;e3eT: &6>T[d% A METHOD FOR ADJUSTI NG THE STROKE OF A PRESS BRAKE The

_ present invention relates to a nethod for adjusting the stroke of a press
brake conprising a fixed table carrying a die, a noving beﬁﬂﬂ“ﬂ“M@ﬂmm
punch, neans of noving the noving beam the said novenent Mﬁ on
uprights fixed to the fixed table, nmeaguring rules for neasuringgtfie
novenent (d) of the noving beamw th respect to the uprights, at |east one
sensor mneasurin jcal er )..varying according to the force
exerted by thé& g’@&”%%? &ﬁ?ﬂ?ﬂ%@e T&‘%pﬁévrﬁ% G s ?B&A%i chis to
be bent at a set angle (err), placed on the said die, and an el ectronic

control devi c&heoptreskhitng niveationerenttels the ammeithgdbgan keljweenng t op
dead centre and,a bqttom dead, centre %5%% provided w th _neans of,

acqui ri M FETEPefint REASE BRaNEs G hé fivEc & Sting), and

cal cul atd @ &TeansohvahoC MelafC idatarylitey walpiiclf, heansfidt hehiiey derd centre
according to the nmeasurenents of the said novenent (d) and the said
physi caliQydnghdedm. (Hhe ifd dhaosiament gBenE bepning pupcdsthtdeddmases a

press brakend ftiked tUPRe , Wi RurTBl@lr 8Reets drS rReiur itRe dH G weiisTgone

by the uprights of a press under the effect of the thrust of the rans
causes a9 ©f GleoMmovE&dupeiagh v thhirespesE tes dihe iwprd aidfcor adt ileasdf t he

frame of - s, Tl exi di fJ t pepetration of
the. punch e Ui iy o B IR0 pemeeat Ve dvat "ol ¢

obt ai neciardigpitec & hteo flver deemxerted hy adjeu stanehtpuretthaoh a&c qorediengpft 0 CH
686119, using _pressure sensqrs, the force undergone by each of the uprights

under t REHEEIF _ _sme( s "‘6\‘1%\71:%&0( Re G héarfSts & femed, each
of the valdies QB aiaed ;¥ caParsh Wd ki eaaterdidied1diagy

a
establishing the relationshi'p between the force undergone by the respective

upri ght cantacid iy dhe oovemend] iafe tihe imestiaes dwpasd hedwaert anfans aead or
the defq LML R RIfHad cenere @91 v-eig%g.{é)%% mearfs tcﬁg()t her

par anet er 'e to give rise to an error 1n'‘the ng angle I's
vari abi ldaguigfinché hehimskreassitofmaarigsimess sheldig eprdddes arhy s Inoni nal

t hi ckne t pi.ece Jis; Q e i nt . i.nto contr ol
ol ot T o RS o it AR b o R T U i S o
the act ual tled ERi(Cehottad ddwel bendiryg aanglmwling to tdeyindasdramrite set
val ue (eryg),.. the actual thickngss er qf the al sheet must be taken into
account & té'élechsable ﬁoﬁge"beﬁéﬁacf)onancﬂ'hﬁ%e issa]bd;%;kvsselﬁ e%ﬁﬁ?eatc%]ﬁrg%s‘ of
sheet nmetal supply netal sheets whose actual thickness has variations which
may range up

10% of t om.nal value (e), .of the thickness. |If a sheet
Tl e i e EA st B U o Th Ak B GRS gladh o
V- shapethmglanioly tifislZypy. a Wieen &t imgtdIn dHwed hi<lr@ss, adfhd 0fowad |, if it
is not corrected ive rise tq a variation in the bendi ng_angl e_ of 2;
wi t hout DAFTHRTGEY (e ST IFNER 1RF Ko RASRE AMASF (iR F MERSE Ko Wi 88 and
92. The flahest SPRINC atdn) cHUSRE I R HPASE S HE et BFHE & el 1eh agdyal
t hi ckness of_ the piece to be bent_by the concomtant detection of the

i ncr easeF$F el yAIrSRAI TS 633 e e L3P 108 dr© ahick tHR- posttF on of

the punce byién SRS SENSY - dehien RS PUnAPRAE LW | SN St HddB8ide JP
10052800 and_JP 09136116 propose to determ ne the thickness of the piece to
be bent By ddtectWihfh SEFIERT oI | FEERS cont LR RINGINT HRNFDY i PRE DEFR

occurring, athd he Jeureiy Mhefe A PHOCGHE B Fud hén € AR @%b Wadbot &Sy Pi ece.

to CH 686119, using pressure sensors, the force undergone by
each of the uprights under the action of the means of moving
the moving beam is determined, each of the values obtained is
compared with a predetermined diagram establishing the
relationship between the force undergone by the respective
upright and the stroke of the slide is increased so as to

compensate for the deformations on the press. S

MR
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The patent US 4,550,586 proposes to determ ne the thickness of the piece to
be bent by detecting the |oss of contact of this piece with sensors pl aced
on the surface of 83401 WOGB 01109! 03 - 3 the fixed table, the |oss of
contact resulting fromthe start of the bending process. Another problem
whi ch is posed during a bending procesg Ls the conpensation for the spring
effect, that is to say the elastic return of the bent piece at a slightly

| esser bendi ng_angl e when the pressyre of the pynch_is rel eased., Because of
this effect, %ﬁ@tgﬁ% R &flaﬁjfg tRs Bdrtaneshs the Al F XHgli® Ghger a

| oad ( eendExngmasikyllee igr e;aateemttharmltm&yseif el e Hieskines®f diheHeeqliided
bendinglﬁ%&;e after rel ease of the plece It éﬁggnomn in the state of
the art % FrengSsecal | 5 oy RIESS Yiene &rr) c)

and to app batrb@\eﬁ:@ﬂseim&@diﬁze@&&ﬁ@ itoR %ﬂt%lSte'l@&ﬂdhlazsCQﬁSt@ﬁt
manner during a series of repetitive bendi ngs. However, this type of nethod

does notPHeRee PIdssumthesy thse skaaksbills tlylﬁtﬂatlﬁé’ Astastad t o be processed,
in particular variations in thickness of the sheet netal and its nodul us of
el asticity, which can vary according to the direction of rolling. The
variations inForeshepacameflevaluediof.yof hehevbentlidg ahglbeensprtog ef fect
fromone piece to another, so that a constant correction is not sufficient.
To t ake MRVEEE® Taom ldey Metariadme o thb@eagéuaﬂmtbngkm&ﬁé gat efit tlys

4,408, 47 10 egar varl atio t.he g rtdbythe
punch on éL %‘?%(;%esc g@(%:r %% ct ]%?} tlgler?o\?ecréegmtnrl ah: é{chjeﬁﬁf r%dul us of
el ast i cidpewt itdre piTdes f:ra)rhddama&l apee mrartdf&adtmﬁemﬂ agfecdidethamgtlorti on

f the f / t d n.th of del | f th
behavi oUTuR ¥ M o A aar S A S e FTI I Rote EHfe. v rb“a%ce& M% by
ext r apolati an nfzhO Pdryes e o h%%psafnttr@ ﬂmﬁ'ﬂmm\;sg ttfrﬁe punch

whi ch, after elastic Treturn, give rise to a bendi ng angle havi ng t he
set val udhickness. T & redteredtl wmh teh encaivrearitt atg'aaitfnetwlq@ Za(mm)umustnf t he

act ual Od# el gat el f e C h wever,

18! 33 r{ 3%
accordi ng qfan vl U8 o thé—’lq;segtohaang ea Q{\r,\gg{a‘r:?[?éie ?{18% use e ~act Va\DCS
- ovoSsr osvariat4iorf dm ¢diecmrmtak1@sdwe)ﬁmb0mmmveu”fernt afs trivec punch i s not
the corrected, give rise to a variation in the bending angle of
2°; without appropriate correction, the bending angle could

vary between 88° and 92°.

