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KNITTING-MACHINE.

SPECIFICATION forming part of Letters Patent No, 649,021, dated May 8, 1900.
. Application filed March 7, 1898, Serial No, 672,857, (No model.

To all whom it may concermn:

Be it known that I, CHARLES J. A. WARD-
WELL, of Laconia, in-the county of Belknap
and State of New Hampshire, have invented
certain new and useful Improvements in Au-
tomatic Seamless-Knitting Machines,of which
the following is a specification.

The present invention consists in certain
improvementsin acirecularindependentlateh-
needle knitting-machine which is capacitated
to knit automatically a string of indefinite
length 6f completely - knit stockings, each
stocking having a seamless heel, a seamless
toe, a foot, and a leg. The string of stock-
ings after being knit is eut apart into indi-
vidual stockings, the cut being between the
toe of one stocking and the top of the leg of
the adjacent stocking, thus requiring the toe
to be subsequently seamed across its top to
complete the stocking. The foot and leg of
each stocking are knit in circular courses,
the appropriate parts of the machine then ro-
tating continuously inone direction, whereas
the heel and toe are knit while the appro-
priate parts of the machine are reciproeating.
‘When the heel is to be knit, somewhat less
than one-half of the needles are thrown out
of action, the loops being retained thereon,
and the heel is knit by the usual narrowing
and widening operations, one or more needles
on each side of the heel-forming needles be-

ing first thrown out of action at each recipro-

cation, and then after the narrowing has
thus proceeded sufficiently the needles are
again brought into action in the same man-
ner until all are restored. The toe is knitin
the same way as the heel except that fewer
needles are employed, so. that the toe is
smaller than the heel. During the recipro-
cating movement the machine is run at less
speed than during the continuous circular
movement. The toe and heel are knit more
loosely than the foot and. ankle and less
loosely than the leg, thus conforming the
shape of the stocking to its requirements,

this being done by lengthening and shorten-

ing the stitches. The toe and heel are knit

with two yarns, whereas the foot and leg are
knit with a single yarn and preferably with.

a yarn separate and distinct from the two 50
yarns for the heel and toe.

All of the foregoing results which are ac-
complished by a machine embodying the
present improvements have heretofore been
accomplished by automatic ‘whole - stock- 55.
ing” knitting-machines; and the present in-
vention consists in improved mechanism for
achieving these results, the purpose of the
improvements being to produce a rapid, effi-
cient, economiceal, and serviceable machine 60
which is capable of turning out uniformly-
good products, thus requiring the minimum
care and attention, so that a single attendant
can run a large number of machines.

The present improvements, besidesinclud- 65
ing the general construction and organization
of the machine and some special features of
construction to be hereinafter more specific-
ally mentioned, relate, first, to the mechan-
ism for imparting alternately-reciprocating 7o
and continuously-rotating movements to the
appropriate parts of the machine and for shift-
ing automatically and at the proper times
from one movement to the other; second, to
the mechanism forimparting a slowspeed dur- 75
ing reciprocation and a rapid speed during
continuous rotation and for changing auto-
matically and at the proper times from one
speed to the other; third, to the mechanism
for automatically throwing into and out of 8o
action the appropriate needles in forming the
heel and toe; fourth, to the mechanism for
automatically stopping the machine after any
given or predetermined cycle of movements;
fifth, to the mechanism for automatically 8s
lengthening and shortening the stitches at the
proper times; sixth, to the mechanism forau-
tomatically changing the yarns at the proper
times; seventh, the mechanism for automat-
ically taking up the slack yarn during recip- go
rocation and for automatically slackening the
yarn while changing yarns; eighth, to the
mechanism for automatically relieving the
tension on the heel and toe yarns when chang-
ing yarns, and, ninth, to the mechanism for g5
shifting the sinkers to enable stitches to be
placed on or taken off from the needles.

For the purpose of illustrating one concrete
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embodiment of the present improvements
they are shown in the accompanying draw-
ings as embodied in a machine of the well-
known type wherein the needle-cylinder is
stationary and the knitting-cams rotate, and
the illustrated machine is so organized as to
knit the toe, foot, heel, and leg in the order
named.

In the accompanying drawings, Figure 1 is
afront view of the upper part of the machine,
none of the parts above the plane of the yarn-
changer being shown. Fig. 1*isa front view
of the lower part of the machine, a portion at
one side being broken away. Fig. 2isa rear
view of the upper part of the machine, none
of the parts above the plane of the yarn-
changer being shown. Fig. 8 is a right side
view of the upper part of the machine, look-
ing at the same from the side which is at the
right when facing the machine, and hence
looking at the side which is shown at the
right in Fig. 1. Fig. 3* is a vertical section
of the lower part of the machine, looking at
the parts shown from the right. Tig. 4 is a
left side view of the upper part of the ma-
chine. T¥ig. 5 is a plan view of the machine,
the parts above the plane of the yarn-changer
being removed. Tig. 6 is a vertical section
through the needle- eylinder, knitting - cam
ring, and bed-plate. Fig. 7 is a detail sec-
tional viewofa part of thedrive-pulleys. Fig.
8 isadetail view of a partof the yarn-changer-
operating mechanism. Fig. 9 is an enlarged
detail sectional view of one side of the needle-
cylinder and knitting-cam ring. Fig. 10illus-
tratesa development of the knitting-camson a
Fig. 11 is a perspective view
of the section of the cam-ring which carries
the widening-cams. TFig. 12 shows details of
of the widening cams. Iig.13isa plan view
of the ring which controls the movement of
the parts which move the needles into and out
of action. Fig. 14 is a sectional view of the
said needle-controlling ring. Fig. 15 is a
perspective view of a portion of the pattern-
actuating devices. Fig.16isa vertical cross-
section of the time-shaft, showing the initial
portion of the pattern-actuating mechanism.
Fig. 17 is a vertical cross-section through the
main and time shafts, illustrating a portion
of the mechanism timing the action of the
needle-governing devices. Fig. 18isa partial
development on a plane surface of the periph-
ery of the needle-cylinder, illusirating the
different kinds of needles employed. Tig.
19 is a detail view of a portion of the take-up.

