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© This invention relates to treatment of knitted
fabries, and more particularly to treatment of
tubular knitted fabrics to prevent or eliminate
objectionable shrinkage of garments made there-
from. By g “tubular knitted fabric” is meant one
which is knitted in tubular form or one which is
knitted in flat form and then converted to tubular
form.

Shrinkage has long been a problem in the tex-
tile industry, and much effort has been directed
toward reduction thereof both in woven and
knitted fabrics. The problem has been particu-
larly troublesome in the case of knitted fabrics,
and in fact shrinkage has prevented use of such
fabrics in many fields.

Referring particularly to knitted fabrics, as

they come from the knitting machine such fab~

rics are subjected to treatment known as “wet
processing” which includes scouring, bleaching
and dyeing. As the fabric comes from the knit-
ting machine it has some potential fibre shrink-
age but this disappears in the wet processing and
is of no concern. However, the wet processing
subjects the fabric to severe tensional forces
lengthwise and produces (1) great distortion of
the knitted stitches and (2) slight fibre and yarn
stretch. We have discovered that later shrinkage
of a garment made from such fabric is due pri-
marily to the stitch distortion, and secondarily to
the fibre or yarn stretch. While the latter fac-
tor is greater in wool fabric than in cotton fabrie,
it is always of much lesser effect than the stitch
distortion which is the primary cause of shrink-
age. With the stiteh distortion present the fab-
ric is increased in length and decreased in width;
that is to say the fabric is stretched. ILaunder-

ing of a garment made from such fabric causes

shortening and widening of the garment.

- The degree of stretch of the fabric depends
upon the type and weight of the fabric, and also
the type and condition of the machinery used in
wet processing. In some instances, the streteh
may be very great, for example as much as 40%.
. The present invention has for its principal ob-
ject the provision of a simple, efficient and inex-
pensive method of treatment of knitted . fabric,

especially tubular knitted fabric, to eliminate ob-

jectionable shrinkage thereof.

Another object of the invention is to provide
such a method which is applicable to all kinds
of knitted fabrics composed of either natural or
synthetic fibres, or mixtures thereof.

In accordance with the present invention; a
knitted fabric is treated in a manner to bring
about a “normal” condition of the fabric. As
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used in this specification and in the appended
claims, the word “normal” means a condition in
which the fabric has zero potential shrinkage hoth
lengthwise and widthwise. This may be said to
be a “zero-zero” condition, and it is the condition
which would exist if a fabric were simply washed.
In this condition of the fabrie, the stitches have
a certain shape and size, and the fabric hag cer-
tain dimensions. The departure from this con-
dition is what permits shrinkage. As the fabric
goes through the wet processing, during which it is
in a soft, wet and very elastic state, the stitches
are elongated longitudinally and narrowed width-
wise due to the tensional forces acting longitudi-
nally or lengthwise of the fabric. Thus the
stitches are distorted from their normal shape and
size, and the fabric as a whole is distorted accord-
ingly, being stretched longitudinally and nar-
rowed transversely or widthwise. Upon ordinary
drying and other usual treatment such as cal-
endering, the fabric remaing in a distorted condi-
tion. As the fabric dries the stitches acquire a
distorted “set,” because ordinary treatment does
not cause or allow the fabric to become normal.

In order effectively to eliminate shrinkage of
garments made from knitted fabric, it is neces-
sary to convert the fabric and its component
stitches .or loops substantially to the “normal”
condition prior to the making of garments there-
from. We have discovered that this result can
be achieved by a simple method which involves,
as its principal step, mechanical collapsing of
the stitches in any suitable manner. Where the
fabric is treated as it comes from the wet proc-
essing, the mechanical collapsing of the stitches
is effective to prevent them from acquiring the
above-mentioned distorted “set.” Thus.if the
collapsing action takes place while the wet fabric
is being dried, the yarns are caused to “flow”
freely or slide over one another and the stitches
are caused to assume their normal shape. Where
the fabric is not treated immediately after the
wet processing and the fabric is dried, the stitches
will have acquired the distorted “set” but the
treatment according to the present invention will
undo the “set” and will cause the stitches to as-
sume substantially their normal shape. In such
case if there is insufficient moisture in the fabric
for highly effective treatment, the fabric may 'be
moistened prior to the treatment, as by steaming
it or subjecting it to a fine water spray. Then
the mechanical collapsing of the stitches and
simultaneous drying will bring about the desired
result. While the moisture content of the fabric
may vary widely, experiments have indicated that
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a, moisture content of about 15% of the weight stretched lengthwise and is narrowed widthwise.
of the fabric is preferable. However, the inven- As mentioned above, drying of the fabric in this
tion may be practiced with any condition of the condition will cause the stitches to acquire a dis~
fabric except a bone dry condition. torted “set” which is not corrected by ordinary

