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{err) I MPROVED METHOD AND APPARATUS FOR SHAPI NG THERMOPLASTI C TUBES Thi s
I nvention concerns tubes made of thernoplastic material and provi des an
Jnproved met hod and apparatus for formng such tubes into 5 required
shapes or configurations. As used herein, the term"tube" incl ugq_s_,%o?

pi pes and sinilar conduits, whether of single or multi -l ayer constr MO,
Tubes of plasti'‘cs material are used in a w de number of applications and
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therein.  tube wall collapsmg durmg shaping and this has restrncted the shapes which

can be produced. In particular, muitiple bends cannot easily be obtained
because of the complexity of the insert and the diffiduIty of removing the
20 insert. | |

It is an object of the present invention to provide an improved method
and apparatus for shaping thermoplastics tubes which overcomes the
aforementioned disadvantages.

According to a first aspect of the invention, we provide a method of
forming a bend in a tube of thermoplastic material comprising externaily
supporting the tube on at least one former to pre-form a bend corresponding
substantially to a required bend configuration, locally heating the tube at the
region of the bend by controlled emission of infra-red radiation from a
remote infra-red source spaced from the former and from the tube so that
30 the thermoplastics material becomes sufficiently plastic to conform to the

required bend configuration whilst holding the tube stationary on the
former(s), cooling the tube to set the thermopliastics material and retain the
- required bend configuration whilst holding the tube stationary on the
- former(s), and removing the tube from the former(s) with the bend formgd
35 therein.



By the invented nethod, the shaping of the selected tube Is carried out by
controlled infra-red heating whilst the tube is supported externally. W .
have found that Infra-red heating of the thernoplastic nmaterial whilst
supporting the tube externally can be effected w thout coll.apsing the 5
tube wall. As a result, the problens of internally supporting the tube by
special Inserts as used In the prior art nethods are avoided entirely.
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conpl et edhg controlled by varying the power and/or intensity of the infra-red radiation.
Preferably, the etﬁission of infra-red radlation'ls controlled to provide
20 peak power at short wavelengths, preferably in the range 0.7 to 2.0 microns
and more preferably at one micron.
As will be appreciated, the emission of infra-red radiation has to be
controlled in accordance with the mass of thermoplastic material in the tube
and the thermal characteristics of the tube dependent upon its diameter and
25 wall thickness and the rate of heat transfer throughout the mass of the tube. ~
The emission of the infra-red radiation may be arranged to heat
locally the tube simultaneously at a plurality of bend regions spaced apart
along the length of the tube for conforming the tube to a muitiple bend
configuration.
30 Conveniently, cooling of the shaped tube to set the thermoplastics
material in the required configuration is effected by applying a cooling
medium externally and/or internally of the tube.
For example, the tube may be cooled by passing cool or ambient air
" over the exterior of the tube and/or through the interior of the tube.
35 Preferably, a source of blown air is used so that cooling is completed

rapidly.



rapidly. Qther cooling fluids may be used in place of or in addition to
air. For exanple a liquid coolant could be passed through the interior of
the tube whilst subjecting the exterior of the tube to air or liquid
cooling, for exanple by blowing air or spraying water over the exterior of
the tube. 5 The desired configuration of the tube may be the final
formas requiréd for Intended use of the tube or it may be an internedi ate
configuration. Were the configuration is an internmedi ate one, then further
formnd ng of the tmrmylshgkmuam by useg emtpiage dbher twadditbrstoe@is. Udrg a
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Wi t hout reagpﬁlgllgraélo,qe\&pllﬁg}qlgwg thedybe;stationary on the former means, and a

source of cooling fluid for cooling the tube to set the thermoplastics material
20 and retain the required bend configuration whilst holding the tube stationary
on the former means. _ . _

In use of the apparatus to carry out the invented method, the selected
length of tube is secured and held on the former means so as to conform to
the requireg configuration. The tube is then subjected to the controlled

25 emission of 'infra-red radiation from the infra-red source for limited heating
of the thermoplastic material sufficient to ca'use'-deformation of the material
without permitting the material to reach a:plastic stage in which the tubular
walls melt to collapse inwardly. Finally, the tube is set in the required
configuration by cooling the thermoplastic material. . _ |

30 : Preferably, the infra-red radiation source is-adapted for pulsed or
intermittent operation providing a dwell time for thermal transfer of absorbed
energy around the tube. As a re-sUlt- subst‘ant-ially uniform heating of the
material of the tube is achieved without reaching a near meltmg stage in

" which the tube wall wouid collapse. _ _

35 Advantageously, pulsed or-intermittent operatlon of the source is

provided by control means programmable for timed operation of the source.



whi ch the tube wall would collapse. 35 Advant ageously, pul sed or
intermttent operation of the source is provided by control neans
programuabl e for timed operation of the source. Al ternatively or
additionally, the control neans nmay be responsive to thernmal sensing

~ devices | ocated adj-acent to the former nmeans for controlling,_ operatlon of _
the infra-red radiation source. Preferably, t he former neans—provi des a
gui de surface for supporting 5 the tube in the required configuration.
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red radiation employed for heating the tube.
Where the required configuration is a simple bend, the former means
may comprise a member having an annular guide surface, for example a

20 wheel or cylinder.

For large or complex bends, the former means may comprise a
member having a guide surface of special profile to conform to the required
shape. Alternatively, the former means may comprise a plurality of
members arranged such that the respective guide surfaces define the

25 required shape.

Advantageously, the former means is arranged to produce a bend
having a radius slightly less than the required configuration to allow for
relaxation (spring back) of the thermoplastic material on removal of the tube
from the former.

30 Where the required configuration has muitiple bends, a separate
former may be provided for each bend and the formers arranged to allow the
tube to be located in the required configuration for simultaneous formation
of each bend.

