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I nvention relates to bending tools and nore particularly to bending
tool s uti | WO2d0%a42ig2 press 5 form ng arrangenent in or dehCT/GBHEHINEWS
bendi ng and form ng of typically sheet_materials. Press form ng
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formed. Bywounting and is such that an upper forming face of the

15 static lower tool presents typically a symmetrical open "V

centralised on the radius of the bottom of the upper tool.

Thus, the lower tool is fixed to the base of the machine

whilst the upper tool moves verticslly up and down with the

line of action of the centre of the nose radius bisecting

20 the angle of the opening of the lower forming "V" in the
press tool.

It will be appreciated that the matexrials formed by

the above described press tool arrangement are generally of

a sheet form and the desired angle of bends formed into the

25 process can vary greatly. In order to create bends greater
than 90° the minimum possible angle at the base of forming
"y is typically around 28°. This limits the bending angle
capacity to no more than about 150° maximum dependent upon

the spring back nature of the material to be formed. By
i
30 use of special parallel sided tools it is possible to

increase this limit beyond 150° but generally even then due
to spring back of the formed material the maximum sustained
bend angle will be less than 180°. It will be understood
that 180° is also typlcally a maximum bend angle in view of

35 the entrant nature of the upper tool engaging the lower
tool.



30 use of special parallel sided tools it is possible to increase
this limt beyond 1500 but generally even then due to spring back of
t he for medwW@e0e462152t he nmaxi num sust ai ned bend angl e wiFCT/GB20DEIII3
than 180. It will be understood that 1800 is also typically a
maxi num bend angle in view of 35 the eftrant nature of the upper tool
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pressi
Fig. 2 an alternative parallel sz.ded press tool is used.

This tool has a substantially =zero degree "V" aperture
profile 17 in a lower tocl 16. In other respects the
25 arrangement is similar to that depicted in Fig. 1. Thus,
the lower tocl 16 is secured to a robust base to present
the aperture 17 to a material in the form of a sheet 15 to
e formed by the process. An upper tool profile 11 isg
secured to a press beam 14 such that a forming end 13
30 engages the material 15 and bends that material into the
aperture 17. In such circumstances as depicted in the
formed state by Fig. 2b it will be noted that the material
15 is bent to substantially adopt a 180° turn by pressing
action of the upper moving tool formed by the profile 11
35 moving in the direction of arrowhead B in the aperture
profile 17. Nevertheless, it will be appreciated it 1is
necessary for the end 13 and the profile 11 to be removed
from the formed material 1% and therefore there is a
limitation upon the bend angle achievable. The final bend



action of the upper noving tool formed by the profile 11 35 noving in
the direction of arrowhead B in the aperture profile 17.
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and the profile 11 to be renoved fromthe forned naterial 15 and
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Gener al Fecervin turés have an actuator ranp
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Typically, edges of the shaped receiving aperture have

a low friction feature. Possibly, the low friction feature
20 comprises a roller. Generally, the low friction feature
comprises a bearing surface for the material to be formed.

Generally, the deflector comprises a spring bias to a
pre-presg configuration.

Typically, the shaped receiving apertures have a

25 rounded bottom.

Generally, the shaped receiving apertures have an
actuator ramp below the receiving opening.

Typically, the shaped receiving apertures in adjacent
actuators slant alternately left and right.

30 Genexrally, the shaped receiving apertures are
symmetrical about the receiving opening.

Typically, the actuators abut each other.
Alternatively, the actuators have a space between each
other. Possgibly, the sgpace between actuators includes an

35 anti buckle feature for the actuator in use.

Typically, the shaped receiving apertures are arranged
to define a virtual "V" between a bottom overlap junction
and side edges of the aperture. Possibly, the side edges
incorporate the low friction feature as described above.



30Ceneral ly,the shaped receiving apertures are symetrical about the
recei ving opening. Typically,theactuatorsabut eachot her.
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Possi bly, the space between actuators i,ncludes an 35 anti buckl e
feature for the actuator in use. 4Typi cally, the shaped
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1800 in view of_the constraints of prior press tooling arrangenents
as wel |l as witH¥%®ga? difoa HerFHt rgpev ©f an actuator in accordance

with aspects of the present invention; and,

Fig. 4 is a pictographic depiction of a press forming

process with a press forming arrangement in accordance with
20 aspects of the present invention.

