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12 Claims, - (Cl, 28—1) .

This invention relates to methods and apparatus for'the 15
crmkhng of ‘nylon or similar yarns particularly for" thej
provision of ‘hosiery in accordance with the"disclosure of
Frank’R: Page Patent 2,601,451, dated June-24; 1952

As disclosed in said Page patent, substannal advant‘ages‘
result from-the utilization of crinkled nylon or simiildr: 20
yarn- if’ the "knitting “of sheer ladies’ hosiery. Various
varn crinkling procedures may be used in accordance with
the'disclosure’ of ‘said patent, for example, the ‘procedure”
of knitting the yarn into tubes followed by -theé’ setting’of '
permanent crinkles in the yarn by the application-of heat” 25
to-the tubes, and then the subsequent ravelling’of-the"
yarn'to produce a yarn- supply suitable-for kmttmg ‘in ac--
cordance with the patent; of, alternatively; and’as- de:
scribed in said patent- (column 3; lines 41 to~ 60), by”
providing intermeshing héated -elements’ in:the” férm- of* 30
pins and sinkers to impart zigzag-configurations to ‘yarns:

It is the general object of the present invention to provide’
methods and apparatus to facilitate the'crinklifig ‘of nylon*
or similar yarn in large quantities-and-at- rapid-rates.-
Briefly; in accordance with the présent invention; theorig- 35
inal straight nylon or similar yarfi-is féd; in’the* géneral-
fashion described in‘said patent,-to a‘machiné: resemibling”
a-knitfing machine and is crinkled therein ‘without beifig
knit'while ‘subject to a sufficient:period- of applicationof
heat which' will: suffice” to- soften” the - yarn* and*providé: 40
therem, on cooling, pérmatient” crinkles:- The* mecha:-
nisnirutilized for this purpose-may; in“fact; berreconstitict--
ed"from a’conventional’ knitting” miachine thdu h 1t does ‘
not accomphsh kmttmg Rather lt embodl Celerieh :

ﬁed“‘smkers” which cooperate “th ewtrh to provrde cm :
kling.: Additionally, héating -mear :
of 'the>conventional parts: of a: kmttmg machlne may- be“

omltted Cams of the types generally used or' movmg-"

prdVed- over what is describ’ed"‘iﬂ' theiﬁatér’r't'-’-is‘fprov‘idéd in
accordance with'the invention;- -

The - machine in- accordance> with' the! irivention riay:
crinkle' a plurality of yarns simiiltaneoisly” whilé" to-€ach
there'is imparted the required-heat'to produce the ultimate-
setting: of the crinkles: An efficiefit methinis s’ thus“
provided.-

THhg foregbing and othér ob]ects of the invention® "'la’ang'i
particularly to détails of comnstruction® and operation w:ll‘
become apparent from the’ followmg ‘descrip 3
conjunction with fche accompanying drawis

Figiire' 1 is a diagrammatic elevation siowing.the gén-
efal assetbly of devices involved in carfying: out’ a: pre- 65
ferfed emboditnent of the invention; '

Figate 2'is 4 diagrammatic plan view. 1llustratmg the-
cooperatlon of the various-parts of the crinkling mecha--»
nism;.

Figure 3 is'a dragrammatxc elevation 111ustrat1ve of-thé: 70
same matter;

“Figures' 4-to 8; inclusive; are fragmentary: elevatlons,
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partly'in section, showing successive intérrelated positions
of the’ crmkhng elements;

Frgure 9 is'a diagrammatic elevation  showing -ttié han
dhng ‘of yarns- for the production of multiplecrinkles:
thierein: arranged in thrée dimensions;

Figure 10'is a fragmentary elevation illustrative of ‘thé’
operations involved in Figure 9;

Figure 11 is a view'on a smaller scale ‘to’show- various’
cany actions involved-in Figure 9; and

Figure 12 is a perspective view showmg a fragmenf of
a“yain ‘crinkled in accordance with what is*illostrated-in .
Figireés9 to 11, -

