;e3e s pT" 6VvIOT-r ,".t, 1 MANUFACTURI NG METHOD FOR METAL SECTI ONS
Teg?nical field This invention concerns a manufacturing nethod for netal
sections, and nore precisely, a nethod that permts the nmanufacture of
nmetal sections of conplex form that pregent for exanple, three di nensional
5 geonetry, evolutional radius of curvature, a variable thickness and/or
w ngs that formevolutional angles with each other in cross section. The
term"sections with a conplex form' refers to sections whose vari ous
conponent el enents have a nonlO plane form State of the it @1
recogni sed manufacturing nethod for netal sections conpr“ﬂ%““@ﬂ*WﬁMﬂ“usion
of a netal bar. 15 This provides rectilinear sections. ese seclions are
then formed, if necessary, by bending for exanple. For certai'"¥aterials
such as titanium bending nmust be performed at high tenper inee it
is difficult to obtain a piece with the required neasurenﬂ@mﬁmmHWEmﬂﬂo this
nmet hod directly, generally the piece is produced SP 19597 2
slightly larger than requirenments, then conpleted to specifi c&PBh by
machi ni ng. This nethod presents several problens. First of all-it is |long
and difficult to set up. Mdreover, it is 5 expensive because of the
numer ous operations that need to be perforned (extrusion, formng,
machining). In addition, formng operations applied to a previously
extruded section results in provoking nechanical stress in the section
structure, and this can lead to reduced 10 resi stance capacity in certain
zones of the said structure. Another recognised manufacturing technique for
MANUFACTURING METHOD FOR METAL SECTIONS

Technical field

This invention concerns a manufacturing method for
metal sections, and more precisely, a method that
permits the manufacture of metal sections of complex
form, that present for example, three dimensional

5 geometry, evolutional radius of curvature, a wvariable
thickness and/or wings that form evolutional angles
with each other in cross section.

The term “sections with a complex form” refers to
sections whose various component elements have a non-

10 plane form.

State of the art

An 1initial recognised manufacturing method for

metal sections comprises the extrusion of a metal bar.

15 This provides rectilinear sections. These sections are
then formed, if necessary, by bending for example. For
certain materials such as titanium, bending must be
performed at high temperature. Since it is difficult to
obtain a piece with the required measurements using

20 this method directly, generally the piece is produced
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metal sections conprises the direct production through noul ding. The
sections are therefore obtained in a 15 single operation, by performng a
‘high precision nmould casting directly to specified neasurenents. This

met hod presents the problem of requiring2the sanme nunber of noulds as the
exi sting nunber of different shapes and nmeasurenents. Muld costs are very
20 expensive. Mreover, this nmethod is difficult to set up for sections
that are very long conpared to their width, such as sections several netres
long (in particular, those over 5 netres, |on wi th_shapes s I, H

ch as T,
25 or N, or aPyIBRREY Sedigsons tHABr e $Hel TRt Freaddied oﬁP?‘PieFEaz t¥nhs of

mllinmetres ipg kDo bhepl,NRathifkRgss ranges between 1.5 to 2 mm In
this case there 1s a risk tﬁat the nmetal will not cool in a uniform manner

t hroughout the vol This arethdd spresedsprosokealegkgidienss. | Airke seftion
structure. SP_19597/ (9 3 reqver he manyf act ur,j ng net hod, usi ng
noul di ng appl?ii'ig vEr °P8n6n5299%§ﬁ§giﬁ1f%é%giéﬁhe-?é%%yiﬁbdﬁ%t}%n

i nstal | at i;pnsexpamnsl venNpetarige GIOrtRat nin¥estifedperatAcnd rthaecngad sed

met hod i s conposed of producing the sections directly through machining in
the mass of atfetke merdermad s (exthyd iveseAPFMERE  proBFBiRSRIbei R very
long to set u cayuse C i i OLRQY y ition,
it requires sggg???%Hhaéﬁ%ﬁ%ﬂﬁ%oﬁggrgﬁgkgﬁﬁ2§§ %g%ﬁvé%eeg I ?%%lgugﬁg

i nvestnents. krttaded sketppadueisudtsofirs gotdvarksirgy evedhanetcal songss
requires |arge-scale %ﬁaxis nunerical control, K machine too|s. Last of .all,

thi s method hBstRengeS i S HE hatPd §81Fargs it BFINEedl is
| ost (apprpxi paLeLY a8 OEabQ?ci‘E?t ali bl QE-tdaSirf I ansi{y MegE | NERe Shayigags)

This is very expensive, especially when the nmetal involved is costly, such
as titanium ®Bsruekampl.e. 20 D sclosure of the invention The preci se object

of this invention s new manuf act urd ng _netho afr t ctlons
conpl ex form that 8§§eﬁotr8Fg gﬁfgphqugggggégﬁﬁ%ﬂﬁi&%ﬁ%ﬁ%éﬁ%xig?%ng
manuf act ur i ngmeekhodedidbrdhadomerigds, the Al reatt ipndductide thnohght uri ng
of very long sectigns in_a manner that is relatively sinple, rapid and

i nexpensi ve, WPERASdRIconSiBer 2@FelieRe al21osdherefsr® ngPteitwss thvedti on,
thisresud i8:0048 Redlhanks 10y SpORALERERYT AN BIGH oKk s follhah1 4O
sectlon en vie as a cross section, COITpOSEd of” at east two separate
non- al i gned paess$ingaddreethyd tbeispgcSE 1:dsaga@d@@ments.

This method presents the problem of requiring the
same number of moulds as the existing number of
different shapes and measurements. Mould costs are very

20 expensive.

Moreover, this method is difficult to set up for
sections that are very long compared to their width,
gsuch as sections several metres long (in particular,
those over 5 metres long) with shapes such as T, I, H,

25 or N, or any other sections where the wings measure
only a few tens of millimetres in width, while the
thickness ranges between 1.5 to 2 mm. In this case
there is a risk that the metal will not cool in a
uniform manner throughout the wvolume, and this can

30 provoke weak points in the section structure.
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4 characterised in that it is applied to the manufacturing of a section of
conplex form exclusively conposed of non-plane parts that conbine to form
an angl e of any degree and evol utional according t.o the 5 length of the
section, and that it consists of cutting3out elenents fromat |east one
nmetal plate, with the neasurenents that correspond with each of the said
parts, followed by the assenbly of the elenents to obtain the said netal
section. 10 Wen two el enents need to be assenbl ed toget her but not at

ri ght angles, the advant ies in cutting a bevel.l ed edge on least one
of the el ement!8TSBEFr e %g’?enﬂt“?rh ?Cft't}\ﬂ‘?'gt h&€ g%ﬁgr e%er a‘B‘P HE
different el egpptselihatomekeryp 188 15sé@'@ib1@@ af@q@ili'eérol'&f?? tatenetal
pl ates, and then forned after asse . As a variation, the ments can be
formed bef or ePbePngtéan frldtﬁ“{‘aﬁelqrfﬂet%ﬂs pl aiBvoBEiBge et i ngMPRELRREL | ng
out operation, h@ tsP_ﬁ %Q netal plate, precise calculations are made for all
possi bl e futufé gerormati on (el ongation or necking) that will be induced
during forgr ng i n rachiebereribghd skel hethed iEhetorpgtesesd edEnprodueishgout to
t he measurenents that have been corrected after_cal culating 25 the said

