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A knitted fabric for winterweight garments having two confronting webs (16, 18), one overlying
the other and united at intervals by a stitch (20) of the yarn of one web engaging the other web. One of
the webs (16) has thick (b) and thin (a) yarns grouped in adjacent courses, the grouped courses of thick
yarns (b) alternating with the grouped courses of thin yarns (a) to produce a ridged effect in the web
(16). The thick yarns (b) produce ridge lines (26) and the thin yarns (a) intermediate said ridge lines
(26) produce air-entrapping channels (29) in the one web. The other web (18) is preferrably smooth on
both surfaces. When fabricated into a garment the ridged web (16) is on the inside and the smooth web

(18) is on the outside of the garment. -
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BI-PLY FABRIC CONSTRUCTION

FIELD OF THE INVENTION
The present invention relates to a knitted fabric

construction and has particular application to
construction of fabrics for use in winterweight
garments.

BACKGROUND OF THE INVENTION
Double fabrics have been knitted together since
the turn of the century. 1In 1902, Scott & Williams
was granted U.S. Patent No. 709,734 on a knitted
fabric comprising two webs practically independent of

each other but united by causing the yarn which
constitutes one of the webs to engage with the other
web at intervals. Tucking the two webs together in
this fashion produces a double web fabric joined
together. The double web fabric exhibits many
desirable characteristics, not the least of which is
the ability to have an outer face formed of fibers
which are distinctly different from the fibers which
form the inner face. At the time of the original
invention, a wool outer face combined with a cotton
inner face provided a desirable combination of warmth
and comfort which was not available in the absence of
two distinct webs.

Over the years, the composition of fabrics formed
in this fashion has developed so as to produce a wide
variety of desirable so-called bi-ply fabries. For
example, the two plies of fabrics are substantially
independent of one another so that each of the fabrics
may be knitted with characteristics which complement
the other and the double knitting produces a composite
bi-ply fabric which has characteristics which are not
possessed by either ply alone.
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SUMMARY OF THE INVENTION

The bi-ply fabric of the present invention is
designed to be fabricated into a winterweight garment,
and is characterized by a ridged‘appearance in the one
web which produces air pockets or valleys between the
ridges to provide an insulating air barrier between
the outer fabric and the inner fabric. The ridges are
formed on both sides of the inside web of the fabric
and thereby provide air pockets or channels on the
inside surface of the bi-ply fabric, for example when
the fabric is tight against the skin, and also between
the webs within the interior of the bi-ply fabric.
Thus, a double layer of insulating air is provided by
the bi-ply fabric of the present invention, i.e. one
layer at the inside surface of the bi-ply fabric and a
second layer within the interior of the fabric.

The construction of the fabric of the present
invention positions the ridges and valleys on opposite
sides of the inner ply of the fabric in registry with
one another so that the ridges on the inside surface
of the inner ply are registered with the ridges on the
outside surface of the inner ply which confronts the
inside surface of the outer ply within the interior of
the fabric.

In accordance with the present invention, the
ridges produced by the fabric construction are
achieved by the use of yarns of greater bulk in
selected feeds of a circular knitting machine, thereby
causing the rows of loops knitted from those feeds to
be thicker than the rows of loops knitted from the
feeds which have less bulky yarns fed thereto.

The machines used to produce bi-ply fabrics have
a minimum of 5-8 yarn feeders in .each set and it has
been found that the best ridges are produced when the
feeds are grouped within each set, for example bulky
yarn used in three adjoining feeders alternating with
non-bulky yarn in the remaining feeders of each set.
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BRIEF DESCRIPTION OF THE DRAWINGS

All of the objects of the invention are more
fully set forth hereinafter with reference to the
accompanying drawings, wherein:

Fig. 1 is a view of a two-piece winterweight
garment incorporating the bi-ply fabric of the present
invention;

Fig. 2 is a sectional view of the bi-ply fabric,
for example taken on the line 2-2 of Fig. 1;

Fig. 3 is a diagrammatic view of the bi-ply
fabric with the plies partially peeled away to
illustrate the air pockets or channels formed by the
fabric construction of the present invention; and

Fig. 4 is a stitch diagram as seen from the
inside surface of the garment using the bi-ply fabric,
the diagram illustrating the construction thereof.

