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"Wnch Drum Assenbly and Met hod for Spooling a Line"
This invention relates to a winch drum assenbly and to
a method for spooling a line such as a rope. 5 Lines
and ropes are traditionally wound (or "spool ed") onto
flanged drunms and barrels for stlorage and to
facilitate paying out of the line as it is needed. The
line is typically distributed evenly along the Iength
of the axis of the barrel so that the nmaxinum anmount
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of the spooling bar through appropriate gear mechanisms so that the

horizontal movement of the spooling head is linked to the speed of the
winch drum. When the spooling head reaches the end of the slot on the
spooling bar, this typically coincides with the line reaching the opposite
flange of the winch barrel, and the boss on the spooling head then
typically enters a return slot that traverses back towards the starting
position of the spooling head. Typically, the two slots intersect on the
surface of the spooling bar, creating a diamond-shaped pattern. Thus, the
spooling bar drives the spooling head from one side of the barrel to the
other without changing the direction of rotation of the spooling bar. Using
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In this prior art nmethod, consecutive rows in each

| ayer are laid straight 5and parallel at an angle
across the axis of the drum Al so, as the second | ayer
P2 is spooled on top of the first |ayer Pl, each row
of the second |ayer P2 is guide@g into the groove
fornmed between adj acent rows of the |layer below it P1,
as shown in Fig. 2. This gives stability to the second
| ayer P2, and mtigates slippage of the rows init. 10
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the rope.

In order to avoid this problem with fibre lines, the speed of the spooling bar
relative to the barrel is generally faster then it would be for wire line. This
prevents the line in any one layer biting into the previous layers by
producing a pattern that crosses over the layer beneath it at such an angle
that it cannot slip between the rows of line in the immediately preceding
layer. Generally, the angle at which the fibre line is spooled is much
closer to the axis of the drum than to the near perpendicuiar arrangements

shown in Figs. 1 and 2.

Speeding up the spooling of line in this manner lays the line in a iong
shallow pitch helix along the winch barrel similar to a course thread cut on
a set screw. Thus, the line no longer lies as a smooth flat layer with
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The method is quite suitable for two or three | ayers
of line, but eventually 5as the layers build up, gaps
between the rows in each |ayer increase, and the |ine
in an upper layer may eventually slide or bite into a
gap in the layer beneath it, cagsing both noise and
unnecessary wear on the |ine. GB350917

di scl oses a nethod of w nding thread onto a bobbin,
over 10which the present invention is characterised.
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| Xgigh Ble bRSdrk BickibR S Bhaickrghsenl entat i ons,
|rect|ons

'ocations as 1t 1s wound onto the
barrel. The spooling device and/or the grooves can

opty @és&nﬁi iyl rRBﬁ%\ﬁ Q%ﬁpbﬁ‘ HJﬁ!%%Eé%i)PéSE%EHW‘?CEalmm

as | S vvoun arrel, so that successive
| ayers of line vvound onto the barrel are non-parallel

to the | medi at el b bel.ow. Th I .
ai MBS BposkBET e Bl Arirs ptveds the Spaalfid frag which
I N BAENSRIENOh A s%‘tlc RMAHRRBEDarkN WStH&@'e%bbﬁ%énts the
the |1 ne can be Spooled on towards one flange of th
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Typically the orientation of the line on the barrel is controlled by a spooling
device such as a spooling head that receives the line and typically moves
axially with respect to the barrel to guide the feed point of the line (the
position on the barrel at which the line is spooled onto it) along the axis of
the barrel. In certain embodiments the spooling of the line on the barrel
can be controlled or guided by grooves formed in or on the barrel that
guide initial layers of the line into selected orientations, directions or
locations as it is wound onto the barrel. The spooling device and/or the
grooves can optionally direct the changes in direction of the line as it is
wound onto the barrel, so that successive layers of line wound onto the
barrel are non-parallel to the layers immediately above and below. The
axial direction of spooling typically reverses at least once in each

revolution. For example, in one half cycle, the line can be spooled on
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The present invention also provides a nethod of
spooling a line on a Sbarrel of a wnch as clained in
claim13. Typically the line is guided onto the
rotating barrel by neans of a spooling head that noves
axially with respect to the baryel as the barrel
rotates relative to the spooling device, and wherein

t he spooling device changes 10direction at |east once
per revolution of the barrel. Typi caIIy the barrel is
a W nch barr with flanges wi hch has
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W tgareBsine the bristdfahe barrel in order to guide the line onto the barrel as
the barrel rotates.

Typically it is the axial direction of movement of the spooling head that
changes, so that the head reverses its movement along the axis of the
barrel (for example) from right to left, and starts to move from left to right.
Typically the drum remains axially stationary while the spooling head
moves axially with respect to it, but it is only necessary for relative
movement between the two.

The axial direction of the spooling device typically changes (e.g. reverses)
twice in each rotation of the barrel. When the barrel is in its first half cycle
between 0° and 180°, the line is wound onto the barrel in a first direction,

and in the second half of the cycle of the barrel between 180° and 360°,
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revolution typically differs between radially adjacent
| ayBresspdolingreeaghtypically has a roller guide capturing the line and

providing roller devices to guide the line, retain it in the spooling head, and
to reduce the friction of the line against the spooling head.

25
The spooling head can reverse direction any suitable number of times, for
example, only once or more than twice per rotation of the barrel if desired.
Preferably the change of direction of the spooling head, and thus of the
path of the line on the barrel, takes place at the same rotational position

30 on the barrel with each revolution, so that adjacent lines bend at the same
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the barrel. On a first layer of Iine being spooled

onto the barrel, the spooling head commences at one

end of the barrel, for exanple at the |eft hand

flange, and noves axially to the right, parallel to

the axis of the barrel as it rogates. Wen the barre
has rotated half a turn for exanple, the 15spooling
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back towards the origin across the surface of the
barrel. The radial projection can be a wall, or a boss
or the like, and is typically only 25necessary in the
first layer of line that is spooled onto the barrel,
because the friction between rad¢ially adjacent |ayers
of the line as it is being spooled onto the barrel is
often sufficient to prevent slippage even when the
direction of the |line changes on the barrel surface,
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spooling head) will change direction, so that the line bends around the
radial projection extending from the surface of the barrel, and does not slip
back towards the origin across the surface of the barrel. The radial
projection can be a wall, or a boss or the like, and is typically only
necessary in the first layer of line that is spooled onto the barrel, because
the friction between radially adjacent layers of the line as it is being
spooled onto the barrel is often sufficient to prevent slippage even when
the direction of the line changes on the barrel surface, but formations can
optionally be provided for subsequent layers if desired. The or each

formation can extend radiaily far beyond the first layer in some cases for
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path of the line in radial as well as axia

directions. This reduces the extent to which sudden

di versions of the path of the line can lead to

di scontinuities such as bunps and pits in the surface
of the layers of the wound |ineg Typically, the wal

at the flange towards which a layer is being 30wound
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Iine frontone | ayer to the next as it approaches the
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baftﬁ%knéé‘é‘ PeBNONRMiHIEs Qfectedsf 66 it tﬂe rtéiﬂa‘yet at line, e.g.
| ayer of 1'ine onto particul ar areas of barr el

20dbefseeend layan ¢an pelicnayextendtiorthe %ﬂd @frtée first layer over

CnaRbOP Al Ot el siiel gl Y Rlig®a Wb e 1k g il pws in
gaghbekvesd |4yee, | Tmcﬁrydtﬁdtﬁfaﬂ ttl@ét%uaipr duppob@rihelsecond (or
surface. In certain 25 enbodi ments of the invention

everhern davr qaaiave g shodraapakextfasipndaan thenfisiwald The
fi ff%ﬂgéle%rf{:?%]gggog\eeépool ed radially on top of one

ano ne rotational position on the barrel
circunference, thereby creating the gap in each |ayer

he s ne rot i on 05|t on on the barrel re
é5 a0 eavaD 638 P eTBHToR! AlhuEck iRG aMiCiging Bh e dm
th' "t’ﬁe Héﬁ%é& HBw%% RS\ | 's@ihﬂagc%efsaﬁh@bd%%@@éué’fb have
at the apex of the |ne can formso as
an asymmetrtc arrangement of the wall on each flange. In stepped

embodiments the steps can be asymmetric.

In certain embodiments, the walls can have ramps to gradually guide the
path of the line in radial as well as axial directions. This reduces the
extent to which sudden diversions of the path of the line can lead to
discontinuities such as bumps and pits in the surface of the layers of the
wound line. Typically, the wall at the flange towards which a layer is being
wound has a ramp to gradually raise the radial height of the line from one
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10 achi eve a predictable and consistent displacenent
of the Iine on the barrel. However, in certain cases,
each second | ayer of |ine can be spool ed on at
different rotational positions, by stopping the axial
novenent of the spooling head ap the opposite flange
before the return 5 ourney while the barrel rotates
for a short distance, usually less than a ful
revolution. Thus the origin of the second | ayer on the
barrel can be circunferentially different fro

or ey tathe Rexk sdt axp%rpaphe%m%éwmmrgf ke ﬂ%ﬁymca“y

st

2\ PR gl e or o IETER) BEPALDLN PR IUAE S

di dirstilbyén) dm thof cmdneotldepéh &or thbéwsIO‘owrwfdhecrmt layevéng. the
t he

ir Sgrondayethe T fBBRee i fedl g Mmps BrReltadte of

r ORgepdd) Phé ARABS unde mgi%eeahan 1000kg. Typi cal
capacities of |line for ch the invention is suitable

are 1520-200 tonnes. The invention also provides a

o 5 e BB Rl R R seRiEoh BEirin e
of mMAdé ne driiak teatis Bposrecheiff@ehbdirdeiors Rdr dx@mple, a
greater than could be achleved preV|oust but since

t h@'mgi?éﬁ)é?ré)éﬂin@éVQ%ddo'@iﬁtQF‘et R¥ehan the bagekzan be made up
Pg?&ﬁﬁ@ a‘?/YoJrRi &’i‘ﬁn@%‘i]%t}ﬁﬁor‘i Bi ﬁwe sﬁ?ﬂ?ﬁﬁg ﬁe'éaﬁf)%ﬂﬁ@% one

adj acent ayers re wt
an@ilmnonpemﬂ B:me Wmelntilcneamihengapemlnemm the siodiiagriedad is

e A R AT A

r ef@IoBNAG nead NG SSGIeHRRBYbA Ga sPBbEtfe ohtd MBrEthan one
layer, e.g. two layers, three layers or even more. This variation can be
useful to spool the line onto the drum in a more compact manner, which

results in an axially narrower barrel.

