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[57] ABSTRACT 

There is provided an apparatus, and method, of con 
solidating yarns. The apparatus has a surface con?gu 
ration conforming to the general equation y = e'” 
wherein x is the axial distance from a point on the rol 
ler axis; wherein y is the circumference location from 
the axis from a given x value; and wherein k is a con 
stant de?ning the curve and is smaller than 0, and the 
method passes a yarn to be consolidated over such an 
apparatus. The method and apparatus provide an im 
proved technique of consolidating yarns compared to 
other proposals in the art. 

14 Claims, 4 Drawing Figures 
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COMPOSITE YARN CONSOLIDATION DEVICE 

This invention relates to a method and apparatus. 
More particularly, this invention relates to a method 

and apparatus for consolidating ?bers to a matrix of 
molten polymer. _ 

The production of yarns from ?bers solidi?ed onto a 
matrix of molten polymer is known in the art and refer 
ence may be had to, for example, Canadian Pat. No. 
847,099 — “Universal Open-End Spinning Method of 
Multicomponent Yarns Production,” Canadian Pat. 
No. 880,988 ~ “Composite Fibrid Yarns and Method 
of Manufacture,” and like patents, both issued to Emil 
ian Bobkowicz and Andrew J. Bobkowicz on July 21, 
1970 and Sept. 14, 1971 respectively. 
One of the steps in the production of such yarn mate 

rials, following the formation of the ?ber coated ma 
trix, involves the consolidation of this material to form 
a composite structure. Generally speaking, it is known 
in the prior art that ?ber consolidation on a matrix of 
molten polymer can be achieved by passing the com 
posite structure over a driven surface having a circum 
ferential speed component of direction vis-a-vis the 
composite structure direction. Many different types of 
devices have been proposed for this purpose; however, 
in general it can be said that with the known methods 
and devices, various obstacles have arisen which have 
always limited their applicability. Thus, for example, 
problems have arisen with prior art methods and de 
vices which have limited the simpli?cation in the 
speeding up of production and reduction in cost, which 
in turn, are the problems related to the stability and 
power consumption. Consequently, the prior art meth 
ods are either costly or do not permit the attainment of 
the high speeds desired in such yarn consolidating tech 
niques. A further problem which has arisen is that prior 
art devices, even if capable of attaining high speeds, 
have the characteristic of wearing out very fast and as 
a consequence, require replacement thus adding to the 
cost of the operation and in addition, “down time” on 
amachine. 
.In accordance with this invention, and speci?cally in 

accordance with one embodiment of the apparatus 
thereof, applicant has developed an improved appara 
tus which overcomes the problems of the prior art and 
which consolidating apparatus comprises a rotatable 
spindle, preferably freely rotatable, the spindle being 
characterized by having a surface con?guration which 
is de?ned by the general equation 

y : ekx 

wherein 
e is the natural logarithm base; 
x is the axial distance from a point on the roller axis; 
wherein 

y is the circumference location from the axis from a 
given x value; and wherein 

k is a constant de?ning the curve and is samller than 
0. 

In the above structure, the concave surface is engage 
able by a ?ber coated matrix or composite structure 
over which the composite structure is adapted to pass 
in a de?ned path; to this end, preferably the concave 
surface of the spindle has a ?rst ?ber receiving area in 
an initial ?ber contacting area for the composite struc 
ture which has a relatively high coef?cient of friction 
with respect to the composite yarn structure,with the 