As indicated above it dis difficult to bend material
such as sheet materials with a bend angle beyond or even
approaching 180° in view of the constraints of prior press
tooling arrangements as well as with regard te the entrant

25 nature of the press tool engaging a bending tool in
operation. A principal problem relates to the static
nature of the lower tool which generally incoxporates a
press recess within which a press tool operates in order to
bend the material to be formed. By aspects of the present

30 invention dynamic components are utilised in order to
interact with the downward progress of an upper press tool
in operatiomn. In accordance with aspects of the present
invention a number of actuator elements are utiligsed in
order to define a press recess within which material is

35 formed. By such an approach the dynamic movement of the
actuators provides a capability to bend a material to be
formed through elastic deformation into the desired shape.
The actuators are elastically deformed themselves during



25 nature of the press tool engaging a bending tool in operation. A
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Fig. 3 this rotation w In the diréection o ar,ro
rotation 3P Bl asttoRAsiYadtBE in a bending tocl in accordance with

aspects of the present invention will have an opposgite
30 right hand slant. In such circumstances resgpective
adjacent actuators will have a reversed pair in relation to
each other. In use it will be appreciated that the actuator
will be rotated by the engagement action with the materiazl
to be formed. . With regard to the left hand actuator 31
35 depicted in Fig. 3 this rotation will be in the direction
of arrowhead C. This rotation and deflection will be
accommodated by the deflector member 33. It will be
understood that thig deflection is as a result of abutment



accommodat ed by the deflector nmenber 33.1t will be understood that
this deflection is as a result of abutnment 6 and contact by the

mat eri al , WoOal4/2153 say the work piece in engagenment WEHGBHE7/003993
actuat or sl ope 34. Each actuator 31 is typically forned froma
sheet material. As indicated, this shedt material will be cut to 5
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appr eci at epréss stgtes + cUistraaessheviddt bat ed3upbededswihe Ib@terlal
substanti atdy gchersameabuis alhesBatel yneonkhaur e s O%Ctela@ aXbh&hing
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generally th ac%uat or rface 34 g LblﬁlgI hlgt %
apert ures 8" e% %&eﬁ oty ‘LSHS P&ttt 8Tk %an%“uators
2008/ 0621 52¢Ad GBRUD 79089831l dcement 1n the direction of arrowhead C
whilst right hand actuators either side of the actuator as
25 depicted in Fig. 3 will be deflected in the opposite
direction to arrowhead C. In such circumstances the
apertures 36 will envelop a press tocl in order to bend and
form about the material to be formed,
As indicated, the actuators 31 are generally left hand
30 or right hand and it will be appreciated in such
circumstances the actuators formed will he substantially
the same but alternately configured along the axial length
of the bending tool in accordance with aspects of the
present invention. In such circumstances the apertures 36
35 and deformation members 33 will mirror each other along a
principal axis X-X. Deflection will be either side of the
principal axis X-X and generally the actuator surface 34
junction, that is to say the apertures 36 also overlap
along the principal axis X-X.



In use it will be appreciated that the stack of actuators w |l have
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arrangerre S I n accor dance WI t spe th sent invention j ust
pl’l or to a% ress Qa(')ci"en% na:r:e Vlgesdpcg.én :gllseréoﬁmpaﬁ%gaen aﬁcezﬁfary to
general | y grpvive far rﬁ@ﬁl absﬂleb%ng sdgviee edt abewet ains thecgfagiap of

openi ng d@ﬂ@%%@@neqlgggegfﬁhaped receiving apertur es 36 in
respective adjacent, at or Thes tua r cked
alternately Ie?ltct h"éjh a o ﬁFs aﬂ§ gglag %2‘ FS&SIW"?&% 33
that tHe actliat syvpdapflivesivdarp@dialeri neias" \/‘-Olait@ouﬂ'—oa pFehernonti
bet ween t%tﬂ%%&@%@%@ﬁﬂl@?ﬂ%@y %Q%%ggng configuration relative

to the principal axis X-X. This bias force will create the

necessary forming pressures through the drive arm 35 to

engage and envelope a press tool to achieve bending of the
25 material to be formed beyond a 180° bending angle.

