TOOL SYSTEM FOR BENDI NG SHEET MATERI ALS AND METHOD OF
USI NG SAME BACKGROUND OF THE | NVENTI ON Field of the
WO moensisss) | oooi) This invention relates, in geBUS10p5031810
o tool systens for bending sheet materials and nethods
for their use. Description of Related Art | Q0Q2]
Bendi ng two-di nensi onal (2D) sheet materials t o form
t hree-di nensi onal (3D) structures i s known. Machinery
and tooling for effecting bends in 2 D sheet materials
I s also known. Cenerally, such machinery and tooling
receives the sheet material in a horizontal
orientation. For exanple, U 'S. Patent No. 4,133,198 t
o Huda e t al. discloses a n apparatus for bending
| arge area construction units. U S Patent No.

4,230, 053d10 sk4dkls Fok EinD ‘Q%E%T”Mﬁgﬁﬁiﬁi.’s'szaﬁﬁ‘at |

s configured t o nﬁﬁg%é t 4FCy. structures
fromnetal sheet. U S. gatent ﬁﬁ? , 105,640 t o Moore

di scl oses a n apparatus for form ng box-shaped sheet
metal ducts from sheet material. |1 Q0Q3]

Di sadvant ageously, such known apparatuses general ly
[BAOKGROUNDEOF aTHl CINVENIIONNG nenbers di sposed above
the, horizontally-oriented sheet material which serve

t o c&q Psoﬁaggépﬁhqgﬁﬁf eet material . Wile such

componen 106)b e effective i n their
i ntended purposes, such presses and/or clanping
etbe T ifnynpeeston zohafes pApspenerabr n§? @l pystems

AR %te%ﬁi\gﬁoghéé‘@dﬁ(ﬂéﬁ@ﬂsy afAl fBCRoAs NI o (deTD

W thin such conponentry o r between such conponentry
and the sheet material during the clanping o r bending

proceépascription of Related Art

jo002] Bending two-dimensional (2D) sheet materials to form
three-dimensional (3D) structures is known. Machinery
and tooling for effecting bends in 2D sheet materials is
also known. Generally, such machinery and tooling
receives the sheet material in a horizontal orientation.
For example, U.S. Patent No. 4,133,198 to Huda et al.
discloses an apparatus for bending large area
construction units. U.S. Patent No. 4,230,058 to Iwaki
et al. shows an apparatus that is configured to
manufacture box-shaped structures from metal sheet. U.S.
Patent No. 5,105,640 to Moore discloses an apparatus for

forming box~shaped sheet metal ducts from sheet material.

003] Disadvantageously, such known apparatuses generally
have presses and/or clamping members disposed above the,
horizontally-oriented sheet material which serve to clamp

or shape the sheet material. While such componentry may
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10004] Furthernore, such known apparatuses generally
clanp the sheet materials such that a significant
weonshassd f the sheet materials overhang the PCT/US2005/031810
apparatus, allow ng the overhanging portion can sw ng
unobstructed during the bending process. Again, severe
physical harm may cone to a n inattentive operator in
that the swinging portion o f the sheet material may
sPri RELSABLVR| im etheier dpdeaded gurm@es?esmﬂ@;@gses
I.Sa e 0 su no
g%gg?gt]? ug%%&?%gt at t%:rﬁc'egl agr ¥§g%§t?aﬁ‘§/erceo y@&fégmpéifm
fépnﬁﬂgoﬂep@twicﬂhqm'I&aﬁvsttapthyeiaﬁfhdﬁna EQ%%ngof )
hgRifi.¢ t] and expense in retooling in o
glgaﬁsggéﬁ}?r%éghnﬁﬂ§p°§85t§¥r%Et?ﬁ%ﬁeﬁﬁ) h \wegpopegtry

neadethé sheet(mﬁter¢aneﬂutmhgbemaidmhﬂﬂﬁﬁ? oRbehbah§
LSQ yer comes t he above and ot her disadvantages o f
ﬁﬁ e%ehding machi nery and tooling. BRI EF SUMVARY OF

THE | NVENTI ON [ 0007] One aspect o f the present f
NG POR e ndlld CCled ko3, DEni ng Lol systemTol

[
formng a ree-di mensi ona _ _ _
t toe dé ees it r isHeesunhat ehael a Whigeh fikehtdesraion of

] fald_line and a clanping aperture
RO O Nt lel RECehae i oS, 2lloning the
(Que8106) jpey ippheriah edgesoifg thorsheslctemt hkahy THe
sg§$§n1includes a tool base for rece|V|n% and
suppor t1 fg Y€ Sshe B2 Bt PFURTS BRYS 1Sk Ppraneay acome to
aamLEﬁaHteﬁﬂﬁﬁéiopﬁrbb@rt9@|tﬂ&ﬁ*%hea%@iﬁggﬁgdp@fﬁf@ﬁ(Hf
ext endi ng through_ the actuator s|ot. Thé bénd actuator
i NET UUES ' REGRERAgTBY atkketke #rd dmpusenhbet epleratqthe

biwacked thanteadhagdppgcass connected to the bracket.
The cl anp extends above

[ooos) Another disadvantage of such known apparatuses is
that they are generally configured for forming a
particular 3D structure and may require signifibant time

and expense in retooling in order to be used with another

3D structure.

looos] What is needed is a todl system for bending sheet
materials which overcomes the above and other

disadvantages of known bending machinery and tooling.

BRIEF SUMMARY OF THE INVENTION

00077 One aspect of the present invention is directed to a
bending tool system for forming a three-dimensional
structure from a two-dimensional sheet material which
includes a predetermined fold line and a clamping

aperture adjacent the fold line and spaced from a
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the tool base and i s novable between a n open i
osition and a secured position for securing a po
W(gztf%mhksssheet material relative t o the tool beFES20¥$€31810
bending i s novable between a n initial position _
| ocat ed bel ow the work plane and a n upper position i
n order t o apply a force agai nst an unsecured portion
eet material t o effect bending o f the sheet
n%?%%ﬁg%?raa]bcﬁﬁget RE ftHEdSheere. mawlsa}st eﬁh&?ysyfs;jémhelr
Ugkee QG0 r £RPS sheet materia
:rgfdzzat i veﬂate1 o th lelb\f\lgr% fgasgé%éaﬂhq%w %t ﬁng’Pﬁﬁb“%xFlé‘ﬁds
ﬁ??ﬁf@ﬁn%qﬁélcﬁlaﬁm Agwapkrilare 0 & talceuglneet s gat elh a%he
9981 p sk aP e configured t o e use
\[Nlth ilbap%?tl c%l ar Bé dn?g et o1 aXtc?ggllBﬁ hA%PRgh athe
p@?t}tmmralslmapemadb@n@ohecfumzf dnd1paktes mo el £ n

her inc es outline
o g Slob PRIt 3 S Rapakebr redm iMqidigo
{3 ganiectledr tshEEé hSIBch{dta| 488 @Dahp Oe R &n YO A8, O
r}:};eh%ooqo&)agasg The s a; bi@n ){Luat her include one o 4
more I egs refBdabt EETH'eBNt AR PN RSl ifcar an
@Jm@mnrledgpbbetwol £ da s Ad ngr QVFQJcE‘QoﬁC&ﬁS&J Qe

t L from bel ow t he 't ool base e system
% u h£F ﬁéY%d%O e drodekavabl mitl@a;rmamq i t he

bhasketoeesPPOLLi 116 1t BoSHEEH d&ln A0V g, LNe
mg)g:a g:eel n ehgm\jvor kl pl ang sThe toﬂ?é%gse n%y WhglC

13Zk, Phafe A | ¥y WHeYT Posditien-ig orc@elxm&m@)p@?da

h 0 cond bor
fbape agamhsﬂagﬁgﬁﬁgkgﬁeh 8%29§%H% ;Shet aryqfréaﬁhéo

F?E aﬁ@g‘gf%l?% s sheati matarial rabmitz e:h@n(fo&hamene.

t r f he CtIVe
@E%bgﬁg@gﬁ%& folprg}{éﬁ:e E%?lelcsig\ggo%?g QH d OR&F&an-%
5

£ Fh%et material relative to the work base such that
the clamp extends through the clamping aperture of the

sheet material.

(000s) The tool base may be configured to be used with a
particular sheet material design having a peripheral
shape and predefined fold pattern, wherein the tool base
further includes an outline corresponding to the
peripheral shape for identifying the particular sheet
material design to be worked on the tool base. The
system may further include one or more legs removably
attached to the tool base for supporting the tool base
and providing access to the aperture slots from below the
tool base. The system may further include a rest
removably attached to the tool base for supporting the
sheet material above the tool base in the work plane.

The tool base may have a first bore having a flrst size
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| ocation o f the locater, legs and rest. [0009] The
bracket may include having a channel and a n opposing
WO 2W6081t583 a downwar d- f aci ng shoul der, wherei n BCTIUSZIPE031810
portion o f the bend actuator i s inserted through the
actuator slot from bel ow the tool base, the channel i
s interlocked t o one end o f the actuator slot, and
the bend actuator i s dropped downward t o abut the
dBRAWER PR G TP Limemitasy ﬁgatlfn%tl@athpp@smbeoaﬂgbofé
uat t c h at t he
tbgg‘égﬁ o%%coycp Sltezr?daggt gg%%% &)r@ |1nLrjnc “38& ag8r W‘érfegs'
opRf ad| Hhigohiwotee havonghe tMﬂmﬂr%¥zy'mmgwhaégen et ween
a e.driver. noves the bending arm \
ﬁé@%rﬁh%{}’og&t gﬁ ERACt NETRSHe (?sirFF’gﬁ?tTH% size
dam@e$h¢ng/df ¢h@pbbabbypt@wuuﬁnumbdal tiheich8MBnSYENhe

boR B B Ehen 5eEr onl S5 4D %8idaged posi L | on

Ween t he open *&fdaged positi on.
The driver may b e a pneumatic cylinder having a

a, first. porti t he
W e Tt ML PSSt P ERanEr hrprara o
gauﬁnﬂipbmwmow1©hfathewmwérduﬂaﬁfm@regeueﬁgeptﬁhereln an
ndi ng . arm e

Eﬁ/}sot al Of%ﬁgﬁn?edgg ﬁb?‘g% A AAEEE éﬁd%ﬁ%f%%ﬁd%}@owhn
matye tacsmm'twt allby frioomties ow nthcheosllapRse Onen&Nch thife1
tﬂ; Iq%ck C¥I|nger y:£ oaegagly connectedtéi

PSS AR R oppYsi deGtPathe phetinend the

dydrichdertuamprbie apespdd YidGonaeat €8 hnott hige hendi
48106¥%$0| The sheet nmaterial nay ave

afapcrlé‘getsé’roﬁﬁﬁsa pat PPPGPA tRi ABY @fdthe clatmsity

aplertt woe sadpacethe eastudr tthe chal dobi NESse] N which
case, the systemmay include a plurality o f bend

actuators positioned t o effect bending
o010} The bend actuator may include a driver operably

connected to the bending arm, wherein actuation of the
driver moves the bending arm between the initial position
and the upper position. The driver may be operably
connected to the clamp such that actuation of the driver
‘also moves the clamp between the open position and the
engaged position. The driver may be a pneumatic cylinder
having a cylinder stroke, wherein a first portion of the
cylinder stroke effects movement of the clamp and a
second portion of the cylinder stroke effects movement of
the bending arm. The clamp may be pivotally mounted on
the bracket and the bending arm may be pivotally mounted
on the clamp. One end of the pneumatic cylinder may be
operably connected to the bracket and an opposite end of

the pneumatic cylinder may be operably connected to the

bending'arm{
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along a respective fold line. The tool base may

i ncl ude a correspondi ng actuator slot for each bend
w@edaasies3 [ ooi 2] Each bend actuat or may i ncl uPET/ES2005/031810

driver for noving each respective bendi ng arm bet ween

the initial position and the upper position and for

nmovi ng a respective clanp between the open position

and .t he engaged position. |oon] The system may include
ooy prTg’ger Sheshl Barsgiel oant rhsiveer boedetatmbhéd ngatiwrn
oAt 1QResEgHENSE Lver t he_actuation
force ano_ledvvel [ ‘tgi?rga%pﬂb:fg{?r&?lir\%e?a%’ﬁ%nﬁr??/%}l‘ Yay b
Prleddnese &yl vinbelr dmad,ngha sybtetenagt 1 okeidand
1418 16¢ I vide two-stage _actuation o f
P each drg}it\F/)grk\%\ﬁ%?%?%@%tgoegsdﬁovs\égl%ﬁ rBPsegg??‘i‘ dtending
alpsat imomespect free cididdemest r ake too6l ebé &€ tmd P VIGO0

fod 28 n second portion o f the cylinder
@ lodi R o BL AR G e SO RO b O e REB3RO-0014]
Anot her aspect o f the present invention i s directed

oolzy O epd; y .incl ydi ng. a. tool base for
[ r]ec:gia\(/:ihngggﬁga(lisél}géptog:rti%r?l tlﬁggg Bet Wht%HT £°F% MoV ngor k
eaghafespacti eebdrotirengayi bgtagan nshe thei shaet, gmkebhal
e rtion o f the sheet material relative t
angl Ehechberr g%agsgl,glé’ GESt 6P BPVHRS | 3 i BHIRRF e shamp
befreeni the repent incsitt iont hadt ené HegeysdPoditalont he
cl anp extends through the clanping aperture, and a
bendi ng arm | ocated adj acent the clanp, the bending

00y nThevabt e mom dneliudet haprpgsinnald aeatied bel ow

cohBgoWDEK fla .n..u r_position in order t o
app?y an up\/\rtlg)rn:}r?é?éggagglgn% tyation sequence of the

dr{yenl81908) uiseaatedtpont fonce 4nd hiweaheeatimeebal obep

FrRET (OFIS Hed bakaBacr Rt F HAHBETt hev beRct ng
cyhimfemdgstroke, and the controller may provide two-stage
actuation of each driver wherein the driver controls a
first portion of the cylinder stroke to effect movement

of the clamp and a second portion of the cylinder stroke

to effect movement of the bending arm.