The mechanical collapsing of the stitches is 5 treatment of the fabric, such as calendering, etc.
more readily. carried out transverselyyor-width= As spreviously:pointed out, it isthis:condition of
wise of ‘the-fabric, and.for this reason it is-pre-= the : fabric: which is~ largely responsible for
ferred to expand the fabric widthwise as a pre- shrinkage. The secondary causes of shrinkage
liminary to the stitch collapsing treatment. The:? & - correct themselves and are relatively unim-
purpose of the widthwise expansion is fao change 10. portant. .
the distortion of the stitches from-a lengthwisew. - IA  the preférred embodiment of the novel
distortion to a widthwise distortion, so that the = method of the present invention, the fabric is
subsequent stitch collapsing=treattnenti willzbe: ° subjected-to-widthwise expansion to an extent
more effective. . to.produce:generally the condition illustrated in

Most knitted fabrics are caléndéred after hav--15+Figs.. 3Atand38B% In this condition, the stitches
ing been dried from the wet condition in which are-elongatedand ‘distorted widthwise, and the
they come from the wet processing. Since.cal--. - fabric.is.shortened lengthwise. This expansion

endering is a stretching operation, it may also is a course condensing action as is apparent from
contribute to objectionable shrinkagei- A-fur--- Figs3A- This expansion step may be performed
ther feature of the present invention resides in 20 by causing the tubular fabric to pass over a
the:compensating ‘for: calender. stretch by:carry= spreadér:devicezcapablé ofiexpandihg:the fdbric
ingnout :the stibech:collapsing treatment.itorsuch to: thesdésired -extent!. Preferably, thesspreader
an extent:that ~the: fabric:is: “fulled” or:-con= iscofithe“push=oeff” type, i._e..one-having:driverr
dénsed in its-general plane; that istthe:fabricis roHers or- wheels - which engagethe cutside>of

narrower and:shorter. than:normal Then :the 25 the: tubular:fabricradjacent-the:expanding eles.
calendering :of: thesfabriciexpands:-the: fabric to ments:of :the spreader:so:as to pushrithe: fabrie

normal size:: fronc: the: spreading rdevice:: Suchi:a; device:is
Reference is now* made’ to: the~accompanying: generally shown in Fig. 6. ’
drawings; wherein: - The-widthwiserexpansion-of-the-fabric,.as:de-

Pigs.: 14 and 1B-aré: face and edge views;.re- 30 piected:in ‘Figs. 3A and-3Bj-isseffective:fo.change
spectively; of-a:portion: of: g~ knitted fabricin from lengthwise distortion: of- the:: stifches: io

normal: condition; the-double head :arrow-indi= widthwise distortion thereof; so- as-better to:con=

cating:the-longitudinal or:lengthwise :direction; dition~the:fabric for the:subsequent:istitch -col=
Figs: 24 and-2B-are-similar views.of ‘thesame lapsing:treatment. .

portion-of the-fabric after. wet:processing.theres 35 Referring to Fig. 6, the spreading:-device shownr

of~and.prior-to:treatment i accordance with-the: comprises-a iransverse member:i2..carrying:sup-

present:invention;: ports :18-and:.{4=at its ;opposite ends, said. supz
Figs:3A and.3B.are-similar-views of the same ports in turn-carrying:wheels:or>rollers«15,: 16:

portion: ofsther fabric: upon: subjeetion thereofto and 1, 18 which-arve freely.rotatable on:thesups
widthwise -~ expansion,: which: step:-is :preferably. 40" ports. . Ar pair:of: power-driven.:wheels:-on:rollers:

