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invention relates to automated bar benders. BACKGROUND OF THE
particularly netal bars are 1€nBiri08in

US Patent no. 4,555,924 discloses a bending nmachine that 10
is advanced with a stepped feeding novenent. A

t he present
| NVENTI ON Machi nes for bending bars,
the art.
i ncludes a feed device that

In particular,

continuous nmetal wire froma spool is driven past a straightening device
made of a nunber of rollers, and the bending device then bends one bar at

one tine. US Patent 5,182,932 descri bes

| east one pair of operation 15£6?§wmﬁw%%ongs whi ch can be

swivelled froma first positio

fromthe bar feed device and clanp the bars, into a second position,
which they insert the bars into the gap between the bendi ng nenbers.

machi nes

only 20 smal |

bar

benders.

5

10

15

20

however ,

a bar bendi ng apparatus havi ng at

eive a plurality of bars

in
These

are generally not fully automated. Qthers can handl e

nunbers of bars. There is therefore a need for an inproved

FIELBGF THEANVENTION

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.




SUMMARY COF THE | NVENTI ON Accordi ngly, the present invention provides, in
one aspect, an automated 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 bendi ng_system
and an unl oadi ng system for unl oadi ng shaped bars fromthe bar 1Bé§@ﬂmﬁ
systemto a prescribed position at a prescribed |ocation. The bending
(also referred to as shaping), transferring and unloading functions are
preferably performed concurrently for maxpmum efficiency. 10 In. another
aspect, an automated bar bending unit is provided. The unit contains a
former assenbl SUMMARYOF THE MBENTION and a backup clanp assenbly. The
aut omat ed bar bending unit is provided wth a nachine controller and
actuating nechani sns such that different size bars may be automatically
shaped to a prescri hegoutingly, thespersest dnviention peavidespeivi oneaaspest, an t he
preferred enbodi nent, the fornmer assenbly includes a series of concentric

former rings mautdredted bhri beadfryy rpstehougitng. baEdehdify UMt forngsndin
provided with an actuating nechanismfor noving it between a stand%y

posi tion and abhey 8 AhréAsieiriifed AnBRE M f-RRATRNEIAbRPfor oBLMY fiRA.  or

controlling the actuating ne e rings rnto a first
group and a e r i.t h. each- arou containi ng zero ,or nore rings.
Duri ng oper a5ts i %ﬁ?g?%ep#ﬁaﬁ%%?@ pO'st %f Y& b%{Pef%a@‘Fuﬂ%feEEPﬂ‘PQ B¥&ICFbr mi ng
position, while the second group is .
and an unloadm% system for unloading 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




1 5 OCT 2004 retracted into a standby position. As a result, the dianeter
and the bendi ng curvature of the bar can be adjusted according to the
user's  specification. 5 BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a
perspective view of one enbodi ment of the present invention. Show @?c@)fe
i n-feed system bending system and unl oading system Figure 2 isla

view (view A as indicated in Fig.1) of the same 10 enbodi nent. of the
present invention. Sonme details are omtted intentionally for clarity of
the illustration. Fi gure 3A and 3B are siBde and perspective views
respectively fee stem hovm ng the storage and | oadi ng
section, the Eﬁ??‘é da P as |ynB°§' ioR; 4 an'@syhether é’l‘ﬁm@ﬁersé&‘ﬂltbﬁ 15
Figure 3Cis a closed up viewon the left side of Figure 3B. Figure 4Ais a
perspective vibeRdiig ph@lawﬁd)fﬁbeshﬁft@n droadjnstetihactardingbtnttiengsenist s, t he
i nternedi ate support and X-axis rails. Figure 4B is a perspective view of
one of the bemsgiesdicatiohs. 15 OCT 2004 4 Figure 4Cis the close up view on
part of a bending unit showing the drive pin, former and backup cl anp.
Figure 4D is the front view of the bending unit. Sonme details are omtted

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.




intentionally for clarity of the illustration. 5 Figure 4E is a
cross-sectional view of the sane bending unit. Figure 4F is a perspective
view of the bending unit showing the alternative preferred enbodi nent of
t he backup clanp assenbly. Figure 5A is the perspective view of unéﬁgﬂ?@g
system showi ng the three unloading gripper assenbly and support S ure
10 Figure 5B is a closed up perspective view of one of the unl oading
gripper assenbly. Figure 5Cis a closed up view of the Figure 5B unl oadi ng
gripper showing the Z-axis structure, Y4axis structure and gri pper

assenbly. Figure 5D (s closed up.view of the Figure 5B unloading gripper
15 showi ng thE'gkf%%é'sa@%ﬁ‘BF?U%lwmoeﬂ@’@Escmrmumﬂ showipg thRVENTI ON
The aut omated bar bendi ng and sorting machine 10 according to the
preferred enbédyedint femernandbasiem clampention is shown in Figures 1 and 2
conprising 4 sub-systens, a bar bending system 200 5 conprises two bar
bendi ng units 210 for bending the pre-cut bars, an elongated in-feed

system 100 f ofigi,ReaDVvis e fBAt @E%«gﬂ; g b‘?sfn%”larg&‘agpiggéé@%@%%p%%&o%ﬁitt%ﬁ' ver

the bars to the bending system an un

transferring bars a fromithe bending system 200, and a
conveyi ng sys'ftngeﬁ%t@ggﬁfg?r @?@V&’g@%ﬂwswﬁé%porti ng
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.