15 

20 

25 

30 

35 

50 

55 

60 

65 

:2 
concave spindle surface further having a consolidating 
area in the de?ned path which is characterized as hav 
ing a high degree of coef?cient of friction with respect 
to the consolidated yarn structure and further which is 
characterized as being formed of a hard-wearing mate 

rial. 
In accordance with the method of the present inven 

tion, the method includes in one embodiment, the steps 
of providing a source of a composite yarn structure of 
a'?ber coated matrix to be treated to form a consoli 
dated yarn structure, and passing the composite yarn 
structure in contact with a spindle having a concave 
surface in which the composite yarn structure is passed 
through a de?ned path on the concave structure from 
an initial receiving area on the spindle surface to a dis 
charge point thereon to thereby form the consolidated 
yarn structure, and in which the concave surface con 
forms to the equation I 

y : eka: 

wherein x is the axial distance frorna point on vthe roller 
axis; wherein y is the circumferencelocation from the 
axis from a given x value; and whereinklis a constant 
de?ning the curve and is smaller than’ 0. ' 

In carrying out the above method, preferably the 
composite yarn structure is initially passed, for at least 
a portion of a convoluted path, in contact with the con 
cave surface having a higher degree of coef?cient of 
friction with respect to the composite structure and 
thereafter subsequently passed to a further convoluted 
path in communication with the ?rst-mentioned convo 
luted path while in contact with a portion of the con 
cave surface having a higher degree of coef?cient of 
friction with respect to the resulting consolidated struc 
ture, the last-mentioned convoluted path having a di 
ameter less than the diameter of the ?rst-mentioned 
convoluted. path, whereafter the consolidated yarn 
structure is subsequently discharged from said last 
mentioned convoluted path. 

In carrying out the method of the present invention 
and in utilizing the device thereof, the composite yarn 
structures to be consolidated are preferably those 
‘taught in the abovenoted Canadian patents and com 
prise ?ber coated matrixes of thermoplastic polymers. 
The above patents, and others to the same inventors, 
clearly set forth the types of materials from which the 
composite structures may be formed and the various 
types of method and apparatus that may be used for 
their formation, and accordingly, those skilled in the 
art may have reference to those teachings for use in the 
various types of composite structures that may be 
treated in accordance with the method and apparatus 
of the present invention. 

In the apparatus of the present invention, the spindle 
device according to one embodiment and as outlined 
above, may be characterized as having an initial ?ber 
receiving area or portion which has a high degree of co 
ef?cient of friction relative to the composite structure. 
To this end, the spindle may be formed of, or at least 
have the surface portion adapted to be in contact with 
the-composite structure in the initial portion of the de 
?ned path, of a suitable material such as, for example, 
urethane, rubber, ceramic, steel, chromium and other 
like materials. The texture and grain of this surface can 
also vary to adapt in an optimum preferred manner to 
the composite yarn being processed. Examples of such 
texture variations can be high gloss smooth ?nish, 



3 
matte surface, knurled su'rfac'e,‘ random groove pattern, 
or directed groove patterngifor' example parallel to one 
yarn form to aid in one apparatus-yarn interaction to 
achieve an optimum consolidation effect. 
The second portion of the de?ned path likewise is 

characterized as having a high coef?cient of friction 
with respect to the consolidated yarn structure and to 
this end, the balance of the spindle, or at least the sur 
face thereof, is formed of a material such as reinforced 
urethane or epoxy, hard rubber, ceramics, etc. 
As will be appreciated-by those skilled in this art, the 

coef?cient of friction of the composite yarn structure, 
and of the consolidated yarn structure, will vary de 
pending on the type of materials forming such struc 
tures. Thus, from the above materials, an appropriate 
one, or mixtures, will be chosen to have the desired co 
ef?cient of friction having regard to the speci?c type of 
yarn structure to be processed. Most preferably, the 
materials which are selected for this purpose are those 
which are characterized as forming a hard-wearing sur 
face and forthis‘ reason, materials such as hard rubber, 
a toughlureithane, or metal and ceramic materials, are 
preferred‘. 3" I 

