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This invention relates to knitted fabrics of 
mesh formation and of net characteristics hav 
ing a lace-like appearance. 

Net fabrics have until comparatively recently 
been made exclusively on Special lace or bookin 
net machines. Because of the high labor Cost 
entailed in the operation of Such machines, their 
use has generally been confined to countries 
where wages are relatively ow; and they Were 
accordingly not generally commercially used in 
the United States. 
Attempts have been made to produce on knit 

ting machines netting simulating the product of 
net machines, because of the lower operating 
cost of conventional knitting machines. While 
this has resulted in Some Success in the produc 
tion, in this country, of knitted fabrics With 
mesh characteristics, the disadvantages of the 
knitting methods employed in this Connection 
have been sufficiently serious as not to enable 
the netting produced thereby to be connercially 
competitive with the products of the lace Yaa 
chines, either from a cost or a structural view - 
point. 
Two general knitting methods have heretofore 

been employed in the production of netting Sint 
lating the products of bobbin-net lace inachines. 
One method employs half-gauge knitting with 
two bars, each bar knitting at every course. The 
other method employs full-gauge knitting with : 
two bars, one bar knitting at every course, and 
the other bar laying-in at every course. These 
methods are employed in conjunction. With Warp 
or Rashel machines, the construction of which 
is well known to those skilled in the art. . . 
Although the said first method enables the 

production of netting with either diamond or 
hexagonal net formations during the actual knit 
ting process, it has the disadvantage of producing 
a relatively heavy and narrow product, and is 
otherWise not economical and commercially co 
petitive with the imported bobbin-net laces. 
The second method above mentioned produces 

a wider fabric, and with more yards per pound 
of yarn than the first method, but it has several : 
disadvantages which Seriously impair its corn 
mercial use. It produces only a hexagonal mesh, 
whereas the conventional bobbin-net product is 
generally diamond-shaped; and Since the pur 
chasing public is accustomed to diamond-shaped 
netting, there is obviously sales resistance to the 
hexagonal product. Furthermore, the netting 
of the said Second method is knitted as an irregul 
lar mesh, and assumes a regular hexagonal shape 
only when stretched during a Stilbsequent finish 
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ing Operation, after the fabric is removed from 
the machine. And in Such apparatus, it is in 
portant that the back beam tension be properly 
Set, Since varied or improper tensions result in 
a distorted pattern that cannot possibly be made 
truly hexagonal in the finishing. Still another 
disadvantage of the said Second method resides 
in the fact that it employs inlay threads which 
intermesh. With and run in zigzag fashion through 
the knitted Stitches of the front bar; and since 
these threads are not locked, it is possible to 
Snag the ends thereof and produce flaws through 
out the fabric. Another disadvantage of the 
last-mentioned knitting method for producing 
netting is that it is not effectively employable 
With conventional stop-notion devices which are 
Sensitive to holes, and can accordingly stop knit 
ting rachines only when a hole is formed. Since 
in Said Second method an end out in the back 
bean makes a run rather than a hole, the con 
Ventional stop-inotion machine is ineffective and 
frequently results in yards of material having 
runs therein. 

It is primarily within the contemplation of 
25 this invention to obviate the use of lace-making 
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machines by employing a warp type of knitting 
machine to produce a fabric in which the basic 
advantages of each of the said two prior knit 
ting methods are retained, whereas the aforesaid 
shortcomings thereof are eliminated. More spe 
cifically, it is an object of my invention to pro 
duce a relatively wide fabric with a maximum 
yards of material produced per pound of yarn, 
and te enable the production selectively either 
of a diamond or hexagonal netting construction 
during the knitting process, rather than during 
the finishing process after the product is removed 
frOn the machine. 

t is a further important object of my inven 
tion to present a fabrie with uniformly shaped 
meshes, each containing locked threads, and 
Without the danger of a snagging of the ends to 
produce ruins or other fabric flaws. 
And it is within my contemplation to enable 

Said knitted netting to be produced on conven 
tional warp or Rashel machines, or even on modi 
fied machines for the production of tricot fabric, 
merely by employing certain formulas for tw 
chainS, in conventional manner. 
In the production of the various fabrics of my 

invention, at least two bars are employed that 
are capable of wrapping around a needle, so as 
to performa Knitting orstitch function in con 
ventional manner, full-gauge construction being 
employed with yarn being supplied from two 
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bars. A pair of threads, one from each bar, is 
deployed between two adjacent needles accord 
ing to formula. 
The basic requirements for the production of 

the various fabrics of my invention are: (1) 
that only one bar knits at any course-the back 
bar floating or laying-in when the front bar 
knits, and the front bar floating when the back 
bar knits; and (2) that a pair of threads, one 
derived from each of the two bars, make, in the 
Series Set-up, One or more Stitches On tWO ad 
jacent needles. 

