_:i‘ t%e ﬁéank @?ﬁ{éﬁﬂq@ired‘%]%s a
somewhat  d1Z @rerieined tageter, iAc esitioneg ane amibeiothasntTihertwa seetplswerkeitegsabl, yi2
made, duri | @0, i ; | 0g- ' '
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so-cal | ed dwith fhersitaatiors shiavkein Figt hewlkreiadh iFig fofhetflamkradttise disondspa sormewhatand
subsequentlaz t he workpiece 12. In a first phase of the die forward stroke
the die is "3%[93‘;{9 "(Fig. 2A), then the recessing phase takes place in
which the die is sunk into the netal workpieces 11, 12 and these are upset

d def Fi. 2B and 20). A t di t finall
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can WD 2008/ 09839
meta?wopkpélgeces 11 and 12. Such a stripper or holding-down device 40 is particularly

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.

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
produces the so-called die forward stroke in the direction of the metal workpiece 11 and
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 the die is sunk into the
metal workpieces 11, 12 and these are upset and deformed (Figures 2B and 2C). A phase
termed die return stroke finally takes place (see Fig. 1). The (partly) finished or connected

or joined steel construction element can then be removed or further clinch connections can



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,
wher eby t hewmgiobsmos3ow th the depression recess, cavity or defornmation
space 31, for exanple in the formof a (nmachined) annular groove, is
substantially or entirely filled up and a8 undercut f of the netal

wor kpi ece 11 at the die side is produced in the netal workpiece 12 at the
matrix side (see Fig. 3A). Undercut f and neck thickness to are the nost

| nportant Oge fRSkgSi gnificant for assessing a clinch connection 13, as
shown in Fig. 3A, since the |oad-bearing capability of the clinch
connection 13 is in direct correlation with these variables. These two
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of the die in the workpiece
Different tests and experiments were undertaken in order to optimise the clinching
process, which is known per se, and so modify it so as to also be possible to clinch metal
workpieces 11, 12 thicker than 4 millimetres to form a steel construction element.
Simulations were undertaken and 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.

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
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



WO 2008/ 098390 9 occurred). Mire precise tests with respect to the janmm ng
of the die have shown that the jammng is caused by a radial stress acting
on the fl ankodfoos/bessdbe. It has proved that excessive radial stresses arise
particularly in the upper transition region 22 of the flank 25. In a further
optim sation step the geonetry of the die9as now sel ectively changed in
such a manner that a |ower radial stress acted on the flank 25. Due to the
fact that in the first tool variants the value for the neck thicknesses to
and the val ggufreg).t he undercut f of the die with the diameters D2 = 12
mllinmetres and D2 = 14 millinmetres were al nost the same, further

optim sati ons were undertaken. Tests vvere I n that case al so nade on
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The various optimisation steps have led to the recognition that the design of the flanks of
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 leading to
a detectable cavity formation. It is proved that these two effects are correlated only in part
and are even mutually contradictory 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.

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 °, ie. 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
of the die at the workpiece side).



of the die at the workpiece side). WO 2008/ 098390 10 Sone aspects of the
different tests are illustrated in Figures 4A to 4C. The fl ow behavi our of
t he wor kpi e@@sobdiogebdoi N the case of use of dies with different dianmeters is
shown. In Fig. 4A it is showm how the two netal workpieces 11, 12 deform
when the die has a dianmeter of 12 mllinetres. In Fig. 4B it is shown how
the two netal workpieces 11, 12 deformwhen the die has a dianeter 14

mllimetres. Fig. 4C shoms how the two netal workpieces 11, 12 def orm when
the die hassé‘mg'aéﬁalt%r] ttééthEFef géstra'téb iA!FligdrBs Eﬁ to !4b' eIl BhSvibler €
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Wof 4

a flank angl"d'9\R)\ARPER SiPSMERY iqces 1 to 10 degrees, preferably
smal l er than or equal to 5 degrees. As further shown in Figs. 1 and 5A, the

fl ank angle W t he upper transition ion 22 ig preferably equal to
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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.

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
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 5A, 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 5B).