In some embodiments, the outer surface of the barrel can be grooved in
order to guide the first layer of line onto particular areas of the barrel

surface.

It will be appreciated that at the rotational position of the barrel at which
the line changes direction (or “apex”) there may be an unused gap
between the line and the flange on the barrel surface. In certain
embodiments of the invention, every second layer (for example the first,
third and fifth layers) can be spooled radially on top of one another at the
same rotational position on the barrel circumference, thereby creating the
gap in each layer at the same rotational position on the barrel. Where the
formations are shaped to intrude into the gap area this can be useful if
providing a radial protrusion at which the apex of the line can form so as to
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11 Fig. 3 shows a schematic plan view of the surface
of a winch barrel that has been represented as a fl at
sheet fromO to 360, and in which (in the

3-di mensional barrel) the top of the representation at
360 connects seanmlessly with thg bottom of the
representation at 50; Fig. 4 shows a simlar flat view
of the first layer of line wound onto the barrel; Fig.
5 shows an end view of the Fig. 4 barrel; Fig. 6 shows
avu?]wsumla 4 with the first

o nashi A Prsdiclahie Aty epndikishLbRpice Rt Y58 (g8 PR the
ea%r@ Hb%véde@t IEVde‘%?n cé&@s %Gh%’cﬂﬂd %r%’ﬂﬂné Qwh Hef

line are shown, he m dd l'e rows (which are
i deamodm:l yn at difiesent retajional positiens byl stoppingthefaxishe

S PR B e 0 ot B PRI LB e rotun
gb@ﬂmy@mte BPehavs rbfaed i a th?ﬁﬂis%nd@l ubusint s thit a full

second | ayers spool ed on; g 10 shows a fl at
v. gavelutiph ahus the geiginiofahg secand fayar@n therkanel gap ben

rglun‘?fgl%nglaﬁili fﬁngﬁ‘fifr&ﬂ th8 %rl}rf;lneéﬂ\f fk fFeretaﬂarg : A&jgcent layers

bar cunul-ative view si
Fi g 8 ata@]gére!d trhthtshaaﬁu srshon-adjaosdt laydrs, lsuci alseq;uerys

| ed 13 sh flat
barsasPnd Riericaraee ingoatbAn Welly S st dins ho dap on the
14 .
hav@é}gégggﬁ}ggg t‘éth%‘ﬁ?%aﬁ&??o%ﬂselht@%%h heVRR hiebs
drawn.

The line is typically a high strength fibre rope with a capacity of more than
1000kg. Typical capacities of line for which the invention is suitable are
20-200 tonnes.

The invention also provides a winch drum as claimed in claim 22.

Since the rows in each layer can be paralle! to one another the amount of
line that can be spooled onto the barrel is greater than could be achieved
previously, but since the layers can be laid onto the barrel so as to be non-
paralie! to one another this reduces the tendency for radially adjacent
layers to interfere with one another, and so the line can be spooled off the

barrel more consistently.

An embodiment of the invention will now be described by way of example

and with reference to the accompanying drawings, in which:-

Figs. 1 and 2 show prior art methods of winding line;
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Fig. 15 shows a further enbodi nent of a winch barrel
with flared flanges; Fig 16 shows a
schematic view of a further enbodi nent of a 30net hod

of spooling line with a 7 angle, in which the barrel

has 12 been omitted for clarity, and in which the
tracks o shown; Figs 17 shows a schematic view simlar
to fig 16 and the start of a 2nd |ayer of line; 5Figs

18 shows a schematic viewsimlar to fig 16 | ayer of
l'ine; hows a schematic vie r to fi

the st arl%goiﬁs ows @ $qmat&plppﬂ\éewo esu ace of 1@01%barrel
shows atﬁét“??é@&één Yé;?r’é’s k! & a figt §héétjf§>m b@|t§33%0 Qind in
l'ine; OWs a scC ematlc view simlar 6,

t he st arwhlolh (ia theB-tiayarsiofal bame]) thegopzzf thaomrasentatlon at

23 shows 00" SBHaRet wmiedsy i e ST o7 tns 'iResdRalh ot

of a Stipeayer of Iine;
Fig. 4 shows a simitar flat view of the first layer of line wound onto
the barrel;
Fig. 5 shows an end view of the Fig. 4 barrel;
Fig. 6 shows a view similar to Fig. 4 with the first layer wound onto
the Fig. 4 barrel. Note that for clarity in each of the flat views, the
beginning and end rows of line are shown, but the middle rows
(which are identical) are not;
Fig. 7 shows a flat view of the Fig. 4 barrel showing only the second
layer being spooled;
Fig. 8 shows the end view of the Fig. 7 barrel;
Fig. 9 shows the Fig. 7 barrel with both first and second layers
spooled on;
Fig. 10 shows a flat view similar to Figs. 4 and 7 with the third layer
in place;
Fig. 11 shows an end view of the Fig. 10 barrel;
Fig. 12 shows a cumulative view similar to Figs. 9 and 6 with the
first, second and third layers spooled on;
Fig. 13 shows a flat view of a winch barrel with first and second
layers spooled on;
Fig 14 shows an end view of the barrel after seven layers have
been spooled on;
Fig. 15 shows a further embodiment of a winch barrel with flared
flanges;
Fig 16 shows a schematic view of a further embodiment of a
method of spooling line with a 7° angle, in which the barrel has
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Fig 24 shows a schematic view simlar to fig 16, |ayer
of line; Fig 25 shows a schematic view
simlar to fig 16, 20the start of a 6th |ayer of I|ine;
Fig 26 shows a schematic view simlar to fig 16, |ayer
of line; Fig 27 shows a schematix view simlar to fig
16, the start of a 7th layer of line; 25Fig 28 shows a
schematic viewsimlar to fig 16, layer of line; Fig
29 shows a schematic vieMIsinilar to fig 16, and 7,

and the start of |l ayer, of lin 13 Figs 30-4
show vi &Wn&mgteﬂﬁp 'tsérﬁsts*dnm?h Bhe wagks pba T3¢ fayér of line

spool i n%h%\n}ri ne, simlar to the views shown in Figs
16-29, but wi'th a 40 angle of line; Fig 43 shows a
cross sddgs di shiomsughchemahic hicvasimélar iv fip 16t sppeing line 1

5formati on A of the line, and in

whi ch dﬁr}détihgrﬁtg'%é’y@rﬁs %yroﬁgmﬁ’re shown with

di f f er entigg A aSHolAL & Berematié erewsmﬁna@tdlﬁgms @h@@ldgeme 2
out fl at V|eW(S|mIar to the views in Figs 4, 7,

and 13) layenafdingi g 43 barrel; Fig 45 is a cross
secti onﬂidg\égf o%vsg‘st:m%ﬁw%%v%v%’?n Ra%6 Gk . ts'Pno nq line 2 and

10w ndi ern in excdrsi'on’ o

spool i nghbetdH of a 3™ layer of line;
Fig 20 shows a schematic view similar to fig 16, showing the 3"
layer of line;
Fig 21 shows a schematic view similar to fig 16, showing line 3 and
the start of a 4" layer of line;
Fig 22 shows a schematic view similar to fig 16, showing the 4"
layer of line;
Fig 23 shows a schematic view similar to fig 16, showing line 4 and
the start of a 5" layer of line;
Fig 24 shows a schematic view similar to fig 16, showing the 5"
layer of line;
Fig 25 shows a schematic view similar to fig 16, showing line 5 and
the start of a 6™ layer of line;
Fig 26 shows a schematic view similar to fig 16, showing the 6"
layer of line;
Fig 27 shows a schematic view similar to fig 16, showing line 6 and
the start of a 7" layer of line;
Fig 28 shows a schematic view similar to fig 16, showing the 7h
layer of ling;
Fig 29 shows a schematic view similar to fig 16, showing lines 6
and 7, and the start of a 8" layer of line;
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spools nore than one |ayer of |line onto the barrel,
and in which |ines connecting the two hal ves of the
barrel show the rel ati onshi ps between the inner |ayers
of line; Fig 46 is a viewsimlar to Fig 45,

but in which the Iines connectitgy 15the two hal ves of
the barrel show the relationship between the outer

| ayers of line; Fig 47 is a rolled out flat view
(simlar to the views in Figs 4, 7, 10 and 13) of the

Fig 45 rrel.; Fig 48.sho ectional, vi ew, of

furt her qﬁ%geﬂiﬁ@%f\wﬁéﬁu AIRPRIFENL of A ngingd of
43, but gy pngra%\é?%in%rtts%éwewwwn iMeigRare-28 ; biltiviith a
49 shows 'a front view of a further design Of w nch

drum bar4’ebngiemifilawe; to Fig 43; Fig 50 shows the back

view (fraomthe other side) of the Fig 49 barrel . 25Fi

51 showd 8 45aet s U TarioBth et s BT fopef Slshped
one si dgoafigtidhetoinale tie safitortheWpeaan@ s RARH differdrgVayers
of the Fig 49 barrel fromthe other side and the back;

and of line are shopingviz ddiesaRrt @Pssaatanegaralissas: ve

vi ew of fj e h j har, : Raf-er i ag
now t o tlﬂg 4&?5\% rr?gé(,j toéﬁ]rcrlg{r \Igﬁg/%\%ll n'%ﬁ té?h%v?%v}r '.ﬁgj'% 4hZS10
a cylindindcad) dfehedig B3darmwhi ch a [ine is wound, and a

br ovent F8&538GorEES SRIOTA ofRvePl aiTvEHgr e Dagtey wih a
winding pattern in which a single excursion of the spooling head
spools more than one layer of line onto the barrel, and in which
lines connecting the two halves of the barrel show the relationships
between the inner layers of line;

Fig 46 is a view similar to Fig 45, but in which the lines connecting
the two halves of the barrel show the relationship between the outer
layers of line;

Fig 47 is a rolled out flat view (similar to the views in Figs 4, 7, 10
and 13) of the Fig 45 barrel;

Fig 48 shows a sectional view of a further embodiment of a winch
drum similar to Fig 43, but with grooves on the surface of the barrel;
Fig 49 shows a front view of a further design of winch drum barrel
similar to Fig 43;

Fig 50 shows the back view (from the other side) of the Fig 49
barrel;

Fig 51 shows a perspective view of the Fig 49 barrel from one side
and the back;

