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This invention concerns automatic warp-knitting.

Conventional warp-knitting methods and machines are
capable of producing varied patterns and fabric effects.
In conventional warp-knitting machines however, only
two basic types of stitches are possible, namely an open-
loop and a closed, or crossed, loop in which the yarn end
from the supply overlies the other leg of the loop. This,
in itself, limits the range of fabric constructions, which can
be obtained on such machines.

The present invention is based on the appreciation of
the fact that if the overlap and underlap of the yarn could
be achieved without the use of yarn guiding instrumentali-
ties which move both longitudinally of the machine bed,
and transversely between the needles (as do the conven-
tional guides) other types of stitches could be produced,
and therefore an increase in the range of fabric construc-
tions facilitated.

According to the present invention, a method of auto-
matic warp knitting comprises the cyclical course-forming
steps of guiding yarn ends passing from the supply to the
last course of the fabric, each at a point at the opposite
side of the needles to the fabric, substantially longitu-
dinally of the needle bed, to a position corresponding to
the desired lay of the yarn ends at the fabric side of the
needles, thereafter guiding the yarn ends adjacent the last
course of the fabric substantially at right angles to the
needle bed to assume the desired lay, all whilst the
needles are retracted so as not to interfere with the guided
yarn ends, thereafter moving the needles into a position
for engagement with said guided yarn ends, thereafter
guiding the yarn ends, at a point at the opposite side of
the needles to the fabric, substantially longitudinally of
the needle bed to a position corresponding to the desired
lay of the yarn ends at the opposite side of the nesdles
to the fabric, thereafter guiding the yarn ends substan-
tially at right angles to the needle bed to assume said de-
sired lay, for engagement with the needle hook, thereafter
operating the needles to engage the yarn so laid, in the
hooks thereof, and carry same through the loops of the
previously knitted course.

The yarn ends may, when being guided to said position
corresponding with the desired lay at the opposite side
of the needles to the fabric, be moved first in one direc-
tion longitudinally of the needle bed and then in the
other direction longitudinally of the needle bed, the ends
being restrained at the point of reversal of movement to
form open loops lying across the needles whereby one or
other leg of said loops may be engaged by the needle
hooks and passed over said hooks into the needle stem.

The invention also includes an automatic warp knitting
machine, having cyclicly operable course forming instru-
mentalities, comprising means adapted to guide yarn ends
passing from the supply to the last course of the fabric,
each at a point on the opposite side of the needles to the
fabric, substantially longitudinally of the meedle bed, to
a position corresponding to the desired lay of the yarn
ends at the fabric side of the needles, other means adapted
thereafter to guide the yarn ends adjacent the last course
of the fabric substantially at right angles to the needle
bed to assume the desired lay, means for holding the
needles retracted meanwhile to prevent interference with
the yarn ends so guided, and adapted thereafter to move
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the needles into a position for engagement with the guided
varn ends, means adapted thereafter to guide the yarn
ends, at a point at the opposite side of the needles to
the fabric, substantially longitudinally of the needle bed
to a position corresponding to the desired lay of the yarn
ends at the opposite side of the needles to the fabric,
other means thereafter adapted to guide the yarn ends,
at ‘the opposite side of the needles to the fabric, substan-
tially at right angles to said ncedle bed to assume the
desired lay, for engagement with the needle hook, and
means thereafter adapted to operate the needles to engage
the yarn so laid, in the hooks thereof, and to carry same
through the loops of the previously knitted course.

Preferably said means adapted to guide the yarn ends
to a position corresponding to the desired lay at the oppo-
site side of the needles to the fabric can be arranged to
be operative so as to move said yarn ends first in one
direction longitudinally of the needle bed and then in the
other direction longitudinally of the needle bed for this
purpose, and further comprising means, about which by
these movements, the yarn ends are each wrapped to form
open loops lying across the needles, and means for caus-
ing one leg or the other of each such loop to be engaged
by the respective needle hook, prior to passing thereover
onto the needle stem.

The invention will now be described further, by way of
example, with reference to the accompanying diagrams
and drawings.

In the diagrams, and in accordance with the invention:

FIGURES 1a, laa, 1b, 1c, 1cc, 1d, 1dd, e, lee, 1f, 1ff,
lg, 1gg, 1h and 1hh illustrate the knitting of a conven-
tional open-loop fabric;

FIGURES 2a, 2b, 2¢, 2d, 2dd and 2e, illustrate the
knitting of a conventional crossed loop fabric;

FIGURES 3q, 3b, 3¢, 3d, 3¢, 3ee, 37, 3ff, 3g, 3gz, 3n,
3hh, 3i, 3j and 3k illustrate the knitting of another type
of crossed loop fabric;

FIGURES 4 and 5 show the knitted structure of FIG-
URES 24 to 2¢ and FIGURES 34 to 3% according to the
point paper convention;

FIGURES 6a, 65, 6c, 6d, 6dd, 6e, 6ee, 61, 6ff, 62, 6gg,
6h, 67 and 6 illustrate the knitting of yet another type of
crossed loop fabric;

FIGURE 7 shows the knitted structure of FIGURES
6a to 6] according to the point paper convention; and

FIGURES 8q, 8aa, 8b, 8bb, 8¢, 84 and 8e illustrate a
variation of the knitting illustrated in FIGURES 34 to 3k.

