WO 2010/ 096018PCT/ SG2009/ 000059 1 Met hod for Twi sting Hol | ow Bars
TECHNI CAL FIELD 5 [001] A nethod for twisting hollow bars into a
desired | oRghbiehskals tw sted spiral formis disclosed. Pbagstsiobewose
bars may formpart or all of a grille, railing, nmetalwork and |ike
architectural elenment where the tw stednapl ral formnmay serve as
decorative or ornamental purposes. A nunber of conponents or parts 10
for use in respect of twisting the hollow bars are al so di scl osed.
BACKGROUND ART 15 [002] In it Vi di L.er purposes,
the row of bars formng a gﬁf%h?&g?émﬁ‘%ﬂﬁ@\?g* iling, and

ot her netal work pieces, openwork cover or barrier to doors and

w ndows, |ouvre, lattice fornms and the |ike architectural or
furniture elenments nay be treated to i nprove upon its otherw se
spartan barrq@g.lw@@eguﬁm@( In particular, each of the bars may be
pur posely defo ornmed, into certaintwisted pattern
al ong its 3 ongitudinal aX| S resulti ng in a twsted or helical spiral

for aestheti r o] W e u [

i nparted to iogeoﬁr R 'H % tWQ% '“éggoﬁﬂ?ﬁs | &gl s Jlre?dBFHIn\l@ éél fWisted
Pat ent No. SSﬂaIDQI,f&SM 19( dﬁeupised.AS' he heliswbiaps n‘faylrfaﬁﬁl plalalor@m oda grmen rebla‘(g,
Is solid, this pri ar,t . appar at us use, r - Ing to

ol § cal i orethoRhant i BRh e demant hbets e gtk S, Bay
be solid in gederas deddratiieds drAismBAGESEROYeS. eRS‘ILhﬂ)e?tdf@GﬂanéM@fbr%érts
that denonstrated by |- beam (or H beam cross-section. It is also

known t hat0 wigr L@ﬁ’ﬁéeﬁﬂeﬁh@feﬁv”{t%rthﬁ batew bareareraleg diselope@ | - beami s
very efficient in carrying both bending and shear in 30 the plane of
the web (vertical elenent), it is inefficient in carrying torsion for
whi ch holl ow structural sections are preferred.

BACKGROUND ART

.15 [002] In addition to providing barrier purposes, the row of. bars forming a
grille, grating, divider, railing, and other metalwork pieces, openwork cover or
_barrier to doors and windows, louvre, lattice forms and the like architectural or
fumiture elements may be treated to improve upon its otherwise spartan
barricading outlook. In particular, each of the bars may be purp'osely deformed,

20 or so formed, into certain twisted pattern along its longitudinal axis resulting in a
twisted or helical spiral for aesthetics or ornamentation.

[003] An example of such twisting imbaﬂed to a bar or strip by an apparatus
is disclosed in U.S. Patent No. 5,107,694 (Kemp). As the strip of matériai or

25 thin bar is solid, this prior art 'apparatus may use foll-milling to form the helical
‘twists on the bar. Often it is not necessary for the bar to be solid in order to
provide the necessary tensﬂe strength such as that demonstrated by [- beam
(or H-beam) cross-section. It is also known that while the flanges (horizontal
elem’éhts) of the I-beam is very efficient in carrying both bending and shear in

30 the plane of the web (vertical element), it is inefficient in carrying torsion for
which hollow structural sections are preferred.



2 [004] Methods for twi sting hollow or tubular elenments known in the
art includes that disclosed in U S. Patent No. 5,410,808 (Geppelt et

al) for twyghbhf@e@io!l | ow double wall tube (i.e. bar @glr@@%{w?mggag

cylindrical cross-section). Prior art methods for tw sting
rods-having a rectangul ar cross-section, 5 include U S. Patent No.
5,771,726 (Bibby et al) which discloses a method and apparatus for
tw sing a hollow rod having open seam rect angul ar profile for . use as

curtain rai i.nNg. rt. fromthe telesco c featyre al.l

curtai n 1 ocldbAPaMBBREs R Rrsiie HRIRE" 2B S0 HlpRe e BNt b ofe: atthe
ends, this Bohla¥s hef eiseRBed ahsU.9TEPhiISNG e,47008e (Geppalp - S50
bars as having greater 10 resilence to tw sting due to the tendenC}/

of such bar &Vigt0s rhafgwhdruble avall ibey(i.er bﬂﬁcﬁl@@@t@“ﬂﬁ’%"%rﬁ"@ﬁ%%@'on
state upon F’Fr'ére ?nétﬁ@tﬁ@ d(;%emﬁs‘ﬁh@tﬂﬂgwaﬁ@@r Fct‘é/ﬂﬁlﬁlaf‘ E:%sg%ﬁf’&n of

force is rermve npared to cfose-seamor s a ess or tubula
bars. 155[ omsl‘pdsdﬂ St lB:aiemr Noabg/ 71,726 (Bibbyi ebal. )stfChedISﬂ:lW@/ermeﬁblbd

and once t e

ol astr oty BB Apards TRl i o ARHOUTRe BN ERLER bef B BRI B A ¢
t hus | ead ‘twusenad ewriaih ré:ﬂng gﬂpamfronﬁmertelalscdpﬂm fesat@re allbwu@ thwsriain rod
desirabl e to |nt |n reS|I|en e in fabric

So tha ¢ held i Jondtleneel WiB ey ete dWiing Sentfaicn adBopndhdtpesiDy”
twisted to, @thruﬁée fafo Fightibig tthes PadBlemast bﬁémeeameml hs asvinlgt Gredter
conprom sing tensile or structural strength and so that the bar being

wor ked dR nEeteneEtiodwising €up e e tendersy ehiuchdiatsimhaning Radkharaly ars

or a snal | \ﬁﬁ’&ﬁﬂ tB'r&atidtﬂl%téoeﬁﬁtéléédFPFBleés% fr@rﬂ%hé%@nstn@ aﬁ%ﬁ% ol' whkf
wel | -known that material resilience and recovery fromdeformt

depends on haempwest iohlforsaps Jpawved uepmpearets t geseafh er KeRMolRsH AT
i's made of tgg&@k hadl | oy or polymers (including plastics) and its

mat eriral propertires such as its elasticity, torsional, shearing and
tensile strengths, etc. WO 2010/096018PCT/ SG2009/ 000059 -