In some cases reinforced polymeric specialized com 
posite materials, such as the product marketed under 
the trade mark “Fiberglas” or carbon ?ber composites, 
can provide an advantage in both long wear character 
istics and yarn consolidation performance. 
The consolidating device of the present invention 

may also be characterized as having a concave spindle 
. surface generally the same as the envelope of a tri 
dimensional damped motion which may be de?ned by 
the equation 

y : ekr 

wherein x is the axial distance from a point on the roller 
axis; wherein y is the circumference location from the 
axis from a given x value; and wherein k is a constant 
de?ning the curve. By providing a surface having this 
con?guration, for the de?ned path for the composite 

~ yarn structure to form the consolidated yarn structure, 
optimum running stability is attained. This, the path of 
the composite Thus, structure on the spindle will be 
controlled by the back tension applied to the yarn so 
that whenever a variation on this back tension occurs, 
the resulting reaction will generate a displacement on 
the roller'surface. In order to provide the stable system 
of the present invention, this displacement must be 
damped along the surface of the spindle. The surface 
con?guration is then controlled by the following differ 
ential equation 

wherein T is the tension. 
The general solution for the above equation is: 

y = Ce“ 

wherein x is the axial distance from a point on the roller 
‘axis; y is the circumference location from the axis'from 
a given at value; and c and are constants de?ning the 

’ curve. 

As will be evident, three possible solutions may be 
provided wherein 
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In the case where k is greater than 0, it will be appre 
ciatedthat the roller will react as an ampli?er and the 
tension variation will increase; while on the other hand, 
if k equals 0, then y equals c which de?nes a plain cylin 
drical con?guration. Conversely, when k is less than 0, 
then thetension vibrations maybe damped by the sur 
face curvature variation which thus gives rise to the ad 
vantageous features of the present invention. Thus, by 
providing a consolidated device havinga surface con 
?guration corresponding to the formula _ ‘ 

y. '=. e"? ‘ . , 

and wherein x, y and k'are- above-de?ned, .then opti 
mum running stability ,forthe composite structure is 
obtained. a H v ’ - , a , 

In passing the composite yarn structure through the 
de?ned path over the concave surface of the spindle 
havingv de?ned axial and circumferentialcomponents 
of direction in such a manner that the composite struc 
ture drives the freely rotatable roller, consolidation of 
the composite structure is achieved over the whole ex 
ternal surface of the matrix of the molten polymer as 
it is being treated‘ in accordance with the method of the 
present invention. In other words, by means of friction, 
the circumferential component of direction of the spin 
dle surface over the ?ber coated matrix generates a cir 
cumfe'rential component of direction of the ?ber 
coated matrix allowing a uniform circumferential con 
solidation of the composite structure. The circumferen 
tial direction speed component of the spindle surface 
over the ?ber coated matrix is controlled by the spindle 
surface rotational speed, which in turn, is [controlled by 
'the running composite'structure speed. Good consoli 
dation of the composite yarn structures have been ob 
tained when the circumferential direction speed com 
ponent of the spindle surface over the ?ber coated ma 
trix in the initial ?ber receiving area of the spindle sur 
face with the ?ber coated matrix was over at least 
about two times the running composite structure speed. 
The device of the present invention may be mounted 

to any suitable substrate surface in a freely rotatable 
.manner byconventional procedures; to this end, suit 
ably the device may be journalled on a bearing struc 
ture — e.g., in anti-friction bearing and preferably‘is 
mounted in a cantilever manner. However, if desired, 
the device of the present invention may be driven by 
any suitable means rather than relying on the passage 
of the yarn through the de?ned path in communication 
with the concave spindle surface to provide‘the rota 
tional power; to this end, the device of the present in 
vention may be modi?ed to include appropriate power 
shafts to rotate the same within the desired rotational 
speed range. Still further, if desired, the spindle device 
of the present invention may include means’ to electri 
cally charge the' surface thereof for the purpose of at 
tracting ?bers, according to conventional techniques 
known to those ‘skilled'in this art. In a like manner, the 
spindle device may also be modi?ed to provide a plu 
rality of 'apertures'therein in communication with the 
surface of the spindle, with the spindle being mounted 
and connected ‘in operative relationship to suitable vac 
uum generating'means to provide a suction at the sur 
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face of the spindle device in operative relationship to 
the de?ned path of travel of the composite yarn struca 