Refeérring first ' to Figure ‘1, there“is indicated’at™2%a
prefétred form of crinkling ‘machine which’is constituted
essentially by a’stripped: down ‘and modifiéd ‘conventional
knitting :machine. This machine -is desrrably of “the“type
used:for knitting: large tubes such’ as used'in the: formation
of ‘underwear, orthe like; such machine being: nsed pri-
miatily ‘becduse of its large circuiiference: which' in~ac+
cordance with' the 'present invention: providés amiplé e
of ~application of “héat:to the:yarn being’crinkleds For
this application -of "heat, the cylinder” of "the: machine ‘is:
surrounded- by a ‘housing' 4, which may constitite ‘in’part”
the: cam ring-of the machine, in which: there:is: located am
electrical - heating: element” 6 ‘supplied” with: cutrent: cons:
trolled :by acthermostat 8-to. prevent .overheating.. Héat’
is thus applied to elements hereafter referred to’as:sliders:
and-sinkers-by-conduction-and through them; as well*as
by-radiation; to yarns being crinkléd.: In the: productlon'
of: crinkles it-is‘nécessary-to-provide heating -of 'the yarn’
torattain-a"température-above its softening ;point so:that
the -yarn on-cooling will -retdin -the: crinkles imparted me+
chanically-thereto.- Nylon-and:similar yarns-t6¢ which:the:
invention: is-applicable “are thermoplastic in:-nature and:
retain, on-cooling, such-shape as may be-imparted thereté:
when their:temperatures  are:above -their-respectiversoften=-
ing-points.: This phenomenon of setting yari-into-definite:
shapes is well known and 4s ‘utilized in- the-common-pracs:
tice of-preboarding-applied to ‘nylon knit articles-to:set
the stitches:therein. -

The rotary. cylinder-of the: machine 2 :is- driven by+a«
motor. 10- which - also- furnishes-the drive . for:a- winder:
12. of conventional. type wherein- the ‘crinkled: yarn: is:.
wound upon.cones-14.. The-synchronization-of.the:knitz-
ting..machine:-and winder by the.‘common. drive: makes:
possrble the relative setting of speeds.so-that.the .crinkled-
yarn -is not»> unduly. stretched. before- it has. been -cooled-
to.such temperature as will. insure the .maintenance of-
the crinkles imparted thereto. Inother words, the crinkled-
yarn must not be stretched while still .above .its.softening:
temperature;. below that temperature,.stretching will.not-
remove the crinkles.

The straight nylon or-similar yarn is-fed:to the machine:
from supply cones 16-mounted-thereon..

Reference may now be made particularly-to Figure.4:
which shows the-elements directly-acting upon.the:yarn:
to impart crinkles thereto. Within the-usual needle slots:
in’the machine cylinder 18 there are slidably mounted the:
elements 22 which will be. hereafter referred to as sliders.
Within the conventional sinkér.ring 20 such as is used in-
a kmttmg machine there are mounted presser eléments

- 24'in"place of the conventional sinkérs. For convenience..

these " elements 24 will be réferred’ to' as sinkers. Thé
sinkers 24 are provided with butts 26 which are actéd upon
by. cams 28 carried .by the. conventional sinketr cap 30.
Radial movements' are thereby imparted to the sinkers.
The sliders 22 aré provided with butts 32’corresponding
to” conventional  needle' buits, and these’ operate* within: a
cam ‘race -34% (Figure 3) similar fo, but ‘less elaborate"
than, the cam race conventionally provided in a Knitting
machine: Tt may be rémarked that a machine‘of tHe type

~- indisated:at 2:when' used:for: knitting isigenterally provided: -



with a number of feeds of yarn.” Tn the machine as modi-
fied for present purposes, feed occurs only at one point
in the circumference.

Tn the first modification now being described, the sliders
22 are provided with straight edges 36 at their upper ends
for cooperating with the yarns. Each of the sinkers 24

has an upper extension 38 provided with a number of

notches 40 corresponding tc the number of yarns being
simultaneously crinkled. For simplicity of disclosure, it
will be assumed that three yarns are being simultaneously
crinkled, with the understanding, however, that a con-
siderably larger number of yarns may be simultaneously
crinkled.