[0014) Another aspect of the present invention is directed
to a bending tool system including a tool base for
recgiving and suprrting the sheet material in a work
plane, a clamp for engaging against the sheet material to
secure a portion of the sheet material relative to the
tool base, a locator for positioning the sheet material
relative to the tool base such that the clamp extends
through the clamping aperture, and a bending arm located
adjacent the clamp, the bending arm movable from an |
initial position located below the work plane to an upper
position in order to apply an upward force against an
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the tool base may include a n actuator slot configured
to renovably receive a portion o f the bend actuator
WO zmwen3sst t hr ough the actuator slot. The bend BECl/U$2003/031810
may i nclude a bracket having a channel and a n
opposing jaw with a downward-faci ng shoul der, wherein
an upper portion o f the bend actuator may b e
inserted through the actuator slot from bel ow, the

chanaeliradypdrtei dtcd kBekeHebt OmONE el Lo
ag uator slot, and the bend actuator yé)fb e %e“dlag of

WaPeet d“aattﬁﬁlatlhé‘bt%ﬁmﬁb?df@h‘élhg\%houl der agai nst

an opposite end o f the actuator slot t o secure the

at t,o the tool base. [0016] The bend actuat or
nJngHl n@?%aké J1d3rqt\}’€rt°5p‘§?i§b1[’§/dc ddtedang inge abmnaigg

atims ubel i daiayainelugelat Neotlider JTRNES LT roq o
bendi n?ql?(larm between an initial position |ocate BET Dw

the" I%5E 1fd 2aRotbpe? Posthe mmdo@mteatabomsmsed

woti Koydtanshe Hieulesd aciuat oy gl he cla
V\,herelg the driver m my b e opherabInlflnc%(():#?i'glz:;%> MY tipglude

haydngaat gheneml crid tare O@Plovsengabam myiesa
t(ﬁ‘&vrﬁl' e free o f et
éﬂﬂlﬂ35¥ﬂ%e@h@umdgp N RO %ﬁo EPﬁ§ Pﬂ§£ qéathe

materi al and n engaged position
Rt aaqtlw&m mayabevenser etk tﬂxx@lugba$6e bovmdtdetslot

anadh e t inye s directed
to a Qn{setl%gvp (Ehe g?hﬁ%@%?%&eé %’SHaFOs‘P’P%C‘%’Iﬂ of

ffrftﬁnaa:ttqmom ﬁérm oamad @teeéiemntaertualtomhmﬁiﬁ béwdutt%f%a%oﬁ

e | The thod [ es one o
st ene el 5o AR, LRSLUGRS EShne e

swros kgt endapf athacartudter fsdlod kbnsesiige SR etk 2o

to6 thel Jc%glgg% per| pheral edge o f the sheet
mat eri al; posirtioning the sheet material o n a tool

base such that the clanp extends

oot The bend actuator may include a driver operably
connected to the bending arm, wherein actuation of the
driver moves the bending arm between an initial position
located below the work plane and an upper position
located above the work plane. The bend actuator may
include the clamp, wherein the driver may be operably
connected to the clamp such that actuation of the driver
also moves the clamp between an open position free of the
sheet material and an engaged position holding the sheet

material down relative to the tool base.

00177 Yet another aspect of the present invention is
directed to a method of forming a three-dimensional
structure from a two-dimensional sheet material which
includes a predetermined fold line. The method includes
one or more of the steps: forming a clamping aperture in

the sheet material adjacent the fold line and spaced from
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t hrough the clanping aperture, a |lower surface o f the

sheet material defining a work pl ane above the tool
whame/3dsyagi ng the cl anp agai nst the sheet naPEr/Us100$/031810

0 secure a portion o f the sheet material relativet o

the tool base; and noving a bending arm | ocated

adjacent t o the clanp, froman initial position bel ow

the work plane t o a n upper position thereby applying

aa rpeupiparet sfloecgeagdi bhé §héé&ﬁﬁﬁﬁﬁﬁ%ﬂ;pEBEEQTOQiﬁgtﬁﬁé
sheet, netal .t o effect gendi ng o f the sheet materi al

abbttt (RESFIPd PPné. TPob 1R Serhdi Petdatc that 61 ammyextends

irrotaidm the easpbRggaspeandd he iQQkbase raBY EPCM%G
an actuator sl ot configured t o renovably receive the
_tPg}Ftha_cE‘tal}ﬁtfaP,l PREWAIRD Tk tHeénfeeRedenthei hedlidemse;
| YRRIG IR0 tRePel hiBNafafndtha HRenGcast H@Eehgpr%g@ei@e a -
actuator slot and securing the actuator to the wor
R iohethéhe abeahtmrtemyrl rellagéve bratket tbavivapes
RN aadsa sl ] It @ -faci
shou??grl?@i_ﬁ_aﬁflgﬁgga%%?' t]]?ga:Mr?tgera?iJ%g&gﬁgEge%ﬂ i%gamp'
Sy iy ipasladeppabeien e lown thepeprpoplana to far heper
u r { C tor. slot from bel ow,
e tharehl SR L ACMER0G So8he 26 et o
agsgaugedsbot tiamdo firtdppishethaeectal uab oe £ dovnViesth isldc b £

t d : facing .sho r,abuts against a n
gegl%og?ltggteﬁggg@#&f h%b‘%‘%: u%teo%loggotllf’ﬁer eby securing
the actuator to the tool base. 10019) The bend

%ﬁ&#a%ﬁé_H@Mdigéﬁﬁﬂg%ﬁjﬁﬁi%%El%&%réﬁé¥b%8@P§§%S%1%n%

t he bendi ng arm ei n"the noving step nay
&beoprilshede bngy abnalatdengnt hetdrtver stoo cmveiddred to

R, AP LR W SooRgELL) ol ERLEC el ot
Medhedr kay include inserting a portion of the bend
actuator through the actuator slot and securing the
actuator to the work base. The bend actuator may include
a bracket having a channel and an opposing jaw with a
downward-facing shoulder, in which case, the inserting
and securing step may include inserting an upper portion
of the bend actuator through the actuator slot from
below, interlocking the channel against one end of the
actuator slot, and dropping the actuator downward such
that the downward-facing shoulder abuts against an
opposite end of the actuator slot thereby securing the

actuator to the tool base.

o1s) The bend actuator may include a driver operably
connected to the bending arm, wherein the moving step may
be accomplished by actuating the driver to move the
bending arm from the initial position located below the
work plane to the upper position located above the work
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- 7 - (1148106) pl ane. The bend actuator may include

the clanp and the driver may al so b e operably
w@en®estsexl t o the bending arm in which case, P€TES2005/031810

engagi ng step may b e acconplished b y actuating the

driver t o nove the clanp froma n open position free

of the sheet material t o a n engaged position

hol di ng the sheet material down relative to the too

bakane [ 002{Y bArkuatheEtasPesy thdldde thee$8lkhp and the
i pvention |§$ﬁd|rected t. 0o atool systemfor formng a

t AF DL TiMeh Sil5RaPes PPEERRF & $9MRESdndodithenbrodang arm,
sheekh it Jdsal, ‘@ﬁbc@ngaélﬁg osﬂQapﬁ nfacﬂ) @%d a@lcgﬂgégﬁitné@ebey

t he sheet mat er i al including a n opening a
I??ﬁ?ﬁt%9géﬁm@wdﬁéVﬁFn§°t%%V%rkhﬁ Heer ifgPm Eheosgsten1

%M% FURROG ﬁﬁén§hé9£ rﬁ ving 204 ?H§Q§ L1 ng

sheet material, the nean aving a't one
FOH gk lghaget he ak‘s@@%\trmtam@ds dewnendilagitvaroagthe
the Slflse the actuator neans including a nounting .
nmeans, hol di ng neans connected t o the nobunting neans,
extending fromthe support neans, and novabl e between

q&ﬂpoSEthﬂeﬂngsﬁQQEh@f ﬁﬁéﬂﬁﬂéy%nE0&n§8ﬁHibﬂg §
portlono the sheet materi a relative t o

%edréang, tB@ﬁd$h§F¢ﬁ%ﬁﬂ¥ é@ﬁﬁe@ged thoeefmumen31onal
NUALItRG MB2BR aNdy JDYARL & RelWeeR A m%gééigq which is

posi tion and another position in or
fir e é@éﬁﬁétaéoﬁguﬂsbbmaedﬂﬁnﬁmﬁen maﬁeth&lsfﬁﬁmudlng

r@;efp'e%llnb nggé&‘f{ Pr?é]dl r}?ao atlE wsﬂefcé %esé'teet

about [1n and means poSitionrn
mt@rrllall relThei sesteny Jtrtcehsiqsptsluppneanmesml@i‘[fdﬂﬂat t he

0aeans, SEISAL IO GREFL TS o Boanc
graedagt aiknveast ooneé S&ot formed therein, actuator means
ektending through the slot, the actuator means. including
a mounting means, holding means connected to the mounting
means, ‘extending from the support means, and movable
between one position and another position for securing a
portion of the sheet material relative to the support
means, bending means connected to the mounting means and
movable between an initial position and another position
in order to apply a force against an unsecured portion of
the sheet material to effect bending of the sheet
material about the line, and means for positioning the
sheet material relative to the support means such that
the holding means extends through the opening of the

sheet material.

00211 A further still aspect of the present invention is
directed to a method of forming a three-dimensional
structure from a two-dimensional sheet material which is
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directed t o a nethod o f formng a three-di nensi onal
structure froma two-di nensional sheet material which
WO 2®64036853 (1148106)t o b e folded along a t |PEEUSIHNE031810

line. The nmethod may include one or nore o f the
following steps: formng a n opening in the sheet

materi al adjacent the at |east one |ine; positioning

the sheet material on a support such that the sheet
teaber Fal dearm borey kel d dastpbasel i he oughd he .9pe 'tm%g,?

