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Introduction

Woven fabrics with leno weaves [1] are
characterised by a configuration of warp
wherein adjacent warp threads are mutu-
ally interlaced between succeeding wefts
(Figure 1).

Manufacturing such weaves with the use
of traditional looms demands the use of
special heald frame mechanisms of com-
plex structure, which limit the efficiency
of weaving.

In contrast, nets with leno weaves can be
very easily and simply woven by using
a loom with rotating sinkers which form
the shed [2].

Rotary mechanism forming the
shed and beating-up the weft

The weaving technology of woven fab-
rics with leno weaves [3] is based on the
application of two guide needle bars. One
of them is immovable, and positioned in
such a way that each second warp thread
that is guided by itis placed into the
grooves of the sinkers which form the

76

Pneumatic Loom for Leno Weaves
with Rotary Mechanism Forming the Shed
and Beating-up the Weft

Abstract

We present herein a genuinely new concept for a rotary mechanism for pneumatic looms,
which forms the shed and beating-up the weft, together with an electromagnetic device to
drive the guide needle bar. The mechanism and device which we designed and constructed
were tested using a model loom. The tests carried out indicated that the use of these machine
parts increases the efficiency of looms which manufacture nets with leno weaves, significantly
reduces noise generation by the loom, allows for weft inserting with the use of an air stream,

and improves the energy balance of the loom.
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shed, and is deflected by these sinkers
onto one of the shed’s branches. The sec-
ond guide needle bar guides the remain-
ing warp threads, which form the second
shed branch, and directs them between
the sinkers. After each weft insertion,
the latter needle bar is displaced by one
segment equal to the length of one gradu-
ation in the sinker displacements, in op-
posite directions alternately.

A modification [4] of the mechanism,
which forms the shed of the loom with
rotating sinkers, was made in order to
introduce the weft by an air stream. The
structure of this mechanism is presented
in Figure 2.

The mechanism is provided with two
rotating shafts, the upper (1) and the bot-
tom (2) shaft. The shed forming sinkers
(3) are mounted immovably to the upper
shaft, alternately with the weft beat-up
sinkers (4), which beat-up the weft (5)
to the edge of the woven fabric (6). The
distances between the shed forming sink-
ers are slightly greater than the sinkers’
thickness. The sinkers (4) are placed at
half the distance between the adjacent
sinkers (3). Moreover, distance rings
(7) are placed on the shaft (1) between
sinkers (3) and (4). The shed forming
sinkers (3) are mounted immovably to
the bottom shaft (2) which is divided by
distance rings (7). The distances between
sinkers (3) mounted to the shaft (2) are
also slightly greater than the sinkers’
thickness. The sinkers (3) are mounted
to the shafts (1) and (2) in such a way
that the same fragments of the sinkers
mounted to both of the shafts mutually
coincide. The thicknesses of the sinkers
(3) mounted to both shafts are equal. The
sinkers (3) have the form of a circle seg-

ment. In each of the sinkers, a channel
(8) with convergent walls is cut parallel
to the circular part of their edges. The
walls of the channels (8) of the sinkers
(3) mounted to shaft 1 converge in the
opposite direction to the walls of chan-
nels (8) of the sinkers (3) but mounted
to shaft 2. The rotating shafts (1) and (2)
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Figure 1. Drawing (a) and photo (b) of a
leno weave.