15 [005] For tubular bars, the twisting is often irreversible and once twisted the
material becomes permanently deformed once its elasticity point is breached.
Any subsequent. working on the bar would thus lead to material fetigue or
material failure It is thus desirable to maintaiﬁ certain resilience in fabticating
twisted bars so that the twisting may be reversed to a certain extent and re-

20 thsted to adjust for fitting length, asthetics as well as without compromising

" tensile or structural strength and so that the bar being worked on need not be
discarded if a. slight workmanship error occurs or a small specification
readjusfment is required. Of course, it is we[l—known that_mateﬂai resilience
and recovery from A.deformity depends on t'he material emp!oyed, such as

25 whether the hollow bar is. made of metal, elioy or polymers (including plastics)
and its material prop'ertiee such as its elaetieity, torsional,'shearing and tensile
strengths, etc.



3 SUWARY OF DI SCLOSURE [6] We have in this invention endeavoured to
provide for the fabrication of a hollow bar which configuration

offers an ipgh@@medig esilience to torsional 5 stress. Dygerk@2dobBoooso
resilience, we have al so endeavoured to provide for various neans and

met hods for twisting and bracing the twi sted formof the bar
depending on the nature of the material dsed to fabricate the holl ow
bar or its parts and conponents, e.g. whether the netal profile are

extruded or fighRARYHERsRBduke pProfiled fromnetal sheets or
strips that a‘r‘e_'@a'np'ev—p'r'e??ed‘o 10 bent to shape, roll-mlled,
extruded pl astic prof| le, etc. [7] OJI’ I nventive concept is to

provi de sepa |tudJ rts at m

conpri se the [ﬂﬁ(ﬁ? I OW %‘ﬁ’g'&tg n’é}ﬂ%ﬁ‘ron ﬁ%’t‘?u@ééﬂ %?V'aﬁgb rptgetfgbq{;gyo%gf

tw sted withauhoilyvedehiwticii Renfigiatiolofferd ahi Badsed fosilitRed td Torsional
rel easi ng the tw s stress or renpval of nonent of force, the part

may revert> bSERSE: bHﬁ o tha resflieng. we Aave alsqmndeguoyisd;te Provde far yarious
elasticity. KeR@8, ahd rAdelbis GBr tt\ﬂlstlﬁge gaf&lﬁé"tﬁél wétéesfotrﬂrofeﬂ{éh bar

hol  ow bar, one may rel ease the tw's reuse or re-tw st
for adjust meAegersting @nuthemturatqféiﬁe rrmeriat@epdtto falprinste dmeibollovwbar or |ts

I nvention Cﬁngté ?ﬁ& cQFn mghgg PEHetr'ﬁgté1 ke 5}% é%tﬂb%d%rﬁge hgl\%w

el ongate ne 0 a. q6s ormcorrp I SI'hg _
plurality of babpgrttlsthmfded P smetatt etgafm owsttrips; thattareestavapédyatreases or

ol ongat o orBent O SRBREr BFURF P HHBER Py It ong 1 ugi ndl par s

with the joint neans 25 to assenbl e the hol | ow el ongat e nmenber, the

assenbl ed ho e ate nmenber is then twi sted to the desi red
spi ral formto[oggg]é) &VPB%‘{%P@H%N I%d0 | EOVIHE i SSRarate t RRIipIdinaly arigs that

the joint memay Hehadsept s Sidel tﬁé%@ﬂot@'e%?fg%lte FARWGER Y0 tHAGdCA of the

nonent of force arising from30 the twistin the hol | ow el ongate

member. The PaihtMaeHes wislpdpwithewy beaghiago meéeltaiﬁnt@élguﬁdm@t;gelépcm
each of tjse t@éﬁlﬁwmeﬂw;stﬁﬁ@rétl%sé%qrérﬂb‘%i%’?ﬁ%r{tecte @rggtﬂeuﬁéﬁsmag revert

| ongi tudi nal j ol nt §0| nt neans nay be se
back to much of its original shape due to its material elasttmty Hence, in
addition to increasing spiral tums for each hollow bar, one may release the

twisted bar for reuse or re-twisting for adjustments or re-instatlatien.

20 [008] To these ends, our invention comprises of a method of longitudinally
twisting a hollow elongate member to a desired spiral form comprisihg
fabricating a plurality of longitudinal parts integral with joint meahs that are
complementarily fastenable each other ‘into forming the hollow elongate
member. Upon fastening the p[ura!ity of longitudinal parts with the joint meane

25 to assemble the hollow elongate member, the assembled hollow elongate

" member is then twisted to the desired spiral form. -

.[0091 One feature of the invention is the bresénce of the joint meahe that
accommodate limited pivotal movement due to moment of force ari.sing from
30 the twisting of the hollow elongate member. The joint means may be provided
along the connecting edges of each of the longitudinal parts and thus enabling

a continuous longitudinal joint. The joint means may be selected from any one



WO 2010/ 096018PCT/ SG2009/ 000059 4 or conbi nati on of tongue-in-groove
type including hinge joint, ball-and-socket joint, pivot joint and

uni axi al j@b%mm({ﬂ}g] Anot her feature of the invention pe§dchabobdis

| ongi tudinal parts may be 5 fabricated by any one or conbination of
extrusi on and stanping, pressing, bending or roll-mlling processes.
Preferably, the hollow el ongate nenber ACOITDI’I ses a pair of identical
| ongi tudi nal parts conplenentarily form ng the holl ow el ongat e
menber. Pref erabéq\qﬁstl I t he hol | ow eI on

