APPARATUS FOR DISPENSING FILAMENT FIELD OF THE INVENTION The present invention relates
to an apparatus for dispensing filament. The apparatus is particularly suited, but not limited to dispense
filament to a three 5dimensional (hereinafter 3D) printer for 3D printing or rapid prototyping and will be
described in this context. BACKGROUND ART 3D printers using the fused deposition modelling (FDM)

technique to produce object [ giléeﬁi %mﬁr f ' .I|$uch material 10 feedstock
is typically in the form of a IAE%A%?E . %Pe | f@n&r@ﬁi has to be dispensed from
the outer edge of the spool inwards to avoid twisting and entanglement, 3D printer filament spools are

typically side disﬁ%&ﬁﬂ#ﬂﬂgﬁymgﬁhe filament spools are mounted as side attachments to the 3D
printer machine and the filament from the spool is fed 15into the 3D printer from a side. These side

attached filamentRHEVESaRE BURBHAMY FiRtEscLOr& iARRAFHSofAh &ISRP PRt (RS eY Bverall design.

As such, the ovespllasBluyinteamaabinesuist, side rstaehiestiftauaiepé se tlarmeatusualiyireelky,
cumbersome and. awkwardly shaped which makes it difficult to be stored withqut removing 20the side

filament spools. me?&dc'l't?gﬁ, E)I‘II’] CrfidmeRt 500/ gen Férif;'/”PeaﬁiF%B' RIS yIFE)'<';r{8ir‘?lg?ofthe filament

on the spool. ThiglpbecgsscieshishiskhogteXbose end of a predetermined length of filament and

threading it into the machine via a feeding tube, also known as a "Bowden Tube".
BACKGROUND ART

3D printers using the fused deposition modelling (FDM) technique to produce

objects require a material feedstock in order to function. Such material
10  feedstock is typically in the form of a long polymer filament. As the filament

from a spool has to be dispensed from the outer edge of the spool inwards to

avoid twisting and entanglement, 3D printer filament spools are typically side

dispensing. This means that the filament spools are mounted as side

attachments to the 3D printer machine and the filament from the spool is fed
15 into the 3D printer from a side.

These side attached filament spools are generally not factored in as part of
the 3D printer machines’ overall design. As such, the overall 3D printer
machines with side attached filament spools are usually bulky, cumbersome
and awkwardly shaped which makes it difficult to be stored without removing

20 the side filament spools.

In addition, 3D printer filament spools generally requires manual loading of the
filament on the spool. This process involves taking a loose end of a
predetermined length of filament and threading it into the machine via a
feeding tube, also known as a “Bowden Tube”.

25 Various ways have been used to alleviate the above mentioned problems,
including specially designed filament spools mounting for mounting to the
bottom of the 3D machines and automating the loading of the filament. The
resulting design is thus a regular cube or cuboid shaped structure which is

less bulky and cumbersome. However, such machines with bottom loading
1



25 Various ways have been used to alleviate the above mentioned problems, including specially designed
filament spools mounting for mounting to the bottom of the 3D machines and automating the loading of
the filament. The resulting design is thus a regular cube or cuboid shaped structure which is less bulky
and cumbersome. However, such machines with bottom loading 1 are generally complicated and incur a
higher cost of préugaberalioreoueicaiasbanshinest in§ishercpasiofiker edizahen gril@tpeued. day be deemed

to be ineffective diafprnArgy SRAEHMAIAG RAEIRL ipalih e Ao iacbResygmable flem, users

who run out of filament have to 5 purchase and replace the filament and spool. For customized spool
with bottom loadj EGLYEOMRAB AOFHBAEBRBYHBIAERP Y RHYEYt replacement may be high The present

invention seeks to provide an apparatus that alleviates the above mentioned drawbacks at least in part.