def or mati on. BBEoPGICHG S SHEF AT het prereh rBackapings 18s cPEPRAFn this
invention, theg Qbfcg.l?crgfﬂbcﬁl enents are wel ded together. This assenbly can be
performed using at least a | aser beam preferably w thout the addition 30
of ot her rratter SPhig597¢ Be@P preseniorotdengproblée siff ubedng i very
guesti on, ng can be_perforned elther varj ous .poai nt al o t he
contact i ne f*%eerhotﬁgteluéﬁen §Capgpe; Pk oﬁt‘?nf&&?ﬁﬁ&ﬁa cfoﬂacﬁgglggi d

contact lime. cgcReef enabladita dn)r e didmitsta adp skt B8 AOmbShimgeteblihe
metal section according to its final neasurenents, followed by a draw ng of

the outline oPdadhist tae drgmeives, woras elb‘égﬁhﬁeﬂesmé%uﬁ%g she
operati on. anpageg 0] tdi t se CAD
tools. Then |r§r|g§%t§5§g| Iéfto ?%W%%Eed%% |n§; oe%e'%csﬁ I(])'?H?]he ﬁlel%ngﬁ%s

mar ki ng pri or laergeuisicailg, BSiagia |msesrisdain césmtarolar mathdne t heobdat | | ne

of the different el enents c n, al so drawn using a |ight beamdurln 15
cutting out op@fht i%nd ri LR VBeh otldéﬁ?i BalMaget i h]rf'é‘edl’?o that

the identjgal 1%&%@@&@6&@&0%6& bfest1eguartta§>geo%ineltretllyn99§evetal

pl ates stacked on top of each other. Any hollow ng out operations, that may
be hol es 20 t the oredssl thkatkyhishsrphafernedndnta ahaeingghi Bl nigt

| east sone of the el enents_bef or k in ut g 0p§

According to gneé “of the JdVant %g Sgéagﬁgr é'gieglriéftllgcglgg 1t hﬁé\%lin\gée%t |J‘8n
order to redueja)s%'flyrretsaﬂcl—t/vaﬁt &,itaniim,alfar ecsigllee to cut out several

el ements fromthe sanme netal plate arrangi ng themin the nost advant ageous
| ayout to elimnate waste. The cutting out operation of the section

el ements b8 pPrAfLNIAN W LPYH ¥HEA RYeftiigh speed | aser beam or by 30
abrasive water—Jet,_or by usrng tradrtronal nechani cal nmachining

techni ques. SP 1959TE£E§PEC1se object of this invention is a new

manufacturing method for metal sections of complex

form, that does not present the problems involved with

existing manufacturing methods and that permits, in

25 particular, the manufacturing of very long sections in

a manner that is relatively simple, rapid and
inexpensive, without considerable metal loss.

According to this invention, this result 1is

obtained thanks to a manufacturing method of a metal

30 section when viewed as a crose gsection, composed of at

least two separate non-aligned parts, said method being
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6 Brief description of the technical drawings As an illustrative exanple,
and in,no way limtative, is a list of descriptions of the different 5

met hods for the enbodi ment of this invention with reference to the encl osed
drawings in which: - Figure 1 is a diagram show ng the various production
stages of a rectilinear T-shaped section; - figure 2 is a view conparable
to that shown in 10 figure 1, illustrating the various production stages of
a T-shaped section arched in a single direction; - figure 3 is a view
conparable to those shown_ in figures 1 and 2, that show, t he variouEshe

producti on st 8BeE26FeRIFeehaptd sekh?bn atthed $n tTRPH FFeren? 15

directions, ag.AgsgEtleIngNokhg isBYRALIORE <€ forhs, etk BEE AR BHOW Ng
a cross section of the first techniques for welding the two el enents that

formthe T ascehpesedin df gnresplane Fparts| dived 5coPvbane &e cdopar adle to
figure 4 that_20.shows a second technique for .wel din ts

t oget her; - f?ﬁg}g é"sa%yvﬁg I@%%p%?%ngO%%tﬁﬁgfg'i%c%$€%§%§nﬁ£hn%h% t hat
show a thigd teagshque frere Waddhiith t hen®! ERrBt St egeidiens anfl Sbteifggure 7
is a cross section _conparable to those shown in figures 4 to 6 that show
the assenbly 6Rtt RISBIsent STOR RtT 1A% oRRet Matad ePhdteat Witdht EBfgl es

to gach otherye30.penahted deser| attonplngenpral Waeher 8l ccagbodhment

met hods accor arn I'S invention | RCEP To make the principle
of this invenpasnseasfelldwedndeyr sttied, asbembipoddhrerttheneehenenitls| usdr at ed

in the figures_refer ho t he construction of sections with a Tshaped
profile. HowePBF2ip: tPg §BdFoleteafeehiteM5 i nventi on nust not in any way

be considgged |im fadnt o 4di 81bWBELE! HELdi 0B KO LR LAl Yog@Biesect i On
that can be constructed using the nmethod as described in the invention such

as the fol | owbng siedped pright eangles, Hehe, agdventage ild@suded WHERLAIL he
concept  of thhsbégeiﬁggn@d@% on at least one of the elements, before

assembling it with the other.
Preferably the different elements that make up the
15 section are cut from the flat metal plates, and then
formed after assembly.

As a variation, the elements can be formed before
being cut from the metal plate.

Before starting the cutting out operation in the

20 metal plate, precise calculations are made for all
possible future deformation (elongation or necking)
that will be induced during forming in each element to
be formed. Then the element is cut out to the
measurements that have been corrected after calculating

25 the said deformation.

According to one of the preferred set ups as
described in this invention, the different elements are
welded together. This assembly can be performed using
at least a laser beam, preferably without the addition

30 of other matter.
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Met al sections envisaged for production are first of all drawn according to
their final shape, according to the various appropriate viewpoints to
establish the three dinmensional geonetry. This initial operation is 15
preferably performed using CAD tools. Usisng this overall drawing as a base,
further drawi ngs are nade of all the elenents that will be assenbled to
formthe section. Each of these draw ngs shows one of the conponent

el enents in three 20 di nensional form The division of the overall draw ng
into individual drawi ngs,.for each. of the elenents is alsq preferabl

bor for med usi ng CAORTSNSEdth GHe HELERHERE s bt RHEFCEATY hi SohaMigr i s
then devel opedaf0 bt deRrarhbdl Outhire iof @apPisas P¥ine® Wilnocopgeitute
the elenment in question after formng. The outline i's establishéd taking

i nt o consi der aphbachlll mendgatiwgeranther ekekeémgst hatr map ocewntidueing t he
form ng process. FOF thié Eurgoge, %%Iggligions are made concerning the

def or mati on tﬂggemf P Be F didadd ~i™36%the Efenent in question during

form ng, &d the cpreeetadlprasutdirert sliaeh Al ichad dprid headé abf SP
19597/ RGP 8 outline that, will be cut out for the element, keeping in
mind the def oFhft MeFadhARFISIOTFORCERFIiBPerst iidF, Bip hppedprrarentet hods

mey be used, prefigahl g ompulaiyAlgledst QO guesing Ik Casen whergnseveral

i dentical sections are to produced, the stages descri bed above are set
up as a si ngl elepenasi, orbdfafor ebpgodutngortlst actit ipngHeowsy eppevatibe.