The patent application JP 02030327 proposes to determine
the actual thickness of the piece to be bent by the
concomitant detection of the increase in the hydraulic
pressure by a first sensor and the position of the punch by a

second sensor.

The patent applications JP 051138254, JP 10052800 and JP
09136116 propose to determine the thickness of the piece to be
bent by detecting a variation in descent speed of the moving
beam occurring at the moment when the punch comes into contact

with this piece.
The patent US 4,550,586 proposes to determine the

thickness of the piece to be bent by detecting the loss of

contact of this piece with sensors placed on the surface of
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sanme. The accuracy of the correction of the bottom dead centre therefore

. depends on the suitability of the nodel chosen as an approxi mation of the
behavi our of the actual piece. The patent US 4,511,976 descri bes a nethod
in which an electronic control device records the variation in the angle 8
bet ween the sheet netal and the top of,the die, neasured by a position
sensor which follows the deformati on of the sheet netal, disposed on the
fixed table,_.an he.variation in the bearing force of _the nch. The

ity al SR EARR FABLE L hBecdPrg| BF( GPPT Sk et Ly bgs e Ry Aitetat e t he
nmodul us o@f tekabendihy efotbessanpl e and, by extrapolation fromthe curve in
the plastic defornmation zone, the control device cal cul ates the maxi num
bendi ng angl e necessary for obtaining the set value of the bending angle in
the absence ohnaBlielOp@obenewai cheXBepbbeRaedaRrewsy hhaknbhegpaseearent of
the angle 8 is not very precise and not very reliable, the sensors nornally
used foRst k& CopecspakdgsuierehtegsPrdnoueidechdj tdeferdts IHa Sy BRg ittl e

and havigigghq heetesdl bir %h%dbte?iirtf g%ggjdia%- 2138 1BWEROS 8 Ys NP RIBIENT

invention is to propose a netho r usting the stroke of a press brake

whi ch cemgdrsahes tde presslast iof toeupuwnshf ést refleaisedpi eBecamsehoudt

havi ng dr ks Ao hags hi, i m, i j - a net hod
of 'the FaS GatPagy” sl paRiRh Vbl B enk s RaFp B aneBOl BN 2,

bet ween ahgg eatindal: bhilokdesg..( fstobel be-cpitese thach the reP Rallddigkness
(e) of the piece is calculated by conparing the actual position of the
novenenCiotben&egiicsdabenrdiian ehele adters relepegedr mhvedaidr RitEicen

(err)p it tihePRYS Gal cpRr %%%tt%r oEPk W Gt Bt heolpldiGal-gaa8) tion of the

sai d novenent where this variation Op should occur, i'n which the

el ect r odiet exariteola deanc dififeresses (ohg reasyurandnts appllethai d novenent

(d) and the said physical paranmeter (p), during the plastic deformation
phase ofHERESHOBE T O F SHEAGN GO %%@qr@k@oﬁﬁa@e afHd W ne

their didirereneesenildd ioFe rdplet itaeRr $RAMHMNGNT HhIeNaaRENGIHD of
operation which nade it possible to obtain the set value (err)c of the
bendi ng &GI8 dossr od) ake sramett Gfc & hex rrd @ty ittie 3Urdif and to

deter m RAt_ARENER IR sRfed, g SR RNECH AT PN and i n which
the electronic control device calculates a correction to _the bottom dead

centre &dsHaasE of the shicet RdAdnE@kditFe Mot U athelantifg effect and
the sai quichf QIENSaT AR RE JL ey 21ee d18eRidichd ot MM, Pasdd cul arly,

according to the invéntion, the conparison with the referernce recording is
made by vedli@digmnisng 1t Kdsises pareaied@rs oddifiyy theymaonipuwite afoddieof t he

pi ece, r.dj t rijati | i VISTLEN | I 1 ows

t he saigﬁégfgggggﬁgférrc%ﬁf%&iﬁgﬂgﬁgé%ggrﬁﬁgggﬂgter, fﬁiﬁ%dﬁggﬁgﬁﬁ? of the
sai d di fdearmawda dm itshirgknesy fierientse) and t he geonetric paraneters of the
punch and die. The bearing force (F) of the punch on the piece is
cal cul ated by means of the value of the physical paraneter (p), the
successi on of Tealtwdke @cacvemti st diteanequisthendi rig diyglss hwardnaf dwr.ce pair

, F) i i red d wit f
bre- 1 ecoRE AR oY e A e € s I i e o i
t 0 obt aitthd et esdnteed dy )thefpurich kendileg mirggtee adda@rdied daseitod t he

cor  ect YT Te Bo A A AE Stk PSR O 1187 GRS ot woen
the pai rfirdnd, tie dlnsbd hen referianne Lurme-f{€rinedy) re i H3404WKS 01/ 091 03
force/movement curve and, on the basis of a modelling of the
behaviour of the piece in the plastic deformation zone, to
deduce by extrapolation from this curve the point of maximum

movement of the punch which, after elastic return, will give

rise to a bending angle having the set value o,. This method
has the advantage of taking account of the actual modulus of
elasticity of the piece which is being bent. However,

according to the value of the set angle, the model to be used
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- 6 The signals representing the novenent (d) and the physical paraneter

. (p) are neasured, digitised and acquired as a series of isolated val ues of
two paraneters (p, d) or (a, F). However, to facilitate understandi ng of
the description of the invention, they will be represented hereinafter
graphically in the formof continuous gurves according to the normnal

nmet hods of anal ytical geonetry. A person skilled in the art will easily
understand that the expression "reference curve" is enployed here for ease

of | angufRfe G BHAGIRD s iTtE I QNG G FhpRunER et S vBPe'sh? ecor ded

in digitdsed forHB dheiriderdcalng alSitadd bh et hadls it ol @dgto the
graphi cal determ nation of the_difference between two curves traced in a

coor di nfE 8 ShgrafanarderRgnd® o fihg e85 1Y ££ the Ppe’bn skill ed

in the affoddi 44 NPlagrBe MACESTAY i NSReAFidbeBhefge AStq the
nmovenent of the noving beam and a parameter directly representing the

beari ng Bi®&®. of the punch on the piece as parameters recorded with a view
to correction cal culations, the nethod according to the invention avoids
the use of unreliable angle neasurenent devices. Using a previous recording
of the bendi nqirof mwateatt U 44800 274 ddwcsidras @ ecetlasd diat awlioeh naaki ng t he
correction to the bottom dead centre, the method according to the jnvention
avoi ds e ¥RFEAPUES tHPIHO LA BICe TEpPR T | Hhe Ydebieieral i nblyel angle 0