_ ture. To this end, typically the apertures in the spindle 
device will extend inwardly from the surface thereof in 
communication with a hollow conduit internally ‘lo 
cated in the spindle and in communication with the ap 
ertures. The conduit may be connected in any desired 
manner to the source of vacuum. 
From the above description, it will be seen that the 

present invention provides a novel, simple and expedi 
ent manner of consolidating composite yarns, which 
overcomes the disadvantages of the prior art. The de 
vice and method of the present invention permit high 
operating speeds and a very stable production of con 
solidated yarns; further, the apparatus is very inexpen 
sive to manufacture and maintain. 

. Consolidation of yarns using the method and appara 
’ tus of the present invention can be carried out with var 
ious, types and sizes of yarns under a wide range of 
speeds. 
Having thus generally described the invention, refer 

ence will now be made to the following drawings illus 
trating preferred embodiments and in which: 
FIG. 1 is a schematic view of a portion of a ?ber man 

ufacturing apparatus including the consolidating device 
of the present invention; 
FIG. 2 is a schematic perspective view of the consoli 

dating device of the present invention; 
FIG. 3 is a side elevational view of the device of FIG. 

2; and , 

FIG. 4 is an enlarged side elevational view of a por 
tion of the device of FIGS. 2 and 3. 

Referring now in greater detail to the drawings, and 
with reference to FIG. I initially, the consolidating de 
vice of the present invention may be used in a typical 
yarn manufacturing process and apparatus, in which a 
composite yarn structure to be consolidated is passed 
from a prior manufacturing operation, as for example, 
disclosed in Canadian Pat. No. 880,988 issued Sept. 14, 
1971 to E. Bobkowicz and A. J . Bobkowicz and enti 
tled “Composite Fibrid Yarns and Method of Manufac 
ture”; the composite yam structure indicated generally 
by reference numeral 10 passing between spaced apart 
rotatable rollers 12 and 14, suitably joumalled on 
shafts 16, to the consolidating device indicated gener 
ally by reference numeral 20. Thereafter, the resulting 
consolidated yarn indicated generally by reference nu 
meral 18 may be subsequently processed according to 
conventional practices; the yarn passing over a pair of 
wind-up rollers 22 and 24 suitably journalled on shafts 
26 or alternately, being fed to subsequent processing 
steps following the arrow 28. 

In accordance with this invention, the consolidating 
device 20 comprises a spindle portion indicated gener 
ally by reference numeral 30, which is freely rotatable 
on and mounted by a journalling shaft 32. This shaft 32 
may be mounted by any suitable means, such as a bear 
ing (not shown) to a rigid surface (not shown); prefera 
bly the freely rotatable spindle 30 is mounted in a canti 
lever manner’ on the shaft 32. ' i ' 

The spindle 30, embodying the features of the pres 
ent invention, includes a generally concave surface 34 
extending from a wider base portion in the initial ?ber 
receiving path area of the spindle, and extending 
through a narrower consolidated ?ber discharge por 
tion or the terminal portion of the de?ned path over 
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6 
which the ?ber is adapted to travel, as set forth herein 
after in greater detail. 
More particularly, the consolidating device of the 

present invention is so constructed so as to provide a 
de?ned path which has a first or initial portion of that 
path ‘indicated generally by reference numeral 36 
adapted to receive a ?ber coated matrix forming the 
composite structure 10, for subsequent consolidation 
of the same on the device 20 and which area 36 of the 
spindle forms the wider base portion of the spindle ad 
jacent the base 36a. This area 36 of the spindle 20 is 
characterized by having a relatively high coef?cient of 
friction with respect to the composite yarn structure 10 
and as such, may be made of any suitable material ful 
?lling these requirements -- such material being for ex 
ample, urethane rubbers, or others such as those men 
tioned above. I ' " ' 

Thereafter, the composite yarn structure‘lo'is con 
solidated over the balance of the spindle’ surface in that 
area designated by reference numeral 40 following the 
de?ned path for the yarn, with the area'40' of the sur 
face 34 being formed of a suitable hard-wearing mate 
rial characterized by having a high degree of 'coef?cient 
of friction relative to the'consolidated 5/; "structure 
18' . 

