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FIELBOF THEANYENTION OF THE | NVENTI ON

The present invention relates to bending apparatus for shaping

bars. In particular, the present invention relates to automated bar

benders.
BACKGROUND OF THE INVENTION

Machines for bending bars, particularly metal bars are known in
the art. US Patent no. 4,555,924 discloses a bending machine that
includes a feed device that is advanced with a stepped feeding
movement. A continuous metal wire from a spool is driven past a
straightening device made of a number of rollers, and the bending

device then bends one bar at one time. US Patent 5,182,932 describes

-a bar bending apparatus having at least one pair of operation-

controlled gripper tongs which can be swivelled from a first position, in
which they receive a plurality of bars from the bar feed device and
clamp the bars, into a second position, in which they insert the bars
into the gap between the bending members. These machines
however, are generally not fully automated. Others can handle only
small numbers of bars. There is therefore a need for an improved bar

benders.




Accordingly, the present invention provides, in one aspect, an autonated
bar bending systemw th a bar bending unit for bending bars to a
predeterm ned angle, an in-feeding systemfor receiving pre 5 cut bars for
transferring one or nore bars to the bar bending system and an unl oadi ng
system for unl oadi ng shaped bars fromthe bar bending systemtd)SaUCT 2004
prescribed position at a prescribed | ocation. The bending (also referred
to as shaping), transferring and unloading functions are preferably
performed concurrently for maximumefficigncy. 10 In. another aspect, an
aut omat ed bar bending unit is provided. The unit contains a fornmner
assenbly, a driSUMMARYoOFJHE WVENTION backup cl anp assenbly. The aut onat ed
bar bending unit is provided wth a machine controller and actuating
mechani snms such that different size bars nay be automatically shaped to a
prescribed angle 1%\Ccaeeinglynthe: presest ispention peavides, innonéeagpest,eaned
enbodi nent, the former assenbly includes a series of concentric forner

rings nounted wutdrhateal bar endimgusiysiem Vagca bar beadingamit ﬁ)rptﬁ@rvdiﬁlgd Wi th
an actuating nechanismfor noving it between a standby position and a

forning positi gars f avﬁeaa@rgﬁné‘@@nr élgl{;}%@eﬁ;@gggﬁgn{ & r%eaabg@aia{g!g the

actuating nechanismand to vl de I'rst grou

second group, W agh- . containing zero or. nore rings. Durin

oper ati on, &e%f pgrfé EAJ(;%O%?"W ngee Oérnégr cl?%fﬁt@dtr\en{’%r E’_ﬁ@g'ingr 7Y ﬂ&mg
position, while the second group is 15 OCT 2004 retracted into a standby
position. As a2Pds@ituUnipgding; sxetes fanainigasding shaped bars from the bar

bending system to a prescribed position at a prescribed location. The
bending (also referred to as shaping), transferring and unloading

functions are preferably performed concurrently for maximum efficiency.

10 In. another aspect, an automated bar bending unit is provided.
The unit contains a former assembly, a drive pin assembly and a
backup clamp assembly. The automated bar bending unit is provided
with a machine controller and actuating mechanisms- such that

- different size bars may be automatically shaped to a prescribed angle

15 according to user specification.

In the preferred embodiment, the former assembly includes a
series of concentric former rings mounted within a former housing.
Each of the rings is provided with an actuating mechanism for moving it
between a standby position and a forming position. A machine

20 controller is provided for controlling the actuating mechanism and to
divide the rings into a first group and a second group, with each-group
containing zero or more rings. During operation, the first group of rings

are actuated into the forming position, while the second group is




bendi ng curvature of the bar can be adjusted according to the user's
specification. 5 BRIEF DESCRI PTION OF THE DRAWNGS Figure 1 is a
perspective view of one enbodi nent of the present invention. Show ng the
i n-feed system bending system and unl oading systemFigure 2 is a shgﬁe
view (view A as indicated in Fig.1) of the same 10 enbodi ment. of EAd
present invention. Sone details are omtted intentionally for clarity of
the illustration. Figure 3A and 3B are side and perspective views
respectively of the in- feed system showdng the storage and | oadi ng
section, the gg&fetr? a.nf&] cogq\b%i ng s_?cti on and the transfer section. 15
Figure 3Cis peedqint & ¢ N PRYIUPBRs Assagesslt. theyGiameter apguhe 4A i s a
perspective view of the bending system showi ng the two bending units, the
i nter nedi at e PEHFHIG cuvatutenfitBe rhdrl ean begadjosiéB ascadiper kpée ueer'si ew of
one of the bending units. 15 OCT 2004 4 Figure 4Cis the close up view on
part of a bendpegificatibnshowi ng the drive pin, former and backup cl anp.
Figure 4D is the front view of the bending unit. Sone details are omtted
intentionally for clarity of the illustration. 5 Figure 4E is a
cross-sectional view of the same bending unit. Figure 4F is a perspective
vi ew of the bending unit show ng the

5 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of one embodiment of the present
invention. Showing the in-feed system, bending system and unloading

system

Figure 2 is a side view (view A as indicated in Fig.1) of the same
10 embodiment of the present invention. Some details are omitted

intentionally for clarity of the illustration.

Figure 3A and 3B are side and perspective views respectively of the in-
feed system showing the storage and loading section, the buffer and

conveying section and the transfer section.
15 Figure 3C is a closed up view on the left side of Figure 3B.

Figure 4A is a perspective view of the bending system showing the two

bending units, the intermediate support and X-axis rails.

Figure 4B is a perspective view of one of the bending units.




alternative preferred enbodi nent of the backup clanp assenbly. Figure 5Ais
t he perspective view of unloading system showi ng the three unl oading

gri pper assenbly and support structure. 10 Figure 5B is a closed up
perspective view of one of the unloading gripper assenbly. Figure %E[ .?lfdha
cl osed up view of the Figure 5B unloading gripper show ng the Z- BXi
structure, Y-axis structure and gripper assenbly. Figure 5D is a closed up
view of the Figure 5B unloading gripper 15 showing the X-axis assenbly. 15
OCT 2004 5 DESCRI PTI ON OF THE | NVENTI ON &he aut omat ed bar bendi ng and
sorting machi Ee 10 cco&]di ng to the preferred enbodi nrent of the present
invention is 5I%WR4hS HeyE0se 4P Hirw on pARrofsa Mgndingubingyshawiag thebar
bendi ng system 200 5 conprises two bar bending units 210 for bending the
pre-cut -bars, ddye pi, dergeareand hadkegdclaggt em 100 for receiving and al i gni ng
pre-cut bars, and also to deliver the bars to the bending system 200, an
unl oading system 400 for transferring the shaped bars away fromthe

bendi ng systg i MY starage and .
transporting %&?&g |§E§%ggﬁgg}égyﬁgﬁ@g§n@[ ﬁ'ge?@‘e%&%?eé@ﬁggﬁrr? fén'ttﬁgf erring
al so to Figur - he,i n-feed siem 100 i ncludes an el ongated storage
tabl e 110 forﬁ?%rﬁéng'%gorpq%rﬂxﬁ%ﬁé?*rﬁﬁ]@-an el ongat ed and downwar d

sl opi ng buffer conveyor 120 ali gned agai nst

5 Figure 4E is a cross-sectional view of the same bending unit.

Figure 4F is a perspective view of the bending unit showing the

alternative preferred embodiment of the backup clamp assembly.

Figure 5A is the perspective view of unioading system showing the three

unloading gripper assembly and support structure.

10 Figure 5B is a closed up perspective view of one of the unloading

gripper assembly.

Figure 5C is a closed up view of the Figure 5B unloading gripper

showing the Z-axis structure, Y-axis structure and gripper assembly.

Figure 5D is a closed up view of the Figure 5B unloading gripper

15 showing the X-axis assembly.




one long side of the storage table 110. A Turning device 130 is 15
connected to the bottom of the buffer conveyor 120 and adapted to receive
bars that are transferred fromthe buffer conveyor 120. A transfer
mechani sm 140 is provi ded above the buffer conveyor 120 for trangfTetifi ng
the bars fromthe turning device 130 to the bending units 210. The storage
table 110 includes a bar storing area 111 and an 20 adjacent rolling area
112. Extendi ng upwards and al ong one end of the rolling area is an

al i gnment plate 113. The buffer conveyor 5120 contains a series of chain
conveyors 121 driven by a common shaft 15 OCT 2004 122 coupl ed to conveyor
nmot or 123. ThDESGRIPHOM@EF THE INVENTION in  the downward sl opi ng direction
perpendi cular to the long edge 112a of the rolling area 112. On each chain
are attached stoppehygin ers 124 extending outwardly at equal intervals.
The space between tiff & ed=har; hryiding Brd gertingemaching 40 aceardigs and
the di stance between two fingers is the index spacing 126. The transfer
mechani sm 140 tpnibleupeaferied oembbdimenmts fafr thgr ppesems intddtior ust sitoven i
transfer bar 142 that is aligned parallel to the long edge 112a of rolling

area 112. Trarfgefesbrantid2 cofpriirighs Bubléyiadhy abaFHE Y %Pst%ﬁ@?oof
ong e

transfer rails 143 that are provided perpendicular to the ~edge 112a

al i gned tranor o Eses S pht BERARE, FLECET ok herdll B BrdotChin"3n ¥

tranat or arm ETEHobaerY SREY TG fpraiesehing A< i qre ok pars, T
and also to deliver the bars to the bending system 200, an unloading
system 400 for transferring the shaped bars away from the bending
system 200, and a conveying system 500 for storage and transporting

10 the shaped bars away from the entire system 10.