10 SUMMARY O 118 IR&EN 5 G IRSHRBPIHER WiBF 5 WEB &P A 4h & HAREBh 1AL %s an apparatus
for dispensisg filounerdssuitabl e dpl-itwet elifmamsionahgristing . CoRwpricikhmidemepdsomtdiner for holding
filament, the fila t cantainer rotatable about a central axis, and comprising.an gutlet positioned along
the contral axis: LN HISHAND Sddr o AL A SR O 1 toe e e her via the
outlet; wherein a83didadvghs extracted the filament container is rotated about the central axis
simultaneously in a controlled manner such that tangling of the filament within the container is prevented.
20 BRIEF DESCRPIESRNOIRVEHED D RgOKA KIS oVite @k sppaiatemtiat allgvidigstbelaborbed, by way of

example only, W%ﬁg@{g@%wgg&g%q&egwmqrawings, in which: Fig. 1 is a perspective view of the

embodiment of the invention comprising a filament container, a filament dock and a feeding system;

25Fig. 2a shpwsdymmRRSIBRERHEQN\ERETOR Perspective, with filament

In accordance with an aspect of the invention there is an apparatus for
dispensing filament suitable for three dimensional printing comprising a
filament container for holding filament, the filament container rotatable about a
central axis and comprising an outlet positioned along the central axis;

15 a filament loader operable to extract filament from the filament container via
the outlet; wherein as filament is extracted the filament container is rotated
about the central axis simultaneously in a controlled manner such that

tangling of the filament within the container is prevented.

20 BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described, by way of example only, with
reference to the accompanying drawings, in which:

Fig. 1 is a perspective view of the embodiment of the invention comprising a

filament container, a flament dock and a feeding system;

25 Fig. 2a shows the embodiment from a bottom perspective, with filament
emerging from the funnel, after it has passed through the feeding system;

Fig. 2b shows a side view of the embodiment, with filament emerging from the

funnel, after it has passed through the feeding system;
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emerging from the funnel, after it has passed through the feeding system; Fig. 2b shows a side view of
the embodiment, with flament emerging from the funnel, after it has passed through the feeding system;
Fig. 3 is a top view of the filament container depicted resting within the filament dock; Fig. 4 is an
exploded view of the filament container and filament dock; Fig. 5 is a detailed exploded view viewed
from bottom per§jkclvis can@Risiifys ahdbaaiiRarPobhpaiaeras; JEpicEd wfitherveipibdee view from a
side perspectivesyaaysnFibckis an exploded view of the embodiment with particular emphasis on the drive
mechanism; and  Fig. 8 shows the feeding mechanism enclosed within the feed system in more

10detail. Other gHaNORMAMRMbABE IGBIARAIRRRMIBMRRIbCNERaHRINEJBE accompanying

drawings are not to be understood as superseding the generality of the preceding description of the

invention. PREFERRED EMBREY MehbbiSdiBiE AWM bR Notiln B@Pﬁ&éé‘ﬁ\@d@iﬂbﬁaﬁ‘dﬂbf’dimem of

the present invention there is an apparatus 10 for dispensing filament 12, in particular dispensing filament
12 to a thred dinefIBRISAH AARPYITISipid prototyping machine. The apparatus 10 comprises a filament

container 14 for fi_ttir:g,into filament dock 60 and a feed system 80. 20It is to be appreciated that the
filament dock 60 $hPisARABeEREBIASE WRY BeThietji%te8 REFLYFedfR¥ng 3D printer or added as a

separate modification to an existing 3D printer. _ _ . _
Fig. 7 is an exploded view of the embodiment with particular emphasis on the

drive mechanism; and

Fig. 8 shows the feeding mechanism enclosed within the feed system in more
10  detail.

Other arrangements of the invention are possible and, consequently, the
accompanying drawings are not to be understood as superseding the

generality of the preceding description of the invention.

PREFERRED EMBODIMENT OF THE INVENTION

15 In accordance with an embodiment of the present invention there is an
apparatus 10 for dispensing filament 12, in particular dispensing filament 12 to
a three dimensional printer or a rapid prototyping machine. The apparatus 10
comprises a filament container 14 for fitting into filament dock 60 and a feed
system 80.

20 It is to be appreciated that the filament dock 60 and the feed system 80 may
be integrated with an existing 3D printer or added as a separate modification
to an existing 3D printer.

In the context of the invention, the term ‘filament’ includes, but is not limited to
polylactide (PLA) filaments in various dimensions (e.g. 3mm), colours, and

25 enantiomers such as poly-D-lactide (PDLA), poly-L-lactide (PLLA), and

mixtures of enantiomers in various ratios.

