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Pliant electric conductors having knitted tubu- -

lar shaped coverings whose loops and knots en-
case the conductor spirally are not new. In
knitting machines for the manufacture of such
coverings, a cam cylinder and a bobbin disk are
rotated at a rapid speed and this causes rota-
tion of a needle cylinder in & manner which re-
sults in the twisting of the loops. Although the
output of these machines is considerably greater
with identical motive power, compared with that
of a bobbin machine and greatly exceeds that of
weaving machines with less power use, neverthe-
less this manner of knitting coverings and cas-
ings has been generally abandoned, and cover-
Ings are now made by knitting machines in which
both the grooved cam and the bobbin dlsk re-
main stationary, but in which the needle oper-
ating cylinder is given a high rotating speed.
This produces knitted coverings in which the
loops run spirally around the conductor, while
the knots form lines parallel tc the axls of the
conductor. Compared with the first mentioned
coverings, the advantage here lies in a faster rate
of production, since the disk carrying the mate-
rial bobbins does not rotate and the rate of speed
of the machine can therefore be Increased, caus-
ing the coverings to have smoother surfaces, In
such coverings, the length of each mesh depends,
in addition to ihe diameter of the conductor and
the feeding action, on the number of high points
in the cam having a lock forming groove, If, for
instance, four high points are provided in this
groove, each needle produces at one rotation of
the needle cylinder four stitches, so that there-
fore, each stitch misses the fourth part of the
length of the band so produced during one revo-
Jution of the needle cylinder. Since in providing
four high polnts In the groove, the diameter of
the cam Js about three times as great as the di-
smeter of the cylinder head, the knitting of cables
of greater diameter is lmited hecause an In-
creased diameter with a medlum stitch length
would require more than four high points in the
groove, In which case the diameter of the cam
would increase at a more rapld rate than the
dlameter of the cylinder head.

Should, for instance, the diameter of the cable
to be covered increase by 1.5 mm and should
the upward motion of the loops around the con-
ductor, as well as the length of the siiich be
held evenly, a number of additional stitches is
required, depending on the dlameter of the cable,
as well a3 a like number of high points in the
groove whose mounting in the cam cyiinder would
require an increase in diameter of 12.5 mm. This
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would result, however, in the forced shortening of
the base of the needles engaging the cam groove
against the needle shaft, which makes the guiding
of the needles in the grooves of the cylinder un-
usually difficult, since with too great shortening,
the needles wabble and offer great resistance to
their guidance. To guide the needles by means
of elements as, for instance, bhi-armed levers,
mounted between the base of the needles and
the cam curve is impracticable because of involved
construction. To be able, therefore, to knit cov-
erings around cables of great dismeter whose
loops run spirglly around the conductor and
whose knois form parallel lines to the axis of
the body, the cam cylinder of the machine, which
prior to the present invention has been fixedly
mounted, is given an increased number of ro-
tations with respect to the needle actuating cyl-
inder in such manner that the product of the
number of stroke effecting cam points and a se-
lected factor plus 1 gives a whole number which
at the same time determines the number of the
thread guldes mounted on the needle eylinder
and remalning fixed.

‘With the foregoing and other objects in view,
ihe Invention consists In the detalls of construc-
tion, and In the arrangement and combination
of parts to be hereinafter more fully set forth
and claimed.

In describing the invention in detail, reference
will be had to the accompanying drawings form-
ing part of this application wherein lke char-
acters denote corresponding parts in the several
views, and in which:

Flgure 1 is a vertical section to & portion of a
knitting machine constructed in accordance with
this invention;

Figure 2 shows a developed section, to an en-
larged scale, of knitting effected by the machine
shown in Fig. 1;

Figures 3, 4 and 5 illustirate schematically the
action of a machine constructed in accordance
with this inventioh, wherein the needle actuating
cam cylinder has three high points and revolves
once for each counter revolution of the needle
cylinder;