. Figs. 20 and 21 are detail views of the tension
. mechanism.

Fig. 22 is a detail view of a
portion of the take-up-governing devices.
Figs. 23 and 24 are detail views of a portion
of the devices for governing the length of the

. stitghes and for governing the operation of

the tension devices. Fig. 25 is a detail view
of a portion of the needle-shifting mechanism
for controlling the action of the needles.
Fig. 26 is a detail view of that portion of the
cam -ring where is located the narrowing

649,021

mechanism and of the parts adjacent thereto.
Fig. 27 is a plan view of a portion of the yarn-
changer-operating mechanism. Fig. 28isa
vertical longitudinal section of the yarn-
changer. Fig. 29 isadetail view of the yarn-
separator and the actuator for the yarn
gripper and cutter. Figs. 30 and 31 are de-
tail views showing different positions of the
yarn-cutter. Iig. 32 illustrates in detail the
several parts of the yarn-twister. Tigs. 33
and 34 illustrate details of the yarn-gripper.
IFigs. 35 and 36 illustrate details of the links
of the pattern-chain. Fig. 87 is a eross-sec-
tion of the reciprocating pitman, showing the
means for rendering the time mechanism in-
operative. Fig. 88 is a cross-section of the
main shaft, showing a part of thereciprocat-
ing pitman. Fig. 39 is a plan view, and Fig.
40 a side view, of the clutch-earriage. Fig.
41 is a sectional view of the reciprocating
pinion. Tigs. 42 and 43 are detail views of
the sliding clutch. Tigs. 44 and 45 are de-
tail views of the needle-controller. Fig. 46
is a detail view'of the narrower. Fig. 47isa
detail view of the latch for the belt-shipper.
Figs. 48 and 49 are detail views of the needle-
lifter-actnating mechanism. Iig. 50 isa de-
tail view of the needle-depressor-actuating
niechanism. Fig. 51 is a detail ‘sectional
view through the main and time shafts, illus-
trating a portion of the yarn-slackener-oper-
ating mechanism. = Iigs. 52 and 53 are detail
views of cams which operate the yarn-clamp.
Figs. 54, 55, and 56 are detail views of parts
of the yarn-clamp-operating devices. Figs.
57 and 58 are detail views of the sinker-ring.
Fig. 59 is a detail view of a part of the yarn-
clamp-operating devices. Fig. 60 is a detail
view of a part of the tension-operating mech-
anism. Figs. 9, 11, 32 to 37, inclusive, 41, 42,
43, 46, 48, 49, 50, and 52 to GO, inclusive, are
drawn to a scale double, and Figs. 44 and 45
to a scale four times, that of the remaining
figures of the drawings.

Knitling instrumentalilies.—Referring first
to Iig. 6, 10is the non-rotary needle-cylinder,
which is mounted upon the bed-plate A of the
machine by means of intervening instrumen-
talities, which will be hereinafter more fully
described when considering the means for
tightening and loosening the stitches. - The
bed-plate A is mounted upon a suitable frame
11, which is illustrated in Figs. 1, 1%, 3, 3*, and
elsewhere.

Theneedles are reciprocating latch-needles

and are guided in needle-grooves in the nee-
dle - cylinder in the usual manner and are
maintained in place in the needle-cylinder
by the commonly-employed circumferential
coiled-spring band 12. The needles are of
three kinds, as shown in Fig. 18. The short
needles ¢ occupy one-half the periphery of the
needle-cylinder and are those which are em-
ployed in knitting both the heel and the toe.
The long needles ¢', having heels 13, occupy
nearly one-half the periphery of the needle-
eylinder and are those which are always

70

75

8o

85

90

95

100

10§

IIO

Trs

I20

125

130



10

5

20

25

360

35

40

45

50

55

60

65

649,021 3

thrown out of action when knitting both heel
and toe. Thelong needles ¢? having no heels,
occupy the remainder of the needle-cylinder
and are thrown out of action when the toe is
to be knit, but are used in knitting the heel,
so that the heel is knit larger than the tpe.
These needles ¢ are located on opposite sides
of the needle-cylinder between the needles a
and ¢’ and are of such number as may be de-
sired, depending upon the desired difference
in size between the heel and toe. Six, three
on each side, is a suitable number of the nee-
dles a® All of the needles are used in knit-
ting the foot and leg. Since the needles ¢ are
employed in knitting the toe, they may be
conveniently called the ““ toe-needles.” Since
the needles ¢’ knit the instep portion of the
foot, they may be conveniently called the “in-
step-needles,” and since the needles a® are
used in knitting the heel, butnot the toe, they
may be conveniently called the ‘‘heel-nee-
dles,” and these designating terms will be
hereinafter employed. All of the needles
have the usual knitting-nibs 14 codperating
with the knitting-cams and have swells 15,
which codperate with the spring-band to hold
the needles elevated, which is of utility when
the instep and heel needles are moved up-
wardly into their inactive or idle position.
Bistherotating cam-ring,(see Fig.6,) which
surrounds the needle-cylinder and rests and
turns on a bearing 16, constituting part of a
top plate 17, which is secured to and partly
overlies the bed-plate A. The cam-ring has,

.asusual, a beveled gear 18, which meshes with-

a beveled driving-gear 19 on the shaft C, Figs.

