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@ Process and apparatus for laying down a fibrous strand in an ordered manner.

@ An apparatus for laying down a fibrous strand in an
ordered manner comprising means {2) for supplying a fibrous
strand (1), means (4) for forwarding the strand (1), means {7}
for imparting an oscillatory motion to the forwarding strand
{1), two closely spaced plates (10, 10A} providing a path forthe
oscillating strand (1) extending between the oscillatory
means (7) and a moveable collecting surface (11) whereonthe
strand (1) is laid characterised in that the apparatus is pro-

‘ I
vided with gas jet means (16) located between the oscillatory Y- 61 S~ "'|l 04
means {7) and the collecting surface (11) for deflecting the /,/‘ \\\\ e
oscillating strand in such a manner that the amplitude of the i ™
oscillating strand (1) is increased. ' )
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PROCESS AND APPARATUS T'OR TAYTNG DOWN A
FITBROUS STRAND TN AN ORDERED MANNER

This invention relates to the production of fibrous
webs having a high degree of orientation of the fibrous strands
comprising the web, comprising forwarding a strand towards a
collecting surface and imparting an oscillatory motion to the
strand at a point above the collecting surface,

Fibrous webs have been made from staple fibres by
carding or by random air laying processes, the former process
imparting some degree of isotropic arrangement of the fibres.
Fibrous webs have also been made by collecting a mat of synthetic
continuous filaments in which the filaments are more or less
randomly intermingled in the mat. However in order that a fabric
made from one or more webs should have properties which resemble
more closely the properties of conventional woven or kni'tted'
fabrics it is considered desirable to introduce a high degree of
orientation of the fibrous material comprising the web, as for
example, a high degree of parallelism in staple fibre yarns or
filamentary strands oriented in, foxr example, the machine or
cross directions or in both these directions. Methods vhich have
been proposed for introducing the desired orientation into a
veb of filamentary strands include those in which the extruded
milti~filanentary strands are forwarded and drawn by means of
air jets and the issuing filaments are given an oscillatory motion
before freely falling onto a collecting brattice or support. TK
specification 1 244 75% describes such a method wherein gas
oscillating jets are applied to already drawn filaments. It has
also been proposed in Japanese patent publication 75 007 178 %o
oscillate the outlet of the forwarding jet to impaxrt the desired
oscillatory motion to the emerging filaments. These methods
have not in practice proved entirely satisfactory in producing
webs of as high a degree of parallelism and order as desired,
Thus it is an object of this invention to provide a method in
which movement of a strand in the laying down of a web is more
fully controlled so as to approach more nearly the desired
high degree of parallelism and order.
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In Patent Application 40027/78 we have described a
process for the produc'bidn of an ordered web from 'a;'h least one
fibrous strand, comprising forwardlng a strand 'bowa,rds a
collecting surface, 1mpa.rt1ng an osc:Llla.tory mot:.on 'bo 'bhe
strand at a point above 'i:he colleotlng surface, the strand being
passed between two closely spaced planar plates wh:.ch are
substantially parallel to each o*bher and to the plane of 1
gtrand oscillation, the plates ,extendlng from the - place roi‘
oscillation down to the collecting surface. The strand is
laid in substarﬁ:ially straight lines on the collecting surface,
successive lengths of strand being 1aid substantlally parallel
‘o prev:Lous lengths of strand. Also in Pa:ben‘t APpllcat:Lon 7928435
(:C:Lled 15.8. 79) we have descrlbed a modlflca:blon of ‘bhe process
described in Patent Appllcaulon 40027/78 in which shaped ra:ther
than planar plates are used S0 allom_ng the S'bra.nd 'bo be laid
in non-gtraight lines on the collec“blng surface.