T ooe. oot TORCRbRTen Shiaredn EremieaVBa e Lan o micig: bR aBrsosfet

triangle, 1Qirkadivdgeint amelimgkiagoigct angl e, square, rhonboid, cuboid,
paral l el ogram ‘el lipse, oval and the |ike. [11] One aspect of our

invention is to provide bracing to maintain the hollow el ongate

menber in t g dg HrloRfhrt f\é’iaﬁfré’%f IR | r@JenEuE)ﬁ?éetHé"f tﬂQ%r‘?giTﬂQﬂLa”%BHs thi Lo

bracing inc S I ntegr fabricatin atu
| ongi t udénalabpicated thaoh dreatmrcembmqmion cfsexdnision ahdr stamgingntpeessihg,

bracing fe he holl ow el t he

Cnrer gy bradlidit BBl tuling Pteds” . PRt e ho W BT e

aﬁm' cyli Rdmom@iseba?\cmé bﬁic@ittazhl mhglmaaﬁmhpmfs thlgsplamwténﬁlﬂggﬁhlngathtas
erein the em -C | nNdri C e to eac ot

o oove | of IO BPROAEnErREr-y Praferay vl ine HolSt) ASngHs Mesraos Bt e "

~and ret ai ni dlgsPkEGiohr prosifd xéretebhfos! 8 d@ﬂmrrcﬁm.ﬁg aﬂ?cdheeﬂfifﬁrléﬁglé he

hol | ow el ongate nenber to keep the de5| re iral formfrom

unr avel ilAg. ietrpgen ‘qud&?ﬁ)fmngi%bﬁﬂﬂ%woﬂm  [uBRide §ataiielparare| adiese,

provi di ng aoJa‘PQn@ﬁn@l[ﬁe' xed with a plurality brace plates disposed
therealong at suitable intervals and orientation to internally

support the desired twi sted spiral formof the hollow elongate

"mserti on gf "the LELAHRst S Reriant i SvERbhbgof iR B8 nolow,
parts. 30 [@dyat¥eneraher hehhe_eiﬁmﬂdrtmated)fspmalrfobnadnrtg\efembud:ment the
Compr 292 A 8b B BB AN bR B8 ind Rl Bbg b Bhthe
unr avel i ng. feaueéertqimlnyassdmaalgnﬁmlntrigcIrm@'nabarmmg\/\!éatures within the hollow
ﬁg%?é&gg?gﬁ%ﬁ/ ?GZOOQ()OOO%referasth ' %\éllgteegnslil%rgg% gatures %c{ude .'-9 fs.lee-ve»
formed by complementary semi-cylindrical halves integral with each of the
longitudinal parts, wherein the semi-cylindrical halves may be joined to each
20 other by sleeve joints. More preferably, a rod is insertable into the sleeve, and
retaining pins'transﬁxing the sleeve and rod at each ends ‘of the holiow

elongate member to keep the desired spiral form from unraveling.

{012] In another embodiment, the bracing step includes providing a rod
. 25 affixed with a plurality brace plates disposed therealong at suitable intervals
and orientation to internally support the desired twisted spiral form of the hollow,
elongate member. The brace plate is preferably provided with a slot for
insertion of the séam formed by the edges‘of roll-miiled longitudinal paa-'ts. |

30 [013] Yet another embodiment of our bracing feature comprises providing
end bracing means at each of the hollow elongate member's ends to keep the
_desired twisted spiral form from unraveling. Preferably, the end bracing means



[ 14] Products or parts thereof utilizing the above nethods includes
t he af oredescribed | ongitudi nal part, hollow el ongate nenber, and a
plurality afo5010@bdogiv el ongate nenbers twi sted accordi ngci«,lg@mog,goggag
precedi ng nethods, conprised wholly or part of a grille, grating,
divider, railing, decorative or ornanent gl el enents of a netal work

pi ece, openvvork cover or barrier to doorsS and wi ndows, |ouvre,

| attice forns and the |ike architectural or furniture elenents. 10
LI ST OF ACCONP, be under st ood
w th exenpl ary anc#gg’on- n%\ﬁﬁﬁ rgﬁgvﬂgfnéwe%’rfﬁ% @{é ed descr i ption
that follows wherein: 15 [16] FI GURE 1 shows a cross-sectional view

fafi i hol | ' t tion:
P17t b core 1A (ERdula, 08 neltS RiFredto Glanthd BBl | mAboAs, udes yhe
20 views of mreoe@:ra@bagesg@fdarml hedr, wilbar clbrime Peated, and at plusdied of

[ 18] FI GURE lifies cross-sectional view of the second
enbodi ment ?*Pﬁow %gﬁi%@eﬁ’@&féwﬁf@ [a?fqu"m ereregeding Mstigges cgmprised

depict 2 alt qedliorepd®idita @?’ﬁ@é i %l\ﬁ@éfe@illﬁg,oﬁewh{:%"’opadmamental

according to our |nvent|on FI GURE 6 shows™a cross-secti onal
view of a thelemedodi metaiworhlplw epena®eio ragivay arobamier itaveéerrs oand

Bract g, neane e, R S b B SRRt b i aEeRt.

hol | ow bars; 6

10 .
LIST OF ACCOMPANYING DRAWINGS
[018] Our invention may be understood with exemplary and non-limiting
drawings with detailed description that follows wherein:

15 '

[016] FIGURE 1 shows a cross-sectional view of a first embodiment of hollow
bar according to our invention; ‘

[017] FIGURE 2 illustrates a second embodiment in outline perspective
20 views of various siages of a hollow bar being braced and twisted;

[018] FIGURE 3 exemplifies a cross-séctional view. of the second
embodiment with retaining means;

25 [019] FIGURE 4 and FIGURE 5 depict 2 alternative joint means in the
assembly of hollow bar according to our invention;