Prefera i i t i r ) C Nt 4 f the
e L N g L YR e A b A i A
of the rpesheinn ofendnr mivicly beblvwsdhacdsktormat beniof t Hee pelyeetal

par anet i i ssi bl g. i if b t he
et o he (Rl EiGhdd Apsen €110 ML nd e LT SEE0n DPRIEET Lo -
011 09/ 0earizig t fwsce T kirles spundie. cdThe olnideiakel pnederpdry ofkekea second
correction to the bottom dead centre whil st taking account of the

di fferer@er Yo FA dlateas it RosrtRl e e Ca kR R fghe dnPWHEF &M execut i on
of this seeond £O§rSELD, shilo P& dShal oy BEOVELS T St PERCESEANEnE heuspged of
t he novenent isﬂ?ﬁédupe tosarﬁprreasure'rren){ acqu?%dl)tféon speed (van),u?ess t han
t he predet eflpg et dleheli def eperil ¢vPronanerhe heori vol sdevige peatieutahened
di st ance i o] al..this
di st ancet %ﬁﬂ%igﬁgﬁrégﬁfﬁgia%ﬂifﬁﬁga%?ﬁfnfg&?h%%lgﬁglggﬁ%ogg%a%l%té De of the
sai d sheetluetaf  thadehdinpeangbé mmvehentbsexceasEsanyicéoadain up to the
sai d bendiqg sgeed after detection of the predeterm ned

However, experience shows that the measurement of the angle 0

is not very precise and not very reliable, the sensors

normally used for this type of measurement going out of

adjustment little by little and having to be recalibrated for

each die.

The purpose of the present invention is to propose a
method for adjusting the stroke of a press brake which
compensates for the elastic return effect of the piece,

without having the drawbacks of the prior methods.

This aim is achieved by a method of the type defined at
the start in which the difference in thickness between the
actual thickness (e,) of the piece and the nominal thickness
(e) of the piece is calculated by comparing the actual
position of the movement of the punch at which there occurs a
predetermined variation Ap in the physical parameter (p) with

the theoretical position of the said movement where this

B3401WOGB - 01/09/03



variation Op in the said physical paraneter (p). Finally, the variation in
. the physical paraneter (p) nakes it possible to determ ne the nechani cal
forces to which the frame of the press is subjected, and therefore its
deformation, and this on the basis of data relating to the machinery
itself, stored in menory. This neasurenent of the forces can be used for
calculating a third correction, represénting the deformati on of the press
itself under the effect of these forces. ther particularities and

advant agesrvitide 4p eskeowld neecorpnimi vhiehetipe ¢ieottdeidotboray

description, of one enmbodinent, referring to_.the figures which a any it,
arongst QAT SPEeSlnes’ TR neadntheRte | S5, Fe | 12E0 SReYgneRE Lef cRRdor o
vari at i oehé ns&hd ciingsscal par®Rbhateshepl, odut ey pehat pDaésenat act bet ween

i is a schematic front view of a press

punch an% Eetal sheet; - Flgure 2 1is é

brake proStIETWoh RPRSSWPE SRR ECAIELRE (BFNFRSt r B8R 28; CB3401W0G8
01/ 091 O3compar&i GhéR Sngh@¥SeiWPnEUENESy d1fpsténtéBowstRULhangatsl y the
descent of the punch and the_variation in the paranmeter_ ( % according to

( . p . p
the noveheRPreedt Arsingnenreferepae cbandhngsoparatiipyedhi elr BaEAt thg t he
variation LD arjng. fo f punc or.di ng. engll
angle, i O%Q(l:%ggd?ﬁa&é@%%({l SE§§S$%§’I Yéa?gi) (?" J]q:f%ﬁer ek%gpc?lsﬁi %Qﬂ%a%élgw of
two curveslegpeesSEnthagf bhee vexeatédnby nthéepheahi agdf o6 c@edérinbhrepanch
according to t he bendi ng Engle in a coogﬁinate axi s sésten1éa" F% . Jhe
press brARESHERFEt ¥ e BF gbhe SPELRYrPEESCH RRYTRGEHEAm ASupPoltifif a
punch 2 gRd alééxedniabb8nBrsupaetviE8dcal diitatles MaVesBRECOl ohhEoMBMENY beam
is effected by neans of two hydraulic rans 5, 5, mpunted on two respective

upri ght sPBtEEM EERE(CeRt¥ReaBEPEEIITabP thendahdchPABYPECRAGPEFRELWPRN t wo

measur i nger thessBrng QrrefPURLRULRE £25H @irklsestdeswitn the bending
axis, making it possible to nmeasure the novenent of the noving beamwth

respect referengespeeerdendpdats 6 and 6'. The bending novenent is
controlled by an electronic control device 7. Two pressure sensors 8 and 8
are nmounted respectively on each of the ranms 5, 5 so as to detect the
pressure at th¥orepprputiceiariyh aftcohdimgThe ehecinventiennt Ebe device is

arrangedc§8p3§i58np&99ﬁs§hgh§e§%9§ﬁbé ?écSPQiHQSE?SHEHQ nggggkhgﬁgxgérOm

each of the pressure sensors an so to proce Wo Sign

i ssui ng themihBeaftassblBgbetiefg9aagle 0. anderepbadedti Bget beepByenents of

the noving beamw th respect to each of_ the uprights 6 and 6'. .
according to the variation in the said movement (d) which

follows the said variation Ap in the physical parameter,
taking account of the said difference in thickness (e, - e)
and the geometric parameters of the punch and die. The
bearing force (F) of the punch on the piece is calculated by
means of the value of the physical parameter (p), the

gsuccession of values of the instantaneous bending
angle/bearing force pair (a, F) is acquired and compared with
a reference curve (o, F),s pre-recorded during the reference
bending operation which made it possible to obtain the set
value o, of the bending angle after release of the force

exerted by the punch, and the electronic control device

calculates a correction to the bottom dead centre according to
the difference between the pairs (a, F) and the reference

curve (o, F)ref.
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The mean of the signals bl and b2 can be used as the neasurenent of the

. novenent (d) and the nean of the signals al and a2 as the neasurenent of
the paraneter (p). For nore information, it is however preferable to
process separately the signals bl and al on the one hand and the signals b2
and a2 on the other hand, in particular in order to take account of any

| ack of evenness on the piece to be bent, and to make 83401WOGB - 01/ 09l 03

- 9 correction calcul ations and conmpensations for the stroke of the noving
beam separ at el§eats W@ Yo fie RS it nghd hen e tuptd gind Alger son ski | | ed
in the gty Wdd1 gasidneindernst andd thafedhes f old o Ngedlesed | ptd@lred as
illustrates both the cal cul ati ons and stroke conpensations for each of the
two uprighderiakert sieparated waluws roff espegid neamesti gl §p bed ngot héx subj ect

of separate processings nd, t he cal cul ations. and ¢ ensations for

ver aged st oME Tt nach Sfet 1T Ca TSRS SRR e T eGP PSP B g t he
descent of die IMMMAAEAMh&s w0 58 tdierdudetedase@ingorEri nt o cont act
with the nmetal sheet intended to be bent, the bearing force is zero. It can

be repr SRR Y HE? grig SkREN (R RIS CURES ARPEIFI O Wi ch has
an i ni ti@britfd Yt e SN DE PRASIT esh ek Zpr oed hyr-Lal cakpiiom. A ter the

punch cones into contact wth the netal sheet, the variation in the bearing
force isthe raty widhk ierpite widerstandfthamtilon efprersen al refeeencahe

