;e3eT4 6VT[c* r A METHOD FOR ADJUSTI NG THE STROKE OF A PRESS BRAKE The
present invention relates to a nethod for adjusting the s ess
brake conprising a fixed table carrying a die, a noving bwmwmﬂmm“‘Ma
punch, neans of noving the noving beam. the said novenment neapsg, learing on

uprights fixed to the fixed table, neasuring rules for nmeasuring the
novenment (d) of the nnving beam with respect to the u rights at | east one
I

sensor neasuri AgMETPRDsFORI ARdPSrENEr THE) STBPFENGFabc BREPRgBRAXENe force

exerted by the said punch on a piece of nom nal thickness (e) which is to

be bent at a seheappéferr, iRl@RLUcANrENLL 831 €o db emeBREdaRoL! 8646 9P By
control device controlling the novenent of the noving _beam between a top

dead centhe &hHokebeftanPyesd bPeakeecrBRE)Sipgodi §édedi EALABaRATEYiNT

acquiring HE@,”QvﬂggﬂhgnﬁéamrEH?B%%n&dk glfchhemphysi 6al meeiagetge (p). and
cal cul atiton neans for Torrecting the vallue of the said bottom dead centre

accor di ngovénghbeamasthengaid wpvenensamgansveaaningdpnangrigbtsafgxed
physi cal _pa p e ; 9 L,C Lhes a
P eas. br SBocP- ErksPLapley, ARNENLI Y, BFeane0l (HgaaRTnyCPAE AERERERES O
by the udd)gbfstbé mopiegsbentewitheretpect b the tbraghtei theleast

causes a flexion of the uprights,which.-may result in,a tion of the
frame ofOUS £611°% Wﬁ?s¥ﬁ?§9fﬁefpgﬁlﬁgéi %gngﬁgrdégghvggggéﬁgtration of

t he punchcibBirdihbetdi ehewWibebecegatreadabyerher sandt pbenbendinng atgke of
obtai ned on the piece to be bent. In the adjustnent nethod according to CH
686119, unomigapr sbdgkaesende) swhigh figr E@ bRdBRYEnAthHY E8EHABHLEhEcupri ght s

under the3EEH0BR0tnbNEATBARS Of SRV LA L BB HBUL BICBARYLY S gdFheEm ned. each

of the valu€s obtainéd 'S conpare ha predeterm ne i agr am
est abl i skiongrohé ingl aheomshiemebst wEen hehmofvdnge beade bgtmweeby at hepr depdct i ve

upright and, the_st.rok the slide is i se . to. tefor
the. def of RET8na8n 3t Re Pl aeS e RHploThar obroyited FiTRTBEALY' O

par anet eackqudbliagt ahgi weveneatt measueementisn (dhe abhendheg panglieails t he
variability of the thickness of the.piece bei processed. The noninal

t hi cknes PAFPTERETpi (Ble PE% gagphﬁﬁéoﬁapgﬁgfeggriﬁPFE&ES&&giﬁ S %%gugontrol
el ect r onioFs toke ke dpbess o deadvhentidee agicoaidd nigs tionithiea ey sadjenened. For

t he actual_val ue ar, of the bendjn ngle not, to,devi ate fromthe set val ue
a~, the &@t&%@ ERCk FeYETEn og%bh%nﬁeggﬁ SRdEt PRYSH 5 F?ﬁ?ﬂekﬁfb%géCount
at each bending operation. This is because the manufacturers of sheet netal

supply netal sheets whose actual _thickness ha ,variations.%pich gﬁ% range
up to 10% of (RE RBNYERE CHab8ELl8) Obf thfe 2PRIIKABSs dSFFTAPER 8t PRFER a

noni nal 4y GEN@TFS t0fi o2 tPPUStighdrDla @l @hdee hentbeait 9@ Hen far¥eshaped
opening of 12 mm a variation in the thickness of 10% w | if it is not

, If
correct edndgrgong &y they Upkdidhtiso et # Brease sy &G §€&=1eo'2; qlﬁ;[ HhSut

appr opri qlfs ¥ IECHHRN radnte RRRANG FNEE P Wd Ll Yagiaigheen wid cineha32. The
pat ent application JP 02030327 proposes to determ ne the actual thickness

of the pizasatlito iFe st Fhatien e dia farmgedc UiRort D! thd ner in the
hydraul i e RLESHIDAE i d It RERIPToRMPEARERAY IdH tHe Himdineitdy 2

the die, which creates an error in the bending angle obtained
on the piece to be bent. In the adjustment method according
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.

I
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second sensor. The patent applications JP 051138254, JP 10052800 and JP
09136116 propose to determ ne the thickness of the piece to be bent by
detecting a variation in descent speed of the noving beam occurring at the
nonent when the punch cones into contacf with this piece. The patent US

-4, 550, 586 proposes to deternmine the thi‘ckness of the piece to be bent by
detectlng the | oss of contact of _this piece wth sensors placed on the
surface of B34BNVEEEr -PAYrauehar liaBleihe Fivedris®l &0 PReSFHSE o EbAt act

resul tingefaonyt he §éa£g eﬁetbsrbsﬁﬁnmgypb9ceﬁé rANekheLsPhebLam whikeh i s
posed during a ben% process is the conpensation for the spring effect,

that is b@l@gyprﬁ@eésaétlcThetn@ﬁlaalthblsbn@85l@éetaﬁ Bisreghel gneester
bending gndl ga¢0R0:LDE Phe2sHLEeA! 1hDS PHACBohE bF! ERSREroReEaUaE PhelNi S

ef fect, xi mum val ue o e i nstantaneous bendi ng angl e under a | oad
amax nusprbesgbraker whhnnthhesteokealigeinitoflivieadgyatedd bendi ng angl e
after release of the bent piece. It is known in the state of the art howto
enpirically determ ne a nean difference (amaX - a~) and to apply the

correspondi ng porr egti 88t ha1t He18kr @k f Ntide GO Y dAFMernskiridig a series
of repetitive bendings. However, this type of nethod does not take account
of the vdewabtki Eyomnthbesett gnilak tp, beheracesskdihickpass i eulcdr the

variations in thickness of the sheet netal an us ,of elasticity,
whi ch caWegégy E@@Er@?ﬁ& LS thken FBLE HCSPngoPL ﬁacg h nGAPGat i ons |ny