Dies have proved particularly satisfactory with a diameter D2 between 10 millimetres and
20 millimetres and with a flank angle W, W1 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 preferably



D es have proved particularly satisfactory wwth a dianeter D2 between 10
mllimetres and 20 mllinetres and with a flank angle W W. goi ng over from
a first anghe abbspesadosecond angle W2, wherein the first angle W is

smal l er than or equal to 10 degrees and preferably WD 2008/ 098390 11

smal l er than or equal to 5 degrees and thélsecond angle W2 is snaller than
or equal to 2 degrees, and preferably O to 1 degrees. In that case the
first angle WL is located in the imrediate (lower) transition region 21 to
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smal | . Forns of construction of the die are ideal in which the flank
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comer ci al | Yo eafidrBb&mafonventional purely cylindrical thin-sheet die.

This means a conparable, identical tensile strength of the corresponding
clinch connectlon 13. The conical shape of the die extends at |east over the

transition éfco%%tru%ﬁm%fttne WRAhre HERAH WnlchGhe tfIPﬁk qﬁ%c%g%‘(ﬂe\o flafik ?é’cﬂJlé bt O
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22 correspon ree ot al ece t ness tt
and tw ce t bmall and the transverse flow of the materials or of the metal workpleces 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 tensile strength of the

corresponding clinch connection 13.

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 iength L in the case of
metal workpieces having an overall workpiece thickness tt > 8 milimetres 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 tt 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, 5A and 5B.



wor kpi ece thickness tt. The different die shapes according to the invention
are summarily explained in the following by way of Figures 1, 5A and 5B. WO
2008/ 098390wb20087099800f enbodinent 1 2 3 Fig. 1 5A 5B Typical D1 < D2 and
Dl < D2 and D1 < D2 and dianeter 10 mm< D2 10 nm< D2 10 nm< D2 <30nm
<30mMm <30mm Length L of the 0.3tt<L<2 0.3Rt<L<2 0.3tt<L<2 transition
regions 21, 22 tt tt tt Angle WL < 10 degrees WL < 10 degrees W = W < 10,
in the lower in the lower i.e. and W transition region 21 transition region
21 constant in the and and |lower and upper W = 0 in the upper O degrees <
W2 in transition region transition region 22 the upper transition 21, 22
region 22, wherein W >W2 The attained strengths, which are achieved with

the die acCpgf SFERBbdiREntl NVENRT1 ON, for exapple with a diefwth 12
mllinmetreldianeter and a 5 to O die flank (formof enbodihent 2 Fig 5A),

is on the pRi@rage nore than 30 kN or 55 kN. |BAAthe case of |pRrticularly
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58 kN vvith?_%fﬁés%light t ol erange of on a few percent.n Two C'Ptgﬁ?a are to| be
taken into| diemsteder ation for |t1ReM®tTPRpi ng ($60MPED2 force| HEINYERE  t he
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transition region 21 transition region 21 | constant in the
and and lower and upper
W2 =0intheupper |0 degrees <W2in | transition region
transition region 22 | the upper transition | 21, 22

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 carefully 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 resuits. In an
optimum design of the flank 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.

In a particularly advantageous form of embodiment the stripper 40 also functions at the



A further reduction in ejection force can even be taken into account for the
5to 0 die (formof enbodinent 2, Fig. 5A), since janm ng of the die never
occurs her ewol zoosogsseti cul arly advant ageous form of enbodi nent the stripper
40 al so functions at the WD 2008/ 098390 13 sanme tinme as a hol di ng- down
device (41) and is dinensioned so that thd3netal workpieces 11, 12
experience a snall est possible deformation in order to keep the distortion
of the workpieces 11, 12 as small as possible or keep them free of
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costly and conplicated in production. According to the invention use is now
made of framework steel construction elenents or framework support elenments
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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
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,
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
profile members are typically so arranged that in each instance in alternation a vertical
stay or strut 6.3 follows an inclined strut or diagonal 6.4. The clinch connections 13 are



three or nore clinch connections 13 and thus forma stable framework frane,
framewor k support wall or framework support elenent. As can be seen in Fig.
7, the fl atwslpoess9sseoi ron sheets or the steel profile nmenbers or plate
profile nmenbers are typically so arranged that in each instance in
alternation a vertical stay or strut 6.3 1ollows an inclined strut or

di agonal 6.4. The clinch connections 13 are WD 2008/ 098390 14 indicated in
Fig. 7 by circles "A". Details of a steel construction elenent 5 according
to the inventicakdan Figshoweirtles FA'gs. 8A and 8B. One of the steel girders 6.1
and two of the flat plates or iron sheets or the sheet profile nmenbers or
steel profile nenbers 6.3, 6.4 can be seen. In the illustrated exanple the
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in fromthe e of the thicker nmetal workpiece and the clinch connection

forms on the opposite side (see Fig. 8B). Stated in other words, clinch
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13 in order?o produce a ste I'on
clinching tool is sunk in from the side of the thlcker metal workpiece and the clinch

connection forms on the opposite side (see Fig. 8B). Stated in other words, clinch
connections are preferred in which the thicker material is reshaped by local deformation in

the thinner material through transverse flow to form a fixed connection.