The ydrns. to be crinkled are fed through a feed guide
42 which may be provided with a number of eyes cor-
responding to the yarns fed. The eyes are so positioned
vertically as to feed the yarns at the individual levels of
the sinker notches 40.. At approximately the location
where the feeder 42 is provided. a cam 44 causes the slid-

ers 22 to rise by engagement of their butts 32 to cause

them to rise successively to the location indicated at 46.
Where the sinkers pass the feeder 42; they are retracted
as indicated at 48 so that their extensions 38 pass radially
outside the feeder 42. After passing the feeder, the cams
28 serve to move the sinkers inwardly until at about the
position indicated at 50 in Figure 2 the sinkérs occupy
the radial, position illustrated-in Figure 4. At this phase
of the oneration. the sliders 22 are still being raised by
cam 44, neither the sliders nor the sinkers at this point
engaging the yarns. )

The sliders 22 continue the rise and the sinkers 24 con-
tinue .to move inwardly, reaching the relative positions
illustrated in Figure 5 at the location indicated at 52 in
Figure 2. . The rise of the slider 22 to the position at 46
has now. been completed and the yarns are substantially
in contact, because of their tangential approach with the
edge 36 of the slider in the position 52. The yarns are
also about to be engaged by the sinker, being disposed :in
radial alignment with the notches 49 therein. . The sliders
retain the height. which is indicated at 54, throughout
the maior part of their revolution.

Beyond the position 52 the sinkérs move further in-
wardly causing the troughs of the notches 40 to move
substantially radially inwardly of the slider edges 36, the
sinkérs ultimately attaining innermost radial positions in-
dicated at 56 and illustrated in Figure 6.- In this posi-
tion, the yarns have zig-zag configurations imparted there-
to and these configurations are thén maintained through-
out the major nortion of a revolution. The yarns in such
condition are then heated by the anplication of heat from
the heating element 6 and are raised to a temperature
of softening of their material. The ‘thermostat 8 may
be set to control the current through the heating element
to secure within narrow control limits the particular tem-
peratures which may be required of the type of yarn which
is being crinkled. By reason of the large circumference
of the machine, the application of heat is maintained
through a sufficient time period to insure the proper heat-
ing of the yarns despite a high rate of circumferential
speed of the cylinder. The consequence is the through-
put of a large quantity of yarn per unit.time.. .

As the point of yarn removal is reached, which point
is adjacent to that of feed, the sinkers 24 are partially

withdrawn as indicated at 58 and as illustrated in Figure -
7. This withdrawal is. desirably such that the inner edge.

of the extension 38 of the sinker.continues to overlap the
edges 36 of the sliders so that the yarns are not free to
move: vertically. - However, the tension on the yarns-is
substantially reduced with -the result that the sliders may
be freely drawn downwardly by cam 60 to clear the yarns,
without pulling thereon, in the position illustrated -in
Figure 8. .
As the sliders 22 move downwardly the yarns are suc-
cessively released and pass through individual eyes in"a
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take-off guide 62, passing from this guide to the reeling

mechanism 12. In the drawing off of the yarns little ten-
sion is imparted thereto, and despite the fact that at the
instant of removal they may be at a temperature at which
they are softened, there is not sufficient tension imparted
to pull them to a straight condition and, thus, remove the
crinkles. Desirably, however, they are rapidly cooled at

- the time of removal and for this purpose there is pro-
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vided one or more nozzles 64 to direct a stream of cold
air: thereon to promote rapid cooling below the softening
temperature. The procedure described imparts crinkles
to the yarn and desirably these crinkles are so spaced
along the yarn by choice of the indexing of the sliders and
sinkers that there are avoided the conditions which might
give rise to a synchronous repetition of crinkles and ulti-
mate kniited loops as described as desirably avoided in
said F. R, Page patent. The crinkles provided in accord-
ance with the above are formed essentially in a single
plane in each of the yarns, and have a more or less
sinusoidal form. A greater irregularity of crinkling may
be provided by causing the crinkles to be essentially three-
dimensional, and this situation may be attained by the
use of the apparatus and procedure which will now be
described with reference to Figures 9 to 12, inclusive.

In accordance with this second precedure, there are
used the same sinkers 24 as previously described and
these and their structural paris are accordingly given the
same. -reference numerals. The sliders, however, are
somewhat different and are of two types indicated at 82
and 84, respectively. Both sets of these sliders are pro-
vided with the same upper edge constructions and, in
accordance with this modification, the upper edges, instead
of being straight as was indicated at 38, are provided with
shallow notches indicated at $& which are spaced the
same, as the notches 40 of the sinkers as indicated in
Figure 10 and are in alignment therewith at the time the
yarns are first received.