These diagrams are intended to illustrate, in a simple
yet adequate manner the range of stitches which can be
knitted according to the present invention. The mech-
an}'sms whereby the knitting instrumentalities of a ‘ma-
chine would perform their necessary various movements
are not illustrated at all in the diagrams but one embodi-
ment of a machine including such mechanisms is described
later with reference to the drawings in which:

FIGURE 9 is a front elevation of the machine, with
much of the central portion omitted to reduce the view
to convenient dimensions;

FIGURE 10 is an end elevation from the right of
FIGURE 9;

FIGURE 11 is a more detailed front view of the lower
part of the left-hand end of the machine shown in FIG-
URES 9 and 10;

FIGURE 12 is a sectional view on the line XII—XII
of FIGURE 11;

FIGURE 13 is a detail view to a larger scale of the
knitting instrumentalities shown in FIGURE 12;

FIGURE 14 is a detail end view from the left of FIG-
URE 11;

FIGURE 15 is a detail plan view corresponding to
FIGURE 14; and

FIGURES 16 and 17 are each point paper illustrations
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of different stitches which can be produced by the ma-
chine in the same course.

Referring first to FIGURES 1a to 1g, FIGURE 14 il-
Tustrates diagrammatically a short section of a warp knit-
ting machine at the end of a cycle. FIGURE lag is an
end view corresponding to FIGURE 1a, and these two
figures together indicate the positions of the basic in-
strumentalities used in practising the present invention,
such positions being somewhat different from those of
conventional warp knitting machines. Gt, G2, G3 etc.
indicate guides mounted on a common guide bar (the
guide elements are so arranged that other elements, e.g.
sinkers and combs, can pass freely between them); B1,
B2, B3 etc. the needle beards in section; 81, S2, S3 etc.
the needle stems in section; and SK1, SK2, SK3 etc. the
sinkers, all mounted in a sinker block (only the end views
e.g. FIGURE 1aga show both the sinkers and sinker
block).

The knitting of an open loop fabric (0-1/2-1) will be
described (with reference to FIGURES la, 1laa to FIG-
URES 14, 1hh).

As stated, FIGURE 1a shows the situation (in plan)
at the end of a cycle, with the needles below the level
of the sinker block (omitted from FIGURE 1a for clar-
ity, but see FIGURE 1laa). The guides, by a suitable
movement of the guide bar, now displaced one needle
space to. the right as shown in FIGURE 16 (ie. G1
moves to the position previously occupied by G2, G2 to
G3 etc. in FIGURE 14) and the threads pass over the
tops of the needles as in FIGURE 1b. The sinkers SK1
etc. are now withdrawn into their block catching the
threads in the manner of FIGURES 1c¢ and Icc. The
needles start to rise and the guide bar shifts two spaces
to the left taking the threads around the outsides of the
beards as in FIGURES 1d and 1dd. To ensure that the
threads enter the beards later in the cycle, a comb C
(FIGURES 1le and lee) pushes the threads against the
needle beards. As the needles continue to rise the threads
fall off the beards onto the stems (see FIGURES 1f and
1ff). It will be noted that the guides and comb rise
with the needles. The needles now fall and the threads
1! enter the beards. The latter are then closed by a
presser, P (FIGURES 1f and 1ff), so that as the needles
fall further the loops L, (see FIGURE 1g) of the
previous course (shown in only some of the figures
in the interests of clarity) ride over the beards. A special
bifurcated presser (see later) is used which ensures that
the beards remain closed for a sufficiently long period,
to enable the loops L, to pass onto the beards. The
comb C is withdrawn as soon as the beards are closed;
the presser is withdrawn when the loops L, have been
penetrated (FIGURES 1g and 1gg). Finally, at the
knock-over position (see FIGURES 1% and 14%) the loop
L, is cast off the needle leaving the new loop L, on the
needles as shown in FIGURES 14 and 1hh. Meanwhile,
the guides have fallen to the position shown in FIGURE
1hh ready for the start of the nmext cycle. In the next
cycle the guides move to the left so that the next loop
from thread L; is knitted on needle S, eic.

It will be seen that the major difference between this
method and the conventional method is that the underlap
operation (FIGURES 16 and lcc) is carried out by a
combination of guide and sinker movement. As a result,
there is no need for the guides to pass between the needles.

The knitting of a crossed loop fabric is shown in FIG-
URES 24 to 2e; the construction is 1-0/1-2 (see FIG-
URE 4) and is theoretically identical with such a crossed
loop fabric knitted by the conventional methods. The
only material differences between the embodiment of
FIGURES la to 14 and FIGURES 2a to 2e is that in
the case of the latter embodiment the overlap movement
is in the same direction as the underlap movement; and
that, when knitting multifilament yarn an extra guide bar
movement of one pitch to the left occurs between the
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4
positions of FIGURES 2¢ and 2d to prevent accidental
picking up of filaments by the needles as they rise.

By using a second comb it is possible to knit two fur-
ther loops which are outside the range of normal warp
knitting machines. This arises from the fact that in the
method of knitting according to the present invention it
is possible to wrap the thread in the form of a loop round
the needle beard, as will shortly be described.