: L0g.the sheet material through the opening
122%%?% APt iBH D F the SAbeevwing e3tiens r elfatrimiagt an

ophrisgpporiie aMdatOWaRa riabengh er, . qcated
lag{aacent, t. 0 the area where ?ﬁﬁe S lg(!;:{m’neiataef‘r iqglasi% gne
bert hgP hit o Ot dise SPESEt hakerial ot euppositt saah
thaerehy adtyi Ler i . n_unsecured portion

o f.the sheet nﬁlgtegllg? ce)gréf ec}t;@fbdef}&d‘l l’?é‘aé:ef reughekhe
ORBR ET 7alnditee the aheet enstenirl Itimeugh] 0832bpdheng
td 08 oS £ ARk Jhendi sheet, materi.al.s o_f the

resent in?gﬁ?ilgﬁ Egsgg(tahere LdArddadndedatane agesthe
SR U widnd Bogiappareendingmenberar @csatefobifabet to
tHOrE- loh-ol h onpany.i ng .drawi,ngs, which are

i n_co_r%gtrvglteé:g ira}r}ga%}agggrnrlnn&ae%laap‘t i§ Peippsheld, from one
Peyideion ¢at roathendpo st faol,l @hergbbehpph odnPescEl pid on
adhifndthen WFBEL?Q which together serve t 0 explain
“the principles o § R b SdntthengBREF oS t BRI BE effect
banEEORI PTI Oe CPha¢E mRAWINGS abe023dnEl G 1odsS fhe
1iRgr spective view o f tool systemfor bending sheet

materials i n accordance with the present invention

havi ng a work plane supporting a plurality o f nodul ar

e Bl s, EBREGR LSy o che
Pres@pthiavemtiudmrhac araiear faasenbh yan@rmuath f40 WA cn
will be apparent from or are set forth in more detail in
the accompanying drawings, which are incorporated in and
form a part of this specification, and the following
Detailed Description of the Invention, which together

serve to explain the principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

w23} FIG. 1 is a perspective view of tool system for
bending sheet materials in accordance with the present
invention having a work plane-supporting a plurality of

modular actuator assemblies and other components

(0024 FIG. 2 is a perspective view of the tool system of
FIG. 1 with a modular actuator assembly removed from the

work plane.
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work plane. - 9 - (1148106)[0025] FIG 3 i s an

enl arged perspective view o f the nodul ar actuator
waswenklsy3 o f FIG 2 . 10026] FIG 4 (a) , 4 (B)T/682031031810

(c) are a schematic, side elevational views o f the

nodul ar actuator assenbly o f FIG 2 illustrating the

nmodul ar actuator in initial, clanp, and bend

positions, respectively. [0027] FIG 5 (a) , 5 (b) and

gpogs) s a Jdlfennt Eplasged rersRadtdve Wikewsfothea

Vi@éémpdle%%tr&% Iégggg g1 §heoduyl ar act uat or

assenbly o f d views ilTlustrating the
nmodul ar actuator i n the initial position receiving

thy wﬁe plzﬁ%‘? wes Céﬁ&% p&s'arfeorgb ggwa@@ the, york

piece t o the work plane, and the posi £1 oR*Th
Vit &t trllem atlo i ewy s 0 6 nt I snd bl bt actieanorkapsenel pl @mg

Fi®l & I '1&%st&99§§%; gtk@macildlasr %&%ece%"t' ve th%{l

a n exenplary- sheetmater| wor K

folladud iamct bend phseemmm,nsnecamct&magt ure u3| ng the
tool systemo f FIG 1 , superinposed o n the tool
base o f FIG 1 , the sheetmaterial work piece shown i
A%H n BIG-t PdR) ¢ we (8] nerdi oitdl arsubssshenatly, pd;aahar

'él#ﬁdgﬁo§5§t@1?L9039]aFﬂé%ki%ﬂé%% €ZQ9¥1oZeé°3n (d)

are a schiemat | pEr spect I vet}%ﬁ ews
@oofdu weitkappecaseefb R Gf @?Iﬁosml eaidd views he

1 d,
T I AR
tﬂﬂQ§3VdeEnbeonaIkS@IQEHAHﬁhe <1lidmP pobilld8d 06 RETAJY ERe

P 003 f |1
R T Con C ot 4 b HLIRE Sir B r PBE BRBOATTEH o 1
twid chnibrt ton] exsigh ésm 0 flolweidClihe work piece along a
fold line.

lo2) FIG. 6 is a perspective view of an exemplary sheet-
material work piece, which may be folded in to a three-
dimensional structure using the tool system of FIG. 1,
superimposed on the tool base of FIG. 1, the sheet-
material work piece shown in an initial two-dimensional,

substantially planar initial state.

(0029} FIG. 7(a), 7(b), 7(c), 7(d), 7(e) and 7(f) are a
schematic, perspective views of the work piece of FIG. 6
positioned on the modular actuator assembly of FIG. 1,
and subsequent fold steps utilized to from the work piece

into a three-dimensional structure.
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are illustrated in the acconpanying drawi ngs. Wile
the invention will b e described i n conjunction wth

wa twepsdsferred enbodi nents, it will b e under seOOUS2hTA31810
they are not intended t olimt the inventiont o
t hose enbodi nents. On the contrary, the invention i s
intended t o cover alternatives, nodifications and

' ded within the spirit
BEtA YO BB O Bk b Yned by the

appended clainms. [003i] Turning nowt o the draw ngs,

WPt Rt ey ecec origdnentisbareadesirgnidted 10 ty lkihke
hout the various figures,

ls.th
bES £LENce W ﬁne%ttser pug 16 Fventign, examplesr af ewhich

attention | I rec
%@dﬂﬂglata@ltwyshelﬂfhgeaeﬂf@hﬂa’nﬁeﬁ AARGR Y §h%1e th

hat sed t o fold two-di nensiona
EZDg S Oéletmr%t&t glel gaé H?%éjﬁﬂ ELNdURSHdPan s th3the
mtefresed @ABHiRBatbendk ng 1100)e %@b@%eog the pg@sent
Nt Orrlll § articularly suited for bending 5
s]%eZ} mat eFPars R8v %l%ntd]%ééW@@tﬂ@Pdtpl hegset i | i zi ng
emrddiuenftel.d QROBRE T E&st C%fe' 9%@%9@& Eifﬁjtde'rﬂn
at e

bu tC not Illmted to, those i'scl osed
o CO¥ g R 158ENRE LV ERyr d@iﬂlfucstlpatsenndApgtmalerws No

mn/czls 7 d tle
gz (LT 5 4 L0 i A

NELHRD
§VeRtdnpETs ARELIBRNCATICORPPROGESS; 1 4ki6s . Pat ent
Application No. 10/672,766, filed Septenber 26, 2003

m%&d reEnt itl ed TECHNI t%JES FOR DESI GNI NG AND
NUFAETURY NS PREC IS0 peiipeD;  here STRENGTH omponents

EATH@HE &d S {
SHTIOTER I SRS ST ol e

"éﬁéﬁfuﬁn guﬁeﬁ' a tﬂ‘ZF&POG)léntiFF@@EGQQHEETFMTERIWAI;LC}NTH

1BEbEkEﬁhaif}iﬁdﬁaﬂﬂds%b6€5Q§§@§hA$£%$4Q1f§3 e31gnatedhE;

THE SAME
the numeral 30 that may be used to fold two-dimensional

(2D) sheet materials into three-dimensional (3D) shapes.

0032 The bending tool system of the present invention is
particularly suited for bending 2D sheet materials having
engineered fold lines utilizing various fold geometries
and configurations including, but not limited to, those
disclosed by U.S. Patent No. 6,481,259 to Durney, U.S.
Patent Application No. 10/256,870, filed September 26,
2002 and entitled METHOD FOR PRECISION BENDING OF SHEET
OF MATERIALS, SLIT SHEETS AND FABRICATION PROCESS, U.S.
Patent Application No. 10/672,766, filed September 26,
2003 and entitled TECHNIQUES FOR DESIGNING AND
MANUFACTURING PRECISION-FOLDED, HIGH STRENGTH, FATIGUE~-
RESISTANT STRUCTURES AND SHEET THEREFOR, U.S. Patent
Application No. 10/795,077, filed March 3, 2004 and

- 11 - {1148106)



Pat ent Application No. 10/821,818, filed April 4 ,

2004 and entitled METHOD O F DESI GNI NG FOLD LI NES I N
WEkBE03IFESTERI AL, and U. S. Patent Application NeCT/US2005/031810

10/ 861,726, filed June 4 , 2004 and entitled

TECHNI QUES FOR DESI GNI NG AND MANUFACTURI NG

PRECI SI ON- FOLDED, H GH STRENGTH, FATI GUE- RESI STANT

STRUCTURES AND SHEET THEREFOR, the entire contents o f

Véni it Ikt @RiEEanfARBRERL PR I&fﬁd eRRTAbELREOr por at ed
hereln bu&gthls reference. Unlike known appar at uses,

TS0 ANDSVETROR QR tHRRMINGs EHE "FAMBRNt U of.
aédﬂé’i@t tA%%l‘i%StS?oB Ro D £018841 MRLer Iegh § 4t Agﬁg{[‘ Jgd S

structures around conponents in a mannér
Rt e d led MREHADOVR DPRARGNING] FPADehINES [00S@FE™Dne

Wil RY Gkl B NOUBVEL: Al LISRNE, N0 LR0] PAE T e

0 f t present T nvention i $P58°8ui't ed ng
otiH@d tUppes 40 Qoehe&mdranumuhadsTEbBNtQaEﬁothlmgquNING

e e e e

RHTILEE-BES I STANT NGYTRUTIURE SORNSr SHEET abliERIEGHS, tHE T
|nt nded bﬁnd [ ines |(§}mhich the sheet materials d o

ot hav & BRG bRyt cltt h Ratette 28 BAEFRY 2PRHFatHeons

bﬁr@d 1|nlc663p665t@di om@td i1Q Hierdii_g rék@f‘gn&@e bedtd dd N&rown
03%% Gbnerall% bendi ng t ool stem 3 0 includes a
55 TeLE8e8n BR g esﬁé 8Magf Bt RIS entwhi ch

dmereatiangedl sws hcidalsceagh 2b gnheesi hiooed 1ndey i1d
rresponding fold line 35 0 f a wirk piece 3 7

oW THChUES &, agoynd cﬂﬁ?q&§ﬁ&saéﬂu@t@@%n%ﬁéﬂﬁﬁhﬁﬁgured

de@csebdfieid PR LAYV renkRBnVAr KaPLeee, to the tool
base and apply force against a n unsecured portion o f

the work piece t o - 1 2 - (11481(6)effect bending
aangohbewi Dl dapprEriate howe@bsrUsSLE 1Mt bending tool

system of the present invention is also suited for
bending other types of éheet materials about a fold line
including, but not limited to, the above-mentioned
engineered fold lines, predetermined fold lines defined
by scoring and/or other suitable means, or intended bend
lines in which the sheet materials do not have any
physical structure extending along the bend line for

promoting bending along the bend line.

(0034 Generally, bending tool system 30 includes a tool
base 32 and one or more bend actuators 33 which are
arranged such that each is positioned under a
corresponding fold line 35 of a work piece 37 (not shown
in FIG. 1). The bend actuators are configured to secure
a portion of the work piece to the tool base and apply

force against an unsecured portion of the work pilece to
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greater detail below [0035] A s can b e seen in FIG
1, bending tool system3 0 o f the present invention
WO pwb0siss3 | i ttl e fol ding equi pmrent on top o f PECEUSINOS031810

base and, in particular, does not include equi pnent

that exerts force o r pressure on the work piece from
above. Thus, the bending tool system pronbtes safety a

s it mnimzes the likelihood o f an operator getting
pistdREd. PanAingfaterg dffeorfiolid dibei ngsdomedfsoms hel aw

t@qre%%rpagggging%%h.easi er, faster and safer node o f

assenbly. | oose] Tool base 32 may b e forned o f a
netal plate o r other suitable structure which

Pioei das 8astd! Sedrss fraic. SUPPRLE) tors 33.

The tool base may b e dedicated té;lgﬂggzgé#fcsﬂsatremm&rokd
pit8€ePERERNE hi veINel QrodincBasdespbittlento bitng equipient
aghuabpr s£al Pno: R ol ine_o rk piece . In
t he Svant t hat (T bas%eg(r:lgrﬁf ?au?%fj{?%urlv%%’e {5 et
paPElede apawpre dd@tdesieghs fhece oot MBSESURY on the

I pel-yudg; Off | ] 90 he_particul ar work piece
desi gng%ﬁg? e%{/&b :hg)%voﬁl(ﬁ ng Téu% ’ o%]g? a]?%r}éjwc—f HQA s Faistem
neaasoteensafeing s He mipémbdzés woik Ipilelel Hoyyd Wi G,

t b i S contiqure In_the illustrated
eﬁgggg%ﬂtféﬁoﬂg Fase 52 igél c%ﬂftrnbeureefofofr&r 15 RELRY
wadpRe pfeoe 1321bv ntherebghpsssdimg &HURRKiter) fraster and

c e such a s.electrical conponents, in a manner
tﬁg?gll‘jsr% e%coruft?esﬁel iyand illustrated b y FIGS.