1 and 17, which will hereinafter be called the

“main” shaft. The cam-ring is equipped

-with the usual knitting-cams 20 20* and 21

21* and switeh - cams 22 22°, (see Fig. 10,)
the knitting-cams being duplieated and the
switch-cams being provided to permit knit-
ting during reciprocation, as is usual. The
cam-ring is likewise equipped with devices to
effect narrowing and widening and to throw
the instep and heel needles into and out of
action, which will be hereinafter specifically
described.

The machine is equipped with web holders
or sinkers 23, (see Figs. 6 and 57,) which co-
operate with the needles and needle-cylinder
verge in the usual manner to feed along the
completed fabric and apply tension to the
loops on the needles. These sinkers are car-
ried by a sinker comb-ring 24, mounted in
the needle-cylinder, and are operated in the
usual manner by a sinker cam-ring 25, which
is operatively econnected with the cam-ring
B3, s0 as to partake of the movements there-
of. To this end the cam-ring carries a ver-

tical bracket 26, Figs. 1, 3, 4, and 5, which is
straddled by two radial projections on the
sinker cam-ring, each of which carries an ad-
justable screw-tappet 27, against one of which
the bracket 26 comes in contact, (depending
upon in whieh direction the cam-ring B is
traveling,) thereby earrying the sinker cam-

ring with it in the same direction. The two
tappets 27, with a space between them greater
than the width of the bracket 26,areprovided,
so as to time the operation of the sinkers
properly with reference to the action of the
knitting-cams, whichever way the cam-ring
B turns, and the screw adjustment of the tap-
pets compensates for wear and enables the
timing to be regulated to a nicety.

The yarn is conducted to the needles by a
leading-in yarn-guide 28, pivotally connected
with the bracket 26, secured to the cam-ring
B, (see Figs. 4 and 26,) so as to partake of
the movements thereof. The yarns are sup-
plied from three bobbins, one for the leg and
foot and the others for the toe and heel, which
are carried by three bobbin-plates 29, (see
Figs. 1, 2, 8, 4, 5, and 27,) which are support-
ed by a yarn-stand 30, secured-to the bed-
plate A. The several yarns are conducted
from their respective bobbins to the leading-
in yarn-guide 28 by suitable instrumentali-
ties, which will be specifically set forth when
describing the yarn-changer, yarn-slackener,
and yarn-tension.

The mode of operation of the parts thus far
described in knitting a fabric is similar to
thatcommon to circularlatch-needle knitting-
machines. '

Driving mechanism.—The main shaft C,
which drives the cam -ring B through the
bevel-gears 19 18, is adapted to be driven con-
tinuously in one direction when the foot and
leg are to be knit and to be oscillated or
rocked when the toe and heel are to be knit.
The change from one movement to the other
is effected automatically by pattern mech-
anism. . :

At the lower part of the machine, Iigs. 1°
and 3%, is a drive-shaft D, which is actuated
continuougly in one direction by devices
which will be deseribed when considering the
speed-changing mechanism. This shaft car-
ries a large sprocket-wheel 81, which con-
stantly drives at a greater speed a smaller
sproeket-wheel 32, loose on the main shaft C,
by sprocket-chain 83. A sliding clutch 34,
splined to the main shaft C, Figs. 1, 5, 42,
and 43, codperates with the hub of sprocket-
wheel 32, and when clutched therewith the
main shaft-and with it the cam-ring B are ro-
tated continuously in one direction.

The drive-shaft D has a crank 35, Figs. 1
and 3, to which is pivoted a pitman E, hav-

ing a rack 36 at its upper end, which meshes.

with a pinion 37, Figs. 8 and 5, loose on the
mainshaft C. The rack 36 is maintained eon-
stantly in mesh with the pinion 37 by means
of a guide 38, which is hung loosely in the
main shaft C, Figs. 1, 3, and 38, so as to com-
pensate for the swing of the lower end of the
rack-pitman E. The clutch 34 also codper-
ates with the pinion 37, so that when the
cluteh is engaged therewith the main shaft C
and with it the cam-ring I3 are reciprocated.
The clutch 34 is arranged to reeiprocate on
the main shaft C between the pinion' 37 and
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the sprocket-wheel 32, so that the cam-ring B
may be alternately reciprocated and rotated
in-accordance with the requirements of the
knitting, and when it occupies the interme-
diate position it is out of engagement with
both pinion 37 and sprocket-wheel 32, so that
knitting then ceases. When the clutch thus
occupies its intermediate idle position, the
cam-ring B may be operated by hand, the
main shaft being equipped with a hand-crank
39, Figs. 1, 2, 3, and 5, for this purpose.
Pattern mechanism.—The clutch 34 is au-
tomatically moved between the pinion 87 and
sprocket-wheel 32 at the appropriate times
by means of a pattern mechanism, which also
governs all the other movements of the ma-
chine. Parallel with, hehind, andslightly be-
low the main shaft C is a time-shaft 40, car-
rying near one end a sprocket-wheel 41, loose
thereon, around which passes a pattern-chain
42. The pattern-chain also passes around a
supporting sprocket-wheel 43, Figs. 1%, 32, and
5, journaled on astud 44, carried by theframe
11. The greater portion of the links of the
pattern-chain earry projecting wings 45, Figs.
35 and 36, which afford a substantially-con-
tinuous elevated path or pattern-track, Ifigs.