In a crossed loop knitted on a conventional machine
the thread from the supply always lies above the other
leg of the loop. Such a loop can therefore be uncrossed
by a suitable subsequent movement of the guide bar.
With the method of knitting according to the invention
it is possible to knit crossed loops in which the supply
thread lies below the other leg. Such a loop cannot be
uncrossed. Its formation will now be described with
reference to FIGURES 3a to 3k. The initial gnide move-
ments, which are similar to those in the knitting opera-
tions already described are illustrated in FIGURES 3a to
3d, and are not described in detail. The situation shown
in FIGURE 3d having been reached an additional comb
C! moves in transversely of the needle bed (and from
the front of the machine) passing over the threads to the
guides (FIGURES 3¢ and 3e¢e). The guide bar is then
displaced two needle spaces to the right so that the thread
passes round the comb C! (FIGURES 3f and 3ff). FIG-
URES 3g and 3gg and FIGURES 3% and 3hh show the
thread disposition just before the thread enters the beard.
The part of the beard below the section is shown in these
figures on needle S, to make this clear. It will be seen
that the additional comb C! in combination with the
comb C is used to create an open loop or fold in the
thread under the beard. This means that it is possible to
enter the top part L;! of the thread under the beard into
the needle hook via the comb C. When the beard is
closed, as in FIGURE 3i it is completely wrapped by the
loop formed by the thread L,—L;l. When the loop of
the last course is in the process of being cast-off, the loop
on the beard is pushed up the beard, over the top part
of the needle, until it lies on the stem. In thus being
turned through 180° it becomes crossed as in FIGURE
3j. Finally, as the guides start the next cycle (after the
knock-over) the loop takes up the disposition shown in
FIGURE 3k. The difference between such a loop and
a normal crossed loop can be illustrated on point paper in
the manner shown in FIGURE 4 (conventional crossed
loop) and FIGURE 5 (crossed loop just described).

The reason for the bifurcation of the presser P will
be apparent from the preceding description and FIGURE
3hf from which it is seen that the additional comb C!
has to operate in the plane of the presser P and in over-
lapping motion with it. The recess in the end of presser
P provided by virtue of the bifurcation enables this move-
ment of the additional comb C! to take place.

By a slight modification to the guide bar movement it
is possible to produce loops with a double crossing. The
stitch formation is illustrated in FIGURES 64 to 6j and
is described now. The representation on point paper is
shown in FIGURE 7. FIGURE 64 shows the situation
at the end of a knitting cycle just after the knock-over
operation. The needles and guides are in their lowest
positions, Thus when the sinkers are withdrawn into
their block (FIGURE 6b) the threads to the guides are
picked up and held at the fronts of the needles. When
knitting multifilament yarn, the guides now move one
pitch to the left (not shown) to avoid filaments being
caught by the needle as it rises. The guides then move
one or two pitches to the right as the case may be, as
they and the needles rise, such that the threads lie round
the beards as shown in FIGURE 6c. At this point the
comb C! enters and passes over the threads to the guides
as shown in FIGURES 6d and 6dd. ' The needles and
guides continue to rise, the guides meanwhile moving
two pitches to the left in order to wrap the threads round
the comb C? (see FIGURES 6¢ and 6ee). The entry of
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the comb C now ensures that the threads are held against
the needle beards as shown in FIGURES 6f and 6ff. As
a result of the upward motion of needles, guides and
comb C (comb C! remaining stationary), the threads fall
off the beards to give the situation shown in FIGURES
6g and 6gg. The upper portion of the thread to the
guides L,! is now in a position to enter into the beard as
the needle falls. Once this has taken place, the beard
is closed by the action of the presser P so that the lower
portion of the thread L, cannot enter into the beard.
The combs C and C? are now withdrawn, but the presser
remains in position until the previously knitted loop L,
has started to ride up the outside of the beard (as a result
of the downward motion of the needles); the situation
is illustrated by FIGURES 64 and 6i. In FIGURE 6i
the presser has been withdrawn and the loop L, is riding
up the outside of the beard. The knock-over occurs
when the needles reach their lowest positions; the result-
ing loops are doubly crossed as shown in FIGURE 6j.

It will be appreciated that the position of the addi-
tional comb C! is critical in the formation of the two
crossed stitches just described. The nature of the cross-
ing depends entirely upon whether the leg Ly or the leg L,
enters the beard. This can be turned to good advantage
in the following manner. Referring to FIGURES 84 and
8aa (c.f. FIGURES 3¢ and 3gg) it will be seen that by
raising the additional comb C! such that it maintains
the same position relative to C it is possible to enter 1,
into the beard instead of L,! (FIGURES 85 and 8bb);
the loop now produced (FIGURES 8¢ to 8e) will be un-
crossed instead of crossed as before. If a similar modi-
fication is carried out in the cycle of FIGURES 64 to 6i
a conventional crossed instead of a doubly crossed loop
is formed. By having the testh of the comb C! arranged
for individual control, it is possible to knit certain com-
binations of different types of stitches in the same course,
ie. the new singly crossed stitches can be kmnitted with
plain (open loop) stitches, and conventional singly
crossed stitches can be knitted with the new doubly
crossed stitches. Thus, true “Jacquard” (i.e. individual
warp thread) control is possible.