The consolidated yarn structure, at the" terminal end 
of its travel on the surface 34 of the spindle 20, func 
tions to drive or rotate the spindle 20 in the'area indi 
cated generally by reference numeral, 7, whereafter the ' 
consolidated yarn structure 18 is taken off‘ the spindle 
for further processing. > _ ' 

‘ The spindle device illustrated in the drawings of this 
application has a concave surface configuration which 
may be further characterized as having‘ a shape con 
forming to the general equation 

wherein x is the axial distance from a point on the roller 
axis; wherein y is the circumference location from the 
axis from a given x value; and wherein k is a constant 
de?ning the curve and is smaller than 0. As explained 
hereinbefore, it has been found in accordance with this 
invention that such a surface provides the optimum 
properties for the consolidation of composite yarn 
structures, and provides the advantages of the present 
invention. In this respect, thedegree of consolidation 
can be controlled by increasing or decreasing the ten 
sion of the composite yarn prior to engagement of the 
same to the concave surface 34; alternately, by displac 
ing the initial contact point, as indicated generally by 
reference numeral 50 (FIG. 3) to a further point within 
the area 36 having a smaller circumference than the 
point 50 or still further, by varying both of these fac 
tors. _ 

In accordance with the process of the present inven 
tion, and utilizing the above described apparatus, and 
with particular reference to FIG. 4, the latter ?gure il 
lustrates the force balance on the surface 34 of the 
spindle 20 for achieving stability during the process. 
'Thus, a composite yarn structure to be consolidated is 

_ passed over the spindle 20 through the initial area 36 
of. the de?ned path for the yarn and, under a steady 
state, the yarn is held in place by the tension which is 
indicated by tension arrows 42 and 44. If, during the 
processing conditions, the tension on the composite 
yarn structure 18 is varied for any reason, it will be seen 
that as a result, the tension may be corrected by a dis 
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placement controlled by the tension 44. Thus, if the 
tension indicated by tension arrow 42 is decreased, the 
displacement of the yarn will be in a direction to shift 
the composite yarn structure 10 from a radius such as 
that illustrated in FIG. 4 by reference numeral 46 to a 
smaller radius such as that indicated by arrow 48, with 
respect to the axis XX'of the spindle 20 so that as a 
consequence, the rotational speed of the spindle 20 will 
increase and will inherently re-balance the force bal 
ance between the lines of tension indicated by arrows 
42 and 44. 

It will be understood that various modi?cations can 
be made to the above described embodiments without 
departing from the spirit and scope of the invention as 
described herein. 

I Claim: 
1. A consolidating apparatus comprising a rotatable 

spindle, said spindle having a surface con?guration 
conforming to the general equation 
y = e“ . 

wherein at is the axial distance from a point on the spin 
dle axis; wherein y is the circumference location from 
the axis from a given x value; and wherein k is a con 
stant de?ning the curve and is smaller than 0. 

2. An’ apparatus, as de?ned in claim 1, wherein said 
spindle has a concave surface engageable by a compos 
ite yarn structure over which the composite structure 
is adapted to‘ pass in a de?ned path, said concave sur 
face of the‘ spindle having a ?rst ?ber receiving area in 
an initial ?ber'contacting area for the composite struc 
ture which'has a relatively high coef?cient of friction 
with respect to the composite structure, said concave 
spindle surface further having a consolidating area in 
the de?ned path of a high degree of coef?cient of fric 
tion with respect to the consolidated yarn structure. 