The sliders 82 are illustrated as relatively short in
Figure 11 and are provided with butts 86 at an upper level
arranged to travel in a cam race 96. The sliders 84, on the
other hand, are longer and are provided with butts 88 ar-
ranged to operate in a cam race 92. For the major part,

'these cam races 99 and 92 are identical and have the
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same characteristic as the cam race 34 previously de-
scribed, being provided at the region of feed and removal
of the yarns with depressing and raising cam portions
corresponding to 60 and 44. However, immediately fol-

“lowing the position where the yarns are first engaged, the

races 90 and 92 are provided with a rise 94 and a fall 96,
respectively, so that by reason of the shallow notches 98
in cooperation with the sinker notches 40 the sliders 82
are displaced slightly upwardly and the sliders 86 are

“displaced slightly downwardly. These slight relative dis-

placements produce a configuration of the yarn which is
indicated generally in Figure 9 but is clearer from the
fragmentary perspective view, Figure 12, which shows en-
larged the multiple types of crinkles put into a yarn by
this action. An upward crinkle 100 results from the rise
of a slider 82, while a downward crinkle 104 results from
the depression of:a slider 84. An intermediate lateral
crinkle 102 is produced by the movement of an inter-
posed sinker 24. ‘The crinkle configuration, therefore, as
illustrated in Figure 12 is of a three-dimensional type
which tends even further to prevent the appearance of any
repetitive regions in a completed stocking. It will be
evident that except for these additional movements. of the
sliders the steps involved in carrying out this modification

" are identical with those involved in the first modification

described, and there need be, therefore, no special descrip-
tion of the operation except to state that the sliders are
restored prior:to reception of the yarn to a condition of
alignment of all of their notches 98 with the corresponding

" sinker -notches 40 as indicated in the right-hand portion

of Figure 9. » ‘
1t will be evident from the foregoing that methods and
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apparatus aré provided for. the. crinkling, of: yarn which.
are. consistent. with. high. rates..of. production.-and: the-

formation of the permanent crinkles requxred for-the: car-

rying out of the knitting of stockmgs in accordance. with:

said F."R. Page patent.. It will. be. evident. that various

details. of constructions and operations-may. be changed'
without departing from the inverntion. as. defined-. in-the-

followmg claims.

What is claimed is:

1. Apparatus for crinkling nylon or.similar. yarn com-
prising a rotary cylinder, sliders mounted in said cyhnder

for axial movements relatively thereto,.a carrier rotating-

with said cylinder, presser elements mounted in said car-

rier and radially movable relatively thereto,. said sliders -

presenting outwardly facing surfaces and said presser ele-
ments presenting inwardly facing surfaces, means for feed-
ing at least one yarn approximately. tangentially. between
said ‘surfaces of the sliders and presser elements, means
for moving said presser elements radially inwardly to.cause
radial ‘overlapping of said surfaces, thereby to impart zig-
zag configuration to said yarn, means for i lmpartmg soffen-
ing heat to said yarn while it has said zigzag configura-
tion, means for moving said presser elements radially out-
wardly to relieve pressure on said yarn, means for: ‘moving.
said sliders axially to clear said yarn, means guiding. the
cleared yarn inwardly towards the axis of rotation, and
means for ‘winding said yarn, the last méntioned means:
being synchronized with the rotation of said.cylinder to
prevent application of straightening tension to said yarn.

2." Apparatus for crinkling nylon or similar yarn com-
prising a rotary cylinder, slidérs mounted in said cylinder

for ‘axial movements relatively thereto, a carrier rotating:
with said cylinder, presser eléments miounted in said.
carrier and radially movable relatively thereto, said sliders

presenting outwardly facing surfaces.and.said presser ele-
ments presenting inwardly ' facing~ surfaces, means for
feeding at-least one-yarn approximately. tangentially be-
tween said surfaces. of the sliders and presser elements,
means for moving said presser-elemerts radially inwardly
to.cause radial overlapping of said surfaces; thereby to'im-
part’ zigzag: configuration.- te - said- yari- means: for “im-
parting softening. heat to-.said-yarn whilé: it has-said zig-
zag configuration, means for moving said presser elements
radially outwardly to relieve pressure on said yarn, means
for moving said sliders axially to clear said yarn, and
means guiding the cleared yarn inwardly towards the axis
of rotation.