Accordlng 't;o the present invention we provz_de a prooess
for the produo'tlon of an ordered we’b from a,‘b least one i‘lbrow*
strand comprising forwardlng a strand ‘Lowards a movmg collec'blng
surface and imparting an oscillatory IllQ'bJ.Ol’l to the strand at a
pqsition abbve, the coliecting, su:r:"r_i‘ace,,"bhe oscillafbing sfrand being '
passed between'%wor clbsely si)aced ple;tes'which extend é&bst’antially'
from the position of oscillation down to the col'lecf:ing surface
whereon the strand is laid on the Qollect:i;ﬁg surfacé ‘in li.nesr
which are substah“bially equally spaéed, along ‘bhe-iirr leﬁgth from
preceding lengths of s*tranarcharac'berised in 'i;hat ,a:ffer '{:hei
oscillatory motion has been imparted %o the strand Vahd before the
strand is laid on the collecting surface, jé'b's of gas are applied
Yo the strand in order to,rinc:reagrzre the ampli'hlde of the oscillating
strand. o ) R ,

, Also according 'bo the invention an apparatu_s for
laying down a fibrous strand in an ordered manner comprlses '
means fox supplymg a f:.brous strand, mea.ns for forwarding the
strand, means for imparting an osc;llatory motlon to the forwaxdirng :
strand, two closely spaced plates providing a path for thér
oscillabing strand extending between the osc;illé:bory means and a
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moveable collecting surface whereoﬁ the strand is laid
characterised in that the apparatus is provided with gas jet
means located between the oscillatory means and the collecting
surface for deflecting the oscillating strand in such a manner
that the amplitude of the oscillating strand is increased.

The term "closely spaced" is used herein to mean less
than 75 mm. '

The plates used may be spaced apart by a distance
of between 0.5 mm and 75 mm. Preferably, however, the plates
are spaced apart by a distence of between 1 mm and 10 mm and
more preferably are spaced apart by a distance of between 2 mm
and 5 mm,

The plates may be planar or may have any other suitable
shape including a curvilinear, for example sinuscidal corrugation,
shape, a zig-zag shape, a castellated shape or some other shépe
which serves to lay the strand in a patterned arrangement on the

collecting surface.

If desired the plates may have the same shape throughout

their height. Alternatively the plates may have two or more
different shapeg at different heights, the different shapes merging
into one another. In one embodiment an upper portion of each

plate is planar and the remaining portion has a corrugated for
example zig-zag or sinuscidal, shape, the two portions merging

into one another.

The plates used may be uniformly spaced gpaxrt throughput

their height but preferably they are arranged so that the space
between them converges in a downward direction. Typically the
spacing at the upper end of the plates is selected in the range
2 mm to 75 mm and at the lower end of the plates in the range
0.5 mn to 10 mm as for example from a spacing at the upper end
of 4 mm to a spacing of 2 mm at the lower end. This convergence
of the space agssisbs the sideways exhaust of air and reduces
the possible disturbance of strands on the collector.

Likewise the distance between the lower ends of the

plates and the collector is minimised consistent with maximising
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the efficiency of laying that is to say so as to give maximum
control of the strand While it is movingr and’ innnédia‘bely
after it is laid. For higher strand speeds and, web widthe 'bhe
function of the pla;tes ‘becomes increasingly mportant. '

It is preferred to use a continuous fllamentaxy s-brand )
in the present invention since these may be produced @irectly
from a syn‘bhe'blc polymeric substance as for example by melt
spinning., Staple fibre strands, preferably hav:.ng only a low
degree of twist, may also be used and "bhe'termr,"fibrous strand®
as used herein includes both these and similar materials.

In producmg a mul‘blfllamen’sary stra.nd by melt
extrusion of & syn'bhe vic pol:ymer it is desua‘ble to draw or or.Len’c
the filaments to improve their s*breng'th and other physical
properties. This may ‘be done by 'forz-fa.rdirng the freshly extruded
filaments at a high speed such that when they have cooled
suﬁ‘icien’bly any fw)rbhei drawing 'Vdown, of the still plastic '
filaments will cause orientation and’ aligmnen’c of the polymer chains
which is set in on fur'bhelj 'cboling of the filaments ,'bor a.
temperature below the glass ti'énsititm point. -A gas forwarding jet
is a convenient means to fb:mamd the strand ;giid to produce this
orientation. Means to :mearb an osqilia,to;cj motion to “the strand
may also u’cilirse a compiéssed;gas. Thus jér'bs, may be located on
opposite sides rof' the forwamdingr je"b‘ou,tle'b and oyera,ted alternately
so0 as %o direct the issuing strand first in one divection and then
in the oppoéite direction. A ternatively a single' intemiﬁtently
operated jet may be used ‘Eo J.mpa:r:'b the oscillatory mbtioﬁ;