-3 and 3* except where it is interrupted by the

omission of the wings from certain of the
links at appropriate intervals, as shown in
Figs. 35 and 36, the occurrence of these in-

-tervalsor interruptions determining a varia-
I £2)

tion in the product. The pattern-chain is
moved step by step intermittently, and to
this end a ratchet-wheel 46, fast to the pat-
tern-chain sprocket 41, is provided, Ifigs. 1,
2,8,5,and15. Looselysurrounding the time-
shaft 40 is a pawl-lever I, Fig. 16, to the outer
end of which is pivoted at 47 a pawl 48, which
engages the ratchet 46. The pawl-lever I is
moved in one direction by springs 49 and 50,
Frigs. 2, 3, and 5, both of which are attached
at their inner ends to a fixed part of the ma-

- chine, and one of which, 49, is attached at its

45

50

55

outer end to the tail of the pawl 48, Fig. 3,
so as to maintain it in coOperative relation
with the ratchet 46. The outer attachment
of the spring 50 will be hereinafter described.
The movement of the pawl-lever If in the op-
posite direction is effected by a tappet 51, pro-
jecting from the reciprocating rack-pitman
E, Trigs. 1, 16, and 37, which on the upstroke
of the pitman encounters the inwardly-ex-
tending arm 52 of the pawl-lever and moves
it upwardly. In this manner the pattern-
chain is moved intermittenily a definite dis-

- tance at each revolution of the drive-shaft D.

6o

63

Inorderte properly adjust the length of the
working stroke of the pawl-leverso as tomove
the pattern-chain the proper distance at each
step, theinner arm 52, Fig. 16, of the pawl-le-
ver I is a stiff spring secured to the pawl-le-
ver and adjustable by a serew 53.

The length of the inward or return stroke
of the pawl-lever I¥ is limited by a stop 54,
carried by a suitable fixed part of the ma-
chine, such as the bracket 55, Figs. 2, 3, 5, and

15, whicli is encountered by a detent 56 on
the pawl-lever when pulled inward by the
springs 49 50, The pawl-lever hence has a
definite length of stroke, thus advancing the
pattern-chain by uniform steps.

It is sometimes desirable to throw the pat-
tern mechanism wholly out of action—as, for
example, when it may be desired to knit a
circular web of indefinite length—and this
object is effected very simply by making the
tappet 51 on rack-pitman E movable, so that
it may be maintained in a position where if
will not encounter the arm 52 of the pawl-le-
ver I".  The tappet 51 is a pin sliding in the
pitman E and a bracket 57, attached thereto,
Figs. 1 and 37, and a spring 58 tends to hold
the tappet in and restores it to its idle posi-
tion. A hand-controlled latch 59 locks the
tappet in its active position when moved
thereto by hand. By manipulating the lateh
to release the tappet the latter is thrown to
its idle position by the spring 58.

The pattern-chain controls the movements
of themachine by raising andlowering a rider
1, Figs. 8 and 15, which normally rides upon
the pattern-track formed by the link-wings
45, and is thereby held elevated, and which
drops down by gravity when an interval or
interruption in the pattern-track arrives be-
neath it, this downward drop being its effect-
ive movement. 'This rider 1 is carried by a
lever G0, pivoted to the bracket 55, so that
the rider is capable of rising and falling.
When the rider drops down, there is brought
into action mechanism for rotating the time-
shaft step by step. This mechanism includes
asits primary instrumentality a ratchet-wheel
G, which is adjacent to the ratchet 46 and
fast to the time-shaft 40. The ratchet-wheel
G, and with it the time-shaft, remains station-
ary for the greater part of the time, but is
brought into action by the drop of the rider
1, which releases the normally-idle pawl 61
of the ratchet G. This pawl 61 is pivoted at
the outer end of the pawl-lever I on the side
thereof opposite to where the pawl 48 is lo-
cated, as shown in Figs. 2and 5. Thespring
50, heretofore mentioned, is connected to the
outer end or tail of pawl 61 and tends to force
the free inner acting end of the pawl into op-
eration with the ratchet G- Normally, how-
ever, the acting end of the pawl 61 is held up-
lifted out of contact with the ratchet G by
means of a pin 62 thereon, IFFig. 15, which
rests on a horizontally-projecting flange b on
the rider-lever 60, so that although the pawl
constantly reciprocates with the pawl-lever I
it has no effect upon the ratchet & and time-
shaft. When, however, therider and its lever
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drop down, the acting end of the pawl 61 de- .

scends into its active position and then actu-
ates the time-shaft ratchet & step by step in
consonance with the pattern-chain ratchet 46,
Owing to this arrangement, which brings the
time-shaft into operation only when needed,
the time-shaft is arranged so as to make but
a single revolution for the completion of one
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stocking, and at the same time it becomes pos-
sible, as will be shown, to provide for the
movement of the time-shaft through a large
are when needed, so as to render its effective
movements easy and smooth, The first ef-
fect after the dropping of the rider 60 and
the bringing of the pawl 61 into action is to
move the ratchet G a few stepsin consonance
with the ratchet 46 until a change in the knit-
ting is to be made. This change (or changes)
is effected by cams, as will presently appear,
and to render the cam rise gradual and its
action smooth and easy the ratchet G is
moved through a large are, whieh in the illus-
trated machine is seven times the length of
the arc through which it moves in taking its
usual step. This long step is taken by giv-
ing a long throw to the pawl-lever F. - When
such a long throw is to be given, a cam 63 on
the side of the ratchet G, Figs. 2 and 16, en-
countersadepending tongue 64 near the outer
end of the stop 54, (which is made resilient or
as a spring for this purpose,) thereby lifting
said stop out of the path of the detent 56 of
the pawl-lever F, so that the springs 49 50
thereupon pull the pawl-lever inwardly a
greater distance than usual and until an out-
wardly-projecting abutment 65 on the end of
the pawl-lever encounters the stop 54. Then
when the tappet 51 again encounters the in-
ner arm 52 it gives the pawl-lever F its long
stroke,(inthe construction shown seven times

the usual stroke,) thus moving the ratchet.