S10Pe O il | NAmpALYc@nLhe £ Ve DL T ET) Bl G S VELELLeEg) Vi oh S

derived therefrom ematical conversion nekes it possible to calculate
t he noduilesighatd axtsedesgsiidr pbparanciér thel weyi rechedadt onwhi ch t he

start of e varkati i e j ATE spon fggﬁs it
possi bl ed%ﬁltcla cdtljﬁfaéﬁpt hgrlré%trﬁlgr{?é{’ts%%ﬁn(gﬁ erétte)j;oé ﬁ?éet?rﬂé(%%? gﬁ%g?? n order
to det ertw nehé¢ hysaplciaml détekmisst o eo pricee sél ff et drecalelseentenf tvde beam
can be controlled %&?the electégnic control device accoLding to a vari ant

di scl 0seTHEFDW XA | st r SPREHAEF AF 68 BYE lr2' S 313%s, on the sane
di agr am g@ff { bte@ey hbadi I her speed 9érées cewil Medf it hehaoyipgrbeam whi ch
IS prepro(géamred, and, at the sane tine, the variation in the hydraulic
pr essur - neARF FETESFHEY prRskehe? s ehligPshere8' | according to the

novenent (d). The descent takes place initially at a high approach speed
V1, until it reaches a B3401 WOGB _01!09109, - 10 predeterm ned distance
with respect t@1M2 1R&JOVRRIRE (P TRAPOTIRDRIIB APY JrPPpEaPpechet al

sheet, rgigételyt Pepdedsdft SRk CENe dbShA flsrcét of Nt Be MPURBK, ohhenspeed s
decreased, for exanple to a speed_close To the bending speed VP, the latter

bei ng i nP&Sed dy PREABOHPES| FEEATARd Wbk ndl ViRV ckPedlrBECEREN MRt al sheet

as wel | ag)by1L0ecr8ar 86l ehi8hb8S20Eck8Enderd! fle ! VLA EHont BGoRERAEAY
angl e and the punch profile. This speed can typically be around 10 mis.

t he noni na¢ ofi eRnessablet Aghet Beasurenent devigpated e, the tol erance on
the thickness De, the actual thickness er of the sheet will be

Using a previous recording of the bending of an actual
sample of the same piece as data for making the correction to
the bottom dead centre, the method according to the invention
avoids errors due to the use of inappropriate theoretical

models.

Preferably, in comparing the bearing forces (F), account

is taken of the actual length over which the piece is bent.

The simultaneous measurements of the movement of the
moving beam and the variation in the physical parameter (p)
making it possible to determine the difference between the

actual thickness of the piece being bent and the nominal value
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in the range a 0Oe. Wien the punch is at a distance fromthe theoretical

. gripping level, referred to as the neasurenent acquisition distance, dam
slightly greater than De, the speed of descent is reduced to a neasurenent
acqui sition speed, vam which is around 1/2 to 1/10 of the bendi ng speed
VP, that is to say typically 1 mms - 5 mm's. Throughout the descent, the
pressure sensors 8 and 8 neasure the hydraulic pressure P at each of the
rans 5 and 5' and the control device 7 records it and _processes it. The
vari ati & it ishePHdesi% sk 1o dewids aneighatdy itrhsgde 3. The
reducti jeddhd RGN ReEhOhIthedRda0 LeaBe fiamdhe ABRipach speed
V1l to the bending speed VP, is acconpanied by a slight increase in the
concom taé?rﬁ%}teéurtél%pil,fﬁﬁﬁersqegmrf iteftknfissh thagarde e inedendi ng. The
val ue of the pressure pr then reached, during the descent phase at the
bendi ng speed and before comng into contact with the netal sheet, is

consi der ed t o AsE€amed NG fter endanianie eeautiiomafartier seganshsurenent cycl e
of the Q§§ﬁ¥94y nsi. st | f q&a{ + s L cont i asts for
appr oxi mat el y tlléﬁfr)fsslr?réli%rg tmq;;i c|"irlestl(:‘\et %gér%@deé%enﬁéggﬁé a

bendi ng Wpeaetbwmasft drouwaiu®Edntics a anassamamEmentaasfuitdie ipressnaed i s

carried put .every 0.1 nmm,.,when t descent ,speed is reduc to

nmeasur e ‘ﬁalm)dcélﬁlsssi tt-’ljl'b"ﬂ-l st&ee(? Rfa%etoefmfrfﬁé séeorﬁjeﬁ%sﬁﬁeeer%nﬁﬁ(}f' t"%leerbressure
[ ?] carriwte alite eeerat &d%mteMMimﬁmc%B@bm -t}()éldﬂQ:E]iQ:’hl - 11 5
then in a sition to determne ver recisely the tine en the pressure

| ncr eas 6 it @ G PRt BHOUIRC (e Tt At (P ST TR TP 19 it act
of the Rupfl td thdififrd A AP GidilifedPlal Sl Ab VA Undlsddy Of around

1 bar c osen. This coring into contact can occur at any point
si t uat ecstmttwaestalhe ool rthse ragmedt off iy ewespecticstasepteicsmgin wn h a

thi Cknestvs\? ?:hﬁi-? %a:?cg%eancﬁ%isp-@eed Caof_rgje%{ ic?eq:[rlacg:g c;[rbeoé et\'he% ré]?%?%@ﬂ%.ﬂéﬁ 0

cont act eore gripprng | eve erm nes erence

bet ween agt 1d i AR O Nee U Lk dat hearsdieatednht he control device 7
i medi ately recal cul ates a bottom dead centre. Once the | evel of the actual

point of comng into contact of the punch with the nmetal sheet is acquired,

t he descent OfFj:[rDsﬁ.lry)Viﬂga Wa?ﬁi%rpqrf:%é. Aatt I};\ap&ﬁg@&g eed VP.

After the com ng 1nt o'_ contact, the pressure asured "at the sensors 8, 8
i ncreasesakesost poFRErly umtdetérmiracHes nechkaniecdP, foheedethrliwigich

pressur ! i ni Beyond this
t he pl a(sa%llle\('{:md%}%%%% ?Eolﬁléoélr%%g % cej%ﬁeb:gcccél?cg’, %%%}E%E%PK?%Q%SS curves
downwar dide fermbt bem, tdrd prless wre theldrasbs esf daghttglantng i pearlhy. The
val ue of . S in thi [ r e} 1 pe he
dot or mat TSR SRR ot e £ L n R P e PR RS SRR RN B TS

el ect ronforcestcat hevised 7foonpal @sldtheny aa ughofd tderpeessome during the

plastic deformation wth onmogram specific to thi di.n r ,
Pecor dedt Tt seatt R ool FrERTREE f PE I Lht Grafed berebbnfirl 8 le, the
def or ratéphect dhethiexedfpotés. of the pressure and the punch penetration

error which would result therefrom in the absence of any correction. The
stroke of the punch, that is to say the position of the bottom dead centre

(BDO) is corr egtlesh as£or thnDh i t B34 0dNDGRIvAHL £9d930f the present
invention will emerge from the following description of one
embodiment, referring to the figures which accompany it,

amongst which:

- Figure 1 is a schematic view illustrating the effect
of a variation in thickness of a metal sheet on the point of
contact between punch and metal sheet;

