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57 ABSTRACT 
Warp knit twill, sharkskin or pique fabrics having a 
ground fabric structure formed by one or more yarns 
knit in every course and every wale to provide a 
ground structure, and yarns alternately laid-into the 
ground structure in a pattern which advances course 
wise as it alternates wale wise resulting in an effect 
which appears diagonally or obliquely to the course 
and wale directions throughout one or more surfaces 
of the fabric. Each of the laid-in yarns is substantially 
within a wale, and periodically makes an excursion 
toward or into an adjacent wale, laying in around the 
bases of two lap portions of yarn which terminate in 
that adjacent wale, the laid in yarn pulling the bases of 
those laps toward the wale in which the laid in yarn 
primarily lies, thereby periodically disrupting the uni 
formity of the technical back side of the warp knit fab 
ric, and simultaneously tightening the loop which joins 
the two aforementioned laps thereby distorting the 
technical face of the warp knit fabric, to provide a 
pattern effect. 

34 Claims, 21 Drawing Figures 
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WARP KNIT TWILL, SHARKSKIN AND PIQUE 
FABRICS 

This invention relates in general to simulated twill, 
sharkskin, and pique fabrics, and more specifically to 
warp knit twill, sharkskin, and pique fabrics, including 
warp knit elastic fabrics having the surface effects of 
twill, sharkskin, and pique fabrics. 
Known twill, sharkskin, and pique fabrics, have typi 

cally been produced by weaving yarsn to produce a pat 
tern which extends obliquely to the warp and weft di 
rections which characterize woven fabrics. More spe 
cifically, woven twills have the appearance of diagonal 
lines or ribs produced by passing the weft threads over 
one and under two or more warp threads, instead of 
merely passing under the next one warp thread. Woven 
piques have the appearance of raised diamond or hex 
agonal shaped patterns extending diagonally or 
obliquely to the warp and weft directions on the surface 
of the fabric. Woven sharkskins are like very fine 
piques having the appearance of an animal skin pat 
tern, for example, a diamond-like pattern extending di 
agonally or obliquely to the warp and weft directions. 

In contrast to woven fabrics, the structure of warp 
knit fabrics is more complicated. It is therefore not so 
easy to produce diagonal or oblique patterns in warp 
knit fabrics as it is in woven fabrics. However, warp 
knit fabrics have distinct advantages over woven fab 
rics, including the fact that warp knit fabrics are more 
extensible and therefore more readily accommodate 
the movements of a wearer of garments manufactured 
from warp knit fabrics. In addition, warp knit fabrics 
are today typically made of materials which are less 
prone to creasing and wrinkling, and the warp knit fab 
ric structure itself provides improved resistance to 
creasing and wrinkling, thereby providing a fabric 
which is easier to care for than woven fabrics. Still fur 
ther, warp knit fabrics have in the last few years been 
manufactured in quite elastic form, including highly 
elastic spandex yarns, for example, to provide light 
weight elastic fabrics, which when manufactured into 
garments readily conform to body curvatures and may 
even provide some support. Such fabrics have become 
particularly popular in applications such as swimsuits. 
However, such elastic fabrics are typically made having 
uniform, flat surfaces, with visual effects usually being 
provided by use of yarns of different color, or by fabric 
printing techniques. 
Furthermore, while bare elastic yarns provide desir 

able high elastic elongations and stretch recovery, such 
yarns also have certain undesirable characteristics 
which typically must be dealt with in producing com 
mercially acceptable elastic fabrics. One of those prob 
lems is that bare rubber and bare spandex yarns have 
an undesirably clammy feeling when brought into 
contact with human skin. Another undesirable charac 
teristic is that bare rubber and bare spandex yarns are 
difficult to dye with dyes suitable for use in coloring 
commonly used textile yarns. Therefore if fabrics in 
corporating both the common yarns and the bare rub 
ber or spandex yarns are to be dyed after being knit, it 
is desirable to cover the rubber or spandex yarns with 
the relatively inelastic yarns. Similarly, it is desirable to 
cover bare rubber or spandex yarns with the relatively 
inelastic yarns in order to avoid direct contact between 
the undesirably clammy rubber or spandex yarns and 
human skin when garments made from such fabrics are 
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2 
worn next to the skin. There is a continuing need for 
warp knit elastic fabric structures wherein the desirable 
elasticity characteristics of bare rubber and spandex 
yarns may be used, while minimizing yarn consumption 
of both elastic and inelastic yarns per unit fabric area. 
There is also an apparent absence of elastic fabrics hav 
ing twill, sharkskin and pique surface effect. 

BRIEF SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide 
warp knit fabrics which overcome the above-noted dis 
advantages of prior art fabrics. It is more specifically an 
object of this invention to provide warp knit twill, 
sharkskin, and pique fabrics, and particularly warp knit 
elastic fabrics having twill, sharkskin, and pique surface 
effects. 
The foregoing objects and others are accomplished in 

accordance with this invention by providing a ground 
structure formed by one or more hard or texturized, 
relatively inelastic yarns knit in every course and every 
wale to provide a rather opaque ground structure, and 
alternately laying yarns into that ground structure in a 
pattern which advances coursewise as it alternates wale 
wise to result in an effect which appears diagonally or 
obliquely to the course and wale directions throughout 
one or more surfaces of the resultant fabric. Each of 
the laid-in yarns is laid substantially within a wale, and 
periodically makes an excursion toward or into an adja 
cent wale, laying-in around the bases of two lap por 
tions of yarn which terminate in that adjacent wale, the 
laid in yarn pulling those laps toward the wale in which 
the laid-in yarn primarily lies, thereby periodically dis 
rupting the uniformity of the technical back side of the 
warp knit fabric, and simultaneously tightening the 
loop which joins the two aforementioned laps thereby 
distorting the technical face of the warp knit fabric, to 
thereby provide a pattern effect. The laid-in yarns may 
be of any desired type, including hard yarns, textured 
yarns, or even relatively highly elastic yarns. 