t , the_st d i bed bel ted duri th ducti f
cach of the 180FndIAACLASRERTERUS] HEGRorichi chl - 8ePFBEaCIRE Gid T EPent

met al el eygnt ggkhahpmekeidp the section are cut out of thin netal plate
.according to the flat outline established previously. As an exanple, but
in no way |imtingThast Ak platessiplspiatdrawrths o sinperht fanhnag have

a thi ckness betyeen 0 aum 30d 2.5y Wan, squeralcd dent i gal ¢l gnegls, are to

be produced, es€e el ement s‘can out sinultaneotstfy froma stack
of plates. 20bkat.bent reeswhtrdattiloe,di ther et Pleererds thebedtfifepahtare

pl aced on the plate | aying out the st econgm cal arrangenent to avoid
wast i ng netalegﬁgﬁgFSCéF€¥u? FQy&ﬁ%n$§a$%rFﬁéﬁﬁaﬁfyiéﬂsﬁnﬁﬁﬁg%uéuﬁﬁﬁﬁ usi ng

expensi ve dret al;8 t$Hghofs bbkaRkYdns25 The cutting out operation can be
perfornmed using any well known nethod, in particular high speed | aser beam

abrasive water |etWhavhissesradr idedtitahalserddieinse needstol g hingdease the
{ini Shed 30 pFBEed PEEA ARe Ler B TbVE® 6rooi gt e PG osevathue oY
cutting several plates stacked on top of each other.
Any hollowing out operations, that may be holes
20 that cross through the plate or not, can be machined in
at least some of the elements before or during cutting
out operations.
According to one of the advantageous
characteristics of this invention, in order to reduce
25 metal waste, it 1is also possible to cut out several
elements from the same metal plate arranging them in
the most advantageous layout to eliminate waste.
The cutting out operation of the section elements
is preferably performed by high-speed laser beam, or by
30 abrasive water jet, or by using traditional mechanical

machining techniques.
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9 Wien a laser is used to cut out the pieces, certain paraneters of the

| aser beam can be set to greater advantage (intensity and displ acenent
speed) according to the characteristics of the plate to be 5 cut. In this
case, it should be remenbered that the sane | aser beam can be used to
performthe prior outline marking for each of the elenments to be cut out.
The | aser beam paraneters are then nodified to adjust to ensure this join.
10 As a variation, and in particular when a |aser is not used for cutting
operations, the outlines of the elements can be | ocated on the plate using
a light beam Generally, the cutting out operation of the 15 various

el enents is pgr{of nB@dsLP;ipt BbnPLAL ehe TRLENRL OHUCESaliAsMet @l el ements.
These el ements are then fornmed, tnrough formng, bending, etc. in a
‘direction that is »erpendi cilustativg r enpeRbess. apd ontl of MEhe WY ant s
of this invention, the 20.,elements c I o] I,y ectl pl ate
t hat has beeni*IBJF%%l‘fﬁ’eviL%u%m;l,ls}ucﬁgageggﬁggﬁgéé%%, lé>t(j)fr q£sklgen‘i %?f%%%lg%i al .
In certai s cageshdédle CEbti Nnghéet agabedtnéde fOf M tgist agevennide feithwed by
a conplenentary stage for 25 surface treatnent such as degreasing, binding,
cl oggi ng, et crefereires 150 ddveh egfcliowedefEaringst HatWkdke: up the section has
a uniformthickness and a constant width for the total |ength. However,
this | ayout shoul d_nog; e consjidete i mtd : QL C in : &bl S

i nvention. On the co(r)l%q%é%‘}? a’t£ Iggstésgdrrgé% éu?]heélgg‘fuoll_%:eI gérrlg%lt gv%r%/&é%
19597/ PGP  poolaveiant btegressft hatrecsiboneami Toshrpedcseditignt;o t he

| engt h- and/or the width of the elenent) and/or variable width (in

conti nuous and evol ufir8H&Fy Srotfe 8r vilr‘?“%jics%%aﬁarﬁe% {‘rﬁd%’agcc?%}oé'frﬁgl?o t he
length. Iy cagegudeWher g1t he @il thas vaniausa il odudCidie sst agds Sof
characteristic in garticular.can be obtai ned by chem cal or nechani cal

machi ni ng, praf 8rabrpedf sectina anchedgisug 6pBPaei Saredkd®™he different
elements destined Lok sget! an 40 £OUPOS! LLABaDAKELDERN HYsDUlnsd baNt. at
| east two of the adjacent el'enments are positioned so that they are In
contact with egaghresher iandhe posiltatonstioey whkl wecripysi nptbéuétinoshed

section. |If necessary,_these elenents can be maintained in contact ip the
said 15 rel at P¥898sith oft, T eé{]aﬁﬁFFlbo’éq@irﬁrh?ﬁa. 1Fh&v e‘ﬁ’bﬁ?@reng

posi tioneds i ngt B FBARE! a8F @ekbeApadsenbked LagehRebn Assenbly can be
performed using any appropriate neans, preferably by wel ding. The

positioning and assefibbyret 4gés ar elirgreat cthROLTES dfcRPSAsSEeLLeBaPy,

al ways keeping, innnd the.accessibplit f,.the _caonponents to ed
until the fingpecgﬁﬁs iGIEBHEIHE s %?i%ﬁggﬁnaugseioﬁ%'ﬁé?%ﬁ%ggsgﬁégeated
in this mannegcganthenceas ehiohey inaff ilkedsis twed ndi vi dual el ements, or at
| east one individual 25 elenent and at | east one sub-unit, conposed, of
several el enents prediiéidly Zsi8n st bgePhRrrabteofCat ioiirg ¢ wphat

Sub-unitSzﬁongag%@ of, sgxerak eE@EﬁH&&uBV?YBQUS%¥1a§ﬁﬁﬁb£ﬁé t egehbgts
Figure 1 shows the production of a rectilinear 30 secfion P1, with a T

shaped cross- segeittver;SP 19597/ QRGP

- figure 6 1is a view comparable to those in

figures 4 and 5 that show a third technique for welding
the elements together; and

25 - figure 7 is a cross section comparable to those
shown in figures 4 to 6 that show the assembly of two
elements of a T section, that are not at right angles

to each other.