Referring also to Figures 3A-C, the in-feed system 100 includes
an elongated storage table 110 for receiving pre-cut bars, and an
elongated and downward sloping buffer conveyor 120 aligned against
one long side of the storage table 110. A Turning device 130 is

15 connected to the bottom of the buffer conveyor 120 and adapted to
receive bars that are transferred frorﬁ the buffer conveyor 120. A transfer
mechanism 140 is provided above the buffer conveyor 120 for

transferring the bars from the turning device 130 to the bending units 210.

The storage table 110 includes a bar storing area 111 and an
20 adjacent rolling area 112. Extending upwards and along one end of the
rolling area is an alignment plate 113. The buffer conveyor 120

contains a series of chain conveyors 121 driven by a common shaft




15 Actuator 148 is provided to allow transfer jaws 145 to open or cl ose.
The turning device 130 includes a row of turning grippers 131 nounted on a
rotatabl e shaft 132 that is positioned parallel to the edge 112a of the
rolling area, and between the transfer nechanism 140 and the buffer
conveyor120. The turning grippers 131 overlap and 20 interpol at ¢5ipet wén
the chain conveyors 121. Actuators 133 are provided to rotating the
turning grippers 131 between an inclined receiving positionl31l' and a
vertical transfer positionl31". The incéination of the turning gripper 131
in receiving Rgzition 5 OCT 2004 7 131'correspond to the inclination of
the buffer congéyUPERHiqRaNYayor metghda@3wiTha ahiaén comesyorpdRflenoe dn of t he
buf fer conveyor 120. Each turning gripper 131 includes a pair of turning
jaws 134 t hat theadowswast slopirgl directigre perendicesar. toSthEhieng estdjeng1 2y of em 200
is provided within and below the transfer nmechani sm 140 and the unl oadi ng

system 400. Refeerollip atén 110Re Oprbaeh ERed Afs bendi ng
it a ach BRI ar@\émabnecg %@r@rﬁ]@qﬁﬁ isiﬂ

system consists of 2 bending units 210 , | pair o 30 and a

series of in i in nits 210 are
essentially F%ﬁﬁ%é%g%g%agggﬁt%ﬁgr %hgisg’%csg%%*?”ﬁ&“m SWPRCEont ai ns
a bendi ng heag 220 . posi tionin ructure 310. The positioning
structure gloﬁ?%erﬁo?g‘gsqaetﬁin na qq@rﬁéﬁdi%5hm $he) distarcei betweesntwa
direction pargllel to the |ong edge

Ingers is the index spacing 126.

The transfer mechanism 140 includes a row of transfer grippers

141 mounted on a transfer bar 142 that is aligned parallel to the long
edge 112a of rolling area 112. Transfer bar 142 is in turn slidably

10 mounted on a set of transfer rails 143 that are provided perpendicular
to the long edge 112a of the rolling area. Each transfer gripper 141

contains a vertically aligned transfer arm 144 that is attached at the base to a
pair of transfer jaws 145. Pneumatic actuators 146 and 147 are provided to
allow transfer arm 144 to move in the Y- and Z-directions respectively.

15 Actuator 148 is provided to allow transfer jaws 145 to open or close.

The turning device 130 includes a row of turning grippers 131
mounted on a rotatable shaft 132 that is positioned parallel to the
edge 112a of the rolling area, and between the transfer mechanism
140 and the buffer conveyor120. The turning gribpers 131 overlap and

20 interpolate between the chain conveyors 121. Actuators 133 are
provided to rotating the turning grippers 131 between an inclined
receiving position131’ and a vertical transfer position131": The

inclination of the turning gripper 131 in receiving position




112a of rolling area 112) and Y-direction(a direction perpendicular to 15
‘the long edge 112a of rolling areall2). The positioning structure 310
containing roller wheels 311 and drive unit 312 and enabl e the bendi ng
units 210 to slide independently along bender rails 330 for novenent al ong
X-axis. The roller wheels 311 are installed in such a way that Isob Bt
themrotate about the 20 vertical (Z) axis and sone about the horizontal

(Y) axis so as to support the |load of the bending unit 210 and to restrain
| ateral (Y-axis) novenment. The drive univ 312 noves and positions the
bending units 1 5 OCT 2004 8 210 al ong the bender rail 330. Drive unit 312
i ncl udes a posilBilgeriggpogdato thr dnclpadapuat die buffeoconveyarnte&tandctisr e base
plate 314. Pinion gear 315 is installed on the gear notor 313 and match

with the rackaligied tvith the doweshtedfeors|dteofliting budfet $odd&yorA$20.hEadhi ve
unit 312 5 is actuated, the pinion gear 315 runs on rack 316 and noves the

bendi ng unit 24@nMgOBEPHEE 151 FRIRIH '&?gﬁira&dtumﬁggfa Ogi3li Ofjaf %?ﬁ.nye

pre-determ ned position. The positionihg structu 0 al so containing

gui de shafts 3 rive unit 322. The bending head 220 is
AnalicoRES Bheie

slidably 10 nou Shafts 321 with guide bushes 327. Cuide
bushes 327 support the |oad of the bending head 220 and restrain |ateral

movement insthe X-axhs. béfh@ingrisygtewi 20§28 R AGe@NHitRRS idndOBelow NhePendi ng
head 220 al ong the gui de shafts 321. Drive unit 322 .

transfer mechanism 140 and the unloading system 400. Referring to

the embodiment shown in Figure 4A-4D, the bending system consists

of 2 bending units 210 , 1 pair of bending rails 330 and a series of

intermediate supports 350. The 2 bending units 210 are essentially

10 mirror image of each other.

Each bending unit 210 contains a bending head 220 and a
positioning structuré 310. The positioning structure 310 is to position
the bender head 220 in X-direction (a direction parallel to the long edge
112a of rolling area 112 ) and Y-direction(a direction perpendicular to

15 the long edge 112a of rolling area112).

The positioning structure 310 containing roller wheels 311 and
drive unit 312 and enable the bending units 210 to slide independently
along bender rails 330 for movement along X-axis. The roller wheels
311 are installed in such a way that some of them rotate about the

20 vertical (Z) axis and some about the Horizontal (Y) axis so as to support
the load of the bending unit 210 and to restrain lateral (Y-axis)

movement. The drive unit 312 moves and positions the bending units




i ncludes a positioning gear notor 323, |ead screw shaft 324 and | ead 15
screw nut 325Lead crew shaft 324 is coupled to the gear notor 323. the

| ead screw nuthousing fix the | ead screw nut 325 on the base of the

bendi ng head 220. As the drive unit 322 is actuated, the |lead screw _shaft
324 rotates and nove the | ead screw nut 325 together with the béadilhdllead
220 along the Y-direction and may be positioned in any 20 pre-determ ned
position. Along the length of rails 330 , internediate supports 350 are
provi ded at predeterm ned positioned bet&een the two bending units 15 OCT

2004 9 210. | {l r iat@Q upport ?50i ncl udes a clanp assenbly 351, a

retractable s c'[rg’ g3 &5 rail 389 Srivacnitr 135 ycltges @ pagitioakgenbl v

351 contains a clanp 354 and an actuator 355. One jaw of «clanp 354 is
fixed and the9e@hdénotoaw 3t3mouatside doy pasiticaing stEGture baspeplate Bidse the
clanp 354. Under operating conditions, clanp 354 is along the sane

ref erence Y- cBinordigear @3558 inBalledasm thegedr hotr 398 RCHiticr WithPthassenbl y
270. Retractable structure 352, when extended, positions the clanp 354 at

St uctur e 352 SN et 2 mouttiFBn fepldind RGZEG 0o 438, S L B A  or

t he bendi ng uni 0, Jhe .bendin d 220 includes, the forner assenbl
230, the dri @eégﬁuége%stgﬁtﬂ'Q'OQSQ?gf)gsguHUEPaW?J rasls HAf y apdomangs nibeor g)e/ar

drive assenblg %?0. .
ending unit 210 along the X-co-ordinate and may be position in any

pre-determined position.