Fig. 4 illustrates a typical sequence with regard to
achieving bending of a work piece material toc be formed
beyond a 180° bending angle. Coneistent nomenclature has
been transposed from previous Fig. 3 for comparison and

30 clarity.

Fig. 4a illustrates press forming arrangements in
accordance with aspects of the present invention just prior
to a press forming. Thus, as can be geen, a material 40
generally in the form of a sheet is located above a

35 receiving opening defined between edges of shaped receiving
apertures 36 in resgpective adjacent actuators. These
actuators are stacked alternately left hand and right handg
as described previously such that the actuator surfaces
34a, 34b define a "' about a Junction 41 between the



8 surfaces 34a, 34b and upper bearing edges 37.1n use a press tool
42, is arranged to nove in the direction of arrowhead D to descend
initially Wot2e0sg6nsact with the material to be forned ARETARBRITGE99%0
bend that material 40 5 into the "V' forned virtual press recess

bet ween the junction 41 and the edges 37. This descent in the

direction gfy@donhgad, Diiug ldi‘idt'@fé&; Oepheiy BAgEEY374b. Tn usd
Fig. 4b the nateri ah to be,forned Odl S, nitial I.ébelqt ntriel tt.here %s
engagementPBeIheERCLhi % mat &r iSAi- RNF10-F hBCKEt 4t oF S urTACES 18%a, ©
34b. Thi s amsraviesadi Di ato baedicegdantnioialy oAnod tdmnbedtter wakh4othe

In Fig. Agdauther dowwersimy eferdindf e 1 8ssnd 0dhatdnd L0 the
actuatotr surfaces 34a 34?8%&)art and sa adjusts the di stﬁnce bet V\{g_altlaen
da n

the edges F¥Q o Hcomb 8dgef Ect? Sel§PEPm RG-BFThe

mat eri al 4unction A%it hentlookhd?2 edsesnds? furt Medsi ndeheedtr etti orhof
ar r owhead ; i h t f a.l.s r apged
to all ow t%egﬁlﬁp%éﬁﬁ@%agrgu%% ﬁ%ﬁ%ﬁgﬁg $:ti)%llgﬂb(:)L_&l}s Fg%épgg'end
43 of the tool Fig- stlRntheomgfpEipdt Acde Fegndife.1s initigply
Fig. 4e fwdherudestenhetier eof | engadementonwheadedh catses mutearisdl =i

to be {O" B 1 & R dR2.20:L PP 8dg0% ] W68 ar OUfl 4 NG LNEnaChl £E a1
this bend angl e. 1T Wil | “be appreci ated once
bending and formation of the material 40.
In Fig. 4c further downward movement of the press tool
42 forces the actuator surfaces 34a, 34b apart and s=o
adjusts the distance between the edges 37 to accommodate
15 deflection and bend forming of the material 40.
As the tool 42 descends further in the direction of
arrowhead D the separation of the actuator surfaces 34a is
arranged to allow the edges 38 to wrap around a teardrop or

bulbous shaped end 43 of the tool 42. In such
20 circumstances the material 40 begins to bend beyond a 180°
bend angle.

In Fig. 4e further descent of the tool 42 in the
direction of arrowhead D causes £further bending of the
material 40 to be formed to a desired bend angle. Again

25 the edges 37 wrap around the end 43 of the tool 42 to
achieve this bend angle.