BRIEF DESCRIPTION OF THE DRAWINGS 
For a better understanding of the invention as well as 

other objects and further features thereof, reference is 
made to the following detailed disclosures of preferred 
embodiments of the invention taken in conjunction 
with the accompanying drawings thereof, wherein: 
FIG. 1 is an about 10X photomicrograph of the tech 

nical face of a warp knit twill fabric of the present in 
vention, and FIG. 1B is a photomicrograph of the tech 
nical back of the same fabric. 
FIG. 2 is an about 10X photomicrograph of the tech 

nical face of a warp knit sharkskin fabric of the present 
invention, and FIG. 2B is a photomicrograph of the 
technical back of the same fabric. 
FIG. 3 is an about 10X photomicrograph of the tech 

nical face of a warp knit sharkskin fabric of the present 
invention, and FIG. 3B is a photomicrograph of the 
technical back of the same fabric. 
FIG. 4 is an about 10X photomicrograph of the tech 

nical face of a pique fabric of the present invention, 
and FIG. 4B is a photomicrograph of the technical back 
of the same fabric. 
FIG. 5 is an about 5x photomicrograph of the techni 

cal face of a warp knit pique fabric of the present in 
vention, and FIG. 5B is a photomicrograph of the tech 
nical back of the same fabric. 
FIG. 6 is an about 5X photomicrograph of the techni 

cal face of a warp knit pique fabric of the present in 
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vention, and FIG. 6B is a photomicrograph of the tech 
nical back of the same fabric, 
FIG. 7 is a point diagram schematically illustrating 

the patterns by which each of four yarn sets or warps 
are knit into a fabric of the present invention. 
FIG. 8 is a point diagram schematically illustrating 

the patterns by which each of four yarn sets or warps 
are knit into another fabric of the present invention. 
FIG. 9 is a point diagram schematically illustrating in 

superimposed form, the stitch pattern by which the 
four yarn sets of FIG. 8 are knit together to form a fab 
ric according to the present invention. 
FIG. 10 is an about 18X scanning electron photomi 

crograph of the technical back of a fabric made accord 
ing to the pattern illustrated in FIG. 9, said fabric being 
extended in both the course and wale directions. 
FIG. 11 is an about 18X scanning electron photomi 

crograph of the technical face of a fabric knit accord 
ing to the pattern illustrated in FIG. 9, said fabric being 
extended in both the course and wale directions. 
FIG. 12 is a point diagram schematically illustrating 

in superimposed form, the stitch patterns by which the 
four yarn sets of FIG. 7 are knit together to form a fab 
ric according to the present invention. 
FIG. 13 is a point diagram schematically illustrating 

is superimposed form, another stitch pattern by which 
the four yarn sets of FIG. 7 are knit together to form 
another fabric according to the present invention. 
FIG. 14 is a point diagram schematically illustrating 

in superimposed form, another stitch pattern by which 
the four yarn sets of FIG. 8 are knit together to form 
another fabric according to the present invention. 

FIG. 15 is a point diagram schematically illustrating 
in superimposed form still another stitch pattern by 
which the four yarn sets of FIG. 8 are knit together to 
form still another fabric according to the present inven 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The warp knit twill, sharkskin, and pique fabrics of 
the present invention are made by knitting one or more 
yarns into a rather opaque ground structure, and alter 
nately laying threads into that ground structure in pat 
terns which sequentially or periodically distort the 
technical back and/or technical face of the fabric to 
provide an effect which appears diagonally or obliquely 
to the course and wale directions throughout one or 
both faces of the fabric. The ground structure is typi 
cally knit in every course and every wale, and is typi 
cally formed of one or more hard or textured, relatively 
inelastic yarns. The yarns which are laid into the 
ground structure are typically laid-in in a pattern which 
alternates walewise and which advances course-wise so 
that the surface effects which result from the laid-in , 
yarn appear diagonally or obliquely to the course and 
wale directions. 
One preferred way of making the warp knit twill and 

sharkskin fabrics of the present invention is to knit one 
or more types of yarns together using the stitch pattern 
Bar 1: 2-0, 2-4 
Bar 2: 24, 2-0 
Bar 3: 4-4, 2-2, 4-4, 0-0 
Bar 4: 4-4, 0-0, 4-4, 2-2 

said stitch pattern being given in Raschel designations. . 
Those skilled in the art will appreciate that such a stitch 
pattern, or combination of bar movement patterns, 
conventionally define the coordinated movements by 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
which the guide bars feed yarns to the knitting needles 
during knitting, and such a stitch pattern also defines 
the way in which the yarns lie in relationship to each 
other in the resultant fabric. Typically, two sets of 
yarns, usually of the same type, are knit according to 
the Bar 1 and Bar 2 patterns, to form a substantially 
uniform ground fabric structure, which absent the sets 
of yarns laid-in by Bars 3 and 4, would not itself illus 
trate any extraordinary surface effect. Other yarns, 
which may be the same type as the yarns used in the 
ground structure, or different, are laid-into the ground 
structure according to the Bar 3 and Bar 4 patterns. 
The foregoing patterns for Bars 1, 2, 3, and 4, are sche 
matically illustrated in point diagram notation in FIG. 
7. 

In the present invention, the ground structure is typi 
cally formed of one or more yarn sets or warps which 
knit stitch loops in every course and every wale. In the 
stitch pattern illustrated in FIG. 7, the ground fabric is 
formed from two warps or sets of yarns, one yarn of 
each of the two warps knitting in every course and 
every wale. In actual practice this would be done by 
fully threading Bar 1 and Bar 2 across the appropriate 
desired fabric width on a warp knitting machine, for ex 
ample a tricot or a Raschel machine, and knitting those 
fully threaded bars, using the stitch pattern, or bar 
movement patterns, disclosed above and shown in FIG. 
7. Such warp knitting machines are typically provided 
with appropriate pattern chains or cams to operate the 
guide bars in accordance with a desired stitch pattern. 
While the ground structure is thus formed with two full 
warps of yarns, the yarns which are laid-in according to 
the Bar 3 and Bar 4 patterns illustrated in FIG. 7, are 
laid-in using two complementary warps, each threaded 
one-in, one-out, one of which is placed in the fabric by 
the Bar 3 pattern, and the other of which is placed in 
the fabric by the Bar 4 pattern. The total number of 
ends of laid-in yarns may therefore be approximately 
equal to the total number of ends in one of the two full 
warps which are knit together by the patterns of Bar 1 
and Bar 2 to form the ground fabric structure. 
The most common way to alternate the respective 