With regard to the diagrams, it is to be noted that the
loops of the previous course have been shown, for sim-
plicity, as open or uncrossed loops, and that, in all but
the first example described the new loops of the next
course are of a different nature. Furthermore in the plan
views, the combs have been shown in simplified form as
will be appreciated from the end views.

The needies shown in the diagrams are bearded needles,
but it will be appreciated that the operation and design
of the necessary instrumentalities could, without substan-
tial difficulty, be modified in such manner as to enable
tongue needles to be used.

In certain cases the patterning may require a different
rate of thread supply to different needles over an ex-
tended period. In this event it is likely therefore, that it
will be necessary to regulate the feed of yarn to the re-
spective guides accordingly. One method would be to
have separate suppliers of yarn, and another, in the case
of a common supply beam, would be to provide suitable
compensating means.

It will readily be appreciated that the invention has
been described with reference to one guide bar only of
the machine. In practice it would be usual to use at
least two guide bars.

It will also be appreciated that the stitch formations
described hereinbefore are limited to single needle dis-
placements for the sake of simplicity.

A machine constructed to perform new stitch-forming
operations described hereinbefore, and with a “J. acquard”
control, could also perform the usual techniques of con-
ventional warp-knitting machines involving, for exam-
ple, multi-needle displacements of the guides to give
geometric patterning, laying-in, part set threading of the
guides to give special effects, and so on.
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The following important advantages are indicated in
connection with the present invention by the work which
has been carried out up to the present time,

(1) The range of basic stitches is greater than in con-
ventional mechanical warp-knitting. This may be nsed
for example, to improve the quality or modify the char-
acteristics of the fabric and to increase the patterning
scope. For example, we have found that & fabric knitted
wholly from the new crossed stitches has liftle or no
tendency to curl at the edges; and that an increased cover
factor is obtained when using these stitches.

(2) True “Jacquard” control is possible. Where there
is sufficient differentiation between the different types of
stitches, unlimited patterns are possible particularly across
the width of the fabric by knitting different types of
stitches in the same course. The invention may, of
course, be used in conjuniction with the conventional guide
bar patterning mechanism or its equivalent, or not. For
example, the guide bars may be controlled as described
in U.S. Patent No. 3,089,322,

Reference will now be made to FIGURES 9-15 which
iflustrate an experimental machine capable of knitting
according to the invention, and provided with a Jacquard
mechanism. The machine is designed to carry out a
knitting operation of a limited nature, in that the guide
bar actuating mechanism, as will later be described pro-
vides for a two-course cycle only. Clearly the machine
could be modified to enable conventional or other guide
bar actuating mechanisms to be used, whereby a lengthy
cycle could be obtained. Arrangements for mechanical
let-off of the threads from beams, and mechanical take-
up of the knitted fabrics, have not been shown in the
figures, but such arrangements are well-known, and their
design would be within the capabilities of a person skilled
in the art.

The machine has main side frame members 11 suit-
ably connected together, which serve to support the
various elements, and in particularly to support bear-
ings for the ends of the various shafts referred to here-
inafter which extend across the machine.

A main driving shaft 10 supported by bearings in the
side frames 11 runs longitudinally of the machine, and
carries a pulley 9 outside the right-hand side frame 11
whereby the drive from an electric motor having suit-
able control gear (not shown) may be transmitted by
belts (not shown) to the shaft 10.

The kniiting instrumentalities are as follows (see FIG-
URE 13):

(a) Bearded needles S supported in a needle bed 12
by clamps 122.

(b) Guides G. There are two sets of guides, front
and back, each set being carried in a guide bar 20, 21
respectively. Each individual guide is in the form of a
metal tube, through which the threads pass, this facilitat-
ing the passage of other instrumentalities therebetween.

(c¢) Sinkers SK which are of the arcuate type, slid-
ably and rotatably mounted in a sinker bed 72.

(d) A presser P mounted in a plate 36.

(e) A back comb C mounted in a plate 25.

(f) A front or additional assembly of combs C! mount-
ed in steady bar 117.

The means for moving appropriately these instrumen-
talities in appropriate manner will now be described.

The Needles S

Shaft 10 carries two or more eccentrics 13, (FIG-
URE 11) according to the length of the machine (there
being at least one at each end) each operating a con-
necting rod 14 which in turn operates a push rod 15 which
transmits a vertical reciprocating motion to the needle
bed 12. Each push rod is supported in a slot, in a slide
bar 68 (FIGURE 12) fitted with a cover plate 69.

The Guides G

Referring to FIGURES 11 and 12 it will be seen that
shaft 10 carries two or more eccentrics 16 each operat-
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ing ‘a connecting rod 17, which in turn operates a push
rod 18 which transmits vertical reciprocating movement
to the guide bars 20, 21, by virtue of its attachment to a
guide bar bearing 19. Each push rod 18 is supported
in a slot in a slide bar 68 and a slot in a slide bar 70
fitted with cover plates 69, 71 respectively.