[020] FIGURE_ 6 shows a cross-sectional \_/iew of a third embodiment of
hollow bar éccording to our invention;

30 |
[021] FIGURE 7 illustrates a fourth embodiment wherein external brécing
means are employed to retain the twisted profile of the hollow bérs;



[022] FIGURE 8 exenplifies a fifth enbodi ment wherein internal
braci ng neans are enployed for the same purpose; 5 [023] FIGURE 9

depi cts t hgoGERRSse€ct i onal view of the enbodi ment of peEsc8indd6hose
details of a joint thereof; [24] FIGURE 10 shows a sixth enbodi ment

of hollow bar according to our invention; 10 [25] FIGURE 11
illustrates the sixth enbodinent in out®ine perspective views of
various stages of a hollow bar being reinforced and tw sted; [ 26]
FI GURE 12 exenplifies the sixth enbodi ment wherein internal bracing
15 nmeans are enployed for retaining the twisted form [27] FIGURE 13

depi cts a smpent hreniedi RRemMIfES an il Sh B imBhA GHeiNERRSndICbracing
mai ntai n cross-sectional profile instead of tw st retaining purposes;
20 [028] FI QERAS Be sHGRyet fier thevamerpuspe@ssii ment bei ng ret ai ned by
external bracing nmeans. [29] FIGURE 15 illustrates an eight

enbodi ment wherein internal bracing neans are enpl oyed for retaining
t he twi sted[(23bf i FIGUWRE Bhdeias ltlevcloss:seatichdl ¥iew 80theFé@bBETEGt of FIG.

nt ornal | br 8erig o @O BERsER doso1spCT SE2009/ 000058 7 DETAI LED
DESCRI PTI ON OF SPECI FI C EMBODI MENTS
[024] FIGURE 10 shows a sixth embodiment of hollow bar according to our
~ invention; ‘
10 ,
[025] FIGURE 11 illustrates the sixth embodiment in outline perspecﬁve
views of various stages of a hollow bar being reinforced and twisted:

[026] FIGURE 12 exemplifies the sixth embodiment wherein internal bracing
15 means are employed for retaining the twisted form;

[027] FIGURE 13 depicts a seventh embodiment wherein intemal bracing
means for maintain cross-sectional profile instead of twist retaining purposes;

20 [028] FIGURE 14 shows the seventh embodiment being retained by external
' bracing means. '

[029] FIGURE 15 illustrates an eight embodiment wherein intemal bracing
means are employed for retaining the twisted profile of the hollow bar; and

25
[030] FIGURE 16 exemplifies a cross-sectional view of the eight embodiment

with internal bracing means.



[31] For ease of description and avoi dance of repetition, sone of the
terms enployed in this specification my be used with the foll ow ng

meani Ngs: vy 2d10kdew bar” may include hol |l ow el ongat e npaPREagob/biRbeear
menber and |i ke shapes which may be enpl oyed as hol | ow bar el enents

of arailing, grille, grating and sim | ar netal wrk; and
"tw sting"” includes action or force irrpa?ted to twi st a hollow bar
along its longitudinal axis to produce a twi sted, spiral distortion

of ‘the bar. B dOEEIIBROR RGN BEGECIERIGEODIRENTDS 1Nt erpreted

as that inpa or spiral
distortion. [32] To increase the hoIIow bar's resilience to
t or si onal desi red %gl r al

form v ol Bor Gl dpenlm 3h EoliBh iR ShshRulor Som di e s

one exenpl ar ¢rr@ltﬁ;e'ahﬁ\ﬂms sPe@fiQ@aRNTBSY bOUSEd Vith\thd follbhvddRRedningst a
plurality of longjtudinal parts (100, 102) which are conplenmentarily

fastenabl @ to eacHoiPWdiart Baydpeiies doliemnsiangate, memierpibulsr "@?’Bh@"a@'@j
menber (10) . jia6hasts \thi%hﬁﬁé Be oyéaoé’é hbfou) BAF él%ﬁfé?"&'?]bpé%ﬂzﬁ&ad}ﬁle

(106, 108) which may conp errent ari fasten onto the ot
j oi nt neans, an@mﬂmi’@FWﬁ@iWWB alﬁthgltudl nal parts (100, 102) to

L ek koo e O P i

parts (100, 102) y nmass 'pr oduct’i
roll-mlli ngloog:twnalmmim)prsdud:ehattwislmi spisa -distodion ef tpabarsad® may

t hen be senbl ed, el sewher e _usi erapl e nachi r . aut onmat ed
e mes Fo el ot moBEHE o Snindd of AP RO e it sl 2 et MRS ©
t he assenbl ythesyarab sesuen ek elibiinglonspiral Btsrgem! et ed hol | ow bar may

al so be twi sted by hand or assisted by machi ne or
operator-controlled, or by automated machi ne. For manual assenbly and

manual twi stjoRgy ito iifcrbA MOTRISH RASS YiIRNES 0! BRsibMAMttdidi WRite the
parts (100, 102) to be produced and sold as spare parts in hardware

shops so thaholﬁﬁwb@foc'»d@ust@dyteuas@wreyi SRiEd fREy. e bRMe A dppesed to

smal | quant i S
or o 2ar0r SER SRS el 4 5T 85 SherEen ) e e e Bie-EBdrR)
conpl et e t hevigarinahtWREuA) Iny at piuglity of tI@gluudmaépartechﬁ: r!aE) fabdahn are

toget her W tgbrﬂﬁlgﬁ{en%ﬁf?éﬁéri\ﬁﬁe tt8 eté%hdoetﬁ&_‘r fob%?mltﬁgeéo'mptete holiow bar or
-elongate member (10). Each of the ‘parts (100, 102) is fébricated'joint means

(106, 108) which may complementarily fasten onto the other part's joint means,
20 whereby tying the longitudinal parts (100, 102) to form the compiete hollow bar
(10).