G and time-shaft through a large are. This
long stroke frees the ecam 63 from the tongue
64, thereby permitting the stop 54 to resume
its normal position, so that but onelongstroke
is made at a time. It is notexpedient or de-
sirable, however, to move the pattern-chain
ratchet 46 more than its usual step, and hence
its actuating-pawl 43, although partaking of
the long stroke, is arranged so as to then feed
the ratchet 46 only its usual step. To this
end the free inner end of the pawl 48 has a
beveled projecting stud 66, Figs. 3 and 15, on
one side, in the path of which when the long
stroke is taken is an inclined lifter 67 on the
bracket 55, which is sufficiently far away
as to have no effect when the pawl 48 takes
its usual stroke. When, however, the long
stroke is taken, the stud 66 rides up the lifter
67 out of the way, and consequently on the
working or outer stroke operates upon the
ratchet 46 only sufficiently to moveit the usual
step. .
In Fig. 16 only one eam 63 is shown on the
ratchet G. There are, however, as indicated
in Fig. 2, a plurality of such cams, there be-
ing a sufficient number and properly spaced
to give the desired number of long strokes at
the proper times. ‘
Direction-changing mechanism.—The au-
tomatic change between continuous rotation
and reciprocation is effected by moving the
cluteh 84, and the principal instrumentalities
for this purpose are a cam-wheel II, loose on
the pattern-shaft, a laterally-sliding shifting

carriage I, mounted on the framework, and
a shifting-fork J, carried by the carriage and
connecting with the clutch.

The carriage I is a slide, Figs. 2, 39, and 40,
having slots 68, embracing screw-studs 69 on
the frame 11, which constitute the ways for
the carriage. At its inner end the carriage
has a depending operating-arm 70, having a
bowl 71 atits lower end close to the periphery
of the cam-wheel II. The cam-wheel has on
its periphery two pairs of cams 72and 73, the
cams 72 acting upon the bowl 71 to shift the
carriage I to the right, Fig. 2, to bring the re-
ciprocating mechanism into action, while the
cams 73 act in the opposite direction to bring
the continuously-operating mechanism into
action. . The cam-wheel H is rotated from
the pattern-shaft ratchet G by means of two
laterally-projecting studs 74, mounted onsaid
parts,respectively. The wheel H and ratchet
G might, however, be fast with each other.

The shifting-fork J is pivoted at ¢, Figs. 39
and 40, at its rear end to the carriage I, and
its front forked end embraces a peripheral
groove d in the clutch 34, Figs. 1, 5, and 42.
Stiff flat springs 76 and 77, secured at the
rear to the carriage I, bear at their forward
ends upon opposite sides of the fork J, and
consequently the fork and clutch partake of
the lateral movements of the carriage, and
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hence the wheel 32 and pinion 37 (controlling .

the rotary and reciprocating movements, re-
spectively) are alternately bronght automat-
jeally into action at the proper times, as de-
termined by the pattern-chain. The purpose

_of the springs 76 and 77 and of pivoting the

fork J is to insure the proper action of the
clutchin case,when theshift occurs,the proper
cluteh-face of the clutch is not exactly coin-
cident with the corresponding clutch-face on
the wheel 52 or pinion 87. For example, in
case the position of the pinion 37 should be
such that when the shift of the-clutch takes
place the clutch projection 78 on the clutch
should encounter the cluteh projection 79 on
the pinion the carriage I would still be moved
positively its entire distance by the positive
action of one of the cams 72, and the result
would be to swing the fork J against the
spring 77, thereby increasing its tension, the
other spring 76 being then prevented from
acting upon the fork, because it is carried
out of contact therewith by the stop-arm 75,
forming part of-the carriage. Then as soon
as the pinion 87 turns sufficiently far to bring
its clutch-recess into coincidence with the
cluteh projection 78 on the cluteh the spring
76 snaps the clutch into place.. Similarly the
other spring 77 acts to insure the engagement
of the clutch with the wheel 32.

Tor the proper timing of the mechanism
to insure a perfect product by avoiding the
skipping of the needles by the yarn the clutch
should engage the pinion 87 only when the
pinion is oscillating in the right direction,
and hence the respective members are prop-
erly constructed toinsure this correct engage-
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ment. The opposing cluteh projection 78 on
the cluteh has a sliding tongue 80, Figs. 42
and 43, which is normally projected by a
spring 81, thus making the clutch projection
78 normally larger than the corresponding
recess on the pinion 37 and rendering the
clutech projection ‘¢ contractible.” Conse-
quently when the pinion is oscillating in the
wrong direction the projection 78 will not en-
ter the pinion-recess, being too large. When,
however, the pinion is oscillating in the
proper direction, the then leading end 82 of
its cluteh projection 79 (which extends lat-
erally outward farther than its tail end)

encounters the tongue 80 of the contracti-.

ble clutch projection, thereby pushing it in
against its spring, thus contracting the pro-
jection 78 sufficiently to enable it to fit with-
in the pinion-recess.

Speed-changing mechanism.—It has al-
ready been stated that owing to the relative
sizes of the sprocket-wheels 31 and 32 the
speed of the eam-ring is greater during ro-
tation than during reciprocation. It is de-
sirable, however, to still further reduce the
speed during reciprocation, to effect the slow-
ing down before reciprocation begins, and to
afterward start rotation before speeding up,
80 that the operation of the clutch 34 in both
directions shall oceur during the slow move-
ment, therebyavoiding shock to the machine.