In one preferred arrangement, the former means comprises a plurality

35 of formers mounted on a common support base and the length of tube is
stretched over one or more of the formers defining the required



tube to be Iocated In the required conflguratlon for simultaneous formation
of each bend. In one preferred arrangenent, the fornmer neans conprises a
plurality 35 of forners nounted on a conmon support base and the |ength of
tube is stretched over one or nore of the forners defining the required
~configuration with one or both ends of the tube being clanped or otherw se
secured to.resjljently bias the tube into supporting engagenent: W.th-the
forner(s). Advantageously, each former is detachably mounted on thé base.
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Preferably, the or each lamp has an external reflector for directing
accurately the emitted radiation towards the associated former. For
example, each lamp may be positioned in the focal plane of the associated

20 refiector.

Advantageously, the or each lamp is adjustably mounted for varying
the position of the lamp relative to the former means. In this way,
adjustment of the lamp(s) may be combined with adjustment of the former
means to adapt the eppafatus to different required configurations of tube.

25 in one construction, the or each lamp is slidably mounted on a pivotal
support arm for selective adjustment of the spacing and/or angular position
of the lamp relative to the former means. .

The source of cooling fluid may be arranged to apply cooling fluid to

the exterior and/or interior of the tube to achieve rapid cooling and
30 quenching of the tube. Air is the preferred coollng fluid but other cooling
fluids may be used. ' S

The source of cooling fluid may be connected to at least one outlet
such as a nozzle arranged to direct the cooling fluid over the exterior of the
tube. ' '



30 quenching of the tube: Air is the preferred cooling fluid but other
cooling fluids may be used. The source of cooling fluid my be connected to
at | east one outlet such as a nozzle arranged to direct the cooling fluid
over the exterior .of the tube. .- Preferably, a plurality of outlets are
provi ded- tO'dTEEGi;QﬁE??ﬁg‘f|UId over the tube supported on the forner- and
the outlets are conveniently connected to a common source of cooling fluid.
Advant ageously, the or each outlet is/are adjustable relative to the 5
former neans fRfefecably.oa elyrabity etputigts ace peavided teo difregt coolingifluide t ube
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Figure 2;, FIGURE 4 I1s a plan view of the apparatus shown in figure 3
showi ng tinterjarptthefubBag station (full lines) and at a heating and cool i Qg

station 25 (bpaiteradly,"@e) sourt&dRcodling fiuiddsidpenable by Controlcmeahs of Fi gure
4: FlI GURE s a 8 of Figure 3; FIGQURE 7 shows an

t he
al t er nat |Rf8°fﬂPW€?’?%1t%fp'?@88fQﬂ“g+'ﬁ %33 i*RY°%4nd FI GURE 8 shows anot her
formes adapt edTheinyentibacwinow el described in more detall by way of example

only with reference to the accompanying drawings wherein:-
EIGURE 1 is a side view of a thermoplastics tube produced by the
method and apparatus according to the invention;
EIGURE 2 is a side view of a jig for holding the tube in the required
20 configuration;
FIGURE 3 is a front view of apparatus according to the invention
showin§ the tube of Figure 1 supported on the jig of Figure 2;
EIGURE 4 is a plan view of the apparatus shown in figure 3 showing
the jig at a load station (full lines) and at a heating and cooling station
25 (broken lines); ' N
EIGURE 5 is a section on the line 5-5 of Figure 4;
EIGURE 6 is a section on the line 6-6 of Figure 3;
EIGURE 7 shows an alternative former adapted for side heating; and
FIGURE 8 shows another former adapted for producing complex
30 shapes.
Referring first to Figure 1, a thermoplastics tube 1 of polyamide is
shown having offset parallel end portions 18,1b terminating in respective
1800 bends 1¢.1d and an inclined centre portion 1e connected to the end
 portions 1a,1b by respective 135° bends 1f,1g. -
35 The tube is of circular cross-section having an outer diameter of 8mm
and a wall thickness of 1.00mm. The tube 1 is produced by cutting the .
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30 shapes. Referrlng first to Flgure 1, a thernoplastics tube | of
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respective- 1800 bends 1c,1d and an Inclined centre portion le connected to
the end portions 1a, 1b by respective 1350 bends 1f, (err). 35 The |
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length froman extrusion of the appropriate cross-'section and heat forning
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t re base f'@lbﬁﬂ Méeﬂlﬁcé@esﬁypﬂlﬁé%meaﬁﬂi& Q&“aft'?& ek fpRs racketsed 19uppor t

the 20 tL@ﬁe%prﬁ@/eaﬁnéch@afwthe iawlalnamlsnaplyrmlt%ﬁodu{lré»g heat
formng of the bend. Eac¢ roove 14, 16,17 has a depth of 5 to 6nm Each

end for nerP8® %ﬁﬂ°B%af'n ??@Hfﬁﬁ@%?mr 7 is of annular shape,. for
exanpl#s a wheel Eath ¢upeed Jhwecsdmicel 54 Bal7LlBatie of snvelerGradiusofhainrthengul ar

shape addit sy rt the centre portia
tube 1 i n 'Hfi%‘\?é %{%F %ﬂbergﬁﬁgo (?(!I'&S’ E% reiﬁ@ '?’ Ggpggéb%c%; gqﬁfe made
of t ranspamguhopmsa_csahammam oasrepuwivial of Hbedube drfrgimathe jighat does. not
cinterfere with pead iigh& s 6"'F 8! iiiCa befipleral groove 14,15,16,17 of which the

base forms the guide surface 5a,6a,72,8a and the opposed sides support the
20 tube 1 and prevent the tube wall collapsing inwards during heat forming of

the bend. Each groove 14,15,16,17 has a depth of 5 to 6mm. _

Each end former 5,6 and one intermediate former 7 is of annular

shape, for example a wheel or disc. The other intermediate former 8 is of
L triangular shape additionally ar!'anged to support the centre portion 1e of the
25 tube 1 in a groove 18 along one side edge 8b.