It will be appreciated once the press tool 42 has
achieved the desired bend penetration, that is to say
bending of the material 40, its wmotion 1is typically

30 immediately xeversed. In such circumstances due to the
nature of spring back, the tool 42 can be removed from the
material 40. Alternatively, when the tool 24 is reversed,
that is to say ig 1lifted in the opposite direction of
arrowhead D the actuators in accordance with aspects of the

35 present invention will recover their original pre press
configuration and automatically release/eject the material
40 now bent and press formed to a desired cshape. If the
degree of permanent bend in the material 40 is greater than
i80° it will be appreciated that the material 40 then



achi eved the desired bend penetration, that is to say bending of the
material 40, its notion is typically 30 imediately reversed. In such
Ci rcunst anWe0BR(82159 t he nat ure of spring back, the toofCHUGBWATUS3
renoved fromthe material 40. Alternatigyely, when the tool 24 is
reversed, that is to say is lifted in the opposite direction of
arrowhead P=mihénactatatehed rcaccos danck winidh #spect’: ofhidesl3buation

present in ' | r L r_ oklgl nal I guration
nd aut ot TERPIT LY or e BREUELad M0 Ta CEOCHOR yBER BIESS WOTL GU BLIS
forned to aidespyed ffapere | eréhé3degr PBCEf the ntipeat PHEAE ihRa heen
materi al 4Pehsvgdeater wihan H&Oab%rgbiét@@ &mytel Ctﬁﬁechﬁﬁwgeﬁrﬁ%h t as
mat eri ak 40 en .9.renpins att ed to the tool _end 43.1n this .

Si tuati%n %%?%:%??y ]trhrer?%gf e% a?gasreaa or?r%ﬁ V\%rﬁe&e%%epvﬁ I°Fe Wt
si deways offrtherepgtasiand® t he work piece has been renoved it will

]{)e appr eci at ed thatwiiie ﬁ;@][ atdsd 5 t%bﬂé‘étén chﬂ g-t_h]él i%ré@é‘ﬂ’b{
or a repeat_process W th.further teria : t. wi e

appr eci at et by asPRctibf 1t h® ﬁ%@%ﬂ?f‘? n%%nf?](ﬁ)rﬂ PREETTRL | % s3i BrRd
to form maaegial geebbe hend angPe igr eat einghanca8Orbn.éd sbpglketion.
controN)e peratiaon. 10..Thus, it 1s.not n essar%(. to utilise ﬂég{e

art unreli a}g 2 ahl pradtitcd ?dyeﬁsltar]ﬁyt & O HY tRThT oies. "FhE
act uat ors amdi pdbechiedl lar dinypi@ afyming neecinomerheet That ectaftand
desi gned and WBAYEAELA| drBYtoPiEAND, POSRED| Yro&fil OHOE: dnaterial and
designed and manufactured by cutting, possibly through a
laser cutting process, appropriate shapes. The deformation
15 members 35 will typically be arranged to provide sufficient
force for movement of the actuator heads and in particular
the ends 37 about the press tool 42 to define the bending

action. Aspects of the present invention allow a forming

arrangement which can achieve greater than 180° magnitude
20 bend processes which will allow an actual bend approaching
180° when taken into account high spring back qualities of
the material to be formed such as titanium. By provision
of a single press tool action prior multi operational
staged processes are eliminated. Furthermore, component
25 quality is enhanced through the use of a single operation
ags a cold process rather than prior multl staged or high
temperature processing techniques. It will be understood
in use typically the arrangement will be combined with an
automatic feed process for delivery of the material 40 to
30 be formed.

As indicated above, it is important that the edges 37
of the actuators have a bearing feature as these will
engage the material 40 to be formed. Although other
techniques will be used it is most convenient if rollers

35 are provided at the edges 37 to allow the bearing function
as well as allowing the edges 37 to conveniently wrap
around the press tool 42.

As can be seen, the actuator surfaces are generally

relatively straight to engage thel material and cause



| aser cutting process, appropriate shapes. The deformati on 15 nenbers
35 will typically be arranged to provide sufficient force for
movenent oWO29e8/d15%at or heads and in particul ar t he enBiST/GB204HHIHI3
the press tool 42 to define the bendingpaction. Aspects of the
present invention allow a form ng arrangenent which can achi eve

gr eat er t haefligCtmmgnictiudde? Ppressd ngreses ses uski.ch Oghlelr @alraw arf the
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material 4 | ndi cat ed ab

i mpor t ant gﬁat t%% (ﬁ;es g S Fite ac?ua?’or% Ra ém tgjéfartflﬁeg padetr &°
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As can be yeed, threeawidat @KtQJGHif@C@E mlel&}erfea@a ywtr eglhat iedgley 38 in