The filament container 14 comprises a top portion 16 and a bottom portion 18.
Top portion 16 is preferably shaped as a circular plate. At the centre of the

3



In the context of the invention, the term 'filament’ includes, but is not limited to polylactide (PLA) filaments
in various dimensions (e.g. 3mm), colours, and 25enantiomers such as poly-D-lactide (PDLA),
poly-L-lactide (PLLA), and mixtures of enantiomers in various ratios. The filament container 14 comprises
a top portion 16 and a bottom portion 18. Top portion 16 is preferably shaped as a circular plate. At the
centre of the top!@RrReRIaB itSdemiedaetor: Doleofittiag Htiianaranandiebidchdaat) pwable to coil

filament. A pluragipsRigREOfEUEKINIZthéhdISROBRAANEY I FEEUBNRECPAE; O JRB ARG UIckfhdl he plurality of
protrusions 24 is operable to be fitted to,recewm}g%%ots 8 of the bottom partion 18 so as to secure the top

Sportion 16 and HEHREREEPL EBPALGTaRenl R RILIALY 1 PFESUSID 71 6 10RFEPE Hprises a series
of radial arms 2@éofitreditdarubiyistybitseddigidity obttuntaipornids $6.d3aticrcpastias idpis formed as a

container fog stori%?i é%eé%laﬁ?r]ec?&%g n?iiBgr{ﬁ% ﬁhﬁo&c{ég ff?é:r%ié’r‘ﬁ %gntglﬂ ec}o]rai_on 16. Bottom portion 18

comprises an out ISpensing the stored filament and receiving slots 28 adapted or aligned to
receive the pluraliep ¢fostiefrutiofisthar semmierisestee seipsnoHIrBdiRb AHerénfa8 Rafolakiddhe outlet 30 for
dispensing filamgRtcihg) ¢igfuTpiorancR giRekiam gortion 18 comprises a flange 32 formed to seat on
guide wheels 62 of the filament dock 60. 15 The filament container 14 may be made of disposable

material such asgplyRy PRVRRE1E R)1BFrhed/ acticaritiRk-Adr GHHREThE ARkrihis 12haRgsto receive the

filament container 14 therein. In _ , _
shaped to receive the top portion 16. Bottom portion 18 comprises an outlet

10 30 for dispensing the stored filament and receiving slots 28 adapted or aligned
to receive the plurality of protrusions 24. At the centre region of bottom
portion 18 is formed the outlet 30 for dispensing filament. The circumference
of bottom portion 18 comprises a flange 32 formed to seat on guide wheels 62
of the filament dock 60.

15 The filament container 14 may be made of disposable material such as
polypropylene (PP) or polylactic acid (PLA).

Filament dock 60 is shaped to receive the filament container 14 therein. In
the embodiment the top of the filament dock 60 is a square shaped plate, but
may be any other shaped plate to fit the overall design of the 3D printer as
20 necessary. The square shaped plate has a centre-depressed portion 61 to
receive the filament container 14. Filament dock 60 comprises a plurality of
guide wheels 62 and a funnel 64. Guide wheels 62 may be ball-bearings.
When the filament container 14 is properly disposed or positioned within the
filament dock 60, the flange 32 of the filament container 14 contacts the guide
25 wheels 62. Guide wheels 62 are operable to constrain the movement of the
filament container 14 as well as facilitate the rotation of the filament container
14 about a common-centre axis of the filament container 14 and filament dock
60. Centre-depression 61 comprises a contour 66. Guide wheels 62 thus
contact the flange 32 of the filament container 14 and the contour 66 when the
30 filament container 14 is positioned within the filament dock 60. The contour 66
ensures that the container cannot be loaded in an upside-down position and
4



the embodiment the top of the filament dock 60 is a square shaped plate, but may be any other shaped
plate to fit the overall design of the 3D printer as 20 necessary. The square shaped plate has a
centre-depressed portion 61 to receive the filament container 14. Filament dock 60 comprises a plurality
of guide wheels 62 and a funnel 64. Guide wheels 62 may be ball-bearings. When the filament container
14 is properly dispesy@f pustidittphWarnisharisias&ionddeipslahiondinge E2toe tHiamemhent container

14 contacts the gjfiginer WhealstRe- (aHIFE J11RE RIS &e QK BolarereqesirfiniBegnangment of the

filament container 14 as well as facilitate the rotation of the filament container 14 about a common-centre
axis of the filam&EEEH AR 4008 fredhEreiagtRBo Feankt €4 iHAIgeRM BB BHUEESD contour 66.
Guide wheels Gmﬁmstheﬁilaméheddmt@ee’iqufdhmdmemwnhaoﬂrtaldmleOarﬂmlde oorielare@6 when the