DESCRIPTION OF THE PREFERRED EMBODIMENT
The garment shown in Fig. 1 consists of a top 12
and a bottom 14, both made from a bi-ply fabric
constituted by inner and outer knitted webs tucked

together at intervals to form a composite fabric. The
fabric is produced on a rotating dial and cylinder
(bi-ply/jersey type) circular knitting machine,
modified so each feed knits only dial or cylinder such
as #1 feed knits dial welt cylinder. #2 feed knits
cylinder welt dial, etc. A suitable machine is a 14-
gauge machine having twenty feeds. In the present
instance, the cylinder needles produce the outside ply
16 of the fabric and the dial needles form the inside
ply (see Fig. 2). As shown in Fiy. 2, the inner ply
18 and the outer ply 16 are interconnected at
intervals by a tuck stitch 20. On the knitting
machine, the outer ply 16 is formed simultaneously
with the inner ply 18 to form a continuous tube of two
plies of fabric which, during fabrication are
positioned so that the cylinder-knitted web is on the
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outside of the garment and the dial-knitted web is on

the inside of the garment. During the knitting of the
fabric, as the cylinder rotates past the feeders, the

stitch cams elevate the tuck needle every ten courses

to engage behind a dial needle and form a tuck stitch

to tie the two plies of the fabric together.

In accordance with the present invention, the
knitting machine is set up to feed different selected
yarns to the different yarn feeders so as to produce a
novel effect in the bi-ply fabric.

Table I (below) is a chart of the knitting
pattern for the fabric illustrated in Figs. 2-4. The
columns represent the positions of the regular-butt
cylinder needles R, the low-butt cylinder needles L
and the dial needles D respectively as the cylinder is
rotated past each feed. The knit pattern repeats on
20 feeds, as shown. Each row in the chart represents a
feed, and the character of the yarn at each feed is
represented by the reference a, b, c or d. It is
noted that the dial needles knit yarn from the odd
numbered feeds, alternately. The sequence of yarns
repeats over five feeds, with three feeds of yarn a
forming alternate groups of adjacent courses, then two
feeds of yarn b forming intermediate groups of
adjacent courses.

The cylinder needles, on the other hand, knit
with the yarns at the even numbered feeds and
alternate between yarns ¢ and d throughout the 20-
course repeat. The stitches produced by this pattern
are diagrammed in Fig. 4. Each yarn extends generally
parallel to the other yarns, producing a single
coursewise row of loops within the repeat. The
regular butt needles form wales R in the fabric, the
low butt cylinder needles form wales L. In setting up
the machine, in each set of 12 cylinder needles, there
may be a single low butt needle, and the remainder
will be regular butt needles so that the tuck stitches
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In the

arrangement shown in the chart, the tuck stitches

appear in every fifth course of the inner and outer

plies respectively of the bi-ply fabric.
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The outer ply has an even feed of alternating
yarn types designated ¢ and d, but all being of the
same yarn size or cotton count, for example 20/1 Ne.
The outer ply may alternatively have an even feed of
one type of yarn of the same yarn size. Other natural
or synthetic-fiber yarns may be substituted to produce
any special features that may be desired in the outer
ply. The inner ply, on the other hand, alternates
between thick and thin cotton or synthetic yarns, for
example 12/1 Ne and 26/1 Ne. The outer ply 16
provides a smooth neat appearance to the bi-ply fabric
and provides an entrapment barrier to the inside
channel ridge fabric, allowing it to trap the air
being held in the inside channel. This speeds body
moisture evaporation.

The inner ply 18, on the other hand, provides a
ridged effect with the plurality of adjacent courses
of the thick yarns b providing a thicker fabric which
alternates with the fabric produced by the plurality
of adjacent courses of thin yarns a which is thinner.
This is diagrammed in Fig. 3 wherein the thicker
fabric courses are shown at 26, and the thinner fabric
courses are shown at 28 in the inner ply 18. The
thicker fabric sections provide ridges appearing on
both the inside surface of the bi-ply fabric and on
the interior surface of the inner ply of the bi-ply
fabric. The ridges in the inside surface of the inner
ply 18 define the sides of channels or valleys 27
which lie against the body of the wearer, and the
spacing between the ridges on the interior surface of
the inner ply 18 provide valleys 29.