The positioning structure 310 also containing guide shafts 321

and a second drive unit 322. The bending head 220 is slidably

10 mounted on the guide shafts 321 with guide bushes 327. Guide
bushes 327 support the load of the bending head 220 and restrain
lateral movement in the X-axis. The drive unit 322 moves and positions

the bending head 220 along the guide shafts 321. Drive unit 322
includes a positioning gear motor 323, lead screw shaft 324 and lead

15 screw nut 325Lead crew shaft 324 is coupled to the gear motor 323. the
lead screw nuthousing fix the lead screw nut 325 on the base of the
bending head 220. As the drive unit 322 is actuated, the lead screw
shaft 324 rotates and move the lead screw nut 325 together with the
bending head 220 along the Y-direction and may be positioned in any

20 pre-determined position.

Along the length of rails 330 , intermediate supports -350 are

provided at predetermined positioned between the two bending units




The former assenbly 230 includes a fornmer housing 231 and a 15 series of
concentric cylindrical fornmer ring 232. The fornmer housing 231 is secured
to the bending head table top 233. The former ring 232 are housef g%f@mp
former housing 231. Each former ring 232 have a key slot 234 at %
portion and is connected to a former actuator 235 at the bottom Wen
former actuator 235is actuated, it raises the top portion of 20 the forner
ring 232 above the bending head table top 233. During retraction, the

former actuat 235, retracts the entjre former ring 232 such that it is
flush with thg1t0abl H‘t?%e@é%% S?HBO&eI;?&ﬁﬂn&ﬁ@e%a damg pssembly 369, oaT 2004
10 rings 232 are aligged together and this alignnent is maintained with a

common key 23éeiragtablee stiuctiret B82si ddofa ffixedestrhciusé n§52.3 IThelheampormon
key 236 prevents the rotation of the former ring 232 with respect to the

former housi ngs88mblyTi851keontsingta 2Rdnp 354 and ahesttsatep 385t e jaly | 6 Not
i npedi ng the extension and retraction of the former ring 232." The drive

Pousi ng 253 ant s covpor: MsnerdanBedheiriaw Oie MR Bl 'yt sBerr,

housi ng 253 and a support hou I're y 250

is install nd rotages w.th bendi n ear 293 10 about the centre
of the for ﬁ%r %Fﬁ&rz%{%e ec@[ﬂf?pﬁ&eﬂﬁg%ri Wﬁeq@gﬂg §Paditigps, ¢aePodd4 nie bendi ng
gear 293. The shaft housing 253 is slidably housed in the support housing
254. Act uat or 3%2@ itge pame eierwncenecogudinatas amths rejap4annd73 wkthe
actuated, raises the shaft housing 253

backup clamp assembly 270. Retractable structure 352, when
extended, positions the clamp 354 at the reference Y-co-ordinates;
when it is retracted, the entire retractable structure 352 and clamp

10 assembly 351 is moved out of the X-axis path of the bending units 210.

The bending head 220 includes the former assembly 230, the
drive pin assembly 250, backup clamp assembly 270 and motor gear

drive assembly 290.

The former assembly 230 includes a former housing 231 and a

16 series of concentric cylindrical former ring 232. The former housing 231
is secured to the bending head table top 233. The former ring 232 are
~housed within former housing 231. Each former ring 232 have a key slot
234 at the low portion and is connected to a former actuator 235 at the
bottom. When former actuator 235is actuated, it raises the top portion of

20 the former ring 232 above the bending head table top 233. During
retraction, the former actuator 235 retracts the entire former ring 232

such that it is flush with the table top 233. The key slots 234 of all former




~such that the bottom edge of the drive pin 251 is above the table top 233
15 and when retracted, |owered the shaft housing 253 such that the entire
drive pin assenbly 250 is below the table top 233. Keys 256 are provi ded
on the contact surfaces of the support housing 254 and shaft %qzl
for guiding shaft housing 253 vertical novenent and to V\nthstan t oad
generated during bending. 20 The drive shaft 252 is slidably housed in the
shaft housing 253 and can slide toward or away fromthe centre of the
bendi ng head 220 (i.e. centre of the fornger assenbly 230). The slide
novenent is guided 15 OCT 2004 11 by key 261 installed between the contact
surface of t herisgsi232haresaligned? &Ryediner and s sighme2®ds Maihitaived unitht a257
consists of positioning gear notor 258 and | ead screw are secured to the

shaft housing e?@rﬁmdMﬂk@g 23eirleried Bohd tl?é%ldesoﬁ‘férﬂ?éreﬁouél% bgad ThHer ew

rotates and advance or retract a | ead screw nut fitted on“it. As the | ead

?g;xrgugri ths accor géP(g?ﬁ? #h{e&@gc 'i%gﬁ% ‘éﬁg‘e R/ﬁ%?; ﬁ{t 2%?0 ed rorﬁve

one side of the ead table t 3 and includes a cla unit 271
and a clanp 10 eaSBFﬁQg%ﬂ% ommyef W'ngl'%\%1 Beeysiat 294 is slandgatedhisyichount ed

on the clanp adjustnent unit 272 and |ncI udes a pair of clanp jaws 273 and
a hydr aul i c5cl thap itj iswelcinpeding 2the ekficosioopand cetradtimseof tiee dbamer jriags  273.
The adjustnent unit 272 is nmounted to the table top 233. It has
232.
The drive pin assembly 250 includes a drive pin 251, a drive shaft
252, a shaft housing 253 and a support housing 254. The entire drive
pin assembly 250 is installed on and rotates with the bending gear 293
10 about the centre of the former ring 232. The support housing 254 are
secured on the bending gear 293. The shaft housing 253 is slidably
housed in the support housing 254. Actuator 255 is mounted on the
support housing 254 and, when actuated, raises the shaft housing 253
such that the bottom edge of the drive pin 251 is above the table top 233
16 and when retracted, lowered the shaft housing 253 such that the entire
drive pin assembly 250 is below the table top 233. Keys 256 are
provided on the contact surfaces of the support housing 254 and shaft

housing 253 for guiding shaft housing 253 vertical movement and to

withstand the load generated during bending.

20 The drive shaft 252 is slidably housed in the shaft housing 253
and can slide toward or away from the centre of the bending head 220

(i.e. centre of the former assembly 230). The slide movement is guided



drive unit 275 includes a positioning gear notor 276, |ead screw 15 277and
| ead screw nut 279. As the drive unit 275 is actuated, the |ead screw 277
turn and nove the clanp unit 271 toward or away fromthe centre of bending
head 220. Before bending, the relative lateral position of thesdgiTvalipi n
251, raised forner ring 232 and backup clanp unit 271 have to be adjusted
20 according to the dianeter of the bar for which bending or formng is
desired, forner ring dianmeter and direction of bending i.e. forward or
reverse bending(w |l be discussed in further detail later). This 15 OCT
2004 12 adjustnent is required such that the bars to be shaped can be

placed in thebykey 288 Msticdebehrioretie dontdet Hirfactd bf #sl shaftsiesudiagmer
ring 232 and clanped by the clanp unit 271 substantially parallel to the X

direction. 5 1 i f odinent . Lid ORI NG SE e 310
noves the ben m%lahga(g{\%zgﬁéﬁ 5-95?}@:%% cl)Jtrrl]ft %%c@ﬁ%bts‘p%@l angl&g@%ry 270
(and hence the_cla nit, 27 nove together, with it. The c dj ust nent
it 275 rovedTPIE Zatand 15 o Bre SHeuEEiore Shathodife cHEDIABRR e
amount and in synchornisation with the y 10 direction novenent such that
there i s no cHAfgdivenunitSdbisopatuated, cthenlead rsarew7mtatescanst didvanee dsef or e,

during and after the nove. This is advantageous in this invention as a
common | at ef al refrdct aleadiso@ivent fitteasoh iito Asrtagdesd @srevoinubds secaedoonf or mer
size or during reverse bending _

the drive shaft 252, the drive shaft 252 will move forward or aft

accordingly.

The backup clamp assembly 270 is provided on one side of the

bending head table top 233 and includes a clamp unit 271 and a clamp

10 adjustment unit 272. The clamp unit 271 is slidably mounted on the
clamb adjustment unit 272 and includes a pair of clamp jaws 273 and

a hydraulic clamp jaw actuator 274 which open or close the clamp jaws
273. The adjustment unit 272 is mounted to the table top 233. It has
drive unit 275 includes a positioning gear motor 276, lead screw

16 277and lead screw nut 279. As the drive unit 275 is actuated, the lead
screw 277 turn and move the clamp unit 271 toward or away from the

centre of bending head 220.