yarns of two complementary warps, as typically used 
for placing the inlaid Bar 3 and Bar 4 yarns in a fabric, 
is to prepare one warp for Bar 3, single ends of which 
are threaded one-in, one-out through alternate guides 
of a third bar of a warp knitting machine across the de 
sired fabric width, and prepare another complementary 
warp from which single ends are threaded one-in, one 
out, through alternate guides of a fourth guide bar of 
the warp knitting machine. However, there are other 
ways of alternating the yarns of the two complementary 
warps to still place a full complement of inlaid yarns in 
the fabric while still achieving the desired surface ef 
fects of the present invention. For example, the yarns 
of each of Bar 3 and Bar 4 could be placed in the fabric 
by threading those bars on the machine two-in, two 
out, respectively, or three-in, three-out, respectively. 
Furthermore, the Bar 3 and Bar 4 warps may be differ 
ently threaded, but still complementary. For example, 
the warp fed to Bar 3 of the knitting machine may be 
threaded two-in, one-out, through the guides of the 
third guide bar across the desired fabric width, and the 
complementary fourth guide bar warp threaded two 
out, one-in, through the guides of the fourth guide bar. 
While such variations in how the alternating laid-in 
threads are placed in the fabric will make some varia 
tion in the resultant surface effects, for example they 
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may vary the angle at which the dominant lines of the 
pattern intersect the wale and course lines of the warp 
knit fabric, the principles by which the surface effects 
are created in such warp knit fabrics are basically the 
same. In further variations of the present invention, the 
total number of laid-in yarns need not comprise a full 
warp. In this way, ground fabrics having stripes of twill, 
sharkskin or pique surface effects throughout their 
length, may be produced. 
Two of the aforementioned ways of alternating the 

laid-in yarns in fabrics using the stitch patterns illus 
trated in FIG. 7, are shown in FIGS. 12 and 13. In FIG. 
12, the Bar 3 and Bar 4 yarns are alternated one-in, 
one-out, and in the FIG. 13 combination, the Bar 3 and 
Bar 4 yarns are alternated two-in, two-out. The results 
of making changes such as those illustrated by the com 
binations of FIGS. 12 and 13, may be visually appreci 
ated by comparing FIGS. 1 and 2, which show fabrics 
which are made using the combination in FIG. 12, with 
the fabric of FIG. 3, which shows a fabric manufac 
tured using the combination of FIG. 13. FIG. 1 shows a 
warp knit twill fabric of the present invention, and FIG. 
2 shows a warp knit fabric of the present invention 
which is more akin to a sharkskin fabric, produced 
using the same yarns and stitch pattern used in making 
the fabric shown in FIG. 1; however, the length of yarn 
fed from one of the warps which forms the ground fab 
ric was reduced, thereby altering the appearance of the 
surface effect. This illustrates another way in which the 
basic principles of the present invention may be used to 
create a somewhat different surface effect. FIG. 3 
shows a fabric which exhibits an even more accentu 
ated sharkskin effect produced by the stitch pattern il 
lustrated in FIG. 13. 
A preferred way of making the warp knit pique fab 

rics of the present invention is to knit one or more types 
of yarns together using the stitch pattern 
Bar 1: 2-0, 2-4 
Bar 2: 2-4, 2-0 
Bar 3: 4-4, 2-2, 4-4, 2-2, 4-4, 2-2, 4-4, 0-0 
Bar 4: 4-4, 2-2, 4-4, 0-0, 4-4, 2-2, 4-4, 2-2 

said stitch pattern being given in Raschel designations. 
As in the previously described fabrics of the present in 
vention, one or more yarns may be knit, usually in 
every course and every wale to form a ground fabric 
structure and in the fabric defined by this stitch pat 
tern, or combination of bar movement patterns, two 
warps or sets of yarns are knit together, one by the pat 
tern of Bar 1, and another by the pattern of Bar 2, to 
form a substantially uniform ground fabric structure. 
Again, two complementary partial warps of yarn are 
laid into the fabric by the patterns of Bar 3 and Bar 4, 
and it is the laid-in yarns which create surface effects in 
the resultant fabric. FIG. 8 schematically illustrates the 
foregoing pattern of Bars 1,2,3, and 4 in point diagram 
notation. 
The points diagrams of FIG. 8 are also helpful in illus 

trating the present invention, in that it can be seen that 
the yarns which are laid into the structure by the pat 
terns of Bar 3 and Bar 4 are generally laid into a single 
wale, for example the wales labelled A in FIG. 8, and 
those laid-in yarns only periodically make an excursion 
toward or into an adjacent wale labelled B in FIG. 8. 
Now that this principle has been pointed out in FIG. 8, 
it is also clear that yarns laid into fabrics in accordance 
with the patterns of Bar 3 and Bar 4 of FIG. 7, also lie 
primarily in one wale, labelled A' in FIG. 7, and period 
ically make an excursion toward or into the adjacent 
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6 
wale labelled B' in FIG. 7. As previously mentioned, 
the alternating laid-in yarns appear to advance course 
wide as they advance wale-wise to provide the surface 
effects of the present invention. The wale-wise alterna 
tion has previously been explained. The course-wise 
advance of the pattern of the alternate laid in yarns, 
may best be explained by following in successive wales 
the course-wise advance of those portions of the laid-in 
yarns which make an excursion out of the wale in which 
a particular yarn is primarily laid-in, toward or into the 
adjacent wale. This is illustrated, for example, in FIG. 7 
where it is seen that the Bar 4 yarn first makes an ex 
cursion into wale B' on course II", and then the Bar 3 
yarn makes an excursion into its adjacent wale B' in 
course IV". Returning then to Bar 4 yarn, it next makes 
an excursion into its adjacent wale B' in course VI", and 
then the Bar 3 yarn makes an excursion into its adja 
cent wale B' finally in course VIII". It will be appreci 
ated that when the yarns are laid-in according to the 
patterns of FIG. 8, that the Bar 4 yarn first makes an ex 
cursion into adjacent wale B on course IV, while the 
Bar 3 yarn first makes an excursion into its adjacent 
wale B in course VIII. 
A simple combination of the patterns of FIG. 8, is 