- Figure 2 is a schematic front view of a press brake

provided with pressure sensors and control electronics;
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- 12 Fromthe neasured values of the novenent d and the concom tant val ues
. of the paraneter p, and taking account of the geonetric data of the tools,
that is to say of the punch and die, put in nmenory, as well as the val ue of
t he actual thickness of the netal sheet determ ned at the start of the
bendi ng process, the electronic contro) device cal cul ates the successive
values (a, F) of the instantaneous bending angl e and of the bearing force.
Thi s conversion can be nade by neans of the foll ow ng mathenati cal

equat i ons, in'mhigﬁguF8férFPHést6WPi6&F¥e§7 VidusStyRaLESt hedi e

openi ngATERS irgiRsReane Qicdfcdte oH eRalesingtatest heladidis Lfi frvat ure of
t he di eRPdesi gnat est her adi us of_the puncherdesi gnat est heactual thickness of

the pi edd'& PPFENSERTdJde s iAGFATELTIge Ry dfenmoyemens Infarkids thedfoment

thepunch conesi nt @igleﬂéa@tsmw thse AlsrePle ‘r%%%h@%h?el?ﬁé‘e\tréﬂé@fbrpf the
punch into the die V2 - V1 + 2RnH31( (180-Amy /4) - (180 - a) /2 Ve - V2 -
2 Rm gn the3bprKiag\Epwce 18 ¢ theRmMngh Rgcorfenti ghesihe vegndingei ng
adopted P - d - _do - er.P - (V2/2) tg~i - + R + er) (1l-cos~3) /cos(~
The suc F0n18favﬁ?ﬂﬁglféféF%x%%u?i%gerﬂﬁggEhfed in anal ogue form by the
curve 10 shown i nrageekl 8 liisne ipAfigur @idw BEpeicerReeveRows that, in the
pl astic deformation zone, the curve 10 becones al nost |inear beyond its

area of LRABLSARAARS &G &apiatipn 1R the hedriae darag &f dde stundde B3401
VOB '(%gé§yé¥%g to the bending angle in a coordinate axis system (a,

F).

The press brake depicted in Figure 2 comprises a moving
beam 1 supporting a punch 2 and a fixed table 3 supporting a
die 4. Movement of the moving beam is effected by means of
two hydraulic rams 5, 5', mounted on two respective uprights
6, 6’ fixed to the bottom table. The machine is equipped with
two measuring rules 9 and 9’, mounted on each of its sides, in
the bending axis, making it possible to measure the movement
of the moving beam with respect to the respective uprights 6
and 6'. The bending movement is controlled by an electronic
control device 7. Two pressure sensors 8 and 8’ are mounted
respectively on each of the rams 5, 5’ so0 as to detect the
pressure at the top part of each of them. The electronic
control device is arranged so as to process the signals al and
a2 issuing respectively from each of the pressure sensors and
also to process two signals bl and b2 issuing from the
measuring rules 9 and 9’ and representing the movements of the
moving beam with respect to each of the uprights 6 and 6'.
The mean of the signals bl and b2 can be used as the
measurement of the movement (d) and the mean of the signals al
and a2 as the measurement of the parameter (p). For more
information, it is however preferable to process separately
the signals bl and al on the one hand and the signals b2 and
a2 on the other hand, in particular in order to take account

of any lack of evenness on the piece to be bent, and to make
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- 13 conpensation for the swing effect is based on a conparison of the
~curve |10, represented by the values (a, F) cal cul ated as the bendi ng
operation progresses, with a reference curve 20, representing the val ues
(err, F)ref stored in nmenory during the bending of a netal sheet with a
nom nal thickness a and length Lref This reference curve 20, shown in a
dotted line in Figure 4, gives in partfcul ar the maxi nrum val ue of the

i nst ant aneous angle under a load (err)maxref, which made it possible to

obt ai n OARFISAL PR o lCcaratd omg énd reTpieasa téonse | fekithe tHeEPenaraihg force
cxer Led die WhR BN Sl aos, i 1 nalied peiie. Shiiohd i segent

21. Experience al'so shows that cdrves recor during repeated
bendi ng$:Rari@hr-ac?i eamsprpatdlilad tig adtthé\rlllln adfd 1y nowdeystmgat part

of . Lhe RUAR! IS on Sanes J 9t Nan MRndR.cd higdhatg a di ffer ence Of

whi ch practic oes not vary unction of t he points P3
and P4. cﬁi@tﬁwmm agfd tetver adier \pesnp(emsal%)lqrrs tfitirs esgrte ofabidve tovo bel ow t he

referen e rt I t i ff. (o t he
otoar RS EhniCRRled LA (o R ha IS B et

t hi ckne&mk@rmbti loef. aetpaadta tren itacse sof i rejsg S tarad tt;hd\/lc:afldxfimd:iexrts sanpl e I t may
be noted that the un|t of length of the _bent piece, th ce an

TodUl s SRS EPe TEMERDE I AN RENAATORHE 2D SE e The
modul us z{d eltastdigjHty Wptilghtal so be determi ned fromthe sl ope bet ween two

points P1 and P2 on the linear part of the curve (a, F) corresponding to
the elastic deformation. Figure 4 also shows that, if the curve 10 is

extrapol at ed, DurS g te@feS FddRhMdh ttﬂeenﬁwlaiggfﬁealm ngLlodfHLI8M i ng the
spring effect gi ves the bending angle (err)maX B3 401WOGB -01109J03 - 14

under f UREH 1A% MOts AR IS GAMEATeivigibdite Tahiah Thees itterasdble to
obtai n the ety U%Hérﬂé&iﬁtf@r@@%@%ﬁ any ff e (EEpIdBNEST

greater than (errmax) bendi ng curve is above the Treference
curve; (®f rofpopressuss hamegaurgdrdy) the denaows cbntd'ar ywhtkdgle has

an initial value which can be measured and zeroed by
calculation. After the punch comes into contact with the
metal sheet, the variation in the bearing force is linear,

during the elastic deformation of the metal sheet. The slope

on the linear part of the curve p/d or on the curve F/a which
is derived therefrom by mathematical conversion makes it
possible to calculate the modulus of elasticity. The position
of the moving beam to which the start of the variation in the
physical parameter (p) corresponds makes it possible to
calculate the actual thickness e, of the metal sheet. 1In
order to determine this actual thickness more precisely, the
descent of the beam can be controlled by the electronic
control device according to a variant disclosed below and

illustrated by Figure 3.

Figure 3 shows, on the same diagram, on the one hand the
gpeed of descent V of the moving beam, which is pre-
programmed, and, at the same time, the variation in the
hydraulic pressure P measured at the pressure sensors 8, 8',
according to the movement (d). The descent takes place

initially at a high approach speed V1, until it reaches a
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In the nmethod according to the invention, the neasurenents (p, d) are

. acquired, digitised and converted into torques (a, F) by the electronic
control device (7). The calculation of the correction of (errmax) ref, that
is to say (errmax) ref- errmax, is carried out w thout any graphical
extrapolation: a plurality of values_of,F_between the points P3 and P4
obtai ned as indicated above are first of all corrected by a factor L/Lref.