10 the shaped bars away fromthe 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 el ongated and downward sl opi ng
buffer conveyor 120 aligned against one |long side of the stordadge(ifalilie
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
buf fer conveyor 120. A transfer mechanism 140 is provided above the buffer
conveyor 120 for transferring the bars fromthe turning device 130 to the
bendi ng units 210. The storage table 110 includes a bar storing area 111
and an 20 adjRESGRIFTHON OF THEINVENTIORXt endi ng upwards and al ong one end
of the rolling area is an alignnent plate 113. The buffer conveyor 120
contains a series chajn conveyors 121 driven by a common shaft 15 OCT

2004 122 coupl ed t o! ROAVIARARteAdE banding Bnd spring’ Bwehiy A9 acoording i n

t he downward sl opi ng direction perpendicular to the | ong edge 112a of the
rolling area te2theCpreferad cembodimentatdf sihiee gredemp piavehtiorgds ssH@dn ext endi ng
outwardly at equal intervals. The space between two stopper 5 fingers 124

define a buff efigarest 1520 2@EnidhRing &t@b@s@ahgcegrbér%ndi@gyét% hpdghe | ndex

spaci ng 126. The transfer nechanism 140 i'ncludes a row o ansfer grippers
141 nounteds o : t [ ' : to 1he |ong
cdge 1125 oF ISTHSRENE baEherdiig Wils 'S HRTARE I bitrolf potto
elongated in-feed system 100 for receiving and aligning pre-cut bars,
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




10 nmounted on a set of transfer rails 143 that are provided perpendicul ar
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 allowtransfer arm 144 to nove in the Y- and Z-diregtirpngi
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 nounted on a rotatable shaft 132 th&t is positioned parallel to the
edge 112a of tgg rolli ? area, and between the transfer nmechanism 140 and
the buffer con ﬁ?ruPﬁ; orpenyyohinRfoyl2dpdhe chain eoayeygss 424 @ove i er pol at e
bet ween the chain conveyors 121. Actuators 133 are provided to rotating
the turning gthggdewswasd stoping diteation petpemeitularcioeine iogg pakjet 192431 and a
vertical transfer positionl31". The inclination of the turning gripper 131

in receiving thesidlli ten 942 | t .} Lng$j on of
irg) a &P0dach BRIt ard %ﬁﬁ@ﬂ?do s‘?oéﬂ%ruﬁ%rbsf%

the buffer conveyor 120 and is aligned with the [ owest of the

buf f [ ' i_ncl ir, of [

Vv 124 that CKehag CRERrl B8 orbBR! Thdspate dReR SR HoBpet o 200

' id -t hi | the, t hani 140 and th | oadi
Cystem 400° RPGTT FER cBTgha Hlse idtoA LS SIS toh dhglee (twesn b bandi ng

syst em consi s} S

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




of 2 bending units 210 , | pair of bending rails 330 and a series of
internediate supports 350. The 2 bending units 210 are essentially Ilo
mrror image of each other. Each bending unit 210 contains a bendi ng head
220 and a positioning structure 310. The positioning structure 310 is to
position the bender head 220 in X-direction (a direction paralllel 0GTollfhe

| ong edge 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 bending units 210 to slide independently along bender rails
330 for novenedd1osiRgPRNEx I theriaclingtipar ofathss bsiffeg conveyeri 1A @ndedsi n such
a way that sonme of themrotate about the 20 vertical (2Z) axis and sone

about the hori abigned With theilowest duffep stotppbiite Huffer looadeydst 126 Baoki ng
unit 210 and to restrain lateral (Y-axis) novenent. The drive unit 312

moves_and posi tirAig GBaBCASH NS B paip GTLiRG%als? 1942 AR0 ey pender

rail 330. Drive unit~3 i ncludes a positioning ear notor nount ed on

positioning st 5%%£Iééﬁs§?f%%h%8314 Pinion gear 315 is installed on the

gear notor 3137a racks 316 that are nmounted on bendi ng
rails 330. As the drive unit 312 5 is actuated, the pinion gear 315 runs on

rack 316 and noves fThe berMigNayseni 200 Rl PAOViHEE Witk ndi BRI afd may be
position in any _

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




pre-determ ned position. The positioning structure 310 al so containi ng
gui de shafts 321 and a second drive unit 322. The bendi ng head 220 is
slidably 10 nounted on the guide shafts 321 with gui de bushes 327. Cuide
bushes 327 support the |oad of the bending head 220 and restrain |ateral
novenent in the X-axis. The drive unit 322 noves and positions {1ACBdAli ng
head 220 al ong the guide shafts 321. Drive unit 322 includes a positioning
gear notor 323, |lead screw shaft 324 and | ead 15 screw nut 325Lead crew
shaft 324 is coupl ed to the gear notor 3®3. the |[|ead screw nuthousing fix
t he | ead SCI’G?I@ ﬁn t he, base .of the bending head 220. As the drive
unit 322 is atidat@ ngt & hender Jall 330. Diyeuni ¥l 2 oﬂ'&t‘%@e%rﬁdp%t‘@nﬂge | ead
screw nut 325 toget her with the bendi ng head 220 along the Y-direction and
may be posi ti 8@@d Meioany31Iopnteddeire positiedingositiuicture Basag pidte 8t4gt h of

rails 330 , internediate supports 350 are provided at predeterm ned
posi ti oned bePimem geae mmlsbmadau@a umﬁé géér Fetor2893 a‘?]dzﬁr%tcﬂ ithr ffRdi at e
support 350i ncl udes a clanp assenb retractable structure 352 and

a fixed struc t | a and an
act Iu)a(tt or S352 Fé&kg ??v%hogaﬁe ﬁ %‘%Qﬁm"ﬁaé g?@hgg gﬁ%eﬁjﬁ‘fe W?'it ?q?ovabl e
Egnglc: :Jg?]:r 3%%{‘@@?94? F{gg ;%lo%l 8§gr t3qg Crlu%rsrp o:%3 5rgck %n1d6er aggerrn%tvleg gthe

bending 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




al ong the sane reference Y-co-ordinates as the clanp | aw 273 of the backup
clanp assenbly 270. Retractable structure 352, when extended, positions the
clanp 354 at the reference Y-co-ordinates; when it is retracted, %%g 00
entire retractable structure 352 and clanp 10 assenbly 351 is nnvb Lg 6f
the X-axis path of the bending units 210. The bendi ng head 220 i ncl udes the
former assenbly 230, the drive pin assenbly 250, backup clanp assenbly 270
and notor gear drive assenbly 290. The Porner assenbly 230 includes a

former housin 31 d a .15 serie copcentric cylindrical former ring
232. The for n%r"%hougflqﬁﬁ“%?éi §ueee§r g{ioiﬁ&R{dﬁé Beflampg apsembiyamsd. t @ 233.
The former ring 232 are housed within former housing 231. Each former ring