Shaft 10 (see FIGURES 9, 11 and 15 especially) has
a pinion 73 fixed to its left-hand end outside the machine
frame 11. Pinion 73 drives spur wheel 74 twice its pitch
diameter. Spur wheel 74 is integral with coaxial spur
wheel 75 (behind spur wheel 74 in FIGURES 9 and 11,
and therefore not shown; see FIGURE 15) of like size,
which carries a face cam 76. Spur wheel 75 drives a
like spur wheel 77 having a face cam 78 and an edge
cam 79 integral therewith. The spur wheel-cam assem-
bly 77,78, 79 is mounted for rotation on a stud 8@ riveted
onto a bridge plate 81 fixed to the side frame 1% by
screws 82.

The edge cam 79 causes rotation of a pin drum or
Jacquard drum 9@ described in more detail hereinafter.

Face cams 76, 78 control the endwise movements of
the guide bars 20, 21 (FIGURES 9, 11 and 14). The
movement is transmitted by means of rocker levers 82 (for
front guide bar 20) and 93 (for back guide bar 21). The
levers 92, 93 have roller followers 84 at their lower ends
and 95 at their upper ends. The ends of the guide bars
20, 21 are kept in abutment with the rollers 25 by means
of tension springs 96 secured to the left hand side frame 11
by plate 97 (FIGURES 9 and 11). Clearly the spring
action will also ensure that rollers 94 maintain contact
with the respective face cams 76, 78. The levers 92, 93
are supported for rotation on a shaft 98 carried in bearing
brackets 99 integral with side frame 11.

The face cams 76, 78 (FIGURE 14) are contoured
to. provide a two course movement cycle for the guide
bars. As follows from the preceding description these
cams perform ome complete revolution for every two
revolutions of the shaft 10, which controls the movement
cycles of the remaining instrumentalities.

The Sinkers

The shaft 19 carries a series of cams 69 (FIGURES 9
and 11) spaced therealong which impart the necessary
arcuate reciprocating movement to the sinkers SK through
the agency of levers 6% and lifters 62 (FIGURE 12).
Each lifter 62 has fixed to its upper end a part-annular
cap 64 to provide a supporting station for a rod €3, (see
also FIGURE 13), extending across the machine, which
rod 63 is slotted to receive the sinker butts, and is free to
rotate in the caps 64. A torque shaft 65 (FIGURE 12)
extends across the machine and is associated with several
such assemblies. Each lever 61 has a roller follower 66,
held to face of its cam 60 (FIGURE 9) by a tension
spring 67 (FIGURE 12).

The Presser

Shaft 16 carries a series of cams 33 (FIGURES 9 and
11) spaced therealong which control the horizontal re-
ciprocating motion of the presser P. Each cam 33 oper-
ates a lever 34 (FIGURE 12) which in turn transmits
movement to lever 35 fixed to the beard presser plate P.
Lever 34 has a roller follower 37 which is maintained
in contact with the face of cam 33 (FIGURES 9 and 11)
by the action of tension spring 38 (FIGURE 12). The
levers 34, 35 are mounted on common torque shafts 40,
39. A lever 123 (FIGURE 13) is pinned to shaft 39
outside the side frame 11 and is urged into contact with
a pin 124 (FIGURE 14) (formed as an extension to the
fixed sinker bed 72) by a spring (not shown). This lever
123 serves to keep the presser P substantially horizontal,
and is necessary because the lever 35 moves in an arcuate
manner.

The Back Comb

Shaft 10 carries two or more cams 22 (FIGURES 9
and 11), each of which operates lever 23 (FIGURE 12),
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which in turn causes movement of lever 24 attached to
the plate 25 (FIGURE 13) of comb C in which the in-
dividual comb members are held. This controls the hori-
zontal reciprocating movement of the comb C. The levers
23, 24 (FIGURE 12) are mounted on common torque
shafts 26, 28 respectively, and to the end of shaft 28 out-
side the side frame 11 is pinned lever 106, (also FIGURE
14), which performs a function shortly to be described
The lower end of each lever 23 carries a cam follower
29 (FIGURE 12), which is maintained in contact with its
cam 22 (FIGURES 9 and 11) by means of the action of a
tension spring 30 (FIGURE 12).

The comb C has to perform an up-and-down motion as
well as a back-and-forth motion and the means by which
this is achieved is now described.

Shaft 19 carries a pinion 73 (FIGURE 15) at its left-
hand end. The pinion 73 has an integral edge cam 100.
A rocker lever 161 (FIGURE 14), pivotally mounted on
a stud 182, attached to the side frame 211 moves cyclicly
under the influence of cam 169 (FIGURE 15), by the en-
gagement with the latter of roller 103 (FIGURE 14) at
the end of lever 161. This movement is transmitted to a
push rod 104, which carries a roller 195 at its upper end.
The roller 185 bears against the undersurface of lever
186, which, being pinned to shaft 28, moves the plate 25
(FIGURE 13), and thus the comb members C, up-and-
down, in synchronism with their back-and-forth move-
ment. A spring, not shown, holds lever 106 against roller
195 and also keeps roller 183 against the face of cam 160.
Push rod 194 is guided at its upper end by a guide lug
197 retained by cap 188 (FIGURE 14), integral with the
side frame 11.