During the operation of a machine wherein 
there are the above-mentioned basic require 
ments, there results a coalescence of certain 
Stitches and a subsequent elongation of others. 
By combining stitch courses with float or inlay 
on both bars, there is effected a change in length 
of certain Stitches, that is, there is a distortion 
of the Stitches due to the take-up action and the 
uniform tension, all in a manner to make the 
fabric lose. "knit' characteristics and aSSume 
“net' characteristics. The final fabric contains 
a locked Symmetrical mesh free from irregul 
larity, the legs of the polygon constituting the 
net formation being joined together at well 
defined junctions. The Said final product is a 
knitted fabric which so closely resenbles a con 
ventional netting as to make the knitted struc 
ture thereof not readily discernible even to ex 
perienced knitters. 

Referring to the drawings, 
Figure 1 is an enlarged diagrammatic view of 

one form of fabric according to my invention, 
showing the formation of loop, inlay and float 
elementS in their theoretical undistorted and un 
Stretched condition. 

Figure 2 is a diagrammatic view substantially 
like Fig. 1, but showing the fabric elements in 
their stretched condition substantially as they 
appear while being knitted, the diamond-shaped 
mesh formations being shown considerably en 
larged. - 

Figure 3 is a plan view, in semi-diagrammatic 
form, of a portion of the completed fabric of the 
Structure shown in Fig. 2, this view being con 
siderably reduced from Fig. 2, but being larger 
than actual size, and 

Figure 4 is an enlarged diagrammatic view, 
Substantially like Fig. 2, but showing another 
form of fabric. 

For illustrative purposes, the drawings show 
a number of vertical rows or series of looped, 
floated and laid-in yarn. In Fig. 1, for example, 
the rows are identified by the reference numer 
als I, II, III and HIV, it being understood that a 
multiplicity of such rows are simultaneously 
formed during the knitting process to make the 
completed fabric. Two threads are employed 
for forming these rows, these pairs of threads 
being designated as A1 and B1, A2 and B2, and 
A3 and B3, respectively. It will here be assumed 
that A1, A2 and A3 are front bar threads, and 
B1, B2 and B3 are rear bar threads. The hori 
ZOntal courses are designated by the reference 
letters, T, U, V, W, X, Y, Z. 
During the knitting operation, the thread A1, 

in emerging from previously formed loop a in 
course T, is formed by the front bar into the 
loop fla in course U, and at the same time the 
thread B1 is laid-in by the rear bar in the same 
course, the laid-in portion being designated 2a. 
In the next course V, a Stitching operation is 
formed on thread B1, to form the loop 3a; and 
at the same time the thread A1 is made to float 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

75 

4. 
during the course, the floating portion being des 
ignated 4a. Thread A1 is then knitted into the 
loop. 5a in the course W; and at the completion 
of this course, section 6a of thread Al is carried 
to row II (that is, to an adjacent needle around 
which it is operatively wrapped in conventional 
manner) and formed into loop a in said row 
II, courSe X. While the la St-mentioned action 
takes place, section 8a of yarn B1 is floated and 
Carried to row TI and laid in at i 9a in Said row 
X. Thread B1 is then knitted to form the loop 
20a at course Y in the same row, while section 
2a of thread A1 is floated through course Yand 
then knitted to form the loop. 22a, whereafter 
Section 23a thereof is carried back to row I to 
form loop 24a in the next adjacent course. This 
process is continued in subsequent courses by re 
peating the steps described with reference to 
formation of the said previously made loops, 
Such as a, 3a and 5a in courses U, V and W, 
and the floats and laid-in portions of the threads 
a SSociated therewith. 