Then the difference Of _between the curve ion 10,situated between P3 and
P and t BB REr GENSne N cARaE BRREnkiChs BrebaPhebor RaE LorT LavBa By LAY nact

squar es ﬁﬁhhﬁdthébkétléﬁﬁl?|Qﬁip@ntﬁeCﬁétéD|sH@&t?eréﬁéﬁﬂéate§ kBethe
corrected galue of errmax fron1(errnax) ref and Of . It is OSSIb|e to use

t he equaff ﬁty(gﬁﬁ§§nF%de anhk Ehip wepyentyhehgngpeey b%tﬁ@@ﬁeﬁﬁé st rai ght

line 21 apd ER8mS1aXts asspééalafsseytaeaﬁé BEn&lgyr speedi 0@, othkhe
reference curve 20 and pre-programed for the bending operatlon Finally,

the el ectpbhfE bBaREolMBeSrdebFalrhal 6PEROEhELIEDr ARGt BEMYARLe LB CKRESBOt t Om

dead cenpgechbomethe §Héé¥:' 98syLdi gat gg ahavenhehueepidridsaB¢ PheA person
skilled in the art will note that this bottom dead centre correction

caIcuIatb@ndiggcaﬁgUééeduttbarbﬁgdbegdangleménﬁ bbeopencheppafiéheappr oaches

bottom d C , . | nmen i ed out
n o a0t ncraeef: rah f35:8aTig Be ROLOHA TEURMIETENLE Efle AbniBER!PL
poi nt s P8hanknP4s mﬁitheimeéaiysheedeisrdeaegnihedcecrehelDnletanhe bottom
dead

the thickness Ae, the actual thickness e, of the sheet will be

in the range e * Ae. When the punch is at a distance from the

theoretical gripping level, referred to as the measurement

acquisition distance, dam, slightly greater than Ae, the speed
of descent is reduced to a measurement acquisition speed, vam,
which is around % to 1/10 of the bending speed VP, that is to

say typically 1 mm/s - 5 mm/s.

Throughout the descent, the pressure sensors 8 and 8’
measure the hydraulic pressure P at each of the rams 5 and 5’
and the control device 7 records it and processes it. The
variation in the pressure is shown (in arbitrary units) in
Figure 3. The reduction in the descent speed of the moving
beam, from the approach speed V1 to the bending speed VP, is
accompanied by a slight increase in the concomitant pressure
dpl, not significant with regard to the bending. The value of
the pressure pr then reached, during the descent phase at the
bending speed and before coming into contact with the metal
sheet, is8 considered to be the reference value of this
parameter. A measurement cycle of the assembly consisting of
gsensors + electronic control device lasts for approximately 10
ms: in this way, whilst the beam is descending at a bending
speed VP of around 10 mm/s, a measurement of the pressure is
carried out every 0.1 mm; when the descent speed is reduced to
a measurement acquisition speed vam of 1 mm/s, a measurement

of the pressure is carried out every 0.01 mm. The device is
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centre which conpensates for the deformation of the press is carried out

. simul taneously. The correction which conpensates for the variation in

t hi ckness of the piece is already carried out at this nonment. The reference
curve can be obtained by virtue of a first bending test as illustrated by
Figure 5. Figure 5 depicts the plasticqdeformation zone of the test
intended to supply the reference values of the correction of the spring

ffect. The bendi : t by th 200 i, i ed qut til th
et “vai uERBR ERe D BRARROBnG P CEOEFTa s VP Edc REAC AR Suhir FOFCHRohe

punch isth%eg_r\%lsg%@ ¥ &ﬁk%@gse§oo§1g§t abienPePdhng aaBahe Al the piece
decreases again under the spring effect” This process Is represented by the
segnent 2@prelsiecl iogt sheheoXiagi dnab aoptect alf. thke puatcdr eridd ¢tdver €opi on
of the spring effect i herefore A = éerr)c - The nch i s then nade

S al .
to redesdéf§ 86 & etB‘GGSEt PREE - he Po¥AdH g O APh_@fpiaé(:’é1 R BRrasaR Hendi ng
angl e undeloglear.Ce Thes! Loming iht® Reathld LahCBcRS’ aRSany PAGEOr dance
with the curve 202) first Iinearly and then in an arc of a curve
cor r esporfdithigtes beswesa sheppadtite depsesantdnd TESRechd VaucHmetslonce
agai n rai_sed. and .t he bear.i force decreases in,accorgdance W th the
strai ght 5 er?é-‘ssgdtr?glnta %g%.crﬁ?’teslss Svér i 864 Rat ﬁ?e‘ bg%l% r?éjm\égr?grﬂesog]n&}fnts to
the val ueneeneiveli Bft Rendbgenet Olcortuctode hafthe! kaleoree isR@meiti ppAdd S
parall el to the segnent 201. Fii%ure 5 al so shows a subsequent hendi ng using

the dat a 164Gl € EFHIETe ther Siddcd SHEruRRGVeRE Gié M PTG pl ast i ¢
def or mat it} dMpRER Off theS SPRRA RGd tHR PRI Reike PoOiiRinddS @R1khe curve
100, the corresponding ordinate B on the reference curve 200 and the

di f f er ende B 1 ke & hOtEom ke ent@ .poi nt PS and the correspondi ng
ordinate B on the reference curve are determ ned. As shown by the geonetric
B3401WOGB 01/09103 - 16 construction of Figure 5, the additional spring
ef fect correct OageAtheddeved Ofe tiief etande PRING SfcgoRdna dSy the _
expressi oy fiact Y Fé)th'punﬂ?ﬁm e i 12l 1SPHML i deCte T rection
applicable to the bending operation illustrated by the curve 100 is

t her ef or glemcenk ofTHéie gavialg dleas raem & comidnuadiad \idiudsndigis
correcti g ke bottom dead centre by means of the al gebraic expressions
i ndi cat ed "above. 1f the bendi ngs subsequent to the reference bendings are
carried out on the same machine and with the sanme tools, all the processing
of the signals G aryi i ng.th J ]

curve (d, p) refA reclb(;(r%éjged J(?ﬁ“ﬁgir?gli%t?%/rcs%t%m%gﬁdi %&e ?ﬁ%tgs{%e'g gnesa?ffg%%rt\?e
simlar tuhe heendagte -thard! hialdresdsddhealmoate lideaR)1y i igurit readhdmu
carrylng \?%uet %,”Bélpee@etﬁcfiai’ll g)opevsegéf O,n v‘hdi’clrp)cal}‘l (a%ta{: T tq{'e tglzcejiéjj{]rbef

hand, if e'Teference curve 1 & recorded ‘on a first nmac I ne, and the

f ol | owi ngrdgenidiutdys off 8 @arbdred @eyon artotsheaerthemmelssteic tde Sowwmtvirsiah is
necessary_,in order to be ahl.e to make, the co [1sQ rr 1ans
descri bedt%%og\)/leefcerh%ccfueﬁse'r gtrﬂ:ee Tur Ve %%’ne%e A aefsz lel(f%'g?“npa}s %ér)’e |é\ nenory,
obt ai ned tthue | pue gEerd RIdevrdasads dhightclhsegnditleimadrel y ni tTleé ypaloge anii ng
of the bending is carrjed.out, the electronic control deyice seeks

memory t HETE R ETRREES of T L AR VO T B IR TR RraT Y par 2t er s
and an i deafoomat it edf athe Ter Seiet € handd o yE xeditpsri s phrtheul ar to
the set angle (erk)c, the conpination of topols .and the physical_ parangeters
of the mbEesal - (1HF celeS e Sontteh arofee Tenamarss Ghecya it o

r ef er encecgalr yeSs S@e CORBInG Ut Ige ap Thd BbaS@e £ dhmst 1my wetlacsessndyeamn |ine
to a plurality_of users, either in the formof_a_public-access database or
in the cofPXIEBF &OprhiatendingrRrea834095¥REIeA 159 1LY,

egtablishing the relationship between this value, the
deformation of the fixed parts of the pressure and the punch
penetration error which would result therefrom, in the absence
of any correction. The stroke of the punch, that is to say
the position of the bottom dead centre (BDC) is corrected