The Front or Additional Combs C!

These consist of a series of flat blades, shaped in end
elevation as shown in FIGURES 12 and 13, their left-
hand key-lole shaped ends being of somewhat greater
width than the remainder thereof.

The combs C! are slidable in locating slots in a steady
bar 117 (FIGURE 13) above the Jacquard drum 90. The
steady bar 117 is fixed by bolts 118 at its extremities to
side frames 11, and has staggered holes in it which accom-
modate pins 119 urged resiliently downwards by springs
120. The spring 120 are retained by a plate 121. The
steady bar assembly serves to urge the combs C1 towards
pins 87 in the drum 90, the combs C! having lugs for
engagement by the pins 87.

The shaft 10 carries a series of cams 41 spaced there-
along. FEach cam operates a rocker 42 (FIGURES 9 and
11) supported on a rocker shaft 43 (FIGURE 12) extend-
ing across the machine. Each rocker 42 transmits motion
to a push rod 44 which turns lever 45 and rocker shaft
46 (which extends across the machine), thereby impart-
ing a raising and lowering motion to lever 47. A bar 48
and cap bar 49 are fixed to the ends of levers 47. These
bars have curved grooves to engage the outer ends of
combs Cl. A roller 58, freely mounted at the end of
rocker 42, is held against the cams 41 (FIGURES 9 and
11) by virtue of the action of tension spring 51 (FIGURE
12). This arrangement enables the front combs C! to be
lifted at the outer ends to clear the pins 87 (FIGURE 13)
when the drum %9 is racked round as will be described.

The edge cam 79 (FIGURE 14) previously referred to
imparts an intermittent motion to a lever 83, thereby
turning a rack wheel 84 by means of pawl 85. Rack
wheel 84 thus turns the shaft 86 (FIGURES 9 and 13)
of drum 99, causing successive rows of pattern pins 87
(FIGURE 13) to come into operative position beneath
the combs C!, Lever 83 (FIGURE 14) has a roller fol-
lower 88 and turns on a spigot portion of a bearing bracket
89 mounted on an extension 99 of the side frame 11, A
torsion spring 83a ensures that follower 88 maintains con-
tact with the cam 79. At the right hand end of the ma-
chine (FIGURE 10) shaft 86 carries a check wheel 125.
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A plunger 126 supported in a bracket 127 is spring loaded
against the teeth of the check wheel 125.

The drum 90 (FIGURES 9 and 13) is a hollow metal
cylinder with rows of peripheral holes spaced to corre-
spond with the combs C!, and having an angular pitch
equal to the rack movement. Pins 87 are a push fit in the
holes, and a flanged tube 91 fastened to side frames 11,
guards against the pins 87 falling out of the drum 90.

A cam 52 (FIGURES 9 and 11) at each end of shaft
10 acts on a push rod 53 (FIGURE 12) and thus moves
lever 54 pinned to shaft 56. The shaft 56 in turn moves
link 55 which imparts angular motion to lever 47 about
the end of lever 45. In this way the combs C! are recip-
rocated horizontally and pass between the needles during
part of their motion. The push rods 53 each carry a
roller 57 at one end which contacts the cam 52 and a
roller 57 at the other in contact with which the lever 54
is urged by tension spring 59. The push rods move in
bearings 58.

Spur wheel 74 (FIGURE 15) carries a face cam 110,
which actuates a lever 111 (FIGURE 11). Lever 111
is pinned on shaft 116. The shaft 116 carries a second
lever 111a which transmits a corresponding translatory
movement to pin 112 located in a bifurcation at the end
of fever 1314, Pin 112 is fixed in a bar 113 (FIGURE
13) slidably mounted across the machine beneath the
forward ends of the combs C!. Bar 113 carries a further
transverse member 114 having an enlarged head, which is
slotted to accommodate the combs C!. Lever 111 has a
roller follower 115 (see FIGURES 9 and 11), which is
held against the cam 118 by a spring (not shown) acting
on bar 113 at the left hand side frame 11. This arrange-
ment causes a shogging motion of one needle pitch of the
combs C! by virtue of sideways flexing thereof between
the formation of successive stifches so that the control of
the individual combs C! over the stitch formation is ef-
fective at the same needle. This ensures, in spite of the
fact that in the machine being described the pattern ef-
fect of a given row of pins in the drum 90 is maintained
for two courses, that a well-defined pattern effect is
obtained.

To summarise the motions of Comb C1, it can be said
that between the knitting of successive courses the outer
ends of the combs C! are raised, whilst the combs are
retracted. During knitting of a course (as will be appre-
ciated from the earlier diagrams) the combs C! enter
between the needles and, if they are required to cause the
lower leg instead of the upper leg of a loop formed there-
around to enter the beard their inner ends must also exe-
cute an upward movement. If a pin 87 is beneath 'a
given comb C! then the downward movement of its outer
end which takes place during knitting will cause the re-
quired upward movement of the inner end by virtue of
the fact that the comb C! pivots about the pin 87. On
the other hand, if no pin 87 is present beneath the comb
.C! the inner end does not make any material movement.

Operation

The machine described is set up to operate as will now
be described.