Figure 2. Scheme of the mechanism which
forms the shed and beating-up the weft;
1 — upper rotating shaft, 2 — bottom rotating
shaft, 3 — shed forming sinkers, 4 — weft
beat-up sinkers, 5 — weft, 6 — woven fabric,
7 — distance ring, 8 — channel, 9 — groove,
10 — projection, 11 — guide needle bar,
12 —warp, 13 — convergent pipe.
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are mutually situated so that the distance
of their axes of rotation is equal to the
sum of the outer and inner radii of cur-
vature of the channels (8) of the sinkers
(3). Moreover, a groove (9) of a depth
about equal to the sinkers’ thickness is
cut in the circular part of the edge of each
sinker (3). The weft (5) beat-up sinkers
(4) have the shape of a ring with an outer
radius smaller than the inner curvature
radius of the channel (6) of sinkers (3).
A projection (10) with a height slightly
greater than the radius of the circular part
of the sinkers (3) is mounted to the edge
of each sinker (4). One edge of the pro-
jection (10) is an extension of the radius
of the sinker (4), whereas the second has
the shape of an involute developed from
the outer edge of the sinker (4). The
radius of the outer edge of the distance
rings (7) is equal to the outer radius of
the sinkers (4). The mechanism of the
guide needle bars (11), the number of
which depends on the kind of weave of
the woven fabric to be manufactured, is
placed near the sinkers (3) and (4) paral-
lel to the axes of the shafts (10 and (2).
Furthermore, the loom is equipped with
a warp feeding mechanism (12) (behind
which the backrest roller compensating
for the changes in yarn demand is situ-
ated), a woven fabric (6) take-up mecha-
nism, and the mechanism for introducing
weft (5) into the shed.

Depending on the weave used for manu-
facturing the woven fabric, a part of the
guide needle bars (11) is placed opposite
to the sinkers (3) mounted to shaft (1),
whereas the remaining part opposite
to the sinkers (3) mounted to shaft (2).
Thanks to this configuration, one group
of warp threads (12) guided by one group
of guide needle bars is inserted into the
grooves (9) of the sinkers (3) mounted
to shaft (1), whereas the second group
of warp threads (12) guided by the sec-
ond group of needle bars (11) is inserted
into the grooves (9) of the sinkers (3)
mounted to shaft (2). During the rota-
tion of both shafts (1 and 2), the warp
threads (12) of both groups part and form
a shed. At the same time, the sinkers (3)
mounted to the shaft (1) and the sinkers
(3) mounted to the shaft (2) are mutually
placed in such a way that their channels
(8) form a common tunnel, which forms
the convergent pipe, into which the weft
(5) is inserted with the use of an injecting
jet. During further rotating of both shafts
(1 and 2), the weft (5) emerges from the
convergent pipe (13), and with the help
of the beat-up sinkers (4) is guided to the

edge of the woven fabric (6) and beat-up
to it by the projections (10) of the sinkers
(4). After taking up the formed fragment
of the woven fabric (6), the sinkers (3)
of both shafts (1 and 2) take a position
with their right edges pointed mutually
towardseach other; in this position of the
sinkers (3), the guide needle bars (11) are
displaced along both the shafts (1 and 2)
on a segment equal to the distance be-
tween sinkers (3), and next the cycle of
shed forming is repeated, as well as the
weft (5) insertion to the channel of the
convergent pipe (13), and beating-up of
weft (5) to the woven fabric edge (6).

When manufacturing a not with leno
weave, two guide needle bars are suf-
ficient. One of them threaded by each
second warp thread is immovable, which
causes that the threads guided by this
bar to be placed in the sinkers’ grooves
mounted on one of the shafts. The sec-
ond guide needle bar, threaded by the
remaining warp threads, is displaced
after each inserted weft at one gradua-
tion of sinker displacement, and inserts
the guided threads into the grooves of the
adjacent sinkers mounted to the second
shaft.

The succeeding positions of the elements
of the mechanism which forms the shed
and beating-up the warp are presented in
Figure 3.

The mechanism described which forms
the shed and beating-up the warp was
tested with the use of a model loom based
on the P 125A jet pneumatic loom.

I Functional loom model

Thetechnological scheme ofthe P 125A jet
pneumatic loom is presented in Figure 4.

The loom is equipped with a warp beam
(1) from which the warp is unwound. The
warp on its way to the loom comes across
the backrest roller (2), which ensures the
appropriate tension of the warp threads.
Next, the warp reaches the mails of the
heald shafts. The harnesses (3) are driven
by a crank mechanism. Depending on the
kind of drive, which in turn depends on
the weave of the woven fabric manufac-
tured, the particular groups of harnesses
are displaced over succeeding working
cycles of the loom in one direction or
the other. As a result of this movement
the shed is formed, into which the weft is
inserted by the device (4), which measure
off the weft, and inject it with the use of
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Figure 3. Succeeding positions of the
elements of the mechanism which forms the
shed and beating-up the warp.