28A-28E o f U. S. Patent Appli c?ti on Publication NO.'. U
ShBRO SRR B nk, B Pendq | 0P AR AP LISEL! 81 Leier

€ entire content o ap
i febtPokatsdd Urdngienwhiyht pisvidderenaable bade- for

(LHEPIO0PUNLUN 88 3 IOl §aBPHLSHL Gelifhee
to a particular work piece such that the tool base
positions one or more actuators along each fold line of
the work piece. 1In the event that tool base configured
for use with a particular work piece design, the tool
base may include an outline 39 of the particular work
piece design thereby providing an operator with visual
means identifying the type of work piece for which the
tool base is configured. 1In the illustrated embodiment,
tool base 32 is configured for bending work piece 37 into
a chassis for support of components such as electrical
components, in a manner that is described in, and
illustrated by FIGS. 28A-28E of U.S. Patent Application
Publication No. US 2004/0134250 Al to Durney (“the ‘250
application”), the entire content of which application is

incorporated herein by this reference.
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etching, painting, printing and/or other suitable
nmeans. In addition to, or in place of, the outline,

W0 bwedidE3 base may al so b e provided with a n PCT/US2005/031810
identification flange 4 0 upon which a n edge code 4 1
(FIG 6 ) may b e etched into o r otherwi se marked on
the flange t o identify the particular silhouette o f
the work piece that corresponds t o the particular

wyooldubasee B9 mdp Bd lapplriabedoeabodi pEad .31 hg, edge
; I 1

otS dei s a geonetrip pattern, however, one w
© 53’6?‘@& BREentieg. it ddge 88840RugtheR suitakie feamso f
InnuaEiaien t6f LEF Sin P1ARES o@Ndr Rk hewe SUId alhe meags t o

provide a unique identifying indicla coﬂrespon& ngt o
bagepmpyi alsarbavprowidede W1k o08s] idert ishiovart iom ElGnga |
40bapdnagh Yk r y orted t he

togl base aﬁg§ﬁ§§§agkﬁgdgngﬁg%éigﬁ sdﬁﬁmiﬁgé%Fﬁelnto
Oraetliarviee mgrkeck aneddiel flargeviee fdeomidhe theol base

2 ' anat cessary or s o
paflfebed O R 23" AL, Sl EACR et sordedponas

tof ghe epaht bandh mdtoedt brsel n Imethd | ildtysatred e@nbodi ment |
i.n" design such that

nbb8i uators have.a "drop-in".
< itsﬁgsﬂg gﬁ%%%¥g%1Fﬁanégr?e%Fé)?Qﬁhﬂ1HﬂF ©Z8¢ uat or
hoseberernnknﬂhiNa@pdednap@edhétnﬁhdﬂda@@.cwhghm5§f§éep§e
d_FlG .4 (a) , each actuator includes a
£h r‘g%{'!é?’%?ﬁf ARy éejtéﬁ%iv ée’harPoesa W RhBPr4Puitplle
megnsf iguratvice a funthee bt @eket faldpowadibeajaw t o b e
uat or sl ot such that the

co%ﬁ%%%%ﬁjgga%%ughg%?gigﬁ ¥ Y Eont act with one
end o f the actuator slot and, once the channel has
O e AT LA S (R S IR SPacFRgr RO Gt 4
suppqertfed ey jthw abulsbagaiarst Hve wWOmdular design such
that the actuators may be readily removed from one tool
base and installed on another as necéssary or so desired.
"Tool base 32 includes an actuator slot 42 for each bend
actuator. 1In the illustrated embodiment, the bend
actuators have a “drop-in” design such that it may be
partially inserted through the actuator slot from below
and dropped into place. With reference to FIG. 3 and
FIG. 4(a), each actuator includes a bracket 44 having a
jaw 46 and a channel 47. The configuration of the
bracket allows the jaw to be inserted through the
actuator slot such that the channel can be slid into
engaging contact with one end of the actuator slot and,
once the channel has received the end, the bracket is
pivoted about the channel and end such that a downward

facing shoulder 49 of the jaw abuts against the work
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- 14 - (1148106)piece 3 7 and laterally secures

bracket 4 4 within actuator slot 42, a s shown in FIG
wol2008)31553L0039] In the illustrated enbodi ment,PdD0$2005/031810

base 3 2 i s supported by a plurality of legs 51

whi ch provide ready access t o the underside o f the

tool base thus facilitating installation and renoval o

f the bend actuators. The | egs are secured to the too

hsisecd) 37 St abkeraedpssdAGtdidiiackByt 4801 Li M t 86k dfhor
threaded fasteners. One w || appreC|ated t hat ot her

e RsasbonayiB BlGseéd(® -0 support tool base 32.
For exanple a workbench o r other surface may b e

pr ovi en| haV|n a peripheral shoul der
?%ﬂen% r’fgﬁ tllj:uFE 9%%?3“9%’6@1 SPE r ah8CS ubp®®? t 32 hes t ool
bagdorBeen by 8 QDQBéIEky“BB deqfsl OW FnACRPEEEY Pe trdhdy
renove one tool base fromthe workbench and replace i

t3GA9SF dRotther vpdersdg e fa thes teodebppadthus

P.éatce_rl&&talt\ielbym@tgpym 1&9 ab{dacrlé%vglf 0Pt PRL s may
b e used t 0 releasably per manent |y nount the too

e adorsct | fhe begs vl S%ﬂﬂﬂe¢|ﬁg the bodkrbase uut ur e
sui@RbPe WELACORL] Rbeth r §fRr eRee Lin2esd Go)! ér%)%adfad

portion o f bracket 4 4 'extends a ove tool base
dinstenikas -t heneopliblrdrmnesigtiedt hbabr atket $uxnabme

) %rhagob@t séd t&f§qthytho@9rEaQ%e§§ 3 ; C %ﬁie,

p05|t|on ereby a Wwor ane COInCI en
vl torikhenibt bonpte f as:te:ﬁaq‘e mhg wer kr«pve@@d aneh @t

L f T

e under si pi-éce
swppwabﬂggrehelm@ranqnsnppomtthheespemtb&s@ trﬁhdnxan

S8 b e Foft T Prare el kY pF ERernth Sl e
dirogctthy betrukenich and replace it with another tool base
as so desired. Alternatively, a mounting bracket or
other means may be used to releasably or permanently
‘mount the tool base directly to a wall, shelving or other

structure.

o040} With continued reference to FIG. 4(a), a portion of
bracket 44 extends above tool base 32 such that the top
surfaces of the bracket provide support points 53 upon
which work piece 37 can be positioned, thereby forming a
work plane coincident with the bottom surface of the work
piece. One or more rests 54 may also be provided to abut
against the underside of work piece 37 thereby vertically
supporting the work piece with respect to the tool base.
Such rests are particularly useful for supporting
portions of the work piece which are not directly between
two fold lines and are thus unsupported by actuators.

One or more locators 56 may also be provided to laterally
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two fold lines and are thus unsupported b y actuators.
One or nore locators 5 6 may also b e provided t o
wWo 2006031553y - 1 5 - (1148106) position the work PCBUS2005/081810

tool base 32, and nore particularly, o n support

points 53. The tool base may b e populated with

| ocaters 5 6-about outline- 3 9 such that the locaters
wi |l substantially abut agai nst the peripheral side
&Egé&i@nfthbewmnkkppéemex1Kh@ﬂebyséaBEraéﬁ& more

&h &0 ? t he work |ece n% ?é AE advantage o f
HSHAPAP Y 6eST gRURP S DRI JecEfivs kpge diay be
trhotu lalhe daet YRt DbSatdRYH6 ra(b&hS:, oh@Eﬂﬁ@r§9 ad\eb 0ttt the
dltlonal Sg onent s nqi ﬁ readily renmoved from
S5 280 n4 15 PRar ey (A TRy ot RSt Bot “Hhe crar ippral
sglmee@dt;batoanleevwcuk FRRRGi ahertbat1iherd £0s, rests
| ocat grs ‘and ot her addjtional conmponents may e

EEFLEGaPERTt the fePek dMiTeagai nst and/or into the too

base thereby also allowing the systemt o b e stored

flat. Alsq, the nodular design allows for nmultip

{98 6‘838§"a%5%%e %ﬁfﬁg’ﬁuﬂ‘é’&‘u BF geﬁh%%%ﬁ-nw ool
piystem BBYid €hL£asiHe/ aﬁt@%@dr%ene?@ﬁ ﬂ“éqsﬂ'ése ‘locators

Furt hernmore, the nodul ar design all ows reductions in

£58) OEBﬁﬁoﬁ%ﬂ’ctWﬂPe]ntwoan‘tF Bapnps Fradienmpmoved
Froak tdosUbii&i @mttﬁéﬂéw a@lfaw@ﬁ% Ugt OF S NG, LMRQNEAL S

that i s_necessary t popul ate the one, two, three o
FtHSﬁévé}aﬁanypﬁ%dflldaMrﬁFPPtﬁ thaseche legs, rests

SotHkbanegts! yehdOradiaMBhel Lohpdndh@s facility
has the capabilit %: 0 assenb 3 %ozens gﬁﬂpéxﬁferent 3

Sosfiaerad et ekt h iyt a@ﬁllystn@@%&rtlrvlcas:ém‘rﬁbpl base
theeeny A150U1 by et EySt ﬁswfﬁegéeg%# dAN8Qysly o

r contenporaneously,” the nee stock a
S45Pr koot medizar dﬁﬂigacamépmssf@mdnultlple tool bases,

each configured for a particular work piece, may be
easily stored when not in use. Furthermore, the modular
design allows reductions in tool component inventory. It
is only necessary to stock a sufficient number of
actuators and components that is necessary to populate
the one, two, three or however many tool bases will be
used simultaneously. For example, if an assembly
facility has the capability to assembly dozens of
different 3D structure designs but only intends to
assembly three or four 3D structure designs
simultaneously or contemporaneously, the facility need
only stock a sufficient number of actuators and
additional components to populate three or four tool
bases at a time, instead of having enough components to

populate all of the tool bases.

- 16 - (1148106)



addi ti onal conponents t o populate three o r four tool

bases at atinme, instead o f having enough conponents
wo eoopopsbate all o f the tool bases. - 1 6 - PCT/US2005/031810

(1148106) [ 00421 One will appreciate that any

particul ar design o f a work piece will have one o r

nore predefined fold lines, a definite folding

sequence, or at least a preferred fol ding sequence,

apeiz;a ORé GMEl Biddriil@e kARt EXAPPIErt MUK PILCE B bf
|IIustrated|n FIG 7 (a) hasflggéfrolld |ne33gigi 2

3405k pieae wrll haye wne ﬁroﬁ@r%n%’&ﬁqmed £Algl dines, a

sageen [ negys,f o I I
i nes et C{%lntccs\@ 79%5‘{ iéjé&ﬁaap er%feol d

| £REdBBg 3sequancey( @)n)d af ghdape n%lEBDIIE’C(tIEI G FZ)r( @)<a)np,le,
awgri'ﬁé‘é%é/ ﬁ fn]glJf%' dkline,3pre. £ wﬂ’ﬁs( & vk L zreby

formng t 5°Structure. app ed
t hares od i hg 38 ¢hg IolBd Bbrés 3%.9. arith 3me2 embybdbment, a

S??Pgnéécﬂ}aer{c{g‘tl%%q %es gl %i%?ngguuégo &%F%&E&gbfgld

occur i e
fd;meﬂg35albrag1cf a5d 2l I(tE‘éG357 ) o, rthEr‘C@leG&olEjO@ﬂBJ;

(o i nl SEquaags SOMBWCHT 1316 HA- ] Ghder *ARo6inaLLy

cahqnmefﬁsld} TArehats. BasFaGreadsy) )baﬂféﬂamyntf@@m@_n@ wRE K

For e ent 57 ma e acircuit
gg%l? :f%p oOPe nﬁg %erce‘@t)éoﬁ'ﬁ‘é‘ﬁeﬁf’ltjhﬁg i

Sahmjgltﬁdld ltirie&e 3s0nkaptess. balny e @%qwghlﬁlanegﬁsbéa?d
be 05|t|oned o n the tool] base. Alternatively,
ﬁp FEAREPYS e ERSt SFFBRRL O kH@ser prevs al@ng

pﬁ@ldlm’rﬁd 35.n tfhe1bael BASEo1diry %@%ng Qoﬁepﬁ%é ated
with reference t o FIG 7 (a) through (e)

sEEh ¥ ompGitédt installation and all fol ding oper ati ons
may take place a 't

[043) One will also appreciate that the above-described
folding sequences allow for folding to occur about a
component 57 that has already been mounted on work piece
37. For example, component 57 may be a circuit board,
coo}ing fan, or other desired component that is mounted
to the work piece before the work piece has been
positioned on the tool base. Alternatively, the
component may be installed once the work piece is
positioned on the tool base. As can be appreciated with
reference to FIG. 7(a) through FIG. 7(e), such component
installation and all folding operations may take place at

the same workstation, namely, on tool base 32.