[033] Each of the tongitudfhal parts (100, 102) may be fabricated by mass
production (e.g. by roll-milling or extrusion) so that the mass-produced parts
25 may then be assembled elsewhere using hand-bperable machines or
automated machines to slot in or snap-joint them into the hollow bar although
thé assembly may also be manually done. The completed hollow bar may also
be twisted by hand or assisted by machine or operator-controiled, or by
automated machine. For manual assembly and manual twisting, it is therefore
30 possible for the longitudinal parts (100, 1-02) to be produced and sold as spare
parts- in hardware shops so that a DIY (“do-it-yourself”) user may purchase

- them in small quantities to be cut to the desired lengths before slotting in or



[34] Once the longitudinal parts (100, 102) are assenbl ed and j oi ned
to 5 formthe hollow bar (10), the conpleted hollow bar (10) may then

be tw stedwgr oﬁ%%o'&d with torsional stress to achi eve ﬂc*i%cg jeﬁcﬁ%
spiral form 2Due to the multiple joints (106, 108) between tﬁﬁ

plurality of |ongitudinal parts (100, 102), limted pivotal novenent
is allowed at the joints or along the sfbams or joined edges of

adj acent |ongitudinal parts to provide some stress relief from monment
10 of force arising fromthe tw stjng, Thus n this configuratiagn,
the hol I ow BBFPRIAS B aiites loiils t%@r@pleée mfpﬁ,rtaaﬁdﬂ@ﬂ@&yéw*qt B3 thmggsired

stress vv'th@pntramm@%gmhm.mtﬁbréé’ééseeﬁes% IRCHERNBBY 14lef orm ty. [35]
The joint neans (106, 108) may be sel ected from any one or 15

conmbi nati on of tongue- |n groove type |nclud|ng hi nge joint, ..

bal | - and-so j Q) t j jal Qi t
From the i o (Phi¥ i lorBhulialbadE R0, i Care) b &3 ABRBRES g
(106, 108), fornGne 4olld@dar (UB) thel-‘dcﬁ]pléted(lﬂﬂéw 20q)0) tﬁnbﬁthéh b BslisteiOf) ,
FIG 9 difi.ed. in the orm sea
bei g hermoarirdopit FEEEPAR sPhad, 15 «BbBHE the' dhsirad Apte 50hg
shown i n Fl @ultible pirds F108, 108) aetiveam thé ihrality tﬁll&lgsﬁ.@maﬂtb&ts 150(18“@2)
FI G 16. @_ﬁ&%ﬁ 3 eV| dent fromthe above descri |p_)tl on and draw ngs

the |ongitu atdl egvgnasd is g W%?EH‘%&Q*@%‘? @f@gothecﬁ?ﬁﬂl%%lgmdof

conveht i -onagdgud Ui esuae,nt ﬁ:tn@mulﬁga, pdﬁset%smegsde%ﬂfié aaeééfrenéﬁflrcnmrﬂdm&&
pI’OCESSES For exanp as shown I N (0] oW Dar

conpr i sd0of Of fpEre @?ﬁg?g ﬂi@mrﬂae iwimg (Tim. ln:;b@) Cqmgﬁwflﬁ&vféeﬁ@@ﬂwf%f?éﬁd
b -l b
y rolI-mlLiagiPlos58% fﬂﬁteﬁd %Véﬁ{e?% t ei@%é&&nﬁ@dt %Scl‘ﬁﬁg%%l&alf

extrusion, disposed in the part o e exanple o
FIG 1, thefab@a@bngemmestdefwrbéyfor med integral with the

| ongi tudi nal parts by extrusion. 30 9 plural nunber of the identical
parts may be conplenmentarily assenbled to formthe holl ow bar. For
exanpl e, th@36hvyTheajcitt eheasaft@s, oﬁ@B)semajrohie odeledted hiodbhowanpasnefor

FIG 1 be f.ornmed i dent i d 00, 10
uhi ch allge IBUREEE £5 ondibsesiBhve yra daeh g PBoeRitin ol o8kt
5 hol | ow pa;btntqiavdtb@ntmd)hmhﬁdf jomt. e azprpeverdﬁohome b gE m{t sbbﬁ@smlgat
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flexibility and resilience of-the hollow bar to i'S best

tolint the nunber is two parts for ease of fabrlcatlon and

assenbly.  1036] As evident from the above description and drawings, the longitudinal
parts may be fabricated by any one or combination of conventional extrusion,
stamping, pressing, bending or roll-milling processes. For example, as shown

25 in FIG. 10, the hollow bar may comprise of two longitudinal parts (301, 302) .
which have been formed by rd!i-mi!ling process, and.a bracing means which
may be made by extrusion, disposed in the hollow part of the bar. In the
example of FIG. 1, the bracing means may be formed integral wsth the
longitudinal parts by extrusion.

30 |
[03')’] For. ease of fabrication and assembly, the Iongitpdinai parts may be

degigned such that the plurality .of the longitudinal parts are identical so that a .



15 [39] As have been introduced in the above, sonme form of bracing
to maintain the hollow bar in its rectangular and tw sted form nmay

preferablyvea6eeied to prevent coll apse and unravel i pgrRE2dobyGaoese
twisted or spiral form Exenplary of these bracing - both internal

braci ng and external bracing are to 20 b& described in the foll ow ng
with reference to the drawi ngs. [40] As”previously described, FlIGURE
1 shows a hollow bar (10) with a parallelogramlike cross-section

conpri si ng 2pjudRHdnesds df%wid%Hﬁc}d?gbﬁQ%cﬁyﬁ%ef %glg%awiﬁggebrg@éﬁ%f%m

joined to each other along the longitu ol n
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hol l ow bar is twisted to the desired spiral form To retain

spiral or toPpyeRraPrefie fangesthetig Pu®SESNspi ral i ng, retaining pins
(120) may be used to transfix the sleeve (116) and rod (118) at each
ends of the bar (10) as shown in FIGURE 3. 5 [042] Many vari ations of
t he hinge j oi088] nesxamplesed efhen palygonait profitasnmay IRCIBJRE4Ngled tEtragdRE
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hol e-sl ot (A¥FM3e as shown for the upper end frane (210) or the
cut-out g notch (213) type as shown for the lower end 15 franme (212)
wherein the notch or cut-out on the end franme enables a width section
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20 be described in the following with reference to the drawings.