30 Detailed description of several preferable embodiment

methods according to this invention
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11 In this case the section P1 was nmanufactured by assenbling two fl at
rectangul ar elenents Al and Bl. Elenent Al (diagram (a) in figure 1) forns
the lower wing of the T and the elenent Bl (diagram(b) in 5 figure 1)
forms the upper wing of the T. The elenmemt Bl is positioned at a right
angle to one of the faces of elenent Al so that one of the |engthw se edges
of the elenent Bl (fBl) is in contact with the face of elenent Al
(described previously) along the 10 |l ongitudinal axis (xAl) of this face
(diagram (c) in figure 1). semhly .of ele ts al and Bl is preferably
performed by wel di“%,m%lg‘gw}:ﬁé & 14ed® S0l 1t het TBRIF HOBr E8CF ddthi |l .
Figure 2 shows,ddissS&ed | 0BhB2 enddient SREPREASS ONQft AW Oin el in a
single spatial direction In this case, the section P2 is also nmanufactured
by assenbl i ngf idneresworefenemestide andsBructienenf ARctdonsawidld aarl- shaped
(diagram (a) i,n figure 2).and forns. the | ower ,wn f. the | enent_ B2 20
that forms t HEPRPRr BF A ?‘thlgovfeVSrObt #ﬁeasby%@g’tlﬂtuﬁg -()Ealta%a rectangul ar
element ig flatvheden (@hagr asr(Bh ighy iy eb&) condhtisrele T8l tiedd tren
formed to a curve that is identical to that of the |ongitudinal axis (xA2)
of el enent AZtHHS afyRen PE) seatent gor £he) copfaagtememys SEEAR B & e t hen
assenbl ed, pr rabl i Ag. hboRisn g e 16 M Bikat a
ri ght angle t%;Ignselgo(fgo{lﬁégﬁgg%éegg&ggeﬁgét B%%h%('c)i ?ﬁageisheﬁ engt hwi se edges
(fB2) of el enbntvedRianesuchcant ahe folhowhegs ahdpkdc @roff idleenentI AZ,

according to 30 the longitudinal axis (XA2), of this face (diagram,(d) in
figure 2) . Bp 189597/ BEP lfﬁa}laefiheg”éﬁﬁ‘d&i m&&he nﬁor?&?p('s-‘no intéjr%_)ure 3,
the nmethqd) as;desgeidgd in this invention is applied to the production of a

section P3 with a T shaped crosssection, bent in tw different s&a’lti al
directions, and 5 Metal ghecaaghes enyvisadedtiry . preddesephbédpricddHusl vy,

the section i s.manufacture SE in . n a :
preferably th?guaﬂfmglr&wr?gga%oeﬁelﬁ}ﬂ#tﬁ%%gfor%%ggﬁhtesﬁd?%ér r%\f/j\nc%gr%:'fn? he T,
is 10 obtai netlobyheuttarigueutamppradeierd vhavposntsatoardtabd ifapede f r om
flat metal plate (diaggram,(a) .in fir%ure 3. This js, then bent in a djrection

per pendi cul ar thgeet dimenadnsed FeQRYWRY i n TdLEgrHm 119 | APEFGEHE™3. 2%l enent

B3 that f,of m6 L0 URREY, WbP8oPhelinBsIng! EnhOraBY gl ned by cutting out an
appropri al(:%rel yps%a?oeg e?eﬁrﬁ%ntoi nef I ats Blgat e (diagram in figure 3). This

el ement is then beusing ttieisamvenalle dgawtiad opgi t adilpase axi Burtpsy of
el ement A3 (diiagram (d) in figure 3) ...As_sho on the right ha i de of
di agram (e) i ﬂrgUlﬁﬁéuraeres, enBFy 3% t ﬁgﬁ per FBTHET, tﬁ%gf e?"éggysl?%rough
wel di ng, pl achBgefbeBBNttB3rditn atREr RRRAIGH ArELOs| bEOR G Ndtawiegef the

faces of element A3 so that one of the |ongitudinal edges (f$3) of el enment
B3 is in cont BBPWi t IPthe SAi d e SPMRINGEEOr dF HYIEREE he 185 | BREFE Ui nal

axi s (Xp3), of d&ggﬁﬁggﬁgl %K{Et tefe WRALsREH SPaPRe R A3 1NaG-REEA

descri bed previous once t two netal elenents are positioned in contact
with each ot héntobestdineisiidls drewdhpai rfexk | €acheyfar ehenieltesiandd | BSt hi s
posi tion mﬁthalso preferably performed using CAD tools.

Each of the elements defined in this manner is
then developed to obtain a flat outline of a piece that
25 will constitute the element in gquestion after forming.

The outline is established taking into consideration

all elongation and/or necking that may occur during the

forming process. For this purpose, calculations are
made concerning the deformation that will be induced in
30 the element in gquestion during forming, and the

corrected measurements are established for the flat

SP 19597/69GP



30 appropriate clanmping equi prent. This cl anpi ng equi pnent can be conposed
of wedges, presses, sash clanps, etc. SP 19597/ 69GP 13 In the preferable
enbodi ment method described in this invention where the different el enents
are assenbl ed through welding, the weldim®g seamis best created in
continuous manner w thout the addition of 5 other materials, using a | aser
beam As a variant, the welding can be effectuated in various points al ong
the contact line between the two elenents to be assenbled. As illustrated
by the arrows in re 4, me dlngacan be effectuated in two

st ages 10 u5|ﬂbt%£P%s§BaEed%¥¥% ?%IEuFI § SIE"SREn JFPTRERDt her

of the junctigp Qﬁ&%ﬁeﬂhéh%éfﬁ%ﬁaéﬂgﬂﬂéhén@@g tﬁbpetﬁ§§e@%é¥btf§h5h0““
by the arrows in figure 5 welding can also be perforned in-a single

operation usiagyt \A@plpacwrlbﬁcebeamstl(ld@abl gaf uxde si mektdane@ist feombach
side of the junctagn bet gn hﬁ two elements A and B to be assenbl ed. As
shown by the SPFBW-Fh ?Fée e-B°AUPRg can al so be perforned in a single

operati on gt ranspargnichs® Usidiee ageiaghe |rRsicieam uben; ehemente Acgor the
| ower el enment of the T) has a sufficiently fine thickness (maxi num 2.5mm).

Vel ding is thef pepfseftd theos§hraeli sesicambed Abovie s sefsaup ca%mn ng
equi pment i s H?Sglepro%eeﬂaac%ﬁ b?fgﬁrge:%nc?dlg@ﬂmr?' BFEL% g@rtsﬂ&?e@

wel ded in correct position, and to pre anger mat'1 on n’ th is
manner it i s possithlee taprtiraant, trmhéasetageanldﬂsthabebemmﬁldwtoabe

wel ded, so that the l.asef beamfollows the |ine of 0 even in the
case where de¥PBERER%0f qﬁ?%ﬂenﬁh? Rﬁﬁgiﬁ§iﬁnf09 éﬁﬁ% r &&sonthep

19597/ OGRy  14qhvieghiakBceasas. 1ﬁngna91d€%%(i6h@egeh:'iefsl gure 7, elenments
such as A and B that formthe section P nust be assenbl ed together in a

direction that is Bhe adifferemt awefial B’e]f@reéltlﬁegltmtngmaksenbpy,thhe edge
of 5 part is mag |ned to produce.a bevell.ed e far. ass mnth
part A, in or g&r %Snf&ﬁﬁ61ﬁglgﬁﬂg%§ hanW%#%? ﬂﬁg? Pﬁ59§ﬁ} %art B
is in contacttuet flhbecoppasiet @staea ihdidreAriaduyly t rs tad aéxarupiape of

t he wel ding edge. This layout permts welding action 10 identical to the
type between Pith etenBRt svper géfditdicar Petadc P dter 2PPECRKIAEE bE ROt ed

that the gngl enf B e?ﬁE!‘@ﬁn &Qg ehepent 5 Sﬁ'ﬁbcﬁﬁ?]&anﬂeﬁnééﬁt b 05 i
section P, can a e evolutionary according to the length of the 15

section. In thhd éasmm t he wel di ng edge angl e machi ned on the edge of part

B to be assembled YL PALL, LM | 1332021V OLELLORRLY are to  be
produced, these elements can also be cut out
simultaneously from a stack of plates.