232 have a keycHaegiablexSirugturend5Rowanel ta dixedndtristucendsgst éthe aclamipor mer
actuator 235 at the bottom Wen forner actuator 235is actuated, it raises

the top porti @ssembd) 35ecdmaimera clamp 354 ahPvh 4d1GateeB8ENDeR taPl e top
233. During retraction, the former actuator 235 retracts the entire formner

o a1 1 for mer B4 ol it B b BE P e ol By et e B *
alignnment i intained with a n,key 236 inserted fromthe side of

f or mer housslsngﬁfglo% #ﬂ%e %oaﬁm? i&?@%@e‘b Rerating conditipps clagw 894 tise f or ner
ring 232 with respect to the former housing 231. The key slot 234 is

el ongat ed sucflong the same reference Y-co-ordinates as the clamp jaw 273 of the

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




5 that it is not inpeding the extension and retraction of the former ring
232. The drive pin assenbly 250 includes a drive pin 251, a drive shaft
252, a shaft housing 253 and a support housing 254. The entire drive pin
assenbly 250 is installed on and rotates with the bendi ng gear q %Mput
the centre of the former ring 232. The support housing 254 are secure

t he bendi ng gear 293. The shaft housing 253 is slidably housed in the
support housi ng 254. Actuator 255 is nmounted on the support housing 254
and, when actuated, raises the shaft hougpng 253 such that the bottom edge
of the drive pin 251 is above the table top 233 15 and when retracted,

| ower ed t he sheifgs 23@sanegalRB@ds tagethéraand tids edighment ds incaingained ssigal y 250
is below the table top 233. Keys 256 are provided on the contact surfaces

of the supportcharomkey2BeTbesidl fronh@Wssg 3P forhwir aehgmggzahaf‘mehous' ng
253 vertical novenent and to wthstand the | oad generated during ‘bendi ng.

20 The drive s S n 5 and can
slide toward O%b\%oﬁﬁ%rex zﬁﬁgg‘%%{trsem&?&%w%eﬂe 'ﬁeh?{%@%pg%@ %3% g’thcent re
of the fornmer asse e S|Id i s quided 15 2004 11 by
key 261 i nstal 'l'eéaegﬂc{\g@nfo% FB@ ewslqt 4 imelongaied sych2s3 and
drive shaft 252. A drive unit 257 conS| sts of positioning gear notor 258
and | ead scPewthat & isenolr apading hthesextensioouaichgetagionbethe former ring

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



the drive unit 257 is actuated, the |l ead screw rotates and advance or 5
retract a lead screwnut fitted on it. As the |ead screw nut is secured on
the drive shaft 252, the drive shaft 252 will nove forward or aft

accordi ngly. The backup clanp assenbly 270 is provided on one 1 gg 2% t he
bendi ng head table top 233 and includes a clanp unit 271 and a clanp 10

adj ustnent uni't 272. The clanp unit 271 is slidably nounted on the clanp
adj ustment unit 272 and includes a pair of clanp jaws 273 and a hydraulic
clanp jaw actuator 274 which open or cIo§F the clanp jaws 273. The
adjustnment unit 272 is nounted to the table top 233. It has drive unit 275

i ncludes a poshy k269 GREdllIbefwetiothd EaHtasiCE@tuckd of e RAaftesusiagew nut
279. As the drive unit 275 is actuated, the |lead screw 277 turn and nove

the cl am uni t hnoielsi 259y A SR8 LAR 20 BbRSIER! Popdioiifieah20.

Bef ore bending, the relative lateral position o rive pin rai sed
former ring 232 an ck cla unit 271 have to b dj ust e ccordi ng
to the di anet épogqrdg%ag(ﬁea}cjoﬁgpm 8rF BERY gtootrhefm ﬁ%&s‘rlgg &éﬁ&\/ﬁ&n f or ner
ring diameter and direction of bending i.e. forward or reverse
bendi ng(wi | | HBeddrieLy8BREThist actusted, dbeaderd| sarew) rotates sand adgaine@®s 12
adjustnent is required such that the bars to be shaped can be placed in
t he gap 2785 prretiaded |lead serew duti fitkedoon 22 thedesdiseasly fnut e securegl 382

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



and clanmped by the clanp unit 271 substantially parallel to the X
direction. 5 1n this preferred enbodi nent, the positioning. structure 310
noves the bending head 220 in Y-direction, the backup clanp as ﬁé{ﬁ}[ﬁ 270
(and hence the clanp unit 271) nove together with it. The cl ah% kt ment
unit 272 noves the clanp unit 271 in the reverse Y-direction by the sane
anount and in synchornisation with the y 10 direction novenent such that
there is no change in the absolutes clanp unit 271 Y-co-ordinates before,
during and after the nove. This is advantageous in this invention as a
common |ateral (Y-co-ordinates) position regardless of bar size or forner
si ze or duri ngadjgstmert ibaadiined secimphatf thedbare halbeghabed diamgbepthoaal imadi ng
system desi gn and 15 operation. Another preferred enbodi nent of the backup

cl anp assenbl ythe2§db 2PBIbHESd BeblEEw dvvk hir2B81 il %i%@ﬁ&rrﬁersﬁﬁg@l@ﬂ e 282.