The valleys 29 are closed by the other ply 16 to
provide channels within the interior of the bi-ply
fabric extending in a course-wise direction. 1In
registry with the interior valleys 29, the valleys 27
on the inner side of the inner ply provide course-wise
extending voids. The voids provided by the valleys 27
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and 29 enable the entrapment of air to iorm an
insulating layer. When worn on the body, the air
layers on the inside of the fabric and as well as in
the interior of the fabric enhance the insulating
quality of the fabric and enable the fabric to provide
insulating effect which is greater than the insulating
effect of a similarly weighted fabric which does not
have air pockets or air entrapment. The layers
provide an effective barrier against the passage of
heat which is a characteristic of a solid fabric of
similar thickness. The air channels provided on the
opposite sides of the inner ply of the bi-ply fabric
provide elevated comfort level to the body.

In the illustrated embodiment the ridges extend
coursewise of the inner ply of the bi-ply fabric,
since the fabric is weft-knitted on a conventional
dial machine. The ridged effect in the inner web
appears not only in the interface between the webs,
but also on the inside surface of the fabric which
bears against the torso, when used in a winterweight
undergarment. The fabric designer may find that
similar effects may be achieved on other knitting
machines by suitable choice of yarns in accordance
with the teaching of the present invention.

The selection and placement of yarns to produce
the knitted fabric, according to the present
invention, must be made in a manner to achieve
stabilization of the fabric. When the fabric is
washed in either fabric or garment form, the two plies
must be stabilized to avoid spirility and puckering.
The stabilization is achieved by using yarns having
selected sizes, and placing the selected yarns in the
proper knitting repeat sequence to balance the new
fabric; consideration is given to the direction of
rotation of the machine, the gauge of the knitting
machine, and the hook opening of the knitting needle.
The selection of yarns may be those which do not
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exhibit substantial torque release when subjected to
washing, or may be those which combine to counteract
or balance any torque released by one another.

EXAMPLE T

In using cotton yarns to knit the front ply of
the fabric diagrammed in TABLE I on a l4-cut knitting
machine whose cylinder rotates clockwise past the
feeds, the ¢ yarns may be a soft-twist s-twisted
single-ply cotton yarn having a cotton count of 20/1
Ne. The d yarns may be a soft-twist z-twisted single-
ply cotton yarn having a cotton count of 20/1 Ne. The
a yarns may be s-twisted single-ply cotton having a
cotton count of 26/1 Ne, and the b yarns may be 2z-
twisted single-ply cotton yarn having a cotton count
of 12/1 Ne. The opposite twist of the two components
in each of the plies of the fabric and the subsequent
fabric finishing operations cooperate to produce a
finished fabric which does not tend to spiral or
pucker.

EXAMPLE IT

As an alternative to using cotton yarns of
opposite twist, synthetic yarns may be used and
stabilized after fabrication. An appropriate fabric
has a yarns comprising 204 denier 100% Polyester yarn
corresponding to a cotton count of 26/1 Ne, b yarns
comprising 443 denier 100% Polyester yarn
corresponding to a cotton count of 12/1 Ne, ¢ yarns
comprising 265 denier 100% Polyester yarn
corresponding to a cotton count of
20/1 Ne, and 4 yarns comprising 265 denier 100%
Polyester yarn corresponding to a cotton count of 20/1
Ne. 1In the finishing operations, the fabric is
stabilized to eliminate any tendency of the composite
fabric to spiral or pucker.

Selection of appropriate stretching and
calendaring parameters in the finishing operations may
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be achieved by known trial-and-error techniques with
different combinations of yarns and machine settings.
Both the placement of the selected yarns on the
subject knitting machine and the selection of the yarn
is significant to the success of producing a front ply
fabric that is balanced or stabilized with the back
ply, the composite knitted fabric having channel ribs
on the inside and on the back-side face.