strai ght t@a@ﬂ@l@@tﬁi@:ﬂb@bh' @E@I GAUSE len th of the bend tool
W2008/ 06211_52PC'§[{/ 2007/ .00 def}zectlon o) 8 gress recess in
use. O her Y t%he”<H eﬁfréfggg 3’6%rf‘ﬂré‘°§?§ gBrer YEEY PseRgts

bott omB&@ t efavdicd prpsenfentnreniidn { he Howekemat drtical roNormal wyllt het
actuator suptagescdd alR arLapgetht® bPeogether and generally, as

indicated above, a base 32 will be provided for each

actuator to allow the actuator to be mounted in a robust

surface. Other means for association of the actuators may
20 also be provided.

As indicated above it is engagement by the material to
be formed with the actuator surface or ramp which causes
deflection of the edges 38 in order to envelope the press
tool with the material between the anvil effectively forced

25 by the actuator surfaces 34 and the press tool. In such
circumstances specific shaping, sizing and configuration of
the shaped receiving aperture 36 will be chosen to achieved
the desired engagement for such deflection about the
deflection member 33 as well as to constitute an

30 appropriate press recess in accordance with aspects of the
present invention. Each individual actuator will generally
be formed from a sheet material which will normally be a
metal but in certaln elrcumstances, and where the material
to be formed will not present significant loads, it way be

35 possible to form the actuators from a plastics material or
to reinforce or stiffen parts of the shaped receiving
aperture appropriately.

Alterations and modifications to aspects of the
present invention as described above will be understood by



5 directly below a receiving openi ng defi ned between the edges 38 in
order that the actuator surface will engage the material as a work
pi ece in u¥Y® 200843173e the desired initial deformation ald/EREE7/MEA)S
around of the edges to achieve the desi ed opening action. 10It w |
be understood that the actuators 31 as Tndicated, are |ocated

t oget her Iﬁh@sét@eﬂléd ixolwéswmenus@whmesmmlcemmaﬂm as

roller seats,at t ach acl uaI al
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es 38 in grder to envel ope the
press t ool EhEH -4 PSFEEE; Frgéf’ﬁﬁeﬁu? EArfigt aeqf%ﬂé’@t gﬁ;lﬁgrced 25
by the act uat om}sﬂrs‘moasi@&md.ﬂgharprm foctgoiny sewdre il raamstances
speci fi® %%?a\?m,} In% 6}9 @80 G OL | EH&@&%&& cS’E the m&&cﬁéﬂé‘ﬂed

aperture 3 osen to achi eved desi red enga ement for
such def| & i%h %&&rﬁwlﬁa |1ékaqr&ﬁnﬁ§nﬁér5§§u%l§ B@| ¥ngergipeod that
constitut etz 3@pappeapti acdapmess pwaestion acioor daaseewtt h cfspeats

of the pr t #%Eﬁ C
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actuators froma plastics material or to reinforce or stiffen parts
of the shaped receiving aperture appropriately. Al terations and
nodi fications to aspects of the present invention as descri bed above
wi |l be understood by 11 those skilled in the technology. In such
ci rcunstances, as indicated, the edges 38 are provided with rollers
in order to allow slide bearing as the material to be forned is
pressed into the press recess forned by the shaped 5 receiving
apertures 36. These rollers, as indicated, are there to generally
allow the material to nove relative to these edges 38 and therefore
may be replaced by other low friction bearing surfaces such as a

pl astics nmaterial. Whilst endeavouring in the foregoing specification
to 10 draw attention to those features of the invention believed to
be of particular inportance it should be understood that the
Applicant clains protection in respect of any patentable feature or
conmbi nati on of features hereinbefore referred to and/or shown in the
drawi ngs whet her or not 15 particul ar enphasis has been pl aced

t her eon.