shown in FIG.9 where two full warps of yarns are sche 
matically illustrated as being knitted according to each 
of the Bar 1 and Bar 2 patterns, respectively, and two 
complementary half warps, alternately threaded one 
in, one-out, are schematically illustrated laid-into the 
aformentioned ground structure according to the Bar 3 
and Bar 4 patterns. The patterns schematically illus 
trated in FIG. 9 illustrated even more fully the course 
wise progression of the periodic excursions in the laid 
in yarns, and why those combinations of laid-in yarns 
produce diagonal or oblique surface effects in the fab 
rics of the present invention. For example, observe the 
excursions of the laid-in yarns as one moves from the 
yarns laid-into wale C to the yarn laid-into wale D to 
the yarn laid-into wale E, and eventually to the yarn 
laid-into wale F. Accompanying that wale wise progres 
sion, it is seen that the excursion in the laid-in yarns oc 
curs in courses IV, VIII, XII, and XVI, respectively, and 
that those excursions of the laid-in yarns lie on a line X, 
which is oblique to both the wale and course directions 
of the fabric, 
The way in which the surface effects caused by the 

excursions of the laid-in yarns, is photomicrograph 
ically shown in FIGS. 10 and 11, which are respectively 
about 18X scanning electron photomicrographs of the 
technical back and technical face of a fabric made ac 
cording to the pattern shown schematically in FIG. 9 
the fabric having been photomicrographed when ex 
tended in both the course and wale directions. 
Since the course-wise progression of the excursions 

of the laid-in yarns is advanced the same number of 
courses between excursions in each of the two laid-in 
yarns, it does not matter at which side edge of the fab 
ric one starts in locating such an oblique line on a dia 
gram such as FIG.9. For example, one can just as easily 
locate such an oblique line by considering the excur 
sions of the yarns which are primarily laid-in wales G, 
F, E, and D, respectively, which lie on a substantially 
straight line Y, which is likewise oblique to both the 
wale and course directions in the fabric of FIG. 9. How 
ever, so long as the number of courses between excur 
sions in the two laid-in sets of yarns is the same, and as 
long as the excursions occur on different courses in the 
yarns of the two different laid-in warps, it does not mat 
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ter how many courses the individual excursions of the 
laid in yarns of one warp are offset from the excursions 
of the yarns of the other laid-in warp, since any such 
offsetting will produce the desired oblique surface ef. 
fects in the fabrics of the present invention. 
One way in which the excursions of the laid in yarns 

manifest themselves in the fabric of the present inven 
tion, is that in making an excursion toward or into the 
wale adjacent to the wale in which a laid in yarn pri 
marily lies, the laid-in yarn loops or passes about the 
base of two lap portions of one of the ground fabric 
yarns, and tends to pull the bases of those lap portions, 
which otherwise extend in directions away from the ex 
cursion of their associated laid-in yarn, toward the wale 
in which that laid-in yarn primarily lies, giving the ap 
pearance that those two laps actually extend across ap 
proximately two wales. This is shown, for example, in 
FIG. 10 where the path of laid in yarns K, L, M, and N 
have been superimposed upon the photomicrograph, 
and at each of the excursions of these yarns, which tend 
to pull the base of laps which terminate in the adjacent 
wale back toward the wale in which the laid-in yarn pri 
marily lies, those distended laps have been labelled 20. 
It is readily seen that those laps apparently terminate 
somewhere between the wale in which the laid-in yarn 
which is pulling those laps primarily lies, and the adja 
cent wales toward which the excursion of the laid in 
yarn took place. Using as a point of reference the point 
at which the bases of the distended laps seem to disap 
pear between the wales, it can be seen that the effect 
caused by the excursions of the laid in yarns progresses 
wale-wise throughout the fabric along oblique lines 
represented by lines X' and Y'. Since point diagrams 
are usually drawn as if looking down upon the technical 
back of the fabric, the apparent paths of the laid-in 
yarns shown in FIG. 9 and FIG. 10 are similar. 
FIG. 11 then shows the paths of the laid-in yarns su 

perimposed upon a photomicrograph of the technical 
face of a fabric of the present invention, the same fab 
ric whose technical back was shown in FIG. 10, and 
whose stitch pattern is shown in FIG. 9. The paths of 
the laid-in yarns have been labelled K', L' and M', sub 
stantially corresponding to the designations used in 
FIG. 10. Of course in this face view of the fabric, the 
excursions of the laid-in yarns take place toward the 
opposite edge of the fabric. In the face view of FIG. 11 
the lap portions of one of the ground yarns, which are 
distended towards each of the wales in which the laid in 
yarns primarily lie, are visible, but that portion of those 
laps which extends behind a wale and away from the 
excursion of their associated laid-in yarn, have been su 
perimposed on the photomicrograph of FIG. 11, and 
labelled with the numeral 20". FIG. 11 also shows that 
the stitch loops 21, which connect the laps 20' which 
are distended on the technical back of the fabrics of the 
present invention, are distended on the technical face 
of the fabric so that each of the stitch loops 21 connect 
ing correspondingly distended laps 20', is canted more 
obliquely to the wale line than the other loops in that 
wale line. These extraordinarily canted loops form a 
wale-wise progression on the face of the fabric, those 
canted loops lying on a line which is also oblique to 
both the wale and course directions of the fabrics of the 
present invention, as indicated by lines X' and Y'. As 
thus shown on the face of the fabric in FIG. 11, and as 
shown on the technical back of the fabric in FIG. 10, it 
is clear that the advantageous twill, sharkskin, or pique 
patterns in the warp knit fabrics of the present inven 
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8 
tion may occur on either the technical face or the tech 
nical back of the fabrics, and either side may be used as 
the desired effect surface, depending upon the applica 
tion by the user. 

Just as FIGS. 12 and 13 illustrated two combinations 
in which the pattern of FIG.7 may be used in fabrics of 
the present invention, FIGS. 14 and 15, in addition to 
FIG. 9 illustrate various combinations in which the pat 
tern of FIG. 8 may be used to produce fabrics accord 
ing to the present invention. In FIG. 14, the yarns laid 
into the fabric according to the Bar 3 and Bar 4 pat 
terns of FIG. 8, occur in a two-in, two-out alternation. 
The FIG. 15 pattern schematically illustrates a fabric 
wherein the laid-in yarns are placed in the fabric in al 
ternation in three-in, three-out, sequences, respec 
tively. . 