these papgerheisnMDdirhyst he pegAukedenef mhharapeurgref bECEhbe@Mmenalpi ece

to another, so that _a constant correction is not sufficient.
supply metal sheets whose actual thickness has variations

which may range up to * 10% of the nominal value (e) of the
thickness. If a sheet with a nominal thickness of 2 mm must,
for example, be bent at 90° in a V-shaped opening of 12 mm, a
variation in the thickness of 10% will, if it is not
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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To take account of the variations in these paraneters, the patent US
4,408,471 proposes to record the variation in the force exerted by the
punch on the piece according to its novenent, to deduce the nodul us of
elasticity of the piece fromthe slope._on the initial rectilinear portion
-of the force/novenent curve and, on thé basis of a nodelling of the
behavi our of the piece in the plastlc deformati on, zone, 'to deduce by

extrapol%@?oﬁ%*?%nﬁ%%&%'c%?%el?%% %%l%@n%@c%aﬁ¢%%%¥hﬁgeﬁﬁﬂ? BbetﬁEaEEnch

whi ch, agfeghglgéﬁagn%eégégesgnII give rise to a bending angle having the
set value a~. This hod has the advantage of taking account of the actual

nodul us of elasticity of the piece which is being bent. However, according

to the value olndi¥es 3 AIEE whlieh DYoL 0y ReHARS 8330Ha £0044091 03

- 4 for calculating the nmaxi mum novene e punch 1s no he sane. The
accuracyi@ftmﬂecempeeeatumnoforhehbosponngeeﬂfeehtreh@helefbﬁeSdEpehas on

the act arapr b8 efernbl SPchbe (ROGE p 8680008 FI IR T M BpsbirobrImiG O ©f
eIectronangb@nWMGh ﬂhelpEeseunedefthhevpunahlDﬂ raléhsedngl BedabeeweEn the

h l h f the d b whi ch
ol Tove ThES GBT 67t bReorEhB EnEat Treohl Cha; vpseBncanctlie PRk Yan o

and the y léthﬂﬁeknatféage@m ﬂugerﬁé §tehPErPHASA. tﬁ@eséﬂ'ﬁhﬁhe|upear
part of t curve F/ 8 makes 1t possible™to cal cul ate the nodul us of

el asti ci of ohetheqeanpdebendlneyaegieapﬁteru@ﬁleaeﬂ1eﬁetbarbentnp@ﬁee

pl astic ggfo #QH Eﬁnghetanggngkokhge¥kgeh§aiﬁgl%éﬁgragg QSX|nyn1bending

angl e necessary taining e Se ue o ng angle in the

absence gitapyihead. mEBWeMerfee¥neki @ags sheys dldttd heppeastienent of the
angle 8 is not very precise and not very reliable, the sensors nornally

used forCORrESPYPing AeREAEEABAt tgoLhg SLECLE ABj AsERBAEAPLt PRBIBY |ittle
and haV'agraﬂgbs gs&eggbaeteeﬁagaFﬁegh dh8intle PHERAGE Of thi8 BypseRk

invention 1s ropose a net usting the strokée of a press brake
whi ch compehgétésesOnOtheakEagppeunetgintbﬁfeerléblﬂh§anecéhemnthout

having e, drqubacks ol oLie LA TR BAds s oTihs. 9LULLP 8GR gyed by a method

of the type art Ich erence I n thickness
bet ween thechnﬁaaloﬁhtbhnehsecempteﬂ ahd pkecmodndushefneriasslicikyekness

(e) of th e i I Y. GO ri cluya on t he
novenment g%gbhégﬁuﬁgﬁ%aggwﬁkgg %hggeg%%cSgge%Engd%?e%ﬁggggbbarF§%|on O in
t he physivaaliapavasetier theppewpbratmet etrlse oodtifyakhposagndtudie ifetdai d

movement Mh§5% %?f%ct from one piece to another, so that a constant

correction is not sufficient.

To take account of the variations in these parameters,
the patent US 4,408,471 proposes to record the variation in
the force exerted by the punch on the piece according to its
movement, to deduce the modulus of elasticity of the piece
from the slope on the initial rectilinear portion of the
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 o0.. 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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83401W0GB - 01/ 091 03 - 5 wvariation Op should occur, in which the

el ectronic control device processes the neasurenents of the said novenent
(d) and the said physical paranmeter (p), during the plastic deformation
phase of the piece during bending, so gs to conpare them and determ ne
their differences with the data recorded during a reference bending
operation which made it possible to obtain the_set value a- of the bending
angl e affer ¢eleabetdhgtHac BREEMERCPPEEMBYL tRE PRRCAURAD £8 WRteliifne a

ref erence. gl uerfl Lbe.sREYNGECEhECLoEREEECHAOBE €nE bBrwbnChekhe
el ectronic contro evice talculates a correction to the bottgg&dead centre

acpord!ngenbrehehsaeﬂor@féeﬁﬁ@ésc@ﬂréb?iEH?B?biﬁétgpPﬁnﬁhéfWB. and the
said difLerengesswhhnabheokenat eBRCoreEREdhBRaabar ber enpastiaular y,

accordinﬁ he~i nven n, the conparison with the reference recording is
made by pakcalating the instantaneous bending angle a under |oad of the

pi ece, according to the variation in the said novenent (d) which follows
the said variation ~p in the physical paraneter, taking account of the said
difference in rheckaesat(vs 4,6)1andét Besgebhesr acmphhadeisr ghatht A8 punch
and die. The bearing force (F) of the punch on the piece.is calcul ated by
nmeans of eflketyahde @PntﬁélpﬁF§F€§lrﬁépaﬁﬁtéPe(ﬁ?Flﬁﬁéogu&Ee§§?oﬁn8 €vdl ues

of the instantan S i gl.e/ib i f gi=C aygh el ameBkureda ared
and conngéHeﬁﬁtﬁgé Fggggeﬁ%ggguﬁgg ?g% E%Pe?Ep?g?pgégﬁdgg d&ring%?ﬁe
r ef er enceoandiong sepepat whri chhifol loade the deforpes iy ot &he eheSSet val ue