Pigs. 6 to 9 show schematically successive steps
in the actuation of the machine of this invention,
wherein the needle elevating cam cylinder rotates
twice in an opposite direction to a single rota-
tion of the needle guiding cylinder;

Plgs. 10 to 13 show schematically an arrange-
ment similar to that shown in Flgs. 6 to 9, but
wherein the number of needles iz duplicated;

Fig. 14 {llustrates schematically a development
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of the knitting accomplished by the arrange-
ment shown in Figs. 15 to 19;

Figs. 15 to 19 show schematically an arrange-
ment similar to that shown in Figs. 6 to 9, but
wherein the number of needles s quadruplicated;

Fig. 20 shows a Turther schematic arrangement
of the invention;

Fig. 21 illustrates schematically a development
of the knitting accomplished by the arrangement
shown in Fig, 20.

The needle cylinder | (Fig. 1) which is pro-
vided with a bore for the insertion of the cable
2 having a somewhat greater diameter than the
cable, is mountcd in a casing 3 by simply fitting
it thereon. Csasing 3 runs in a casing & which
carries a cam cylinder 4 and which is mounted
in the frame 5 of the machine. The casing &
has at its lower end a gear 1 engaging the gear
8 of a shaft 9. On the shaft 9, two gears (0
and 1 are fixedly mounted, and the gear 10
engages a gear 12 that is actuated by means of a
motor not shown in the drawing. Gear (1 is re-
movably mounted on shaft 8 and engages an
idler gear 14 mounted on a swinging arm 3. The
gear 14 engages a gear 15 fixed on the lower end
of the casing 3. In order to change the length
of the meshes, casing 8 is adjustable in height by
means of & nut §6. Thread guides IT are fixedly
mounted opposite the cylinder head. '

To produce the mesh formation shown In Fig. 2
with 51X meshes on the diameter of the conductor
for each needle, there was formerly required a
cam with six high cam points which necessitated
a comparatively large cam diameter, thus caus-
ing difficulties in the operation of the needles.
According to the present invention, the same mesh
formation is produced with only threc cam high
points by giving the cam cylinder a counter ro-
tating movement fo the needle cylinder, in such

manner that in one revolution of the needle cyl- -i!

inder, the cam cyllnder makes a complete counter
revolution. If desired, the same mesh forma-
tion can be produced by providing two cam high
points in the cam cylinder by giving the cam
cylinder twice the number of revolutions of the
needle cylinder in counter-rotative movement.
To describe the operation of each knltiing needie
during the above mentioned counter-rotative
movement of the needle cylinder and the cam
cylinder, for simplification these will be described
in a casc where only one knitting needle is pro-
vided for each of the above mentioned three cam
high points 18 in the cam cylinder 4. As can
be seen from Figs. 3-5, each knitting needle 19,
therefore, would be lifted, when the needle cyl-
inder | and the cam curve rotate counterwise
at even speeds, by a partial rotating movement of
the needle cylinder at half the distance of two
high polnts, through the cam high point 20 which
has met it in the meantime (Fig. 4), so that the
needle hook is lifted and lowered once and there-
by forms a mesh. In the following partial rota-
tion of the needle cylinder, the needle is again
lifted by the following cam high point 20’ and a
new mesh is knitted. Slnce three cam high points
are provided, each needle is therefore lifted and
lowered six times during each full revolution of
the needle cylinder, i. e. six meshes are knitted.
The path of movement of the needle hook has
been shown in dotted lines in Fig. 3.

If only two high cam points 21 are provided
in the cam cylinder 4, the latter is rotated twice
as fast counterwise as the needle cylinder, in order
to produce the required number of meshes for
eéach needle dutlng one revolution of the needle
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cylinder. In the running of the machine, there-
fore, gear il must be exchanged for a gear with
twice the teeth and the swinging arm 13 must be
correspondingly adjusted to properly position
idler 14.

