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POSITIVE FEED SYSTEM FOR CIRCULAR KNITTING
MACHINES

This invention is for improvements in positive feed systems
and is concerned more particularly with means for effecting
required changes in the rate of positive yarn feed.

In accordance with the invention there is provided a posi-
tive yarn feed system, such as may be used on a circular
knitting machine, wherein a variable diameter wheel is used to
drive a band, tape or the like through the operation of which
positive feed is applied to a yarn or yarns and having an adjust-
ing means on the variable diameter wheel, to adjust its diame-
ter, a stepping motor for varying the setting of the adjusting
means and a control device for activating the stepping motor
as and when required. The stepping motor is conveniently ar-
ranged to be activated in such manner as to vary the setting of
the adjusting means in small increments forwardly or in
reverse to provide for required changes in the ratio of the
drive between the variable diameter wheel and the band, tape
or the like whereby required changes in the rate of positive
feed are effected smoothly and effectively in accordance with
pre-determined requirements.

Heretofore it has not been practicable with circular knitting
machines for producing stockings, tights, panty-hose or other
garments of a shaped nature to provide an effective positive
feed arrangement meeting requirements of changes in positive
feed rate at different parts of the garments.

It is thought that this arises from the difficulty of providing
an accurate and reliable method of varying the rate of supply
according to a pre-arranged program and the complexity of
control means required. The system in accordance with the in-
vention has been devised with the object in view of largely or
wholly meeting all the requirements involved in providing a
satisfactory positive feed system in which required alterations
in rate of feed can be effected accurately at appropriate times.

In practising the invention the variable diameter wheel con-
veniently has a cam disc which is arranged to control the radi-
al positions of a series of blocks forming segments of the wheel
periphery, and the cam disc is geared to the spindle of the
stepping motor to be adjusted by the action of said motor. The
variable diameter wheel may be constructed as described in
my U.S. application, Ser. No. 46,340, filed June 15, 1970,
based on British Application No. 31213/69. With this form of
wheel the cam disc positioned at one side and arranged for
turning movement to adjust the radial positions of the blocks
is conveniently formed peripherally with gear teeth engaged
by a pinion at one end of a train of gears driven from the spin-
dle of the stepping motor.

The control device by which the operation of the stepping
motor is governed may comprise a photo-electric or other
sensing device responsive to indications on a disc which con-
veniently rotates with the variable diameter wheel and the
mounting of the stepping motor, and/or in response to indica-
tions on a disc which is driven to rotate at a speed proportional
to that of the variable diameter wheel. With such an arrange-
ment the electrical supply to the stepping motor is con-
veniently provided by a stationary brush unit having brushes
engaging with slip rings connected to the motor windings.

A convenient control device is one in which there is a
scanning head fitted with two photo-transistors and an op-
posed lamp or lamps between which a disc as aforesaid is in-
terposed, a single slot or a plurality of slots at circumferential
intervals being formed in the disc to provide for exposure of
the photo transistors to the light from the lamp or lamps. As
each slot passes the scanning head a sequence of four different
conditions of energization of the photo transistors occurs
namely: exposure of first transistor only; exposure of both
transistors, exposure of second transistor only; and non-expo-
sure of both the transistors. Thereby a sequence of different
impulses in a particular order is initiated at the scanning head
and is used to advance the motor in a succession of four short
step movements. The direction of movement of the motor
may, if required, be controlled by a switch in an appropriate
electrical control circuit through which the impulses are fed to
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the motor. Thus the stepping movements of the motor impart
small adjustments to the variable diameter wheel.

The number of increments of adjustment of the wheel which
occur during a rotation of the control disc can be varied in the
case of a disc having circumferentially spaced slots by masking
one or more of the slots to provide for the required number of
energizations of the motor at each rotation of the disc. The in-
cidence of adjusting movements imparted to the variable
diameter wheel can be controlled by energization and de-
energization of the scanning head and/or circuits controlled
thereby, under the dictation of patterning means, ¢.g. a chain
or drum on the knitting machine. Thus during the progress of
the knitting operation the scanning head and the circuits con-
trolled thereby will be de-energized during periods when no
change in the rate of positive feed of yam is required and ener-
gizing of the scanning head and its circuits will occur only dur-
ing a period when change in the positive feed rate is needed.