ineluded -as: a-part ofthe-treatment:prior-tc-the: {9+and 20-are:arranged -as-shown:to:support the:
main:step involving :stitch-collapsings; . spreader:-and:to-move:the tubular:knitted:fabrie:
Figs-4A-and 4B: are-face-and-edge-views.of the: 2{ -over-rand.from the:spreader. . The wheels§:15;
samesportion of the-fabric.-after:it has been:subz 18:-and 17;.18:seat within flanges (not:shown)::omx
jectedsto-the: stitch collapsing-treatment to. such . the -‘wheels-18,:20: A pairirofimembers 22:and 23:
antextent -that:the :fabric is-“fulled? i. e-nar- have straight' parallel:sections:extending from
rower-and shorter-:than: normal; wheels: 18- and:! 18 -substantially-tangent thereto:
" Figy Bi-is-~a: view- of: the-same: portion .of: the: The: members- 22 and: 23-havercurved-sections:
fabrier after: calendering::thereof, it being:then: (notvisible) - extending:in: peripheral:grooves:of:
substantially' normal; 50- the-wheels (6:and {8 and:secured:to:thessups:
Pig, 6Hsra -diagrammatic: illustration:-of . a..de= ports-13-and. i4.. The:members 22:and-23:arer
vice.- which - may: be- employed to-expand: the: stationary and there: is:sufficient clearance les:
fabric;. tween.them-and the:wheels:(6:and: {8 so-asznob
Fig; 7-is -a7.diagrammatic:or -generalized illuss:- torinterfere-with free.rotationof said wheels::
tration of an:apparatus-which may be-employed. .- The- tubular- knitted - fabric: 21 moves: in: ther
for:the-stitch-collapsing: treatment; directionzof the-arrow: over:the:spreader: wheels:
Figy 8 is-across-sectional view taken along:line: and between those:wheels and the:driving :wheels;:
8-—8 of Fig.7; " as illustrated.. As: the-fabric: approaches: the:
Fig: 9-isr a- view- iHustrating: the~ calendering:  spreading: dewvice;,.it* is» inv the: longitudinally
stepy and- go Stretched. condition: shown:in Fig: 2A:. Al itsis
Fig: 10:is-an illustration :supplemental .to:a: drawn:over-the: wheels: | v and: {1 by.the:proz-
description:hereinafter of:a:specific.example:. pelling-wheels+1 9-and:20; it is spread:crrexpanded:
Referring more -particularly;to: the: drawings; widthwise:-to the -desired: extent:. As:it -1éaves:

iniFigs: 1A~ and. 1B-the fabric:is: shown:in the the--wheels: 15, 17, the.fabric:is:pushed:=by-wheels
normat . condition, the-yarns. [0~ being : disposed: 5. 19;.20 over:the-wheels:16}:18 and-onto:the:mem:-
so-that-the:stitches-i1.have a-certain size.and:  berss22, 28: During:this:action, thercourseszares
shape,.and :the fabric heing-substantially-free-of: straightened: aixd.-condensed;. andas:the: fabric:
any tension-or streteh which can:permit shrink-- leaves the spreading device; it is:in:thescondition:.
age: Hustratediin Fig: 3A:

Figs:~ 2A-and 2B-show the condition -of: the: v, - Followingrthe expansien-stép-above:deseribed;
same-fabriccafter the wet processing; It will-be: the :fabric: is: subjecteéd ™ to: the stitch- collapsing:
noted sthat thesstitches:or:loops: | { :areelongated: treatment to-:an-extent!to proditce-the: condition-
léngthwise: or: longitudinally - of the- fabric: amd: shownrinFigs.4A'and 4B. Iii this-condition, the.
they aresnarrowed widthwise: Due: to:this:.con= faioric is' “fulted” or:condensed: relative to- the-
ditton of - the: stitches,. the fabric: as=a; wholezis: 75: normal”conditiéon :shown-in-Fig. 1> The stitches~
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are substantially normal in shape and size, but
there is substantial overlapping and close inter-
mingling of the stitches, the fabric being nar~
rower and shorter than normal. 'Compared to
the condition of Figs. 1A and 1B, the weight
per unit area and the thickness of the fabric ma-
terial are increased. ’

‘The mechanical collapsing of the stifches may
be effected by subjecting the fabric to agitation
which will precduce the desired stitch-collapsing
action. While any suitable apparatus may be
employed for this purpose, a particular form of
apparatus which may be employed is shown in
Figs. 7 and 8. A foraminous cylindrical shell 24,
open at both ends, is supported for rotary move-
ment about its longitudinal axis within a sta-
tionary casing or housing 25 which is also of
tubular form and has end openings to accommo-
date the shell 24. The shell 24 and the sur-
rounding casing 25 are inclined to the horizontal
at a suitable angle for a reason which will
presently appear. In the specific embodiment
illustrated, the shell 24 has flanges 26 and 27
which may be in the form of rings permanently
secured to the shell, for example by being welded
thereto. As shown in Fig. 8, each of these flanges
engages three flanged rollers 28 which are mount-
ed on stationary studs suitably supported within
the stationary casing 25. To relieve strain on

the said rollers, each of the flanges 26 and 27 also ¥

engages rollers 29, 30 disposed as shown in Fig.