The clanp unit 281 includes a pair of clanp jaws 283 and a hydraulic

ni 121 i o o e neRibg InrERn el e Sl RSBl M ME R o

unit 281 i s nount suppor racture urnTs ‘ed on
the base plate 285. of the positioning structure. 15 OCT 2004 13 The notor
gear drive assgmﬁayxbgo i ncludes a driving gear notor 291 driving gear
292, bendi ng gear 293 and bearing assenbly 294. The

5 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.




driving gear notor 291 is coupled together with the driving gear 292 The
bendi ng gear 293 is engaged with and driven by the driving gear 5 292. The
bendi ng gear 293 is nounted on the rotatable bearing housing 23%(3ﬁ2g e
beari ng assenbly 294. Bearings 296 are placed in between the rotatable
beari ng housing 295 and the fixed former housing 231. As the driving gear
notor 291 rotates, the drive pin assenbly 250 nounted on the bendi ng gear
293 will be rotated in either 10 forward or reverse direction. The rotation
angl e of drive pin 251 about the forner yging 232 and hence the bendi ng
angle of the bar is controlled by the driving gear notor 291 turning

angl e. Various |im Thewnhotohgeandeve mssemblly 290 irctudena idhigingngéart moporevent
over-travel of drive pinin the forward and reverse direction. 15

Referring now 9 ] ) ¢ toyjan
i ng now 291 MrRiHEL§eS 25D béd@iﬁ@@b@ﬁ%@%gﬁ@a?m&%en%? BT e

carriage rail 410 supported on 4 floor nmounted colu 11. " Three

carriage rai | <o Yeat Y A, TR RAAREY  GthBE uih b dind BHA! 20 '

gui de beam 430,., carriage roll eg'r _asserrblg 440, 20 a guide assenbly 450, a
vertical pickuph®Rensifiy grar 293nisoargagadydih and drivepdanthe grvingededner end
of the pickup bar 460. 1 5 OCT 2004 14 The two ends of the horizontal guide
beam 430 ar & f482.erde bendinge geacar88 aise molnted ans déndl| rptatable Eeeatingar ri age
roll er assenbly 440 )

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.



has 2 support rollers 441 to support the weight of the unloading carriage
420 and 2 guide roller 442 to restraint the |ateral novenent (Y 5 axis
novenent) of horizontal guide beam 430. A carriage notor 443 drive the

unl oadi ng carriage 420 to travel on the carriage rails 410 by Wg@@goh rack
444 and pinion 445. The gui de assenbly 450 conprises a beam gui de 1 g%d a
bar guide 452. The beam guide 451 is slidably nmounted on the horizontal 10
gui de beam 430 with a series of guide and support rollers 453. It have a
drive notor 454 to drive the guide assenphy 450 al ong the horizontal guide
beam 430. The bar quide 452 has a series of guide rollers 455 and all ows
the vertical pick upeiwo ¢edstaf the harizdatal \guiei ieadh @30 dre Tastenduhito gui de
452 has a drive notor 456 nounted on it to drive the pick up 15 bar 460 up

and down in thhevkcairzgle wileeebsemblylaa0uFaeRFahthadg rIRS" s%%?l%‘gl 70
conprises a rotational assenbly 47% and a gri pperéliﬂz. T%e r ot t)i%ﬁal

assenbly 471 gqgrg r LO 473, and.a spring | oade
sel f - adj ust ment mac%gﬁipgrr% Z‘%’%ﬂ@ r@?gﬁﬁ%%%l thfog‘gﬁ@btr %éhgaanocﬁ Res the
gripper 472 abqut. th -axj s to, an redet erm ned angl e and the
sel f - adj ust rrenqa%h@%%gﬁﬁsarﬂ 42&”%% Eﬁ'@r Rf‘ﬁé"dﬁ%@? m@?@?@@' myemend @he final
bar shape during the gri ps)i ngm;ar_cti on. 15 OCT 2004 15 The gripper 472
conpri ses a® pa@X's srovarnent) af hirizostal guigedregnad30. A carriage motor 443

~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.



475 nmounted on spring | oaded guide rods 476. Gipper jaw 475 open or close
dependi ng on the action of the actuator 477. Spring | oaded guide rod 476
allows the gripper jaw 475 to self-adjust to accommpbdate any 5 e{éﬁﬁ hﬁ t he
actuator direction. Depending on the shape of the bar and based RAN
intelligent picking logic, the three gripper 472 will automatically
positioned itself to optinmum pick up positions such that the shaped bar
can be unl oaded in a bal anced and stabl e manner. The conveyor system 500 is
posi ti oned under the unloading 10 systenkr400. It conprises a slat conveyor
belt 510 driven by a conveyor gear nDtorq%not shown). Conveyor system 500

sinplify and speed Tie gripberd72omysisd AQhioBEadiubfl-drifehYrppeeiaivig

commences, unloading carriage 420 positions itself along carriage rail 410

O 009 5" 9,75 phdutfied OB R Bad bl JlifORIRY 8T6 SSRbELD Bi0a7d BBeti02c! N9

carriage 15 420 do not need 'to “nove | -direction e calriage rail

410 during un ing. The unl.oadi i pper, asse y.470 will nmove in Y
and Z di recti%ﬁglgéiré eRRING,OR e §ﬁﬁ%é%f apiug rtw-b%ﬂr'%w&ﬂﬁe QYideem 200
and place it on the conveyor system 500. After the unloading gripper
assenbly 470 ui9do4 allpwshihengrippeaitjawhd?§ ite selfiasiusti onacroromedateamyor 20
system 500, the conveyor gear notor noves the slat conveyor belt 510 to
bring an enpt yersprairethenadthatos|diiectionvBgpendialt ofb 1he tshapbeohgnet batiahgadi ng
position. A conputerised nesting programis incorporated in the machine
control I'er to pagddri &F AMEIntaRYEHOTpIERISY CBGROO 1 ARG diodrT 47904yl