a~ of the ge di angle after rel. the r exenrtied iy the nch
: 1 A ¢RCXELLGE 1B LRE thench,
and the &5 roﬁﬁ@?@%ﬁﬁrgP- 5§3g€§%é gu At és °a correction to the bottom
dead centyeardeeoifdireg b tihe giicdr.enThebenitdalt Rd neainr Park, of) téed t he
ref erence curve %a, F) ref 83401WOGB -01/Q9103 - .6
curve F/D makes it possible to calculate the modulus of
elasticity of the sample and, by extrapolation from the curve
in the plastic deformation zone, the control device calculates
the maximum bending angle necessary for obtaining the set
value of the bending angle in the absence of any load.
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 (ey) 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
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The signals representing the novenent (d) and the physical paraneter (p)
are neasured, digitised and acquired as a series of isolated values of two
paranmeters (p, d) or (a, F). However, to facilitate understanding of the
description of the invention, they will_be represented hereinafter
-graphically in the form of conti nuous curves according to the normal

nmet hods of anal ytical geonetry. A person skilled in the art will easily
under st angri heioh hep expoesai oocliref enembechute” elescenphbyedoherelfor ease

of language in order to designate a succession of paraneter val recor ded
in d|g|t@@%écﬁoPﬁ?cqﬁ%eﬁuﬁg?l@%?SEE?@%?5?|8h F%?h%gédeaﬁy93?8ﬁt%$g é

graphi calpdeLgi g pg %b?@a@fpabsmetéiel(ﬁncedﬁfemgeahé\/\plagtyes traced in a
coordi nate axis systemare also sufficiently famliar to aaggrson skilled

in the ad@fﬂémattoﬂophﬁéeb@fnéb@sEé@?et@uFéB%aPeFﬁéHGheFQ FRg the

novement 5?8 Eﬁﬁh”QnﬁeégténgﬁepéhéﬂEté&fﬂéf@ﬁ&é¥ wePresnsat Hagat he
beari ng ? 8 e punch on the piece as paranmeters recorded with a view

to correcEcondedldurangoﬁsrefﬁﬁeﬁﬁﬁhbﬁnéééarQPﬁéaFéoﬂhﬁhFﬁVeWPﬁﬁn15v0|ds
the use of unreliable an asur enent deV|c LN r S rdi ng
of the bBﬁﬂ?ﬁb?SftSnOQE? tgg é gf Pﬁe g3 L%%e%%ﬁﬁg §H$?8 afﬁ%ﬁg t he

CorreCt'9€1EQSEthb9héoﬁb§@éde&é@téa byhehaephﬁdhaandrdbngetermhaenavent|on
avoids errors due to the use of inappropriate theoretical

Pr ef er abkgferanesnat Phgofh&hse SPrAGIr 6EEEST( FPrTRELIGRY Pg%t&PeWhéthhe

act ual 'Eﬂgtglg&e? Hﬁbcﬁohﬁ%oﬁlé%%lb§ bantu1Lbesshmebir-aaeeysnmeas thenent s
of the novenent o e noving beam and the variation in the physica

paranetebocppmndhadgCﬁntgés§p@p§dﬂ@gdépeﬁﬁﬁn€aﬂﬁer@ﬁﬁﬁ@P@ﬁcéoﬁéﬁﬁééﬁnthe
act ual th'C%ﬂ%SEP%EnEhEFE%%%ea%%!@%ebggﬁda@qf%@?eﬂ%@sn%ﬁt%ak%% 83401W0GB

-01/09I0§f ckness, the control device preferably nakes a
second caefeckenoe trecpblreilmgt danadead centre whil st taking account of the
di fference in thickness thus determ ned.

More particularly, according to the invention, the
comparison with the reference recording is made by calculating
the instantaneous bending angle a under load of the piece,
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
succession of values of the instantaneous bending

angle/bearing force pair (o, F) is acquired and compared with

a reference curve (o, F)yer 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)ryef-
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According to a variant execution of this second correction, in order to
inprove its precision, the speed of the novenent is reduced to a

measur enent acqui sition speed (van), |ess than the predeterm ned bendi ng
speed (VP), when the die is at a prede%g[nined di stance fromthe
t-heoretical level of gripping the sheet” netal, this distance being greater
than the manufacturing thickness tolerance De of the said sheet netal, and
the speed of rBvensignahereeReesonctNAgaln TRVeBeRhe(dh aBeHdf ng speed
after de i o] d rgj Li-af1 08 i Befhengakhdaphysicas
paraneteﬁﬁ%%}8g¥i%%%%@?Q%ﬁe?égr?%??ﬂ%ggﬁffﬂé gﬁ%gfcal paranetgr (p) mekes
it possipl getpegeber iBBat b8 WRTLHA8I 68l thor pasahetahsclipt hé) f oaméoof t he
press is subjected, and therefore its gefornaélon ﬁgd thi,s on.the basis of

data rel Bl i ngHe6evaE, nkehf At yiFaEe| Frder8reRdindngforhe FRPST RSO enment

of the fgEceReCan bR USR] EREyCRLEYI BEI PEpRebBht8dCREEEENRGB LT €Pr €Sent i Ng
the deformation of the press itself under the effect of thsse forc O her

es.
parti cul graphécadhy advehea§ezrmopLft AEnpiBYeHE FHYEAREI BRCRF annEPgEﬁFrom
the fol | owing, desepipLi  8R0dLBRAE ry! ©f & pEREohOskhg1blgURes whi ch
acconpan?orpglaﬁégééﬁgmggc%Ba?ggﬁgg?eg%gﬁs gyschengticoyigM/iIIustrating
the ef f echeohra walilaekenlynunierkhesd that kbBeakxphessien {‘KeLBsPRECof
contact between,punch.and I el n FiO ' sghemat kg front view
of a pre§§rHPakégnggﬁagﬁdaﬁ%%epiggs%?Eesg%sgéggéﬁg%cgﬁt%%I el ectroni cs;
B3401WOGes@4h89L03 sueccssioh glir paZaskons vaduesr vresoridedudty ati ng

si mul t anequsl y the descent ., of the punch a var i at i net er
(p) accoﬁdﬁﬁ§%§8gtﬁ@rWDve#@ﬁtngpefﬁfgipﬁﬁggyﬁg%ﬁﬁgub%kkggﬁo% ?&gﬂgﬁﬁves

r epr esention@hehgrephiakilodeite riieabdan of thecdiEfefrenice peteeeactsrdi ng to
t he bending angle, in a coordi nate axi s _system - Figure 5is a