In Figs. 6-9, the mesh formation in this case is
described in greater detail. When the knitting
cylinder, together with needles 22,22’, is moved
in the direction of the arrow by one-third of the
distance of the cam high points 23,23’, the cam
curve rotatcs twice, so that one of the needles
22 comcs to rest on the high point 23’ of the cam
and has therefore been lowered and raised once,
forming & mesh. In the next partial rotation of
the needle cylinder and the needle the same dis-
tance, the cam high point 23 of the second needle
lifter comes to rest in the position of needle 22, so
that the latter is agaln lifted and lowered and
forms a second mesh (Fig. 8). In Fig. 9, the posi-
tion of needle 22 can be seen, in which the needle
cylinder has made half a rotation and the cam
cylinder a complete turn. Needle 22 has been
advanced from the position of Fig. 8 by an addi-
tional third of the distance of the cam high
points from each other and cam high point 23’
has arrived in the same place so that the needle
is lifted and lowered a third time. During the
described movement, the needle hocks of the
needles 22,22’ have finished the course indicated
in Fig. 6. At the cam high points of the course
of the movement, the insertion of the thread in
the hooks of the needles takes place, so that be-
tween two cam high points of the described em-
bodiment, three thread guldes are provided and
in all, six thread guides 17 are shown.

In the embodiment of Figs. 3-5, only two thread
guldes are provided, corresponding with the
course of movement of the needle lhook for each
cam high point. Since in this embodiment, how-
ever, three cam high points are provided, there
results again a8 total number of six thread guides
11. From the course of movement of the needle
hooks shown in Figs. 3-5 and 6-9 can be seen that
by means of the counter rotating movement of
the cam cylinder, an apparent Increase in the
number of cam high points in the cam cylinder 4
results, that is in both embodiments six cam
high points are effectively produced by one rota-
tion of the needle cylinder, since each needle dur-
ing one rotation of the needle cylinder is liffed
up six times. Since in the flrst embodiment
{Figs. 3-5) three cam 'high poinis are present
in the cam, the factor for obtaining the six eilec-
tive cam high points is “two.” while in the
second embodiment (Figs. 6-9) in which two cam
high points are present in the cam cylinder the
factor 1s “three”. From the sum of the number
of rotations of the needle ¢yiinder and cam cyl-
inder relating to one rotation of the needle cylin-
der, the above mentioned factor results. In the
first embodiment, the number of rotations of the
cam cylinder in one rotation of the needle cylin-
der is “one” and its sum “two”, so that by three
cam high points six apparent cam high points
result.

In the second embodiment with two cam high
points in the cam cylinder, the latter makes by
one rotation of the needle cylinder, two counter
rotating movements so that the sum is “three”
and the number of the effective cam high points
is six. In general terms, the equation is fhe rela-
tion between the number of movements of the
cam cylinder and the needle cylinder increased
hy the value one.

Bhould ‘instead of one needle a pliiralify of
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needles be mounted for each cam high point In the
cam cylinder 4, the cam cylinder recelves an In-
creased number of rotations relative to that of
the needle cylinder, depending on the number of
the needles acting on each cam high point, in
order that each needie may be brought into
Enitting action,

Fig. 10 shows a cam cylinder with two high
points 24, 24’. For each high point there are
two knitting needles 28, 20 and 28°, 26°. The
actuation of the cam cylinder follows in such
manner that while the cylinder makes one com-
plete rotation, the cam c¢ylinder makes two count-
er rotating movements in harmony with the two
needles riding on each cam sectlon. The needles
28, 26" successively reach the high points after
¢ rotation of the needle ¢ylinder (Fig. 11) and
rest on the high points 24, 24’ of the cam and
are therefore lifted to receive the thread, while
the needles 28, 28" are at the same time at the
lowest points of the cam curve and form a mesh.
In the next ¢ turn of the needle c¢ylinder (Fig.
12) the needles 28, 26’ reach the lowest points of
the cam, while the needles 29, 29’ are lifted by
the cam high points 24’ and 24 for the reception
of the thread. After a quarter turn of the needle
cylinder and a half turn of the cam cylinder from
the starting point in Fig. 10 to the point In Fig.
13, the needles 26, 26’ are again lifted by the
cam high points 24’ and 24 while the needles
29, 26’ are agaln lowered. The heads of all the
needles are guided in the path shown in Fig. 10
during the described part turn of the cylinder
and the cam cylinder, so that each needle is lifted
up six times and knlts six meshes during a com-
plete rotation of the nheedle ¢ylinder. At each
point at which the needles are dfted, a flxed
thread guide 27 is mounted. When three, four,
etc. needles are provided for each high peint, the
cam cylinder counter rotates thrice, four times,
ete. as fast as the needle cylinder.