Fig 52 shows a perspective view of the Fig 49 barrel from the other
side and the back; and

Fig 53 shows close up perspective view of a flange of the Fig 48

barrel.
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50f the barrel B. The Fig. 3 viewis schematic. Rather
than showing a true cylindrical representation of the
3-D barrel B and flange F, the drumis shown as if its
surface had been cut along a line parallel to its axis
and laid flat, so that the whol®e of the surface of the
barrel on which the line is wound can be seen in the
pl ane of the figure. Figs 4, 6, 7, 9, 10 and 12 10show
simlar views. The line is initially fixed to an
anchor point typically at the junction between the
barrel B and the flange F, which defines the starting
POSRdiRihd 6w 'tlsaé arégghgﬁ% micihel Wineh dramel fng@)ehas a

rotation position e origin 01 on the barT el
15icylindiidad iraliey Bowt whind aulin®js woundl] #anda flangefsaioearch end of

 hahe b bilel 636 SREMSAb ABalee R 4 ol B onc
and}ﬂtl‘i’@bé%rB' Te FQ. 8Mibw EDseumaRd. RaMEressh ¥hakingetrue

origin 01 in the 3-D winch drum 200nce the line is
f astindidcal sepreseatalionaf the8-18 biagieh Boand flangesF pthesdrym is

thr #: Qs[f%s s‘?frfa%gﬂa%ebé)é}b 4108 ar]gxegk%q' &%%%&Qm laid

ronl'c prograna Servonot rota
a tfhjt esgliht sppehbgoftae stwfav»bloi tthé barrepmwmgw thedthd is
connected via a nut or other Ehreaded con or %8
me¥PWiRd san ke sesPdadearPlansdtithe figare. ies t Pohl gnd 12

th%hbW&ﬁﬂ%?v%@ﬁ’OO' i ng bar is controlled by a logic

device receiving input fromthe rotation of the w nch
druml so that the threaded spooling bar is rotated

d i on of , t he
e ey BBl iR B ahAnghobpoRhiyAkaYY o 4ik o hgtween
r Ottﬁé'b%rﬂre@ia At des \Jvﬁrchdfeweg tﬁé‘@ta’?ﬂﬁ@bbﬁlﬁoﬁg@ﬁongm

axially along the bar. The spool ing bar is dispose
30dat por éhe fitst {ayer akhe rathtions positioniof thwrm@mmsthe barrel

|1 08 gbBoRbihARKE PSS by SN B0 WL AR bl ovan

cl qelsrdsetaimhstdiané wiséh dRkh o tHegures sthelts %fnduiotﬁ]:n
is laid onto the outer surface of the barre

sdragfians ot thedine andthedorrela 05 andB6W connest §%@B|qsﬁb’ at the
headjrig‘ﬁi‘ﬁ( '(ﬁl ||nythrar395' \knﬁt:ﬁ drum.

Once the line is fastened to the drum at the origin O1, it is passed through
a roller device on a spooling head controlled by an electronic
programmable servomotor that rotates a threaded spooling bar to which
the spooling head is connected via a nut or other threaded connector to
mesh with the threaded spooling bar. The rotation of the threaded
spooling bar is controlled by a logic device receiving input from the rotation
of the winch drum 1, so that the threaded spooling bar is rotated in
accordance with the rotation of the winch drum 1, according to the
programming of the logic device. The rotation of the spooling bar drives
the spooling head axially along the bar. The spooling bar is disposed
parallel to the axis of the drum 1.
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toright in order to wind the first row onto the drum
at an initial angle A which is dependent on the

desi red spaci ng between the different rows in each

| ayer, and on the width of the line, but is typically
around 3-10 and nore usefully 5t5. Thus the path taken
by the line on the drumis not 10perpendi cul ar and
parallel to the flange F, but deviates by the angle e.
The actual angle e can be varied in accordance with
the width of the |line and other factors. The speed of
t he spooling head can be constant so that the line is

! a'@neéuﬂémqégeﬂta@%d'dt e Bﬁgme@@ dridanRf A nfdudithe

t he apex Al I'n certaln enbodi nents, the |1 near
S p@:ﬂbod)ﬁg medstmomﬁcg drgerd? pratated diqclwesm aod the firgigow of

h I f, the |
ar dDs B R r T Py S Ba ol SRRt suhdRest B Agthe
' t diadl $ rét'é@eslgﬂe Bﬁbcﬁﬂng Bér diesiBe spebhity BBal RidIgTroeh left
(at the apex Fig )tellnelsactuallybelr‘gi;%e

20l tairighp &r ardesito mncﬂ Hee firshraye opto theedmim gt an diitigfa

fir ta.r
e eh W oo 4B R b g e it rows
op Pt e éth%lndrdrgtﬁé wititloof thedideabuels tBpeally ladeTdJ(BMD" and
rot ates %,romt he aqrigin 01 through the first 180

zsm@rq HerfHlY Sut warisherath &akest bY He ljsoen |t'}‘%dﬁg'géf3 not
petnas ik SAHor3 R0 4P 13700 B Ll HatS AL E dible o

by Theapiuataagie ®ganfbet yeriddigi accoelaroe it thehmcbhtoéthe fine
of thqe ﬁﬁ"@? q on the bar, and the speed of novenent
frdhge FPiSyht of the spooling head is typically
sufficient to displace the spooling head by a 30given
anmount according to the logic device. In this exanple,

t heThé apeed of heastianllingihssidaeasmba constanheo Hiasdne Hoe frelaed as

socstraBnt [iFEBEte 0 o ko1, Bhp 1 2PREAY, ke (i

r ot @hBo@insdntd 808 linkdl shded bf theagpduting ¢rlaidagptiohally reduces as
novenent of the spool i ng head reverses to nove in a

r ettherdrescapryraahes 689 isgrhat the angle phthe ingisrarsuatseand

out AP KA BePIB bR s B G I T PR R RS gkt At he
poi 180°qrvihhen tey baﬂreldet tmap@nAapm(thl 3)ithetihe i§ ackially being
row of the line LI The apex Al can coincide with a

r adeiéd P?flaﬁﬁ‘rt&?sthgﬁlaﬁ%t\: as a boss

The first row of the first layer L1R1 is thus laid from left to right between
the origin O1 and the 180° point diagonally opposite the origin O1 on the
barrel B as the drum 1 rotates from the origin O1 through the first 180°.
The linear outward excursion of the spooling head along the threaded
spooling bar as the drum rotates between the origin O1 and the 180° point
is determined by the programming of the logic device and the pitch of the
thread on the bar, and the speed of movement from left to right of the
spooling head is typically sufficient to displace the spooling head by a

given amount according fo the logic device. In this example, the linear
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10or a wedge etc on the barrel in order to prevent

sli ppage of the Iine back towards the flange fromthe
apex, and to maintain the displacenent D180 at the
apex Al. The first row LI Rl continues back towards
the flange between 180 and 1536 until the drum 1 has
conpleted its first rotation and reaches the 360 point
as shown in the upper part of Fig. 3. At that point,
the spooling head has approached the flange F, but

because its return xcursjion is slower fhan t
outad! dligplacrrerahof thasrep ﬁghgaﬁgito %fl F@@.E&é} ypoint
to BP?MfB'O @&o@hdtdgﬁg%o poi nt, but is spaced by a

dlstance etern1ne y the dlfference 20bet ween the
outward and return excursions of the spooling head. In

hodst (S RN RN L] o thHEs RERhis ey 1 B0 B8R thE%near

S' QMR B Iof ovdrhénti oF tHO & pboitfh&ad sevidieed t@ove in a return
di spl acenent fromthe fl a?%@ the second row LI R2
we

of axsarsion&om righttodet bes wis thedlanged at slightly reduced

ePGHTY S0, T AL Rl BT B AP T

ex QHE SIIgON pofit dNibesRem] idefinbead.apex Aummerf&atdﬂimgf thledine
360 oint, the first row of the first |ayer
R sThe @psnedtt sanceicideeviiie @dadial @WTEHSI%@U@ pg@ boss

] a-‘/cf‘rIr Wedgﬁ% ei‘éoﬁ*m%%aﬁ%giﬁ 4daer E&Pﬁévéh%nﬁﬂlﬁe of the line back

representati on 1 n ol nt rection

of towardmﬂmfmngeoﬁromhbem(xl anq tmermi'ltah’ath@&iasmgaenment 5180
nove érom left to right in a second outward excursion

at 4'ige Ahitial faster rate, in order to lay the
second row Li R2 of the first layer parallel to the

first rowLi RI. The second row Li R2 is laid parall el

t o Tmﬁafilfsit rew L&A contRuesiack tawardniye fiahgsdieteeendgOaiand

f gt bt S ihels GbRad s MR sotbydR Al rBabis he 3e0°
%ﬁbtﬁloés ER@wvR §¢ rdup ey ddrt B2Figs 3agsitRatspeIMe thd BQ@bItri@ﬁhead

out ward excur si on, cau5|ng an axi al di spl acenent of

t hehasppreroaadedthe fianaseE obit besause iterefurprarcHEs I Feslower
enc{hgfl th&uf érﬁte{qﬂ%l% RS jind ??‘I%PF&QH‘%% rﬁv?%{&ﬁbﬁt% the flange

di rections contro [ er
di sgtlthe aﬁﬁﬁboaﬁ BEds tsbat:m bye{:dletilme\MeltdarnRﬁecﬁ bgrthe kigfference

i rgétw%g\ﬁvtr%ele oﬁ%ward and return excursions of the spooling head. In this
example, the outward displacement of the spooling head is 50cm, and its
return displacement on its slower return trip is 40cm, and thus the final
displacement from the flange of the second row L1R2 of the line at the
360° point (or D360) is approximately 10cm. The value of D360 is defined
by the difference between the outward and return excursions of the

spooling head.

Upon reaching the 360° point, the first row of the first layer L1R1
seamiessly connects with the second row of the first layer L1R2 as shown
on the bottom of the representation in Fig. 3. At that point, the direction of
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can be 10cmin accordance with this exanple, but can
be varied in accordance with other enbodi nents. This
process continues with the top end of Li R2 nerging
into the bottom 15end of LI R3 and so on until the
l'ine has been laid onto the outer surface of the drum
and the opposite flange has been reached at the other
end of the barrel B. At that position, the line is
typically in the configuration showm in Figs. 4 and 6

surayengnt oftbesbpling heS@Bangds paan subiovs B 1ot fapoht
| YR HRNBARvER] ekQurdBANR tAE QLRRY infizll fAxeadratd, ik beder to lay

same apex Al, the only gaps on the barrel where no
| i ibeisecoad dowddR2 ofttheliestdayer paratigidofthe Srstiraydi1R1. The

Wh h [ d. end _of ) I b

anceehBarpid 1R2 BpieCRtaigotfie Bty L e cRERUE
secredtiba e thd-gpés Al han goaifbne thd engiefO2 skt inesfirst row
| ayer LlI. When the second layer L2 Is laid, the drum1

cortiRiledhe setusn greunsion ¢idhe speoling bead der the sasend aw L1R2

S i i .