First, the eccentrics and cams are arranged to cause
the needles S, sinkers SK, presser P and back comb C to
perform in synchronism the basic knitting movements
described with reference to the earlier diagrams. The
manner in which this is achieved, involving the provision
of cams and eccentrics of appropriate shape, and their
setting relative to each other is a matter within the prov-
ince and abilities of a person skilled in the art, and will
not be described in detail. The threads from beams X, Y
are fed respectively to guide bars 20, 21 (one thread per
guide) and a thread from a guide of each guide bar is
then passed to each needle.

Second, guide bar cams 76, 78 are contoured to give
both front and back guide bars suitable endwise move-
ments. In the case of cam 76, this is contoured and set
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to give the back guide bar 21 cyclic endwise movements
appropriate in direction, extent, and timing, to the forma-
tion of two successive courses of the new doubly crossed
stitches with a two needle displacement (see FIGURES
3a to 3k). In the case of cam 78, this is contoured and
set to give the front guide bar 29, cyclic endwise move-
ments appropriate in direction, extent, and timing, to the
formation of two successive rows of the new singly crossed
stitches with a single needle displacement.

Third, the pins 87 in the drum 99 are arranged to pro-
vide a predetermined pattern. Thus, where ‘it is desired
to obtain, anywhere across the width of the fabric, a dif-
ferent visual effect, pins are arranged to be present under
the appropriate front combs C! during knitting of the
courses concerned. Thereby the front combs C! are
raised and instead of singly crossed loops being knitted
by the front bar open loops are knitted (FIGURES 8q to
8e); instead of doubly crossed loops by the back bar, con-
ventional singly crossed loops are knitted.

FIGURES 16 and 17 illustrate in the point paper con-
vention the two types of stitches which can be knitted by
the front and back guide bars respectively with only one
front comb element coming into operation at every course.
To achieve this only one circumferential line of pins is
inserted into the drum %0.

The machine described is provided with a Jacquard
control but where width-wise patterning is not required
this conirol is unnecessary. In this event the pins are re-
moved or a machine with no Jacquard control is used.
In either case the full range of stitches described with
reference to the earlier diagrams can be knitted, it merely
being necessary to provide appropriate cams for the re-
quired endwise movements of the guide bars. In some
cases the combs C! although operative, will perform no
function (as in the case of the stitches illustrated in FIG-
URES 1la to 14 and FIGURES 2a to 2¢). It is pointed
oui that although the direction and extent of the guide
bar movements are the same when forming open loops
(FIGURES 1a to 1h) and doubly crossed loops (FIG-
URES 64 to 6) their timing is not, and the difference is
such as to allow the front combs C! to take a loop of
thread in the latter case but not in the former. When
knitting such unpatterned fabrics different types of
stitches may be formed by different guide bars, and of
course, the amount of needle displacements is not limited
to those shown in the earlier diagrams which illustrate the
minimum displacements.. Nor, as has been pointed out,
need the cycle be limited to a two course cycle.

Patterning may be obtained by the alternative produc-
tion of either the two types of stitches previously referred
to by any guide bar (i.e. new singly crossed loops and
open loops) or of doubly crossed loops and conventional
crossed loops.

1 claim:

1. A method of automatic warp knitting using needles
with hooks, comprising the cyclical course-forming steps
of guiding yarn ends passing from the supply to the last
course of the fabric, each at a point at the opposite side of
the needles to the fabric, substantially longitudinally of
the needle bed, to a position corresponding to the desired
lay of the yarn ends at the fabric side of the needles, there-
after guiding the yarn ends adjacent the last course of the
fabric substantially at right angles to the needle bed to
assume the desired lay, all whilst the needles are retracted
so as not to interfere with the guided varn ends, thereafter
moving the needles into a position for engagement with
said guided yarn ends, thereafter guiding the yarn ends,
at a point at the opposite side of the needles to the fabric,
substantially longitudinally of the needle bed to a position
corresponding to the desired lay of the yarn ends at the
opposite side of the needles to the fabric, thereafter guid-
ing the yarn ends, at the opposite side of the needles to
the fabric substantially at right angles to the needle bed
to assume said desired lay, for engagement with the
needle hooks, thereafier operating the needles to engage
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the yarn so laid, in the hooks thereof, and carry same
through the loops of the previously knitted course.

2. A method of -automatic warp knitting as claimed in
claim 1 in which the yarn ends when being guided to said
position corresponding with the desired lay at the opposite
side of the needles to the fabric, are moved first in one
direction longitudinally of the needle bed and then in the
other direction longitudinally of the needle bed, the ends
being restrained at the point of reversal of movement to
form open loops lying across the needles whereby one or
other leg of said loops may be engaged by the needle
hooks and passed over said hooks onto the needle stem.

3. A method as claimed in claim 2 using bearded
needles in which one or more of said open loops are so
disposed, in relation to the respective needles, that on the
yarn engaging operation of the needles the second formed
legs of these loops are first engaged bencath the needle
beards which are then closed to prevent the first formed
leg from subsequent engagement therebeneath.