The adjustment of the degree of change in rate is deter-
mined by the period of energization and the number of slots
which are exposed in the control disc. In a case in which it is
desired to provide a fine adjustment requiring less than four
stepping impulses to be applied to the motor in each rotation
of the variable diameter wheel, an auxiliary scanning head re-
lated to a disc having a single slot may be provided with such
disc driven at a reduced speed from a spindle carrying the
variable diameter wheel and the mounting of the stepping mo-
tor, for example at a rate of one turn for every four turns of the
spindie of the variable diameter wheel. Thus the equipment
may have two scanning heads one related to a disc as afore-
mentioned with a circumferential row of slots and another re-
lated to a disc having only one slot which is driven at a slower
rate of speed, either scanning head being caused to activate
the motor as required.

A convenient form of improved positive feed system is illus-
trated by way of example in the accompanying drawings in
which

FIGS. 1a and 1b together show in perspective view with cer-
tain parts broken away and mountings omitted, the driving ar-
rangements in the system, and

FIG. 2 is an electrical circuit diagram.

Referring to FIGS. 1a and 1b there is shown a positive driv-
ing belt 10 for driving a gear pulley 11 on a vertical shaft 12
supported in fixed bearings not shown. The belt 10 is driven
from a timing pulley on an appropriate shaft of a circular
knitting machine which is equipped with positive feed
mechanism comprising yarn feeding rollers 13 and 14 driven
by a tape or band 15 from a master driving pulley 16 as
described in my U.S. Pat. No. 3,478,945 issued Nov. 18, 1969.
The pulley 16 is on a spindle 17 driven by a belt 19 which en-
gages with a variable diameter pulley indicated generally at 20
and fixed to the shaft 12. The belt 19 is equipped with a spring
urged jockey pulley (not shown) to maintain it in a taut condi-
tion.

The variable diameter pulley 20 is constructed as described
in my U.S. application, Ser. No. 46,340, filed June 15, 1970,
based on British Application No. 31213/69 and comprises
radially adjustable blocks 21 slidable on pairs of parallel radial
spokes 22 radiating from a central holder 23, and a cam disc
24. By turning the disc 24 relatively to the holder 23 the
blocks 21 are adjusted radially to vary the effective diameter
of the pulley presented by the center parts of the blocks 21 en-
gaged by the belt 19 between the projecting ends of the rods
22. In practicing the present invention the cam disc 24 is
formed with gear teeth 25 around its edge which are engaged
by a pinion gear 26, the turning of which causes adjustment of
the disc 24 and of the effective diameter of the pulley 20.

It will be understood that while the control holder 23 of the
pulley 20 is fixed to the vertical shaft 12, the cam disc 24 is
mounted so as to be capable of turning on the shaft. Also fixed
to the shaft 12 is a carrier disc 27 which supports on four pil-
lars { two of which are seen at 28) a stepping motor indicated
at 29. The motor 29 has a spindle 30 which carries a gear
wheel 31 for driving through a train of gears 32 a gear wheel
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33 secured to a spindle to which the pinion 26 is fixed. The
gears 32 and 33 have their spindles carried by the carrier disc
27. Also secured to the motor casing concentrically with the
shaft 12 is a scanning disc 34 which thus rotates with the shaft
12 and which is formed with spaced slots 35 at a position to
pass through a gap in a scanning head 36. The latter is fitted
with two photo-transistors side by side and an opposed lamp
or lamps, the light from which can be transmitted through one
of the slots 35 to energize the photo-transistors. As each slot
passes the scanning head a sequence of different impulses is
set up and according to the order in which these are applied to
the stepping motor it is energized for forward or reverse
stepping movements.

The stepping motor 29 receives its energization through slip
rings 37 carried on an insulating disc 38 which rotates with the
motor 29 and shaft 12. Three of the slip rings supply power to
the motor and the fourth is related to a switching circuit.
These slip rings are engaged by brushes 39 on a stationary
brush unit 40.

Secured to the top of the motor assembly 29 in line with the
shaft 12 is a further shaft 41 which carries a small pulley 42
driving through a belt 43 a larger pulley 44 supported for rota-
tion by a spindle 45 carried byanarmd6ona stationary post
47. The pulley 44 has depending from it three symmetrically
arranged rods 48 supporting a further scanning disc 49 formed
with a single slot 50 to co-operate with a further scanning head
51 fixed to the post 47 and constructed similarly to the
scanning head 36.