Before bending, the relative lateral position of the drive pin 251,

raised former ring 232 and backup clamp unit 271 have to be adjusted

20 according to the diameter of the bar for which bending or forming is
desired, former ring diameter and direction of bending i.e. forward or

reverse bending(will be discussed in further detail later). This



sinplified bending, feeding and unl oadi ng system design and 15 operation.
Anot her preferred enbodi nent of the backup clanp assenbly 280 conprises a
clanp unit 281 and a support structure 282. The clanp unit 281 igﬁhmges a
pair of clanp jaws 283 and a hydraulic clanp jaw actuator 2841 WA pen
or close the clanp jaws 283. The 20 clanp unit 281 is nounted on support
structure 282 which in turn is nounted on the base plate 285 of the
positioning structure. 15 OCT 2004 13 The notor gear drive assenbly 290
includes a driving gear notor 291 driving gear 292, bendi ng gear 293 and
bearing assenbly 294. The driving gear notor 291 is coupled together with
the driving geadjugsaentingeqeineti syclydaat thedars tebgahapedidan be plabeidvien by
the driving gear 5 292. The bending gear 293 is nounted on the rotatable

bearing housithg @85298 prbddee detwdemafoa iy 28P andrasdd 95rmedioring 232 aced
in between the rotatable bearing housing 295 and the fixed forner housing

231. As the drhyd t te th I i S Yy 250
nount ed on theé%%%?n @geg? t%sa\%hq ero ‘Iatsélgs%lnéﬁ\f ﬁ&eér}aq% ?og%r)é' or
reverse directjon... The rotation angle of drive pin 251 about the forner
ring 232 and heheei9he bending angle of the bar is controlled by the
driving gear notor 291 turning angle. Various limt switches are nounted
on the bending unit to prevent over-travel of drive pinin the forward and
reverse diréction. In this preferred embodiment, the positioning. structure 310

moves the bending head 220 in Y-direction, the backup clamp
assembly 270 (and hence the clamp unit 271) move together with it.
The clamp adjustment unit 272 moves the clamp unit 271 in the reverse
Y-direction by the same amount and in synchornisation with the y-
10 direction movement such that there is no change in the absolutes
clamp unit 271 Y-co-ordinates before, during and after the move. This is
advantageous in this invention as a common lateral (Y-co-ordinates)
position regardless of bar size or former size or during reverse bending
simplified bending, feeding and unloading system design and

15 operation.

Another preferred embodiment of the backup clamp assembly

280 comprises a clamp unit 281 and a support structure 282. The
clamp unit 281 includes a pair of clamp jaws 283 and a hydraulic
clamp jaw actuator 284 which open or close the clamp jaws 283. The

20 clamp unit 281 is mounted on support structure 282 which in turn is

mounted on the base plate 285 of the positioning structure.




15 Referring now to Figures 5A-5D, the unloading system 400 contains 2
carriage rail 410 supported on 4 floor nounted colums 411. Three
essentially identical unloading carriages 420 are slidably rmuqtreﬁ onit he
carriage rails 410. Each unloading carriage 420 conprises a hor'i’ zont al

gui de beam 430, carriage roller assenbly 440, 20 a guide assenbly 450, a
vertical pickup bar 460 and a unl oad gripper 470 attached on the |ower end
of the pickup bar 460. 1 5 OCT 2004 14 The two ends of the horizontal guide
beam 430 are fastened to the 2 carriage{goller assenbly 440. Each carriage
roller assenbly 440 has 2 support rollers 441 to support the weight of the
unl oadi ng carri ageThenatod g2agdiide asséinbly 24 includessa daiving gdar mater al
novenent (Y 5 axis novenent) of horizontal gui de beam 430. A carriage notor

443 drive the2onlwRfiggesi2292 asthdind gbar ROS U R34 qiHes 410
by mean of rack 444 g]ngepl ni on 445. ‘Cllhergu?:?g] aﬁhéﬁ@%%ngbg?r?prl gg: a

on the hor Z‘iﬁ M?@%ﬂf o 2, Boooufo o FRBLNEH 56 drb 00 298 ™

rollers 453. i % a drlv notor 454 to drive the g@;de assenbl y 450
al ong the hori 7B "d'%ugééf Anis4800ag8k Wity agd; driven thes deviserg&ar of
guide rollers 455 and allows the vertical pick up bar 460 to be slidably

mount ed on Bt .29%e Thieabegdinge geB5P R93 is dnowntedoioor thsrotatableedeamning to
drive the pick up 15 bar 460 up and down in the vertical direction.
housing 295 of the bearing assembly 294. Bearings 296 are placed in
between the rotatable bearing housing 295 and the fixed former
housing 231.  As the driving gear motor 291 rotates, the drive pin
assembly 250 mounted on the bending gear 293 will be rotated in either
10 forward or reverse direction. The rotation angle of drive pin 251 about
the former ring 232 and hence the bending angle of the bar is controlled
by the driving gear motor 291 turning angle. Various limit switches are

mounted on the bending unit to prevent over-travel of drive pin in the

forward and reverse direction.

15 Referring now to Figures 5A-5D, the unloading system 400
contains 2 carriage rail 410 supported on 4 floor mounted columns 411.
Three essentially identical unloading carriages 420 are slidably
mounted on the carriage rails 410. Each unloading carriage 420
comprises a horizontal guide beam 430, carriage roller assembly 440,

20 a guide assembly 450, a vertical pickup bar 460 and a unload gripper

470 attached on the lower end of the pickup bar 460.



The unl oadi ng gri pper assenbly 470 conprises a rotational assenbly 471 and
a gripper 472. The rotational assenbly 471 conprises a rotational notor 473
and a spring |oaded sel f-adjustnment nechani sm 474. The rotational 20

not or473 can rotates the gripper 472 about the Z-axis to any pr]%@ﬁe@m' ned
angl e and the self-adjustnent nechanism 474 allows the gripper

adapt to the final bar shape during the gripping action. 15 OCT 2004 15 The
gripper 472 conprises a pair of actuator driven gripper jaws 475 nounted
on spring | oaded guide rods 476. Gipperijaw 475 open or close depending
on the action of the actuator 477. Spring | oaded guide rod 476 allows the
gri pper jaw 475 to B8 twagndstoftthe doriaontad ajuidea meah e¥300are fastégedidd uat or
direction. Depending on the shape of the bar and based on an intelligent

pi cki ng | ogi c,thet@cahtee MIepﬁeéer‘hBRI wiab! Eaaﬁtdavﬁéagé?%néf &&%ntamg“&&!o' tself
to optimum pick up positions such that the shaped bar can b | oaded in a

bal anced and I r V, t o itio ed under the
unl oadi ng 108'?}&22%@89& ?I-Qggngg?s@gggp@@tﬁ?og&m t?‘? 57 Qﬂ’?gen by a
conveyor gear [ ) nv r system 500 SI I|fy and speed up
unl oadi ng syst% 'ﬂ%&gﬁ rE{]QSH?deB'g’ﬁ gxgéﬁdﬁﬂ@‘ﬁb?ﬁﬁs (Np
carriage 420 positions itself along carriage rail 410 accor d| ng to the
final bar shagXis VReyeraemty «3f drorizpstat rgide , beene 4840. oAdeargagarmotiged4d 420 do
not need to nove in X-direction along the carriage rail 410 during

drive the unloading carriage 420 to travel on the carriage rails 410 by

mean of rack 444 and pinion 445.

The guide assembly 450 comprises a beam guide 451 and a bar

guide 452. The beam guide 451 is slidably mounted on the horizontal

10 guide beam 430 with a series of guide and support rollers 453. It have a
drive motor 454 to drive the guide assembly 450 along the horizontal
guide beam 430. The bar guide 452 has a series of guide rollers 455

and allows the vertical pick up bar 460 to be slidably mounted on it. The

bar guide 452 has a drive rhotor 456 mounted on it to drive the pick up

15 bar 460 up and down in the vertical direction.

The unloading gripper assembly 470 comprises a rotational

assembly 471 and a gripper 472.

The rotational assembly 471 comprises a rotational motor 473

and a spring loaded self-adjustment mechanism 474. The rotational

20 motord73 can rotates the gripper 472 about the Z-axis to any
predetermined angle and the self-adjustment mechanism 474 allows

the gripper 472 to adapt to the final bar shape during the gripping action.



unl oadi ng. The unl oadi ng gri pper assenbly 470 will nove in Y and Z
direction to pick up the shaped bar fromthe bar bending system 200 and
pl ace it on the conveyor system 500. After the unl oading gripper 2ﬁ?ly
470 unload all the bars at the first |ocation on the conveyor 207%$§f

500, the conveyor gear notor noves the slat conveyor belt 510 to bring an
enpty space on the slat conveyor belt 510 to the next wunloading position.
A conputerised nesting programis incorporated in the machine controller
to optimse the conveyor system 500 storgage 15 OCT 2004 16 capacity. WWen
t he conveyor system 500 is full and no location are available for

unl oadi ng, all barsThe gripperang eopiprissst anpdio6f ac@atdr Avenefippepyaive a
conventional bundling station for bundling. The enpty conveyor System 500

will then be r I 0 i } ration.
An oper at or reﬁ?m@ﬂ{g?&e%ﬁ%o@%hte g??‘ﬁ%ﬁg@ﬁ%@@@%@&@l@Bgﬁﬁp"& aces
them on storag ea 111. In this area, the  bund re cut open and the
bars to be sha§8§égl%gegé@ge%{ﬂ'éed a&ﬁgn q#%?f’%‘@?@d&ﬁ fﬁ‘f@gr M?E@%S@a 112.
10 Before |l oading these bars into the buffer conveyor 120, bar information
such as shape "Hd4%6 adlows theegripnsiriawr 47 %ito self-agiuei| ivadccdmmedatenanyor k

systemor input by operator keying in or scanning in bar code into the
machi ne conér céfrer in tesactaatdr fdbeetiom Dependiag, on hike shapbi detheobar ahder

initiate the systemto performa set up operation. ‘
based on an intelligent picking logic, the three gripper 472 will
automatically positioned itself to optimum pick up positions such that

the shaped bar can be unloaded in a balanced and stable manner.