While particular embodiments of the invention and
modifications thereof have been herein illustrated and
described, it is not intended to limit the invention
to such disclosures, and changes and other

"modification may be made therein and thereto within

the scope of the following claims.
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CLAIMS
1. A knitted fabric comprising two confronting

webs, one overlying the other and united at intervals
by a stitch of the yarn of one web engaging the other
web, said stitches in the one web being spaced apart
walewise in said web by a plurality of courses in said
one web and being tied into the other web at points
likewise spaced apart by a plurality of courses,

each web being formed by a series of
continuous lengths of yarn extending generally
parallel to one another and having loops arranged in
walewise and coursewise rows,

one of said webs having thick and thin
yarns, the thick yarns forming groups of adjacent
generally parallel lengths and the thin yarns forming
groups of adjacent parallel lengths,

the groups of thick yarns alternating with
the groups of thin yarns to produce a ridged effect in
the web, with ridge lines being defined by the
adjacent rows of loops of thick yarns,

the groups of thin yarns intermediate said
ridge lines producing air-entrapping channels in said
one web.

2. A fabric according to Claim 1, wherein said
ridged effect appears on the surface of the one web
which confronts the other web, whereby the other web
is effective to close the air-entrapping channels of
the one web within the interior of the knitted fabric.

3. A fabric according to Claim 1, wherein said
ridged effect appears on the surface of the one web
which is opposite the surface which confronts the
other web to provide air-entrapping channels on an
outer surface of the knitted fabric.
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4. A fabric according to Claim 1, wherein said
ridged effect appears on both surfaces of the one web,
the ridges on opposite surfaces being in registry and
the air-entrapping channels on opposite surfaces also
being in registry.

5. A fabric according to Claim 1, wherein the
Ne yarn size of the thin yarns is approximately twice
the yarn size of the thick yarns.

6. A fabric according to Claim 5, wherein the
yarn size of the thick yarns is in the range of 10 Ne
to 20 Ne, and the yarn size of the thin yarns is in
the range of 26 Ne to 36 Ne.

7. A fabric according to Glaim 1, the other of
said confronting webs having yarns of intermediate
thickness throughout providing a substantially smooth
surface on each surface of said web.

8. A fabric according to claim 1 in which said
webs are stabilized and/or balanced to avoid spirility
and puckering.

9. A winterweight garment adapted to be worn on
the torso, said garment being fabricated from a
knitted fabric comprising two confronting webs, one
overlying the other and united at intervals by a
stitch of the yarn of one web engaging the other web,

said stitches in the one web being spaced apart

walewise in said web by a p..  :lity of courses in said
one web and being tied into tue other web at points
lixewise spaced apart by a plurality of courses,

one of said webs having thick and thin
yarns, the thick yarns being grouped in spaced-apart
sequences of adjacent courses, and the thi: yarns
being grouped in sequences of adjacent courses between
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the spaced-apart sequences of adjacent courses of the
thick yarns,

the grouped courses of thick yarns
alternating with the grouped courses of thin yarns to
produce a ridged effect in the web, with ridge lines
being defined by the grouped courses of thick yarns,

the grouped courses of thin yarns
intermediate said ridge lines producing air-entrapping
channels in said one web.

10. A garment according to Claim 9, wherein said
ridged effect appears on the surface of the one web
which confronts the other web, whereby the other web
is effective to close the air-entrapping channels of
the one web within the interior of the knitted fabric.

11. A garment according to Claim 9, wherein said
ridged effect appears on the surface of the one web
which is opposite the surface which confronts the
other web to provide air-entrapping channels on an
outer surface of the knitted fabric, said outer
surface being positioned on the inside of the
fabricated garment which confronts the torso.

12. A garment according to Claim 9, wherein said
ridged effect appears on both surfaces of the one web,
the ridges on opposite surfaces being in registry and
the air-entrapping channels on opposite surfaces also
being in registry, said one web being positioned on
the inside of the fabricated garment which confronts
the torso.
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13. A garment according to Claim 12, the other
of said confronting webs having yarns of intermediate
thickness throughout providing a substantially smooth
surface on each surface of said web, said other web

5 being positioned on the outside of the fabricated
garment.

14. A winterweight garment according to claim 9
in which the confronting webs are balanced and/or
stabilized to avoid spirility and puckering.
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