A single or wo part rotary valve may be conveniently
used to provide the alternate or intermittent operation of the
two jets or the single jet and the speed of ro}’ua'biérilr of this
valve prbvidesr a simple control over ither ampliﬁlde of oscillation
described by the strand; the rotation speed beaﬁng anrildvérse
relationship to the stirand amplltude when other conditions are
constant. Thus the 1ength of 'bhe courses of 'bhe stra.nd laid on
the collectlng surface may be set wrhhln at 1east the range
0.5-4m by adaustmen‘b of wrotary valve speed,parilcularly because



10

15

20

25

35

0026036

5
the use of clogely spaced plates between the ogcillating jets

and the collecting surface allows changes to have their full
effect on strand movement. Oscillating jets may have a single
orifice or number of orifices in line or preferably a narrow
slot for exit of the compressed gas. It is preferred tq mount
the deflecting jets so that both the angle between the jets,
if two are used, and the angle of the or each jet in relation
to the issuing strand may be adjusted as a further means of
controlling strand oscillation.

While deflecting gas jets are preferred, other
devices may be used to impart oscillation to a strand provided
they can induce a sufficiently large amplitude of oscillation at
the collecting surface. Such alternative devices may be
rotating or oscillating opposed pairs of coanda surfaces which
are alternatively broughl into contact with the issuing strand.

Forwarding jets are well known in the art consisting
of entry and exit passages for the strand and means to introduce
the forwarding gas. The exit passagec mey be convergent or
divergent but it is preferred to use @ parallel passzge to
maintein the integrity of the issuing strand passing to the
place of oscillation.

Because closely spaced plates are provided between
the forwarding/bscillating means end the collecting surface
the strand will assume a wave form oscillation the amplitude of
which will be dependent upon the forces involved and will maintain
this wave form until it reaches the collecting surface whereon
it is laid in substantially parallel courses the contour of which
is dependent on the shape of the plates used.

To ensure that the oscillating strand will assume its
maximum amplitude, so as to lay the strans across substantially
the whole width of the collecting surface, appropriately
positioned gas jets, locabed between the oscillatbory means and
the collecting surface are provided. These serve to deflect
the strand at a time when it is losing mementum so increasing
the amplitude of the strand. This is particularly desirable with
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strands having a high total decitex, féi' exampie in excess

of 500, which, because of their high weight, lose momentum
sooner., These deflection jels are supplied with cdmpressed
gas and may be provided with a single orifice or a number of
orifices in line or preferably a narrvow slot for exit of the

. compressed gas.

VWhen planar or non—plana:r: shaped pla‘bes are used we
conveniently arrange 'bha'b one of the plates is shorter than the
other, by, for example, from 2 'Eo 100 mm and more 'prei‘era'bly‘

5 to 30 ming, the gag jets being positioned immediately below
the shorter of 'l:he two plates. ,

Mternatively with either planar or non-—plan.ar shaped
plates, appropllately,pomtloned windows having, for example, a
rectangular shape ma;jr be p:tovided towards the lower end of one
of the plates so that the gas jets may be applied to the
oscillating strand through these windows.

VWhen the plates h;a&e an vpper portion which is planar
and a lower portion which is corrugated, ‘bhe ﬁré poi:’ﬁidns ‘merging
into one another, then it is pref erably to pro vide one of the
plates with windows, for exemple baving a rec tangular shape,
approximately ?ositioned at the lower end of 'biqe upper portion,
through which the gas jets may be applied to the oscillating
strand before it enters the space between the lower portions of
the plates. o S

"The method and ,a;p,_para‘b’us' of this invention make it
possible to lay hz_ghly ozr'iented;we'bs in which 'bhe strands are
laid in parallel courses with an exactitude amnd precision hitherto
impossible. A ﬁeémzre of this exactitude br efficiency mey be
defined as follows:- B

Efficiency B = Ac’L‘ual web width (m)
Length of strand/course (m)

The denomna"tor may be ex_prevsed ass-

sﬁa.nd sp_eed at point of osca.llatn.on (m/min)
2 x strand oscillation rate (cycles/min)

Thus E (%) may be expressed as:—

E=2WR100
S
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where E ig the percentage laying efficiency
W is the actual web width in metres
R ig the oscillation rate, cycles/min

and S is the strand speed at oscillation (or issue from the
forwarding means) in m/min.