The conveyor system 500 is positioned under the unloading

10 system 400. It comprises a slat conveyor belt 510 driven by a conveyor
gear motor (not shown). Conveyor system 600 simplify and speed up
unloading system 400 operation. Before bending commences,
unloading carriage 420 positions itself along carriage rail 410 according

to the final bar shape. With conveyor system 500, the unloading carriage

15 420 do not need to move in X-direction along the carriage raif 410 during
unloading. The unloading gripper assembly 470 will move in Y and Z
direction to pick up the shaped bar from the bar bending system 200
and place it on the conveyor system 500. After the unloading gripper
assembly 470 unload all the bars at the first location on the conveyor

20 system 500, the conveyor gear motor moves the slat conveyor belt 510
to bring an empty space on the slat conveyor belt 510 to the next
unloading position. A computerised nesting program is incorporated in

the machine controller to optimise the conveyor system 500 storage




15 This set up operation involve setting up the in-feed system 100, the
bendi ng system 200, the unl oadi ng system 400 and t he conveyor system 500
such that they are ready for bending operation. During set up operation,

t he bendi ng heads 220 position thenselves in the X and Y positions, the
drive shaft 252 noves above the table top 233 and 20 extend for1\r/§aﬁ@ }Uﬁ a
position predeterm ned by the machi ne controller. The predeter d I\aner
of former rings 232 will be pushed up and have their top half emerge above
the table top 233. The backup clanp 15 OGk 2004 17 assenbly 270 is aligned
with the gap 278 in the reference position Predeterm ned nunber of

i ntermedi at e sOppRGItYs \WBen ihel corweyrt eydtsn t 500 tisfull emrdly npo&ication. aféhose
transfer grippers 141 that will be in used in the bending operation wll

be activated aadaildiies efor r@ilsaeingdralPsars bl tike NGnvefolS§sitink | 506 are
deactivated. The 3 unl oadi ng gripper assenblies 470 “position thenselves in

X, Y, Z and G dphg&leldo OEBffv PRV 200 : veyor
belt 510 such t?lat an gvg??—%mgenp %ﬂflgﬁélcéﬁg@]m?ggest%%\ﬁfyé:‘b‘?‘gfgilﬁém is
ready for the ynloading syste t.0 .unl oad the shaped bars. 10 Once the
set-up operati §WP?%°8B %ﬁgafg"bgﬁgivwﬁ taﬁ%%ﬁtﬁe@ Y(fﬁrnt?‘ec'éWﬁﬁﬂ@S. sygiem
operator at the rolling area 112 aligns the bar end with the alignnent
plate 113 béf of‘@%@%‘%scri bed nunber of bars are laterally fed into the
buffer conveyor 120. Rolling area 112 contains a series of rollers to
facilitate '
During operation. An operator receives pre-cut or cut-to-length
bars in bundles and places them on storage area 111. In this area, the
bundles are cut open and the bars to be shaped are segregated and

transferred to the rolling area 112.

10 Before loading these bars into the buffer conveyor 120, bar
information such as shape and size of these bar are either download
from a network system or input by operator keying in or scanning in bar
code into the machine controller. Base on these information, the
machine controller initiate the system to perform a set up operation.

15 This set up operation involve setting up the in-feed system 100, the
bending system 200, the unloading system 400 and the conveyor
system 500 such that they are ready for bending operation. During set
up operation, the bending heads 220 position themselves in the X and
Y positions, the drive shaft 262 moves above the table top 233 and

20 extend forward to a position predetermined by the machine controller.
The predetermined number of former rings 232 will be pushed up and

have their top half emerge above the table top 233. The backup clamp




15 alignnment of the bars to the alignment plate 113 and a declination angle
at the side next to the buffer conveyor 120 to facilitate the rolling of
bars formthe rolling area 112 down to the buffer slot 126. The prescribed
nunber of bars is thus laterally aligned in one row on the buffe E gyor
120. The set of bars is the buffer slot 125 froma downward 20 s op| gm
array. The operator then indexes the buffer conveyor 120 forward by one
slot in the Y-direction. The next slot is then | oaded by the operator
repeating the aligning and rolling actiofyto |load the next set of bars into
t he next buffer slot 125. The buffer conveyor 120 can also be nmultiple 15
OCT 2004 18 i raseeotbly 0270 istaligpedawithniipet gapr 228 tihetheurefénegce gydsitton30. The
turning device 130 is set to the receiving position 131" such that the

turning gripfaedéisiningd auhdee bfWhiehmbbRité @ﬂggbn@tﬁsbewnm@éxtéaéed As the

first set of bars is forwarded downwards fromthe buffer conveyor 120, the

bar s e, © nafeede) BHEBhl rbBkadifed Lighed QUARRELuiFhe UG RET |

grips and rota array of "bars to er position

transfer posi |nd| Vi dua bar renmmi hor.i zont al

posi tion, but ff‘?%%@m PHQ @HeWWa e g |¥ﬁtgg@ﬂdg§\osphtéa 8 Or'Bpess iﬁ? s are
stacked one directly above another in a vertical array due to the turning
action of the nod in usaiwilh ber degntivatesiy Thehd unicading grippepesemblies 4RO ch
interpolate between the turning grippers 131 have pre-set conbination of

"in", "out", positioratisemdenes in0§iYt| Znand G dinection-THaMeonyEysi lsystemt he
transfer grippers 141 are noved downwards to align with the vertical array
of 500 moves the slat conveyor belt 510 such that an optimum empty

space on the conveyer system 500 is ready for the unloading system

400 to unload the shaped bars.

10 Once the set-up operation is completed, bending operation can
commence. The operator at the rolling area 112 aligns the bar end with
the alignment plate 113 before a prescribed number of bars are laterally

fed into the buffer conveyor 120.

Rolling area 112 contains a series of rollers to facilitate

15 alignment of the bars to the alignment plate 113 and a declination angle
at the side next to the buffer conveyor 120 to facilitate the rolling of bars
form the rolling area 112 down to the buffer slot 125. The prescribed
number of bars is thus laterally aligned in one row on the buffer
conveyor 120. The set of bars is the buffer slot 125 from a downward

20 sloping array. The operator then indexes the buffer conveyor 120 forward
by one slot in the Y-direction. The next slot is then loaded by the operator
repeating the aligning and rolling action to load the next set of bars into

the next buffer slot 125. The buffer conveyor 120 can also be multiple




hori zontal bars held up by the turning gripper 131. After gripping the 15
array of bars, the turning grippers 131 release their grip, and the
transfer grippers 141 then nove the bars upwards in the Z-direction,

foll owed by novenent in the Y-direction towards the bending unit§5%gp.ﬂ£n
the "out- down" position, the transfer grippers 141 are aligned (sane %Q 0-
ordinate) with gap 278 of the bending unit 210. Once the array of bars is
20 properly positioned within gap 278, the clanp unit 271 ctose to grip the
bars, the transfer grippers 141 open to §gl ease the bars and nove back to
the "in-down" position to retrieve the next set of bars. The clanp jaws

273 of backup intexgd s Sastioywaingtewatdsotial fugniad d@/iéé\Q3OaWhé7t&rﬁi5%OCT
2004 19 such that the array of bars is lowered into the clanp jaws 273 when

the transfer dyidaBe id4det"RViel Rdeing PstBAM31PRskhi Bt t@quﬁhﬁgp 354

of the internediate support 350 is also aligned to the sane co- ordinate

as gap 278 such; h . f. re . lowered.into,cl .. 354 in the
same "out-dov\ﬁ}I %Zﬁ?ﬁoﬁreaé@ygqg\gltﬁgﬁé '°§’¥%S*§’b‘§§6Ff‘j’éé%dﬁ‘r"itﬁg‘%{ﬁé@géﬁdi ng
process. I\/Eanvgﬂ | e, theéé urnin rippers 131 nove back to the receiving
position 131' R3S isftvarded dowiyardhiomethe huffer senveyers1 2Bdheibags iase

achi eved by the turning novenent of the drive shaft 252 that is driven by
t he rotating rnsentedchtlateraliyhintbethei tynipgagdpP@3 1310 which hirenpgepsr ard
enbodiment, it is found to be advantages to have the bar fed onto the