a, _F);
partial AUEWESF LERGSCUATeS COFT Qﬁ?ﬁn@xﬁﬁesygF% Pﬁ% 215%he bearing force
of the pupgl¥iaqeordinEahd 1tike Rend peraoeel ekilladcder diheatetadior system (a,
F) . The press braké depicted in Figure 2 conprises a noving beam 1
suppor t i mpta teuleh NECHRBAL Y LR daPeite BHRUPSS i ng a die 4. Movement of
the noving beamis effected by neans of two hydraulic rans 5, 5, nounted
on two respective uprights 6, 6' fixed to the bottomtable. The nachine is

equi pped wi th Usdngesder Meyemends of &h¢ 0oVing,hedd 7% & RPN €SS des,
| n the bendifg 13X o B Ad RSB rlep BRAUISE i BURMPRIn Ond he
r

novi ng beam w espect to the respective uprights 6 and 6'. The bendi ng
novenment piecorts adrahdherm aaqndashivi tdbit roISWER COTECSRIPhr essur e

sensors &AM, G A MU SEESPUId S Pt LA Ofniidift TR0 ide i as

o] t ’ >

to detect e pressure at the top part of "each of them The electronic
control dese cxf iwmrelkiaiyel angks nenrPprreent t(dRViGefhal s al and a2 issuing
respectively fromeach of the pressure sensors and al so to process two
signals bl and b2 issuing fromthe nmeasuring rules 9 and 9' and
representing t hisimoy engntesviofus heeqmdimg bfarhlvt thendigef tan aa¥ the
uprights g%ﬁ%ELE%f 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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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 %I 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 nmake 83401W0G8 -01/091 03
_ g _ coofechionthitkueasi orlse apenebrhedSt FONRr ¢ Errapky sTiER® &f the
novi ng beam sep ; e f ' ry PE i A person
skilled ?%c?ﬁg §é€£§%¥f8%aé$lgﬂﬁnggggégn é?ﬁggeéﬁgef%@?%%#n%éﬁgi%ription

i |1 ustraaesotot hof heheadltfifatenne andtkickhessorlpensdctorsined. each of the
two uprights taken separately, their respective signals being the subject
of separate processings, and the cal cul ati ons and conpensations for

aver aged si gnahscdediwgntdhe vefianpregdtuinontd® thightsependht. During the
descent of the noving bea as long as the_ punch. no o] LAt o cont act
with thecﬂEFﬁFtéﬂEetgpn?ﬁagﬁdg?ol grﬁgﬁt}g§h%r%£5$?§8’f%?%e %égegg. It can
be repregnat pdvbiehbeipr esqueed(pd semsdsadebynt hacqensotsoB, speedwhi ch has
an initial value which can be negsured,an éerged bé calc%&gsioa éfter t he
punch cokBam nt e88nERER WhEhPFRECHETRINEHBENIIRE FRFFL: (SR 1 n"IRE beari ng

force ischingae. 1dUetng pbedetashifcdefiosaBhtent obmt BRemehabrebeeal The
sl ope on the linear part of the curve p/d or_on the curve F/a which is

derived Lhuedf pénobjppandcihei ShPeEoReERLl ohNAEKESSERNEEsERAPE B5CREPEUl ate
t he nodul us of elasticity. The Sitl o] i a owWhisch the
start oftgﬁﬁ &QFiEFPBEaFﬁuFﬁggpﬁ%&F%&ggsaggégﬁggg%p?gcg?rg?%oﬁﬁganakes it
possi bl e gheegaheuhkat e ahlde taet upketihbcknesementofintlreasesabnskeegaihnupr der
to determ ne_this actual_.thickness re precisely, the,des t . beam
can be c&ﬁtF@Flé&lgy%ﬁﬁélgﬂeépFS i & _8ﬁtB8Ieﬁgﬁpﬁeo&cgngpﬁggfgggmégggant
d|scloseqagqggwogngpkhku% %a%%ggg§h§Fq§%q Parbi@ees 3pjhows, on the same

di agram on thé one hand the s escént V of thé noving beam which
is preprogramred, and, at the sanme tine, the variation in the hydraulic

pressure P neasuredq.at e pressur.e_sens ', C L o (t.he
novenent (d). ﬁ@agégée%get&E@&a%ﬁggelﬁn?@%agpyééFag %%E%hgggﬁbé % speed
V1, untimdked gacpes:sd 3 GDNAER ex@it@OItA2 mechbhiguledetrmres wed wiiisthance

with respect to the Jeyel where the punch theoreticall i he nmeta
sheet, réf%r @ °£s t\[f"r?epéffrs@t )}Sdiséﬁjé'ﬁé:é:eéls. aRt% ttﬁlleére)r?oo%]ezenﬁ%st he speed is
decr easee fimaXam| erdd thispesd tHeodmdie tdfe detrdined sgpewr tePthehe | atter
bei ng i nposed by the c osi tion and nomni nal i.ckness of th | _sheet
as wel | F@IRIRGY rerd L LR 1ot “lqﬁ'?rﬁ’enditlhﬁ’g‘sr é‘hetﬁsruerc?,metr}e‘nte%?e%&eng

angl e andedhePuah vy afdd@®. fohhicalspgedt iean o whical lgohearioimd 10 ni's. | f
the nom nal thickness of the metal, sheet is designat ed]% H’{rp > q:lherance on
i

the t hi ckiRREETRACtIN® the FafamaldRis Lherths R Heet® € imthe range

a De. Wgreddie punaleds @raedli stance fromthe theoretical gripping |evel,
referred to as the neasurenent acquisition distance, dam slightly greater

than Oe, the speed of descent is reduced to a measurenent acquisition
speed, vam whighd,s @LaundiTadd dd i dhaleinespaed pfsdrat is to
say typically 1 mms ™ 5 nm's. , L
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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Thr oughout 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 variation in the pressure is shown (in arbitrary
units) in Figure 3. The reduction in the descent speed of the noving beam
fromthe approach speed V1 to the bending speed VP, is acconpanied by a
slight increase in the concomtant pressure dpl, not sjgnificant with
regard to the bendfHrahe SRPYR B0 tHE Hos stk T3 r eached, duri ng
the descgm PhasEoRL1{ henbensingnePsedr RO BEERT 8ngOFhATvAPL 8t CORt 86t Wi th
the neta s%eet, I's considered to be the reference value of this paraneter.
A neasur ehenpargoeeendf (Pheaasetdbny eonthetnaygewensenlokBis BYRER onic
control device_la ' e " i 4 3 LSk sthe beam
i s descending at ?%%‘%% rflg%g%g}egd %%rggﬁtﬁ%pfl%bém% s,” a n%\gs%ulﬂrl?r:ré%? of the
pr essur einstharbéad mgutfcewer ¥ ©£1thm pwheln adeoxitigeemo dheedendingduced to
a neasurenent acquisition speed vamof 1 mns, a neasurenent of the