2298 ook RSl HRS, B LBy S gspicement
seafnlde I(l).:py)?r ehdﬁlthd seccswioow hYRAdmin teepperesndof thedirst
origin at the sane ci nf erenti al It t .
or ITPiel RbYT pesordRace piGhe apections obtne gisgeatener  Agan
OPRAS 'oﬁaﬁaléégé}ﬂsﬁt) ateghe T eS s&&?r!ia Fw thgrérﬁftﬁe ifsttrB®% L1R1
out war 18 excursion at the first speed, and after
passinmpe tl Aemapacca’iansegiitts thih exampige but eanbe varied in

excursi on bet eﬂL18O an 3690. Thus the first row of
th@@@&%@i&qgﬁp SRMUIEN S nt o the second row of
the second | ayer L2R2 at the 36070 point and at an

axi al position that is displaced by 10cm from 5t he
f i rBhis poeeasErRpNtigues #éi the tepwediofikd Renarergirg intpdhe bottom

| DB SH8 e BRI s R b g B

Egg%;'.thé Rieuinebhd e@ dppb sittoftange hasbbend réachdieatsthe@thergend of
the barrel B. At that position, the line is typically in the configuration
shown in Figs. 4 and 6 with the first layer L1 covering the entire outer
surface of the barrel B. Because the rows in the first layer are parallel to
one another and bend at the same apex A1, the only gaps on the barrel

where no line is laid occur at the ends of the first layer,

When the right hand end of the barrel has been reached and the line is
approaching the opposite flange, the second layer L2 is then laid on top of
the first layer L1. When the second layer L2 is laid, the drum 1 continues
to rotate in the same direction at the same speed, but the movement of the
spooling head is reversed, so that when laying the first row of the second
layer L2R1, the spooling head commences at the origin O2 (at the same
circumferential position as the original O1 for the first layer L1, but
adjacent the opposite flange) and moves from right to left in the outward
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10t will be noted that the whereas first |ayer Li
originates at the left hand side of the barrel,
traverses to the right across the barrel to the apex
Al and then returns to the left towards the 360 point,
the second layer L2 originates g8 the right hand end
of the barrel B adjacent to the right hand fl ange,
traverses to the left to the apex A2 at the 180 point
on the barrel B 15in its outmard excur si on, and

returns .to e right a roaches t he 360_poi nt
heLEen o st SRORID teshr AR he
to é?é@eﬁ@ﬁﬁﬁéxcu?é’ioh%&wé@ﬁ 1'86@“&\46@6@"’ 'T‘PM@ th@ft&’ﬂ%w of the

second | ayer L2 substantially cross over
i nddegodddayerdvidR1 marpes indawihe bagend tdw ofrﬁtessec@\v@dayer L.2R2

e S5O B a5l A P A Bl By g o

subpb st rald Y2ReY SucBassé phws Q2Rb%rid1@|2R4 @eabf fhevsedond
t he adjacent |ower |ayer Li, and thus the |ikelihood

of layer kdake spoelad O@ptp@rof tha Brst layes dideA signiler mannerg

o 5B A LR e, X Raltadot 95GRRY oy g
seogpajd)hhgy@@dl_s as shovvn in Figs. 8 and 9, with the

second | ayer L2 spooled on top of the first |ayer LI.
Fig. 9 particularly shows the rows in LI crossing over

t hey W\gehetédz that BRE GRY%r V%%bﬁrgﬁ@géﬁu Yori fr%‘fé’é‘éiﬂ?ﬁlﬁﬂ hand

biting tvveen ayers, e rows Wt
eacdid¢ ay Hre pbamral, treh/eltsesdoéhemghhmrpss Iﬂm bbyrekiortbe apiench 1

okt fanvretuis 16 516 i tonds fie 390 AN shdSetdnd fyer L2

botdpymatabiat B A gRORARS eﬁ&ﬁ oFtlﬁe bé@elt@ abﬁﬁ‘.eh@tb ihefigritmand
a manner sinilar to the first iayer L1 as shown in

Fi flange, Taretsesdorihesfolo theeansx A2 al thee?8Qaprinkon the barrel B

Fg)e)geiztrsal | %gﬁéo) &Ilr%%%t s\ﬁ“dti_'gtuw%goo d&‘ﬂ%t%@ﬁ%pé@%cﬁég e 360°

ovegdihesThérefdrel S8jakadtiaydd LPdhd $2ne ridhepsediend one
| ayer L2 crosses over between both of them

subznather, s thahihedneividyad mwwbhhe yonddayarie saatartially

Tﬂe?rhgg\,ég%gtng hiﬁayerdﬂﬁé\gﬁg{ r\lweer ef sggét ahnl{slhalvég\fﬁough

avoihe ihdividugl revslesthin desh Bpevare parailel to one another, the
individual rows L2 are substantially never parallel to the individual rows in
the adjacent lower layer L1, and thus the likelihood of the rows in the
upper layer L.2 squeezing or biting into the rows in the lower layer L1 is

greatly reduced.

The eventual pattern after spooling of the second layer is as shown in
Figs. 8 and 9, with the second layer L2 spooled on top of the first layer L1.
Fig. 9 particularly shows the rows in L1 crossing over the rows in L2,
thereby substantially preventing biting between layers, while keeping the
rows within each layer parallel o one another, thereby conserving space

on the drum 1.
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It can be seen fromFig. 12 that overlaying each

second layer in this manner enphasi ses the gap that
forms at the 180 point on the barrel B. 15 This m ght
in some circunstances tend to create a void into which
the line can slip, and while it1@s satisfactory for
each second | ayer to commence at the sane origin, a
beneficial effect can soneti mes be obtained by a nore
staggered distribution of the origin of the |ayers
around the circunference of the barrel B. 20 This can
be achi eved by a programred action by the | ogic

co ok t ; Qgpﬁo

cpanPi 1o ShaRg bEMRTIVEELIPEMS BFoRERTINIAS Irgh 00 at the
bartrcﬁtonBidUham@norrtem of Irég.f10aiadgbs tapdeft i aamanner @mtlar to the

X8 By 1l R L b Ml of Rl KB R pe
th%é‘@?@l‘iy BdinEient WRh ALK bribRyen of dfe ffiTERRee at the

sane 360/0 point on the barrel, so that the third
| ayer is superinposed on top of the first layer, and

the,d gH{S\LH ) %Yir'l (? he thlrosl'élg&r L%Qéﬁlgs ‘?ﬁe ?i Iévertme but since

secon ayer

COFthé@elceﬁd Wero_rmm;s@s gner Isetivee naio lof trgamewbsttmt:ally no
remain axially station ry 30as_|,(t9@e barre

B rot at
sho?‘i'%ﬁ?”é’rcéuheeﬁ“fe& péaxqrér 2IRPISEN th%m'&g'a?@gffi%mss
tUrfertfie r 6%!%9‘\ thePleddi@ 18 mgérqfn?ah@Wéregﬁg,s%gs%a&tiﬁpy avoid

rotati onal staggered a romthe

beflitieg Bhelespobéd agoeé. t he next | ayer commences. The
spooling of the next |ayer can be carried out in an

i dentical manner to that previously described for the

secippan dRGddy fréiml Ay (s théMd'vErléi?iﬂg %acﬁ s'%%éﬁ@ PAyedin ‘tﬂﬂét

the origin of the next |ayer is sonewhere between
andnaeoewmnhae@peéhe papthat fepos ki e $80% mnb@r@\tthe)bgrrel B.

e Tt ARhE s S edlcBO R 1< SR R PR i gty the tine

bet yReslie vedywisiRe @ s alfastont for kayBseton@lales té eommence at
st:tgger t he gaps created at the apex of each |ayer so

erfgiee 6figinha hegeical éﬁqqmqmﬁwéa b@rptgawd ky a more
|l o r
" a\li%%g %Ye% cﬁﬁtrlmHén 'afflfe 8rf|g:E'b? éﬁc%’ﬁaé/%ﬁgrc%%g tﬁ[a%‘?chﬁwfereﬂce
f orgfethe daref Bdeep gaps i nto V\/nl ch the line can slip is
mtigated. After winding of two |layers, the whole
barrel has an appearance simlar to

This can be achieved by a programmed action by the logic controller
acting on the spooling head when the spooling head reaches the furthest
extent of the barrel B adjacent to the flanges and is about to execute its
turn to commence the first row of the next layer. in some embodiments
(as shown in the figures) the spooling for the next layer can commence at
the same 360°/0° point on the barrel, so that the third layer is
superimposed on top of the first layer, and the fourth layer is
superimposed on top of the second layer, and so on. However, if the logic
controiler optionally signals the spooling head to remain axially stationary
as the barrel B rotates a short way around its axis (for example, half a
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15t hat shown in Fig. 13, again displayed in a flat
rolled out schematic manner. In Fig. 13, the darker
first layer is spooled fromtop left to bottomright,
and the lighter coloured | ayer spool ed from bottom

left to top right. The gap formed at 180 for the first

| ayer is clearly evident, and the gap forned at the
opposite flange for the second | ayer can also clearly
be seen 20at 180. One advantage of staggering the gaps
as prevj ousl| tioned,can be seen fromth

" eheny dhe Srialiyof fersegond JeVer cpndie mistnalnStagRetes Gney
of bR ' \Y: REBEN
opdniTE §8580}/0° BB KoRACHE SpoBRKEOL IEARET el SoRRifces.
wi ridte spaaiing of dne nexf layeedambelcariied edt ioran dgetieal manner to

fl in Fig.,15. The fl t

or QUACRTE ViRl Sensisbedfos e ssnnnf ans i oyar SRl dag rote
t hes,@Btioh tHAehddFERI oftRE rekt RiYePls édiheivherd batbdrast and
rows of each layer "as close as 30possible to_the

f1 3668 with respectionthigeroplion of thecpievipustlayere Bpisoratatipnal
o & Rlathfiedn BEGRrod iR ARG UM %rgiggrqmre

wear an ear on e ne as

s pa@efd ydreteeenfdveih secindmaltdrnbtediayenirsorder tdistagger the gaps
i nventi on enabl e a_hi gher spoogiang rate (a greater

Saﬁrﬁﬁteéiﬂéh%é‘@ﬁémf egfh iawer|ser b@?n‘i ¢ ﬁ)e g3RNANCs

co ; W, . e fAe Gy

t ne sl RS IBer Ry TR PndTe T the St Bnthe
spablimig talkéreup witht rdvesastt linepandithe propersity dor raiatien of
l'ine but r_e}erﬁbllﬁ around faour, ti.rresqtqhat for awre

i rfeepy 013 MRS s Engelieig.migoatede ¢irst | ayer

of line LI is spooled onto a barrel (omtted for

clarity fromFigs 16-42) froman origin 01 at a o
notAfteravindingrofttive IBgensethe whelef bayieldgisia appearence Kimilar to

t ndPt i B1Fict 15,2588 PGRuf EARR e seh g Bne>°
dennhgsert A Mg anel 1R apas ﬂrbﬂﬁﬁer iBrgoblel Reextopliefato bottom
180 i s shown at 15t he te(g)ijQOf the figures. The front

halrighti and Hte ligider ¢oleures! lgygrepasnied Hempottom left to top right.
The gap formed at 180° for the first layer is clearly evident, and the gap

formed at the opposite flange for the second layer can also clearly be seen
at 180°.