bendi ng unit Zotates the fargdof BARY eaiee Yrarfr PosibAS1317 cpaf@d aapsfkl bar
size and fornmer rings 232 used. The infeed system
position 131", the individual bar remains in a horizontal position, but if
more than one bar is presented, the additional bars are stacked one
directly above another in a vertical array due to the turning action of the
10 turning gripper 131. The transfer grippers 141, which interpolate
between the turning grippers 131 have pre-set combination of “in”, "out”,
"up” and “down’ positions. In the “in-down” position, the transfer
grippers 141 are moved downwards to align with the vertical array of
horizontal bars held up by the turning gripper 131. After gripping the
15 array of bars, the turning grippers 131 release their grip, and the transfer
grippers 141 then move the bars upwards in the Z-direction, followed by
movement in the Y-direction towards the bending units 210. In the “out-
down” position, the transfer grippers 141 are aligned (same Y-co-
ordinate) with gap 278 of the bending unit 210. Once the array of bars is
20 properly positioned within gap 278, the clamp unit 271 close to grip the
bars, the transfer grippers 141 open to release the bars and move back

to the “in-down” position to retrieve the next set of bars. The clamp jaws

273 of backup clamp assembly 270 are also aligned to the gap 278




100 described above has transfer grippers 141 to |load the bars onto
bending unit 210 at this reference Y-co-ordinate. 15 The bending unit 210
in the preferred enbodiment is an automated apparatus that can be easily
adjusted to receive bar form the infeed system 100 and bend or shgpe bar s
of different dianeters and to different degrees of curvature. Toladiidll
this, the bending unit adjust the gap 278 provided 20 between the drive
pin 261 and the former rings 232 , the clanp jaw 273 of backup clanp
assenbly 270, and the clanp 354 of the iggernediate support 350 to be
aligned with the reference Y-co-ordinate. These adjustnents arise due to
the different Sushribat thengrragof baisrig lowentd iato tHe CaME Ms 27 3dwhérithat
former rings 232 are used, the gap 278 change its Y co- ordinate. To

conpensat e f ortrarisfercgrippalisntd £ ned\@n@ethe MsutRAMH NBodibA SThe 19ampves4i n the
Y-direction such that the gap 278 resune its reference Y-coordinates. As

mounted on i t oySe iy Phe eten sHPEGATSE 18, alBne IRl SicnS\ Bn; ie 0. ‘A
clanp adj ustnent. unit 271 j rovijd to nove the clanp unit 271 in the
opposite dir ecotrfi@ﬁ?%ﬁst%@ éZ%ré‘cgn%‘ﬁﬁﬂ‘%ﬁ{fﬁy Pﬁéﬁrst REE iqvé?fﬁdu'ﬁtq cleampi s back
to the original _reference Y-co-ordinate. 10 To nade the systemeasily

adj ust abl e §or3%entl Hip sammapuhgowsi faasition, dhdntheebarsofarbasspporded

achieving different degrees of curvature, )
during the bending process. Meanwhile, the turning grippers 131 move

back to the receiving position 131’ to receive and turn the next set of
bars. Bending is achieved by the turning movement of the drive shaft

252 that is driven by the rotating movement of the bending gears 293.

10 In this preferred embodiment, it is found to be advantages to have
the bar fed onto the bending unit 210 at a fixed reference Y-Co-ordinates
regardless of bar size and former rings 232 used. The infeed system
100 described above has transfer grippers 141 to load the bars onto

bending unit 210 at this reference Y-co-ordinate.

15 The bending unit 210 in the preferred embodiment is an
automated apparatus that can be easily adjusted to receive bar form
the infeed system 100 and bend or shape bars of different diameters

and to different degrees of curvature.

To achieve this, the bending unit adjust the gap 278 provided

20 between the drive pin 251 and the former rings 232 , the clamp jaw 273
of backup clamp assembly 270, and the clamp 354 of the intermediate
support 350 to be aligned with the reference Y-co-ordinate. These

adjustments arise due to the different former ring 232 being used. As




the bending unit 210 is provided with a series of concentric former rings
232 having fornmer actuators 235 that allow themto be automatically raised
or retracted bel ow the bending unit table top 233. During 15 operation, the
former ring 232" with the prescribed dianeter will be raised for beng'ng.
For better strength, all other fornmer rings smaller than the pré%&ﬁ? @@
former ring 232" are preferably raised during formng. In the preferred
enbodi nent, a single anti-rotation conmon key 236 is provided to prevent
the former rings 232 formrotation duringyg20 bending. To ensure that fornmer
rings 232 can slide easily over each other even after a |l ong period of

operation, f ordifferentnfrn3Zirgse 232r afeciugblly th@d@pol78arsieng@ et ¢rdoal to
m nimse wear, and the portion of the fornmer rings 232 surface in contact

with the bars érdirgié oné lcbmbenSafe ?Qroﬂwezéo—ofcﬁﬁ%%ﬁg%r@ém@tbe%ﬁﬁ;oituhﬁgher N

are sone deformation or netal are, the s ment 1S anper ed.

The drive pin I 50, ha rive pin,2 at the ont. Its venent
t owar ds and amg@gﬁﬁgﬁﬁ ﬁg th ersrt'&éecg?ont ﬁﬂghemfﬁaehg% %g i E5REr BF1 ed by
t he positioning_gear notor 258. The position of the drive pin 251 is
dependent on tf] Eeg"eBF% geerdsyateneAp tea bendivg writs@d0rmave a3 XY-dieetiander s as
well as the bar dianeter. Once positioned, the prescribed former ring 232
and drive p%n thedackupiakemp geseddilyr2Vitnebugtad 28t netves ewith iteandvawag t he
bar is to be |loaded. Oher than turning in either direction for bending

L hle bars 10 f drowar the asférérme Wak8sordinage N GRinip NadipdtrRdnt abme 2y figtract ed
el ow

provided to move the clamp unit 271 in the opposite direction by the

same amount such that the clamp unit 271 is back to the original

reference Y-co-ordinate.

10 To made the system easily adjustable for bending or shaping
different diameters of bars and achieving different degrees of curvature,
the bending unit 210 is provided with a series of concentric former rings
232 having former actuators 235 that allow them to be automatically
raised or retracted below the bending unit table top 233. During

15 operation, the former ring 232’ with the prescribed diameter will be
raised for bending. For better strength, all other former rings smaller
than the prescribed former ring 232" are preferably raised during
forming. In the preferred embodiment, a single anti-rotation common
key 236 is provided to prevent the former rings 232 form rotation during

20 bending. To ensure that former rings 232 can slide easily over each
other even éfter a long period of operation, former rings 232 are
preferably made of hardened material to minimise wear, and the portion

of the former rings 232 surface in contact with the bars is slightly




the table top 233 by actuator 255. For reverse bending while the bar or set
of bars are still in the bending table top 233, all fornmer ring 232 are
retracted below the table top 233 and nove over to the opposite side of
the bar by noving the 15 bendi ng head 220. As bendi ng head 220 are being
move, the clanp adjustnment unit 272 nove the clanmp unit 271 ih5t0Gé 280verse
direction such that the clanp unit 271 position is at all tine at
Y-reference co- ordinate. The drive pin 251 also fully retracted bel ow t he
table top 233 by the conbine action of masitioning gear notor 258 and
actuator 255. 20 The entire drive pin assenbly 250 is than rotated to the
opposi te si de ticessad sgathabgvendf thete argsamed defasmadion sl yed dlarénte over
at the opposite side of the bar, former rings 232' will be raised and

drive pin 251 smduhghao@@ﬁeaewnaehah@@r@@ Thé geide Ptd a85¥RbIOPBOhdd @ centre
of bending head 220 to the prescribed position. For bending of single-bend

bars and many &ipdlpidi2sdoublfe HAH 10ahSveBAf fodrdlo R Cwhy @l ! ment

of bendi ng unit 21 during endi'ng once e ini |aI sét-up’ operation is

conpl eted. For bar e ndi n forrrs the bendi ng. For
doubl e- bend baréﬁtgéilgﬁ tggg}ﬁﬂd WB %2 ﬁe‘?‘ﬂlﬁoﬂ?do b2 RPSIHRWRY gk or
bars that have 3 nor_e bends or doubl e-bend bars that require bendi ng
to be perfopnedot ‘Pfy 256 Thempopitinni /f thei driveu@in 254 rierdeprandentonst thei nt s,

adj ustment 10 of co-ordinates of bending unit may be required. During the
adj ust nent , diameter of the prescribed former ring 232’ cylinders as well as the bar

diameter. Once positioned, the prescribed former ring 232’ and drive pin
251 define a predetermined gap 278 between them where the bar is to
be loaded. Other than turning in either direction for bending the bars
10 forwards and backwards, the drive pin 251 can also be retracted below

the table top 233 by actuator 255.

For reverse bending while the bar or set of bars are still in the
bending table top 233, all former ring 232 are retracted below the table
top 233 and move over to the opposite side of the bar by moving the

15 bending head 220. As bending head 220 are being move, the clamp
adjustment unit 272 move the clamp unit 271 in the reverse direction
such that the clamp unit 271 position is at all time at Y-reference co-
ordinate. The drive pin 251 also fully retracted below the table top 233
by the combine action of positioning gear motor 258 and actuator 255.