pressur e@Nglear it @l RATHRSLE %38 FEt9he Yevilce is B3401 WOGB 01! 091 03

- 11 then in a pogi&ipa EOiQ_eéeyls)akeﬁaye\rrye\pr@EIMyc&maé! me when the
pressure P increases once again by an anount Op, representing the com ng

i nto conrapresenthagpthehvariptipa ﬂ@pthacbeérlﬂﬁefﬁﬁﬁal°§h§g?.PﬁP9§lue of
Op of around 1 bar cap, be, chgsen. This com ng into_contact _c ur,_at any
poi nt si fGEPE 188tﬁBeEhFhBeB§Fﬂgsapg ?e%ﬁn?i%@oFg%ngFivéﬁ§ %gFgg%s gt s
with a thijckness a + De and a - Oe. The conparison of the |evel of comng
into contact with the theoretical gripping |evel determ nes the difference
bet ween actual and nom nal thickness of the sheet and the control device 7
| mredi at el y re?ﬁECFk@BESbﬁaQQtH@FHQE@Q ¢aNFE gurengecbhgrligesl aohotrhagact ual
poi nt of com ng into contact of the punch with the netal sheet is acquired,
t he descosemofl shPPRsEing BeB®WREEn 2bandont LaHEd SBPLRe 3bENBPRYTLPEeE VP.

Al ter th%i%oqi.“grq'o%%e%%%% o BERLESBULG RAskredtaly bieneansobs 8, 8

increases alnost linearly until it reaches a value PP, thé bendin

pressur e twehihykireand igt rams She Sord@oustedagni tiide r6FPEOE 1H&r UPBEPONE t hi s
the plastd c (JCRQLARt lan ol IR BIECEHAICCUr She! RACRURLE 6 Bl i/ A ch
downwar ds,’ and then the pressure ecreases slightly and I'inearly. The
val ue of twe meeesming imules © pindstd’c doluotest con esivds @ fdditer Hilges t HE
deformation of the upri.ght ot.ner_ fJ part f € LSS vellttit

el ect ronitglecg)rﬁq%ngdg\ﬁl%’é %‘acoql arlg‘s ptoﬁég)&?/)gleugoo e%ﬁ:}éﬂp%r gg{seure. deuri ng the
pl astic @ef aheaticonng Heam noirdyampsEeciti ¢ heo tesipediamd nprhigdds 6

recorded in, nenor est abl.i shing the relatjonshi t t R t he
def or mat iH & t h)é['hﬁ S Pardt é“og'fe“%er?é: 6Fe§§%rt§°&ﬁ§%6§yg°‘&nc egzé:\r{lt?trﬁgcti on
error Whicghovsll digwesid t7.t havef rpmsdurd hersosende aofd @y somy messtrit@d  The
stroke of the punch, that is to s t he iti,on of the bpotto d centre
(B00) 1 & RasTHRst 0 e OF AR F TR0 AR S0 8 03i08e Lo HRCRE, Kt
neasur ed praldierofatt Mham@maird ahdkddie cfontmm t arthey & Less: win itche
paraneter p, and taking account of_ the geqnetric datag,of the tcxﬂ§¥ %4§H IS
o) e

to say ofCUHEDuMEYLGR I ATTARISH SRt O RF]GHT® 4% Pl
actual thrknessif tdpdminle Sheptoledatirigedlad diessime tseafsdde arehdi ng

process, attlhs?o etlc?cglrc?cneiscs Ctov?ot rgigrgaei/si Cbel Caarllci: uk!zaties,ss&ihneg 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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successi ve values (a, F) of the instantaneous bendi ng angle and of the
bearing force. This conversion can be nmade by neans of the follow ng

mat hemati cal equations, in which, referring to Figure 1: Vldesi gnhatesthedi e
openi ngAndesi gnat est heangl e of the di eRndesi gnat est her adi us of curvature of
‘the di eRpdesi gnat est her adi us of the puricher desi gnat est heact ual thlckness of
the piece to be bentdodesi gnat est henovenent of the_beam at the no

thepunchCQbh%%tl@ﬁcF%b%@b%¥19$¥ha@%eC?W%%%ﬁﬂ%%?%%af%Et%@%eﬁ%??%?|% of t he

h 0 8 Ve -
\p/gnc | @&%&R%%an_\ é/é?a*rgt&f%gaﬁ tgl%@R}\Iélils‘fr%rl/l 1@%;1&?9%2;@%%{1%6 EEI ng

adopt ed woright . dad -persen.skibleqd ig(the armwiRl eagi}y (dndesesynd cos( -
The SucceRst omnofeyPldfenkackirEBiBe LoPLESERLED pOcANBROGUE Torm by the

curve 10 shown In a so | ine In Figure 4 Experience shows that, in the
pl asti ¢ delouhations zand, SthekeucvepQQS@QEQMEngrn@@@hl@ﬁeéhebEV©nd its

A e O LI ORIL CLLNL Ub&oddardty, TR TP DOGoLOE 08! 64GaL1 BOnE Ryt B

conpe Ion for € SW ng ect Is ased on a
conpar i seabyéct hef caepardOe pepcessnhgd, bgndhehgatagsulatidnscandul ated as

t he bendin eration progresses, Wwth a - referen % entin
t he vaIu@gg?ﬁgsﬁﬁ?%?sSEBFeaVFﬁaﬁsﬂDF§gHﬁ}Fné %W%gﬁe %ngegg uﬁ??éﬁ? shee?
w th a ngaynehet higkoespragnnd length Lref. This reference curve 20, shown

in a dotted line in Figure 4, gives in particular the maxi numval ue of the
i nst ant aneous angl e under a |oad (a)nmaxref~ which made it possible to

obtain the SetDMﬁiHﬁ fRe~gaktentt Be @HéSﬂooingebéaﬁlngstmenbeaélageforce
exerted by the on the piece, illustrated by the StL ht-Ilgg aegnent
21. Expepu@ﬁbehass605h6@@eth§F0cep@é§cyanF¥ EBgoMgERLdd rBEERPE

bendi ngsar Be%éﬁg' cghbypBak-ahleleoteeeash-atBer iR tha akmebreiseagedpar t
of the plastic defornmation zoné; in other words, they have a_ difference O