All of the foregoing makes it clear than the two sets 
of laid-in yarns of the present invention have stitch pat 
terns wherein each laid-in yarn is primarily laid into 
one wale, and makes periodic excursions into an adja 
cent wale. The number of courses between the periodic 
excursions in each of the two sets of laid-in yarns is the 
same, but those excursions do not occur in the same 
course in both sets of laid-in yarns. The only further re 
quirement to produce the advantageous twill, shark 
skin, or pique effects of the present invention is that the 
length of the yarn laid-into each wale be short enough 
so that when the laid in yarn makes an excursion into or 
toward an adjacent wale, and when the fabric comes off 
the machine, the laps of the ground yarn around which 
the laid in yarn passed as it made the excursion into or 
toward the adjacent wale, are distended from their nor 
mal termination in the adjacent wale to an apparent 
termination closer to the wale in which the laid-in yarn 
primarily lies. It will also be appreciated that to effec 
tively achieve these results, the excursions of the laid-in 
yarn should be coordinated with the ground fabric 
structure in such a way that the excursion or extended 
portion of the laid-in yarn passes around the base of 
laps which themselves otherwise extend in the opposite 
direction from the wale in which their associated laid-in 
yarn primarily lies. 
Accompanying the distention of the pair of laps 

about which the laid-in yarn made the excursion, is the 
corresponding distortion or canting of the stitch loop 
which joins those two laps in the technical face of the 
fabric. 
The types of yarns which may be used in the present 

invention may include any textile yarns capable of 
being knitted on a warp knitting machine a needle bar 
and a plurality of, usually at least three or four, guide 
bars. Since in the preferred fabrics of the present inven 
tion, the laid-in yarns, are almost entirely hidden or 
sandwiched within the wales of the fabrics, even yarns 
which have undesirable characteristics insofar as exter 
nal appearance or effect is concerned, may be used as 
the laid-in yarn. For example, bare rubber of spandex 
elastic yarns have an undesirable clammy feeling when 
contacted by human skin, and typically give an undesir 
able "grin-through" in fabrics because such yarns are 
difficult to dye with dyes suitable for use in coloring 
more common textile yarns. But such yarns may be ef 
fectively covered when used as the laid-in yarns in the 
present invention. It is therefore clear that it is the 
ground fabric yarns which are exposed in the fabrics of 
the present invention, and which will provide those fab 
rics with desired esthetics such as hand and color. Simi 
larly, it is the ground yarns, one of which is knit in every 
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course and every wale of the fabric, which will limit the 
extensibility of the fabrics of the present invention. But 
where relatively elastic yarns are used as the laid-in 
yarns, they provide good clastic elongation and stretch 
recovery to the inventive fabrics. In that regard it 5 

should be noted that a particularly preferred embodi 
ment of the present invention is one wherein hard, or 
textured yarns are used in the ground fabric, and highly 
elastic yarns, such as spandex, are laid-into such a 
ground fabric. In such combinations, the present inven 
tion provides highly desirable elastic warp knit twill, 
sharkskin, or pique fabrics. 
Accordingly, yarns suitable for use as the ground 

structure yarns in the present invention, include any of 
the well known relatively inelastic yarns, such as nylon, 
polyester, acetate rayon, or other yarns, in either rigid 
or textured form, and may include any natural yarns 
such as cotton or silk. Similarly, any of the foregoing 
yarns may be used as the laid-in yarns in the present in 
vention. Furthermore, relatively elastic yarns such nat 
ural or synthetic rubber yarns, or any of the spandex 
yarns, such as DuPont's Lycra, may be laid-in to pro 
vide elastic warp knit fabrics according to the present 
invention. The relatively elastic yarn in the present in 
vention is usually used in its bare condition, without 
covering such as a spiral winding. The word "yarn" is 
used herein in the generic sense to include any sort of 
elongate flexible member which may be knit on a warp 
knitting machine, and may include threads, filaments, 
strands, or yarns, whether they be monofilament, multi 
filament, continuous filament, or comprise spun 
shorter fibers. It will of course be appreciated that the 
foregoing yarns are only representative of those useful 
in the present invention, and are in no way intended to 
limit the scope of application of the principles of the 
present invention. 
During knitting of the fabrics of the present inven 

tion, the length of each set of yarns fed to the knitting 
machine (i.e., the runner length of each warp) need 
only be sufficient to accommodate the movements of 
the knitting elements of the machine without breaking 
yarn or breaking knitting elements. However, as men 
tioned earlier herein, the runner length of the laid-in 
yarns should be sufficiently short to cause the excur 
sion portions of the laid-in yarns to pull the base of the 
laps of ground fabric yarn which the excursion loop 
around, out of their usual wale of termination and 
toward the wale in which the laid in yarn containing the 
excursion primarily lies, thereby also distending the 
stitch loop which connects those laps. Any combina 
tion of runner lengths and resultant tensions which pro 
vides the desired result may be used. After the fabric is 
removed from the knitting machine, it may be dyed and 
finished by any means which the user may desire. 
One of the primary advantages of fabrics of the pres 

ent invention is that while the inlaid yarns are typically 
never pulled into a stitch loop or knitted into any 
course of the fabric, they are virtually never exposed on 
either surface of the cloth, so that they cannot be easily 
snagged, picked, or otherwise pulled out of the fabric. 
They therefore provide the warp knit surface effect 
fabrics of the present invention another advantage over 
woven fabrics, since the yarns which cause the desired 
twill, sharkskin, and pique surface effects in the warp 
knit fabrics of the present invention, cannot be 
snagged, picked pulled or run out of the fabric as is pos 
sible in the former woven fabrics. 