20 The entire drive pin assembly 250 is than rotated to the opposite side of
the bar by the motor geér drive assembly 290. Once over at the opposite

side of the bar, former rings 232’ will be raised and drive pin 251 will




clamp unit 271 of the noving bending unit will open and all internediate
support 350 in the way of the bending unit novenent will be retracted

away. Wien all the bending or shaping on a bar or a set of bars have 15
been perfornmed, the unloading gripper assenbly 470 will nove in the Y
direction to the reference Y-co-ordinates. The unl oadi ng gri ppgrisg{Tafgiendl y
470 is then nove down in Z direction to the sane position as the

"out -down" position of infeed systemtransfer grippers 141 to grip the
bars. The clanp unit 271 of backup cl anpsassenbly 270 and clanp 20 354 of

i nternedi ate support then open and the unloading gripper assenbly 470

nmoves the bar alpoibe tdised adidr eoledoward tiieitentre bhBeNdingi head 220 tdrtlepl aces
the bar down in the Z direction onto the conveyor system 500. As nore and

nore bars are prekegsied pdsitrinl oaded bars 15 OCT 2004 23 are stacked up to
create a higher and hi gher stack. To ensure that the wunloading gripper
assenbly 470 do not crash onto the stack of unloaded bars, detecting

devi ces are instal lfear kendihg ofisirgdelibegddvamspatd nasyekibdy oA doublsbentiat t he
bars will be unloaded at a predetermned 5 distance fromthe top nost bars

on the stack. pdre, UhbRad Nt HedPEbE RFERMRNY &7Qeﬁamgpmnp9%t denRg to a
ready position for picking up bars during the initial "set up operation. The

Dl B IR B BSOS o IR LR BRRL el Stk
bar, one bending unit performs the bending. For double-bend bar, each
bending unit 210 performs one bend. However, for bars that have 3 or
more bends, or double-bend bars that require bending to be performed
by the same bending unit due to dimensional constraints, adjustment

10 of co-ordinates of bending unit may be required. During the adjustment,

clamp unit 271 of the moving bending unit will open and all intermediate

support 350 in the way of the bending unit movement will be retracted

away.

When all the bending or shaping on a bar or a set of bars have

15 been performed, the unloading gripper assembly 470 will move in the Y
direction to the reference Y-co-ordinates. The unloading grippers
assembly 470 is then move down in Z direction to the same position as

the “out-down” position of infeed system transfer grippers 141 to grip

the bars. The clamp unit 271 of backup clamp assembly 270 and clamp

20 354 of inte_rmediate support then open and the unloading gripper
assembly 470 moves the bar up in the Z direction and out in the Y-
direction and places the bar down in the Z direction onto the conveyor

system 500. As. more and more bars are unloaded, the unloaded bars




10 operation, the machine controller determ nes the positions and rotating
angl es of gripper 472 on each unloading carriage 420. After set up,
grippers 471 only nove in the Y and Z directions and do not nove in the G
and X-directions during unloading to sinplify control and m nim se

unl oadi ng cycle tine. 15 The conveyor system 500 act as an unlo gi 32
storage area for shaped bars on which bars are unl oaded and seg e@ t%. As
the wunloading system 500 positions itself only base on the bar information
fromthe machine controller and do not apger its X position during

unl oadi ng. The conveyor system 500 takes care of that by ensuring that 20
the | ocati on difeviipeked e tordrealei adighest amd hiher staek. e eosunel twed the on  an
enpty space. The slat conveyor belt 510 nove in X direction to ensure that

al | bars on i tuMbhdingotgrippeer dsyetniwyt B70n@ionet HALht enke thenkeafedf 15 OCT
2004 24 An integrated system conprising the infeed system 100, bendi ng

Syst em 200, unlaagsampaks RiBANG Aol e Kishit 8 Yot dghr 10

great benefit endi ng opgr ation. mat1c s

operation greatly redu operat qr,, set _up tinme, skill |evel and human 5
error. The fulaéifséﬁnﬁ&ﬁq 58&%%{5?%1%%’5&%uﬁfﬂ?dlggnﬁte%m&%?g%rﬂgﬁ?gr educes
human resource requirenents to a single operator at the infeed system side
to just unbundlistagcedrangthetpramest bacs ag thestadkt o the buffer conveyor 120.
The greatest benefit of the systemis realised

The unloading grippers assembly 470 are pre-bositioned to a
ready position for picking up bars during the initial set up operation. The
pick up positions are predetermined by the machine controller and is
calculated based on the shape and CG of the bar. During set-up

10 operation, the machine controller determines the positions and rotating
angles of gripper 472 on each unloading carriage 420. After set up,
grippers 471 only move in the Y and Z directions and do not move in the
G and X-directions during unloading to simplify control and minimise

unloading cycle time.

15 The conveyor system 500 act as an unloading storage area for
shaped bars on which bars are unloaded and segregated. As the
unloading system 500 positions itself only base on the bar information
from the machine controller and do not alter its X position during
Unloading. The conveyor system 500 takes care of that by ensuring that

20 the location on which.the unloading system 400 is going to unload is on
an empty space:. The slat conveyor belt 510 move in X direction to
ensure that all bars on it will not interfere with the next bar to be

unloaded.




through the parallel processing of the infeed, bending and unl oadi ng 10
operations as conpared to sequential processing as conventionally practice
inthe art. Wile the present invention has been described particularly
with references to the aforenentioned figures, it should be understood
that the figures are for illustration only and should not be taﬁ?ﬂﬁfaw
limtation 15 on the invention. In addition, it is clear that th 5
and apparatus of the present invention has utility in many applications
where automatic bar bending is requiredg4lt is contenplated that nmany
changes and nodifications may be nade by one of ordinary skill in the art
wi t hout departi ng Aninegrated sysiem aaohprisingsthepafesid systemn¥@dit hbending
described. 20 15 OCT 2004 25 CLAIMS 1 An automated bar bendi ng and sorting
system conpri ssysgema200ruriieadihg Gysiesh 2001 fid b@myf@bbﬁéténi 800 gifecfisker m ned

angle; an in-feeding systemfor receiving pre-cu ars, said 1n-feeding

S i O L ongret B Sh B3 bEUG! obEARRH T dIR" S8R SePBES 1O

sai d bar bendi ng"system and an un i system

unl oadi ng carrj - slidably nounted on carriage rajls, for ynloading
shaped bars fréo[%?gé%l grﬁaﬁiy 5%%6‘?%8"? PP d‘pat'H%‘es%'?”H@\ﬁe'p%‘%qt Wh28t a
prescribed | ocation. ) )

5 error. The fully automatic bending, unloading and conveying system
reduces human resource requirements to a single 6perator at the
infeed system side to just unbundling, aligning and loading bar into the
buffer conveyor 120. The greatest benefit of the system is realised
through the parallel processing of the infeed, bénding and unloading

10 operations as compared to sequential processing as conventionally

practice in the art.

While the present invention has been described particularly with
references to the aforementioned figures, it should be understood that
the figures are for illustration only and should not be taken as limitation

15 on the invention. In addition, it is clear that the method and apparatus of
the present invention has utility in many applications where automatic
bar bending is required. It is contemplated that many changes and
modifications may be made by one of ordinary skill in the art without

departing from the spirit and the scope of the invention described.

20




2 The automated bar bending and sorting systemas clainmed in Caima1l,
wherein said transfer system conprises: a conveyor system having an

i nclined conveyor with stopping elenents nounted at predeterm ned
intervals and defining slots therebetween; a transfer nmechani sm having a
vertical array of transfer grippers slidably nounted on transfer ; and
a turning device provided with turning grippers, said turning TSnggmﬁs
rotatabl e between an inclined receiving position and a vertical transfer
position, said turning gripper in said reggiving position aligned 1 5 CCT
2004 26 wth said inclined conveyor for receiving one or nore pre-cut
bars, said turning grippers in said transfer position being adapted to
co-operate wth said transfer gripper to transfer said one or nore pre-cut
bars to said r $ﬁ§ding system 3 The aut omated bar bendi ng and sorting
system as cl ai Claim2, wherein said in-feeding systemconprises a
preparation area having: a storage area for receiving and holding said

-cut b ; i ! i I . bet t
pre-cut bars; _tandn autShbicanA1RAJIRY A9 bR WRAs iy dRR, bet ween o

ends, said rolling area further ng an a nment ate“nounted at one
end thereon, one side of said rolling area linked to said storage area and
a bar bending system for bending bars to a predetermined angle;

an in-feeding system for receiving pre-cut bars, said in-feeding
system comprising a transfer system for transferring one or more bars

to said bar bending system;
and

an unloading system having a plurality of unloading carriages,
slidably mounted on carriage rails, for unloading shaped bars from said

bar bending system to a prescribed position at a prescribed locafion.