accordingly.
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- 17 The use of a reference curve derived froma database saves on a test
. on a first piece, which is a considerabl e advantage in the case of
expensive small series. B3401W0OGB 01/ 091 03 - 18 CLAIMS 1. A nmethod for
adjusting the stroke of a press brake conprising a fixed table (1) carrying
a die (2), a noving beam (3) carrying g, punch (4), neans (5, 5') of noving
t he novi ng beam the said novenent neans bearing on uprights (6, 6') fixed
to the fixed table, .measurin ul 9, 9') for neasuring the novenent (d)
of the moving %%oe{?n%? H“erae%‘b%cc{ ‘f?lféﬁe Cf.ér‘%kb%t“é?ved?erﬁea tarbﬂet%%nsor (8,
8') neastndemit iy SrLBle Pas ANBLErpd PAmanssy i g Mo of &k gy t Hctdent asEe
exerted t he said, punch on_a piece placed on the said die,,L and a

el ect ronf ec%?‘l?'}]%?rh‘g\é]%%a (% ‘?ltrr?ﬁ’f?n eT‘—ht"e TOVEReTRY ot t he® VMY beam
bet ween and opidgeasuiceitt eeddEly 2 HO1HOM deack18enid Bud BEE) ther vt ded with
means of ac uirinqﬁ%he novenent neasurenents (d) and the physical paraneter

(p), andtRLFEResEioh MRadietal shpeecieiRriired Auctd? $HersaPl Bott om dead

centre agsdh@dpiOcddle, NBRS U EEBRESH OF e 581 daaPyeaeRh1ntatbs sréd
physi cal paraneter, characterised in that the difference in thickness

bet ween shecessiraé vhluekdess, of) tdE phecEnsipant deeoosi bethdihgcangds (e) of

the pi ' |.cul ated. b ing the actual. posit] f th t of
the punchidiobir iR Brer BBCERraon pf Bt er M HEt- 0o 201 7 DBFrPlne ool @

physi cal mpananef ethé pjold dhihdiembbieongt ical o9sations pfihhehsehd novenent
where this_varjation shoul d occur, in that the electronic control device
pr ocesse5e FREF MBAst? etPtESot * t he sai d novenent (d) and the said physi cal
parameter (p), during the plastic deformation phase of the piece during

bendi ng, _so as_to, conpare them and determine their differences with the
data recBtded YRFIFRAEET cFlaf bR PRAUIPY operation which made it possible

to obtaifg the sesiyRdtes achOf ahdiee bonding @l e after release of the force
exerted by the punch and to determne_a reference value of the spring

ef fect cBrrect?@plInmees nthharadies cPlcerbReutdmf othelediee. calculates a
correctipn to §beiHoltom dead-£80hE eoACRs dbg-h 0 B3401WOGB 01/09103 - 19
\ Fus .

the said reference correcfion of the s ring effect and the said differences
with theefefer@ggégm@@@$d¢hg gatwal thickness of the piece to be bent

d, designates the movement of the beam at the moment the
punch comes into contact with the piece

P designates the penetration of the punch into the die

V2 = V1l + 2-Rp-tg ((180-2A,) /4)
B = (180 - a)/2

Ve = V2 - 2:Ry-sinfP

RNH = V./6,18

R; = RNH or Rp, the highest value being adopted
P =d_d0"er
P = (V2/2)-tgP - (Rm + Ri + &) (l-cosP)/cosp

The succession of values (a, F) can be represented in

analogue form by the curve 10 shown in a solid line in Figure
4.

Experience shows that, in the plastic deformation zone,
the curve 10 becomes almost linear beyond its area of maximum

curvature 11, 12. The method for calculating for the
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2. A nmethod according to Caim1, characterised in that the instantaneous

. bending angle a under | oad of the piece is cal culated according to the
variation in the said novenent d, taking account of the said difference in
t hi ckness (er - e) and the geonetric paraneters of the punch and die, in
that the bearing force (F) of the punchjyon the piece is cal culated by neans
of the value of the physical paraneter gp), in that the succession of

val ues of the pajr of .par ters consistjng of instantaneous bendi ng_angle
and bearFﬁ@p?Bgéél?ﬁ,fgf Eggaéabpgea§§ﬁ8£cgﬁpé?ﬁﬁngPhaac?@PéFéﬁ88_gﬁrve_
(a, F)retnerengeerded dupingeAcb8NglNgnePaRLELN (QN Fhe-S8ER1AREAr Lal which
made it possible to obtain the set value a~ of the bending angle after

rel ease &het henflongecpreptédnbprogeepansh, wahd anrefiarenbe suicsteeRéct ronic

control device ﬁ?% calﬁulat S a zorreftion %A‘ of the naxinun1valge of the
i nst ant ahEBGSSERGEBIuhBEr VROHES (dftexi 't e SEPEFH ABIMBUPT Kot hé PefBFence

bendi ng aeeaidpnerta mBeali EheeengecRebwasnihi® PRiEkhassFe haguiBggtrhom
t he neasurenment and the reference curve (a, F)ref in the plastic

def or mat Lovt- zoRBis3re fenBNRBEdCHE¥Sr 4P ngshewr annp2dothadadteri 48d in t hat

the el ecprgi-e gONLEobsdeni paxL {FutalChal RSxamGRAr (8¢LE0Brt PrEhe bottom
dead centré (BDC) according to the said correction (A') to the maxi num

val ue of inhkeannahantianengdeangberuadeoatiodd) {ammx) wieicH. madereitod
according to one of Clainms 1 to 3, characterised in that the electronic
control Be¢piéble Eal ebratBsthessebnvaduer el i onf ter ttHee Hlrasen @ead centre

5340 1voch 0708 B cre”bsp P EndT el PREEER b HHECRRERE BR*RRCeIRena

t hi ckness1l{leptohtelebpi ebe. straight-line segment 21.

Experience also shows that curves (a, F) recorded during
repeated bendings are practically parallel to each other in
the almost linear part of the plastic deformation zone; in
other words, they have a difference Af which practically does

not vary as a function of o between the points P; and P,. The

position of the curves (o, F) in this zone, above or below the
reference curve 20, depends in particular on the differences

between the actual length L of the bent pieces and the length
Lret, the actual thickness and the actual modulus of elasticity
M of the bent sample. It may be noted that the unit of length
of the bent piece, the force and the modulus of elasticity are

connected by the equation
F = e "M-1.75/V,

The modulus of elasticity could also be determined from

the slope between two points Pl and P2 on the linear part of

the curve (o, F) corresponding to the elastic deformation.