01449 Engineers and designers may decide where to put one
or more fold actuators 33 along'each fold line and how to
populated in the base plane with complementary rests 54
and locators 56. Also, the base plan may be provided
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the sane workstation, nanely, o n tool base 32. [0044]
Engi neers and designers may decide where t o put one o
wo 20000815601 d actuators 3 3 along each fold | i nECEIS2008081810

t o populated in the base plane with conpl enentary
rests 5 4 and |l ocators 56. Al so, the base plan may b e
provided - 1 7 - (1148106)mﬁth holes 58t o
accommobdat e "swi ng outs" such a s tabs 60. The hol es

pi D deo Xd LAARGE abLomthb@it & hes»&\Mgng;u%t' sBcR §¥V' s
th@ougF the tool base a s the worK piece
ng

e hdeseppemdfngcir i NG fadrloerxahpl ewlm@mes
Bepravi N¢Rf S out thro
t 0ol bargjg tgg%gbg teﬁg %ﬁ(%%cgd% tgleb\gﬁ?gapo%eflo? (thgent
| #HeNBEIE cergeispdndaredfoly ldmeows® erakpGe, 7h¢1d 58

b
[191.0<§‘\5ﬂdeT eta(}%kmcga)?grnab aéosoc sevu%r oggg Egr?%&m%

sui tabl e ¢l anpi ng meéans in or ot
hage 34 @S rtespeotktpoed:@oﬂs hmﬂ: .’AZLonl;nfbme line 35.2,

144 usfgialed ephodi ment oo act yalors, 3,3 are provi ded

W th actuator | anpi ng h extend through
clanplng apertures 63 and pivot t o secure wor k pi ece

i K e e
gﬁfi?ﬁ?&%tﬁég ggﬁ?%%qg%épq%i %éﬁ g%l?%é%%%ﬁ%ﬂ
quﬁﬁPhygfmﬁheSm@nkO{memx;qrsamumerthe0waEVpIEtéiw1th
ffééHéHP E%'EkoﬁbByé V@BCh h%PunSZEU%EEa ortl rgéigent,

t he "'work pi ece nay e ben
éﬁﬁwamoaBeBBhateoptmwldadtwﬂﬂheackaﬁpbﬁgcrﬁmﬁmhgﬁnbdkse61
[ ot in additiont o cl anp
e SAeRd Sheodoll dBiod BRlcbufet o3 A et
mﬂmreuwbakepoeéetm wmﬂk r@s@@et E@oJ:so@i abnse dazscr ahe
siml, extend t houg

fhemt actuat or s whi
corré%p%naP %?%%ﬂFﬁ@ eyt §dp6§?§?%m%dﬂéﬁf§@e§@d
tfw 1ol rllheE’beE thomdrie diklcd lihnesde ANEY PrALNRY a

i.tab
%ulcrum point about which the unsecured portion of the

work piece may be bent.

[0045) One will appreciate that other suitable clamping
means may be used instead of, or in addition to the
clamping hooks. For example, vacuum clamps which act
upon the undersurface of the work piece, hook clamps
discrete from the actuators which similarly extend though
corresponding clamping apertures positioned adjacent to
or remote from the fold lines, and/or other suitable

clamping means may be used to secure the work piece to

the tool base.

0471 In the illustrated embodiment, actuator 33 includes
a two-stage driver 65 that controls movement of both the
clamping hook 61 to secure a portion of the work piece to

the tool base and a bending arm 67 to apply force against
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clanping neans may b e used t o secure the work piece
t othe tool base . 1Q047] In the illustrated
wepwedssent , actuator 3 3 includes a two-stagePdr/us®ns/@1810

5 that controls novenent o f both the cl anping hook 6

1 to secure a portion o f the work piece t o the too

base and a bending arm67 t o apply force against - 1

8 - (1148]g§;a n unsecured portion 68 o f the work
pfRcéngeqy FortBendpRgohl Uiy Mk frdledel itneefThet

t MO @1 & 1Y | LB %uanmné the, drgve

advant ageous i n reduces partsgggﬁtc8nFl?VEPtl°n
a%fu%hQNdHHV§nebw sdnpht&g¢¢wﬁtinethadeimgmeaﬁdeéeﬂ&ﬁtng

t turin t er,e0f [ rst portion
o&?uﬁe%%ﬁ:ﬁl\?eracgt%ggg téllé lf%sS]t"h’g‘ %E’]éﬁﬁl e hdeR: Fhi a0
t Pedu@imey ridher mnﬁfhbeudtmg/e:ross;t raeecagt uat es t he
bending arm One will appreciate that means ot her than
a two-stage actuator may b e utilized in accordance

viPogsh tphefimSésemrtﬁmecnfi@m d:rciweexanrmbge a%:fh&%és dthe
t S b, e pr.o or bendi ng
g(%rﬁﬁn%d gé?ﬁ.er@ﬁg nder p arb\;%r p‘?‘m]ﬂ%d

a secon i cat ed

fartudtaspithg, bpadtnguéan]y(Mhemudusappt6c§éﬁéﬂﬁﬁﬂk means
instead o f the

use n_addition t
cianplng%ﬁ 3 gwo St %ﬁqqa%ﬂr 8a5pBFeEFé%bz?¢w&n
\MudqxddmeelthBtthéeﬂh@kenﬁﬂiﬁ?énmmghudeﬁog exaﬂp%ﬁ’ a
uhl.e t.i neumati c cylinder 7 ot her suitable
gﬁ% d@& 8&3 CARC TR P L TIRR SN EPY dPRGPT DY+ 98t £9% i t ed
thanosm@glaedaat b8gofd el d ot el laicRdBESr HEHWP G Tbe
ouble |nggrédraullc cyllnders el ectric notors,

IR4Fe, £8A¢ 6 ATRRE AT ISHLREBY e WhBA NSl §C Rt f ect
nﬁm@ﬁm) pehnbhere | @dad Nt hoek tapd/ ek &Pel&ea@cw%faft%
0493 W h reference to FLG 4 (a) and
t @mping ooks One will also appreciate that whlle the
illustrated driver 65 includes a double-acting pneumatic
cylinder 70, other suitable actuator means can be used
including, but not limited to, single-acting pneumatic
cylinders, single or double acting hydraulic cylinders,
electric motors, linear actuators and other suitable
means to effect movement of the clamping hook and/or the

bending arm.

0049 With reference to FIG. 4(a) and FIG. 5(a), the
clamping hook is pivotally supported on bracket 44 by
hook pivot 72, while the bending arm is pivotally
supported on clamping hook by arm pivot 74. In an
initial stage, clamping hook 61 is positioned off-center
of hook pivot 72 (e.g., left of center) and thus allowing
placement of the work piece onto the tool base, as shown
in FIG. 5(a). Turning to FIG. 5(a), clamping hook 61
extends through clamping aperture 63 in the initial stage
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cl anpi ng hook i s pivotally supported on bracket 4 4 b

y hook pivot 72, while the bending armi s pivotally
waeappostsesl o n cl anpi ng hook b y arm pi vot 74.PAT/NSA051031810

initial stage, clanping hook 6 1 is positioned

off-center o f hook pivot 7 2 (e.g., left o f center)

and thus allow ng placenent o f the work piece onto

the tool base, a s showni n FIG 5 (a) . Turning to
and) s ghpg)reaqy aypiengalseokoBk pxeeads? t hroughec! anpi ng
inapekrtuse i he initigl.stage.-. 1 9 - (1148106) and

i s thusagga%{/h%%%er?ggngg%v\bgkS%f]e%Jeo%eﬁ i ithee inAtipdl
re$rageepepes iylar M6 Fhiick pbsi tppaethdst igdeytidint b2l the

- L &ac sigion.in which,the upper nost portion o f

be?ﬁ%ﬁge% |rﬂ§95%%ﬁq %%tgvgﬁ ﬁ?%%h%9¥ hyhtsupnsaitomoints
S3support points 53. 10050] A's cylinder 7 0 is

actuated, piston rod 7 5 extends upwardly and pushes

bendi ng arm 67 upward and causes the uppernost portion
005ty A% Hey Hayimg Oanm hotearddCtp Mdn RicRIC® 538xtbAgt he
upP Y t Ll S,.net. al ready contacting the work
ppigge}., Jc}g%}t}%utr?gee BXPAHRY oD 6f7ctui?é’a}5"|dstaéﬁ‘ Fadseauses
UPR NG Hord ianmp fv i e alsendiineptarad tioo cBHSA adghpst and

; ivetal motjon o f, clanping hook 61 about hook
P lﬁ%?vg‘ & %thtehsvafli;e@e%rfto ¥ FtoRleprdyheprbycting

the amingite . cl aﬁntﬂ@uéw%tter%i%géget}‘i@rEigjccﬁr?e 3y, a
ca@se@%‘ﬂ% lbgnFLg;. _ 5{(:b) .,4005|] W th_clanping hook 61
engagi ng WOk Bi 8t 3722 (A& ALARSI 74 hooRusls dganirtsed
and redifiefotr piebtant nefion e @RgdRgqt A k! @fgggg{tstha
ex

. .and -begi nning .t he bendi ng stage. ContlI nue ensi 0
pl‘?mpﬂ?t 3R FBA 9lEsctiRbe @i diongCHr mtBeFely ocaisdoty
thealodatmpting nowk St @td & Wi Bi¥aL 4 i the direction
F1d %(%Brow BA until the unsecured portion o'F 10

0051 With clamping hook 61 engaging work piece 37, the
clamping hook is limited from further motion, thus ending
the clamping stage and beginning the bending stage.
Continued extension of piston rod 75 causes bending arm
67 to pivot about the now-stationary arm pivot 74 in the
direction of arrow BA until the unsecured portion 68 of
the work piece 37 is bent to the desired angle, as shﬁwn
in FIG. 5(c). The uppermost portion of bending arm 67
presses against the unsecured portion 68 of work piece 37
and effects bending about the fold line of work piece 37.
The uppermost portion of the bending arm may be provided
with a contact roller 77 which is free to roll along the
undersurface of the work piece during bending. Such a
contact roller prevents sliding contact of the bending
arm along the work piece and thus minimizing scratching,

wear or other damage to the work piece.
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the work piece 37 i s bent to the desired angle, a s

shown i n FIG 5 (c¢) . The uppernost portion o f
whandhigsar m 67 presses agai nst the unsecur ed PONU$2005/031810

68 o f work piece 37 and effects bendi ng about the

fold line o f work piece 37. The uppernost portion o f

the bending armmay b e provided with a contact roller

77 which i s freet oroll al ong t he undersurface o f

t Aol kthi eeke trRIGen F b EREI- n§ (b Buahd oF Tontsact) ,r ellbeping

phsuﬁatélSéf@'JEkaHQda%B elgm%hﬁopftQ%$ QQ£i&£? onggg?gst

wor k piece and thus mnimzing scra
th@rUHBﬁﬁg@ontxpnimf woekkpteced, -t bending tool system

(b d
(4030041 0l DR CRERACS, 1SR Oyl 1S

pF@é@l@n 7lco:bml/m aa@alcmtvetylae biplert Paiid Q:l'd)oq bakeaeketspy

end| t qol tem | everages each bend o n
ﬁ%m%% 19 {502o P 1i5hEse ﬂ%’ra"tlg’r%yoﬁlimﬁéesdaﬁegn of
cblmevetyamll liair}e.t o the tooI base thereby contributing
for alight and relatively sinple design o f the tool
base. [0053] The di nmensions and configuration o f the
bl@mu aTitQJa;timerwiilolnsdiaodatenfimeaa:rﬂdrmCwfa&h@ngbﬁdbend

t ece. r exanple, in the
st rcga{i rh g&\énﬁéﬁt Qh%e%%rta]cci‘l}ﬁ‘rroranglg pegd imparted
c@nftlgamexih pcielcafpar Foa SOPaeing ﬁnn tnar Iﬂ@{lgggag%d One
ci ver at the actuator may
J‘L%s‘%%gﬁ“:t s%@ﬁ' tﬁS ?B%rbg:dlsaﬁ@nélﬁﬁyeﬁ Boa#ffettec b
y90&thBtd R mbekspﬁeke @7f tdie dfllme%ppge&lgta %&%ver,

it.a al so appreciate that the
pt'furéastsljhC %‘J&%@F | M8Y n]%e AP ustebder gaebr §hﬂ’aytla¢ seersl e

et gl erdayt b@ buptibesd Coptapufandi RE-act i oRe 90@@
m e

e wll reciate that the actuators
239 2pR

river, or er suitable means. One will aiso

appreciate that the pressure and dwell time of the

actuators may also be adjusted to further control bending

action.