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




16 capacity. Wien the conveyor system 500 is full and no | ocation are
avai l abl e for unloading, all bars on the conveyor system 500 are conveyed
away to a conventional bundling station for bundling. The enpty conveyor
system 500 wi [l then be ready for the unloading system 5 400 again. During
operation. An operator receives pre-cut or cut-to-length bars |5n QU@EI es
and places themon storage area 111. In this area, the bundl es P l't
open and the bars to be shaped are segregated and transferred to the
rolling area 112. 10 Before | oading thesegbars into the buffer conveyor
120, bar information such as shape and size of these bar are either

downl oad f r onfapagitynoiVkes ytbeeooreyonsystany SQkristfall delyinogldcation amanni ng
in bar code into the machine controller. Base on these information, the

machi ne cont r obvaitabilei for aifloadiggs yall eark0 oReid T dBrive§t svatéhﬁ)esoo'% 15
This set up operation involve setting up the in-feed system 100, th

bendi ng syste h em 500
such t hat the;/rbélicr;&;eza Fgagwlél? a% &g]\%éﬁéﬁéer} épﬂdﬁr{bd[i}gﬁ%rgo@ fﬁl‘ﬂ{%néperr}ﬁl on,

t he bendi ng he 220 positio ves i and Y positions, the
drive shaft 25%%89"‘3%’&9@3/?%@ EQHB"%'httB%n i’?STeQHM)‘SQ@tr@X‘E"@Hgngr% Mo a
position predeterm ned by the machi ne controller. The predeterm ned nunber

of former rﬁngﬁ 93maj| |~ be pushed up and have their top half energe above
the table top 233. The backup clanp

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 OCT 2004 17 assenbly 270 is aligned with the gap 278 in the reference
position Predeterm ned nunber of internediate supports 350 wll be
extended to the ready position. Those transfer grippers 141 that vvi 1 be
in used in the bending operation will be activated and those tr EF 004
grippers 141 5 not in use will be deactivated. The 3 unl oadi ng grippe
assenblies 470 position thenselves in X, Y, Z and G direction. The
conveyor system 500 noves the slat conveyor belt 510 such that an optinum
enpty space on the conveyer system 600 {5 ready for the unloading system
400 to unl oad the shaped bars. 10 Once the set-up operation is conpleted,
bendi ng oper atdssentdady 28bisreligoed Tiéhoibher gapr2Z8 in Haer wifénenge apasitian 2
aligns the bar end with the alignnent plate 113 before a prescribed nunber

of bars are | @retatdriiné®@uhited dfhﬁteh%ﬁl%}‘te%gg]ééﬁgBSDmm gokkteRgedtga 112
contains a series of rollers to facilitate alignment of the bars to the

2l gnment. pl ale Jaday psol®Shoeat e gh %&fs W88 ALOGINEK ! Geddignbul f er

conveyor 120 to faci ate therol Pol I ing area 112
down to the b slot 126.. The, pres |be er of hars .is th
faterally al § ghederithaPPRonIEES Beivard arshiess: range! Hebes 181 bar s
is the buffer slot 125 froma downward 20 slopl ng array. The operator then
i ndexes t heb butatédn userwilhper daadivatadndihe 3 iplaading Igsippen askembligsr 4¢0i on.
The next slot is then | oaded by the operator

position themselves in X, Y, Z and G direction. The conveyor system

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




repeating the aligning and rolling action to |oad the next set of bars into
the next buffer slot 125. The buffer conveyor 120 can also be nultiple 15
OCT 2004 18 indexed for fast-forwarding towards the turning device 130. The
turning device 130 is set to the receiving position 131" such thﬁsﬂﬁfﬁ]4
turning gripper 131 are aligned with the |owest buffer slot 125. As g
first set of bars is forwarded downwards fromthe buffer conveyor 120, the
bars are 5 inserted laterally into the turning gripper 131,-which then
grips and rotates the array of bars to §fe transfer position 131". In the
transfer position 131", the individual bar remains in a horizontal

position, but indexetbfer fastforwamdibgtowardy tectureidg ddwceaddor Thsaurdiags are
stacked one directly above another in a vertical array due to the turning

action of the dedideinBONg $Hti RPRe ﬂe%éivifg@go%g@asﬁga' SUERPEIS tﬁélturm’ﬁgqch

interpolate between the turning gripp 1 have pre-set conbinatTon of
"in", "out", . yp" " down” LLi . t "1 n- " .position, .the
transfer gri ;ﬂ)rg)% S r??i Sfee%’vgﬁ‘ﬁ’hﬁ\kﬁ%%é&tb&%% ﬂ‘% 1%3?%36%%{% qt&il array
of horizontal bars_held up by the turning gripper 131. After gripping the
15 array of b&As i§ F%W@[H%@Fﬂawgwaﬂb%ﬁgm@f husfes soaveyrs 120 1the bass@rene

transfer grippers 141 then nove the bars upwards in the Z-direction,
fol |l owed by5 ribsestechtlatenaltyhinty- thier trningngtipper d81; vehiblenthieng gripst an@10. 1 n
the "out- down" position, the transfer grippers 141 are aligned (sane Y-co-
ordinate) withogaps 278 vfayt BEbARN W fMige UrkrisferlPosiBRE184E AN thay trahsfears is
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




20 properly positioned within gap 278, the clanp unit 271 close to grip the
bars, the transfer grippers 141 open to rel ease the bars and nove back to
the "in-down" position to retrieve the next set of bars. The clanp jaws