20 For best results, the different elements to be cut
out are placed on the plate 1laying out the most
economical arrangement to avoid wasting metal plate.
Careful layout is particularly advantageous when using
expensive metals such as titanium.

25 The cutting out operation can be performed using any
well known method, in particular high speed laser beam,
abrasive water jet machines, or traditional machine
tools. In this case the various metal elements can be

cut out directly to the measurement of the finished

30 pieces to a precision level of 2/10 mm.
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One or several elenents destined for form ng a section nmay al so necessitate
conpl erentary machi ning 20 such as hollow ng out . The cavities produced
with this operation may fulfil various functions w thout deviation fromthe
context of this invention. On the contragy, they may be holes drilled for
further fixing of the section, or for the attaching of other elenents 25 on
the section, fixing holes, or cable passage holes, or cavities destined to
lighten the weight of the finished section while maintaining sufficient

resi stance agai nst_nmechanical stress to %Qich it may be s Q%ect" 30 These
hol es or cavities WaSRribedaifdve Iray U&E%xECUt EH di PREL IEL}’ cdOTHTTY to

their finishedegtaiR! Paraa D 76089GFhe hunduref eahl Yoar i EBe cudting
out stage of the elenment in question. Wien a |laser is used to performthe

cutting out opeeatevnsadvdntagere (iademsiitoul angr edbppbhgebentsetpeedlreat e
the cavities. _Holloewing .5 apd dri,lling before | @i n rQui des e
advant age of %%Fﬁﬁ é%gié¥)tgg8er?%ﬁﬂ§ é%ﬁh%%l% fﬁ% ngt%éﬁgﬁac%E éﬁ%

because the cguting reashibavesy,reagly sheandsade upemdlaberall that iwshdar der
to hollow or drill in a conpleted section, of a three _dinensjonal pature as
is 10 the cas8aWpt hlaxe¥udepBedamndeor uses | 5Rs RAERPEBd FR®mMBFbeks,
common in prighedihe FhPREnENLSQULLLRC G AlhdtaniUalp e | Sgcar e
created with tReiT Final e sirement’s, no retouching |s necessary, fthus
savi ng consi dehabllegemibedd pheamanatactanrs nghemt modifidedr dicngadpusti s

i nvention presents the eat ,advantage of providing the production of
sections mﬁthteoﬁﬁﬁﬂfesﬂgbésjﬁﬁpectly to the required nmeasurements and with

excel | enty preci si 0fgl gVelat-iARRIOXidRd ely pareitanatenhls of Bagétligetre).
20 The nethod according to the invention also permits a considerabl e saving

in material 1895, usedafer mattdring epsxationsm ttde teublineat $iprelaced
during outl! nE1EHERNS. égnsgb%t eﬂoBéﬁéaoggAwyitﬁ%[‘ﬁéfaQLf'&é&trf%"%” *?E@@duced

by positioning ifferent el enen 2 nost ecortom cal  Tayout
during cutout bpa@parati on. Gven that nmaterial loss is mnimal and that the

met hod set-up is conposed_of very femnfrpduction sta%es écuttin out ,
eventual forning, G9BAFBALYsurftdCe FMthiNd nefit aRBeX8&dRH y)°oF t nehe

manuf act uyd ng aptRad ageakdheg t 9st NpS-EBYRBE! OBnPeEThES Hhgrar odugikon of
SP 19597/ 69GP 16 sections wth conplex shapes at a | ower cost that other

met hods used pmopguices diltat Mbetaleelemecltani CBiest r edementsedtieontkenuct ure
is reduced to_a_mni becguse there is naq.three 5 dingensional fgrning,
but exclusiveﬁﬁrpfﬁeqﬁHﬁQﬂﬁ a§86?aP%g %54%%?3&%?%&& LR Gkn@sEEE 1S nce
t he thickness tghtt R@s@eRbahds cul areduc etheG@MRaiettnle@st.ne ot her nmeasurenents

of the elenents subject to formng, and al so conpared to curving radius in
general set up 10 d&drioQef i f§e t KarAdBRaEni *hl Riesdnveakded i nthfe

various e}@nehg Lhdls ke 4PsbNBeSRA OBut SaYEE%ch9WErom plate that

has been formed previously, such as bent plate, or
gimilar material.

In certain cases the cutting stage and the forming
stage can be followed by a complementary stage for

25 surface treatment such as degreasing, binding,
clogging, etc.

Generally each of the elements that make up the
section has a uniform thickness and a constant width
for the total length. However, this layout should not

30 be considered as limiting, according to this invention.

On the contrary, at least some of the said elements may
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SP 19597/69GP 17 CLAIMS 1. Manufacturing nethod for nmetal sections (P,
P1; P2; P3) in which the cross section is conposed of at |east two

i ndi vi dual, non-aligned parts, said nethod is characterised in that it is
applied to the 5 manufacturing of conpl exd0 shaped sections excl usively
conposed of non-plane parts that forma an angle that can be of any degree
and evolutionary according to the length of the section, and in that the
nmet hod al so consists of cutting out the elenents (A B; Al, BI1; A2 10 B2;
A3, B3) in at_|east ope Fetal pl ate, .accordlng to the neasure t hat
correspond t BP¥%Eh2ohBLi6KPERE SR phf tROT ol FﬂEm 8&RBIEG1EP t e§§1

el ements togetbgseh0 L9 osai ghaet@lasrctoon. tid 21ddidwd asmdleserided in
claim1l, in which one of the edges of at |east one of the elenents (B) is
bevel | ed bef oV@ra@bbﬁbedﬁht Hlmhecmmu@#%m@ eRpluhépaariie MRS eP®nent s

Claim1 or 2 Dinaharent Safficrahatl acfrr il R SR BT

as flat piseceshérem that amtaalanﬂl ahas, taherafrdramé befinrdkreassenbltyhi 5 4.
Met hod as described in claiml1, in which the elements (A ,B; /Al, Bl;, A2,
B2: A3, B3) afBRERCtEFdHEEpFevildus|HaFbiFetaket S2T) a]?%s obpaigssy GGP 18

5. Method as ggéﬁibgfdoEnMaéﬂéﬁié%yﬂﬂaéhlh?n&h'59e QQ&OQ?Eéf”EﬂQat

wi |l be induced 1n each elenent (B2, A3, B3) are ca ated for form ng,
and where thecetémngtoutlbpbeatubnout to neasurenents corrected 5 according
to the nodificatio to saLd defor tlon N@thod descrlbed in any
of the previous clgﬁﬁﬁ mi+%ﬂe¥ﬁ%t pdegr1ngd % A3,