Referring to Ifigs. 1%, 5, and 7, it will be

- seen that the drive-shaftD has a fixed clutch
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member 83 fast thereto and earries a loose
sleeve 84, having a clutch-face 85, adapted to
the elutch member 83. The purpose of this
cluteh arrangement is to provide for the au-
tomatic stopping of the machine, as herein-
after set forth. Ordinarily, however, the said
parts 83 84 are clutched together and are now
to be so considered. Thesleeve 84 carriesan
intermediate pulley 86, fast thereto, and two
loose pulleys 87 88 on opposite sides thereof.
With these pulleys codperate two constantly-
running belts, Iig. 5, one of which runsfaster
than the other, as by passing around a larger
pulley on the usual overhead power-shaft.
Both belts run in turn over the driving-pul-
ley 86, and the fast belt coéperates with the
inner idler 88, while the slow belt co6perates
with the outer idler 87. The action of these
belts is immediately controlled by a Dbelt-
shipper §9, which is centrally pivoted, Fig. 4,
at 90 to a suitable part of the frame 11. The
lower end of the belt-shipper has two forks
91 92, the former for the fast belt and the lat-
ter for the slow belt. In one position of the
shipper the slow belt runs on the driving-
pulley 86, and in its other position the fast
belt runs thereon. The movement of the

shipper from one position to the other is au-
tomatically controlled at the proper moments
by cams 93 94 on a cam-drum K, which is
fast to the time-shaft 40, a bowl 95 at the up-
per end of the shipper being in the paths of
The cams 93 move the ship-

the said cams.

per in its proper direction to slow down the
machine, and the cams 94 move the shipper
in the opposite direction to speed it up.

The movement of the cams 93 94 (since their
drum K is fast to the time-shaft 40) is con-
trolled by the ratchet G, which in turn is gov-
erned, as already set forth, by the pattern-
chain.

When a change is to be made from fast to
slow preparatory to knitting a heel or a toe,
the pattern-chain brings the ratehet G into
action, which then proceeds several steps in
consonance with the pattern-chain ratchet 46,
and during this time one of the cams 93 is
brought into action and shifts the driving-
belts so as to bring ‘the slowly-running belt
into action. The length of the cams 93 (and
also of the cams 94) is such as to require sev-
eral steps of the ratchet G to effect the throw
of the belts, thus rendering the transition
from fast to slow gradual and without shock
to the machine and at the same time enabling
the inecline of the eam to be made gradual
and easy. As soon as the speed of the ma-
chine is thus slowed down the long stroke of
the pawl 61 occurs, thus shilting the clutch
34 and changing from rotation to reciproca-
tion, the movement of the eluteh thus taking
place when the machine is running slowly.
The pattern-chain then throws the pawl 61
out of aection, so that the time-shaft stands
still. As soon as the heel or toe, as the case
may be, is nearing completion the pattern-
chain again brings the pawl 61 into action
and a long stroke is made, thereby changing
back from reciprocation to rotation while the
machine is still running slowly. This move-
ment also preferably brings one of the cams
94 into operative position, so that a few short
steps of the pawl 61 shifts the shipper and
brings the fast-running belt into play, thus
driving the machine rapidly during continu-
ous rotation. The pattern-chain then moves
the pawl 61 out of action, so that tho time-
shaft remains stationary while knitling cir-
cular courses. Owing to this arrangement
both movements of the clutch 34 take place
while the machine is running slowly.

Throwing the instep-needles out of aclion.—
The change from rotation to reciprocation oc-
curs when a toe or a heel is to be knit, and
when the toe or heel is completed the reverse
change from reciprocation to rotation occurs.
Now during the knitting of the heel or toe
and during reciprocation only a portion of the
needles are in action, and the idle needles are
thrown out of action when the change from
rotation to reciprocation occurs, and they are
again brought into action when the toe or heel
is completed and when the change from re-
ciprocation to rotation occurs. The only dif-
ference in the knitting of the heel and toe is
that when the heel is knit only the instep-
needles o’ are thrown out of action, whereas
when the toe is knit the heel-needles «* are
also thrown out of action.
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The governance of the instep-needles ¢’ will |

be first taken up and then that of the heel-
needles a

The instep-needles.a’ are thrown out of ac-
tion by being elevated so far as to raise their
knitting-nibs 14 above the path of the knit-
ting-cams, and this elevation of the needles
is immediately effected by a needle-lifter 96,
Figs. 9, 10, and 49, which is mounted on and
carried by the knitting cam-ring B. This
lifter is normally wholly outside of the plane
of the needles, so. that it is normally idle.
When, however, the instep-needles are to be
elevated out of action, the lifter 96 is pushed
radially inward at the proper moment. This
inward push occurs when the needle-lifter is
opposite a portion of the short toe-needles a,
which are wholly above the highest part-of
the lifter. 'When thus pushed in, the heels
13 of the instep-needles ¢’ are in the path of

‘the elevating-incline constituting the upper

edge of the lifter, and consequently when the
lifter reaches the instep-needles it lifts them
all up to their inactive position. Assoon as
this is accomplished the lifter retires into its
idle position.

In order to avoid making the elevating-in-
cline of the needle-liffer so high as to inter-
fere with the regular knitting action of the
needles, as would be the case if in the con-

struction shown the entire lift shounld be ac-.

complished thereby, a supplementary lifter
961 is employed, which is fixed to the cam-
ring B, Fig. 10. The needle-lifter lifts the
instep-needles high enough to bring their
usual knitting-nibs 14 into the path of the
supplementary lifter 961, which thereupon
completes the lifting action.’ '

It will be observed, Fig. 10, that a guard-
cam 148 is extended over the leading points
of the needle-lifter 96 and aunxiliarylifter 961,
so as to prevent theirstrike throwing the nee-
dles up too far.