12 The invention clainmed is: 1. A bending tool arrangenent for
bendi ng a sheet material, conprising: a plurality of actuators,
conprising: a base; an actuator head having an actuator surface and a
drive armthat define an aperture; and a defl ector nmenber configured
to allow deflection of the actuator héa8d with respect to the base,

t he defl ector menber being di sposed between the actuator head and the

base; and a press tool .insertable into the aperture and engageabl e
with the T JRVBREM F38L™¢D P | ect the deflector member and rotate
the drive arm 2. Atool as clainmed in claim1l wherein an edge of

\tAﬂe apertﬁr Qadﬁg’lédmg'lit%h §FiGlge@Bnt r Peh@lg aSsBéa ][ffade't—ﬂap,l aim1l
erein the deflectar cQ sp s for
reconflgurl Fhe toquﬁgggilo ?pgura%F%ﬁ’H&?%gégfﬁ% press tool is

i nserted ?ﬁ@@ethe aperture. 4. A tool as clainmed in claim1 wherein
t he apertan ecchastar readdedvint tonrctumtoA dwolacasand & nedvée nawd ahatr 1

wher ein t&g*r%QeQﬁLgﬁ%ng§eaqnﬁptuator ramp bel ow a rece|V|ng openi ng.

6. A tool reln ralit ctuato

O i e AT C AL L uherel 0y e Rlaallly of AClualors
sl ant al tkgadatrélrly WQﬂH?CEn%Prﬁhghbase'7thA @%ﬁﬂ69§§rcm%ﬂh@§dbﬁtpﬁﬂ aim6
wher ei n tdigspaped thetR&ear ehs \WRhkto € dleadbatd ther B&SE Vialg@ oOpeni ng. 8.

A tool as, (};Jz%egegoéln 19Eé-1—{2b71e“’9ﬁ’é§'€he aﬁ@@&ﬁceb%é@eéﬁ{l_m%%ﬂf‘é %Sth th
i ncl udes an anti buck eV|ce §ﬁ%%§5 ctuator |n use. T

as cl ai rre%FHuﬁ‘tE}’a?“}ﬁfgcﬁh é?}erl? Leﬁfe c:stogr Ele er and rotate the

drive arm.

2. A tool as claimed in c¢laim 1 wherein an edge of the aperture

has minimal frictiom.

2. A tool as claimed in claim 1 wherein the deflector member
comprises a spring bias for reconfiguring the tool to a
configuration before the press tool is inserted into the

aperture.

4. A tool as claimed in claim 1 wherein the aperture has a

rounded bottom.

5. A tool as claimed in c¢laim 1 wherein the aperture has an

actuator ramp below a receiving opening.
6. A tool as claimed in claim 1 wherein the plurality of
actuators are adjacent to one another and the apertures of

adjacent actuators slant alternately left and right.

7. A tool as claimed in c¢laim 6 wherein the apertures arxe

symmetrical about a receiving opening.

8. A tool as claimed in claim 7 wherein a space between actuators

includes an anti buckling device for an actuator in use.

9. A tool as claimed in claim 6 wherein the apertures are



13 configured to allow a |l ess than 180 bend in the sheet material to
be formed. 10. Atool as clainmed in claim9 wherein side edges
incorporate mnimal friction. 11. An arrangenent as clainmed in claim
1 wherein the press tool is tear drop shaped. 12. An arrangenent as
claimed in claim1 wherein the actuatéfs are configured to allow a
greater than 180 bend in the sheet material to be fornmed. 13. An

arrangenment as clained.in claim1l whereipn the plurali f_actuators
are ali gn%%nfgtlgblﬁﬁga 7 55%#8“’ c%%?ﬁ?t%%atn v:\Ln%P h 2% ilﬁcjlélfﬁ égthé)%lgsm% e
press toofe berfoxpgrlarrangenent as clainmed in claim 13 wherein the

plurality of actuators forma bend about the deflector nenber
relative i®. %.QBBPQA&MCQaéﬁgéLin claim 9 wherein side edges incorporate

minimal friction.

11. An arrangement as claimed in claim 1 wherein the press tool

is tear drop shaped.

12. An arrangement asg claimed in claim 1 wherein the actuators
are configured to allow a greater than 180° bend in the sheet

material to be formed.

13. An arrangement as claimed in clailm 1 wherein the plurality of
actuators are aligned along an axis consistent with a principle

axis of the press tool.

14. An arrangement as claimed in claim 13 wherein the plurality
of actuators form a bend about the deflector member relative to a

principle axis.