In Fig. 8C there is shown, for comparison, a part of a framework or framework support
frame of which the workpieces 6.1, 6.3, .64 are welded together by means of five or six
weld connections. It is obvious that such weld connections are costly to produce.

A further form of embodiment of the invention is shown in Fig. 9. Here use is made of
single clinch connection 13 in order to produce a steel construction element. The
corresponding connection is termed single clinch connection.

A further form of embodiment of invention is shown in Fig. 10. Here use is again made of
clinch connections 13 in order to, for example, create a (middle or centre) support 51 in
steel mode of construction. This (middle or centre) support 51 can be part of a steel
construction element 50, 5 for use in moving walkway construction or escalator

construction. A steel profile member 7.1 rests, as schematically illustrated, on a lower



correspondi ng connection is termed single clinch connection. A further form
of enbodi nent of invention is shown in Fig. 10. Here use is again nmade of
clinch conngetdopgisoskdoi N order to, for exanple, create a (mddle or centre)
support 51 in steel node of construction. This (mddle or centre) support
51 can be part of a steel construction eli8nent 50, 5 for use in noving

wal kway construction or escalator construction. A steel profile nmenber 7.1
rests, as schematically illustrated, on a | ower WO 20081098390 15 st eel
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The first metal workpiece 11 can, however, also be a support or frame element of a
counterweight, counterweight frame or counterweight basket of a lift installation. In this
case the second metal workpiece 12 is a flat plate or iron sheet or a plate profile member
or steel profile member fastened to the support or frame element by means of one, two,

three or more clinch connections 13.

it is also possible with the 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
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 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



increase the tensile strength and shear strength. In this case it has proved
that the tensile strength could be increased to values which are al npbst

twi ce as | aygeodwpseesari son with a single clinch connection 13. The

sanpl es could be | oaded on average with approximately 118 kN. A

particul arly advantageous clinching tool 28 conprises two identical dies

whi ch are arranged adjacent to one another and which are capabl e of
connecting the first netal workpiece 11 with the second netal workpiece 12
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of the connection 13. The demands on accuracy for the joining machine thereby
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
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
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.



- The joint connections 13 are flatter and | ess disruptive than the

connections produced by conventional clinching. - A change in the sheet
t hi ckness i woxessbddaeow t hout tool change and saves val uable working tine.
- A change in the material pairing takes place without outlay. - Mtrix-free

clinching increases the nunber of clinch d@nnections or joining points per
tool set or per (joining) die. WO 2008/098390 17 Patent clains 1. Method of
produci ng a | oad-bearing steel construction connection, wherein a clinch
connecti on pitdht eRAMMMECting a first metal workpiece (11; 6.1, 6.2; 7.1) with
a second netal workpiece (12; 6.3, 6.4, 6.5, 6.6; 7.2, 7.3) is forned by

| ocal deformation by neans of a die tool (20) and a counter-tool (30),
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(40) is used on r anal die so enabl e separation af
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6.6; 7.2, 7.3). ZyndeltraRk c%%férr-%d"g:%d%? claiml1, characterised in that a

st eel constructlon connection is cerned in which a steel profile nenber,
steel girder, stadjanpingtaedie shipale 1abi@0). st ai nl ess-steel, al um ni um or

copper plate or %&ﬁﬁé tthd GﬁeQn{%rGtgfe't%ﬁarﬁ%HP\ﬁ@ké@cés gﬁ 42; é: 11)63 $.4,458% 856 B! I St

met al wor kpi ece and a s I'e’ nmenber, shaped 't ube,
st ai nl ess- st eel , 74l G&i AiBuwhich er@mjeqedmrwt@ the ctmefelllntﬂ)ﬂwt @inpln oonn@mfﬁ@éws

(6.3, 6.4, 6.5, %rrﬁed b%o%al Jefg’n)meitiﬁn'*éﬁﬁd as second netal workpiece (12).