4. A method as claimed in claim 2 using bearded
needles in which one or more of said open loops are so
disposed, in relation to the respective needles, that on the
yarn engaging operation of the needles the second formed
legs of these loops are located over the needle beards to
prevent their engagement therebeneath, and the first
formed legs over the needle stems to allow their subse-
quent engagement beneath the needle beards.

5. An automatic warp knitting machine having cyclicly
operable course forming instrumentalities, including
needles with hooks comprising means adapted to guide
yarn ends passing from the supply to the last course of the
fabric, each at a point on the opposite side of the needles
to the fabric, substantially longitudinally of the needle
bed, to a position corresponding to the desired lay of the
yarn ends at the fabric side of the needles, other means
adapted thereafter to guide the yarn ends adjacent the last
course of the fabric substantially at right angles to the
needle bed to assume the desired lay, means for holding
the needles retracted meanwhile to prevent interference
with the varn énds so guided, and adapted thereafter to
move the needles into a position for engagement with the
guided yarn ends, said first-named means being adapted
thereafter to guide the yarn ends, at a point at the opposite
side of the needles to the fabric, substantially longitudinal-
ly of the needle bed to a position corresponding to the
desired lay of the yarn ends at the opposite side of the
needles to the fabric, other means thereafter adapted to
guide the yarn ends, at the opposite side of the needles
to the fabric, substantially at right angles to said needle
bed to assume the desired lay, for engagement with the
needle hooks, and means thereafter adapted to operate
the needles to engage the yarn so laid, in the hooks there-
of, and to carry same through the loops of the previcusly
knitted course.

6. An automatic warp Knitting machine as claimed in
claim 5 wherein said means adapted to guide the yarn
ends to a position corresponding to the desired lay at the
opposite side of the needles to the fabric can be arranged
to be operative so as to move said yarn ends first in one
direction longitudinally of the needle bed and then in the
other direction longitudinally of the needle bed for this
purpose, and further comprising means, about which, by
these movements, the yarn ends are each wrapped to form
open loops lying across the needles, said further means
causing one leg or the other of each such loop fo be
engaged by the respective needle hook prior to passing
thereover onto the needle stem.

7. An automatic warp knitting machine as claimed in
claim 6, and having bearded needles, further comprising
means for so synchronising the movements of the instru-
mentalities and for so controlling the position and con-
figuration of one or more of said open loops that the
second formed legs of the latter are first engaged beneath
the needle beards, and means adapted then to close said
beards to prevent the first formed leg from being subse-
quently engaged therebeneath.
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8. An automatic warp knitting machine as claimed in
claim 6, and having bearded needles, further comprising
means for so synchronising the movement of the instru-
mentalities and for so controlling the position and con-
figuration of one or more of said open loops that the
second formed legs of said open loops are located over the
needle beards to prevent their engagement therebeneath,
and the first formed legs over the needle stems to allow
their subsequent engagement beneath the needle beards.

9. An automatic warp knitting machine as claimed in
claim 6 in which said means about which the yarn ends
are each wrapped to form open loops lying across the
needles, and for causing one leg or the other of each such
loop to be engaged by the respective needle hook prior
to passing thereover onto the needle stem consist of a plu-
rality of comb members, one corresponding to each needle,
and further comprising means capable of being pre-set as
described, associated with each said comb member, and
adapted, depending upon its pre-set condition, to cause
its associated comb member to act in one or other of
its alternative ways.

10. An automatic warp knitting machine as claimed in
claim 7 in which the means for controlling the position
and configuration of said open loops is the means about
which the respective yarn ends and wrapped and form
said open loops.

11. An automatic warp knitting machine as claimed in
claim 8 in which the means for controlling the position
and configuration of said open loops is the means about
which the respective yarn ends are wrapped to form said
open loops.

12. An automatic warp knitting machine as claimed in
claim 9, further comprising a drum intermittently rotata-
ble in synchronism with the machine operation and hav-
ing holes for accommodating circumferential rows of re-
movable pins, each row corresponding with one said
comb member, and means whereby the absence or pres-
ence of a pin will cause the appropriate comb member to
act in one or other of its alternative ways.

13. An automatic warp knitting machine as claimed in
claim 5 in which said means adapted to guide the yarn
ends to a position corresponding to the desired lay of the
threads at the fabric side of the needles and at the oppo-
site side of the needles to the fabric comprises tubular
guides through which the threads pass, supported in guide
bars associated with means for imparting the necessary
movements thereto, endwise, and in the same directions
as the needle.

14. An automatic warp knitting machine as claimed in
claim 5 in which said means adapted to guide the yarn
ends to assume the desired lay at the fabric side of the
needles comprises a plurality of sinkers disposed in a
sinker bed at the fabric side of the needles and in staggered
relationship with the needles, associated with means for
imparting thereto reciprocating motions so that they move
at the appropriate part of the operating cycle of the ma-
chine to engage the yarn ends between the needles and
convey them to their desired positions.

15. An automatic warp knitting machine as claimed in
claim 5 in which said means adapted to guide the yarn
ends to assume the desired lay at the opposite side of the
needles to the fabric comprises a comb, associated with
means for imparting thereto reciprocating motion so that
its. teeth move, at the appropriate part of the operating
cycle of the machine, between the needles to engage the
yarn ends and convey them to their desired positions.
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