The needle-lifter has a stem 97, which ex-
tends outwardly through a block fixed to the
cam-ring B3, and a spring 98, surronnding
stem 97, holdsand pushes thelifter outwardly.
The needle-lifter is pushed inwardly to its
acting position by needle-lifter-operating cam
99, IMigs. 3 and 5, which is mounted fo slide
radially in a slot in the stationary top plate
17. This cam 99 normally occupies its out-
ward position where it is out of the path of
the needle-lifter stem 97, and it is pushed in-
ward at the appropriate time by the action of
the pattern mechanism,so as to be within the
path of said stem 97, whereby the needle-
lifter is pushed inwardly, and thus aets to
elevate the instep-needles.

Beneath the top plate and tuorning in an

" annular groove in the bed-plate Aisaring L,
Figs. 6, 13, and 14, which controls all of the
movements of theneedles, and whichishence
hereinafter termed the *‘needle-controller.”

Depending from the needle-lifter-operat-
ing cam 99 is a stud 100, Fig. 13, which en-
ters a cam-path in the needle-controller. The

65

stud 100 normally stands in a concentrie por-
tion 101 of the cam-path; but when the nee-
dle-controller is oscillated in the direction of
the arrow 102 the cam-rise 103 encounters the
stad 100, which is moved radially inward,
thereby bringing the needle-lifter-operating
cam 99 into the path of the stem 96 of the
needle-lifter. _

The oscillation of the needle-controller L is
governed by the time-shaft. The needle-con-
trollerig capable of oscillation throughstrokes
or ares of different lengths for purposes which
will hereinafter appear, one of which strokes
in the direction of the: arrow 102 (which di-
rection is that of the “‘forward” strokes) is
that which controls the movement of the nee-
dle-lifter to lift the instep-needles.

The needle-controller 1. is connected by a
pin 104, TFig. 6, with a slide M, Figs. 6 and
25, which is mounted beneath the bed-plate
A to slide back and forth, and thereby osecil-
late the needle-controller. The slide M is
moved forward by a lever 105, pivoted to the
frame 11 and connected at its upper end to
the slide, and is moved backward by the
spring 106, which spring maintains a bowl
107 at the lower end of the lever in contact
with cams 108, 1081, 109, and 110 on a ratchet-
wheel N, which is loose on the time-shaft 40.
This ratchet-wheel N, which will be herein-

70

75

8o

35

90

93

after termed the ‘“‘needle-pattern” wheel or

ratchet, as shown in Figs. 2, 17, and 25, has
ratchet-teeth 111, consisting of the heads of
screws which are inserted at proper intervals
in threaded holes 112 in the periphery there-
of, Cooperating with this needle - pattern
ratchet is a pawl 113, Fig. 17, maintained in
codperative relation by a spring 114 and piv-
oted to a rocking arm 115, which swings on
the hub of the ratchet N. The outer end of
the arm 115 is held by the spring 114 in con-
tact with an eceentriec 116 on the main shaft
C, so that the pawl 113 is constantly oseil-
lated during the operation of the machine.
Normally, however, the tooth of the pawl
playsidly between groupsof the ratchet-teeth
111 without moving the ratchet N, and it is
brought mowmentarily into action from time
to time by the action of the pattern-chain.
The needle-pattern wheel N is rotated step
by step from cam-wheel II (which, as alveady
shown, moves in consonance with the pattern-
shaft ratchet G) by means of pins d on the
wheels N H, respectively, which arrangement
enables the wheel N to be advanced by its
actuating - pawl 113 without affecting the
wheel I, the wheel N being afterward unaf-
fected by the advance of the wheel H until
the pin d on H catches up with the pin ¢ on N.
During the cireular knitting of a stocking-
foot the bowl 107 rests on the dwell 117, Tig.
25, on the wheel N, thereby maintaining the
slide M and needle-controller L in a position
of rest, with the stud 100 in the dwell 101 of
the controller I.. Just before the pattern-
shaft-ratchet pawl 61 makes its long stroke
to produce the reciprocating movement for
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B

beginning the heel the instep-needles must
be thrown out of action, and hence the same
long stroke moves the wheel N, so as to bring
the first of a group of its ratchet-teeth 111
within reach of the next stroke of its pawl
113, whereupon the wheel N isadvanced, thus
causing its cam 108 to act upon the bowl 107
to move the lever 105, whereupon through
slide M the needle-controller L is moved suf-
ficiently far to cause the cam-rise 103 to move
the needle-lifter-operating cam 99 into the
path of the needle-lifter stem 96, so that the
instep-needles are thrown out of action.
Since the needle-lifter must remain inward
against the tension of its spring 98 during a
half-revolution of the cam-ring and since it
is held inward only momentarily by the ac-
tion of thecan 99, special means are provided
for locking the needle-lifter in its acting po-
sition until the instep-needles are all thrown
out of action and for then automatically un-
locking the needle-lifter, so that it is restored
toits normal idle position by the action of the
spring 98. The stemm 97 of the needle-lifter
extends through a block 118, Figs. 9, 48, and
49, removably fixed to the cam-ring B, and
has a notch 119, to which is adapted a lateh
120, pivoted at 121 to the biock 118 and play-
ing vertically in a recess in the face of said
block adjacent to the periphery of the eam-
ring B. Thislatchispulled upwardly against
the stem 97 by aspring 122. When the stem
is pushed inwardly by the cam 99, its notch
1191is brought intoregister with the latch 120,
which is pulled into said notch by its spring
122, thereby locking the needle-lifter in its
inner position, where it remains during some-
what more than a half-revolution of the cam-
ring or until all of the instep-needles are ele-
vated. The latch 120 is then automatically
released from the notch 119 by the automatic
action of areleaser 125 and tripper 124, where-
upon the spring 98 restores the needle-lifter
to its idle position. The releaser 123 is a ver-
tical shaft journaled in the block 118, adja-
cent to the free end of latch 120, and having
a cam 125 codperating with a pin 1206 on the
lateh. A torsional spring 127 moves the re-
leaser in one direction, a stop 128 limiting
this movement. The releaser carries an out-
wardly - projecting operating-arm 129, by
which it 1s adapted to be moved in opposition
to the spring 127 at the proper times by the
action of the tripper 124. The tripper 124 is
a slide mounted to move radially in the top
plate 17 and havinga tripping-arm 130, which
is normally out of the path of the releaser-
arm 129, but which is adapted to be moved
into said path at the proper times by the ac-
tion of the needle-controller L. The tripper
124 has a depending stud 131, Fig. 13, which
normally stands in a dwell 132 of a ecam-
groove in the needle-controller. The same