One advantage of staggering the gaps as previously mentioned can be
seen from the representation in Fig. 14, illustrating the locations of the

gaps in end view after seven layers have been spooled.

In some embodiments of the invention, the winch drum 1 can be formed
with flared or tapered flanges as shown in Fig. 15. The flare or taper
provides more room for the spooling gear to approach the end of the
barrel and to spool the first and last rows of each layer as close as
possible to the flange without damage or obstruction of the spooling gear
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initial angle of 7 (bottomleft to top right) with
respect to the axis of the barrel fromthe spooling
head, which travels fromleft to right, and which
slows at the apex Al at a rotational position of 180
fromthe origin, to reverse dirmgction and travel at
around 7 fromtop right to bottomleft, to 20spool out
the second half LI b of the first row Successive rows
of the first layer Li are spooled on like this. The

second later L2 initiates at 02 tran3|t|on|n fro g};
| asy the flapge « ABertapat cayglep halp 0 tupEVeRLWRRF 8Nd figgtron $e line

SPagl 1cQifG ABBRLLAMY @bl hoghop | eft, changes

di rection pex and the rear half L2b is
spooled on fromtop left to botton1r|ght and so 25on.

{ncErRBdBHROT FEWSPRlnd Prga Fenigher RaedlG e [ sater

Fi %lé‘%lsﬁﬂé’cé}ﬂen@oﬁﬁg'hﬁb%rWn{) Gharlis dommdavier WirkRope, but
formations 14 and 15 fixed to the flanges 11F on each

si Gdso @hablemfmlemt usmef theravedablersnagerqrothengares]. diveinedy,

o R55o T 48 5L Bog o080 s PlapLEpRALSBl

r esteGhd Furante st iera wadingl t h respect to their own
axes. Referring to the first formation 14, it

conpri ses a radially innernost first 5Sportion 1l4a

XISy RRRIS Pk 1620 etirst ggz%;o?[mé LA5s sBociga it a

porti han 't
axitgdrtef (smitteat for oarithfrofm Figs quZ)Siwmm bagier@1 ata notional

gg:qraqu'{/)o” o356 g Adiges dBusstine o byt ] apd tag read half of
clh"Jlag%ftllheo%tthﬁBr@ﬁf? Wi A e Bﬁ@mttff%édﬁ'df%és@ﬂgures

aX| orting t and fourth |ayers,
fi fddnotéﬁ)thmo@‘t anch 362t pokitiens tarahthetapeoit Bh 180 dis ShOWﬂ at

I f d fth I f
¥ 1B i o RS fgBd, a8 ot P o hstPel§bay3e Bt at an
f | ap@a| Addie df 7t°fesotlmﬂ%ft It@fdﬁ ﬂg?ht Reth%sp@@ tbahé BRis of the
first formation 15 on th m%e d side of Fig 43,

it UéB’O&irim s spooliugi r@&acy W trmvj@,ls fram deft fsorighitoand meich

por o ot MR Ehok 9. Ml pEYRBRRY 180" FonPRESRIN. o
axi ralésesdipRaiohi drg ﬁremaﬁart BSdurﬁh?P secotog righy & Sottam left, to
third portion 15¢c wi der than the second 15b,

L 19600) OULSTA00Rg HeNEL LeBhie THRLION,  SUCTRRANETONS of the firs
|| Nyed { 8 &,&g&ea ralke R WiEeddtRaldrL 2 fitlfles802

axi af Ty suppor
transitioning from the Iast row of the first layer L1, and the first half L2a

spools on from bottom right to top left, changes direction at the 180° apex
A2, and the rear half L2b is spooled on from top left to bottom right, and so
on. The skilled person will note the larger diameter of the subsequent

rows from Figs 16-42.

Referring now to Figs 43 and 44, a modified barrel 11 is shown with
formations 14 and 15 fixed to the flanges 11F on each side. The
formations can be formed from nylon blocks that are bolted to the plain
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20 fourth layer, a fifth portion 15e wi der than the
fourth and axially supporting the third, fourth and
fifth layers of line, and a sixth portion 15f that is
wi der than the fifth portion and supports the sixth
and seventh | ayers of line. Thexifferent portions of
the formations 14 and 15 nerge into one another. 25
Referring nowto Fig 43 starting fromthe origin O,
the first |ayer (clear circles) is spooled onto the

P odosig iR 125 dihePriaBonaflf anstl$ Bre asunmetrical with
r aql%g%éaf Aé %e%d Rgr, b8 vﬂﬂg.le%§eeﬁbnhefr oWHEaJ(és{‘e fromo0

Op0|nto R1, the axi al
30d|rect|on of t he spoollng head changes and starts

o1 dratengdbubs rdbafor na T shBRIRRS A epd sy frst
no
36QYdtit 143 a%li?%pbhmdlﬁéwlrétaaﬁmwhé arseepht gdlidry 14

be grooved) osite direction fromthe first

hzﬁlvﬁid?lf t’r@mtbetftﬁstmmmn Wharandhaxigiposnnagting He fishapd second
]E i ﬁg}?’e@ghgltl?PdOEBrEf&“géﬁca\lg@e? MW tHeSs c%?ﬂy’l Jbo ali’llﬂ%!.{%? [3;1 o

resunes I S ori

ri gippantirg th@i depohtiamd thirddaygerstof linesa n‘mlrtH pbidiohhieldewider
of the first c}éer when the | ast  row Li RZrﬁ?{Qyns up a

r arfpaw mﬁ)t'}'ﬁ%ﬁ@ axiply §UBH|°0'1iQa thp hireat ers,@ndpa fifth
s ) O;g#il %‘S q‘g{a/ rvfiﬁ%élr {rBRALthE ol En?%&aﬁlgis{ggaﬁhlﬂbaﬂh% f@Prth b fifth

wal | portion t he
r oiaypdrstdi émeed'dneolslktihy{eyenﬁm is istipponed byttbe flavgagperat the
10f ace of wall portion 14a and becones the first row
of YARETPRIYA:| ayer L3R1, axially supported by the wal |
portion 14d. Spooling continues in this manner until
the flanges 11F are reached, at which point the |ayers
ar Refpuingeip tbe firsifosnatior 18rut terrighd hand sigsphiTie 43, it

o AR Pt oo P95 28 S g e o

15i 15yé1ﬁﬁ\4in@ug RIEoAdipTeid s 1 5hngdesrethan td fivet partidrat Seaad
(schematic) view of the Fig 43 drum (W th fewer rows

I\Iot&?“@'l’}’a‘iuﬁﬁﬁ)é“fl'@ thesfirsbane secerd ayvers. @Amndrp%% 1§F yader
?Letﬁ%\ﬂ the s%&?wd;%?act ?#}Igllzgeﬁ%érﬂﬁ 'tlrn‘é gé ngﬁﬁ Snird | layers of

P3ovey orti
t hdiney lalfderth pertpat hSd uﬁder’rﬂaan thlak ththahd BRialy eﬂppmn&eg the

32%3&53?&&?@ Bocrartien 108 ViRPEHoDHRE o uth Bna gl Bupgorting
Otﬂlaqﬁtrd) T Qrth R dBRH Bl eklofineBhE 4 1A BHoh a%ethat is wider

than the fifth portion and supports the sixth and seventh layers of line.
The different portions of the formations 14 and 156 merge into one another.

Referring now to Fig 43 starting from the origin O, the first layer (clear
circles) is spooled onto the body 12 from lower left to top right, with the
radially innermost side of the wall portion 14a radially supporting the
angled path of the line from 0 to 180°. At the 180° point of L1R1, the axial
direction of the spooling head changes and starts moving from right to left
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nore conpact barrels with axially shorter I engths and
nore axially conpact formations 24 and 25 to guide the
line. The origin O of the barrel 2521 is shown on the
upper surface of the first portion 24a of the left
hand formation 24, rather thangn the body 22 of the
barrel 21. The first layer L1 fully descends to the
body 22 at the third and fourth rows Li R3 and L1 R4,
and then run along the body 22 until shortly before

th d L f t tarts . t
ontBSIBAE f I 1 Igtotttese i Sboali e Segpni i gl to
porgg ZglL’fFﬁ‘? oﬁtcgq%btfél%ﬂﬂ %ﬁ% 2R c?p'i?énaﬂ?‘%e%ﬁ@@v%) in the

| ayer t hen S e upper surface of
waldpposite idinectGa froti ﬂ@firebhalé(fmm@ toh B8 ¥¢qudhendhe spoesling

of .each Ia ar own. Qn F| t hereb . )
el TRt iR PO PRl e sialtaet  Gefty tpypegin the first
di THpr &Mt Rﬁwﬁﬁéuﬁﬂast 1@0@@%]&5&3& rllgﬁt QX|§I digbeion. Thas
excursi on of the sp oollng head. Fig is asimla

e

w aontinees Lot toithe endsafitie ficstdayey vrfhegn #w laplitovs héwzag*uns

f}@r VSRS The gcfbs@%tdﬁ%;éh%’fmbgbg ob DoRACWRIF quided
E artroreight ko 16ATH the e rﬁmummng byehg oastions 5o,
et ween each

entdkpwisht th@fﬁaat wvwehth@rsﬁﬁomrlmr L12B2€’sr'ﬁ¢$ HP oNde it wper
barf%ﬁé oHva Cgﬂgq E%lﬁ gﬁé tfé&ﬂ?és'%@tﬂrs 3‘/ bihehhea Ié@é‘?é.SR'I

e sur arrel grooved fo accept
gui akéaltynsuppoirtedaby theyweall pbrtiolme1 4d n&podtirfgecarnitingies dnthis