In the operation of the apparatus illustrated the shaft 12 is
driven during the operation of the knitting machine at a speed
in synchronization with the machine. Assuming that an article
such as a stocking or leg blank for a panty-hose is being
knitted it is required that at different times the effective
diameter of the variable diameter pulley 20 shall be changed
accurately to vary the rate of positive feed of the yarn fed by
the rollers 13 and 14, in order to provide the required changes
in yarn length or loop size. These changes must be very accu-
rate as well as easy to program and these conditions are well
met by the employment of the stepping motor 29 which when
supplied with D.C. pulses with polarity changes in a specific
sequence will turn in the required direction in minute inter-
mittent steps. The motor used at 29 is one which can also be
run on A.C, this facility being used for re-setting purposes.

When the knitting operation commences with the puiley 20
initially set for the required rate of positive feed the machine
proceeds to knit with a loop size determined by the initial rate.
So long as no change in the rate of positive feed is required the
scanning head 36 will have its circuit switched off so that the
rotation of disc 34 has no effect on it. When a change in the
rate of positive feed is required control means on the machine
will cause the scanning head 36 to be switched on for the
required direction of movement of the motor spindle 30 to ef-
fect a small increment of change in the diameter of the pulley
20 to increase or decrease it as needed. Thereupon the
scanning disc 34 on turning will cause its slots 35 to pass the
scanning head 36 to give rise to energization of the motor for
small increments of movement as each open slot passes
through the scanning head. It will be predetermined how many
energizations of the motor 29 are required for each rotation of
the disc 34 and the number of effective slots 3§ will be ad-
Justed accordingly by covering a slot or slots in the disc 34
until the required number of effective exposures is left. The
period of energization of the scanning head 36 is also con-
trolled to provide for the required number of energizations of
the stepping motor 29 to effect the change in pulley diameter.

If a finer degree of change in pulley diameter is required the
scanning disc 50 and scanning head $1 are brought into action
instead of the disc 34 and head 36, by switching on the
scanning head 51. Four energizations of the motor will be
caused during each rotation of the disc 49 and the disc is ar-
ranged to rotate at a reduced speed compared with the shaft
12, the ratio being determined by the relative sizes of the pul-
leys 42 and 44 and being adjustable by substituting a different
sized pulley at 42,
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Changes in the rate of positive feed are effected as above
described by control mechanism of the knitting machine (e.g.
the patterning chain) at required steps during the knitting of a
stocking or leg blank and on completion of the article it is
required that the variable diameter pulley 20 shall be restored
to its original diameter for commencement of knitting the next
article or blank,

To assist such resetting there may be a bracket 52 fixed to
the cam disc 24 and having an upturned wing 53 arranged to
trip a button 54 of a microswitch §§ supported by a bracket 56
having a clamping screw $7 by which it can be fixed to the car-
rier disc 27 at any desired position around the periphery
thereof. By a switching circuit actuated by the knitting
machine control means, stepping motor 29 may be caused to
be operated in reverse to step the cam disc 24 round until the
wing 53 of bracket 52 trips the micro-switch §5 so as to de-
energize the motor 29 when the cam disc 24 has been reset.
Advantageously, however, the resetting movement of the cam
disc 24 is effected by energizing the motor 29 by A.C. for con-
tinuous movement in reverse and using the switch 55 to inter-
rupt such energization. In each case the switch 55 will remain
tripped until the wing 53 is moved away from the button §4.
This can be brought about by means of a control switch (not
shown) which overrides the action of switch 5§ for starting
purposes.