Similarly, yarns A2 and B2, and A3 and B3 are 
looped, floated and laid-in to form the portions 
of the fabric comprised of rows II, III and IV, 
and as many other rows as can be formed by the 
needles on the machine. The loops, foats and 
laid-in sections in rows II, III and IV are des 
ignated by reference nunerals analogous to 
their respective counterparts above described, 
whereby it will be unnecessary to repeat the de 
Scription for all the illustrated rows. Suffice it 
to say that loops b, c, b, c, 3b, 3c, 15b, 
5c, í 5d, 17b, c, 29b, 22e, 24b and 2e correspond 

to previously described loops fa, i fa, 3a, 5a, 
fa, 23a, 22a and 24a, and that the floats, laid-in 
and other sections 2b, 2c, 4b, 4c, 6b, 6e, 
8b, 8o, 19b, 19o, 2 lb, 2 le, 23b and 23e correspond 

to the previously described analogous sections 
2a, f4a, 6a, 8a, 9a 2a and 23a. 
In Order to readily be able to follow the inter 

movement of the various threads from the for 
nation of loops, floats and laid-in sections to 
the final desired mesh formation, it should be 
borne in mind that in the structure above de 
Scribed, the arrangement of the components of 
the rows and courses illustrated in Figure 1 is 
merely diagrammatic, and shows the fabric ele 
ments in their theoretically unspread condition. 
Actually, during the knitting process tension is 
continuously being applied to the fabric elements 
being formed, so that there is an inter-sliding 
movement between adjacent interengaged 
thread sections, whereby the appearance of the 
loop, float and inlay sections is substantially 
like that illustrated in Fig. 2. 
More Specifically, the knitting tension causes a 

shortening of certain interknitted loops and a 
corresponding elongation of the diagonally car 
ried-over laps and laid-in or float sections, as 
Well as an elongation of adjacent loops in the 
Sane course extending from floated yarn, there 
being accordingly pairs of elongated portions 
forming the four sides of a diamond-shaped mesh 
configuration, and the shortened loops virtually 
coalescing into What may be regarded as knots 
tying together the terminals of said sides. In 
other Words, although there is uniform tension 
throughout the fabric elements being knitted, 
there is actually a distortion of the fabric whereby 
it no longer resembles a knitted fabric but rather 
a net fabric that looks closely like the product of 
bobbin-net machines. 
Thus, by referring to Fig. 2, it will be seen that 

in the operatively stretched fabric containing the 
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vertical rows of Wales V, VI, VI, VIII, IX and X, 
there has been a contraction of the loops la, 3a, 
and 7a, 29a, for example, as well as of the corre 
sponding loops lb, 13b, and b, 20b, and fic, 
f3e, and dic, 20c, the contracted or coalesced 
pairs of loops extending in parallel horizontal 
roWS Such as roWS R. and S the 10OpS Of each pair 
being in adjacent parallel courses. Between ad 
jacent parallel pairs of the coalesced loops, along 
rows R and S for example, are the elongated 
thread portions that form the legs of the Said 
diamond formations. These elongated portions 
are, for example, the diagonally-carried-over lap 
section. Sb and the float section 8b, forming one 
side of the diamond D; adjacent loop 5b on the 
same course forming a Second side of the dia 
mond; the diagonally.-carried-back lap Section 
23b and the float Section 25b forming a third side 
of the diamond; and the adjacent loop. 22a. On 
the same course forming the fourth side of the 2 
diamond. It is apparent that all other diamond 
formations are produced in the Same manner. 

It will be clarifying to note that if the arrows 
K, L, M and N indicate the opposing pulls that 
cause tension in the respective sections 6b, Sb, 
2b and Ob, the pairs of the loops in rows S and R. 
are contracted due to these pulls, Whereas the 
carried-over lap sections and loops, Such as lap 
6b and loop 5b for example, extending from un 

knitted float 4b, are elongated, together With 
unknitted float 8b, by the contraction of Said 
pairs of loops. In other words, the slack caused 
by the contraction of Said pairs of coalescing loops 
is taken up by thread sections that are either 
directly extending from or are themselves un 
knitted laid-in or floated thread Sections. 
The fabric of Fig. 2 is obviously greatly en 

larged. In actual size the coalesced locked, loops 
are visible only as fine junctures for the Well-de 
fined sides of the diamond formations, in view of 
the fine denie yarns that are used for this fabric, 
The finished product is a locked symmetrical 
mesh, of lace-like appearance; and the product 
comes Off the machine in finished Shape. 
In Figure 4, which shows another form of 

fabric according to my invention, a plurality of 
pairs of threads E1 and F1 are employed, these 
being respectively front and rear bar threads. 
This fabric contains the vertical roWS or Wales 
XI, XIII, XIII, XIV, XV, XVI and XVIII, and 
horizontal rows or courses O, G, P, H. and Q. 
Considering the thread elements that make up 
the diamond formation D1, for example, it Will 
be necessary to follow the threads in Wales XII, 
X and XIV. 
Thread E1, extending through previously 