O 

- 10 
The following examples are intended to illustrate var 

ious preferred embodiments of the present invention. 
EXAMPLE 

A warp knit twill fabric is made by fully threading Bar 
1 and Bar 2 of a Mayer 64 guage Raschel knitting ma 
chine with 1322 ends of 40 denier 13 filament DuPont 
Antron nylon and threading the third and fourth bars 
one-in, one-out, each with 661 ends of 140 deneier Du 
Pont T-127 Lycra spandex, and knitting those yarns to 
gether in the stitch pattern: Bar 1: 2-0, 2-4; Bar 2: 2-4, 
2-0; Bar 3: 4-4, 2-2, 4-4, 0-0; and Bar 4: 4-4, 0-0, 4-4, 
2-2. The Bar 1 runner length is about 55 inches per 
rack; Bar 2 runner length about 51 inches per rack; and 

5 Bars 3 and 4 each have runner lengths of about 5% 

20 

inches per rack; the Lycra yarns being extended about 
104 percent as warped on the beam. The fabric is knit 
at about 60 stitches per inch on the machine. The resul 
tant fabric is an opaque, warp knit elastic twill fabric 
having a twill surface effect as shown in FIGS. 1 and 
1B, wherein the relatively elatic yarns are substantially 
covered by the ground yarns. In this fabric, as in the 
other fabrics of the present invention, either the techni 
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cal back side, or the technical face side of the fabric 
may be used as the desired exterior effect surface. 
While the greige fabric embodies the present inven 

tion, after knitting the fabric may be finished by any de 
sired technique, specific finishing techniques not being 
a part of the claimed invention. For example, the greige 
fabric taken from the knitting machine may then be run 
into a scray to relax the dry fabric. The fabric may then 
be removed from the scray and run through a wash box 
containing water at about 200F with a small amount of 
detergent therein. The tension settings are set to run 
the fabric through the wash box in a relaxed condition. 
The fabric may be taken from the wash box and framed 
on a small tenterette, with overfeeds and tension con 
trols set to wind the fabric onto a Burlington beam in a 
relaxed condition. The fabric may be Burlington beam 
machine dyed under atmospheric pressure, by steps 
which may include chemically scouring, rinsing, dying, 
heat fixation of the dye, and further rinsing. The fabric 
may then be extracted on a beam extractor, and heat 
set at a desired wale and course count. 

EXAMPLE II 

A warp knit sharkskin fabric is produced using a ma 
chine set up as described in Example I, except that in 
producing this fabric the Bar 2 runner length is about 
48% inches per rack. The resultant fabric is a warp knit 
elastic sharkskin fabric having surface effects as shown 
in FIGS. 2 and 2B. 

EXAMPLE III 

A warp knit sharkskin fabric is produced using a 
setup quite similar to that described in Example I, ex 
cept that the Bar 2 runner length is about 51% inches 
per rack, and instead of being threaded one-in, one 
out, in each of Bars 3 and 4, the Lycra yarns are 
threaded two-in, two-out, in each of guide bars 3 and 4. 
The resultant fabric is a warp knit elastic sharkskin fab 
ric having the surface effects shown in FIG. 3 and 3B. 

EXAMPLE IV 
A warp knit pique fabric is produced by fully thread 

ing the first and second bars of a Mayer 64 guage 
Raschel knitting machine with 1322 ends of 40 denier 
13 filament R-25 DuPont Antron nylon. Bars 3 and 4 
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were each threaded one-in, one-out, with 661 ends of 
140 denier DuPont T-127 Lycra spandex yarns. These 
yarns were knit according to the stitch pattern: Bar 1: 
2-0, 2-4, Bar 2: 2-4, 2-0, Bar 3: 4-4, 2-2,4-4, 2-2,4-4, 
2-2,4-4, 0-0; and Bar 4: 4-4, 2-2,4-4, 0-0,4-4, 2-2,4-4, 
2-2. The runner length of Bar 1 is about 52% inches per 
rack; Bar 2 about 44 inches per rack; and Bars 3 and 4 
each about 6.2 inches per rack, the Lycra yarns being 
extended about 104 percent as warped on the beam. 
The fabric was knit at about 80 stitches per inch on the 
machine. The resultant fabric is a warp knit elastic 
pique fabric having the surface effects shown in FIG. 4 
and 4B, and the knit structure of the fabric is shown in 
more detail in FIGS. 10 and 11. 

EXAMPLE V 
A warp knit pique fabric is produced using a machine 

setup as described in Example IV, except that the 
Lycra yarns in Bars 3 and 4 instead of being threaded 
one-in, one-out, are threaded two-in, two-out, in each 
of Bars 3 and 4. The resultant fabric is a warp knit elas 
tic picque fabric having surface effects shown in FIG. 5 
and SB. 

EXAMPLE VI 
A warp knit pique fabric is produced using a machine 

setup as described in Example IV, except that the 
Lycra yarns in Bars 3 and 4 instead of being threaded 
one-in, one-out, are threaded three-in, three-out, in 
each of Bars 3 and 4. The resultant fabric.is a warp knit 
elastic pique fabric having surface effects as shown in 
FIG. 6 and 6B. 
Although specific components, proportions, and ar 

rangements of elements have been stated in the above 
description of preferred embodiments of this invention, 
other equivalent components and arrangements of ele 
ments may be used with satisfactory results and various 
-degrees of quality, or other modifications may be made 
herein to enhance the invention to thereby increase its 
utility. For example, the ground fabric may comprise a 
single bar fabric, or may be knit using open stitch loops 
in any or all courses and wales. Also, the patterns stated 
herein have been given in Raschel designations, but 
those skilled in the art can readily translate those pat 
terns into tricot designations. It will be understood that 
such changes of details, materials, arrangements of 
parts, and uses of the invention described and illus 
trated herein, are intended to be included within the 
principles and scope of the claimed invention. Any 
greige or finished fabric meeting the limitations of the 
appended claims is intended to be within the scope, of 
the present invention. 
What is claimed is: 
1. A warp knit fabric comprising a first set of yarns 

forming a knit ground structure containing stitch loops 
in every course and wale, and second and third sets of 
yarns laid into the ground structure; each respective 
yarns of said second set primarily lying in one respec 
tive wale of the ground structure, and periodically ex 

least two lap portions of one of the yarns of the ground 
structure, which lap portions otherwise extend in direc 
tions away from the portion of the yarn of the second 
set which extends toward the adjacent wale, and dis 
placing those laps toward the wale in which the yarn of 
said second set is primarily lying; each respective yarn 
of said third set primarily lying in a respective wale of 
the ground structure and periodically extending toward 
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tending towards an adjacent wale, passing around at 60. 