' The formers 5,6,7,8 are made of transparent material such as
polycarbonate or glass that does not interfere with heating of the tube 1 and
is not degraded to any significant extent by the short wave infra-red
radiation employed for heating forming of the bends 1¢,1d,1f,1g

30 The formers are releasably secured to the associated mounting - .-
bracket 9,10,11,12 for detaéhing the former for repair or replacement of a
worn former or fitment of a different former. .
In a modification, not shown, the formers 5,6,7,8 are adjustable .
relative to each other for supporting a length of tube in 'a'ny selected one of
35 a range of different configurations as may be required for alternative end
uses of the shaped tube.



I's not degraded to any significant extent by the short wave infra-red

radi ati on enpl oyed for heating formng of the bends 1c, 1d, 1f,1g. 30

The formers are rel easably secured to the associ ated nounti ng bracket
9,10, 11,12 for detaching the fornmer for repair or replacenent of a worn
former or.fitnent _Qf . a different fornmer. In a nodification, not shown, the
formers 5,6,7,8 ar'e"-adj'ust'able relative to each ot her for supporting a
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processi ng c ernme has on the upper
surface 2la f oﬂ'hsllhtkimeﬂlﬁap‘piil 21 rhast wdaagé on Hhe uneer $ky‘f3°¢ éladavanci ng

movenent Qif.%mg ?oﬁiﬁd“fwmé h%fnheqmlfaeaammgg n%ve.ﬁamb@ﬁtneshowﬂ in

figure 4, atus I's arranged to0_receive the Jj1g 3 at one end of
t he proceHﬂl%@reh&hﬂt# propessiig ehambes 46 station 25 at which the tube 1 is

| ocated on t heAfsQfé&‘rsﬁoﬁnﬁn?ig%raw the dﬁp&i‘ﬂfueristdiﬁdgleﬂ 3 feReive the
heat i ng/ cgol.in gstatl ect dto ontrolled

noat | HE C1Sia P ans sndiotdha raresaing ShAmbeY B4 fomys ToaHns sTaen 2Ret: Loe 1 1 n
t he requi watthciwef fuber pis lvtateld10njthg formerst 5,6n'ls.faemrc9tb fransidrhhe jig 3 to

end of -t 8 RaeBtelehaioCiaflae 28 A vBitn 1Bed08e Cb b Mg a0 Amfsler ™ rre 1 °
dri ve f or hesatingdyrinfrairedjradiationafollowes by Rir, caxlingrtocsetdtirdube Ui incthlee neans

(ot shoufo il od MdthtiBhs rib/ug R rkbieHal'srdR RV GAbaiinde el | 22

external ly hown 1 n Flgure s, a
pl ur al§ t ysiation26 to apindeading station 2y atthe nppesitpiandnof the pregadEiNg24 on the -

top, si decﬁﬂﬂbwberfm%%aseaww in% f%Qm%a t%8e213 frﬁa drf\feaﬂiraéndHbetﬁeUbe 1
supported_on the fornmers 5,6, eatln% cooling station 26. In this .

enbodi menti@h@ay be 8 M@eam% P@T%' sé@“lbb? @RY shewn} thatds 45,6 and two
emtters aofuatdt® by 6ntesl @iie 2Banomited orsidéhwall 22texternally of the

chamber 24.
20 As best shown in Figure 5, a plurality of infra-red emitters 29 are
" mounted within the chamber 24 on the top, side and intermediate
walls 20,21,22,23 for irradiating the tube 1 supported on the formers 5,6,7,8
at the heating/cooling station 26.
In this embodiment there are three emitters 29 for each end
25 former 45,6 and two emitters for the intermediate formers 7,8. The number N
and position of the emitters 28 may, however, be altered as desired to suit
the size and shape of tube 1.
Each emitter 28 comprises an infra-red lamp 30 and assoéiated
reflector 31 for directing the infra-red radiation towards the tube 1. Suitable
30 emitters 29 are tungsten-halogen lamps made from a tube of transparent
quartz having a length and diameter chosen to meet the requirements of a
given application. '
The lamps 30 extend lengthwise of the processing chamber 24
parallel to the direction of movement of the jig 3 and transversely to the
35 length of the tube 1 supported on the formers 5,6,7,8. -
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and position of the emtters 29 may, however, be altered as desired to suit
the size and shape of tube 1. Each emtter 29 conprises an infra-red |anp
.30 and associated reflector 31 for directing the infra-red radiation
towards the tube 1. Suitable 30 emtters 29 are tungsten-hal ogen | anps.
made from a tube of transparent quartz having a | ength and di anmeter chosen
to meet the reguirenents of a given application. The |anps 30 extend-

| engt hwi se of the processing chanber 24 parallel t'g.the direction of
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| engt hwi se ad] ust ment al o .
posi ti&n AfAY slBéb!sn‘ﬁabpt%@a%wq'%‘hﬂ°§'6‘°"r¥f‘gﬂ 933?18' aa‘g'] @5‘&1%61‘ or mer
geGaZr 2ncgglétiﬁve3w ﬂﬁt ﬁi‘.@lﬁt hﬁﬁierrS%‘S,lﬁ 8 canl e pelected far beSthteshHaps 30 can

g o direcg e.in
tube 1 along itl® HWQP{‘FW the Iﬂ’?ﬁ ﬁg d%gai'@“fPartS é)'g?aét tﬁgq ﬂg%glngl 8];1 Ent]e
the | a{rps raﬁnaﬁb{h for |afb|di§eﬂdhéaﬁlnglﬁf thi tdber ¢ratonglits leogfth gmfcam the and the
apparat us i s no e
Al rar od heagRais b et  Affon, e pUSIGHORY 4fy (e 30 TaNPe alapleatfch *
absor hed Wfféfaltaubercohagurgimémmbﬁpph@tu&b%ﬂ!!t limitechtostheh® nent, the
base 4 Is %mﬁ%e M}g (?H‘h +,%13 only for 15 sinplicity. It will be