Figure 4. Technological scheme of P 1254 jet
pneumatic loom, 1 warp beam, 2 — back rest
roller device, 3—harnesses, 4—injecting device,
5 — reed, 6 — convergent pipe, 7 — back rest
roller, 8— crank mechanism, 9—rake-up rollers,
10 —roller; 11 —woven fabric beam [11].
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a compressed air stream. The convergent
pipe (6) is used with the aim of ensuring
the air stream from dispersion. The pipe
and the reed are mounted to the batten,
which is driven by the crank mechanism
(8). The manufactured woven fabric
encircles the fore-ring, is directed to
the take-up roller (9), encircles the shaft
(10), and is wound onto the woven fabric
beam (11).

The modification of the loom described
above was based on replacing the har-
ness mechanism (3) and the reed (5)
with the batten, and the convergent
pipe (6) with the rotary mechanism
discussed before. Furthermore, cogbelt
transmissions driving the sinker-shafts
were applied in the place of the crank
mechanism used before (Figure 2),
and an ?electromagnetic actuator [5]
replaced the cam mechanism which
displaces the guide needle cam.

Magnetoelectric device for
driving the guide needle cam

The magnetoelectric actuator which was
applied for driving the guide needle cam
(11 in Figure 1) is presented in Figure 5.
It was used together with a control sys-
tem, a DC power pack, and a shaft posi-
tion sensor.

The action of the actuator is based on the
phenomena of generating forces, as the
result of the influence of a magnetic field
on a conductor through which electric
current flows. A strong, stationary mag-
netic field generated in the air-gap by the
set of magnets (2), pole shoes (3), and the
jacket (4) influences the coil windings
placed in the air-gap. A force is generated
in the coil as the effect of current flow-

ing through the windings, and this force
is transmitted by the carcass (6) onto the
element driven, i.e. the guide needle bar.
The value and the direction of the force
generated can be controlled by the direc-
tion and value of the coil current.

The actuator’s coil is connected to the
control system. The aim of this is to con-
trol the coil current in such a way that the
guide needle bar achieves its described
position with an accuracy of 0.1 mm, and
synchronises the movement of the cam
with the movements of the sinkers so that
the jump takes place at the technologi-
cally appropriate moment. The informa-
tion of the sinkers’ position is obtained
thanks to the induction position sensor of
the machine’s driving shaft.

The electrical energy required to gener-
ate the motion demanded is provided by
the DC power pack.

The basic technical parameters of the ac-
tuator designed by us and applied on the
loom under discussion are as follows:
supply voltage: 24V,
working stroke of the actuator’s man-
drel: 5.5 mm,
jump time: maximum 16 ms for
a guide needle bar mass of 1.7 kg,
maximum jumping frequency:
1000/min,
maximum force generated: 300 N,
obtaining accurate position.

M Summary

The weaving experiments carried out
with the use of the model loom we con-
structed indicated that both the applied
concept of the mechanism for shed for-
mation and beating-up the weft and the

Figure 5. Scheme of the guide needle bar driving device; 1 — guide needle bar, 2 — set of

magnets, 3 — pole shoes, 4 — jacket, 5 — windings of the coil, 6 — carcass.
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device to drive the guide needle bar fulfil
their intended functions satisfactorily.

Application of these devices leads to the
following advantages:
achieving an increase in the loom effi-
ciency when manufacturing nets with
leno weaves,
significant reduction of noise genera-
tion,
weft insertion by an air stream, and
achieving a decrease in the energy
balance of the loom.

I Conclusions

The investigation presented above in-
dicates that the proposed constructional
solutions of the mechanisms forming the
shed and beating-up the weft, as well
as the guide needle bar driving system,
should ideally be followed by manufac-
turing looms equipped with these devic-
es, i.e. rotary shed forming mechanisms
and electromagnetic actuators for guide
needle cams. An analysis of this inven-
tion also indicates that possibilities exist
to modifing the pneumatic looms used at
present, as well as those which have been
withdrawn from use.
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