[040] As previously described, FIGURE 1 shows a hollow bar (10) with a
parallelogram-like cross-section comprising 2 identical longitudinal parts (100,
102) which may be joined to each other along the longitudinal edges by hinge
25 joint means (106, 108). In this embodiment, internal bracing means is provided
in the form of semi-cylindrical halves or semi-cylindrical wall integrally linked to
the inner surface of longitudinal parts by tie wings. Each of the edges of the
semi¥cylindrical wall may be formed with sleeve joints which may be tbngue—
and-groove joint means (110, 112) that corﬁp!ementarily joins to form' a sleeve
30 or cylindrical tube (116).

[041] FIGURE 2 shows in series how a rod (118) may be inserted into the



with the |ongitudinal parts, a tube having a rectangul ar
cross-section (216) is used. Instead of the integral sleeve, brace

plates (214By :@0Roddped Whereby an aperture correspondi n@c*rﬁc;&d%?loaﬂow
cross-section of the rectangular tube (216) is 25 provided to enable

the tube to be inserted through the brace plate (218). The brace
plate (218) may be so inserted with it40orientation to suit the
tw sted holl ow bar at the poi nt' of insertion as shown in FIGURE 8. A

t I 2 t
I GURE o ardNASRA drbedT Rcar cidorst Beehalopobay & rSieleprieateieda
to accommodgdigl tden.] qfcm'etémdtﬁenﬁbz(i& &Qo%{?@{tsth@ftvﬁéi?l hpbhowndiaaling,
around the joint (2098 In this way, the brace plate §218) Is able to

provi de a SEAINPY P20 May IP%)\ng‘ééQ transfes thendedidr (1d§aiapdtrod K&18) at
bar . v 20ts RS T e P BT ShBYE Y S YRE Qi ng on the degree of
tw stingsrequi red and the resilience of the material used in
Labr et oohl WL PR oF 34 BBt 0B BEAF B ) ity
rect angul arFIGURE (42336)1. FIGURE 5 which are basically variations of the tongue-in-
groove type. An application of ’the joint type shown in FIG. 5 is used in the
longitudinal parts (200, 202} shown in FIGURE 6 which hollow bar does not - -
10 include ény internal bracing means. Instead, external bracing means in the
form of end frames (210, 212) are used to retain the ends of the twisted hollow
bar (208) to prevent the unraveling of its spiral form. The end frames may
either be one or combination of a hole-slot (214) type as shown for the upper
end frame (210) or the cut-out or notch (213) type as shown for the lower end
15 frame (212) wherein the notch or cut-out on the end frame enables a width
section of the hollow bar to be inserted thereinto. As further shownin FIG. 7, a
series of such holes or slots (214) and/or notches (21 3) may be provided along
the end frames to retain a row of twisted hollow bars (208).

20 [043] Another embodiment of internal bracing is shown in FIGURE 8 and
) FIGURE 9 wherein, instead of a rod inserted through a sleeve fdrfned integrally
with the longitudinal parts, a tube having a rectangular cross-section (216) is
used. Instead of the integral sleeve, brace plates (218) are used whereby an
é_aperture corresponding to the cross-section of the rectangular tube (216) is
25 provided to enable the tube to be inserted through the brace plate (218). The
brace' piate (218) may be so inserted wiih its orientation to suit the twisted
hollow bar at the point of insertion as shown in FIGURE 8. A cross- sectlonal
view of the plate s (218) insertion is shown in FIGURE 9 and a detailed view of
the plate’'s (218) tips being adapted to accommodate the joint and inside
30 corners of the hollow bar around the joint (209). In this way, the brace p!até'
(218) is able to provide a snug fit in the hollow section of the bar against the

rectangular tube (216) and effectively retain the twisted form of the bar.



5 [44] For roll-mlled hollow bar (300), the longitudinal parts
(301, 302) may be fabricated by stanpi ng, bending or pressing,

rol I -mlliRgosRaFeRUt it wWill need internal parts to aggr&k200000059
joining the edges of the longitudinal parts (301, 302) such as that

shown in FI GURE 10. Depending on the internal bracing 10 required,
the internal part (306) may be fabricat dd of the sanme material as the
| ongi tudi nal parts (301, 302) or of a different nmaterial, and may be

fabricated b S r J -l : L it erna 3 .
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(308) mmy beDBrGURIRNER {1 StGHhiE SEMaENS GIan e Boiral dormo b e dsrignaular
parts (301, &®&)(24e).formthe conplete hollow bar. In FIGURE 13, the
henm ng slots (410) may be Iinked via internal webbing (408)

conpri si né width rib (404) to each other, as 20 well as cross-I|inked
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(316). 30 12 formed fromroll-mlled |Iongitudinal parts (301, 302)

is twisted tPHYHPTHRSTPEEiral form To retain the spiral or to
prevent the twisting fromunspiraling, retaining pins (320) may be

used to transfix the sleeve .(31%)@and rod (.318% at each ends of the
sl eeve (316)[048] shidwninteingl| rRIRES0E2 maweemadse bf BRMATNG Sletsa(398) adereby
422) may 1§ g b O ; pdpt i ;
(418) "2 Shom 1o EBE YRR SRS, oy e B R R Ep dom, o
above. [ 48]s@EN@&IRPINS lm e MPEURBIA eonfidunatioretve strips bicheremingd$ioter(B08)
2]9' 'Sﬁ‘évhbg;‘; f@%g‘ri‘agfﬁrBUi‘dEB'té Bhipidid the Mhihg Be RS iiRickdindNELA (3R, BBLS to
form the complete hollow bar. In FIGURE 13, the hemming slots (410) may be
linked via internal webbing (408) comprising width rib ('4051) to each other, as
20 well as cross-linked to thickness rib (408) which serves to maintain the

thickness of the hollow bar as it is twisted.