Strand laying efficiency defined in this wa, is an
overall measure of effectiveness and for example in laying webs
of continuovs synthetic filamentary yarns values of 95% and
better are attained and in these webs for all but a few percent
of web width at the edges the efficiency is substantially 100%.

Use of this invention is particularly beneficial in
the laying of such highly parallel webs of widths in excess of '
0.5 m and at high strand speeds. Thus webs of 2.5 m width may
be laid at a strand speed of at least 3600 m/min with an overall
efficiency of 96% or more.

The laying of strands on the collecting means may be
conducted with a very high precicion to produce a web of sub-
stantially uniform thiclness purticularly when several strand
laying devices are to be used together to produce a single or
mlti~layer web. Furthermore a variety of webs can be produced
by using in segquence a number of pairs of differently shaped
plates.

It is prefcrred to produce webs by moving the
collecting surface away from the laying position at a speed related
to the speed of strand laying in a direction either transverse to
or parallel to the direction of laying. The former direction
produces a web with transverse strand courses analagous to the
weft of a woven fabric. However when the plates are shaped it
will be realised that because the strands arc laid in non-straight
lines acwose the collecting surface they will provide the web
simultaneously with a component in the warp direction which
has not been achieved in a satisfactory wammer previously. It
will be realised that such a web, because it has a component
in both the warp and weft directions, will exhibit unidirvectional

properties desirable in fabrics for use as apparel textiles. When
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the collecting surface is moved in a direction parallel to

~ ‘the divection of laying then successive bands of what may be

termed warp wise strand courses are producéd. However when -
the plates are shaped these strands ‘will have a component in
both the warp and weft directions and a final web exhibiting
two directional propé:ﬁies which as mentionedra'bov,e will be
produced and ‘thisr is desirable m fabriés for use as apparel
textiles. - | o |

Webs made acéording to this invention require to be
bonded in some mamner to convert them into useful fabrics and
for this purpose it is preferred to use some form-of segmental
or spot bonding method;so as to preserve the direp’tion&l o
properties introduced in making the web. It is further
preferred to include in the web at least a proborfion of
thermoéplastic i‘ilaments' or fibres and to employ a +thermal
segmental bonding method for making the final fabric. Such
segmental bond:‘_ng methqu are described in for ‘exémple Tnited
Kingdom patent specificé*bioris 1 245 088, 1 474 101 'a;ndi 474 102.
Thermoplastic synthetic filaments or fibres of many kinds are
suitable for use in this invenﬁoxi either alone :o;r.- in a mixture
with natural or o‘bher,ndn—theﬁnoplastio fibres. It is most
preferred that the webs include or are comPOsed of bicomponent
synthetic fibres in which one of the: conxpoﬁen’hs present at
least in part ab the surface of the fibre or filament is of
lower softening or melting point, 'Lha.n the other and forms a
strong bond under suitable conditions bf heat and pressure.
Al'bemé:bively or in addition to the foregoing segmental or
spot bonding. methods other processes may be‘usred as for example,
gtitch bonding in which the web isr held together by chains of
stitching using a separate thread or part of the web itself and
machinery which is cépa'ble of operating at i‘VaVth prOGnotion rates.

Synthe“bic,'polymerric filamentary s’bri'ands' being non—~

conductors and hydrophobic tend to accumulate static charges
when in frictional contact with processing Vsuii"aces and as such
charges may disturb the even oscillation or 1a,y:§,ng of a falling
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gtrand care is necessary to eliminate or reduce the accumulation
of such charges and it may be necessary to provide discharging
means at or near the point of oscillation or to treat the
surface of the filaments with an appropriate chemical agent.