Charneria B Hahdes 3P RoereEiec o A '
Thes(gwowoﬁ&mﬁéné%heﬁaé‘rlt@wﬁqa%ﬂrﬁuﬁ\f&(témbpoﬁblerwghcsut

astenln i ne grooved surface on
r adaral portionsef ad_glceptalayeta‘ runnéingoiarparkllel glirggtiges taseindicated

I m_3
nd s At eftnodiBEnisl Kiglteh sAERA o it el imafigyview of
ZOSh@ang ag druanvittefedidrgbWs NBR: fhafend ﬁn@sp@cﬂhr%ﬂ:tlug the rows
the front surface shown in Fig 49 between 0 to

fr dmetaﬁzé ddenfBithatoskinight tqw%herw heeitsd gnale %ﬁwtbw’qm@ybut

heal TR @YicH e NG BEARYEIRA00UBE ORAERETRT,

Fi gnd®idudheows obiiee Gendrduaee.spool i ng head) changes
direction and the back half of the groove (shown 25in
Fig 50) guides the line (along with the spooling head)

N RERrIPASIHE Figs 45 and 46, a variation is described in which the first
layer |1 is spooled onto the barrel 21 at more than one level. This allows
more compact barrels with axially shorter lengths and more axially
compact formations 24 and 25 to guide the line. The origin O of the barrel
21 is shown on the upper surface of the first portion 24a of the left hand
formation 24, rather than on the body 22 of the barrel 21. The first layer
L1 fully descends to the body 22 at the third and fourth rows L1R3 and L1
R4, and then run along the body 22 until shortly before the end row L1RE
the first layer starts to rise up onto the radially outermost surface of the
first portion of the right hand formation 25a. The second layer L2R1 then
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direction fromflange 31b towards 31la. The initial row
of line is guided by the side face of the wall 34a.
Spooling continues with the change in direction each
revol ution of the barrel until the |ine has been
spool ed onto the whole of the gigooved inner section

at which point the |ine has reached 30point 40a on the
180 Iine. At point 40a there is a groove at the 25
commencenent of a ranped wall 35a, which rises

o O b AR M
gr %‘é\ﬁgxgﬁﬁi%lég% Odg%cﬁgéﬁri ol dMROWreEH Efd“@ﬁ, thbrél%_sdemonstrating

reach oes not change its direction
| i hevpteetraverse hehweeh radiaiysdiffaderBriavels andbeibagrel 21 in a

e GR @By b0 S8R0 Seah SAP scimisuSrifghti in
Sp%ﬂ&ﬂjr@QWi%%, B@tc%cfvﬁﬁg th &S ieRohRetlichHdEtwéhithe irbws in
reaches the 360/0 point at 40b at which point, the

| i iee ontardexersiaf doe liae §ig déghpystanbatspeisWilythessameadatail,

r1 sl heii o rhdoleqigiEbaesh B BHRY, O
second | ayer. The second layer is thereby initiated in

an gpposite direction (31b to 3la) as conpared to the
fi fde 48shaws 3 furthes embgdimank Hinph&ry rwgﬂﬂ gimilar to

th : .
 pEREEA 31 B £ S0 BodiRABRE T nBAth ot & oo
wowfdheberret isegraaliéd 8baceayt andegdide she Iratied layan of fiee line.

same direction (31b to 31a) until the line reaches
poi nt 40c at the 180 |ine, at which point the line

35g§&§ﬁ(i.rg%aéw%¢:.€%ﬂg F30@SuHRePEIBoHMIPRGMRNINCRUTLNOR is

rises out of the previous layer in a
si raHoavn, mehiclefs simileatpthe Mgl 43 @8wh drien 11.nd hegvigah deem 31

dovies TRl ahdaP. #R oM AT dpriastHing B s it grooves
di rdcernod @»bbraufangl@aemsit pattiofithe ®aee! id1guid8ahd inner layer
poi nt at 40d. At 40d, the line changes direction

guiafdi@ebyl henwingpsiimy! hagavalisBhynd e, simliar tathe wells 14
thgar\l/éfigpﬁg%&&rmqvel away from flange 3la towards
310, (

irst row of the third layer. 25 Note that
the third layer is also initiated in an opposite

direction (3la to, 31 as, conpared to the second |ayer .
( 31ptartinasiran thePricn Shibe e !ﬁﬁppﬁ%ds%ﬁ“edﬁf?@cw%@a%own in
t ha=if,i 4 Iey + ] Nyt 4 i

{ addo A iglbRNR tos o oG Mofihe' S ABHAR SYRIIATR, § BPas
sanghaiiT by thearr¢ @] guided3nsthie)gronvés antdylthespoelinghbsad. At

PoL Rt A8 e DHaaTp ar i vidWw YR iPRIg o, thE grdd% (and the
spooling head) changes direction and the back half of the groove (shown
in Fig 50) guides the line (along with the spooling head) in the opposite
direction from flange 31b towards 31a. The initial row of line is guided by
the side face of the wall 34a. Spooling continues with the change in
direction each revolution of the barrel until the line has been spooled onto
the whole of the grooved inner section, at which point the line has reached

point 40a on the 180° line. At point 40a there is a groove at the
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26 engages a groove and rides up onto ranped wal
portion 35c, guided against the side face of wall
portion 35d down the back face of the barrel, in the
same direction (31a to 31b) until it reaches the 360/0
poi nt at 40f at which point, thgs!|ine changes

di rection gui ded by the spooling head and by 5the side
face of the wall 35d to travel away from flange 31b
towards 31a, in the first row of the fourth |ayer.

Thus the fourth |Jayer is thereby initiated.in an

D BEmEnaSTEEt Pha R il o4 5, aCh Hhes Fasib e Sard from

t hi [ i g A I

| (D 180 WP InrloP RSV btloR, FHOIRIS dufuépap uRE rarkBed

| ayall by thograbvevatrdOah but despite thedaskihiat Bhwsandclwethe 180°

e s PHEE A B RBTRr Sl R g
whi g Birk&ih8 tits tdive clibh Srof 9 8 eSwards! P10y guaitll by BeSspiibling head
onto ranped wal |l portion 34d, guided agai nst the side

f acancbpy g sidpdecs ehtrenwallidhh. tThe lifgdk spaeledofowm éhe back

bar |0 el ' 0.3 [

¢ edefie LTl ke RS CBSG e IR PP bt 406 L which

I nsishangse dhasgdd dinegiondguldby bl iee spoolingbedit add diydhe

by the side face of the wall 35dtoﬁrave| away fr r;P .

fl ) t ,
avige faeoh BRI 3B Ip traveliavey fredtlangs $to {vargs g, in

'aytﬂg'firgt% @ﬁﬁﬁrs%com?a)férft h ayer is spooled onto
t he bar

rel 1n the opposite direction (31a to 31b) as
conpared to the even layers (31b to 31a) and is

P PomiE Sedahd Bet B el Flaf et 08p P Ar&lionl ShRto 312)
valds 34Aparsd @Vipe f&%ayg@bs;ﬂfa b bf).? Eg@%é@t’r@ rdalf Halfef the

sane direction (3la to unti | line reaches

poi secondilager isiset aBan bppesitaangbvinitbe reai mif ehibelfirsidayer.

st Sput GAT RA0OuHOF5 1R, L 353 BT M p Bt 4486
dovehrh8Qireatdn {SMetood 1)t ed e rddtheBo@Bc at the 180°
direction (31a to 31b) until it reaches the 360/0

poi fiite, &t wogh peint e lne prUsaEs @ BEOQVERNE Fidpg el onto ramped

L5 pER g bl A OSBRI A EPifE

t owaadaestbaramped wall 35as tTHeoneok duided axially bggiest the2side
face of wall portion 35¢c down the back face of the barrel, in the same
direction (31b to 31a) until it reaches the 360/0° point at 40d. At 40d, the
line changes direction guided by the spooling head and by the side face of
the wall 34¢ to travel away from flange 31a towards 31b, in the first row of
the third layer.

Note that the third layer is also initiated in an opposite direction (31a to
31b) as compared to the second layer (31b to 31a) and is spooled in the
same direction as the first layer. The third layer is wound over the top face
of the wall 34b and over the second layer in the same direction (31a to
31b) until the line reaches point 40e at the 180° line, at which point the line
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Finally, the sixth layer is spooled onto the barrel in
the opposite direction (31b to 31la) as conpared to the
odd layers (31la to 31b) and is spooled in the sane
direction as the second and fourth | ayers. The sixth

| ayer is 5wound over the top ofgg he wall 34e and over
the top of the fifth layer in the sane direction (31b
to 31a) until the line reaches point 40k at the 1800
line, at which point the |ine engages a groove and

rides up onto ranped wall portion 34f. At f{hi oin
t h@r@@gﬁér?sgmwew@dfd%guz? RBIq fanepegd waU&Prt&fs§ $

I t
o REIEHE siceBp o ffibrtith g Hofhrine) f?f’%‘ﬁ%@?%iﬁhgeeba“’e'
3ldn tendamieadifexsion|(ayato §pbbu;&tul iasachestte BB@/@P tplmmt at 40f at
flange 3la.to the flan odi
1 HHCD 2 G e naeaR drection GuR by e S Bbitaa e by
L ORnETsicRAfl e tth@v\%rn%swottm awawcﬁﬁtf|laﬁbé>31wwrms1a
the walls 34 and . Note that thé even |l ayers of |ine

ar enrttaeﬂratmowmtmffmlﬂi legeti on, as are the odd | ayers,
but that 15the respective halves of the odd and even
| ayers are laid in opposite directions, so that each

r adirld theagling ﬁ&terr@meréb%mﬂl@d &h laﬁ|optp©slté @;rectlon (31 b to
nei ghbouri ng row above and bel o not e

t he3 ey astcqropared tofthe faird a%@fﬁiﬁ%vfﬁﬁ &%%EO atle) and 5 Spooled
t
¢ haff e AR dfbdibn YR aeetot Fafbr, BheoBHRTaddr 18U over
| aythe $ord of tiet wall $6araindadver tiise ﬁ'anielaper int the Bainse Heégson (31b
o b P LIE ard For St B8 8 4y S v
%% &irgagé% apgr% Léfmv%és ug BHEo ra‘rﬁﬁe&m@mo@u@ﬁ 3@§5§uzded

hown 1 35e typically rises gradual
outagaﬁnstnbe plc@nfecefofmufl pcsﬂoln 3tralaveital back faae @f the barrel,