& ver, 0

under st 00 ength of the | anps 30, t¥/ be sel ected to

ahlow a pl ur al i infrasfed raghamoresoﬂtteérhyrihﬂ lagRs30 ds dirscted tawards and pe

nount ed on, NERind 9GBS of N tabe qubes | si nmul taneously.
Al ternati v<=ﬂtsmebé}ﬁB€ e o%'ie nJ const ruct ed- a% rranged to y

plurality of tdbe%"ﬁ eFW°§BH€%'d tPEI%ﬁF&?ﬂ?'ﬂJ"”ﬁHﬂ"@Q% Re J'Ph%°25'n}‘f'§r Mer s
t”ﬁgr gg?Of ﬁﬂg@flgﬁye it ngnP‘g dﬁhrﬁrbﬁohl,llhe;ireileﬁ pmeghalwtidthadfcthg lamps| mngt h
e o R faiecig acalan m iy agh S8 Conb g et pRp o "
and i nt er fatmbes tebe momeaa:mmepwsaaes for heat §armiog setvbrd-mesrhdl ation.
simultaneously. Alternatively, the jig 3 may be constructed-and arranged to
mount a plurality of tubes 1 in spaced relationship. For example, the
20 formers may be of elongate form with the tubes 1 spaced apart alohg the
length thereof. ' . o
The lamps 30 are controlied for puised or intermittent operation by
the control unit 28 which is programmable for setting the duration of and.
interval between successive pulses or bursts of infra-red radiation.
25 In this way, uniform heating of the tube 1 around its circumference is
obtained by allowing thermal conduction through the mass of the tube

:\ J

between each pulse or burst. .
The timed operation of the lamps 30 is determlned by a number of
factors including the diameter of the tube 1, thickness of the tube wall, the
30 the’rmoplastics material of the tube, the number, size and power of the
lamps 30 etc., and is set to ensure that:the tube 1 is only heated to a
sufficient degree to soften the thermoplastics material for conforming to the
required configuration and over-heating sufficient to melt the thermoplastic
' material and cause the tube wall to collapse is avoided. . _
35 On completion of the heating stage to form the bends 1c,1d,1f,1g, the .
tube 1 is rapidly cooled to set the re'q_uifed configuration. .



25 In this way, uniformheating of the tube | around its
circunference is obtained by allow ng thermal conduction through the mass
of the tube between each pul se or burst. The timed operation of the |anps
30 is determ ned by a nunber of factors including the dianmeter of the tube
1, thickness of the tube wall, the 30 thernoplastics material of the tube,
t he nunber, size and power of the lanps 30 etc., and Is set to-ensure that
the tube 1 is only heated to a sufficient degree to soften the

t her nopl ast i csThatcooling is effected dyhlawingairer othgrsntablecenalingrgas on and”
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tube wall to collapse Is avoid onpl etion of the heating
stage to PEr-fek W'%ﬁﬁl&'"ﬂ:cgﬂ“ﬂquy Rrﬁﬂfﬁ’ﬂﬂ'ﬁ"ﬂ ﬂ'% coalPhMYitcool ed to set

t?ﬁ requi {egl cebf 'eliltHrﬁhl Séhling, aTbﬁ:raant oNnguilét AdzAGS 33 &amhbcw/ by ?Ih roor ]

ot her suitable coo ont e exterior o or rou

CheCl i or PP PiBeR 36 Jnd Sourg of RIPWRAIE 2parcanasd toidlEeetone Al pate by O

pr oglr amnta $irtacoof tie tube §upﬂ_uﬂed35h€thédbrmetd 5/6J7,.82 Pbuimerday of outl et
nozzl es e i [Lc air are

ar r anged f‘b é@ﬁgﬁhﬁéﬁ F°'E)'?1{)%°¥I?§ @B?f cg’ ﬁ}e fﬁ‘ér% uﬁeagﬂﬁpagﬁ]%d on the
fornmers Gpéssing.aif-through ¢henéritecioolof tye telpeé dot 9a |s connected by pipe 13 to

t he source of ' ' hr qu | f the tube 1.
I the embodi T8 qfhfodilenb i, B6z 66 s Ak dedriftelith en Wpay 1° [ OO0
5,6 afd ofermesZwBangitons npzzietIs Mthtmhloftt@ﬁriemrm@labrhfmwﬂsb ‘m@ nunber

d t
and arranggmeat agﬁf# %‘I‘ﬁélﬂ of ¥he lﬂfet?hobms 35 eﬁowgﬁf;bs ¢ nozzles 33

desired to sul t ube con '&uratlons 't 0
may be adf%né‘@&b’P? tﬁrﬁ!ﬁﬂt@&“ﬂ'ﬁ“ becsaniiguraioasqul ar position and spacing s

relative to thadagichuty! tﬁé’hBEile5 33 may waaﬁ;stsmytmdm%arfeﬂhuhuh

configurat.i ong ‘Ia'he nozzl es ain EP b’t on e“p t he léagp, g and the
cool i ng si"!fg% oy bé’PFBWFeﬂ"’aFP%‘F pifelativg ta, °sP formere.pi7584%at the
same €8 at 560 derdnt hibe cbafighmtivns. 24. In this way rapid cooling of the
LAPr £ oo Do Sheiaafen TG BEhiani 084008 R £LpbAS BB1te. ons
however, stagecs prrformefdcatibl the beating stagehwithatheijigy3atdhesalieng st ages at
separat e s{-3{gn0s% withiit e 2Rambet 2491 At wal rapid cooling of the tube 1 can
be effected immediately following heating of the tube 1 sufficient to conform
20 to the required shape.
For certain applications, however, it may be preferable to effect the
heating and cooling stages at separate stations spaced apart lengthwise of
the chamber 24. Such arrangement, reduces cycle times and may be
employed advantageously for automated mass production.
25 As will be understood, the invented method and apparatus has many ~
advantages over the prior art methods and apparatus for shaping
thermoplastics tube. In particular, the use of internal formers is eliminated
by the use of controlied infra-red heating whilst externally supporting the
tube in the required configuration.
30 The emission of the infra-red radiation and the subsequent setting of
the required configuration is controlled through a programmable control unit
and can be set up to suit a wide range of different materials and
requirements.
‘The apparatus can be adapted for different tube configurations by
35 appropriate selection of the number, size, shape and arrangement of the
formers to produce & jig for the required configuration.
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the chanber 24. Such arrangenent, reduces cycle tines and may be enployed
advant ageousl y for automated mass production. - 25 As will be
under st ood,.- the Invented nethod and apparatus has many advantages over the
prior art nethods and apparatus for shaping thernoplastics tube. In
particular, the use of Internal formers Is elimnated by the use of
control l ed Infra-red heating whil st external Iy supporting the tube In the
required configuration. 30 . The em ssion of the infra-red radiation
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havi ng a partlcu ar configdurati ternatlve base ‘or tabl e 4 can
be arrangedegirrogating @w\memen,ﬁ %Fd&b?%%@é‘r@iﬂwa'%ﬂ@gm'@ peloading o