30filament c§)nt B&%aeéz g%s%llgpse%[){v &hgkﬁ@én% nq%ﬁkc%ow-ﬁ cﬁgnﬁgH g%?”&h‘rﬁ? that the

container canno in an upside-down position and thus avoid operational errors arising from
improper Ioadlnd”@ﬂtﬁ@tfnam@momal'ﬁbﬁsﬁlgmd@ldvbéﬁtﬁeﬁﬂ mew.l@@nmm 80 westieas a funnel 64

that directs filamegstaghfaedreysisan 8PiHeunagldt ddaligned with the outlet 30 when the filament
container is positioned within the dock 60. Guide wheels 62 5 protrude from slots on the dock 60 to

interface with the- ﬁ@ﬁ@@oegﬁfbmesfb'%%@%@t%"f%n%é‘ ghngng SHigsnulests Grdrmydae mounted on

vertical rods 63 which are a part of the filament dock 60. The feed system 80 comprises a frame 81 and a
spindle 82, prefdllify sRiatisd spingle. & diy e W&W@FPB}PEPH%B?BW BreteRBBIy2PERRer motor 92 10
for a relativaly bestes oeraroblfr@éﬂerSdommef@@heamalsnrpr@remtmame dheifiatedrapiedle 82 drives a

worm gear 84. ear | ven tg be blased al t a ear 255, The spur gear 255 in
turn drives a shaﬁp %‘@% HF]HQS%P gefré egndd ¥ the Shaft soattac eorlalja 2 dnve eeaa{razi l? dprre?éfg%ly a knurled
drive gear. Knurkeikiasedgeaingaceprpdeas &ssth 266 spergery t%ﬁB@tmmdeﬁseaflﬁﬁifént 12 when

filament 12 is passgd HOULIUNE LS dd s HAR feSmEbHEaML AR &S RF cRéARySed through

between a smooth plunger 86 and the knurled drive gear 257. During feedln e fllament 12 is pressed
by the teeth 258K§H8‘%ﬂ19@1@@8@%4%}%%%9@&%5@%85%&@'%5{?&%é?ﬁth%gétﬁ%étiw 3R appropriate

direction (clackvwggp onartte20atoskwigeyipishiesnide filmeasiddawengs thardDaariniethishe drive gear
257 is connected to a dq\{e shatft 6 'I(')he dn e §Ohagt 25§SS|SS qpg! abl%tootrtanesernit Quer from the motor 92
to the drive gear %%airdThe motor 92 12 I8R&(E |n 3 cornef a(?acen?ltjg IhFiARENf ddck B0. The motor 92
is orientated sudbiuhgerthi?@ﬁmbtﬂwgmwl@mnw@gemkaélo Belﬁmgaf@@ﬂlnel,the filament 12 is

pressed by the teeth 258 and one side of the smooth plunger 86. The
movement of teeth 258 in an appropriate direction (clockwise or anti-
20  clockwise) pushes the filament 12 towards the 3D printer.

The drive gear 257 is connected to a drive shaft 256. The drive shaft 256 is
operable to transmit power from the motor 92 to the drive gear 257. The
motor 92 is located in a corner adjacent to the flament dock 60. The motor 92
is orientated such that the flatted spindle 82 is operable to be in a vertical,

25 downward pointing direction. Torque is transmitted from the motor 92 to the
drive shaft 256 with the use of the worm gear 84; the worm gear 84 being
fitted to the motor 92 which interfaces with a gear 255 fitted onto the drive
shaft 256.

On the other side of the smooth plunger 86 is an electromagnet 88. The
30 electromagnet 88 is operable to pull the plunger 86 away from the drive gear
257 when loading filament 12. A gap is required between the drive gear 257

5



25 downward pointing direction. Torque is transmitted from the motor 92 to the drive shaft 256 with the
use of the worm gear 84; the worm gear 84 being fitted to the motor 92 which interfaces with a gear 255
fitted onto the drive shaft 256. On the other side of the smooth plunger 86 is an electromagnet 88. The 30
electromagnet 88 is operable to pull the plunger 86 away from the drive gear 257 when loading filament