7 and mounted on stationary studs suitably sup-

ported within the casing 25. .
Centrally of the tubular shell 24, there is pro-

vided a ring gear 31 which surrounds the shell 9

and is suitably secured thereto. The ring gear
meshes with a gear 32 which is on a common
shaft with a smaller gear 33, The latter meshes
with a gear segment 34 (Fig. 8) carried by a wheel
segment 35 which is mounted on a rotary shaft
36. A link 37 interconnects the wheel segment
35 with a crank wheel 38 provided with gear
teeth to mesh with a driving pinion 39 on the
shaft of a driving motor 49, By this arrange-
ment, the shell 24 is oscillated about its axis
through a predetermined arec. :

Heated air is supplied to the casing 25 through
an inlet conduit 41 from a source 42 which may
comprise an air blower and air heating means.
The purpose of this is to dry a fabric passing
through the foraminous shell 24, as described
below. As shown in Fig. 8, baffles 43 are provided
in casing 25 so that all of the air will pass through
the foraminous shell 24, The air is exhausted
through conduit 44. : .

In operation, the fabric 21 may be fed verti-
cally downward into the upper. end of shell 24.
In the specific illustration, the fabric is shown
being fed by means of a roll 45 from a wound
roll 46. "As the shell 24 oscillates, the fabric
moves by gravity through the inclined shell, and
as it does so it is tumbled or agitated. The par-
ticular action in this case is a continual falling
of one portion of the fabric onto another, so that
there is repeated collapsing of the stitches. As it
moves through the shell 24, the fabric is sub-
jected to the drying effect of the heated air so
that it is being dried at the same time that it is
being agitated. The stitch-collapsing action thus
produced converts the stitches substantially to
their normal shape and size as previously de-
sceribed, and causes fulling of the fabric so that
it emerges from shell 24 in the condition shown
in Figs. 4A and 4B.

Following the above-described treatment, the
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fabric is calendered in the usual way. As-shown
in Fig. 9, in the usual calendering operation, the
tubular knitted fabric 21 passes over a frame or
spreader 48 which flattens and smooths the fab-
ric just before it passes between the pressing or
calendering rolls 47.  Usually steam is applied to
the fabric as it passes over the spreader 48, as
by means of a steam box 49. As the fabric passes
over the spreader 48 and between the calender-
ing rolls 47, it is expanded beth widthwise and
lengthwise. The calendering operation is effec-
tive to remove the fulling completely or partially,
as desired, and to convert the fabric substantially
to the condition shown in Fig. 5. It should be
noted that the previous fulling action is in an-
ticipation of the stretching produced by calen-
dering, and the fabric is actually calendered up to
size. After calendering, the fabric as a whole is
normal and has substantially zero-zero shrink-
age. -
It should be noted further that while the ex-
pansion step of Figs. 3A and 3B is preferred for
the reason hereinbefore set forth, this step is not
absolutely necessary as the stitch-collapsing
treatment alone will suffice but it takes 4 greater
length of time without the expansion step. N

In the practice of the invention, it ig readily
possible to determine the extent of treatment
necessary to produce the normal condition of the
fabric. For a certain fabric from a particular
mill and processed in a particular bleachery, a
wash test of a sample after wet processing will
show the amount or percentage of potential
shrinkage. Such g test merely involves washing
the sample, and measuring its width and length
before and after washing, .

By way of example, the following data is given
with respect to actual treatment of a particular
fabric according to the preferred form of the
present invention. The following may be more
readily understood with the aid of Fig. 10 which
shows a series of illustrations representing a
marked figure on the fabriec.

The fabric treated was 1 x 1 rib with g tight

5 stitch, which was knitted on a knitting machine

having a 10’’ diameter head,

After bleaching in the usual wet processing,
the width of the tubular fabric in flat form was
834"'. From a wash test of o sample, it was de-
termined that zero width for this fabric was
11%’’, and that the fabric had been stretched
longitudinally 17%. By “zero width” is meant
the width of the fabric which it should have for
substantially zero shrinkage, i. e. the width pre-
vailing after shrinkage of the bleached fabric by
the wash test. The test showed that a 17% re-
duction from the stretched condition represented
normal length. The normal condition is repre-
sented at @ in Fig. 10, while the stretched condi-
tion is represented at b. . o

The bleached fabric which had been stretched
17% and which had a width in flat form of 834"
was passed over a course condensing spreader of
the type illustrated in Fig. 6, the spreader width
being 20"’. After spreading, the fabric was re-
duced in length by 30%. This condition of the
fabric is represented at ¢ in Fig. 10.

The fabric was then subjected to the stitch~
collapsing treatment above described, and when
dry its width in flat form was 11’ and its length
reduction was 22% of its stretched length after
bleaching. This condition is represented at d in
Fig. 10. It should be noted that at this point the

7 fabric was actually smaller in size than the zero
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condition indicated. by the: wash test. as above
mentioned.