[046] A further preferred feature of internal part (306) is shown in FIGURE 10
wherein intermal bracing means is provi'ded. in- the form of semi-cylindrical
25 halves or semi-cylindrical wall integrally linked to the inner surface of
longitudinal parts by tie wings similar to that described in FIGURE 1. Each of
the edges of the sehi-cylindrical wall may be formed with sleeve joints which
méy be tongue-and-groove joint means (312, 31 4) that complementari!y"joins to
form a sleeve or cylindrical tube (316). ' ' o
30 | _
[047] FIGURE 11 shows a series of illustrations how a rod (318) may be
inserted intb the cyiihdrical tube (316) formed before the hollow bar (304)



10 shown joined to each other with the seans hemed in. I|nternal
bracing is provided in the formof a rod (426) having rectangul ar

cross-sectygR,@nRgsods Pl Ural ity of brace plates (428) W thpridhiodRdso
aperture allowng the rod therethrough and di sposed therealong at -

orientations to suit the twisted spiral formof the hollow bar as
shown in FIG 15. To cater for the hem#d seans of 15 the hol |l ow bar,
cuts (430) are provided on the ends of the brace plate (428). [49]
It should be noted that the foregoing description and draw ngs nerely

descri be sefos®eddranysbiniksd Pnarudina paitsy (3s s108) ds (uistast tole desirede
hol | ow bar [ at+ ; thhe,d t"f% irali
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descri bed amewps §42),a122) reae piatiladythe pmdidetdat retain tise bsistddubaliom, bansd

i mprovenent, Wi.t hout depact.| fromthe . invention s ess e_and
worki ng 25 (BhES Bt &I YISE M Kist AoreSSibEY i3 fesbobniat (o7 cibose
falling within the letter and scope of the following clains. *** WD
2010/ 096018PCT/ SG009/ 000059 13 CLAIMS 1. A-nethod of |ongitudinally
twisting a KBl olfIEUGR dPeAnek FRIVREL illusiratesaniber sanbsgimant of diafiow
conpri sing: be{rafbrrﬁé@_rﬁ‘oﬁﬂ‘élp&ilﬁd%H%iﬁld'iﬂd( gahslmbmuglp%ﬁ' ofps%rcpspa%oé)re
102) integral wth joint neans (106, 108)) conplenentarily fastenable
each ot Her shewn jained ty essh @thesl Widwtls sag@mseheramisdr in( 1mfernablpracing is
fasteni ng saig; Lt f Lt Udj -nar YARR S '
j Oi nt 1Orreaélpg9|{j %25%BB%SrrﬁoOflaggg%ﬁgbgg‘%\gﬂﬂoﬁeﬁtoa&vﬁg%ngg esgrgé'kﬂe%% Q :
(10); and plurality of brace plates (428) with suitable aperture allowing the rod
therethrough and disposed therealong at orientations to suit the twisted spiral
form of the hollow bar as shown in FIG. 15. To cater for the hemmed seams of

15 the hollow bar, cuts (430) are provided on the ends of the brace plate {(428).

[049] It should be noted that the foregoing description and drawings merely
describe selected embodirﬁents of the many possible variations of the hollow
bar configuration, as well as the internal énd external bracing means depending

20 onthe Iength and profile of the hollow bar, number of Iongitudinéi parts forming
the bar, the array of bars forming the railing, grille, grating and the like. Apari
from t_hese other possible embodiments, many- of the present embodiments’
features described above are also amenable to modification, substitution, and
improvement without departing from the- invention’s essence and working

25 principle. Such modifications are to be considered as faIIinQ within the letter
and scope of the foilowing claims.

ke



(c) twisting said assenbl ed hol |l ow el ongate nenber (10) to said
desired spiral form 15 2. A method according to Claim1 wherein the
j oi nt nmeansyq 3Q609sdfd8) accommmodate limted pivotal noveggptchdgodose
nonent of force arising fromthe tw sting. 20 3. A nethod according to
Claim1 wherein the joint means (106, 108) are provided along the
connecti ng edges of each of the Iongitqui al parts enabling a
continuous longitudinal joint. 25 4. A nethod according to Caiml
wherein the [ nmeans are selected from any one or conbination of
t ongue-i n- grggéi&gype i ncl udi ng hinge joint, ball-and-socket joint,
pivot joint and uniaxial joint. 30 5. A net hod according to Caim1l
wherein the longitudinal parts are fabricated by any one or

conbi nati on of extrusion, roll-mlling, stanping, pressing or bending
processes. YO 20A%9@68@W&Tda@@%@9/nﬂgﬂﬁé% H&fcmﬁelﬁn@%hﬂ@rr%@ 10) 8%
to Gaim1l wherein the hollow el ongate menber (10) conprises a pair

of identi Gal IPYFRf SRIGH fram GoUPRISINGEO00, 102) conpl enentarily form ng
sai d hol | ow ghongaha-aREPE oIl oflongitudinal parts (100, 102) integral with joint

means (106, 108)) complementarily fastenable each other into forming
said hollow elongate member (10);
(b) 'fastening said plurality of longitudinal parts (100, 102) with said joint - -
10 means (106, 108) to assemble said hollow elongate member (10); and
(c) twisting said assembled hollow elongate member (10) to said desired

spiral form.

15 2. A method according to Claim 1 wherein the joint means (106, 108)
accommodate fimited pivotal movement due to moment of force arising from
the twisting.

20 3. A method according to Claim 1 wherein the joint means (106, 108) are
provided along the connecting edges of each of the longitudinal parts enabling

" a continuous longitudinal joint.

25 4, A method according to Claim 1 wherein the joint means are selected
- from any one or combination of tongue-in-groove type including hirige joint,

ball-and-socket joint, pivot joint and uniaxial joint.