- withdrawing the die,

characterised in that

a stripper (40) is used on withdrawal of the die so as to enable separation after clinching of
the metal workpieces (11; 6.1,6.2; 7.1, 12;6.3,6.4, 6.5, 6.6, 7.2, 7.3).

2. Method according to claim 1, characterised in that a steel construction connection
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, 6.5, 6.6,
7.2, 7.3) is used as second metal workpiece (12).

3. Method according to claim 2, characterised in that the first workpiece thickness (t1)
is greater than the second workpiece thickness (t2) and wherein the first workpiece
thickness (t1) is preferably greater than or equal to 4 millimetres and the second workpiece
thickness (t1) is preferably greater than or equal to 3 millimetres.

4, Method according to any one of the preceding claims, characterised in that a die is
selected having a conically shaped transition region (21, 22) with a length L depending on
the total workpiece thickness (it) as follows: 0.3 tt < | < tt, wherein preferably L is shorter

and smaller than tt and wherein in a preferred case L < 0.5 tt.



3. Method according to claim2, characterised in that the first workpiece
thickness (t1) is greater than the second workpi ece thickness (t2) and
wher ei n t hewb 2088/088308pi ece thickness (t1l) is preferably greater than or
equal to 4 millinmetres and the second workpiece thickness (t1l) is
preferably greater than or equal to 3 milll8metres. 4. Method according to
any one of the preceding clains, characterised in that a die is selected
having a conically shaped transition region (21, 22) with a length L
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wor kpi ece t sigtween 12 and 2 milieetrehe?samifimetiesdinelbsivelaher ei n t he di amet er
(D2) preferably Ilies between 12 and 20 mllimetres or 25 mllinetres

(inclusive). 6. Method according to ant}/‘ one of the preceding clains,
charact eri séd i nMethed accedingrtp 28y ope phine Rraeding claims.1shagacterisgd in that 1) has a
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region (21, 22) WAhSMligetieRsandier an angle (W WL, W2) in the direction of
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cl ai ms, characterli sed the st 'S adva t owa
surface (15) of (Mpand hes ahteast| ongaokisalcehaped tragsition ggion (27 23) whi¢topartaws he
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7.2, 7.3) by means of the stripper (40) while a return stroke force acting

I n opposite d|re e r S
[ oss than 45 kn o3 B B afl Sne Wil pHUELAD YR, RREALRNLA! Bl e
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relative to the metal workpieces (11; 6.1, 6.2, 7.1, 12, 6.3, 6.4, 6.5, 6.6; 7.2, 7.3) by means
of the stripper (40) while a return stroke force acting in opposite direction draws the die
back, wherein the 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
workpiece (11; 6.1, 6.2; 7.1) is connected with the second metal workpiece (12; 6.3, 6.4,
6.5, 6.6; 7.2, 7.3) by two adjacent 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
(5; 50) from two metal workpieces (11; 6.1, 6.2; 7.1; 12; 6.3, 6.4, 6.5, 6.6; 7.2, 7.3) ,
wherein the metal 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 least by a clinch connection (13), characterised in that the clinching
tool (20) comprises a die with conically shaped transition region (21, 22) with a flank angle
(W, W1) so that an end face (23) of the die at the workpiece side has a slightly smaller
diameter (D1) at the workpiece side than the diameter (D2) of the die at the tool side.



wor kpi ece (11; 6.1, 6.2; 7.1) is connected with the second netal workpiece
(12; 6.3, 6.4, 6.5 6.6; 7.2, 7.3) by two adjacent clinch connections (13)
after the swokiopgodezs@nd withdrawal of the die. 9. Use of a clinching tool
(20) for producing a | oad-bearing steel construction elenment (5; 50) from
two metal workpieces (11; 6.1, 6.2; 7.1; 19; 6.3, 6.4, 6.5, 6.6; 7.2, 7.3) ,
wherein the netal 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 clinching tooI (20) conprises a die with
conically shaped transition re n with a flank angle (W _ W) so
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steel constriucti accordi ng
any one of dinah msnrikction @1.3) is designed for a tensile loading of at least 40 kN.