whi ch pr Byt Ebsl byedsusendp) vaepsazesd binshPoReBEoxsh8t wlén MWhECHolAfs P3
and P4. The; B@gﬁ%gooaghet SiCH V8% bR mEhstiRelinhfigZoReceabaye or bel ow the

reference curv epends in particular on the differences between the
actual | eagmlatgbnt heAfsrtr pihec pynghd cohes| éngeh conspctt Wa tic thel

thi cknesg %gt Eee@Ctgﬁl qq%%ﬁo%f ﬁh@ﬁ%egbg¥lk%oEoEQ% ?gnqlagggle 't may

be noted™ uni t ieCe, the force and the
modul us @hrﬁh@stheleyaamaccdﬁﬁEaMQalbm Dﬁet@quabm@d 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
speed 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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F - er2. ML. 75~Ve The nodul us of elasticity could also be determ ned from
the sl ope between two points P1 and P2 on the |inear part of the curve (a,
F) corresponding to the elastic deformation. Figure 4 also shows that, if
the curve 10 is extrapolated, its intersection with the straight Iine 21,
representing the spring effect, gives %ﬁe”bending angl e amaX 83401W0GB
011091 03 - 14 under force for the sanple currently being bent, which
mekes itppedstereinedodiaranchewseh VQEB@05~tPnthﬁeléﬁ§énwge6ﬁ 5h9 force.

amax !SAﬁaSQBGE EQ%@F%QHE?QHQE} LFBQemQEQg'QHeEHrvﬁeférﬁéavﬁotBQ egker ence

curve; X1s ess In the contrary case. In the nethod
accor di ngafetyhdiehuraei da,. tAb nhasumeménts the dpeafeifcdgrreasedigiti sed

and converted into t F
cal cul at -8R 8§gﬁﬁgecgﬁﬁéggpéﬁdo lfgéake re eg%g@g#@ %geéggb?gﬁéﬁgeré7) The

amax, islegeeirededuy Winpbeet agytpeapbmpakieitnapobanpwanad phacihesg of
values of F between

points P t d He
first of C41R @oW?E@@eﬁgﬁﬁtaaFaHFg} ESLFng ?ﬁé gfﬁgé %Eggggﬁggfg?gégtaégn
the curveecparihhoReldisetyatee bendees aagaadaB@ and phachupvefzoels

determ ned fromvalues thus cqorrected b ast ,squar.es t hod.. th
el ect r oniT&i€oRPESH gal L¥Pigrddla @safﬁéngoﬁsewpéﬁq ﬁ% tgg lnPronl ©

( anex) rehiafdeslts ofl khleS M@yl Bheelto iusaekhignagedt eontheamal e raeice- oamax =
~tg'Y The angle y between the strai'ght line 21 and the X axis is
obtalnedthﬁ whdeknelst he ,r edher dictgadf thiekneiser encef cthoesheehnyill be

pre-programed for the bending operation.
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, is considered to be the reference value of this
parameter. A measurement cycle of the assembly consisting of
sensors + 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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Finally, the electronic control device calculates the corrected val ue of
the bottom dead centre fromthe 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 ring bending, well before the punch
-approaches bottom dead centre, on the basis of torque neasurenents (p, d)
carried out in a 83401WDG8 -01/091 03 - ran Eynnvenent

bet ween ERENp&NNRSPPSLIEAENPEC ﬂﬁF@ﬁmF§ee§§§YtBrﬁgf§? EheTﬁémsoWﬁEEtlon of

t he bottgglog?gsgggkrg @gggpggggﬁgﬂggtggagﬂrb mﬁ ﬁRBhHEthgn of the press

is carrié Srnul't aneo e correction ensates for the
varlatlonepneshhtkngsshefcbhéngiéneOisoataeadpfcahﬁlQdHGhtwaththhg ﬁopent
The reference curve can be obtained by_virtue ofag first bending tes

t

i |1 ust r afe@eb9fFEhar #esalrphges -5 Aepete PhelBl 85t PECHEFornREFofi *Fo 8 of
the test F;‘%@ﬂdedmfbaengemm tﬁﬁteet:%%ae@ ¥ahugscafk aheaw peghikon of the

spring effect. The i ng epresente by the curve 200 iS carried_out
unti | th31$eatedlb@tuﬁenhéhﬁe@@ﬂn@SaﬁgpéeéenFéngeééﬁ@GCtBN@ldhﬂéFaﬂorce

The punch_is then i gh rai sed, sq that, the hendi angl e i ece
decr ease$ Sﬁéﬁnwﬁﬁge hécgﬁFﬁﬁg Seft 88t 20%hfs p SCesg |scg) res ?‘8Eby t he

segnent 261 waieh %@t%ohﬁ%gxlﬁkbsc@ht&cﬁow&thatheTh&eb&EQhQﬁQeg@dp@&@@iOn
of the spring effect is therefore A = a~ - al. The u ch is then de to

redescendey§ aéeFGIEG@ﬁSnG@etﬁéfﬁéﬁ&Pﬁﬁ betiRETpPELEa s 34 neguip endi ng

angl e undey; o %% _F tn% shaethedld nadf ebre ronchesee I iagreridaray W th
the curve 202 irst linearly and then in an arc of a curve corresponding

to the eﬁ@C@ﬂCyﬂ@§ﬁﬁcad@pﬁﬁﬁﬁtﬂ@@d-Fﬁ@ﬁrﬁhe punch is once again raised and
the bearing force decreases in accordance with the straight-line segnent
203. It is verified that the bending angle anmobunts to the value a~ in the

absence of anyOhgecéhendeviedt ofhé&heegrsngl20eing efr goMdng dntPe segnent

201. contact of the punch with the metal sheet is acquired, the

descent of the moving beam can be continued at the bending

speed VP.