It is preferred, when using a gas forwarding jet,
that a small amount of the issuing gas is allowed to pass in
a gentle current down between the plates to assist the passage
of an oscillating strand down to the collecting surface. It
ig also preferred that the collecting surface is a pervious brattice
to allow escape of gas and 1f necessary the application of
suction to the underside at the place of contact with a newly
laid strand and thus to ensure its complete conbact with the
brattice.

The accompanying drawings illustrate the invention
and one manner in which it msy be performed using compressed
gas both for trancport and for oscillation of a strand.

Fig 1 is a front elevation of an apparatus in which

a strand is being laid transversely onto a foraminous conveyoxr
and

Fig 2 ic a side elevation of the apparatus of Fig 1.
Fig 3 is a fxont elevation of another pair of plates
and associated g2y jets which may be used with the apparatus
depicted in Fig 1 and Fig 2.

Referring to Fig 1 a strand 1 is led by way of a
small tension roll 2 into the entxry 3 of a forwarding Jet 4
which is supplicd with compressed gas from a supply port 5 above the
strand entry 3. The gas tensions the yarn and forwards it to
the outlet 6 close to which on either side are positioned deflection
jets 7 which arc alternately supplicd with pulses of gas from a
motorised rotary valve 8. The strand 1 falls from the jet outlet
6 into the convergent entry 9 of two planar plates 10 and 104
which arc narrowly spaced apart and which are arranged transversely
of and close to an endless foraminous conveyor 11. It will be
noted ‘that plate 104 is slightly shortexr than plate 10. Gas
jets 7 alternately are directed against the emerging strand 1
moving it to the left and then to the right and causing it to
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oscillate and to assm;ié a sineous ‘pra.t'hr as it falls 'be‘aweenr
plates 10 and 10A. As the strand 1 passes 'be’éweeﬁ ”ché plates
10 and 10A the momentum imparted to the strand by ‘the
deflection jets 7 is :an:eeased by deflec'tlon jets 16 supplled
with compressed gas. - .

The jets 16, which are located ilmnediately below
the shorter plate 104, act‘ in a generally horiéontal direction
go as to deflect the strand thereby increasing its ampll'l:ude
imediately 'before it is laid down on the conveyor in successive
courscs 12 across the conveyor. To assist the regnlra:c and '
complete laying of each strand on the conveyor an é):héusf
duct 13 is positioned beneath ‘thé conveydi* 11 ra.nd is provided’
with a narrow slot inlet 14 airahged close to ‘bher wnderside of
the conveyor and immediately below 'Ehe' 161}93: edges of pla.tés' 10.
A fan 15 provides at the inlet 14 suction to. draw ’che strrmds .
against the conveyor surface.

In Fig 1 left and right mov1ng lengths of strana 1
are shown mov:.ng in somewhat idealised :E‘ashlon betveen plateu
10 and 10A as solid and broken lines res,qecfcwel:)re E:zamlnailon a
of the apparatus illustrated in the drawings in the operating
condition by means of st;:oboscopic illumination 'ﬁimoué;h a
trancparent plate shoi-rs that the s"lr;rand: takes upj'a' wniform path
the form of which aliers with cl;ahges in fo:m&érd:'mg and
oscillating speeds. ' S o

The pla'tes serve ‘bo con‘brol and stablllse bhe movemen't

- of ‘the oscillating strand. The width of ‘L'he jpla'i,es in the

direction of oscilla’biori should be at least equa,l to and is
preferably just a little wider than the maximum width of web to
be laid. The height of the plates depends upon 'l:he 1ay1nb
conditions used and the form of the ptrazld path establlshed. :

Fig 3 illustrates the application of the invention
to another pair of pia,’ce 10 and 10A havi.ng an uppeic portion '
which is planar and a lower portlon which is smusomally corrugated
as depicted by troughs 18 and crests 19.

Plate 10A differs from plate 10 in that it :Ls p:cov:.ded
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with two rectangular windows 17 thiough which gas jets 16,
positioned in a generally horizontal direction, can inject
compressed gas in between the plates so as to deflect the
strand, thereby increasing its amplitude before it enters between
the corrugated lower portions of the plates.