Knitted coverings with a circum-knitted for-
mation (Fig. 14) in which the knots of one row of
meshes form & zigzag line with the knots of the
other meshing row, that is, knitted coverings
which consist of two single coverings meshed into
each other whose loops cover each other, can be
made as known by means of two caem cylinders
mounted within each other, whose cam curves
show two staggered high and low polnts. The
stageering must be s0 selected that with simul-
taneous drive of both cam cylinders the path of
the movement made by the heads of the two
needle groups formsg two or more facing wave
Hnes.

According to the invention, such coverings can
also be made with only one single cam cylinder
if an even number of needles 1s grouped for each
stroke of the cam cylinder and if the cam e¢ylin-
der opposite the needle cylinder iIs glven a num-
ber of revolutions corresponding to half the num-
ber of the group of needles acted upon.

In Figs, 15-19 g cam cylinder 1s shown with two
high points 28, 28’ and in which in the needle
cylinder a total of eight needles 29—32 and
20"—32’ gre provided so that for each high point
four needles rise In succession. When the cam
cylinder receives double the revolutions of the
needle cylinder, the needles perform as if each
half of the needles had been mounted in two cams
whose high points are staggered, ag will be de-
seribed further on. After & «¢ revolution of the
needle cylinder from the position shown in Fig.
15, needle 29 comes from Its deepest position to
the intermediste position shown in Fig. 16, be-
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cause of the counter rotation of the cam c¢ylinder
at vy revolution, while needle 80 goes from its In=-
termediate position to its highest point. After
an additional part revolution of the needle cylin-
der and the cam cylinder in the described pro-
portion, needle 29 arrives at its highest point
(Fg. 17) while needle 30 arrives at its inter-
mediate posltion. Needle 31 which was at lis
highest position in Fig. 15 has in the meantime
reached 1ts lowest point, while needle 32 which
was at 1ts lowest point in Fig. 16 has arrived at
its intermediate position. Fig. 18 shows the po-
gition of the needles after an additional part
revolution of the needle cylinder and the c¢am
cylinder in relative position. Needle 30 has now
reached its lowest point while needle 32 has ar-
rived at 1ts highest position, and needles 29, 31
are In the intermedlate position. In Fig. 19,
needle 29 has agaln arrived at its lowest point
after a 1 revolution from the startlng position
shown in Fig. 15 of the needle cylinder and %
revolution of the cam cylinder, that is it has been
lifted and lowered and has so made a stitch.
The other needles 30—32 are now in the same
group position cn the point 28° as in Fig. 15.
Needles 20°—32' which stood on the point 28’
in like grouping In Fig. 15 complete, during the
described part revolution to the position shown
in Fig. 19, the same movements as needles 2—32,
Fig. 15 shows the course of movement of the
needle hooks during an entire revolution of the
needle cylinder, each needle is lifted and lowered
gix times, during which needles 29, 31, 29°, 31’
and needles 30, 32, 30°, 32’ each are held in one
group, whose needle hooks describe identical
paths, In which the paths of the two groups,
however, are staggered. At the helght of the
movement, a thread gulde 1s provided for each
group, that is six thread guldes 33 and 33’ for
each knitting cover. BSince the factor of the
number of revolutions of the cam cylinder com-
pared with the needle cylinder plus one makes
“three” and two lifts are provided in the cam
cylinder, each knitting cover has agaln six thread
guides. The Invention, therefore, makes a knit~
ting cover as, for instance, shown in Fig. 14 with
only one single cam cylinder by means of definite
cholce of needles in the eylinder, the number of
lifts In the cam c¢ylinder and the counter revo-
lutionary speed between needle cylinder and cam
cylinder, which cover consists, as known in the
art, of two single knitted covers knitted into each
other, In the presented embodlment, six needle
lifters would be necessary in the cam cylinder if
the usual rigild cam curves opposite each other
were used, while the high points of these lifters
would have to be movable. This would require
also a comparatively large diameter of the cam
cylinder.