After the coming into contact, the pressure measured at
the sensors 8, 8’ increases almost linearly until it reaches a
value PP, the bending pressure, which can attain the order of
magnitude of 300 bar. Beyond this the plastic deformation of
the piece occurs, the curve (d, P) curves downwards, and then
the pressure P decreases slightly and linearly. The value of
the pressure in this plastic deformation phase determines the
deformation of the uprights and other fixed parts of the
press. The electronic control device 7 compares the value of
the pressure during the plastic deformation with a nomogram
specific to this bending press, recorded in memory,
establishing 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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Figure 5 al so shows a subsequent bending using the data derived fromthe
reference bending. At one nonent in the plastic deformation phase of this
bendi ng, represented by the point P5 on the curve 100, the correspondi ng
ordinate B on the reference curve 200 angd the difference B between the
-ordinate of the point P5 and the correSponding ordinate B on the reference
curve are determ ned. As shown _by the geonetric 83401 -Q11091 03 - 16
construction of r@fghhe BeagHeedddptieRaPl shhengo¥ereRt EofF cEPBn A, due
to the dibhepRieant valSesabgukakedabymbberexpr a8l eakAng- atAoBhtBof The
whol e of the angul ar spring effect correction applicable to the bendi ng

oper at i ohhel peeresréd Bptenefctiheeteodsi sthpkréfoFe A2¥ AL tRRePUBAEY ol

el ectrongy GoRVeRh! Bhsmuabig | BLOWR1EOBECEhEODa0he! Be BAL! aRLdaad centre
by nmeans of the algebraic expressions indicated above. If the bendings
subsequethitbnese péf shenvetbénghrgs detesainpddasuthenstrstsgiethichi ne
and b peBBRATRARA0LE, Fhi LABCREAGESSLBAC0b.! Hevilanghiceanche eaer od
out by compari ng {Re pai'rs (d, p) wth a curve (d, p)ref recorded during a
first bepdiegsstibat visuke S8y &)cwrivehei fhkaantantbesr bghtiihgndngakf of the
curve (d, P) in Figure 3, without carrying out the mathematical ,conversion
(d, p) Hapé,Oﬁ)Fhenb€ﬁ€1§€héPrﬁ§nd,TWPStﬁgnV§F§F8HC€a€u%?emP§er@@brded on a
first mghi-ng 2N¢nengolaldatonthalbRetaRgSaar oRAkiLeG ,0uln ahidhQt her

machi ne, this conversion is nécessary in order to be able to nmake the
conpar i s@efexrd ngoitreFLOWS descri bed above. The reference curve can be a
data itemstored in nenory, obtained during previous work. In this case,
when the initial programm ng of the bending is carried out, the electronic
control @dvi cedssdknaitesmtingr Yiehepexii®gence of a reference curve for

i denti cal, bendijng  paranet €3 apd an Jedenti gal material. The search in
menory reéelffates in gg}ticular tothe set angle a~, the conbination of tools
and the Maysi cadesignaretsetheofradiasnmife cugivatufriec kifesdieand est rengt h of t he,
mat er i al )R A S%itesolf n%%fe%r GHEe r%[Larl\(l%s o%a'%h(éoeﬁﬁlic%xm e a database. This may be
accessi bl'®@ on I'Tmeto a plurality of users, "either in the formof a

publ i c- acgess drislpstesr the tdukuvadnttdickokess orfi \dtee Piscosorte. ME3AFNEWOGE -

01109103 5 - 1%esiIfia1% Une rcHISHHIC 3£ Hhke 18l LR dHL Rt AhR5e
punch comes into contact with the piece

P designates the penetration of the punch into the die

V2 = V1 + 2-Ra-tg ((180-Ay)/4)

B = (180 - a)/2

Ve = V2 - 2°Ryp-sinf

RNH = V./6,18

R; = RNH or Rp, the highest value being adopted
P =d - do - ey

P = (V2/2)-tgP - (Rm + Ry + e;) (1-cosP)/cosp

The succession of values (o, 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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saves on a test on a first piece, which is a considerable advantage in the
case of expensive small series. B3401WOGB -01/09/03 - 18 CLAIMS 1. A
met hod for adjusting the stroke of a press brake conprising a fixed table
(1) carrying a die (2), a noving beam (3) _carrying a punch (4), neans (5,
5') of noving the noving beam the said novenent means bearing on uprights

(6, 6') fixed to the fixed table, ne uring rules (9, 9') for neasuring the
poverent CPH‘?eB“FaFF@nnéﬁrn&hﬁeﬁfﬁlﬁﬁt R2REChode PaSERGOpR BAMGATABoTeRS! one

sensor 8116;{/?8?%'6“ QQB%eBQ%%E% PRHATGLE egpgavaiv{hegl%gag%ngst0 the

force exerte e said punch on pi ece place e sal and an
el ect r onthecbrndohgdepecetion poobrebberg whehnevertrtreotet hermev2Ag beam
between a top dead centre and a bhottom dead centre (BDC), OV|ded W th

means of T5BGEPEMRGTEhEDROVEAERE HBask) eereRESTEH) 1RNNCFREYpRYELEEl thSr anet er

(p), andpealignbabiron peeRl LPketOWieht b”ﬁoﬁnﬁﬁa&akﬂgc%ekgeesﬁhd hatyem dead
centre according to the neasurenents of the said novenent and the said

physi cal Lperanghép, r@ﬁ&#&@ﬁ@rﬂ§éﬁelﬁothPOWﬁelﬂlﬁféPéﬁéé LAnehiekness
bet ween he, ¢t yal E%&kgﬁs?a%lknﬁa@ £he ﬁ\asilfnne ganak ¢t Bihekness (e) of

the piece’i’s cal cufate onparing the actual position of the novenent of
t he punchn@tawhaﬁbohheeagaecum@ea pr edater(o) ped..¥yarwhai conm&pei bt t he said
physi cal parameter (p) with the theoretical position of the said novenent
wher e t hiposedbilgt iton obpadmotrhe sesuvalue tlrat aheer| eeerphreecohtrol device

DI 0ces eSS JTRASHRETRALS 0l ¥he SaLRUATRY (D) Andyl % S0 il cal

par anet e tie Formation phase € piéceduring
bendlng,1§du&$rbmedompamemih&amagﬂtdéueensngmbhelQldlfferences w th the
data recorded during a reference bending operation which made it possible
to obtain the set value aC of the bending angle after release of the force

exerted by thepRpaehcald HAsdek@oisnenatr eliekercqayakrye reldrideds piiag
effect correction, and in that the electronic control device cal cul ates a

correct i gieneaterse beadinasdeae enRctd caddor Parg 16 18340 PACHB OXREDIN03 -
19 the s3{d NGIeNGGL | (itt' Ut @het | Eﬂa SREIN G SR ekl 130 AdMe ;Said