£ o 18 436 s8t ARERERG TP IS Atk Bbhre3Rhes B 3PoRs i Bon
t hezthiHien @b;rtthm%%n@%t{ar@es'al@%néﬁ aRkdaSy sloypodlini rhﬁafad and

option fo oollng head 50. The spooling hea
corhyrﬁhﬁeeid%factﬂ dlithe o] e3%1 tq H@Velmfr@mrfmg@maytqwards

capt i MRS bERRERAT Py “cach sotr avel s or 52

engaglng a threaded bar 53 driven by a notor 57 and
belt 58. 28 The notor can be electric, and its s

d
anddgbetecei he ftthrayer isspopisd ertodhe PAs| gbthpdmgpsﬁe%irection
D S35 PR B (20 (48R0 9 4l spoolc

pai r’of Vertica
56,inthe slarrteocgmdmen whhedbmd anddirgibygersa 'IrhenﬁtHLlayTéhes wound

S ot i rop! Batabodpand a6 oD AHbeRgit pygF ithe same

10 ARIHbE (8#8Yo 31b) until the line reaches point 40i at the 180° line, at
which point the line engages a groove and rides up onto ramped wall
portion 35e, guided against the side face of wall portion 35f down the back
face of the barrel, in the same direction (31a to 31b) until it reaches the
360/0° point at 40j, at which point, the line changes direction guided by the
spooling head and by the side face of the wall 35f to travel away from
flange 31b towards 31a, in the first row of the sixth layer.



10

15

20

25

30

passage of thicker portions of the line L, such as
m ght occur in a splice. The notor 57 drives the bars
(one directly, and one through the belt 58) in
accordance with signals delivered fromthe processor
59. The threaded travellers 52 gpve axially along the
rotating bars 53, noving the spooling 10head 50
axially with respect to the various drumbarrels in
accordance with the signals fromthe processor 59. Fig
56 shows an alternative design of spooling head 60
simlar to the head 50, with a roller cage 61,

r
xS B S BREP ShochBohel HB1AT 1915 fhonibctor
and3$lb ﬁ@é?abaatomareﬂ tnthearrdd layers (Ga tockid)Ehdi is spooled in

d b d I t 6 d f d

o7 16 Samieceeticn 54 16 Seghdiarct pUHHIRTSe dL oty

r ol Seranéd t@@ of fHe WAl Bae%lddymb# thé eYD6r 8 ffmp;@y@nm the
anot her in 20different planes, so that they can

s p&@@@ﬁ disestiorbip 14 tgrasan emntitinet lineceaches poing %kme@aﬂ 80°

o 1Bl My T RPN B ol g

65 walhpertiah|3ams Adtisis @oirit tive bpesnoforlspoelint arelies ateovarlous
pass through the spooling head w t hout catching
idgmthe

r olln&pgte eppraimenty, thedinedtarcbe gyistedinthe:s rﬁpveén
(SR YBTER. o8 0% rIRe ot 31518 e Bt el Lol e
t hencativat frot thiel flaree 3lecto the fkaﬂgecte‘lsb oin daroe emiaximents, the

o DR e oo A aliE ROV o be.SrBIoNRE Oa telo At FoiSk Fyers,

I
s

whilgyerdeif dioe dvetaid iBtiensame ditestos Lﬂfhamﬂ@mdct@yéa dut that

bortd Zepieltve haisce B i i’ s 4T B RPars Bich Bithppsite

heafrcef86nod SR@EhYh $éd]§ll§$9@]@bbﬁgrowlsaidrﬂpembl trmts
pl acement of the splice etc, or can autonmat | cat%_%/ nove

axingighbausing loycakewsnanhaelon iti Alswdlote Fat dhe stast peints of

banPBro s A B FeS B8R el Gty sARte B s by apayna 49
t urarb0gd e Buadoniberbdreelpsé trandiee esen (dim:l otitielayers do not
di scontinuity of the _line dianeter caused

t he
splsta ahie samemoirl 1dvis Belpsdh aveely %t«;»b.umﬁf@f ling qia the
ONtPsfdISURAELE L Eachitr fhe LENR IR ARG YEMERE ARESIU! of the
|ca rons an |nprovene I'ncor porat e
vv| tdtame ofiteapreviogs wall. Thus, for example as best shown in Fig 53,
wall 35e typically rises gradually out of the plane of wall 35d. The radial
surfaces of each of the ramps typically start and end on a tangent to ease

the change in direction and radial height of the line at these points.

Figs 54 and 55 show a first option for the spooling head 50. The spooling
head 50 comprises a roller cage 51 (not shown for clarity in Fig 55) having
a threaded traveller 52 (such as a captive nut) on each end, with each
traveller 52 engaging a threaded bar 53 driven by a motor 567 and belt 58.
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fromthe scope of the invention as defined in the
clainms. 30 Cains 1A winch drumassenbly (1) having a
barrel (B) adapted to receive a line, and having a
spool i ng device (50) for guiding the line onto the
barrel 5 as the barrel and thegpooling device rotate
relative to one another, such that the line is spool ed
onto the barrel at a point that noves axially with
respect to the barrel, and wherein the axial direction

iﬁ%im'a‘fo”rﬁc@iﬁé’é’@'s%e ?cgt@.%dt e S gFediaRiAT beropirplied by
bcttremb ?ﬁoéé&%'r fohBr cagésqq,ta@ﬁésse%alurbftrlwzontm

ne I's 10adapt e to be spooled onto the barrel in
a froiiers Sixand adiaireftvesticaltielters 96, bdnictetogetharsurtasind and
first, half cyc bet.ween and 18 nd the l.ine i,
na s a e e JPulbAed nBHzoBEr ruBR wan Solivadl 5o
axigkhggtre@drispacull epatt ok dheedndtber iR drier BasaEt bad
of thgeggcrycl esgf Ct heﬁgarrel Qetv\r/eenell80 ranEJI 360, and)'f

mﬂwﬁﬁgeﬂf fhickeragriensmof ihevinieds, ucheasamiols sssHein @ aplice.
t t
el't%g%%%r éo?a AdShe! l:?ar%?Bﬁ% d?@@t}l;ﬂ edrmi %r% %gﬁ@ro oo#?%’é 58) in

as c almed in
de\ac@:erc(aﬁﬁ)e wmrglnsmawepabfrbngﬂieqadceMr 5% CEhey dyeaded
the Iine and npves i< a‘ é W t h r,es ect _to the bErreI ,
tot@YeH@*’Stﬁﬁ%nT%’@oa%% Ylop@ the gotating ar%ﬁé moywingrae sppeling
t I :
oo LIy BRH B Ep0R1E The LBHGLE BrurR MarWerEacharnce with
addp¢ etyrtads frewethegratessastd. once per revol ution of the

barrel with respect to the spooling device. 3A w nch
drum assenbly as clainmed in any preceding claim in

Wh'mg S%Serrﬁﬂw@éh )é:téﬁia%@@ fes|RyEr Spddlihg Hed 67 shmae t@ﬂﬁe head

adapied to be laid romoEeosm endso t he barrel

4A5Kl ndth alroller capedils drvelerad s barsea, and wilers BB cadi 66
cl g nlep{ fhat the bars and the travellers 62 are smooth and slide relative to

one another. The head 60 is driven by a hydraulic piston 68 urged from a

cylinder 67 in accordance with signals from a processor 69.

The rollers 65 and 66 can optionally be staggered from one another in
different planes, so that they can be spaced apart by a greater distance
than the diameter of the line, but can still engage each side of the line, as
shown with respect to the horizontal rollers 65. This allows discontinuities
of line diameter to pass through the spooling head without catching the
rollers. Optionally the roller cage can permit slight radial movement of the
rollers away from the line (e.g. in tracks) to accommodate such bumps, so
that the discontinuities such as splices or knots pass through the roller
cage by moving between the rollers, or by moving them apart from one
another slightly. The roller head can optionally incorporate sensor devices
54 and 64 that feed back to the processor 59, 69, and which detect bumps
in the line such as splices etc. When a bump is detected at the spooling
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whi ch | ayers of |ine wound onto the barrel are
substantially non-parallel to 30the |layers immediately
above and bel ow them 31 5A winch drum (1) assenbly
as clainmed in any preceding claim including a

gui de devi ce conprising groovepdgorned in or on the
barrel that guide initial layers of the line into

sel ected orientations, directions or 5l ocations as it
is wound onto the barrel. 6A winch drum (1) assenbly

oot Misasededontmearelo e S nadEa G gptionall
Ly 595p8b]ry 441Rfy BHIINBFBaBlyRRBRLIS SllcHg or rkse

corresponds Wwth |ocations
| i rmlt@mahgalty aiove @xiadly tom Innetlcmmaéwll saocvlﬁbe sph@e phigethe

dth di al t h
ot ima s St Atartn Rt he SBuBRT L O FRARER
Cl ai;r@uﬁwferehtmy ﬁhbémernawoaﬂurmhgjmtsm FSHRG isSfRge, so that
wal . 15 8A winch drum (1) assenbly as clainmed in

¢l dhendscantinuity ehtheriner diamateragansesi inthestplicadageaa minimal

o T oM S S S8 4 R OB i o =
ongpBksitgéai ns 5-8, in

Modifications and improvements can be incorporated without departing

from the scope of the invention as defined in the claims.
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whi ch the gui de nmeans conprises at | east one ranp
(35a) fornmed on the barrel adapted to change the
radi al position of the line as it is wound onto the
barrel. 2510A wi nch drum assenbly as clainmed in claim
9, in which the at |east one @ (35a) conprises a
groove to guide the position of the line on the ranp.
32 11A winch drum assenbly as clained in any preceding
claim in which the spooling device (50, 60) is
coq£ ggred to guide the line on an outward excursion,
8fRFse the direction of spooling, and to guide the
line on a return excursion, and in which the axia

di stance of the return excur si on is 5less than the .
axi al  diAwvancedam aiseembiydn dagingua b'aa"ﬁl (B)zwlapted to receive a

sp m assgz‘%\ﬁr@ea @geofl%aeylge g%(z)ffm 5&}*‘@ wmgfggﬁ)rﬁtoethe barrel

axigzy ﬂh)é sdred|izpidath. dpRnegdelice rotHivmeldtivoath baé lahﬁther such
excursions while the barrel (B) is rotating, there