30 5. A method according to Claim 1 wherein the [ongi‘tudinal'parts are
fabricated by any one or combination of extrusion, roll-milling, stamping,
pressing or bending processes.



7. A method according to Claim?7 wherein the holl ow el ongate nenber
(10) has a cross-section profile selected froma pol ygon incl uding
any one ofwhhh@Redegs tetragon including rectangle, squgeeﬁS@@@mgﬁ
cuboid, parallelogram ellipse, oval and the |ike. 10 8. A nethod
according to daim1 further-including a step of (d)bracing to

mai ntai n the holl ow el ongate menber (104 in the desired tw sted
spiral form 15 9. A nethod accordi ng to daim38 V\/nerei n the br aci ng

stepincludsmte |1y fab atures wt i tudi nal

parts whi chS1 eatAifdeo ﬁ&ﬁoraéye%ogagmr Irhergn Hec Rollgw ffymember
features w G1b2}@oﬁ15§s$§35|p@Wcﬁ'u%lﬂ@éﬂoH§’m%mﬁal pafts (16, ﬁﬂ bh%mentaniy
according to aim9 wherein the internal bracing features I nclude”a

sl eeve (116fpmivgmsi bollovosipnagtemembes@m.- cyl i ndrical hal ves (104,
105) integral with each of the |ongitudinal parts (100, 102), and
wherein said 25 sem -cylindrical halves (104, 105)- are joinable to
each othér by sl eeve joints (110,112). 11. A nethod accordi ng to

Claim 10 further [ SEes nset' t he sl eeve
(116) and t ansf‘af O%é’icao@lmegeip é%'?j‘ Fo %@, é‘?e 6%1" ,’:lﬁasntef%r
at each end(sophag raecrbebJsewmi prRGRE sclgEBb drorh @ EIggort trehﬂmg aey opRidral

formfromunravel | nl% WO 2010/ 096018PCT/ SG2009/ 000059 15
triangle, tetragon |nclu ing rectangle, square, rhomboid, cuboid, parallelogram,

ellipse, oval and the like.

10
8. A method according to Claim 1 further includinga step of
(d) bracmg to maintain the ho[low glongate member (10) in the desired
_ twisted spiral form.
15
9. A method according to Claim 8 wherein the bracing step includes
integrally fabricating featur’es with the Iongifudin’al parts which features, upon
assembly, forming intemal t_Jracing features within the hollow elongate member.

20

10. A method aebording to Claim 9 wherein the intemal bracing features

include a sleeve (116) formed by complementary semi-cylindrical halves (104,

105) integral with each of the longitudinal parts (100, 102), and wherein said

25 semi-cylindrical halves (1 04, 105) are joinable to each other by sleeve joints
(110, 112). |

' 11. A method according to Claim 10 further comprises inserting a rod (118)
30 -into the sleeve (116) and transfixing said sleeve and rod with retai_ning pins

{(120) at each ends of the hollow elongate member to keep the desired spiral

form from unraveling. | | |



12. A method according to Claim8 wherein the bracing step includes
providing a rod (426) affixed with a plurality brace plates (428)

di sposed t%ﬁ)@é@?&tsat suitable intervals and orientat i%@#ﬁaﬂ?%ﬂx}wsﬂ'

internal ly sup he desired twi sted spiral formof t

el ongat e nmenber. : 13. A nmethod according to Caim12 wherein
the brace plate (428) is provided with 8bot for insertion of the seam
formed by the edges of roll-mlled | ongitudinal parts.. 14. A

nmet hod accorging o ai,m 8 wherejn _the hracing step, conprises.
provi di ng ‘enﬂé'br i'ﬂ_é%hﬁgaﬁ%‘?oé?“”@a@h_ iy e““%@f&%v@i’ﬁl BW@Htg_e shPnigiudes
ends to keeppobiirdesi Frd (A%Biséﬁﬁﬁﬁwtﬁ'a fpmrmtgr&ﬁbé%:até%l g@I@g didpbsed

nmet hod according to Claim wherein the end bracing nean

provi ded i n GerEaiang grsuilapleintervale pnd wrientatigate intemady suppat thesdesived
| ongi tudi nal ypgqed sﬁif‘al%nj?r%#ﬁwrﬁym%ﬁ@a@%‘ﬁ—{bersai d |ongitudinal part.
a I Ng

havi ng at | east eat ure accor any one of the preceding

nmet hods. 5 17. A holl ow el ongate nenber assenbled from a
plurality of longitudinal - 25 parts according to any one of the
precedi ng nethods. 18. A plurality of hollow el ongate nenbers .

twi sted accotdli ngh angthotieastordihg tpr ekl Ng Whéleirdshe ciorape | 8@ WD) | ¥

or part of a grille, grating, divider, railing, 30 decorative or .
or nanent al  ATAHERR Wity SIGt fes ek o iHscssare Semiest RY dak €A08S Ob sk milled
- to doors andomgifidayss pattouvre, lattice forms and the |ike

ar chi tectut)JraI or furniture el enents.

14. A method according to Claim 8 wherein the bracing step comprises
providing end bracing means at each of the hollow elongate-member;s ends to
keep the desired twisted spiral form from unraveling.

15

18. A method according to Claim 14 wherein the end bracing means is
provided in series for a row of hollow elongate members.

20 .
© 16. " A longitudinal part of a hollow elongate member, said longitudinal part
-having at least a feature according to any one of the preceding methods.

17. A __ho!iow eio'ngate member assembled from a plurality of longitudinal
25 parts according to any one of the preceding methods.

18. A plurality of hollow e!ongate members twisted according any one of the

. preceding methods, cog‘nprised‘ whbily or part of a grille, grating, divider, railing,-

30 decorative or ornamental elements of a metélwork_ piece, openwork cover or

barrier to doors and winddws, louvre, lattice forms and the .like architectural or
furniture elements. |