Figure 4 also shows that, if the curve 10 is

extrapolated, its intersection with the straight line 21,

representing the spring effect, gives the bending angle Onax

B83401WOGB - 01/09/03



5. A nmethod according to Claim3, characterised in that the speed of

. hovenent of the noving beamis reduced to a neasurenent acquisition speed
(vam), less than a predeterm ned bendi ng speed (VP), when the punch is at a
predeterm ned distance fromthe theoretical gripping | evel of the top netal
sheet at the manufacturing thickness _toherance De of the said netal sheet,
and in that the speed of nobvenent increases up to the said bendi ng speed

after dete tion of the i d red term ned ation ~p.in the, sai hysi cal
par amet er ?pf ?8 E@ gheaESHP PngUts=Rh ; g1B¢ EFEF wipich Waﬁ £

char act e&tsgssbmbneatot Berehacthankercoat hel adevﬂl Cend "AbSONPET &8 i
nmeasur ed val ues of the said physical paraneter (p) wth a pre-recorded

nonogr amfestabl i efixngst heenekat thashi(p,hetweed the pandiphysiuedle paraneter
and the deformation of the fixed parts of the press and calculates a third

correct|6h0V© th@ pefesangeaducent r enfxBDE) leaki hhancdownd -af inhéhsai d
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, 8 cglcu§atlo e correctlon of (Opax)ref, that is to say

(Olmax) ref - Omax, 18 carried out without any graphical
extrapolation: a plurality of values of F between the points
P; and P, obtained as indicated above are first of all
corrected by a factor L/Lyer. Then the difference Af between
the curve portion 10 gituated between P; and P, and the curve
20 is determined from values thus corrected by a least squares
method. Next, the electronic control device calculates the

corrected value of Opax £from (Onax)rer @and Af. It is possible to

use the equation:
(amax) ref ~— Opax = Af/tgy

The angle y between the straight line 21 and the X axis
is obtained by means of the recording of the reference curve

20 and pre-programmed for the bending operation.

Finally, the electronic control device calculates the

corrected value of the bottom dead centre from the equations

indicated above between a, d and P.

A person skilled in the art will note that this bottom
dead centre correction calculation is carried out during
bending, well before the punch approaches bottom dead centre,

on the basis of torque measurements (p, d) carried out in a
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of the piece decreases again under the spring effect. This

procesg is represented by the segment 201 which cuts the X
axis at a point al. The reference correction of the spring

effect is therefore A = a; - a3. The punch is then made to

redescend so as to continue the bending of the piece as far as

a bending angle under force ac + A. The bearing force
increases in accordance with the curve 202, first linearly and
then in an arc of a curve corresponding to the end of plastic
deformation. Then the punch is once again raised and the
bearing force decreases in accordance with the straight-line
gegment 203. It is verified that the bending angle amounts to
the value o. in the absence of any force and that the segment

203 is parallel to the segment 201.

Figure 5 also shows a subsequent bending using the data
derived from the reference bending. At one moment in the
plastic deformation phase of this bending, represented by the
point Ps on the curve 100, the corresponding ordinate B on the
reference curve 200 and the difference B’ between the ordinate
of the point Ps and the corresponding ordinate B on the

reference curve are determined. As shown by the geometric
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construction of Figure 5, the additional spring effect
correction A’', due to the difference B’', is calculated by the
expression A' = (A/B)-B’. The whole of the angular spring
effect correction applicable to the bending operation
illustrated by the curve 100 is therefore A + A’. The control
electronics convert this value into a correction of the bottom

dead centre by means of the algebraic expressions indicated

above.

If the bendings subsequent to the reference bendings are
carried out on the same machine and with the same tools, all
the processing of the signals can be carried out by comparing
the pairs (d, p) with a curve (d, p)ret recorded during a first
bending, that is to say a curve similar to the right-hand half
of the curve (d, P) in Figure 3, without carrying out the
mathematical conversion (d, p) «< (a, F). On the other hand,
if the reference curve is recorded on a first machine, and the
following bendings are carried out on another machine, this
conversion is necessary in order to be able to make the

comparisonsgs and corrections described above.

The reference curve can be a data item stored in memory,
obtained during previous work. In this case, when the initial
programming of the bending is carried out, the electronic
control device seeks in memory the existence of a reference
curve for identical bending parameters and an identical

material. The search in memory relates in particular to the

set angle o., the combination of tools and the physical

parameters of the material (thickness and strength of the

material).

A set of reference curves can constitute a database.
This may be accessible on line to a plurality of users, either

in the form of a public-access database or in the context of a

private network.
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The use of a reference curve derived from a database
saves on a test on a first piece, which is a considerable

advantage in the case of expensive small series.
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1. A method for adjusting the stroke of a press brake
comprising a fixed table (1) carrying a die (2), a moving beam
(3) carrying a punch (4), means (5, 5’) of moving the moving
beam, the said movement means bearing on uprights (6, 6')
fixed to the fixed table, measuring rules (9, 9') for
measuring the movement (d) of the moving beam with respect to
the uprights, at least one sensor (8, 8’) measuring a physical
parameter (p) varying according to the force exerted by the
said punch on a piece placed on the said die, and an
electronic control device (7) controlling the movement of the
moving beam between a top dead centre and a bottom dead centre
(BDC), provided with means of acquiring the movement
measurements (d) and the physical parameter (p), and
calculation means for correcting the value of the said bottom
dead centre according to the measurements of the said movement
and the said physical parameter, characterised in that the
difference in thickness between the actual thickness of the
piece and the nominal thickness (e) of the piece is calculated
by comparing the actual position of the movement of the punch
at which there occurs a predetermined variation Ap in the said
physical parameter (p) with the theoretical position of the
said movement where this variation Ap should occur, in that
the electronic control device processes the measurements of
the said movement (d) and the said physical parameter (p),
during the plastic deformation phase of the piece during
bending, so as to compare them and determine their differences
with the data recorded during a reference bending operation
which made it possible to obtain the set value o, of the
bending angle after release of the force exerted by the punch
and to determine a reference value of the spring effect
correction, and in that the electronic control device .

calculates a correction to the bottom dead centre according to
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recorded during a bending operation on the same material which
made it possible to obtain the set value a. of the bending
angle after release of the force exerted by the punch, and in
that the said electronic control device (7) calculates a
correction (A’) of the maximum value of the instantaneous
angle under load (Omax)rer determined during the reference
bending according to the difference between the pair (o, F)

issuing from the measurement and the reference curve (o, F) et

in the plastic deformation zone.

3. A method according to Claim 2, characterised in that
the electronic control device (7) calculates a correction to
the bottom dead centre (BDC) according to the said correction

(A’) to the maximum value of the instantaneous angle under

load (Opax) ref-

4. A method according to one of Claims 1 to 3,
characterised in that the electronic control device 7
calculates a second correction to the bottom dead centre (BDC)

taking account of the said difference in thickness between the
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sheet at the manufacturing thickness tolerance Ae of the said

metal sheet, and in that the speed of movement increases up to

the said bending speed after detection of the said

predetermined variation Ap in the said physical parameter (p).

6. A method according to any one of Claims 1 to 4,
characterised in that the electronic control device (7)
compares the measured values of the said physical parameter
(p) with a pre-recorded nomogram establishing the relationship
between the said physical parameter and the deformation of the
fixed parts of the press and calculates a third correction to
the bottom dead centre (BDC) taking account of the said

deformation.

7. A method according to any one of Claims 1 to 6,
characterised in that the said physical parameter is the
mechanical force that a ram exerts on the moving beam measured

at this level by a strain gauge.

8. A method according to any one of Claims 1 to 6
implemented in a press brake whose means of movement comprise
two hydraulic rams associated respectively with one of the two
uprights and a pressure sensor (8, 8') associated with each
ram, characterised in that the said physical parameter is the
average between the hydraulic pressures measured by the said

sensors (8, 8’).
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9. A method according to any one of Claims 1 to 8
implemented in a press brake whose movement means comprise two
hydraulic rams associated respectively with one of the two
uprights and a pressure sensor (8, 8') associated with each
ram, characterised in that the adjustment of the stroke is
carried out for each upright, independently of the other, and
in that the said physical parameter is the pressure measured

regpectively by each of the said sensors (8, 8').
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