273 of backup clanp assenbly 270 are also aligned to the gap 278 1% OCT
2004 19 such that the array of bars is |lowered into the cianp jawd2E3 Hfkhen
the transfer grippers 141 nove to the "out-down" position. The clanp 354
of the internediate support 350 is also aligned to the sane”Y-co- ordinate
as gap 278 such that the array of bars afe |lowered into clanp 5. 354 in the
sanme "out-down" Bosi tion, and the bars are supported during the bending
process. Meanvichdhat the armayphbargris ppwerediidio the elanmmidws @7Bheherdkévi ng
position 131' to receive and turn the next set of bars. Bending is

achi eved by t itearisfiemgrigpereve4Eniowdd td e Bt wWilahssitidP2Th8aamp dsiven by
the rotating novenent of the bending gears 293. 10 In this preferred

enbodi nent, i tyfi fmltg}?n e t t a t f n{,0 _t he
bendi ng unit 201f0tﬁgt a iéxde?% resﬁgpgﬁcg‘g@ﬁ&oaggd%{ﬁ%ﬁeg;%qﬁégas(raag‘l"gsg'cc?f bar
size and forner ,rings 232 d. The infeed system 100 descrjibed above has
tr ?nsf er g:{ i pﬁépg’jg%ftstgt?H %%T??Lb@égg‘%ﬁirﬁy toggilgﬁ iz o Qregl'?tchﬁlagﬁps

ref erence Y-co-ordinate. e bendi ng uni in the preferre

embodi ment §'s 34 Huthersasie apphdawnd pasitiors aandetheabars ardj aspparted

receive bar form the infeed system 100 and bend or shape bars of different
di aneters 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




and to different degrees of curvature. To achieve this, the bending unit
adj ust the gap 278 provided 20 between the drive pin 261 and the forner
rings 232 , the clanp jaw 273 of backup clanp assenbly 270, and the cl anp
354 of the internediate support 350 to be aligned with the reference
Y-co-ordinate. These adjustments arise due to the different foriedCFilifh
232 being used. As 15 OCT 2004 20 different fornmer rings 232 are used, the
gap 278 change its Y co- ‘ordinate. To conpensate for the co-ordinate
change, the bending units 210 noves in bhe Y-direction such that the gap
278 resunme its reference Y-coordinates. As the bending units 210 nove in

Y-direction, 4iffeesnbabdemerciirgy 232sardluged, Ghergjapt 288 orcHdngeossywo-h i t
and away fromthe reference Y-co-ordinate. A clanp adjustnent unit 271 is

provi ded to NygidAE. b %%wﬂstateg:féf e %@Ld?it?%l‘éf%iﬁg%@, rtﬁétbie%ir{eb}f’ uhlts same

amount such that the clanp unit 11s rginal” réference
Y- co-ordi nat e. e.system easi |y, adjustabl e r bendi ng..or
shapi ng di ffe%ﬂdztrngéa%gﬁeb‘g ﬁglﬁ%ﬁ?naﬁHc cmag\}ﬁ?lgg?f?f?ggenfes(%ﬁ?e@ of
curvature, the_bending unit 210 is provided with a series of concentric
former rings 'SEICASSiTEOPGiNAles o (he beadipgsunits18Imeve timefrdirectinn,
automatically raised or retracted bel ow the bending unit table top 233.
During 15 opertheibackupreamprassemtlyn @ 7232Iountdd oh liempves owittbétcard! awayer wi | |
be

from the reference Y-co-ordinate. A clamp adjustment unit 271 is

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




rai sed for bending. For better strength, all other fornmer rings smaller
than the prescribed forner ring 232' are preferably raised during formng.
In the preferred enbodiment, a single anti-rotation common key 236 is
provided to prevent the fornmer rings 232 formrotation during 20 bendi ng.
To ensure that fornmer rings 232 can slide easily over each ot herlC&ved4
after a long period of operation, fornmer rings 232 are preferably nade of
har dened material to mnimse wear, and the portion of the-former rings
232 surface in contact with the bars is 2hightly 15 OCT 2004 21 recessed
so that even if there are sone deformation or netal flare, the sliding
novenent is nof€agaRpdrsedthatierenif thergiare soswnieforastionas metalrflare, fhien 251
at the front. Its novenent towards and away fromthe centre of the bending

head 220 is coslidinglmdvemenbés poshampered. Tr&dride P ass@bBly P8O masiati on of
the drive pin 251 is dependent on the dianeter of the prescribed fornmer

ring 232" cyligfes piesieht tlgén éltotﬁ?.. Ré‘rmogérﬁgg&?évg?@%ggngoé\;végﬁgcrﬁﬂz e

prescribed forner ring 23 drive pin a pre m hed gap
278 between th er, e bar is to e | oaded. her than.turning in

ei t her di recti(gérlﬂt}l%rOfﬁg%&er?&'Q%Qeﬁgr%2QGSf‘E9'&fé’ﬂﬂg%\ﬁ % 39 9¢R dri ve
pin 251 can_al so,be _retracted below the table t0£ 233 by actuator 255. For
reverse bendi nGoiRfi 288; Hdepppsiipnsef the deves pin e2&k iis | dependent pantieng

table top 233, all former ring 232 are retracted below the table
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