2 The automated bar bending and sorting system as claimed in Claim 1,

wherein said transfer system comprises:

a conveyor system having an inclined conveyor with stopping
elements mounted at predetermined intervals and defining slots

therebetween:

a transfer mechanism having a vertical array of transfer grippers

slidably mounted on transfer bars;
and

a turning device provided with turning grippers, said turning
grippers rotatable between an inclined receiving position and a vertical

transfer position, said turning gripper in said receiving position aligned




the other side of said rolling area linked to the top of said inclined
conveyor. 4 The automated bar bending and sorting systemas clained in
Claim1, and further conprising a conveying system having said prescribed
| ocation for receiving shaped bars and transferring said shaped j3agg 2004
therefrom 5 The automated bar bending and sorting systemas clained in
Claiml, wherein each of said plurality of unloading carriages conprises:
an unl oadi ng gri pper assenbly for gripping and unl oading bars from said
bar bending systemat a prescribed Iocatigp; 15 OCT 2004 27 at |east one
hori zontal guide beam coupled to said unloading gripper assenbly, for

movi ng sai d unl oadithgallf ineiesd esseiyd forir8cditifig otedrisiel ;1B-cut Bhrd, @8Rt one

pi ckup bar, coupled to said unloading gripper  assenbly, for noving said

uni 0ading gri pper hafmETRIpbetdlint &ifid YraRBr Po%n%h:ﬁ@é SRaptedltd B.4fhatd onal

assenbly to rotate saird unloadi ng gripper asse axl's. 6 The

d bar beng; j l.ai med in d ai d
Fur thr - conpr i si nethaefd RSl oot 1Fls R M B e lpars ¥ at  onal
assenbly to said bar bending system.

3 The automated bar bending and sorting system as claimed in Claim 2,

wherein said in-feeding system comprises a preparation area having:
a storage area for receiving and holding said pre-cut bars;
and

a rolling area having two opposing sides between two ends, said
rolling area further having an alignment plate mounted at one end
thereon, one side of said rolling area linked to said storage area and
the other side of said rolling area linked to the top of said inclined

conveyor.

4 The automated bar bending and sorting system as claimed in Claim 1,
and further comprising a conveying system having said prescribed
location for receiving shaped bars and transferring said shaped bars

therefrom.

5 The automated bar bending and sorting system as claimed in Claim 1,

wherein each of said plurality of unloading carriages comprises:

an unloading gripper assembly for gripping and unloading bars

from said bar bending system at a prescribed location;




accommpdate differences in |ateral position between said unloading gripper
assenbly and sai d shaped bars; and a second spring | oaded device coupled to
said unl oading gripper assenbly to accommobdate differences in angle

bet ween said unloading gripper assenbly and sai d shaped bars. TS&EE

aut omat ed bar bending and sorting systemas clainmed in aima1l, 2@¥n
sai d bar bendi ng system conprises: at |east one bending unit for bending
said pre-cut bars to a predeterm ned shape; 15 OCT 2004 28 and a plurality
of bending rails for supporting said bendh,hg unit such that said bending
unit can nove in the X-direction thereon. 8 The autonated bar bendi ng and

sorting system as clati kedt ioneChaiizontal gWlder BEams totipRA" td A Gﬁlo%)ﬂ'ﬁ{gﬁm
further conprises at |east one internediate supporP mechanismto give

addi tional suppor gribSeSadsEmiy fof W i i ut ted bar
bendi ng and sorti %gbg‘;st em asy’cl ai rr%\gﬁé rslgg%ﬁgna@%%g%?ﬁg‘%ﬁp@ lE)ﬁa)lr endi ng
unit conpri sing: R—cﬂfé-c‘fi‘anpi n assenbly; a backup clanp assenbly; and a
former assenbly having:
at least one pickup bar, coupled to said unloading gripper
assembly, for moving said unloading gripper assembly in the Y-and

Z-direction;
and

a rotational assembly to rotate said unloading gripper assembly

about the Z-axis.

6 The automated bar bending and sorting system as claimed in Claim 5,

and further comprising:

a first spring loaded device coupled to said rotational assembly to
accommodate differences in lateral position between said unloading

gripper assembly and said shaped bars;

and

a second spring loaded device coupled to said unloading gripper
assembly to accommodate differences in angle between said

unloading gripper assembly and said shaped bars.

7 The automated bar bending and sorting system as claimed in Claim 1,

wherein saidv bar bending system comprises:

at least one bending unit for bending said pre-cut bars to a

predetermined shape;




a series of concentric fornmer rings nounted within a forner housing, each
of said fornmer rings being provided wth an actuating nmechani smfor noving
bet ween a standby position and a form ng position; and a nachi ne
controller for controlling said actuating nechanismand to divﬁqqmqqma
rings into a first group and a second group, each of said first and second
groups having zero or nore rings, said first group of rings in said
formng position co-operating with said drive pin assenbly and said 15 OCT
2004 29 backup clanp assenbly to shape bagys placed thereon, said second
group of rings in said standby position wihdrawn fromthe bending
process. 10 A nethodmef bendi ng steel bars using an automated bar bendi ng
and sorting system said nmethod conprising the steps of: feeding a bar
into said system bending said bar into a predeterm ned shape; and
transferring, usingaRutaitveidiensirgrails fgresupipodting saicbenting unit suchthatage
rails, said bar in said predeterm ned shape to a prescribed |ocation; said
met hod char act er i sait dendirtghanit Eare diove, in biea X-dige ctiot thessesif er ri ng

8 The automated bar bending and sorting system as claimed in Claim 7,
wherein said bar bending system further comprises at least one
intermediate support mechanism to give additional support to said

pre-cut bar during bending.

9 The automated bar bending and sorting system as claimed in Claim 7,

wherein said bar bending unit comprisinQ:
a drive pin assembly;
a backup clamp assembly; and
a former assembly having:

a series of concentric former rings mounted within a
former housing, each of said former rings being provided
with an actuating mechanism for moving between a standby

position and a forming position;
and

a machine controller for controlling said actuating
mechanism and to divide said rings into a first group and a
second group, each of said first and second groups having
zero or more rings, said first group of rings in said forming

‘position co-operating with said drive pin assembly and said




steps are performed concurrently in that as a bar is being fed, another
bar is being bent and yet another bar is being transferred. 11 A nethod of
bendi ng steel bars using an automated bar bending and sorting system as
claimed in Caim110, wherein the said step of bending bar into SD
predeterm ned shaped is carried out by at |east one autonated % rCBJWHing
unit, said bar bending unit conprises: obtaining information fromthe
machi ne controller of said automated bar bending and sorting system said
information conprising the size of a bar,gand at |east one prescribed angle
of bending; 1 5 OCT 2004 30 noving a first group of fornmer rings into a

form ng position using  sackupwidinpassemblydtolstrapeStird plddett thefediP said
containing zero or nore former rings; noving a second group of former

rings into a standby posigec8Ad bUE ofsm%grmgs'iu”& ﬁgg* r@shﬁfn’ ﬁﬂir‘gv\iﬁecond

group containing zero or nore or mer and e sal d into said
at | east one prescribed ‘mﬂnl\?ne ben@lﬁéﬂ?@@ AUTOVATED BAR BENDER

10 A method of bending steel bars using an automated bar bending and

sorting system, said method comprising the steps of:
feeding a bar into said system;
bending said bar into a predetermined shape;

and

transferring, using an unloading carriage slidably mounted on
carriage rails, said bar in said predetermined shape to a prescribed
location;

said method characteristic in that feeding, bending and transferring
steps are performed concurrently in that as a bar is being fed,

another bar is being bent and yet another bar is being transferred.

11 A method of bending steel bars using an automated bar bending and
sorting system as claimed in Claim 10, wherein the said step of
bending bar into a predetermined shaped is carried out by at least one

automated bar bending unit, said bar bending unit comprises:

obtaining information from the machine controller of said
automated bar bending and sorting system, said information
comprising the size of a bar and at least one ‘prescribed angle of

bending;




An aut omat ed bar bending systemw th a bar bending unit for bending bars
to a predeterm ned angle, an in-feeding systemfor receiving pre-cut bars
for transferring one or nore bars to the bar bending system and an

unl oadi ng system for unl oadi ng shaped bars fromthe bar bendiﬁ% ﬁ%%ﬂ@n1to
a prescribed position at a prescribed |ocation. The bendi ng uni't “contai ns
a fornmer assenbly, a drive pin assenbly and a backup clanp assenbly. The
bar bending unit may be provided to a machine controller and actuating
mechani sms such that different size barssgmy be automatically shaped to a
prescri bed angle according to user specification. In the preferred

enbodi nent, the formevingssiasbyrouprsfifodasr engeintea foimifgposiohi wsiddgr mer
rings nounted wthin a forner housing. Each of the rings is provided with

an actuatin mec hargatddmiaehi o i At d a
fn Aot pogi  recharsaidia zln@ty ritebliet, $64 YRR BrouPESRAMING 280! drdRo R

former rings;

moving a second group of former rings into a standby position using

said machine controller, said second group containing zero or more

former rings;

and

bending said bar into said at least one prescribed angle.