common 4 boadstaaoﬁ%mlembags.ﬁg stﬁwﬁ uRBeP b &bmrar GPﬂr%Seratuﬁht Ofpnder
the control of the control wuni hi s arrangenent nor e conpact and may

be pref err &fTangerangt is MPERIGeMPARAL F%@%B? "Sfﬂ“)'/eda 9r shart.ar ton of

speei al |y shapaghdrebmfly Wmhedrmmbérecr sﬁlabi‘alllyl‘sﬁﬂbed)mb& maly be réquarkd. o t he
enbodi nent above descr

t fo d fo
heating the tube’ i"‘(ﬁ" 1°r?f'|saf‘°rte'ﬂnélgy to 1he 5?'? 'g'(?ﬂ?(?ga};i’:f%sgpsghgg% on one
or .both si ceeaniylef bice mmmrsmaiy bk adsptedifer heating tise fiben10h byHafraicas of

exceed ‘Phe HEBL R Fodikes 33030} b oh oM G o 3IGEE o5 the MIORITAITHL "
dept h of trsellfgrbmmet-om1@simmmsuhapﬁshmycmnmgmmw;asam
conpri si Ng @gyure 7. These cut-outs should not exceed the depth of the groove and are
preferably not more than half the depth of the groove.
Compiex bend shapes may be produced by a former comprising a

20 plurality of members 205 arranged to define the required profile with an
array of infra-red heat sources 230 for heating the tube 201 as shown in
Figure 8. Each of the members 205 may be mounted so as to be adjustable
relative to the others for producing a range of different profiles.

L _Although the invention has been described with reference to a

25 thermoplastics tube of polyamide, it will be understood that the invented
method and apparatus has application to a wide range of thermoplastics
materials including polyurethane, polyethylene, polypropyliene,
polyvinyichloride, polyacetal and other elastomers and copolymers of these
thermoplastics. .

30 Furthermore, tubes produced by the invented method and apparatus
may comprise a single thermoplastics material or combinations of two or
more different thermopiastics materials. For example, a tube wall
comprising layers 6f different the-rmoplastics meterial may be obtained by

' co-extrusion of the thermoplastics material. .
. 35 Additionally, tubes produced by the invented method and apparatus
may be unreinforced as in the above embodiment or include a reinforcement..



20 plurality of nmenbers 205 arranged to define the required profile with
an array of infra-red heat sources 230 for heating the tube 201 as shown in
Figure 8. Each of the nenbers 205 may be nmounted so as to be adjustable
relative to the others for producing a range of different profiles.

Al t hough the invention has been described wth reference to a 25

t hernopl astics tube of polyamde, it will be understood that the invented
met hod and apparatus has application to a wide range of thernoplastics
mat er i al Forrexawtplaga reinforcenentdayeosyct by lacmetallioloy mompmietaltic sleeve

Prer mop! 4534 B8 1AGreBParaiRieRp RS v Sin s MUAIRERED MPRAN o e 0
net hod ameinfiprsameni snateyiat,osych s glassi orycarbondibrephay bedascosposatead or
conbi nat 'Imsthgfthte\‘\ﬁpafasmg%ﬂe‘iaf?@ﬂ?ﬁinbhﬁ@&{ﬂ?#ﬁI cs materials. For

exanpl e, a tub risin erent thernoplastics materi al
may b® obt ai nél'dmyypmuend rhystnherinuenteldemsmm appacatusnmay beluseds

Addi tiongh ’wiBUQﬁﬁ?ﬁ%?We%ﬂl‘%ﬁtibﬁ!%lﬁdidﬁeﬂé%iﬂ%d 1a0PFgUIS My be

unrei nforced as in the above enbodi nent or include a reéinforcenent. For
exanpl e, PiPe%ivemilialion: pipesa JERINSRIPAS qacuum PiPes. Cogfamtdinsesiand i c sl eeve

may be | hgardRAichEsks. nE"aEﬁ*o?‘lﬁ@sé@bbli&ﬂﬁdﬁ%@mﬂ%ﬁﬁﬁé%ﬁﬁciﬂ% gradestdrvel y,
relnforcenent mat eri al g $ r cagg fibre nag pe i ncor por at ed
nto ¢ he themoRBpics Matefiibderte dped witkof HiRBHywinkareomin Tube
pr odyged riwnttdtfed SbeVYE 8ad /e enddfining saatuaread tibotibyndetaiceshdortha tubele range

of dlver tions including fuel pipes, fuel vapour pipes,
ventil ati Bﬁﬂgq ie’é'% gusen pi pes, vacuum pi pes, cool ant hoses and -hydraulic

hoses. Each of these applications may require specific grades of T Nt
t her nopl astics materials to be used with or without reinforcenent as 10
menti oned above and/or end fittings at one or both ends to connect the tube
for its intended use. Clainms: 1. A nmethod of formng a bend In a tube
of thernoplastic material conprises externally supporting the tube on at

| east one forner to pre-form



- =

" a bend correspondi ng substantially to.a required bend configuration,
locally 5 heating the tube at the region of the bend b ontrolled