(00s4g One will also appreciate that the actuators may be
dedicated to a particular type of fold (e.g., specific
angle, etc.), a particular type of work piece (e.g., a
work piece gauge, material type, etc.), or other
parameters. For example, in one embodiment, the actuator
is designed and configured to bend sheet metal having a
thickness in the range of approximately 0.020” to 0.080”.
One will appreciate that additional larger actuators
configured to bend thicker gauge sheet metal, for
example, having a thickness in the range of approximately
0.050” to 0.110”, or other greater thickness ranges, or
additional smaller actuators configured to bend thinner
gauge sheet metal, for example, having a thickness up to
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dedicated t o a particular type of fold (e.qg.,

specific angle, etc.), a particular type o f work
w@e@e®31563 g., a work piece gauge, material typECT/E852003/031810

o r other parameters. For exanple, in one enbodi nent,

the actuator i s designed and configured to bend sheet

nmetal having a thickness i n the range o f

approximately 0.020" t o 0.080". One will appreciate

t%g?r%fﬂ]d‘?attiedﬁ’alo -PaPgePa ¥ che arisrel desht | urstetrmordenth

th & korertaug@tSheetePBLE! 51 fQ1 LAY I ng; &
t hi ckneess i ntt he rgnge os% appr oxi rrg?gl §§%.ggbﬁ%e%’

otha ectuptiorospésghedtlee RIMGidess witangesjize and/or
| 4d c i.gured_t o pend
R LR R R T e
t¢eTianess IWp facelitate an (dsBb0Gpappsooxiimaset yify Q0"
ravi . e e, in.t event that
b T A i S g S S R R
stéfter ey ap espenbildedamidlh & sitherandserushapes tdrad |

i f .0 _eac tuat or si . Such a design wl|l
fs%%% i(%)t%?ﬂyelgﬁ agge T’y%lezresoarpcf/%ﬁf §§‘FPFnafuﬁa‘f gictuator
beeldi rigr taophrsystdar atSol he s sembliyipersoph@eed not

manual, o r other instructions

refer t .0,a.n assenbl
P TEEd 3GA1Y Fb%ﬁgga%/t‘fa&é’rsi’i’e €3r8/ BFtYpbYR DGt each
actuator slot in a particular tool base and insert the
OpL.i at ¢ i zed_actuataqr i a actuator slot.
BB eRREnL T, RLEF Cpfitete, Bafh b RS Ui ot ay ey
ts ignidiamillyad hjlekadexedf d4cid iftatiel ihatellasieh |at iR adys,
t egs,. rests,_locators and other conponents. For
e%zs'r#ﬁ'e?lotcﬁgof%o?n%a %foglpgnﬁpggr degg’?/vi NP, Hhe
dicariebersebnag Fe Ppforiddie wikliSa &isE€oddamk ey rbane
8f1 ft%r tlhe restsé aégi',rd di aneter bore 8 2 for the
I'S¢at"0Fs; Cdit & TFOME SHANSAery Pogrs PLr B I Fgses, 2
holiesl diambt8AJESrd®y2 F® the locators, and so on.

Similarly, differently shaped holes or flanges may be
provided which correspond to each component, for example,
a square hole for the legs, a triangular hold for the
rests, and so on. The sizes and/or shapes of the holes
inform the assemblyperson what particular type component
goes in each hole, thus obviating the need for referring
to paperwork in setting up the bending tool system. The
geometric code self-informs the assemblyperson which

components, and quantity thereof, are necessary to set up

the system.

[00s6) The actuators may be controlled by suitable means to
control the pressure and dwell time of each actuator, as
well as the actuation sequence of the actuators. For
example, a programmable logic controller 84 having a 16
channel valve assembly 86 is provided to control
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provi ded which correspond t o each conponent, for

exanpl e, a square hole for the legs, a triangular hold
WO 20608853 est s, and s o0 on. The sizes and/ or SkERES2005/631810

the holes informthe assenbl yperson what particul ar

type conponent goes in each hole, thus obviating the

need for referring t o paperwork in setting u p the

bendi ng tool system The geonetric code self-inforns

tdret msensb 3Bpe RS any Wik €1 €D raeemants i oandu gaendh tahd /or
thereof, are necessagy%t 0 set up the system | oose]

THRAUECSat oF&enEgn bt @t ¥om ! &g CBn;ﬁ 1gyredbyEthrenmanygl

coRdraldet 88 RHEESH Ra B iIe irMRoRel a8RGH: ST uat or,
a s wel|l as the actuation sequence o f the actuators.

FtS eesimp e/ ax p ofp BN T 1s¥gitehcBAtrol ler 8 4

having a 1 6 channel val ve assenbly 8 6 i s prOV|ded t
0 conzégl - (1148106) actuators 3 3 in an
dey ¢ 88??6%3’?% r AR Y 1R 8RS dyuBRE e merned

GioTHd @hleEoBRYbRs € LA QP & nWohilR 1 8n8BAYALe QYSHdinde 8
8t o activate any one o r nore actuators a s deS|red

dif i lhoygteeyphf the\Gargespondingsyeri Blﬁfﬁﬁ ed above,

| entiiafriyN 0+ hBdL 64 &a 1B J%d%rblé%%gnbgt Otl:{l o'th%a%%ld
including an outline corresponding t o the si houette

CHIUSHESCBRY e8 pBhER P st leppilded. tsu hh¢atdgl hame. Such
Ad Rk 95@?51§er9é'§?rpkf§'u ko %onklﬂfmfgllxgt 3@1 u%ré%%llng

may simlarly b e dp to the tool base
Fevence LAdiei bhemsotrestusaderobebater e hatrk Ipaece is

WG SRINRDCEedafhd TLddie GaELRCt order before the

work piece i s nounted on thé bending tool system
[0058J One will appreciate that the actua

Gooddf | drkalsh o Qp}gré&eat%o&th%‘%l kBE HBYLYRMYod Y t:Lon of
accordance with the pr esent invention. For e)?

the FaniEcassen™ Yy Ay ine accordance with the present

invention. For example, the valve assembly may be
configured to adjust the pressure applied to each
actuator in order to adjust the amount of force each
actuator applies to the work piece. Also, in the event
that actuator means other than pneumatic cylinders are
used, the controller may be configured to activate single
or double acting hydraulic cylinders, electric motors or

solenoids, and or other suitable actuator means.

0059 Advantageously, the bending tool system of the
present invention provides a simple and safe method of
defining 3D objects from 2D sheet materials. The tool
system may be used in the assembly environment instead of
the fabrication environment as it obviates the use of
press brakes, progressive dies and other heavy machinery.
The bending tool system of the present invention may

readily be located in an assembly line after or between
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configured t o adjust the pressure applied t o each

actuator in order t o adjust the anobunt o f force each
w@zea31e53 applies t o the work piece. Al so, inPdhesS2005/031810

event that actuator neans other than pneumatic

cylinders are used, the controller may b e confi gured

t o activate single o r double acting hydraulic

cylinders, electric notors o r solenoids, and o r

OVhEIOIS;sJI il ie-aadionakeat feenSon MDY aAg,\f@rfthgggusl Y,
bhndln tool systemo f the present invention

Ge89a A5 E9ahdPdafe ?ﬁﬁ?ﬁxfﬂ?qatdéﬁlﬁﬁthSPtﬁce
obmecmé;nﬁcrﬁn 2 Ha %Bﬁﬁin?ﬂic%l ad ot el Galy 0Bk §§é£€§% B an

e used i_ n the assenb envi ronnent 1 nstea
f%%?? Y drirénvetenfent %.%?W fagGsattés ishengssetat fons.
press brakes, progreSS|ve di es and ot her heavy

h| r t oo stemao f the present
|nv npﬁi% ngf‘ E&B F)9b t%?i(ﬁ: A oF &hf msseemty |ine
afiesntiidn hatlween2o 2ndet r&altlefk&JaQGb\é%lso% fabrication
stations o n which_a profiling, punching, |aser

kRSP gﬁﬁgFtéﬁe t?Qﬁ]%%ﬁ@&?lﬁlé@éceFuan%ethnﬁea

ti&ﬂdMﬁ“HH%Qp&@@hc%Y§&e@@rﬁﬁéﬂ%ﬂ%ﬂt%@a%gg tHr8lanh as much
assenbly line before or after various finis %

s‘f%tt}%@anﬂlé@GG}JrAﬂgoE’rQCPﬁfﬁso@iidmgStlbd)b sy\salemmsf t he
preseis idaveBtl 0 flhaus: 2 Ahest TBLer {/;? cé’at”schﬁed

b e transported directly t e asse sSpace
tHRR HAsewd nehedpreduett tnas B imitednspor beeirlﬁéai vacuum

tdgfﬁﬁﬂ}yad§vgggg Pndet q&p%@%&tgr ? %dqggﬁw%géglece

possi bl é. Various nethods can b e

IQR$QMﬂﬂ€ poedéebese. t he tool base |nclud|ng, but not
limted to, overhead vacuum delivery devices that can
b e used t o place the work piece onto the tool base.
[¥861) P PhEeBERBY NP bolysest eancha bsedusedin a n

environment having varying degrees of skilled labor.
Operators need not be skilled in using press brakes,
‘progressive dies and other machine tools. The bending
tool system and method of the present invention promote
safety as all moving parts are.substantially confined

below tool base 32 and the work piece 37.

[0062} One will also appreciate that the bending tool
system of the present invention may also be used to
assist in bending sheet materials. For example, assembly
tabs may be used to interlock folded sections of the 2D
sheet material once it has been into a 3D object, as is
shown in FIGS. 28(a)~(e) of the ‘250 application. It
would be difficult, if not impossible, to utilize known
apparatuses to bend and assemble such “tabbed” 2D sheet
materials as such assembly tabs need to be carefully

aligned with corresponding slots during the assembly
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envi ronment having varying degrees o f skilled |abor.
Operators need not b e skilled in using press brakes,
w@emgnesss ve di es and ot her machi ne tools. TheP®Ens100§031810

tool systemand nethod o f the present invention

pronote safety a s all noving parts are substantially
confined below tool base 3 2 and the work piece 3 7 .
[0062] One will also appreciate that the bending too
syseesn®. f Irheoptessht theamndinhgrapodl s§shef Ygeghd o

b h terials. For exanpl e,
Roesiny VR DR he ot el oY FissiscRnT gpasator by

Slent\rmnslg:) sufifiei2nb sbeed tmterfiealt %%ﬁ@.lht} Bascheefbrk
as i s shown i n % §

Qlic i tsﬁ’é:?‘JZS‘OmQBBFF cHiorihq P%@ltarbméym ff icult,

i sfmulctariomessi Bhegnt t e Utddd 2 knewn r
bend d asse?rbl e gﬂch "t abbed" 2D shcggteﬁ??m?zéirj?%%pgn&ng

STRIPMSSe /oy St 4Bs (AeRd - D b FEGear’deud |y ’ahugnebha/\nth

S EIRORGONT s§LOLR AN | y
( 148?(?8) pfocggs IeI n éit:J}(’Jn‘a{!]%a\&s?)% t%%gggglﬁdmﬁng lz t%}astem

d Ystlr?élpre&éﬁf—oﬂn%%wl@ﬁﬂ ey theeopsedtor oarafssttmis awid

G- | fdche e t.o ef f ect
ggﬁzge?;angQ f )étt Eégénghﬂgﬁ%ge %U%r}ll gtﬁc agrranﬁ'érrm?%asty”ﬂ?@me

et & rrrﬁylm?fmﬁtaneousl y align the tabs 91 with

thel r correspondi ng assenbly slots 93 (see, e.g., FIG
é tF) .. Thus, the bending t ool systemmay also b e

(8B FUStheRPATSe iR piRpsiegac. exéinden, requitted b y

@mu@m@&aheangn%&ytﬁe RO %tgapgghé Ve gtgheess | njuries

such a s carg t unnel Syn rone an r al Irren S
[PHPe3$IFGPt RRe ne ek erﬁecepn@uﬁatffcccght nderhera rchet etk

@%@t oauereggsmmfltel%n%dkusesgsgUfn {hat “lc force

applied o the work piece end the
Wweegator in the event that the operator 1nadvertently

pinches a finger or limb. Similarly, the actuator means
may be adjusted such that the tooling system uses forces
that are sufficiently low such that there is no danger of

damaging the components, such as the above-mentioned

component 57.