If it is desired to make & knitted cover with
more than two infer-knitted single covers, for
instance, “n” covers, the number of knitting nee-
dles in the cylinder is selected to equal “n” times
sum derived from the number of high points in
the eam e¢ylinder plus the integral ratio (whole
number) between the number of rotations of the
cam cylinder and the needle cylinder. The num-
ber of the locally rigid needle guides then Is
equal to “n” times the number of high points
in the cam cylinder pius the number of knitting
needles.

Under the same proportions, & knitted cover
with “n’ inter-knitted single covers can be pro-
duced, if the sum from the number of high points
in the cam cylinder and the ratio plus 1 of the
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‘tkmber of rotdtions of ‘the eam cyllhder and
the needle eyiifder is en imiproper fraction ‘and
18 ot describet! whuve 4 whole number, to which,
however, |s added the advantage of & closer co~
heasloh of the sinele covers, since each needle
does not klways take the thread from the same
group of thread . guides, but takes it alternately
from two or moTe-grolps.

In the schematichlly shown embodiment of
Fg. 20, the cam cylinder shows ohly ohe high
point 34 and is counter-rotated with % rotation
for each rotation of the needle eylinder, sc that
the two knitting needles 35, 36 knit 1’2 meshes
at each rotation of the needle cylinder, that is
in two retations of the needle eylinder, the nee-
dles form three oomplete meshes. The arc of
movement of the needle hooks which can be de-
termined in the same manner as in the above
described embodiments, shows that in this em-
bediment sirgle covers are inter-knittad, in which
needle 35 receives its thread in one rotation from
the thread guide 37, and in the second rotation
from tho thread guide 38, while needle 3% re-
ceives at the same time the thread from the
thread guide 3% In the first revolution and from
the thread guide 40 in the second revolution. In
the additional revoluiions, the getion is repeated.
Ags can be seen from Fig. 21, four inter-knitted
sinzle covers are formed. The ratio plus one of
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the numiber ‘©f rotationg hetween the cam ¢ylin-
der und the needie cylinder is, ih this embodi-
mant, equal §0 3/2. The numerator of this im-
proper fraction shows that each needie iIs lifted
three times for making meshes, while the needle
cylinder makes two revolutlons as indlicated in
the denominator. The number of knitting nee-
dles in the needle cylinder as well ag the number
of the lacally rigid thread guide lifters tan agaln
be determined as in the embodiments of Piga.
15-18. Since four eovers are produced -ard only
one needle i3 present in the cam cylindsr, the
number of needles added to the “a” times num-
ber of needle lifters In the cam cylinder equals
6, that is there are present six iooally rigid thread
guides which must be mountsd on those polnts
where the knitting needles atialn their highest
position.

In the embodiments shown, the cam c¢ylinder
always makes a counter-revolution movement
from that of the needle eylinder. To knit, how-
ever, hy machines designed for knitting oables of
the largest diameter, also cables of smaller diam-
eter, the opposite effect can be atfained, that the
cam c¢ylinder can be given a roteting movement
in the same direction as the needle cylinder and
in cerresponding propertion in order to diminish
the eam high points.

FRANZ MEIWALD.