B3) are el%%@bﬁﬁob!t%h%ﬁﬁe t@eh. cMQtfam @miwu et llréacéalm& ofN
which the welding is performed by at |east one | aser beam 8. Method as

descri bed in thai mdzaqeamtvqumtesmelreu RPSES fiongsersor ﬁbatomeh@ 2¥Ge of a
first element,(B), A5G yeta%ht hsedéceifl eSGISBQgt?.!: y(A)qu' ng a

single |aser 5ean1é} ect ua successively, ‘on one Si rst
el enent (B) foktaped iy m&kdlﬁgnmaheﬁe secioihon si de& ﬁ@c@sshhyhodtheserdlng

toclaim7, in_which the weldin erfornmed on the edge of first
el enent (B) fBFeREBERDI $2R0 l?el"le%fe’at‘l:"le"'p s@tbn§OBEEFEnt 1A) tﬁg #2359t wo

| aser beans sigubtapgogskyt9B8nbotiBishdesanbihbe edibhest el ement (B)
The elements positioned in this manner are then
assembled together. Assembly can be performed using any
appropriate means, preferably by welding.
The positioning and assembly stages are repeated
20 as often as necessary, always keeping in mind the
accessibility of the components to be welded until the
final completion of the section in question. The stages
repeated in this manner can concern either, at least
two individual elements, or at least one individual
25 element and at least one sub-unit composed of several
elements previously assembled together, or of at least
two sub-units composed of several elements previously
assembled together.
Figure 1 shows the production of a rectilinear

30 section Pl, with a T shaped cross-section.
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10. Method as described in claim7, in which the welding is perforned on
the edge of a first elenent (B) for assenbly to the face of a second

el ement (A) using 30 a single |laser beamin transparent node through the
second el enent (B). SP 19597/ @GP 19 111 Method as described in al
clainms between 6 and 11, in which the welding operation is effectuated

wi t hout the addition of other material. 5 12. Method as described in all
clainms between 6 and 11, in which the welding operation is effectuated in

various points alopg the contact |ine between _the two el eqents. 10 13.
Met hod as descri betfli AP CRSF nElhﬁet%\%‘é’ﬁl%naR& 4as H‘%Egﬁt%‘ﬁ@ ¥ing

operation is &éééﬁbyﬂhgdtiva €0Bt| pHEYENBRUEraboBAchie G9NLaG! Bhi.ne bet ween
the two elenments. 15 14. Method as described in any of the previous clains,

in which the el eneBlenent Bl Aldiggram2, (#82; im3, fB3Yrar & )maferasnethe n
contact with each_other usi cl i hg uipnment . | Qsi tion,.established
at the noment [OFSREERE YT 23S T AEACas tHRSEFI Bda RS (Thetn

previ ous & ai figuire Wi €Brast khee ug siigplofdrneg My, ithdresieednt hel net al

section (P, P1; P2; P3) to its final_ neasurements, followed by a draw ng of
the flat outlLReP25iflosgeh &F 2 heightnemgd e Ao pne cfptheafagegs a8 B3)

bef th t., 16 t ' i 1. [ o ich
Chr ce. i monsi haTCHF A - ¥aae o O ot af aachPife(plaly g PBLCD,]
to its final etaseneneBls, (Egl)l ovied biyn a SHODRO7/WGIXIP t12O df avengobf the

CAD tool s, 175 RBERBARAs dedEFFBEATRA ol alREVES AT 16, (L%HE ch Stbfie |
outline afgtheogheraAtfalAaBs Alx Bl of2,t18% A3ceB3)apdSrath awr)byifaar ki ng
with a | aser beam before they
figure 1). Assembly of elements al and Bl is preferably
performed by welding, as will be described further on
in greater detail.
Figure 2 shows the section P2, with a T shaped
15 cross-section, bent in a single spatial direction
In this case, the section P2 is also manufactured
by assembling the two elements A2 and B2.
Element A2 is flat and arc shaped (diagram (a) in
figure 2) and forms the lower wing of the T. Element B2
20 that forms the upper wing of the T 1is obtained by
cutting out a rectangular element in flat plate
(diagram (b) in figure 2). This element is then formed
to a curve that is identical to that of the
longitudinal axis (xa2) of element A2 (diagram (c) in
25 figure 2). The elements A2 and B2 are then assembled,
preferably through welding, by positioning the element
B2 at a right angle to one of thé faces of element A2
so that the lengthwise edges (fp;) of element B2 are in
contact with the sgaid face of element A2 according to
30 the longitudinal axis (xa;) of this face (diagram (d) in

figure 2).
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are cut out. 18. Method as described in clains 15 and 16, in which 10 the
outline of the elenents (A B; Al, Bl;, A2, B2; A3, B3) are drawn using a

| i ght beam before they are cut out. 19. Method as described in any one of
the previous 15 clains, in which severali2dentical elenents (A B; Al, Bil;
A2 , B2 ; A3, B3 ) can be cut out s inmultaneously froma stack of plates.
20. Method as described in any of the previous clains, 20 in which at | east
some of the elenments (A B; Al, Bl; A2, B2; A3, B3) are hollowed out. 21.
Met hod as described in_any of the previous i i.n whj ch several. of the

cl ai s,
el enents (A B; Allnpfheax 1111t 3 Mef )Odar%‘%‘ﬂ‘? ok 1% Bate Nt

plate arrangi fg:h88 LayQukcP9BEL! 9R LR iR NnYes® iRl 8ls WaH18eP %o MBIbIOd as
described in any of the previous clainms, in which several” of the elenents

(A, B, Al, Blprag@ucBlon3(fA3a B8pctisng B3cwitimg a eBhnslyaeedhosesssrom t he
group, including, cutti ut, using Rhi speed | aser ,SP,.19597/ 69GP 1
beam " abr asi vE-aETeP: | BEntaia TRt S Bner CRE RRREEar a2 Eht hod
as descrilmed &9 apyhef ahfBedr eMi @dghcbahse,. 5 in which at | east one of the
elements (A B; Al, Bl; A2, B2, A3, B3) is subjected to a conplenentary
surface treatnent Hefor descEibRE asRFANIOUIYY, Mot BBE as S@€$di9bed 9/ any

of the previo ] 04 | quﬁpt e Aln Bl. 1AZ2,, B2; A3,
B3) are assenﬂ?%ﬁ%ggggr\?\éerﬂépa%%%%gﬁ?ré 0 th%l%ﬁeer?gr?tsﬁﬁas;%dva%? abl e
t hi ckness. 25pr&EthablgstHesaghbedldingl.aim 24, in which the 15 variable

t hi ckness is obtainfd t hrou hé@Peni al or necﬂanical,nachining. 26. ., Met hod
as described in any 8?eFEeAgr Phud VN fele i HOWAY cHiRE, o tRE TB1: 1%, B2

A3, B3) arge aspegbhed. bg0candinBebatalan @RA¥nLNEe tHat! N 6f BB M S3 hasca
vari able width. 27. Method as déscribed in any of the clains between 1 and

22, in which ghapgd AromBflagp megal A3laps) (diagram (a) in figure 3.
This is then bent in a direction perpendicular to its
thickness as shown in diagram (b) in figure 3.

Element B3 that forms the upper wing of the T, 1is

15 obtained by cutting out an appropriately shaped element
in flat plate (diagram © in figure 3). This element is
then bent to the same curve as the longitudinal axis
(xa3) of element A3 (diagram (d) in figure 3).

As shown on the right hand side of diagram (e) in

20 figure 3, assembly 1is then performed, preferably
through welding, placing element B3 in a perpendicular
position against one of the faces of element A3 so that
one of the longitudinal edges (fp;) of element B3 is in
contact with the said face of A3 according to the

25 longitudinal axis (xa;) of this face.