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 bei ng nove,
unit 272 nove the clanp unit 271 in the reverse direction

the clanp adj ustnent
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 the table top 233 by t5ShglTcampi ne
action of positioning gear notor 258 and actuator 255. 20 The entire drive

pin assenbly 250 is than rotated to the opposite side of
notor gear drive assenbly 290. Once overoat the opposite
former rings 232" will be raised and drive pin 251 wll 15 OCT 2004 22 al so

the bar by the
si de of the bar,

be rai sed and atev det mised andemogsattowaad thee bty ohbaddingOhéad 2120 tortaecr i bed
position. For bending of single-bend bars and many ki nds of doubl e-bend

bars, there i sprleQchisedl doRitigrdi ust ment of bending unit 210 during 5 bending
once the initial set-up operation is conpleted. For single-bend bar,

bendi ng unit perforns the bending. For doubl e-bend bar,

one

each bending unit

210 perfornms one bdmt. betuiry &f sirfgle-beadsbarsaandhmanyinds ofaloabbebdad or

doubl e- bend bars that

unit due to diggssither) i€ MStRadd s RMIStFIERENSS bBn@ihgCemfr thabaﬁngf
bending unit may be required. During the adjustnent, “clanmp unit 271 of the

movi ng bendj “%éHHir‘tig Whid ﬂ‘?é"?ﬁ'itié[‘ge%u'eﬂa rdg'&

of the bending uni

10

15

20

movenent w trac

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
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
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
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

require bending to be performed by the sane bendi ng

ftfc{ﬁggi &Srﬁple?éﬁ).pl%rt siﬁgpe-.b@nghe way




away. Wien all the bending or shaping on a bar or a set of bars have 15
been perforned, the unloading gripper assenbly 470 will nove in the Y
direction to the reference Y-co-ordinates. The unloading grippers assenbly
470 is then nove down in Z direction to the sane position as the
"out-down" position of infeed systemtransfer grippers 141 to grig] tﬂﬁ
bars. The clanp unit 271 of backup clanp assenbly 270 and cl arrp@ C\;sg of

i nternedi ate support then open and the unloading gripper assenbly 470
noves the bar up in the Z direction and ggit in the Y direction and pl aces
the bar down in the Z direction onto the conveyor system 500. As nore and
nmore bars are gl Yadked upHe aigateas diphearand higheT 2ackd T2Benswresthatitbe up to
create a higher and higher stack. To ensure that the unloading gripper

assenbly 470 dmloadingr agippent gsddmsbigt a7i0 @fo ot AR oRRY thedetRk! idgfg
devices are installed on the unloading gripper assenbly 470 such that the

b ill b t ] i et t b
on the stack. Therun car NoRETRE GRS Hre <fakDBh e PBadify RS, 2
d iti f i cki b i ng. the initjal t .ation. Th
bi ek up. posi ¢ st A1 Busd eritBe N R bR enltiadeBont ForeBetRfpe " T
cal cul at ed based on the shape and CG of the bar. During set-up 10
operation, % hdligiapge foredhe tan mest bateenithe stacke positions and rotati ng

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.




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 unl oadi ng
storage area for shaped bars on which bars are unl oaded and seg{ﬁgﬁipﬁ. As
the unloading system 500 positions itself only base on the bar tion
fromthe machine controller and do not alter its X position during

unl oadi ng. The conveyor system 500 takeszgare of that by ensuring that 20
the |l ocation on which the unl oading system 400 is going to unload is on an
enpty space. The sl|/An indegraigdisybteim comprisingetherinféedi systemoh00 cberdingr e t hat
all bars on it will not interfere with the next bar to be unloaded. 15 OCT

2004 24 An intaa,gnamnmmlmmg@éie‘sﬁ 400tdiR] tohRSEh ¥pétem 800 gikeRdeng
system 200, unl oadi ng system 400 and conveying system 500 give rise to

operation g edtl 9 FudieeTsad BHCPeRus oot ThetipTRuehaf shus

operation greatl ce operator se skl
error. The ful] omatic bendin unl oadj n nd con ing system reduces
human resour ce°F¥eé§ﬁﬁ5'? @F@ﬂﬁ‘é regyce gp?@q%r éﬁier"g)t gfneat Sqi'mgg"?ﬂn?%‘g WPshem si de
to just unbundling,_ali qni ng and | oading bar into the buffer conveyor 120.
The great es? BT i theofulyhautopratiombiesdingal unjeading 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




t hrough 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 tsﬁﬁﬁgﬁﬂ
limtation 15 on the invention. In addition, it is clear that f od
and apparatus of the present invention has utility in many applications
where automatic bar bending is required.o,4t is contenplated that many
changes and nodifications may be nade by one of ordinary skill in the art
W thout departing fromthe spirit and the scope of the invention
described. 20 15 OCT 2004 25 CLAIMS 1 An automated bar bendi ng and sorting
systen1conpriskggy bar bendi ng system for bending bars to a predeterm ned
angle; an in- Pﬂ% system for receiving pre-cut bars, said in-feeding
system conprising a transfer systemfor transferring one or nore bars to

sai d bar bendi ng Ak SufsFaRAthAbeRiRA h@@oﬁﬁs&g}géyrﬁgﬁ%gemgl urality of

unl oadi ng carriages, slidably nount'ed on c or unl oadi ng

shaped bars fromsaid _
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




bar bending systemto a prescribed position at a prescribed |location. 2 The
aut omat ed bar bending and sorting systemas clainmed in Claiml, wherein
said transfer system conprises: a conveyor system having an inclined
conveyor with stopping elements nounted at predetern ned interval g 12000k
defining slots therebetween; a transfer nechani smhaving a vertical array
of transfer grippers slidably nounted on transfer bars; and a turning
device provided with turning grippers, said turning grippers rotatable
between an inclined receiving position angga vertical transfer position,
said turning gripper in said receiving position aligned 1 5 OCT 2004 26

wi th said inclineditheaieyelinddEorneyst forfecélifig One B iol etk bAAY, Saigsal d
turning grippers in said transfer position belng adapted to co-operate

with said transf efurﬁfangefrrﬁiﬁ§z§i€‘?Jaﬁ&fe??ﬂggirtﬁﬁeoeglﬁ%gaéﬁtgﬂrtg'c‘é%rpé?afes to

sai d bar bendi ng system e automat ed en sorting system as

area having: a ot SiSEEbEASeF Bhhordou S ke B B R s e B By &) "

and a rolling ar egaig%ve{r%%n%\l/\'% sO)%?eorrs1l ng si des between two ends, said

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;




rolling area further having an alignnment plate nounted 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.