3. Apparatus for crinkling nylon or similar yarn com-
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prising a rotary cylinder, sliders mounted in said cylinder -

for axial movements relatively thereto, a carrier rotating
with said cylinder, presser elements mounted in said car-
rier and radially movable relatively thereto, said sliders

presenting outwardly facing surfaces and said presser ele-

ments presenting inwardly facing surfaces, means for feed-
ing a plurality of yarns approximately tangentially be-
tween said surfaces of the sliders and presser elements,
means for moving said presser elements radially inwardly
to cause radial overlapping of said surfaces, thereby to im-
part zigzag configurations to said yarns, means for impart-
ing softening heat to said yarns while they have said zig-
zag configurations, means for moving said presser ele-
ments radially outwardly to relieve pressure on said yarns,
means for moving said sliders axially to clear said yarns,
means guiding the cleared yarns inwardly towards the axis
of rotation, and means for winding said yarns, the last
mentioned means being synchronized with the rotation of
said cylinder to prevent application of straightening ten-
sion to said yarns.

4. Apparatus for crinkling nylon or similar yarn com-
prising a rotary cylinder, sliders mounted in said cylinder
for axial movements relatively thereto, a carrier rotating
with said cylinder, presser elements mounted in said car-
rier and radially movable relatively thereto, said sliders
presenting outwardly facing surfaces and said presser ele-
ments presenting inwardly facing surfaces, means for
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‘ 6
feeding a plurality of yarns approximately:tangentially:be=-
tween: said- surfaces of the sliders and: presser -elements;:
means for moving said presser elements radiaily inward-:
ly to cause radial overlapping of said surfaces, thereby

- to impart zigzag configurations to said yarns, means for:

imparting softening heat  to said yarns while they have
said zigzag configurations, means for moving said presser
elements radially outwardly to relieve pressure on said:
yarns, means for moving said sliders azially to clear said-
yarns, .and means guiding the cleared yarns inwardly
towards the axis of rotation.

5. Apparatus for crinkling nylon orsimilar yarn.com-:
prising means providing an inner circular array of spaced-
members presenting outwardly facing surfaces, means pro- -
v1d1ng an outter circular array of spaced elements present-
ing inwardly facing surfaces, yarn feeding means, means
providing relative rotation between said yarn feeding-
means and said arrays of members and elements, and yarn
feeding méans being arranged to feed at least one yarn be-.
tween the surfaces of said members and elements, means
for effecting relative radial movements and also relative
axial movements. between said members and elements to
produce overlapping of their said surfaces to impart a
zigzag configuration to said yarn, means for imparting
softening heat to said yarn while it has said zigzag con-
ﬁgurauon, and means for removing the yarn from the
region of said surfaces.

6. Apparatus for crlnk]ing nylen or similar yarn com-
prising means providing an inner circular array of spaced
miembers presenting outwardly facing surfaces, means pro-
viding an outer circular array of spaced elements present-
ing inwardly facing surfaces, said surfaces being notched,
yarn feeding means, means prov1dm° relative rotation be-
{ween ‘said yarn feedmo means and said arrays of mem-
bers and elements, said yarn feeding means being ar-
ranged to feed at least ohe yarn between the surfaces of -
said -members and elements, means for effecting relative
radial movements and also relative axial movements be-
tween said members and elements to produce overlappmg '
of their said surfaces to entrap said yarn in notches in’
said surfaces, and to impart a zigzag configuration to said
yarn, . means for imparting softening heat to said yarnm
while it has said zigzag configuration, and means for re-
moving the yarn from the region of said surfaces.

7. Apparatus for crinkling nylon or similar yarn com-
prising means providing an inner circular array of spaced
members presenting cutwardly facing surfaces, means pro-
viding an outer circular array of spaced elements pre-
senting inwardly facing surfaces, yarn feeding means,
means providing relative rotation between said yarn feed-
ing means and said arrays of members and elements, said
yarn feeding means being arranged to feed a plurality of
yarns between the surfaces of said members and elements,
means for effecting relative radial movements and also
relative axial movements between said members and -ele-
ments to produce overlapping of their said surfaces to
impart zigzag configurations to said yarns, means for im-
parting softening heat to said yarns while they have said
zigzag configurations, and means for removing the yarns
from the region of said surfaces.