formed loop 26, is formed into a loop 27 at course 
O in Wale XIII, and at the same time thread F1 
is laid-in at 28. The lap 29 is then carried over 
as a float to the next adjacent wale XIV and 
stitched into a loop 30. In the meantine the ex 
tension of laid-in portion 28 is formed into loop 
3 which extends diagonally into Wale XII and 
interloops, at course P, with the loop 32 in Said 
last-mentioned wale, the opposite lap 33 of loop 
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3 being carried over diagonally to Wale XIV 
and being laid-in at 34 in course P. Lap 35 of 
loop 30 is then carried back to wale XIII and 
stitched into loop 36 which is interlooped at Course 
Q with loop 3 extending diagonally from Wale 
X. 

It will be noted that thread 29 is a float, and 
that thread section 33 is a lap of loop 3 which 
extends from laid-in portion 28, thereby account 
ing for the elongation of Said thread Sections 29 
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6 
and 33 upon the operative contraction of loops 27 
and 30-to form One side of the diamond D1. It 
Will similarly be noted that the other sides of the 
diamond are formed from threads which are 
either themselves floats, or which extend from 
floats or laid-in portions. 

It Will further be noted that in both forms of 
the fabric herein illustrated, as well as in many 
other forms possible within the scope of my in 
Vention, there is a certain basic structure. In 
Such basic structure there are a plurality of pairs 
of Warp threads carried over from one wale to an 
adjacent Wale, the two threads of each of said 
pairs forming loops in each Wale at different 
Courses, there being courses in which one of said 
threads is unknitted and not formed into loops. 
In Such courses the said unknitted threads are 
either fiOated or inlaid. 

For example, in Figure 2, the pair of threads 
A2 and B2 have portions 6b and fab, respectively, 
carried over from Wale VII to adjacent Wale 
VIII, portion i b forming loop ?7b in Wale 
VIII at course X, and portion i 8b forming loop 
2)b in course Y, portion 9b of thread B2 being 
unknitted (and being laid-in) in course X, and 
portion 2 Ab of thread A2 being unknitted (and 
floating) in Course Y. Similarly, in Figure 4, 
one of the pairs of threads El and F1 have por 
tions 29 and 33, respectively, carried over from 
wale XIII to wale XIV, portion 29 forming loop 
33 in Wale XIV at course P, and portion 33 being 
laid-in, that is, being unknitted, at Said latter 
course. By referring to wale XIII, it will also 
be noted that terminal loop portion 38 of por 
tion 3 of an F1 thread is positioned in Said 
Wygle XI at the UppermOSt; portiOn Of CorSe H, 
lap 35 of thread E1 being also disposed in course 
H. Accordingly the structure of Figure 4 con 
forms to the basic requirement above men 
tioned, tiere being a plurality of pairs of Warp 
threads, carried over from One Wale to an ad 
jacent Wale, there being loops formed by said 
threads in each Wale at different courses, there 
being courses in Which one of the two threads is 
either floated or laid in. 

in forming the fabric of Figures 1 and 2, the 
following foistula, is employed: 

Chain I: 20, 22, 20, 24, 22, 24 
Chgain II: . . 00, 02, 00, 44, 42, 44 

In the production of the fabric of Figure 4, 
te foj?O'YWirg formula, is USed 

Chailín II: 29, 0í0, 24, 44 
Chain II: {}0, 02, - 44, . 42 

Cther forms of fabric, as aforesaid, may be 
made by employing the above-mentioned, basic 
structure, but enploying other formulas. For 
example, to produce a fabric With hexagonal 
Ineshes, the following for aula, may be employed: 

Chain. I: 20, 22, 22, 20, 24, 22 22, 24 
Chain II: -00, 02, 20, 09, 44, 42, 24, 44 
Any of the fabrics produced in accordance 

with my invention can be readily fabricated by 
those skilled in the art; and the resulting fabric 
will have a very well-defined lace-like appear 
ance as well as the other characteristics here 
inabove Innentioned. 