12 
an adjacent wale, passing around at least two lap por 
tions of one of the yarns of the ground structure, which 
lap portions otherwise extend in directions away from 
the portion of the yarn of the third set which extends 
toward the adjacent wale, and displacing those laps 
toward the wale in which the yarn of said third set is 
primarily lying; the yarns of the second and third sets 
making all their periodic extensions in the same direc 
tion, but with the yarns of the third set making their pe 
riodic extensions in different courses from the courses 
in which the yarns of the second set make their periodic 
extensions; said second and third sets of yarns being 
substantially covered by the yarns of the ground struc 
ture, and said fabric having a surface effect on at least 
one face thereof which appears to extend along line 
oblique to the course and wale directions in the fabric. 

2. The warp knit fabric of claim 1, wherein the stitch 
loops of yarn on the technical face of the fabric which 
join the two laps which are displaced by each of the ex 
tending portions of the laid-in yarns, are more oblique 
with respect to the directions of the wales than the 
other stitch loops which comprise said wales. 

3. The warp knit fabric of claim 1, wherein the yarns 
of said second set are primarily laid into different wales 
from the wales in which the yarns of said third set are 
primarily laid-in. 

4. The warp knit fabric of claim 2, wherein a surface 
effect which appears to extend generally along lines 
oblique to the course and wale directions in said fabric 
appears on both faces of the fabric. 

5. The warp knit fabric of claim 1, wherein the yarns 
of said second and third sets alternate across the 
course-wise width of the fabric in such a way that at 
least one yarn of said second set alternates across the 
width of the fabric with at least one yarn of said third 
Set. 

6. The warp knit fabric of claim 1, wherein the yarns 
of said second and third sets alternate across the 
course-wise width of the fabric in such a way that more 
than one yarn of said second set alternates across the 
width of the fabric with more than one yarn of said 
third set. 
7. The warp knit fabric of claim 1, wherein the 

ground structure additionally comprises another set of 
yarns, which knit is every course on every wale in said 
ground structure. 

8. The warp knit fabric of claim 1, wherein the laid-in 
yarns of said second and third sets comprise relatively 
elastic yarns, and said fabric is elastic. 

9. The warp knit fabric of claim 8, wherein said rela 
tively elastic yarns comprise spandex yarns. 

10. The warp knit fabric of claim 7, wherein in said 
ground structure comprises said first set of yarns knit in 
the fabric in the pattern: 2-0, 2-4, and said another set 
of yarns knit in the fabric in the pattern: 2-4, 2-0, said 
patterns being given in Raschel designations. 

11. The warp knit fabric of claim 6, wherein the yarns 
of said second set of yarns are laid-into the fabric in the 
pattern: 44, 2-2,4-4, 0-0, and the yarns of said third 
set are laid-into the fabric in the pattern: 4-4, 0-0,4-4, 
2-2, said patterns being given in Raschel designations. 

12. The warp knit fabric of claim 6, wherein the yarns 
of said second set of yarns are laid-into the fabric in the 
pattern: 4-4, 2-2,4-4, 2-2, 4-4, 2-2, 4-4, 0-0, and the 
yarns of said third set are laid-into the fabric in the pat 
tern: 4-4, 2-2,4-4, 0-0,4-4, 2-2,4-4, 2-2, said patterns 
being given in Raschel designations. 
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13. The warp knit fabric of claim 10, wherein the 
yarns of said second and third sets alternate across the 
coursewise width of the fabric in such a way that at 
least one yarn of said second set alternates across the 
width of the fabric with at least one yarn of said third 
set, and the yarns of said second set of yarns are laid 
into the fabric in the pattern: 4-4, 2-2,4-4, 0-0, and the 
yarns of said third set are laid-into the fabric in the pat 
tern: 4-4, 0-0, 4-4, 2-2, said patterns being given in 
Raschel designations. 

14. The warp knit fabric of claim 10, wherein the 
yarns of said second and third sets alternate across the 
coursewise width of the fabric in such a way that at 
least one yarn of said second set alternates across the 
width of the fabric with at least one yarn of said third 
set, and the yarns of said second set of yarns are laid 
into the fabric in the pattern: 4-4, 2-2,4-4, 2-2, 4-4, 
2-2,4-4, 0-0, and the yarns of said third set are laid-into 
the fabric in the pattern 4-4, 2-2,4-4, 0-0,4-4, 2-2,4-4, 
2-2, said patterns being given in Raschel designations. 

15. A method of manufacturing a warp knitted fab 
ric, comprising the steps of: 

1. fully threading a front guide bar of a warp knitting 
machine across an approximate desired fabric 
width with a first plurality of yarns; 

2. fully threading a second guide bar of said warp 
knitting machine across said approximate desired 
fabric width with a second plurality of yarns; 

3. partially threading a third guide bar of said warp 
knitting machine alternately across said approxi 
mate desired fabric width with a third plurality of 
yarns, 

4. partially threading a fourth guide bar of said warp 
knitting machine across said approximate desired 
fabric width alternately in an arrangement comple 
mentary to the arrangement of yarns threaded 
through said third guide bar; and 

5. operating said warp knitting machine, said guide 
bars feeding yarns to the needle bar of said ma 
chine according to the combination of bar move 
ment patterns: 
front bar: 2-0, 2-4 
second bar: 2-4, 2-0 
third bar: 4-4, 2-2, 4-4, 0-0 
fourth bar: 4-4, 0-0, 44, 2-2 

said patterns being given in Raschel designations. 
16. The method of claim 15, wherein said third and 

fourth guide bars are threaded with yarns comprising 
bare relatively elastic yarns. 

17. The method of claim 15, wherein each yarn of 
said third and fourth pluralities is laid-into primarily 
one wale of the resultant fabric, and the length of each 
of said third and fourth pluralities of yarns fed to the 
needle bar is sufficiently short so that as the fabric is 
manufactured portions of each one of said yarns of said 
third and fourth pluralities extend toward a wale adja 
cent to the wale in which said one yarn primarily lies, 
each said portion passing around two lap portions of a 
yarn from said first plurality of yarns, displacing those 
lap portions toward the wale in which said one yarn pri 
marily lies. 