3. An apparatus, as de?ned in claim 1, wherein said 
spindle is a freely rotatable spindle. 

4. An apparatus, as de?ned in claim 1, wherein said 
spindle is a driven spindle. 

5. An apparatus, as de?ned in claim 1, wherein said 
spindle includes suction means adapted to create a suc 
tion on the surface thereof. 

6. An apparatus, as de?ned in claim 1, wherein said 
spindle surface is electrically chargeable for attracting 
?bers. 

7. A method of consolidating a composite yarn struc 
ture to form a consolidated yarn structure comprising 
providing a source of a composite yam structure, pass 
ing the composite yarn structure in contact with a spin 
dle having a concave surface in which the composite 
yarn structure is passed through a de?ned path on the 
concave structure from an initial receiving area on the 
spindle surface to a discharge point thereon to thereby 
form a consolidated yarn structure, said composite 
yarn structure being brought into contact with a con 
cave surface conforming to the ‘equation 

y : ekz 

wherein at is the axial distance from a point on the spin 
dle axis; wherein y is the circumference location from 
the axis from a given x value; and wherein k is a con 
stant de?ning the curve of the surface and is smaller 
than 0. ' ' 

8. A method as de?ned in claim 7, wherein the 
source of composite yarn structure is passed for at least 

15 

25 

35 

45 

50 

55 

60 

65 

8 
a portion of a convoluted path while in contact with the 
concave surface of said spindle which has a higher de 
gree of coefficient of friction with respect to the com 
posite structure and thereafter the yarn structure is 
passed through a further convoluted path in communi 
cation with the ?rst-mentioned convoluted path while 
in contact with the concave surface of the spindle and 
which has a higher degree of coef?cient of friction with 
respect to the resulting consolidated structure, the last 
mentioned convoluted path having a diameter less than 
the diameter of the ?rst-mentioned convoluted path, 
following which the resulting‘ consolidated yarn struc 
ture is discharged from said last-mentioned convoluted 
path. 

9. A method, as de?ned in claim 7, wherein the pass 
ing of the yarn structure in engagement with the spindle 
drives the spindle. ' 

10. A method, as de?ned in claim 7, which includes 
the step of positively driving the spindle. '‘ > 

1 1. A method, as de?ned in claim 7, wherein the ‘yarn 
structure is subjected to a suction through at least‘a 
portion of said de?ned path. ‘ 

12. A method, as de?ned in claim 7, which includes 
the step of generating an electrical charge on the sur 
face of said spindle. 

13. A method of consolidating a composite yarn 
structure to form a consolidated yarn structure com 
prising providing a source of a composite yarn 
structure, passing the composite yarn structure in 
contact with a spindle having a concave surface in 
which the composite yarn structure is passed through 
a de?ned path on the concave surface from an 
initial receiving area on the spindle surface to a dis 
charge point thereon to thereby form a consolidated 
yarn structure, said composite yarn structure being 
brought into contact with a concave surface con 
forming to the equation: 

wherein x is the axial distance from a point on the 
central axis of the spindle de?ning a distance along 
the central axis from said point to one end of said 
axis; wherein y is the circumference location from any 
location on the central axis to the surface of said 
spindle for any given x value; and wherein K is a 
constant defining the curve of the surface and is 
smaller than 0. 

14‘. A consolidating apparatus comprising a rotatable 
spindle, said spindle having a surface configuration 
conforming to the general equation 

y: eka' 

wherein‘ x is the axial distance from a point on the 
central axis of the spindle de?ning a distance along 
the central axis from said point to one end of said 
axis; wherein y is the circumference location from the 
axis from any location on the central axis to the 
surface of said spindle on any given x value; and 
wherein k is a constant defining the curve and is, 
smaller than 0. ‘ ' 