The aut omat ed bar bending and sorting systemas claimed in Clalggi)[C ﬁp
further conprising a conveying system having said prescribed Ig for
recei ving shaped bars and transferring said shaped bars therefrom 5 The
aut omat ed bar bendi ng and sorting systemas clainmed in Claim1, wherein
each of said plurality of unloading carrigges conprises: an unloading
gripper assenbly for gripping and unl oading bars fromsaid bar bendi ng

system at a prescri atdieast @heohoriAdnt&Chuid@0Bed A, c@%gle‘%iaﬁi sahe quUéth al

gui de beam coupled to said unloading gripper asse novi ng sai d

unl oadi ng gri pper gagse RIS tﬁa,c,% bar,
coupled to said unl %adl ng gripper ma@ﬂ%%ﬁﬁ/&"ﬂ%{?mmgpﬁg?églg‘%ﬁbﬁll oag%n
gri pper assenbly XrHIFélfioX' and Z-direction; and a rotational assenbl y to

rotate said unloadi ng gripper assenbly about the Z-axis.
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;




6 The automated bar bending and sorting systemas clained in daim5, and
further conprising: a first spring | oaded device coupled to said rotational
assenbly to accommodate differences in |ateral position between said

unl oadi ng gripper assenbly and said shaped bars; and a second qgrmﬂgUL

| oaded device coupled to said unloading gripper assenbly to acconmo aQe
differences in angle between said unloading gripper assenbly and said
shaped bars. 7 The autonated bar bending and sorting systemas clained in
Caim1l, wherein said bar bending systemgonprises: at |east one bending
unit for bending said pre-cut bars to a predeterm ned shape; 15 OCT 2004
28 and a plurality @&ndgoending rails for supporting said bending unit such
that said bending unit can nove in the X-direction thereon. 8 The
automat ed bar bending and sorting systemas clained in Claim7, wherein
sai d bar bending sy&RIHdlity efHean s $erssupporiingssaid bendingtunitreeidhdihat
support nechanismto give additional support to said pre-cut bar during
bendi ng. 9 The ausaiddesdirgpunibeanmuyeandhe X-direxgiosthersonas clainmed in Caim
7,

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




wherein said bar bending unit conprising: a drive pin assenbly; a backup
clanp assenbly; and a forner assenbly having: a series of concentric
former rings nmounted within a fornmer housing, each of said former rings
being provided wth an actuating nmechani smfor noving between i %ﬁz?mﬁy
position and a form ng position; and a machine controller for c ﬁt ng
said actuating nechanismand to divide said 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 (ormng position co-operating
with said drive pin assenbly and said 15 OCT 2004 29 backup cl anp assenbly

to shape bars placed therzerupSirfp ase6@BY o eq;farélpilbq:%dtﬂe&%rﬂséfdandby
position withdrawn fromthe bendi ng process. A net hod of bendi ng st eel

bars using an automated kacoRgnsblg (ﬁ”ﬁh%t ﬁféélﬂgstéﬁéﬁgﬁosgﬁu'n WG BRE

conprising the steps of: feeding a bar 0 said syst endi ng said bar
into a predeterm ned shaRg;m the bending process.

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;




and transferring, using an unloading carriage slidably nounted on carriage
rails, said bar in said predeterm ned shape to a prescribed |ocation; said
nmet hod characteristic in that feeding, bending and transferring steps are
performed concurrently in that as a bar is being fed, another gq@Ti Mbeing
bent and yet another bar is being transferred. 11 A nethod of B n i#@ st eel
bars using an automated bar bending and sorting systemas clainmed in Caim
10, wherein the said step of bending bar into a predeterm ned shaped is
carried out by at |east one autonmated bagybending unit, said bar bending
unit conprises: obtaining information fromthe machine controller of said

aut omat ed bar  bendi mgoing asirst groypsofbRMer ARdsintaTh Aoy PositRATRIAGE! NG t he
size of a bar and at | east one prescribed angle of bending; 15 2004

30 noving a first gadmaghideotdmroller Nsd iﬁfﬁt%r&;ﬁ Qdﬁféﬁﬂwd;?é‘rjotdrc}ﬂo%si ng

said machine controller, said first group containing zero or nore fornmer
rings; noving a secgggné ;of former rings into a standby position using
said nmachine controller, sald second group containing zero or nore forner
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.




and bending said bar into said at | east one prescribed angle. ABSTRACT
AUTOVATED BAR BENDER An aut omat ed bar bendi ng systemw th a bar bendi ng
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

bendi ng system and an unl oadi ng system for unl oadi ng shaped bars @hon1the
bar bending systemto a prescribed position at a prescribed. | o B : The
bending unit contains a forner assenbly, a drive pin assenbly and a backup
cl anp assenbly. The bar bending unit may be provided to a nmachine
controller and actuating nechani sns such that different size bars may be
automatically shaped to a prescribed angle according to user :
specification. In the preferred enbodinent, the fornmer assenbly includes a
series of concentric former rings nounted3lwithin a former housing. Each of
the rings is provided with an actuating nechanismfor noving it between a
standby position and a formng positiABSTRAGIRE 2

AUTOMATED BAR BENDER

An automated bar bending system with a bar bending unit for
bending bars to a predetermined angle, an in-feeding system for
receiving pre-cut bars for transferring one or more bars to the bar
bending system, and an unloading system for unloading shaped bars
from the bar bending system to a prescribed position at a prescribed
location. The bending unit contains a former assembly, a drive pin
assembly and a backup clamp assembly. The bar bending unit may be |
provided to a machine controller and actuating mechanisms such that
different size bars may be automatically shaped to a prescribed angle
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.

FIGURE 2