In the description hereinabove given the vari 
ous threads or yarns are designated as warp 
threads since they are supplied from Warp 
beams. The carried-over and carried-back por 
tions of the threads, such as 16b and 23b of 
Fig. 1, are lap portions and they are herein fre 
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quently designated as such. Although in Warp 
knitting machines the back bar can either float 
or lay-in, whereas the front bar can only float, 
the functions of the laid-in and floated Sections 
of the threads are substantially similar, in this 
invention, in producing the elongations and con 
tractions above-mentioned. And hence, since 
such floats and laid-in sections are all unknitted 
portions of the threads, they are designated in 
the claims, for convenience, as unknitted floats, 
regardless of whether or not they are technical 
floats or laid-in sections. 
In the above description, the invention has 

been disclosed merely by way of example and in 
preferred manner; but obviously many Varia 
tions and modifications may be made therein. It 
is to be understood, therefore, that the inven 
tion is not limited to any specific form or man 
ner of practicing same, except insofar as Such 
limitations are specified in the appended claims. 

I claim: 
1. In a lace-like knitted fabric of Substantially 

uniform polygonal mesh formation, a plurality 
of pairs of warp threads formed into a plurality 
of Wales and courses, the two threads of each of 
said pairs forming interengaged contracted loops 
in Wales at different courses, to constitute junc 
ture portions of said polygonal mesh formation, 
one of the two threads of each of Said pairs hav 
ing floated portions in certain courses and the 
other of said two threads having laid-in portions 
in certain other courses, a plurality of pairs of 
said threads extending from one wale to another 
wale in a single course to form sides of Said po 
lygonal mesh formation. 

2. In a lace-like knitted fabric of substantially 
uniform polygonal mesh formation, a plurality 
of pairs of warp threads formed into a plurality 
of wales and courses, the two threads of each of 
said pairs forming loops in wales at different 
courses, one of the two threads of each of Said 
pairs being unknitted in certain courses and 
the other of said two threads being unknitted 
in certain other courses, a plurality of pairs of 
thread sections extending diagonally from One 
wale to another and interengaging said loops, 
said loops being of contracted formation and 
constituting the junctures of the sides of the 
polygonal meshes of said formation, said diagon 
ally extending pairs of thread sections being of 
relatively extended length and constituting the 
sides of Said polygonal meshes. 

3. In a lace-like knitted facric of Substan 
tially uniform diamond-shaped mesh formation, 
a plurality of pairs of Warp threads formed into 
a plurality of Wales and courses, the two threads 
of each of Said pairs forming contracted loops 
in Wales at different courses, one of the two 
threads of each of Said pairs being unknitted in 
certain courses and the other of said two threads 
being unknitted in certain other courses, each 
diamond-shaped mesh comprising four sides in 
terconnected with said contracted loops, said 
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sides each comprising a pair of thread sections, 
the pairs of thread Sections at Opposite sides of 
the mesh comprising, respectively, two sections 
of One of the said two threads, and two Sections 
of each of the said two threads. 

4. In a lace-like knitted fabric of Substantially 
uniform polygonal mesh formation, a plurality 
of pairs of warp threads formed into a plurality 
of Wales and courses, the two threads of each of 
said pairs forming contracted and elongated 
loops at different courses, a plurality of pairs of 
Said threads extending from one wale to another 
in a single course, one thread of each of said 
pairs constituting knitted loops in two Successive 
courses, and the other thread of each of said 
pairs constituting inlaid Sections in said two suc 
cessive courses, said threads which constitute 
Said knitted loops constituting floats, and said 
other threads constituting knitted loops in the 
courses respectively preceding and following said 
tWO Successive Courses. 

5. In a lace-like knitted fabric of substantially 
uniform polygonal mesh formation, a plurality 
of pairs of Warp threads formed into a plurality 
Of Wales and courses, the two threads of each of 
Said pairs forning contracted and elongated 
loops at different courses, each loop being inter 
engaged with another single loop, one thread of 
each of Said pairs of threads forming a single 
elongated loop in a polygon of said polygonal 
Inesh formation. 

6. In a lace-like knitted fabric of substan 
tially uniform polygonal mesh formation, a, plu 
rality of pairs of warp threads formed into a 
plurality of Wales and courses, the two threads 
of each of Said pairs forming contracted and 
elongated loops at different courses, a plurality 
of pairs of Said threads extending from one wale 
to an adjacent Wale in a single course, one thread 
of each of Said pairs having an inlaid portion and 
the other thread of each of said pairs having a 
floated portion in a side of a polygon of said 
polygonal mesh formation. 

7. In a lace-like knitted fabric of Substantially 
uniform polygonal mesh formation, a plurality 
of pairs of Warp threads formed into a plurality 
of Wales and courses, the two threads of each of 
Said pairs forming contracted and elongated 
loops at different courses, the junctures of adja 
cent sides each being formed from a single con 
tracted loop. 

FREDRIC L. ABEL. 
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