No matter what their shape, and as has been
described previously, once the two metal elements are
positioned in contact with each other, best results are
obtained if they are maintained in this position with

30 appropriate clamping equipment. This clamping egquipment

can be composed of wedges, presses, sash clamps, etc.
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25 assenbl ed, and where the el enents have constant wi dth and thi ckness. SP
19597/ 69GP . Af. AS. Af . Ay. Afy. A@ AF. A@ AF. A3. A3. AF. AF. AY. A ,. A3. AF. A3. A

, . A3. Ayy 4D ]

*- 1/ @w nmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] c™8d ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] cMa] ca] c”fa] c™a] c: a] cRaU] ca] caU] ca

@BD' 346b" | ##" #| ##4#) ) ) ) x/ 1 | L@BT5=; N, Q

A2ABAbA{ vqgl gb\ W calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] c™al] ca] ca] ca] ca] ca] ¢ctalc cal ca | bASAVA F SSYYY\ &\
\]O\ A ]u L a]b{ v]ql g]b 1 c%ﬁl%g%fc%}%%} @H%D&%PE‘&P&] %cé}?é&%%}%] ca] 0231
] ca] ca] ca] ca] gl ga] %%a@m caphead cakeal cal oot bhdddegesthagghhidid i j j kk!

| [I'l mm nToeohoo} xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca) cajeauhled] dd]nm]gﬂra] M&]lda}'@a] chhealwsldigpggersm is best

s~f hhi i1 h d Z alc cal ca]ca
o] e O e iFeafedl o ThPRETRUSRE  Harihefl LEERGAEC RS ARMERRER) 2 o0 ¥
4D 1\ ' 10%& ()other materials, using a laser beam. As a variant, the
310%&' () - " 10%&! i’) s!y10%& ()~ Fs109%& ()-f 10%8& () - D{ xVA! ~L- | 0% ()-

I, L-1109& ()-We glngog@.gz e afflewgatsd | pr ;m%:lous points along the

f’o(l-lg% ?;/&Lé%:%%p §ﬁé0f{%5&%' Sﬂ%@g&?‘ é)eméﬁ%& £6) bellsi@mbiled.
6M 10%&' ()- & 109%& &¥%- J.']Il'ufbﬁ%dt&c{)by' (t'hm(y&r(:)nws' K 0%&) ()and ~¥Z; Oi@
,:ng;égg/g ()- (%%83{%3& (%Osﬁetll 91(?>§;$1) bI (Ie >t8fl1&$t)edl llhlogﬁa()sgages
10 using a laser beam (single flux) one side and then on
the other of the junction between the two elements A
and, to be assembled.
As shown by the arrows in figure 5, welding can
also be performed in a single operation using two laser
15 beams (double flux) simultaneously on each side of the
junction between the two elements A and B to be
assembled.
As shown by the arrow in figure 6, welding can
also be performed in a single operation (transparent)
20 using a single laser beam when element A (or the lower
element of the T) has a sufficiently fine thickness
(maximum: 2.5mm). Welding is then performed through
this element A. in this case; clamping equipment 1is
used, preferably, in order to maintain the parts to be
25 welded in correct position, and to prevent danger of
deformation. In this manner it is possible to direct
the laser beam on the element B to be welded, so that
the laser beam follows the line of the join, even in
the case where deviation of the element B may occur for

30 some reason.
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1 109% ()-- t !10%& ()--mlO% ()- s3s10% ()-f10% ()- 10 10 \*1zX6l @
10!} 3(1 10%+& ()-@y3(! 109 ()- @ 109%& ()-'y !'109& ()--'t !'109& ()--!1

1 109%& ()--1{\= 10! 3s10% ()-y10%: ()- 10 10

10s>10%&' ()-!3(!10%>& ()- @1 3(! 10%&' ()-1@UDMI3{\ = 1! X "109%& ()-/!

"109& ()-/1N "109& ()-/'y "10%& ()-/!k "10%& ()-/!X "10%& ()-/ D/ =>?@D| ] ;
11X f "109% ()-OFs109& ()-!fyl09%n& ()- 10 10

In certain cases, and as described in figure 7,
elements such as A and B that form the section P must
be assembled together in a direction that is not at a
right angle. Before beginning assembly, the edge of

5 part is machined to produce a bevelled edge ready for
assembly with part A, in order to form a welding edge.
In this manner the edge of part B is in contact with
the opposite face of part A along the total surface of
the welding edge. This layout permits welding action

10 identical to the type between two elements
perpendicular to each other.

It should be noted that the angle formed between
the elements such as A and B that form section P, can
also be evolutionary according to the length of the

15 section. In this case, the welding edge angle machined
on the edge of part B to be assembled with part A will
also be evolutionary

One or several elements destined for forming a
section may also necessitate complementary machining

20 such as hollowing out. The cavities produced with this
operation may  fulfil various functions without
deviation from the context of this invention. On the
contrary, they may be holes drilled for further fixing
of the section, or for the attaching of other elements

25 on the section, fixing holes, or cable passage holes,
or cavities destined to lighten the weight of the
finished section while maintaining sufficient
resistance against mechanical stress to which it may be
subject. |

30 These holes or cavities described above may be

executed directly according to their finished diameter,
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10s>109%&' ()- f "109%& ()-/"id{z8|]; 11! "10%:& ()-0 S "10%& ()-0!|

"109%& () - 0!

"10%"& ()-0 D "10%& ()-0 "10%& ()-0d"012346b~ > 1!! F

t1109X& ()-Z Fs10% ()- @O0%' ()-° 10 10 10 >109%& ()-!f "10% ()- Ob' (

xV7~_> 11 FI10%&' ()-!F 10908 ()-!\F! 109€1%)-!tF! 109%4& () -

t110%& ()-Z 1" o" ##xV7~_> 11 L410%& ()-!x)! 10%QQ& ()-Y !)! 10%.L& ()-Y

\')1T10%& ()-Y 'yF! 1098 ()-! F! 1000/NV& () - #| #H##### $%\ = 11

"109%2& ()-0!\

"109%&' ()-09Fs10%& ()- 10

10

15

20

25

30

preferably during the cutting out stage of the element
in question. When a laser is used to perform the
cutting out operations, the same laser should
preferably be used to create the cavities. Hollowing
and drilling before welding provides the advantage of
being easier to perform because of the flat surface,
and because the cutting means have already been set up.
Naturally it is harder to hollow or drill in a
completed section, of a three dimensional nature as is
the case with extruded sections or gections machined
from blocks, common in prior art. Since the outline
cutout and eventual cavities are created with their
final measurements, no retouching is necessary, thus
saving considerable time.

The manufacturing method according to this invention
présents the great advantage of providing the
production of sections with complex shapes directly to
the required measurements and with excellent precision
levels (approximately to a few tenths of a millimetre).

The method according to the invention also permits
a considerable saving in material loss. In fact,
material loss 1is limited to off-cuts produced during
outline cutout. As stated previously, these off-cuts
can be reduced by positioning the different elements
with the most economical layout during cutout
preparation.

Given that material loss is minimal and that the
method get-up is composed of very few production stages
(cutting out, eventual forming, eventual surface
treatment, and assembly), the manufacturing method

according to this invention permits the production of
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10 10" >109& ()-!7! 10%CC& () - Wr&&G ' (])zX6~\= 1!! "109%R2& ()-0!p

"10%z& ()-0l'n "10% (& ()-0! "10%& ()-0 "10%& ()- 0!