0064y It is also anticipated that the bending tool system
of the present invention may be fully automated with
increased folding speed. 1In the event that the process
is fully automated, for example, with automated work
piece delivery and transfer, an operator need not be
present at the tool base. 1In such case, folding speed
could be increased as such increase in speed would not
increase the likelihood of injury to the operator because
the operator need not be present. Thus, the bending tool
system of the present invention may be used to increase
throughput speed of the assembly process.
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piece, but i s insufficient t o cause injury t o the

operator in the event that the operator inadvertently
w@emwehessa finger or linb. Simlarly, the actPer/v82005031810

means may b e adjusted such that the tooling system

uses forces that are sufficiently |l ow such that there

i s n o danger o f damagi ng the conponents, such a s

t he _above-nenti oned conponent 5 7 . [Q0641 It i s also
"%ht FerpaPRUCR HaCe hin IRmdiang ti ool asgsaemmaie t he
deFiesenbni nye Lyl Ly omat ed wi th

i ncr easedggo%% %bﬁsa’gdggj %la%ﬂﬁ g@éenti‘ 1At Yhe 9t ocess

“upperfy| I'gownt ocwat‘eldeefrd’r, &ianpte” awmd M @utHmi-ed wor k

e nfe a_ n operator need not b e
uSEPeggntgggé%lPé%e@% ol" %5 %aée H‘ﬁ RIZHaseverdiiginmgispeed
redgiiPtce® o i thr gas=ictt ians stichutRCfeaserdd a%o%ﬁ@p‘i@t%g

netel B e the likelihood o f injury t o the
lnope$atg§gﬁicause the operator need not b e present.

Thus, the bending tool systemo f the present
g,Lncrease .t hroughput speed o

m%?nV@Hé'fgk J%;ae%%%thloni % _SReCiAg f06TPeg6BE For

the asse
of cbhe ept @RI mmvexxpxllanahawa loeneh q&@ge&tt%dd%hhcnbhkﬁé‘sés
t | the terns " upper
of Pflm%% o%v\n/glr Q%Scfhgtb%n ﬁfd’eyo@tré’l get aptended t
to obelesxdrdusg ifveatonr @s Dihit hengriesemt ilbAveRt Lap BELD: se

t t f h feat
ol S Een % iRe”BPatr Ll veepainacebkene se
Vadiea;@rqrm |ame5p0sf515m3011ﬁ|131gi{’60(2ﬁl wRat §p8vE {._Qg?ﬂlegs.ent

vent ave een resent ed ur poses o
Thé ‘T“?b dlﬁe“&ﬁ ‘é{ﬁﬁedﬁgg??’bt&}% deFﬁféygaﬂelno@rd@r ermled t

besxkexpha&hamablpelﬁcipiéb|dﬂnﬂhetﬁ%va¥?8£'§hﬁt1§Ethe
rapc eC| e fogrrs di scl osed, and obvi ously

P Cgpp hgaahan, to thereby enable others skilled

in the art to best utilize the invention and various

embodiments with wvarious modifications as are suited to

the particular use contemplated. It is intended that the

scope of the invention be defined by the Claims appended

hereto and their equivalents.
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variations are possible in light o f the above

teachi ng. The enbodi nents were chosen and described in
w@e@en3tssd best explain the principles o f thePCT/US2005/031810

invention and its practical application, to thereby

enabl e others skilled i n the art t o best utilize the

i nvention and various enbodi nents with various

nodi fications a s are suited to the particul ar use

ORHRAE S diadMeb kst s intended that the scope o f the

invention b e defined b y the O ains appended hereto

and thei T _aGuicHak gl foor Hdten ELIAGIOAINEAT Lig.-

CLAIMED I'S: 1 . A bending tool systemfor formng a

tHenfiiveadi enancserectiame F rt@mﬂitnmstlbnehséslm?m} .

shae! - at ekl Lehs . erm ned. fo

R 3"“&?2%?%5“%%%?% #:e%ae jeg@gﬁg&sg?ddf’g%‘be 1315k @

Fhempagedpreronra pdjapher aaicdgeldf 1saeé dalsdneﬂ?;aced from

i:al [ stem compri sing. .a_topl bas or

Egggﬁv%ﬁgréﬁdggé%péft?%ﬁéﬁé&%ﬁts%Sé?rﬁﬁ?Er?%ﬁéz%V%%%ﬁark_

ploamre,isdaigd t ool base having an actuator s:ot; a bgnd

actuator._extendi ng through .said actuator slot, sai

bend gCtth?OEaIS%C Ui e < I £ g SBPRLKE 19 Saiidypheet

curtrediéd ihoasabdk by Balest sheldowosai Ha ¥@riaw @ en

extendi ng_abpve said tool base, and novabl e between an

55& 3 8§if?8 “and a secured position for securing a

por ti anbehdt hetshest dmdeeidiay EBbahyNEsdQ St R
base, a bgndi ng arm connected to said bracket bel ow ~
1% wirk pPERE M HRFaBNEIHEE REeh BRNIhing dracket, a

QS @Bnhesaé@d: Hed oW $aiad KR Ke PbANS, AN, Ak YARKE,
positiQon in order to applé a force against an

GrEeRgreg ﬁ%?Y?O?@%ﬁ tgedease, and movable between an

open position and a secured position for securing a
portion of the sheet material relative to said tool base,
a bending arm connected to said bracket below said work
plane and movable between an initial position located
below said work plane and an upper position in order to
apply a force against an unsecured portion of sheet
material to effect bending of said sheet material about
the fold line; and

a locator for positioning said sheet material
relative to said work base such that said clamp extends

through the clamping aperture of the sheet material.

2. A system according to claim 1, wherein said
tool base is configured to be used with a particular
sheet material design having a peripheral shape and
predefined fold pattern, wherein said tool base further

comprises an outline corresponding to the peripheral
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material to effect bending of said sheet nmateri al

about the fold line; and a | ocator for positioning
wei06/03138et material relative to said work basecBUs2005/031810

that said clanp extends through the clanping aperture

of the sheet material. 2 . A systemaccording to claim

1, wherein said tool base is configured to be used

with a particul ar sheet material design having a

pEtaRsh iddeapd fandg ptleelafd rtdduflalrd shabt enate Wher ei n

sad o S h onprj ses,an outline

c%ér%eésrggér?diq’%g%toféﬂ%’ﬁeg‘ge%?ﬁetroa‘ﬁ bases (1148106) shape

for identifying the particul ar sheet material design

to bezynrk%g on said A system accordi ng

‘ t 00 .ba§ﬁ§ % .
to clai'm1” SEEFaM PSRN T (e @dfptt sPRYS ohes M
nfret Heag e om@ra¥ahl yomd t e et e 0 egai deh80hb PSS f M hed to
su.efrthg sai d tool base and providing access: to sa
asp%r P8 1sPEES PBnT MY v 9 F2ffolophskase 4and A |
prshemiaeCardbBy £ 424 Mpdrtusdl d18Yst BALA %éﬂﬁ{ aid
conprising a rest renovably attached to said too s%ase

o &Eﬁ@rting the sheet material above said tool base
in the work plane. 5 . A systemaccording to claim4 ,
wherein said tool base has a first bore having a first
size dnd sRap¥stonprceaifiagy toocdaid Bocsat ,swstswcond

w&h@@vhﬁﬁp§i§§ﬁ(?néj e @ﬂﬁvﬁgﬁgegggﬂﬁé B d Qoo1

said |l egs, and a third bore havin si ze and
ddse fosnpreRrent iry the sdiegtr meterphirahyvd hmid tool

2SReGH ¥YReSLEE Shape of said bores provide visua
indicationeof tﬁgaﬁ%cation of the locater, |egs and
rest.

5. A system according to claim 4, wherein said
tool base has a first bore having a first size and shape
complimentary to said locator, a second bore having a
second size and shape complimentary to said legs, and a
third bore having a third size and shape complementary to
said rest, whereby the respective size and shape of said
bores provide visual indication of the location of the

locater, legs and rest.

6. A system according to claim 1, wherein said
bracket further comprises having a channel and an
opposing jaw with a downward-facing shoulder, wherein an
upper portion of said bend actuator is inserted through
said actuator slot from below said tool base, said
channel is interlocked to one end of said actuator slot,
and said bend actuator is dropped downward to abut said
downward-facing shoulder against an opposite end of said

actuator slot to secure said actuator to said tool base.
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6 . A systemaccording to claiml , wherein said
bracket further conprises having a channel and an
wo@ppesssss j aw Wi th a downwar d-f aci ng shoul der , PEES 2031031810
an upper portion of said bend actuator is inserted
t hrough said actuator slot from bel ow said tool base,
said channel is interlocked to one end of said
actuator slot, and said bend actuator is dropped
downward to abut said downward-faci ng shoul der agai nst
an oppaQsit or,gkot to secure said
act uat or tg gg?tgﬁoifﬁikg§§5U%g cég (114%3H%)§en
%‘J@Iﬁoﬁc@@rﬁhﬁg tonet s imgl a, dSanrbﬁpélrﬁﬁI}uaé&{nected
f a driver o connected to said
t§L§P§8 g?ﬂ?£§§e$%?n éh:rel ﬁ% é?d°%r$%%# doves
mV@Sbénddngeadm¢)eimemts:aled 5BLE] 2hi OS] LW ARG an

sal ition. 8 . A systemaccording to claim
ﬁ%epgg sgggl%}?ver is al so operably connected to

sald cl anp such that actuation of said driver also

nmovesgsaid clamﬁ betmeeggsald open_position and said
engaged posi 1Y rE™ GCCOKAdNgt B kR Y} dif ngher edinaismi8 |

Whevernlsaaﬂscﬁiropéa:rab@ BoRABEFRY | o QY1 g8r m?aa\gbgg Bhat
k er st oke, wherein a first portion o

%e?“s? oRH BIAEVES AbTRMEPYCeDISaia ¢ lempnpeanden
SEd?dndp@lﬁ)r}ﬁd)@Itlen Sl saYhi 80&L gt g%}gq qf fects
10, Sys

novenent of said bending arm ten1accord|ng
toclaim9 , wherein said clanp is pivotally nounted

d bra i rmg s _pivotal
;guﬁ?’;d on 5o 0 o o di A IR B Fat RR o¥id ar

1v%he*%ﬂq]Rﬂﬁyméﬁgcoﬁygam@hqnhﬁnmng @ @yﬂuhdéf §Broke,
operebl Y CONRCHRd t0n Sak bl agkel, ANd 20, RPsLL e, end

of said pneumatic cylinde
movement of said clamp and a second’ portion of said

cylinder stroke effects movement of said bending arm.

10. A system according to claim 9, wherein said
clamp is pivotally mounted on said bracket and said

bending arm is pivotally mounted on said clamp.

11. A system according to claim 10, wherein one end
of said pneumatic cylinder is operably connected to said
bracket and an opposite end of said pneumatic cylinder is

operably connected to said bending arm.

12. A system according to claim 1, wherein the
sheet material has a predetermined pattern of fold lines
and a clamping aperture adjacent each of said fold lines,
said system comprising a plurality of bend actuators

positioned to effect bending along a respective fold

- 29 - (1148106)



operably connected to said bending arm 12. A system

according to claiml , wherein the sheet material has
w@2qos/esisser m ned pattern of fold |ines and a cP@ENP$2005/031810

aperture adjacent each of said fold |ines, said system

conprising a plurality of bend actuators positioned to

ef fect bending along a respective fold - 2 9 -

(1148106) 1 i ne, said tool base including a

COIMeSS RANY RGoACHLHBEOLnsl ®idPh eBeRe§p! dicry
actuat or. 13.OA systen?accéﬁé?ﬁb to §|§?ﬁ?§§§ b %ﬁ%ﬁﬂf

eI H&rd eachugesdd berd wetsiagodr.i ver for noving each
respective bending arm between said initial position
and sai d upper position and for noving a respective

cl anp Uet weenysten aperrdiow ttioogland 32 dwieagagedkach

@%ﬂ i . nacgarding to claim 13, wherein
saléifgngﬁéFu?Pﬁgga%%k%fﬁﬁg%raQBFoﬁ?%ﬁ%%bT%¢Wogic
corspesitioe bendéngt aoh |betgyetene sadtiuahi oha 5 esprenciesmfand

%g.%_ riv%rs and.t he qgkyation.force and dwel | tinme of
SACH sardTdPPYarton 13 A%y PEAPc B of BF RSt oV I HiafiPL 4,
Wedveien sadH sped plosieron :indl pReUNBAGEGEY | poKiaTion .
havi ng a cylinder stroke, wherein said controller
provi des two-stage actuation of each said driver

wher eild .sandsgst¥eracBdidlgs ta ELash POJ L Oifn the g
cyl i nder stFoke to effect novenent of said clanp and a

ST pBFENBR SPTREIIPT\ PRQSFaERRBke 1Pl faqnttroller

e At rofl 1 $ah dt he el tith talol sdfuehcdeHei 10 d i vers
system for formng a threedi nensional structure froma
h

RS e ASEBAREOR hEREC oG HYPLhht the | aiE| /s seid
piradet-er m ned fold line and a cl anpi ng aperture
adj acent said fold Iine and spaced from

15. A system according to claim 14, wherein each
said driver is a pneumatic cylinder having a cylinder
stroke, wherein said controller provides two-stage
actuation of each said driver wherein said driver
controls a first portion of the cylinder stroke to effect
movement of said clamp and a second portion of said

cylinder stroke to effect movement of said bending arm.