em ssion of infra-red radiation froma re Wﬂ&urce spaced from
the fornmer and frromthe tube so that the terial beconmes
sufficiently plastic to conformtao the required lbend configuration whil st
hol di ng the tube stationary on the former(s), cooling the tube to set the
thernopl astics material and 10 retain the required bend configuration
V\hll?ﬁ%t hoCthimg:t he tube stationary on the former(s), and renobving the tube
fromthe forner d r&i according to
Caiml V\iere ﬁ('ﬁkéﬁlﬂgtmgfsgﬁg'ﬁngg Pér#)dr g?rgetggg tgten(ﬁ)?] agﬁggﬂﬁ% ﬁled to °
provi de acempeises extarnay supperting-thestubenon at legst onexfarmerda Rigciorm ng t o
Gaiml 0% bend &r%%ﬁﬁﬁid‘s?ﬁ%gﬁ%ﬁ? k&' r@‘qu‘if}fdrﬁéﬁcﬁéoﬁﬁﬁiuﬁﬁigﬂnlééau

controlled to var I ntensit according to

any orfe oheatirg M%&‘&ﬂ aythe eagien whdhe bendhy 90%59'(13?%ﬁgl'ﬁs'Pﬂqudnfrédfed

radi ati Onrdoﬁauéﬁdrd‘n‘pra rePRdteNA fraliRdt sdifce Bpaced freﬁhhﬁd foFmer dhacmm Claim4
wherei n short wavelength infra-red 20 radjation fﬁgiggea ener%
be.

em ssi on e tube so,Hhat BethB"QP'GSHP%F&PrE"PE BE%'HeF(ﬁ“ Hiy plasic
A et hod a&mmlmnb%@hmmdinmedrﬁigurhhenmﬁlstmm mmtaae@namnadye

f d I A
ot hod acebits Abrreran tonBo fhe ThES b e tnd SReMbMIR G rin Rl 2
heat i 10y ofetaimetiteutegjuiredelid mi tenfigunationawkitstHolding theptiubestatignardy du:]endt ]

t he tube
tora ¢ e B0 aflp Pafholii i Bine b U IofRBort g wARERERERED (10 (107
precedi ngfoCmeidnthengiar ei n cool i ng of the tube to set the ther hospl astics’
TRt A 25 o ASRAbd Nocairy (o°Eldific SARrbid. é?ngss@dﬁbfﬁﬁﬁ%-ﬁ"é&e”or of

t he tube and/or throu nterior o od according
to daim @%@@%li?nct’wéoﬂ%éo psovide a-pulsed oriiptermittept gAYSSieBor di ng to any

one ofs t hg, preacsbfbdhéddring '@ Eldim' 1r {IBIR A Whefelh the edfisson0df Curvature
slightly | ess than the radius of curvature 35 of the reEU|red bend. 11.

A met hod WEtEsFed FRpigtion i captrolied i vary the powgr @ndfof! Bi-n the former(s)
|'s nmade of, trapshsftod ac@dr@inglo any one of the preceding Claims wherein short

wavelength infra-red radiation is used for heating the tube.

5. A method accordmg to Claim 4 wherein short wavelength infra-red
20 radiation havrng peak energy emission in the range 0.7 to 2.0 microns is

used for heating the tube. :

6. A method according to Claim 5§ wherein the peak energy emission of
the infra-red radiation is at a wavelength of approximately 1 micron.
7. A method according to a?ny one of the preceding Claims wherein local

25 heating of the tube is effected 'simultan'eousl'y at a plurality of bend regions
spaced apart along the"length of the tube for conforming the tube to a
multiple bend conflguratlon |
8. A method according to any one of the precedmg Claims wherein
cool'ing of the tube to set the thermosplastics material is effected by

30 directing cooling fluid over the exterior of the tube and/or through the
interior of the tube. ' ' ' S :
9, A method according to Claim 8 wherein the tube is air cooled.
~10. A method accordmg to any one of the preceding Claims wherein the
former(s) has a radius of curvature slightly less than the radius of curvature
35 of the required bend. B
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12. A method of forming a bend In a _thernopl astic tube conprises
externally supporting the tube on a forner to pre-form=a bend correspondi ng.

5 substantially to a required bend cogﬂnﬂmmlmwl"m ni ng the
t hermopl astic material for conformati bend.confi guration
whi | st hol ding the tube stationary on the °f of mel! by l*ocal contactless -

heating of the tube at the bend by pulsed or Intermttent em ssi'on of short

wave infra-red radiation, cooling the tube to set the thernoplastics
material ahh r efanathadeaceasdingcte any opeaf the Aregediagi GJaimmmhereindihgi ng t he

tube st ati fytaver(s)Ns irhgdd of mhspmtrmwamg the tube fromthe fornmer wthe
the bend f J‘;rred the ein aim 12 wherein |ocal
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conf i gur at thenbend b!rmlwclsommgrmmqntfwssm eftashort wavedptraeted ragiatiom

former Iaf‘écgiﬁ tHefitle fooﬁt f-B'tﬁSﬁHBﬁ%ﬁiiEG n‘PiteW&? ah %tﬁﬁ tﬁ@‘?ﬁ@@l?&’d region

by contro em ssi on of tion to so rmopl astics
mat eri ¥ fb?“%GHFHBMl%nWWFttﬂﬁd'ﬁlﬂqﬁ‘ﬁr'@&eb‘éﬂﬂ°%’r¥f 9@]@?9&!9"6??"%!‘#& hol di ng