8. Apparatus for crinkling nylon or similar yarn com-
prising means providing an inner circular array of spaced
members presenting outwardly facing surfaces, means pro-
viding an outer circular array of spaced elements present-
ing inwardly facing surfaces, said surfaces being notched,
yarn feeding means, means providing relative rotation be-
tween said yarn feeding means and said arrays of mem-
bers and elements, said yarn feeding means being ar-
ranged to feed a plurality of yarns between the surfaces
of said members and elements, means for effecting rela-
tive radial movements and also relative axial movements
between said members and elements to produce overlap-
ping of their said surfaces to entrap said yarns in notches
in said surfaces; and to impart zigzag configurations to
said yarns, means for imparting softening heat to said
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yarns while they have said zigzag configurations, and
means for removing the yarns from the region of said
surfaces. :

9. Apparatus for crinkling nylen cor similar yarn com-
prising means providing an inner circular array of spaced
members presenting outwardly facing surfaces, means pro-
viding an outer circular array of spaced elements present-
ing inwardly facing surfaces, yarn feeding means, means
providing relative rotation between said yarn feeding
means and said arrays of members and elements, said
yarn feeding means being arranged to feed at least one
yarn between the surfaces of said members and elements,
means for effecting relative radial movements. and also
relative axial movements between said members and ele-
ments and relative axial movements between adjacent
members to produce overlapping of their said surfaces
to impart a zigzag three dimensional configuration to said
yarn, means for imparting softening heat to said yarn
while it has said zigzag configuration, and means for re-
moving the yarn from the region of said surfaces.

10. Apparatus for crinkling niylon or similar yarn com-
prising means providing an inner circular array of spaced
members presenting outwardly facing surfaces, means pro-
viding an outer circular array of spaced elements present-
ing inwardly facing surfaces, said surfaces being notched,

yarn feeding means, means providing relative rotation be-

tween said yarn feeding means and said arrays of mem-
bers and elements, said yarn feeding means being ar-
ranged to feed at least one yarn between the surfaces of
said members and clements, means for effecting relative
radial movements and also relative axial movements be-
tween said members and elements and relative axial move-
ments between adjacent members to produce overlapping
of their said surfaces to entrap said yarn in notches in
said surfaces, and to impart a three dimensional zigzag
configuration to said yarn, means for imparting softening
heat to said yarn while it has said zigzag configuration,
and means for removing the yarn from the region of said
surfaces.

11, Apparatus for crinkling nylon and similar yarn
comprising means providing an inner circular array of

8.

spaced members presenting outwardly facing surfaces,

means providing an outer circular array of spaced ele-
ments presenting inwardly facing surfaces, yarn feed-

-ing means, means providing relative rotation between said

10

15

20

25

30

-.yarn feeding means and said arrays of members and ele-

ments, said yarn feeding means being arranged to feed a
plurality of yarns between the surfaces of said members
and elements, means for effecting relative radial move-
ments and also relative axial movements between said
members and elements-and relative axial movements be-
tween adjacent members to produce overlapping of their
said surfaces to impart thrée dimensional zigzag configura-
tions to said yarns, means for imparting softening heat to
said yarns while they have said zigzag configurations, and
means for removing the yarns from the region of said
surfaces.

12. Apparatus for crinkling nylon or similar yarn com-
prising means providing an inner circular array of spaced
members presenting outwardly facing surfaces, means pro-
viding an outer circular array of spaced elements present-
ing inwardly facing surfaces, said surfaces being notched,
yarn feeding means, means providing relative rotation be-
tween said yarn feeding means and said arrays of mem-
bers and elements, said yarn feeding means being ar-
ranged to feed a plurality of yarns between the surfaces
of said members and elements, means for effecting rela-
tive radial movements and also relative axial movements
between said members and elements and relative axial
movements between adjacent members to produce over-
lapping of their said surfaces to entrap said yarns in
notches in said surfaces, and to impart three dimen-
sional zigzag configurations to said yarns, means for im-
parting softening heat to said yarns while they have said
zigzag configurations, and means for removing the yarns
from the region of said surfaces.
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