10dhetiherinecigtspapied entpdbe biaig! eha peintdhalsmeves aallaﬁy mjth
adl aeaol: HIUEbRAN eefrta%ggéfé;ﬁahewéﬁ aff%i%ﬂ &lingRRE'sBBled

Coﬂiﬂ’ftb shadagel @i aupptde td clmgmableebteom pet revplutiearcs the
of a spoollng 15devi c

deharEel v raseephiortbp Srpepﬁfe% dedicst S{;&E@@Egsgﬁrﬁtﬁ@? line is
durécgg; &%é oefeot aﬂo'th@%aﬁgﬁ fé @?st%aran %hrecm.’swmbﬂ the

|ng Vi ce causes t to nove axially
Wi ttbarr@sspe'clts fixst bl dyalerlﬁtwaent(]’i’earhh‘r&@l andt thedine isrsdiapted

L e SBA I 55 St b PRl

r eviglthé iseBoRd hbﬂ%f'?ﬁé Epdle 2PHRS Béﬂrél%ét@ebhq 8EP I 3BD°, and
device, wherein the line is spooled onto the barrel
wherein axially adjacent rows of line are spooled onto the barrel parallel to

one another.

2 A winch drum assembly as claimed in claim 1, in which the spooling
device (50) comprises a spooling head that receives the line and moves
axially with respect to the barrel to guide the feed point of the line along
the axis of the barrel as the barrel rotates, and wherein the axial direction
of movement of the spooling head is adapted 1o reverse at least once per

revolution of the barrel with respect to the spooling device.

3 A winch drum assembly as claimed in any preceding claim, in which
radially adjacent layers (L1, L2} of line are adapted to be laid from

opposing ends of the barrel.

4 A winch drum (1) assembly as claimed in any preceding claim, in
which layers of line wound onto the barrel are substantially non-parailel to

the layers immediately above and below them.
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inafirst axial direction when the barrel is inits
first half cycle between 0 and 180, and wherein the
line is spooled onto the barrel in a second axia
direction when the barrel is in the second half of the
cycle of the barrel between 183 and 360, and wherein
axially adjacent rows of |ine are 25spool ed onto the
barrel parallel to one another. 33 14A nethod as
claimed in claim13, wherein the spooling device
conprises a spooling head (50,60), and wherein the
line is guided onto the rotating barrel through the
spapl i Ny Ridch dMith ¢ é@%‘é%%l?é's%lé%é& h%ﬁﬁﬁ@@é&m@%lélhﬁ
barrel as the barrel rotates, and wherein the spooling
heducludingra guidszdavide gompasingroraevesiosmedroor perthe barrel

o 1 Bet pufe et RE-STaRe A ETHE Y Pentebl, ditdlions or

as |gtatiorechd MicWauml bhto the béreln a singl e excursion of
t he spooling head in a single direction spools

line onto nore than one | ayer of 10the barrel (B). 16A

nmethod f |
theé]am al d+rect| o ?é%éhn%? a%ec@hﬂéngesa%\rfr\fgem vﬂw;le‘}gltlﬁé‘
r otguld@ de?ibeltdmmm&reseit I€43t.onESBdms| rpﬁmth;usioramaait@d ondhé n
of ¢ .the first ax
et syt S uTaas Sca BhglibamRighSLE FoBs SRt kagations
0 f I,
E haATRAZ) B WHICHPh IR BIGRS U RN AorithE bR et he tine
di reemndsaarobnd the sadiaiprotmgioharascd alpargsst direction.

substantially the sanme value as the first angul ar
conmponent, but in the 20opposite axial direction. 18A

{rﬁtﬁﬁd IR wiheH BRMN (1) 2886n19 s fclgihid® dl@mlé, ihrwhibh éhe
e ine is
radial projection comprises a wall.

8 A winch drum (1) assembly as claimed in claim 7, in which the
radial dimensions of the wall are similar to the line thickness, or are

multiples thereof.

9 A winch drum assembly as claimed in any one of claims 5-8, in
which the guide means comprises at least one ramp (35a) formed on the
barrel adapted to change the radial position of the line as it is wound onto

the barrel.

10 A winch drum assembly as claimed in claim 9, in which the at least
one ramp (35a) comprises a groove to guide the position of the line on the

ramp.
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spooled in the first direction again as the barrel (B)
reaches the end of its first revolution and begins its
second revol ution. 25 19A nethod as claimed in any one
of clainms 13-18 in which the axial distance travelled
in the first direction by thesbine (L1, L2) during
first half cycle of the barrel is nore than the axia
di stance travelled in the second direction during the
second hal f cycle 34 20A method as clained in any

one Of cl ai in which selected | ayers of
(Ll'i L2YA Wine ‘ﬁ)"é‘H’ @§S¢m81¥1&3§‘9 in 2Ry RIEGSHNY cia:m "R which

or igs g ooffﬁ&@@%e 5 ta@lis %gﬁét#r%‘{sr@me fHe | niden@n A o"%ﬁtward

| east yers ccur erent” circunferenti al
posExcusien, t& ré\wrsarethe diteatiort bhspaalingn aad o guileothe line on a

el Broizon Aochndhieh e e ARt E T hE FSiuf, Broursion is
bang& thaB)the E3ZAANiMaAEH oftHeB Uthard @kt iigioh, barrel (B)

adapted to receive a line that is wound around the
barrel, the barrel having a guide device for guiding

Lt "5 M A BRCE o B B B e,
axispobolingVdelicegspe60) isxohfiguikal toakrasn tiRiallp %tatrdnary between
rotates and wherein the guide device is adapte

chdhg O UPNRI a3 [eTIBHEKAKTIPBR vdtileing dhante! 6¢) *@H@f&lh.nﬁethereby
0 ntc‘?rcbpﬁe r%%"c%ﬁ)( Rﬁ%‘ﬁﬂé ﬁ@?lﬁ% Bﬁgﬁs%rragf gtaB%c{égﬁ’ EAgf\éFé O the

characterise ne 1s

spa@red. onto the barrel in a first axial direction
when the barrel is inits first half cycle between 0
and 180, and the line is adapted to be spool ed onto

! gexlagatf g hnsééggﬁ oF8 5@9@& iRk ofitd 8 YalrD (BN6MNa WikHEN! Bl
method comprising guiding the line onto the barrel by means of a spooling
device (50,60), wherein the spooling device and the barrel rotate relative
to one another during spooling of the line onto the barrel, wherein the
spooling device causes the line to move axially with respect to the barrei
as the barrel rotates, and wherein the spooling device causes the line to
change axial direction of spooling at least once per revolution of the barrel
relative to the spooling device, wherein the line is spooled onto the barrel
in a first axial direction when the barrel is in its first half cycle between 0°
and 180°, and wherein the line is spooled onto the barrel in a second axial
direction when the barrel is in the second half of the cycle of the barrel
between 180° and 360°, and wherein axially adjacent rows of line are

spooled onto the barrel parallel to one another.
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20t he cycle of the barrel between 180 and 360, and
wherein axially adjacent rows of |ine are spooled onto
the barrel parallel to one another. 23A winch drum (1)
as clainmed in claim?22, wherein the guide device is
adapted to reverse the axial g@garection of w nding of
the line onto the 25barrel (B) at |east once per

wi ndi ng revolution. 24A winch drum (1) as clained in
claim22 or claim23, in which the guide device

oL R e en TR 1 ol SRSnb
comprises a spooling head (50,60}, and wherein the line is guided onto the
rotating barrel through the spooling head, which moves axially with respect
to the barrel as the barrel rotates, and wherein the spooling head reverses
axial direction at least once per revolution of the barrel thereby reversing

the axial direction of line spooled onto the barrel.

15 A method as claimed in claim 14, in which a single excursion of the
spooling head in a single direction spools line onto more than one layer of
the barrel (B).

16 A method as claimed in any one of claims 13-15, in which the axial

direction of the line changes twice in each rotation of the barrel (B).

17 A method as claimed in any one of claims 13-16, in which the first
axial direction has a first angular component of between 1° and 10°
deviation from perpendicular with respect {o the axis of the barrel (B), and
the second axial direction has a second angular component is
substantially the same value as the first angular component, but in the

opposite axial direction.

18 A method as claimed in any one of claims 13-17 in which the line is
spooled in the first direction again as the barrel (B) reaches the end of its
first revolution and begins its second revolution.

19 A method as claimed in any one of claims 13-18 in which the axial
distance travelled in the first direction by the line (L1, L2) during first half
cycle of the barrel is more than the axial distance travelled in the second

direction during the second half cycle.



10

15

20

25

30

34

20 A method as claimed in any one of claims 13-19, in which selected
layers of line (L1, L.2) are spooled from different rotational origins, whereby
initial axial movement of line in at least two layers occurs at different

circumferential positions.

21 A method as claimed in any one of claims 13-20, in which radially
adjacent layers of line (L1, L2) are laid from opposing ends of the barrel

(B).

22 A winch drum (1) having a barrel (B) adapted to receive a line that
is wound around the barrel, the barrel having a guide device for guiding
the line onto the barrel, wherein the guide device guides the line onto the
barrel at a point that moves axially with respect to the barrel as the barrel
rotates and wherein the guide device is adapted to change the axial
direction of winding of the line onto the barrel at least once per winding
revolution, characterised in that the line is adapted to be spooled onto
the barrel in a first axial direction when the barrel is in its first half cycle
between 0° and 180°, and the line is adapted to be spooled onto the
barrel in a second axial direction when the barrel is in the second half of
the cycle of the barrel between 180° and 360°, and wherein axially
adjacent rows of line are spooled onto the barrel parallel to one another.

23 A winch drum (1) as claimed in claim 22, wherein the guide device
is adapted to reverse the axial direction of winding of the line onto the

barrel (B) at least once per winding revolution.

24 A winch drum (1) as claimed in claim 22 or claim 23, in which the
guide device comprises one or more grooves in at least a portion of the

surface of the winch drum (1).