The. fabric was then calendered and. folded in
the usual manner, in the course of which treat-
ment it was passed over a calender spreader with
a 12’ width and a folder spreader of 113"
width.

The cold width of the fabric after calendering
was .11%’’, .and the cold.length reduction was
16%. 'This condition is represented at e in Fig.
10. It will be noted that the fabric-was then sub-
stantially in. the zero. shrinkage -condition deter-
mined. by the.above-mentioned wash testing of a
sample.after bleaching.

.Following the above-described treatment, the

fabric was subjected to a wash test to determine
its .condition from the standpoint of shrinkage.
It was found -that the fabric had a widthwise
shrinkage of about. 1% and.a lengthwise shrink-
age of about 2%. These figures indicated that
the fabric. had substantially zero-zero shrinkage,
since the low percentages indicated are insignifi-
ecant from a practical standpoint,
- The method of treating knitted fabric .accord~
ing to this invention as hereinbefore described,
is not .only highly efficient in substantially
eliminating shrinkage but it is extremely simple
and inexpensive.

While a preferred embodiment of the inven-
tion has been described,. it will be understood that
the invention is not. limited therefo but may be
practiced with such variations as may occur to
those skilled in the. art. -For example, the in-
vention contemplates. any suitable treatment of
the fabric which will effect the stitch-collapsing
action, and is not limited.to. the specific treat-
ment described.

“Weclaim:
© 1. A method of treating wet or moist stretched
knitted fabric whereof the stitches are distorted
from normal shape, which method. comprises me-
chanically collapsing the stitches from their dis-
torted condition to an extent to condense the fab-
ric both lengthwise and widthwise and.cause sub-

stantial overlapping and close intermingling: of

the stitches, thus reducing the fabric to smaller-
than-normal size, drying the fabric- concomi-
tantly with the stitch collapsing action, and cal-
endering the fabric to finish the same and-to
e*cpand the fakbric to its normal size.

2. A method of treating wet or moist longi-
tudmally-stretched knitted fabric. whereof the
stitches "are elongated longitudinally and dis-
torted from normal shape, which method com-

prises. expanding the. fabric widthwise to an ex-

tent to distort the stitches widthwise, mechani-
cally collapsing. the stitches from their distorted
condition to an extent to condense the fabric both
lengthwise and widthwise and cause substantial
overlapping and close intermingling of the
stitches, thus reducing the fabric to smaller-
than-normal size, and calendering the fabric to
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8
finish the.same.and to expand the fabric to.its
normal size.

3. A method of treating wet or moist longitudi-
nally-stretched knitted - fabric whereof the
stitches are elongated longitudinally and dis-
torted from normal shape, which method com-
prises expanding the fabric widthwise to an ex-
tent to distort-the. stitches- widthwise, mechani-
cally collapsing. the stitches from their distorted
condition to an extent to condense the fabric
both lengthwise and widthwise and-cause-sub-
stantial overlapping and close intermingling .of
the stitches, thus reducing the fabric-to-smaller~
than-normal size, drying the fabric concomi-
tantly with the stitch.collapsing action, and-cal-
endering the fabric to.finish the same and to.ex-
pand the fabric to its normal size.

4. A method of treating wet.or moist stretched
knitted fabric whereof the:stitches.are distorted
from normal shape, which method comprises sub-
jecting the fabric.to. agitation effective .to .col-
lapse the stitches. from.their distorted condition,
continuing such agitation until the fabric is.con~
densed both lengthwise and widthwise and the
stitches are.caused -to. be.overlapped and. closely
intermingled, thus reducing the fabric to.small-
er-than-normal  size, drying the  fabric -con-
comitantly with the stitch.collapsing action, and
calendering the fabric to.finish the same and. to
expand the fabric to its normal size.

5. A method of treating wet or.moist-longi-
tudinally-stretched - knitted . fabric whereof .the
stitches are elongated :longitudinally .and dis~
torted from normal shape, which method com-
prises expanding the fabric: widthwise to-an ex~
tent to distort the stitches widthwise, subjecting
the fabric to agitation. effective to collapse.the
stitches from their distorted.condition, continu~
ing -such .agitation. until-the fabric is .condensed
both lengthwise and widthwise:and the stitehes
are .caused to be overlapped and closely inter-
mingled, thus reducing -the .fabric to smaller~
than-normal size, drying the fabric concomitant-
1y with the stitch collapsing action, and calender-
ing the fabric to finish the same and to 'expand
the fabric to its normal size. -

-JOHN.HAMILTON.
ARTHUR.-A. MEDER, JR.
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