12. A gap is reqainédhseplunget i gliving dae IEHiBGRPERSHNRG@LSSiItmETY e ifoledieetprocess
whereby filamenhi?tiselagdgrrfieirRARPWHBbMAcRIRWiRvEhiNsa/Y Hamenairagng would have

to be done manually by pushing filament 12 ail%alnst a splnnln% drive gear 257. The invention will next be
described in the ARG BARIREPXRISNHG STHMBER! 1) G9RIATHH SRIANSHTYE #RAfAN of printer driver

software may be used to control the loading and feeding of filament 12 into the 3D printer. A user may

control the 3D priffel Vg4l exle dsePednih i SUURLAHJHRPIB Mt (98 Rrate between at
least the follpwirggavithmoidgsiemengedoinding' forad efapdhidiadiieedisgtwinden bylaspaeti?tis loaded by first
inserting the leadin of the. filament 12.into an inlet he battomportion 1§ on the filament container
4. This leading A o B e DB R S BN AP A manarel

spun, winding filepnéiel 12eide pnfeariara ceatdnerfade Whieh geenpesiaraetitaingtaitess is filled with a

predetermined gipauntgijamentdiadae éf‘%é@ﬁhé"%lﬁﬁ;ﬁﬁ??%ﬁwoﬁé@ieadmg end is pushed through
i

the central hole 30. At the opposing end, excess filament is trimmed off. Both leading and trilling ends are
then bent to ensyrg)i $ldelact into the container 14. In order to load the 3D printer with filament
12, a user activates the Toading' 20 mode. Upon activating the 'loading' mode, the printer triggers the
electromagpget 88 ‘i@éaﬁ@e%ag.stem 80. The electromagnet 88 pulls the spring-loaded smooth plunger 86
away from the drive gear 257. As mentioned earlier, a sufficient gap is formed between the plunger 86

and the drive gepjigadni {3SigaalaWss HRMAEE AR B BEAIRRRRl SORRINSmMEALQ Simpast 25 the drive

gear unimpeded. The user then puts the filament container 14 into the filament dock 60. A length of

exposed filamer@LGHIPF S0 A HRIMRAR MR tEnP B S EIRENhePAiaIrahid bx pd¥ dediRfent 12 slips into
the funnel 64 at gng hotidrarpéthe flamanirdd ok 6Aandithiie esteptateectaaehmessausMh&Ntry is
unimpeded mandrel is spun, winding filament 12 into the filament container 14. When the
15 filament container 14 is filled with a predetermined amount of filament 12, the
mandrel will be removed. The leading end is pushed through the central hole
30. At the opposing end, excess filament is trimmed off. Both leading and

trilling ends are then bent to ensure it does not retract into the container 14.

In order to load the 3D printer with filament 12, a user activates the ‘loading’
20 mode. Upon activating the ‘loading’ mode, the printer triggers the
electromagnet 88 in the feed system 80. The electromagnet 88 pulls the
spring-loaded smooth plunger 86 away from the drive gear 257. As mentioned
earlier, a sufficient gap is formed between the plunger 86 and the drive gear
257. This gap allows filament 12 from the filament container 14 to slip past

25 the drive gear unimpeded.

The user then puts the filament container 14 into the filament dock 60. A
length of exposed filament 12 will protrude from the bottom of the container
14. This exposed filament 12 slips into the funnel 64 at the bottom of the

filament dock 60 and then enters the feed mechanism. Entry is unimpeded



due to the smooth plunger 86 having been pulled back by the electromagnet 88. The user the disables
the loading mode. This de-magnetises the electromagnet 88 and the smooth plunger 86 return to its
original location 5 where the gap is closed. This means the plunger 86 is now pressing the filament
against the drive gear 257. When the user activates the ‘feeding’' mode, the drive gear 257 activates teeth
258. Teeth 258 @i tbdhm 30 aat@RIRIaBhaviDadRardBuliRddaakdey Hieteligctnmmrgashteraction
between the elegggomagnet 88 and smooth plunger 86 to achieve the loading mode and feeding mode is
as follows:- Smooth plunger 86 is spring loaded and biased against the electromagnet 88 such that when

electromagnet 88{g aglikatehandigdhctheRbINGRIHR) aMmaBoMTihe dg¥eaRARESds theespring is in a
compressed state, creating the %ap 15 necessary for the 'loading' mode, When the electromagnet 88 is
deactivated, the €pFiQMRHABR AR A0 0GB BILEOELRE HEOWRgnESsATINR pIRFR)I9s6 back
towards the drivevigear e/ gasl ipretssagaimisistedidasnen. Jibegdesesilie chisweptissiigycthimpact and has

an automatic Ioafﬂérr\]gesrp{%tgépnf?rﬂf]iéaénent. Th92 down loading instead of side loading of filament

provides a 20 more compact eS|gn.r"Yﬁeg%%rscr| ed filament container, dock, and feeder may be easily

incorporated with gsing SR priete i spDg AR°HiBsalRR: A &igauryas (epllselllagent 12 is pulled
through the outlet 30 and funne
258. Teeth 258 then begin to move the filament 12 towards the extruder

system.