One particular example of a suitable circuit arrangement for
controlling the stepping motor is illustrated in FIG. 2, the
motor being shown by its windings at 58 and its slip rings at 37.
The photo-transistors of the scanning heads 36 and 51 are in-
dicated at 59 and 60 and they are related to reed switches of
change-over type indicated at 61, 62, 63, and 64. Surge sup-
pression circuits 61a, 62a, 634, and 64a are related respective-
ly to the reed switches, and lamps 65 and 66 are related to the
photo-transistors §9 and 60. The circuit is energized from a
mains transformer 67 having a center tapped secondary coil
68 connected to a rectifier bridge 69 from which the D.C.
supply for the impulses is provided as well as a neutral line
used in energizing the motor $8. The transformer 67 has an
additional secondary coil 70 related to a rectifier bridge 71
from which the D.C. supply for the lamps 65 and 66, photo-
transistors 59 and 64 and for operating switch coils is derived.
The switch coils just referred to are shown at 72 and 73 and
operate multi-contact switches 74 and 7§ through which the
generated impulses can be applied in required manner to the
slip rings 37 through the brushes 39. The circuit is controlled
in operation by the switches 76, 77 and 78 which are actuated
by cams on the control chain or pattern drum of the knitting
machine. The switch 78 is ganged with the switch 79 and con-
trols the activation of the stepping motor adjustment sequence
by controlling the D.C. supply to the photo-transistors §9 and
60. The switch 79 controls the zero volts line to the motor 58.
The switch 76 together with switch 77 control activation of
the switch coils 72 and 73, respectively. The switch 76 in ef-
fect controls which of the scanning heads 59 and 60 is ac-
tivated. If the switch 76 is open the reed switch pair 61 and 62,
pulsed by the phototransistors in the scanning head 59, are
connected to the motor §8, If the switch 76 is closed, the reed
switch pair 63 and 64, pulsed by the photo-transistors in the
scanning head 60, are connected to the motor $8. During
scanning, the switch 77 must be opened. Thus, in the process
of knitting a stocking, the switch 76 is kept open during the
knitting of a stocking welt and panel and closed for narrowing
while the switch 77 is open for forward energization of the
motor coils 58. The switch 77 controls reverse energization of
the step motor 58. To this end, the switches 76 and 78 already
being open, the switch 77 is closed so as to connect an a.c.
supply to the stepping motor aver the switches 75. Reverse
energization of the motor 58 is automatically terminated by
operation of the switch 5§ as previously described.

What I claim is:

1. In a positive yarn feed system for a knitting machine, the
combination comprising positively driven yarn feeding rollers,
an endless band for driving said rollers, a variable diameter
wheel through which said endless band is driven, means for
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driving the variable diameter wheel, a rotary adjusting means
for varying the effective diameter of said variable diameter
wheel, a stepping motor, drive connecting means between said
stepping motor and said rotary adjusting means, and a control
device for activating the stepping motor in predetermined
manner.

2. A combination according to claim 1 wherein said control
device includes means for activating the stepping motor to
vary the setting of the adjusting means in small increments for-
wardly or in reverse to provide for required changes in the
ratio of the drive whereby changes in positive feed rate are ef-
fected smoothly and effectively.

3. A combination according to claim 1 wherein the rotary
adjusting means includes a cam disc and said drive connecting
means comprises gear means connecting said disc to the
stepping motor and wherein the variable diameter wheel com-
prises a series of blocks forming wheel segments which are ad-
justable radially by the cam disc in response to actuation of
the gear means by the stepping motor.

4. A combination according to claim 3 wherein the said cam
disc is positioned at one side of the wheel and mounted
rotatably for adjustment of the radial positions of said blocks
and wherein the gear means include gear teeth peripherally
formed on the cam disc and a train of gears driven from the
stepping motor including a pinion gear engaging with the gear
teeth on the cam disc.

5. A combination according to claim 1 wherein the control
device comprises an indicator disc and a sensing device
responsive to indications on the disc for controlling operation
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of the stepping motor.

6. A combination according to claim 5, comprising means
mounting the disc to rotate at a speed related to the speed of
the variable diameter wheel.

7. A combination according to claim 6 wherein the sensing
device comprises a scanning head including two photo
transistors and at least one light source and wherein the disc is
interposed between the photo transistors and the light source
and is formed with at least one indicator slot to provide for ex-
posure of the photo transistors to the light source.

8. A combination according to claim 7 wherein the two
phototransistors are mounted peripherally relative to the disc
to position them for sequential exposure through a disc slot
during rotation of the disc.

9. A combination according to claim 7 in a system for posi-
tively feeding yarn to a knitting machine having patterning
means, including means for controlling energization and de-
energization of the scanning head, said controlling means
being constructed and arranged to be actuated under the dic-
tates of the patterning means of the machine.

10. A combination according to claim 7 comprising an aux-
iliary scanning head and a related auxiliary disc with at least
one slot formed therein for scanning by the auxiliary scanning
head, and means for driving the auxiliary disc at a speed pro-
portional to but slower than that of the indicator disc.

11. A combination according to claim 10 including means
for causing either one of the two scanning heads to actuate the
stepping motor in accordance with requirements.
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