]Ehe tUbF Sﬁé}i?%ﬂﬁtértgqu]bé hﬁig{rﬁ?lﬁefft@fﬁﬁrwl’mqns bﬁi&dfo?nﬁﬂ%ﬁﬂaiﬁf C?0| ' n'?hfl uid

or coolin e .tube to se e cs materi al etain the

Foqui red biRd cOrmpanbacelng 1EraIEy B Kbera Besteoracfitrabsadie ohe. o
fo(r]I ner meatire tubd. is Ap%médtsua?nanwably\gttaopmramm dfSberregions bpadedf r a- r ed

radi ati on gQurce is t y nternittent ssi
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i ncl udishg comfiguriationans for controlling operation of the Infra-red

radiation gpurcg.m 10d @Pﬂﬁhﬁﬁ %ﬁ&rﬂ’rﬂﬂﬂb f théimydastil i dikRaf Ne control
he lnﬁ ?‘ QI

means is progranma for era 1 on 0 ra-re ation
source. 19substpptiaily 95 mei@bsfwg escaibpdone of Clains 15 to 18 wherein the

35 cont r0'!5Waﬂ%ph?ﬂtﬁ@?@n‘)fb’ihﬁﬁ?ta%érflﬂrf@'tuﬁ&%?'tﬁﬂrrﬂ@ﬂlﬁﬁé m&eARed adj acent
to the forner means for contral eration of the Infra-red radiation
sour ce. comprises former means for extern lly supporting the tube to pre-form a
20 bend corresponding substantially to a required bend configuration, a remote
source of infra-red radiation spaced from the former means for local
contactiess heating of the tube at the bend region by controlled emission of
infra-red radiation to soften the thermoplastics material for conformation to
the required bend configuration whilst hoiding the tube stationary on the
25 former means, and a source of cooling fluid for cooling the tube to set the ~
thermoplastics material and retain the required bend configuration whiist
holding the tube stationary on-the former means. _
18. Apparatus according to Claim 15 wherein the infra-red radiation
source is adapted for pulsed or intermittent emission of infra-red radiation.
30 17. Apparatus according to Claim 15 or Claim 18 including control means
for controlling operation of the infra-red radiation source.
18. Apparatus according to Claim 17 wherein the control means is
programmable for timed operation of the infra-red radiation source.
' 19.  Apparatus according to any one of Claims 15 to 18 wherein the _
35 control means is responsive to thermal sensing devices located adjacent to
the former means for controlling operation of the infra-red radiation source.
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‘20. Apparatus according to any one of Clains 15- 'to 19 wherein the forner
means provides a guide surface for supporting the tube to formthe required
.bend configuration. 21. Apparatus according to Claim20 wherein guide
surface conprise a 5 groove providing a seating conplenentary to the
external profile of the tube 22. Apparatus according to Caim 21 wherein
the depth of the groove Is in the range 3/5 to 4/5 the outer dianmeter of
the tube. 23. Apparatus according to Caim21 or daim22 wherein the
seat.i ng i I ovApgsrates hcwrd:mtmnyeonatofmnmmsmawe1grvdmreirsimtmhie(rs) 10

ot v Do RbdEs BSIod) 3%l Sufere Thr MIERGi e B Qe BfbcktineaiiR 3
to any oneberfd édrnfigurafibnt o 24 vvherel n the former neans |Is transparent. 26.
AOPaT 3t U5 2600 Roleht BB LA 25 hRrb, dRaeRIFIch baogs T 19
requi r &d tm’ndveZJTovidAm)armmgmlemﬂj%@U @nﬂ'%ﬁé‘eﬂa@’&ﬂtﬂés‘l’ﬁhﬁ tubg
wher ei n thg, forﬁggaﬁgtgé‘ﬁcé&dm&‘m ethifPs1 Qﬂm‘rerﬂmdém stue grooveMsdasi red

bend confi gur at aratus according to C aim 27 wherein the forner
means conﬂhﬁsf@sgﬁ@méoﬂllﬁAg? |°G'§/ercﬁ'aﬂlﬁtﬁ§i’§ﬂ?%“§?ﬁ:|/or i nt er changeabl e

forners. 285 ARB&&&W::%EE&GMB ﬂﬂciélnﬂn’! d?rtﬂaﬂﬁ ﬁwnaﬁeiﬁﬁhéeeaﬁngﬂsrel n the
former means i s arranged .for novenent Q t he Essatl ng nmeans and

cool i ng rreremyidesbwﬂhwa%mge Sut-81tH H'gt 9'@°¥en§ 98Walli®ein the forner
neans 4gs 2, poﬁppé:ﬁm@ﬂaeébraufglﬁpclémbasQvtﬁirehngﬂnlof each eot-pubbasiang.

novenment bet ween Ioa d a proctessing station. 31.
Appar at us %@Br’lﬂ q@“g{/#n& qdﬂ%gé’?hﬁ% ﬁgg?‘g‘? nmeans is positioned on a
stpport bazs arAppgmlusf accondiregTtnany mnamfe@ltllmsgﬁl mmmembhth& fosmeirng

station, roc ng.station and an unl oadi ng station. 30 32. Apparatus
accordi ng- '{'g"%gs irﬁgggslle&ial nms 15 to 31 wherein the source of infra-red

radi ati on 2@npr Apparaius Beserdingts Aayene3d ClaipsA&ita25 phasen W fasmerai m 32
Whereiqg t o8 ha Pladid Bﬁchmtu&dsﬁémwws%rmah&ﬁs 28I 6PtheOfeduiEas

angul arly bl sposed around the forner nheans.
end.