10  The interaction between the electromagnet 88 and smooth plunger 86 to

achieve the loading mode and feeding mode is as follows:-

Smooth plunger 86 is spring loaded and biased against the electromagnet 88
such that when electromagnet 88 is activated and pulls the plunger 86 away
from the drive gear 257, the spring is in a compressed state, creating the gap

15 necessary for the ‘loading’ mode. When the electromagnet 88 is deactivated,
the spring automatically returns to relaxed state, moving the smooth plunger
86 back towards the drive gear 257 and press against the filament.

The described invention is compact and has an automatic loading system for
filament. The top down loading instead of side loading of filament provides a
20 more compact design. The described filament container, dock, and feeder

may be easily incorporated with existing 3D printers with some modification.

As the wound (coiled) filament 12 is pulled through the outlet 30 and funnel

64, a rotational force is generated. The resultant rotational force rotates the

filament container 14 relative to the filament dock 60 and prevents
25 entanglement of the filament 12 within the filament container 14.

It is to be understood that the above embodiments have been provided only
by way of exemplification of this invention, and that further modifications and
improvements thereto, as would be apparent to persons skilled in the relevant



64, a rotational force is generated. The resultant rotational force rotates the filament container 14 relative
to the filament dock 60 and prevents 25entanglement of the filament 12 within the filament container 14. It
is to be understood that the above embodiments have been provided only by way of exemplification of
this invention, and that further modifications and improvements thereto, as would be apparent to persons
skilled in the rel@/an@irtdarsmedeinettiowihiwithie Preastosepreopachisiliniot dieherpsesént invention

described hereing g RyticdedibERT ElRMEM samingr 14 itself can be substituted by simply placing
filament inside the filament dock 60. This filament then needs to be 5threaded through the dock'’s funnel

64 and into the feed megbais AR clRRicmRoRE R ARUICDE, TGS disould disable

automatic filament loading. Without the electromagnet 88, the user would have to'manua y press filament

12 down into the feed tHeRhARKSR doedilement daekifde s amepiRmAgesIdat Rerough. The

interaction between thenedecisamagogh BfcantissneiepBmged ffiomay feedsitiengnismaber types of
biasing means instead of a spring. 15 20 25 30

e While the electromagnet 88 could be omitted, this would disable
automatic filament loading. Without the electromagnet 88, the user
would have to manually press filament 12 down into the feed

10 mechanism 80 to ensure the drive gear 257 grips it and pulls it through.

e The interaction between the electromagnet 88 and smooth plunger 86
may be achieve via other types of biasing means instead of a spring.

15

20

25

30



The Claims Defining the Invention are as Follows: 1 An apparatus for dispensing filament suitable for
three dimensional printing comprising:- 5a filament container for holding filament, the filament container
rotatable about a central axis and comprising an outlet positioned along the central axis; a filament
extractor operable to extract filament from the filament container via the outlet; 10wherein as filament is
extracted the filament container is rotated about the central axis simultaneously in a controlled manner
such that tangling of the filament within the filament container is prevented. 2. An apparatus according
to claim 1, wherdihe:l€dasagiRgininathentinvergionareasiRetiews: aid of an electromagnetic circuit. 20 25
1. An apparatus for dispensing filament suitable for three dimensional
printing comprising:-
5 a filament container for holding filament, the filament container rotatable
about a central axis and comprising an outlet positioned along the central
axis;
a filament extractor operable to extract filament from the filament
container via the outlet;
10 wherein as filament is extracted the filament container is rotated about the
central axis simultaneously in a controlled manner such that tangling of

the filament within the filament container is prevented.

2. An apparatus according to claim 1, wherein the loading of filament is

15 automated with the aid of an electromagnetic circuit.

20
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