13. Steel construction element (5; 50) of at least two metal workpieces (11, 12; 6.1,
6.2, 6.3, 6.4, 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.

14, Steel construction element (5; 50) according to claim 13, characterised in that the
steel construction element (5; 50) is part of a framework (4, 5, 50) of a moving walkway or
an escalator (1), wherein the first metal workpiece (11) is a spar or steel girder (6.1, 6.2) of
the framework (4, 5, 50) and the second metal workpiece (12) is a flat plate, flat steel,
plate profile member or steel profile member (6.3, 6.4, 6.5, 6.6) fastened to this spar or
steel girder (6.1, 6.2) by means of one, two, three or more clinch connections (13).

15. Steel construction element (5; 50) according to claim 13 and/or 14, characterised in
that the steel construction element (5; 50) comprises one, several or at least one support
(51), preferably as a centre support, for a framework (4, 5, 50) of a moving walkway or an
escalator (1).



14. Steel construction elenment (5; 50) according to claim 13, characterised
in that the steel construction elenent (5; 50) is part of a framework (4,

5, 50) of apnobsgosaah kway or an escalator (1), wherein the first netal

wor kpi ece (11) is a spar or steel girder (6,1, 6.2) of the framework (4, 5,
50) and the second netal workpiece (12) i®0a flat plate, flat steel, plate
profile nmenber or steel profile nmenber (6.3, 6.4, 6.5, 6.6) fastened to this
spar or steel girder (6.1, 6.2) by neans of one, two, three or nore clinch
connections (13) 15. Steel construction elenment (5; 50) according to claim
13 and/ or characterised in that the steel construction element (5; 50)
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and/ or or lipstadat@hacterised in that the steel construction elenent is or
the nmetal workpieces (11, 12) are part of a lift installation. 17. Steel

construction el enent according to claim 16, characterised in that the first
met al wor kpiece $tee) constrackar plemeinhgccariling rtg daimc 19, r ghanectenisedeintthalr the firstame
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second nmetal workpiece (12) is a flat plate, flat steel, steel profile
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19. Steel construction element according to claim 16, characterised in that the first
metal workpiece (11) is a supporting, fixing or carrier element or frame element of a winch
trellis, 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 one, two, three or more clinch connections (13).

20. 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

construction site crane, gantry crane, container crane or container harbour crane.

21. 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 high-
voltage pylon, a high-voltage pylon installation, a high-voltage bracing installation, a

transformer station or a power station.

22. Steel construction element according to claim 13 and/or 14, characterised in that



means of one, two, three or nore clinch connections (13). 20. Steel
construction el enent according to claim 13 and/or 14, characterised in that
the steel co/s2008/088390 el enent is or the netal workpieces (11, 12) are part
of a construction site crane, gantry crane, container crane or container
har bour crane. 21. Steel construction eleﬁﬁnt 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 high- voltage pylon, a high-voltage pylon
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of a st eel / ohfsteqldorge 00toa Yaelrpdeayling.di ng facade, a h| gh r| se bui | di ng
steel girder skeleton or a high-rise building steel girder. 26. Steel
construction el enent according to claim13 and/or 14, characterised in that
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St eel construction enment according to claim 13 and/or 14, characterised in
that the sfasade,cohighrige briting:fasagata high-tise briingstael @kmekgk%@fés of ahightse ar e
part of a fgi tsteélgﬁﬁérl | ation, a freight carriage, a railway carriage, a
passenger carri subway carriage, an urban railway carriage or a

hi gh-speed rail carriage. 28. Steel construction elenment according to claim

13 and/or 156. Chgfe%%gﬁsitrﬁgﬁiori Qleﬁ'\réﬁf 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.

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 high-speed rail carriage.

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 towed barge, a frame connection, a

steel frame or a ship frame.



the steel construction elenent is or the netal workpieces (11, 12) are part
of a wheeled |oader, a Caterpillar, a tracked vehicle, a forklift, a
stacker trwk2008/0b83mot - end | oader or a side stacker. 29. Steel construction
el ement according to claim 13 and/or 14, characterised in that the steel
construction elenent is or the metal work§d eces (11, 12) are part of a
marine installation, a ship crane, a ship, a water vehicle, a towed barge,
a franme connection, a steel frane or a ship frame. W 2008/ 098390 22 30.
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an armoured pump or a wheel armouring.