The invention will now be described by way of the
following Fxamples:- '
COMPARATIVE EXAMPLE

A strand composed of 192 synthetic filaments and
a total decitex of 1100 was led by way of rolls from a package
at a speed of 1075 m/ﬁin to the entry of a forwarding jet supplied
with compressed gas at a prescure of 7 psig. A motorised rotary
valve supplied with compresced gas at a pressure of 25 psig gave
impulses of compressed gas in turn to each of two deflector jets,
fitted immediately below the forwarding jet and synmebtricelly
in relation thereto at an included angle of 1650 between the jets.
Bach deflector ject received compressed gas from the rotary valve
for 4250 of the valve revolution. The valve rotated ot a speed
of 388 rpm. Th2 strand emerging from the forvarding/ﬂefleoting
device was passcd bebween 2 pair of plates 1.6 m wide and 40.5 cm
high. The tops of the plates were 1 cm below the exit from the
spray device and the plates were spaced 6 mm apart at the top and
3 mm apart at the cottom. The bottoms of the plates were 3 cm
above a horizontally disposed forxawminous conveyor. The plates
and spray device were placed at an angle of 10° %o the vertical
plane. An arca of suction under the conveyor was in use. The
total strand width laid down was 89-92% of the theoretical,
calculated from the yarn and rotary valve speeds. This 8-11%
loss in laid widlb is made up to 3-4% at reversals dve to the
strand stiffness and the remainder being due to waviness and
occasional loops in the laid strand,

EXAMPLE ACCORDING TO THE TNVENTION

The Comparative Example was followed in its entirety
except that one of the plates was 6 cm shorter than the other

plate and that deflection gas jets, positioned as shown in Figs
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1 and 2, were provided. 7

On aocount—of'the'déflectipn gas jets a laid s%rand
width of 96 to 9T% of the theoretical width was achieved.
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CLATIMS

Te A process for the producfion of an ordered web from at
least one fibrous strand comprising forwarding a strand (1) towards
a moving collecting surface (11) and imparting an oscillatory
motion to the strand at a position above the collecting surface (11),
the oscillating strand (1) being passed between two closely spaced
plates (10, 10A) which extend substantially from the position of
oscillation down to the collecting surface (11) whereon the

strand (1) is laid (12) on the collecting surface (11) in lines
which are substantislly equally spaced along their length from
preceding lengths of strand characterised in that after the
oscillatory motion has been imparted to the strand (1) and before
the strand (1) is laid on the collecting surface (11), jebts of gas
(16) are applied to the strand (1) in order to increase the
amplitude of the oscillating strand (1).

2e An gpparatus for laying down a fibrous strand in aﬁ
ordered mammer comprising means (2) for supplying a fibrous

strand (1), means (4) for forwarding the strand (1), means (7) for
imparting an oscillatory motion to the forvarding strand (1), two
closcly spaced plates (10, 1OA) providing a path for the oscilleting
strand (1) extending between the oscillatory means (7) and a
moveable collecting surface (11) whereon the strand (1) is laid
characterised in that the apparatus is provided with gas Jjet

means (16) located between the oscillstory means (7) and the
collecting surface (11) for deflecting the oscillating strand (1)
in such a mammer that the amplitude of the oscillating strand (1)
ig increased.

3 An apparatus as claimed in claim 2 characterised in that
one of the plates (10A) is shorter than the other plate (10), the
gas jets (16) being positioned immediately below the shorter plate
(104).

Ao An apparatus as claimed in claim 2 characterised in that
one of the plates (10A) is provided with windows (17) through which
the gas jets (16) may be applied to the oscillating strand (1).
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5 An apparatus as claamed in cla:Lm 4 charactem.sed in that
the plates (10 10A) have an upper portlon whioh is planar and a
lower portion which is corruga.ted, the Wlndows (17) 'bea.ng positioned
at the lower end of the upper portion so that the gas jets (16) may
be applied to the oscillabing strand (1) before it enters 'bhe space
between the lower po:r:i::.ons of the pla;bes.
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