27. Apparatus according to any one of Claims 15 to 26 wherein the former
means is adapted for cenforming the tube to any desired bend configuration.
28. Apparatus according to Claim 27 wherein the former means comprises
20 a plurality of adjustable and/or interchangeable formers.
29. Apparatu's according to any one of Claims 15 to 28 wherein the former
means is arranged for movement relative to the heating means and cooling
means. - o
. 30. Apparatus'accerding to Claim 29 wherein the former means is -
25 positioned on a support base arranged for r"eciprocating movement between
a loadinglunloadlng station and a processing station.
31. Apparatus according to Claim 29 wherein the former means is
positioned on a support base arranged for movement in an endiess loop
between a loading station, a processing. station and an unloading station. .
30 32. Apparatus according to any one of Claims 15 to 31 wherein the source
of infra-red radiation comprises at least one lamp.
33. Apparatus accordmg to Claim 32 wherein the source of Infra-red
_ radiation comprises an array of Iamps angularly dlsposed around the former

N

means.
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(err) 34. Apparatus according to Claim32 or Claim33 wherein the or each
| anp has an associ at ed external reflector for directing the infra-red
radi ati on towards the former neans. Aijmrat us according to Caim34

wherein the or each lanp Is 5 p03|t|oned ”mmnﬂmumnne of the .
any one of -

associ ated external reflector. 36. Appar
Clains 32 to 35 wherein the or each lanp is adJ ustably nbunted for varying .
the position thereof relative to the fornmer neans. par at us accordi ng

to dai m3% whApaaratysaceerding to Cliaim 33 q@'“&ﬁj%t"ﬂﬁf%"ﬂbe\f’&ﬂﬁ"ﬁhe di st ance

from and/ @mpREs el ag2egidte@ B xtérnal reffedtor torCdirOEUR tiEmiFa-réPradi@bar at o€
according to Claim37 wherein the or each lanp Is slidably nounted on

pi vot al s‘t?fﬂ";?&’? the f9rneromeans-oct i ve adj ust ment of the spaci ng and/ or
angul ar p3s. ti appafati@acteviing € Thaive 38 avlidreid the'or eatintemplisd 39.

cool 1 g rrenitones IEhe L6 sohte BLaRe ApSRuBrd SPr el doBeRr e oxterior
ggdfmﬁrer telmmughApberatms acconding td Iaaytq_nleeof QhimsAZtr A5 weheaeinothei ong t oOCIt iaie{n
arr angeretot g FE BFBlalfy $ho kel ot YabipGAREFOEAlA hefbot g E e, 011 T
Appar at usthectoomer means.Cl ai m 40 conprising a plurality of outlets arranged

to directsf:00! hBBaldiis dobyftfind 16 CTlin? 8B Wnetbirt ife biBcn famp igbpar atus

according to wherein the or | s adj ust abl e
to vally tadjustabletevary the distiange Hﬁghﬂ&ﬁ"%@ﬂgtuiﬂj'n“-’é\'a% irqlatiys torthe he
former negyimerieansiPparatus according to any one of Clains 39 to 42

wherein the source of -coolin idis_connected - to ot for o e end of
the tube 38 poARPENs ASSPIdNG tq ielm A7 BRI b 6F o8¢ b sstaatl. - <
Appar at usmmwﬂbmmaaaewm nedan@ fir selddivecadidstmentusl the syading! 30

nocor di ng™otmapletPARRETE phBs, b RE1aES o e folgr BAIRmsl o for timed
oper at5 on3®f t Apparatis agcéidinglte any ane of6Claimsptl to 88 wherefnothe sauree bend in
s o e G40 U oS8 Tof B TEA0NA) FALELSE I XGOS 2,
required 'dmm'gmmnteﬂor af thertuke.source of infra-red radiation spaced from
the fornejgmeapgphiitus 3€8brding to Claim 39 wherein the source of cooling fluid is
connected to at least one outlet arrangement to direct cooling fluid over the
20 exterior of the tube.
41, Apparatus according to Claim 40 comprising a plurality of outiets
arranged to direct cooling fluid over the exterior of the tube.
42. Apparatus according to Claim 40 or Claim 41 wherein the or each
outlet is adjustable tq vary the distance from and/or angular position relative
25 to the former means. ~
43. Apparatus according to any one of Claims 39 to 42 wherein the source
of cooling fluid is connected to a spigot for one end of the tube to pass
cooling fluid through the interior of the tube.
44, Apparatus according to any one of Claims 39 to 43 including control
30 means for controlling operation of the cooling fluid source.
45. Apparatus according to Claim 44 wherein the control means is
programmable for timed operation of the cooling fluid source.
46. Apparatus for forming a bend in a thermoplastic tube comprises
~ former means for externally supporting a thermoplastic tube to pre-form a
35 bend corresponding substantially to a required configuration, a remote
source of infra-red radiation spaced from the former means for local
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-cont actl ess heat| ng of the pre-formed bend by |nterm__Lent_nr_puI sed
em.ssion of infra-red radiati-on to soften the thernopl astics g&terl

_conformati.on to the required bend conflguratlml‘“ﬂnl‘ﬁ ‘ ﬂ‘“ t he tube
stationary on the-.former nmeans, and a sour ce for cooling

the 5 "'tube to set the therrmpl astics material*arfd rfetain the requi red bend
configuration Wm | st holding the tube stationary on the fornmer neans. 47.

dor &t on Grgriiasthaaling Sl {Rncere-Emeal BrhABR IFectiypROer Bulsed? | nf o red
ra;jl i Ion erﬂi@mwBof inﬁmeecﬁtamafom té softenghe thegdoplasﬁcs mﬁ)&eteﬁhgfel?gn?ﬁgast iC
rcconpany ARGt S et B BB AT B B o P BB e 1o o
requi red chationaryzon the formenaneans) @nhdag souttengf eoolmgfflmlrbfarfcmdlmgnmel to
14. 15g SQype f%ts'%ﬁ]ﬂ@m&ﬁ{d ?aétk&emgf’ééﬁﬂgarﬁiopegﬁﬂa iy fﬂ“ﬁu 't&% Feddaul r ed

conflguratlon e apparatus accor alns 15 to 48.
conflguration whllst holding the tube statlonary on the former means. -

47. Apparatus according to Claim 46 including means for controlling the
' duration of and interval between successive pulses or bursts ef infra-red
radiation. | | -

10 48. Apparatus for forming a bend in a tube of thermoplastic materlal .
substantially as hereinbefore described with reference to the accompanymg
drawings.

49. A thermoplastic tube having a bend formed to a required configuration
by the method according to any one of Claims 1 to 14. _ '

15  50. A thermoplastic tube having a bend formed to a required configuration
by the apparatus according to any one of Claims 15 to 48.
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