18. A method of manufacturing a warp knitted fab 
ric, comprising the steps of: 

1. fully threading a front guide bar of a warp knitting 
machine across an approximate desired fabric 
width with a first plurality of yarns; 
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2. fully threading a second guide bar of said warp 

knitting machine across said approximate desired 
fabric width with a second plurality of yarns; 

3. partially threading a third guide bar of said warp 
knitting machine alternately across said approxi 
mate desired fabric width with a third plurality of 
yarns; 

4. partially threading a fourth guide bar of said warp 
knitting machine across said approximate desired 
fabric width alternately in an arrangement comple 
mentary to the arrangement of yarns threaded 
through said third guide bar; and 

5. operating said warp knitting machine, said guide 
bars feeding yarns to the needle bar of said ma 
chine according to the combination of bar move 
ment patterns: 
front bar: 20, 2-4 
second bar: 2-4, 2-0 
third bar: 4-4, 2-2,4-4, 2-2,4-4, 2-2, 4-4, 0-0, 
fourth bar: 4-4, 2-2, 4-4, 0-0, 4-4, 2-2, 4-4, 2-2, - 

said patterns being given in Raschel designations. 
19. The method of claim 18, wherein said third and 

fourth guide bars are: threaded with yarns comprising 
bare relatively elastic yarns. : 
20. The method of claim 19, wherein each yarn of 

said third and fourth pluralities is laid-into primarily 
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one wale of the resultant fabric, and the length of each 
of said third and fourth pluralities of yarns fed to the 
needle bar is sufficiently short so that as the fabric is 
manufactured portions of each one of saidyarns of said 
third and fourth pluralities, extend toward a wale adja 
cent to the wale in which said one yarn primarily lies, 
each said portion passing around two lap portions of a 
yarn from said first plurality of yarns displacing those 
lap portions toward the wale in which said one yarn pri 
marily lies. 

21. A method of knitting a warp knit fabric, compris 
ing: 

knitting a first set of yarns forming a plurality of 
courses and wales of stitch loops in a ground fabric 
construction, with the yarns forming stitch loops in 
each course and each wale, 

and simultaneously laying complementary second 
and third sets of yarns into said ground construc 
tion, each respective yarn of said second and third 
sets being laid into primarily one respective wale of 
the ground fabric construction, and the length of 
each of said second and third sets of yarns laid-into 
the fabric being sufficiently short so that portions 
of each one of the yarns of said second and third 
sets extend in the same directions, but in different 
courses between sets, toward a wale adjacent to the 
wale in which said one yarn primarily lies, each said 
portion passing around two lap portions of a yarn 
from said first set of yarns, which lap portions ex 
tend in a direction away from said wale in which 
the inlaid yarn primarily lies, and displacing those 
lap portions toward the wale in which said one yarn 
primarily lies. 

22. The method of claim 21, wherein said ground 
fabric construction is additionally formed by knitting 
together said first set of yarns with still another set of 
yarns, additionally forming at least one yarn of said ad 
ditional set into a stitch loop in each course and each 
wale of the ground fabric construction. 
23. The method of claim 21, wherein said second and 

third sets of yarns comprises bare, relatively elastic 
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yarns, and said bare, relatively elastic yarns are sub 
stantially covered by the yarns of said first set. 

24. The method of claim 22, wherein said second and 
third sets of yarns comprise bare, relatively elastic 
yarns, and said bare, relatively elastic yarns are sub 
stantially covered by the yarns of said first set. 

25. The method of claim 23, wherein said relatively 
elastic yarns are elastically elongated before being laid 
into the ground fabric construction. 
26. The method of claim 22, wherein the fabric is 

knitted on a warp knitting machine, and said first set of 
yarns is supplied to the knitting needles of said machine 
through a front guide bar fully threaded across an ap 
proximate desired fabric width, said another set of 
yarns is supplied to said knitting needles through a sec 
ond guide bar fully threaded across said approximate 
fabric width, said second set of yarns is supplied to said 
knitting needles through a third guide bar partially and 
alternately threaded across said approximate fabric 
width, said third set of yarns is supplied to said knitting 
needles through a fourth guide bar partially and alter 
nately threaded in an arrangement complementary to 
the arrangement of yarns threaded through said third 
guide bar, and operating said machine so that the front 
and second guide bars feed yarns to the needles accord 
ing to the bar movement patterns: 
front bar: 2-0, 2-4 
second bar: 2-4, 2-0 

said patterns being given in Raschel designations. 
27. The method of claim 26, additionally comprising 
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to the needles, in synchronization with the bar move 
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16 
ment patterns of said front and second bars, according 
to the bar movement patterns: 

third bar: 4-4. 2-2, 4-4, 0-0 
fourth bar: 4-4, 0-0, 4-4, 2-2 

said patterns being given in Raschel designations. 
28. The method of claim 26, additionally comprising 

operating said third and fourth guide bars to feed yarns 
to the needles, in synchronization with the bar move 
ment patterns of said front and second bars, according 
to the bar movement patterns: 

third bar: 4-4, 2-2, 4-4, 2-2, 4-4, 2-2, 4-4, 0-0 
fourth bar: 4-4, 2-2, 4-4, 0-0, 4-4, 2-2, 4-4, 2-2 

said patterns being given in Raschel designations. 
29. The method of claim 26, wherein the arrange 

ments in which said second and third sets of yarns are 
threaded through said third and fourth guide bars, re 
spectively, is such that at least one yarn of said second 
set alternates with at least one yarn of said third set 
across said approximate fabric width as said second and 
third sets are laid into the ground construction. 

30. The method of claim 29, wherein said second and 
said third sets of yarns comprise bare, relatively elastic 
yarns. 

31. The method of claim 30, wherein said relatively 
elastic yarns are elastically elongated before being sup 
plied through a guide bar. 

32. The method of claim 21, wherein only one yarn is 
laid into each wale of the fabric. 

33. The method of claim 26, wherein only one yarn is 
laid into each wale of the fabric. 

34. The warp knit fabric of claim 1, wherein only one 
of the yarns laid into the fabric lies in each wale of the 
fabric. 
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