"109%&' ()-0]1))))))))*~_= 11!y "10999& ()- @ Ys10%& ()- @O0%& ()-" 10z 10z
102°>10%2& ()-10 "109N& ()-0*++,,J-?.z2X66 = 111} "10%[& ()- @'

"10%L& ()-@! "10%L& ()-@!~ "10%>& ()-@ "10%& ()-@!t

"10%448& ()-@72. M x/////]S0~ = 1111 p!l 10%& ()-" Fs10%& ()- 10 10 109>10%& () -
"109& ()-@! "10%[& ()- @ S0=11A22324w4~ = 1! p "10%g& ()-!a "10%gg& ()-!

sections with complex shapes at a lower cost that other
methods used in prior art.

Moreover, mechanical stress in section structure

is reduced to a minimum because there is no three

5 dimensional forming, but exclusively £fine plates,

according to the wvarious thicknesses. Since the

thickness of these plates is reduced compared to the

other measurements of the elements subject to forming,

and also compared to curving radius in general set up

10 during forming, the mechanical stress induced in the

various elements that make up the section is very low.
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CLAIMS

1. Manufacturing method for metal sections (P; Pl; P2;
P3) in which the cross section is composed of at least
two individual, non-aligned parts, said method is
characterised in that it is applied to the
5 manufacturing of complex shaped sections exclusively
composed of non-plane parts that forma an angle that
can be of any degree and evolutionary according to the
length of the section, and in that the method also
consists of cutting out the elements (A, B; Al, Bl; A2,
10 B2; A3, B3) in at least one metal plate, according to
the measurements that correspond to each one of the
said parts, and the assembly of these elements together

to form said metal section.

15 2. Method as described in claim 1, in which one of the
edges of at least one of the elements (B) is bevelled
before assembly with the other element (A) where the

two elements are not perpendicular to each other.

20 3. Method as described in either claim 1 or 2, in which
gsaid elements (A, B; Al, Bl; A2, B2; A3, B3) are cut as
flat pieces from flat metal plates, then formed before

assembly.
25 4. Method as described in claim 1, in which the

elements (A, B; Al, Bl; A2, B2; A3, B3) are cut from

previously formed metal plates.
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5. Method as described in claime 3 and 4, in which the
deformation that will be induced in each element (B2,
A3, B3) are calculated for forming, and where the
element will be cut out to measurements corrected

5 according to the modifications due to said deformation.

6. Method as described in any of the previous claims,
in which the elements (A, B; Al, Bl; A2, B2; A3, B3)
are assembled by welding.

10
7. Method as described in claim 6, in which the welding

is performed by at least one laser beam.

8. Method as described in Claim 7, in which the welding
15 1is performed on the edge of a first element (B) for
assembly to the face of a second element (A) using a
single lager beam effectuated successively, on one side
of the first element (B) followed by welding on the
second side.
20
9. Method according to claim 7, in which the welding is
performed on the edge of a first element (B) for
assembly to the face of a second element (A) using a
two laser beams simultaneously on both sides of the

25 first element (B)

10. Method as described in <¢laim 7, in which the
welding is performed on the edge of a first element (B)
for assembly to the face of a second element (A) using
30 a single laser beam in transparent mode through the

second element (B).
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5 12. Method as described in all claims between 6 and 11,
in which the welding operation is effectuated in
various points along the contact line between the two

elements.

10 13. Method as described in all claims between 6 and 11,
in which the welding operation is effectuated in
continuous mode along the contact line between the two

elements.

15 14. Method as described in any of the previous claims,
in which the elements (A, B; Al, Bl; A2, B2; A3, B3)
are maintained in contact with each other wusing
clamping equipment, in a position established at the
moment of assembly.

20
15. Method as described in any of the previous claims,
in which a three dimensional drawing 1is made of the
metal section (P; P1l; P2; P3) to its final
measurements, followed by a drawing of the flat outline

25 of each of the elements (A, B; Al, Bl; A2, B2; A3, B3)

before these are cut out.
16. Method as described in claim 15, in which a three

dimensional drawing is made of the metal section (P;

30 Pl; P2; P3) to its final measurements, followed by a

SP 19597/69GP



10g 10g 10gs>10%g& ()-!'}, 21109 ()-4abbbTcdd*?~\= 111yl 10%& ()-Z
lyl 109 ()-Z 'y!'10%99& ()-Z &Z10%& () -y@ 10%g& ()-L310%& () -
ddeeeeeeezodY: 1!!& 10%& ()- 10g 10g
10gL>10%9& ()-!s, 2! 109& ()-4!,2!' 10%&' ()-210 (! 10%99&' () - 3e~f) ggghh}[ <dY:
111110%9z& ()-!110%&' ()-&10%g& ()-!x!10%&' ()- !
L' 109%ZZ&' ()-F10%& ()-hiiiNjjj}~?4: 1! 109 >10%& ()-3!10%& () -
131109 ()- 90 10%& ()-(!'10%& ()-F' ~('10%& ()-FjjjjjnmkkkgH: 1!

0 ! | 0, 0, 0/ ! 0 -
iggi}?{??ﬁ%%mﬂggg%gé&gg gﬁe flgklgéé %ng)of4g%gh ég 310/eme tslgg

B; Al, Bl; A2, B2; A3, B3) using CAD tools.

17. Method as described in claims 15 and 16, in which
5 the outline of the elements (A, B; Al, Bl; A2, B2; A3,
B3) are drawn by marking with a laser beam before they

are cut out.

18. Method as described in claims 15 and 16, in which
10 the outline of the elements (A, B; Al, Bl; A2, B2; A3,
B3) are drawn using a light beam before they are cut

out.

19. Method as described in any one of the previous

15 claims, in which several identical elements (A, B; Al,
Bl; A2, B2; A3, B3) can be cut out simultaneously from
a stack of plates.

20. Method as described in any of the previous claims,
20 in which at least some of the elements (A, B; Al, Bl;
A2, B2; A3, B3) are hollowed out.

21. Method as described in any of the previous claims,
in which several of the elements (A, B; Al, Bl; A2, B2;
25 A3, B3) are cut from the same metal plate arranging the

layout position to minimise metal waste.

22. Method as described in any of the previous claims,
in which several of the elements (A, B; Al, Bl; A2, B2;
30 A3, B3) using a cutting technique chosen from the

group, including cutting out using high speed laser
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23. Method as described in any of the previous claims,
5 in which at least one of the elements (A, B; Al, B1l;
A2, B2; A3, B3) is subjected to a complementary surface

treatment before element assembly.

24. Method as described in any of the previous claims,
10 in which the elements (A, B; Al, Bl; A2, B2; A3, B3)
are assembled, and where at least one of the elements

has a variable thickness.

25. Method as described in c¢laim 24, in which the
15 +variable thickness 1is obtained through chemical or

mechanical machining.

26. Method as described in any of the previous claims,
in which (A, B; Al, Bl; A2, B2; A3, B3) are assembled,
20 and where at least one of the elements has a variable

width.

27. Method as described in any of the claims between 1
and 22, in which (A, B; Al, Bl; A2, B2; A3, B3) are
25 assembled, and where the elements have constant width

and thickness.

SP 19597/69GP