16. A bending tool system for forming a three-
dimensional structure from a two-dimensional sheet
material which includes a predetermined fold line and a
clamping aperture adjacent said fold line and spaced from
a peripheral edge of said sheet material, said system
comprising:

a tool base for receiving and supporting said sheet

material in a work plane;
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a peripheral edge of said sheet material, said system
conprising: a tool base for receiving and supporting
w@2000/03t362t material in a work plane; - 3 0 - PCT/US2005/031810

(1148106) a clanp for engagi ng agai nst said sheet
material to secure a portion of said sheet materi al

relative to said tool base; a |ocator for positioning
said sheet material relative to said tool base such
t haf §apEPcfarpersasins atglarloaghssaqédslg#@mm?geri_a& to
t yr g, 1 r ted a cent sai .
e B i n T R BREE o S s dio saia

topdsbepen | ocated bel ow said work plane to an upper
an d force agai nst an

Lt ' d t l, u r
st eat §ar e o on Caanateneat nhen® s tepriad:
repapdvagtofssad d:cs:l'ieebtasﬁabeblrath@bigiﬁiféaitl%gﬁl?%%hggi g
di claim16, fur
th%zggﬁdgéa@ Eéﬁrag‘ézpc’fﬁﬂﬁa{a%gﬁ%ﬁﬁaésa%%i d bending arm
wheaebendaigl 4:00/10ka%edi AahsEes: amhiRCtUaLY, SLok

igured to.remvably receive a portion of “sard bend
beEAM G e, HRFodBh BEF ir hdtardttdons located. A
besyst em @oenidiplGnko t6! ahMidder Wi rSald band o
actuator further conprises a bracket having a channe

PR Ah BPRTS AGTCawAR RS HbwHEcdtesc prg tshoubder

saidesieidt Ak tiPRL BEELEON,Ofd SR %fb%%gdaghgéﬁo% Srial
i nserted through said actuator” slot from below

abapbrtd ifelchdénrecked to one end of said actuator
slot, and said bend actuator is dropped downward to

abut_ sai d downwar d-faci ng shoul der agai nst an opposite
endt of $isystem according to claim 16, further

comprising a bend actuator that includes said bending
arm, wherein said tool base includes an actuator slot
configured to removably receive a portion of said bend

actuator inserted through said actuator slot.

18. A system according to claim 17, wherein said

bend actuator further comprises a bracket having a

channel and an opposing jaw with a downward-facing

shoulder, wherein an upper portion of said bend actuator
is inserted through said actuator slot from below, said
channel is interlocked to one end of said actuator slot,
and said bend actuator is dropped downward to abut said
downward~facing shoulder against an opposite end of said

actuator slot to secure said actuator to said tool base.

19. A system according to claim 18, said bend
actuator further comprising a driver operably connected

to said bending arm, wherein actuation of said driver
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actuator slot to secure said actuator to said too

base. 19. A system according to claim 18, said bend
w@zeas1ss3 f urt her conprising a driver operabl yPCT/US2005/031810

connected to said bending arm wherein actuation of

said driver - 3 1 - (1148106)noves said bending arm

between an initial position |ocated bel ow said work

pl ane and an upper position | ocated above said work

pmcamees 20id AesyhenMaancos tideh tah GlaitTal9posak dofend
aFQ{ further conprjsing said clanm mﬁereln sai d
Peowo saper ¥BFY il a0 Uked Bpadpieuch

th@ctatﬁéﬁ ualdvan safi asabek simes. al so moves said clanp
bet ween an open position free of said sheet nateria

and an engaged position holding said sheet naterla
down rgj at 'AV%yTsQeﬁalagc&P@in(;Pac%e c12im ‘f??ets 8ina

form ng a three-dinmensional” structure
t%tltﬂtr%é%ﬁaﬁrs REBPT ket | s idisilehpi nwhedesn asaid

Rir.e:ﬂf‘érerl@ %qgof ebgrglbff’coﬁme%t%t gdsﬁe #‘&J{@%%ﬁh that

form ng a clanpihg apefture in sa
&} taredrons gifd skt ddr i ver aerﬂcbcsp@cred Babm alaepslkpxhtaieaén an

K Sl o R e A A R

material on a too s& SUch S
tgqqygy¢nsapddchanpan@ shnaﬂlmaaeraaROMEWnst@iéﬁ&»éﬁto
sal i) shest gggerlal defining a work plane above said
oo base engagi ng sai d clanp agai nst said sheet
material to secure a portion of said sheet materi al

{ng:ggeadjace%? %°9é3?§%3nga2dtﬁ?géfglﬁéﬁﬁﬂﬂhﬂg arm
structure from a two-dimensional sheet material which
includes a predetermined fold line, said method
comprising:

forming a clamping aperture in said sheet material
adjacent said fold line and spaced from a peripheral edge
of said sheet material;

positioning said sheet material on a tool base such
that said clamp extends through said clamping aperture, a
lower surface of said sheet material defining a work
plane above said tool base;

engaging said clamp against said sheet material to
secure a portion of said sheet material relative to said
tool base; and

moving a bending arm, located adjacent to said
clamp, from an initial position below said work plane to
an upper position thereby applying an upward force
against an unsecured portion of said sheet metal to

effect bending of said sheet material about said fold

line.
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clanp, froman initial position below said work pl ane

to an upper position thereby applying an upward force
w@g@bnstssan unsecured portion of said sheet nepel/USH05/031810

ef fect bending of said sheet material about said fold

line. - 3 2 - (1148106)22. A nethod according to claim

21, wherein a bend actuator includes said bending arm

and said tool base includes an actuator sl ot

configured to reanany receive said bend actuator,

sai d qgghogtfur hsr risi g inserting a portlon of

sai d behd § ?ﬁF8 ALY HATardr ¥hereanda bend
secumam;r siaiod ualelsUdb el bensaidg e K ahas8aid3t o4 Method

accqh&%§9 to claim 22, wherein sald bend act uat or

i et EhRSERALORabl Ay SORHFET &0d ramovppbzi receive
j sad i Bend Mdewavard- Eac n@e@mylﬁiﬁfthéa'cgmbﬁ@{}xé“g

and securlng step conprises: inserting an uppe
por t i oS5 td&9d 2hBRET Aek Lk ot ichhsngh asabdtact ulatcwgh

séDtd fAamhe)ow okNLgE! 9&&%@5%&1&3 Qeﬁﬂskoég% nst, gne

end of said actuator sl ot sard actua
Such that said dommmardfa0|ng shoulder abuts

agai nst an opposite end of said actuator slot thereby

securing said actuator to said tool base . 24. A

met hodt3accér dethlotoactardn s, tomrdeginn 28 ai shdeath said

t | oR&ra Ly.connected to sa
T e 4881 0k LY BB R B8 S St S e
(SPRestingt iJay wakh ardeerwami-fied ngaistlobeadi ngsaidn from

S png e Bk e R % work
inserting an upper portion of said bend actuator
through said actuator slot from below, interlocking said
channel against one end of said actuator slot, and
dropping said actuator downward such that said downward-
facing shoulder abuts against an opposite end of said

actuator slot thereby securing said actuator to said tool

base.

24. A method according to claim 23, wherein said
bend actuator includes a driver operably connected to
said bending arm, wherein said moving step is
accomplished by actuating said driver to move said
bending arm from said initial position located below said
work plane to said upper position located above said work

plane.

25. A method according to claim 24, wherein said
bend actuator includes said clamp and said driver is also

operably connected to said bending arm, wherein said
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plane . 25. A method according to claim 24, wherein
sai d bend actuator includes said clanp and said driver

WO s00eh3s50per ably connected to said bendi ng armgT/US2005/031810
wherein said - 3 3 - (1148106)engagi ng step i s
acconpl i shed by actuating said driver to nove said
clanp froman open position free of said sheet
material to an engaged position holding said sheet
PROEALAP 8b%R el ardomrlishedi Uyt aotubamey 2hid Adieelr to

: ' ree-dinensional structure from
RESECTAATc 0001 A g LB 0ok oL Lt (o,
fotgedadl bagam ¢ngemyged Iposshaéeh hal@rndlsd icldigrg an

I-ng, adj acen id Line._t ! hol di ng sai d sheet
%E?EFPE ,gégfdféﬁéﬁiﬁ% ggnﬁ??giﬁ§9f2%%ﬁ%7t means f or
recei ving and supporting the sheet material, said

means, havi at, | east one slot formed therein;
act ua%gf a %Oleﬁye%&’i"h OFhFOERNSG # disies-diggngional

attuatore nEracmsdai rtmid}@!igenaia‘t@@mtéﬂkgeﬂgg@aﬁ:e%;{tiggg%ggﬁ is
opnected to said mounting neans, e . i

ggi gsfﬁigké:iiﬁﬂ%xa ahbenoban| Bk ke rded posibdong

andopawiferadPREidntoRafiar 1 886 UEd NG 1B P Y10 Ofsa%(qesheet

sheet . naterial relative to said support neans; bénding
W@%ﬁﬁl%ﬁhﬁﬁﬁﬁ%&y§6e§aP8mﬁﬁH%&¢%g means and novabl e

bet wearppdrt Mdaindl £BESEEEON AR APt hiien.i
order,tgﬂgbpl a force agaihgggan uﬁgﬁ%ﬁgggh%ogg?o%h%ﬁt
TR SiRkot Sl reanst basi Recat evwitmgnol sibe sheecd
tméesigd about said line; and neans for positioning

the sheet material relative to said support neans such
t hat &HUPUe81 deagsneaheneiendsough said slot, said

actuator means including a mounting means;

holding means connected to said mounting means,
extending from said support means, and movable between
one position and another position for securing a portion
of the sheet material relative to said support means;

bending means connected to said mounting means and
movable between an initial position and another position
in order to apply a force against an unsecured portion of
the sheet material to effect bending of the sheet
material about said line; and

means for positioning the sheet material relative to
said support means such that said holding means extends

through the opening of said sheet material.

27. A method of forming a three-dimensional
structure from a two-dimensional sheet material which is
to be folded along at least one line, said method

comprising:
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t hrough the opening of said sheet material. 27 . A
nmet hod of form ng a three-di nensional structure froma
wo wwed3rsensi onal sheet material which is to berdDUS®AS/031810
along at | east one line, said nethod conprising: - 3 4
- (1148106)form ng an opening in said sheet materi al
adj acent said at |east one line; positioning said
sheet material on a support such that sai-d sheet
mat er if@lrmd¢ag be dp¢ming ipl aedd bheaghmsaédi @pedgient
. aid, sheet. material through said opening to
tsgg'lclgfr %QaESSFFi Bh° o%lnsea’i d sheet material relative to
sai d poppetibniagdsanyidiper bendiraglmenber suppsat efdich
j.acent, to sajd area where sai heet material is
It SRar e b Bl S e o et Bellother e dhisman
tdadidebyeapplyi Nng a force agai nst an unsecured portion
of said sheet netal to effect bending of said sheet
mat er PALaBBUEALR| IRt MELSTighe thFARIN saBd ppening to

@%%ﬁ&boﬁ)portion of said sheet material relative to said
support; and

moving a bending member, located adjacent to said
area where said sheet material is being held; from one
position to another position, thereby applying a force
against an unsecured portion of said sheet metal to
effect bending of said sheet material about said at least

one line.
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