di fferences MAt the refer nce recor data. 2. A nmethod according to

G aiml, cheraciedssedhay thate Hl@ufﬁmmmfumrh@hdmcﬁngiadla/ deeer | oad
of the piece is
not vary as a function of a between the points P; and Ps. 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
Lyef, 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 (a, 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 Ouax
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cal cul ated according to the variation in the said novenent d, taking
account of the said difference in thickness (er - e) and the geonetric
parameters of the punch and die, in that the bearing force (F) of the punch
on the piece is cal cul ated by neans gfl%hg val ue of the physical paraneter
‘(p), in that the succession of values of the pair of paraneters consisting

of instantaneous bendi ng angl e d bearing farce , F) is acguired and
conpar ed"i¢h O?%?eg%ﬁth%u?@@S£%,C?§?%?gb¥éb?%%éfﬁ%ﬁ duV?h@gam%%%%ing
operatio i al i it i i et set

val ue a~{]%f ‘t’%g?%gﬁg?%é@%%f‘@ %}‘f[‘?eggﬁe ei;leée %?%%ﬁe&#%r%%%%é?t%d ”tb}? t he
punch, apgréd.th@l,, the gabdeeleehafni &, cPNLr Of €leyibendihgcalieukaies a
correction (A') of the nmaxi num val ue of the instantaneous angle under | oad
(amax) r ebbde¢ et he nedf duenng theve ef @rente bendi bigaaccass ng o the
difference petween the pair (a, F) issuing fromthe neasurenent and the
ref er encERUT98Y (52°8)ref in the plastic defornation zone. 3. A nethod
according to Claim?2, characterised in that the electronic control device

7) calculates_a correctjon to the, bottomdead centre (B according to
Ehé sai d corre%?i%ﬂe(mﬁyh?a ?ﬂ%oﬁﬁkPﬁuﬁ?v%?%el%Ye?E%O?gsgﬁ%taneouslaggle

under | opdafamexentsfl (8, &) nBtBodcaaeoed] Nngilor 08€d0Andl abAwBelted 3Bnto
characterised in that the electronic control device 7 cal cul ates a second
correcti bargueshéaboft ohydehd edacteonBoCronakphgdarieant 7ot t BBesaid

di fference_in_thickness between the B3401 WDG§ - 01%09I03 - 20 |
calculation of the correction of (Omax)res, that 1is 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 situated 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 (Omax)rer and Af. It is possible to

use the equation:
(Omax) ref - Omax = 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 o, 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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actual thickness of the piece and the nom nal thickness (e) of the piece.

5. A nethod according to Claim3, characterised in that the speed of
novenent of the noving beamis reduced to a neasurenent acquisition speed
(vam) less than a predeterm ned bendipng speed (VP), when the punch is at a
‘predeterm ned di stance fromthe theoretical gripping |level of the top netal

sheet at_the ufact uri.ng thickness, tolerance ~e of the said netal . sheet,
and in tHatot @s‘%{g‘éﬁ%ﬂf@m%ae%ﬁx ej?%%“r’ee%%ets %pp ?Jomf%eﬁ%aalrﬁfbpgndf"hécgpeed
after deiectasn b ddteesmine pr eTlet erorrneck vad | &f | dite Qpot o h@es@i d physi cal
par amet er . 6.. A nmethod according to any.one of Clains 1 to 4, |,

P har act CYTREAE | Th A CoTRERARLER b Hom dSioHERt 1 (5 ERfpireds (i

measur edcaset ies ®ht t hiemsht shobysigal Tiee adetesct Pon Whbch EoRp&esar ded
nonogr am est

blishing the relationship between the said physical. paraneter
and the of tY%]F\l%rfl?Ihe”Fi hC]ﬁé‘?Tg %‘? éﬁﬁ% Bress Ja%da@é%%‘éﬁ’a‘f%’éghe‘shi rd
correction: ta: thei batdmemelead centre (BDC) taking account of the said
deformation. 7. A method according to any one of Clains 1 to 6,
characterised in that the said physical paraneter is the nmechanical force

that a ram exefis 00fdhend®Vinsydesdn nBassed mda thy svipmed by & sirHin
gauge. 8. A nethod according to any one of Clains 1 to 6 inplenented in a

press bregedipdseenears bilwey konptauee tho hHEaeei @ Aapschssele at ed
respect i yelh ¥ v t e PHEMLE 1 6HE2EM0 UPT {1901 Se 80Y; B DEESSUES %ﬁggi?%a@e 8")

associated with each ram characterised in that the said par anet er
i s the avefepeneetviebues hef hilde acdrrepr berwestheaspredabgfiaet sai @heensors

(8, 8Ibénding represented by the curve 200 is carried out until the
set value of the bending angle o, is reached, but under force.
The punch is then slightly raised, so that the bending angle
of the piece decreases again under the spring effect. This
process 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 = 0o - a;. The punch is then made to
redescend so as to continue the bending of the piece as far as
a bending angle under force o + 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

B3401WOGB - 01/09/03



B3401 WOGB - 01!091 03 - 21 9. A nmethod according to any one of Clains 1
to 8 inplenented in a press brake whose novement neans conprise two
hydraul ic ranms associ ated respectively with one of the two uprights and a
pressure sensor (8, 8') associated wth each ram characterised in that the
.adjustnment of the stroke is carried o ®for each upright, independently of
the other, and in that the said physical paranmeter is the_pressure neasured
respect |®/®11§'tbycieamh of Ei@ll?,% o s‘éﬁ%o@%&(@-o@a% sigled €91/ 091 03
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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

comparisons 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
gset angle oy, 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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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 oc 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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he said reference corr ctlon of the spring effect and the

said differences with the reference recording data.

2. A method according to Claim 1, characterised in that
the instantaneous bending angle o under load of the piece is
calculated according to the variation in the said movement d,
taking account of the said difference in thickness (e, - e)
and the geometric parameters of the punch and die, in that the
bearing force (F) of the punch on the piece is calculated by
means of the value of the physical parameter (p), in that the
succession of values of the pair of parameters consisting of

instantaneous bending angle and bearing force (a, F) is

acquired and compared with a reference curve (o, F)resr pre-
recorded during a bending operation on the same material which
made it possible to obtain the set value o, 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)rest determined during the reference
bending according to the difference between the pair (a, F)

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

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 (Omax) 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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the piece.

5. A method according to Claim 3, characterised in that
the speed of movement of the moving beam is reduced to a
measurement acquisition speed (vam), less than a predetermined
bending speed (VP), when the punch is at a predetermined

distance from the theoretical gripping level of the top metal

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
uprighte 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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