movement of the needle-controller which
brings the cam 99 into action also causes the
cam-rise 133 to act on the stud 131 to move
the tripper 124 radially inward to bring ifs

arm 130 into the path of the releaser-arm 129.
The relative peripheral location of the cam
99 and tripper 124 is such that just after all
of the instep-needles have been raised the re-
leaser-arm 129 encounters the tripper-arm
180, whereby the releaser is turned so that
its ecam 125 acts on the lateh-pin 126 to de-
press the latch and release the needle-lifter.
As soon as the releaser-arm 130 passes be-
yond the tripper-arm 129 the spring 127 re-
stores the releaser to its mormal position,
where its cam 125 is out of the way of the path
of the lateh-pin 126 when rising.
Justaftertheneedle-lifter has accomphshed
its work and before its operating devices can
again encounter cam 99 or tripper 124 the
bowl107, Fig. 25, undertheinfluenceof spring
106, drops down onto dwell 134 of the needle
pattern-wheel N, which has been moved for-
ward by the continued action of its pawl 113,
and thereupon the slide M moves to its origi-
nal position, (dwell 134 being concentric with
dwell 117,) whereby the needle-controller L is
likewise restored to its or iginal normal posi-
tion, as shown in Fig. 13. This movement
causes the eam-rises 103 and 133 torestore the
needle-lifter, actuating-cam, and tripper to
their idle position. When, however, the toe
is to be knit, the heel-needles ¢?, as well as
the instep-needles @', have to be thrown out
of action. This is effected by giving the
necdle-lifter 96 a longer inward movement.
When moved inward by its short stroke, the
needle-lifter encounters the instep-needles«’,
having the heels 13, and does not reach the
tails of the heel-needles a?, whiech are not pro-
vided with heels. When, however, the nee-
dle-lifter is given its long inward stroke, it
also encounters the tails of the heel-needles,
thereby lifting all of the needles, except the
toe-needles ¢. The extralongstroke is given
to the needle-lifter by an additional rise 135
(see I'ig. 13) in the needle-controller and by
an extl a long stroke in the'direction of arrow
102 to the needle controller L,whichiseffected
by the cam 1081 on the needle pattern-wheel
N, Fig. 25, which is higher than the cam 108.
The only other variation in the mechanism
required for the elevation of the heel-needles
is an additional holding-notch 136, Fig. 9, in
the stem 97 of the needle-lifter, with which
the latch 120 engages to maintain the needle-
lifter in its innermost position while throw-
ing the needles o' ¢® out of action. As soon
ag the needles are thrown out of action for the
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heel or toe the cluteh 34 is shifted and the re-

ciproeation begins.

DBringing the nstep-needles info action.—
After a toe ora heel has been knit and circu-
lar knitting is to be resumed the instep (or
instep and heel) needles which have been
thrown out of action must be brought again
into action. For this operation there is no
variation in the mechanism on account of the
heel-needles a?

At the proper moment, through the action
of the pattern-chain and intervening instru-
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mentalities, the needle pattern-wheel N is ro-
tated so as to bring one of the twolowest por-
tions 137 of its cam-track, Fig. 25, (in theillus-
trated construction formed by the entire cut-
ting away of the cam-surfaces,) opposite the
bowl 107, whereupon the spring 106 acts to
pull the needle-controller I. its farthest dis-
tanee backward in the direction of arrow 138,
Fig. 13. The result is to cause a cam-rise
139, acting upon stud 131, to move the tripper
124 radially inward, and also to cause a cam-
rise 140, acting upon a stud 141, depending
from a radially-sliding needle-depressor-op-
erating cam 142, Figs. 1, 2, 3, and 5, to move
said cam inwardly, said cam 142 being mount-
ed to slide upon the stationary top plate 17.
The inward movement of cam 142 brings the
sameo into the path of an ontwardly-project-
ing arm 143 of a needle-depressor 144, Figs.
1, 10, and 50. This depressor is a radially-
sliding cam mounted on the cam-ring B and
normally occupying its outer idle position re-
mote from the butts 14 of the elevated instep
and heel needles. When, however, the in-
wardly -moved cam 142 encounters the arm
143, the needle-depressor is pushed inward,
so that its cam incline is in the path of the
butts 14 of the elevated needles. Thereupon
as the cam-ring rotates the depressor en-
counters the butts 14 and depresses the idle
needles to within the reach of the usual knit-
ting-cams. , :

The needle-depressor ig held in its acting
position against the restoring pressure of a
restoring-spring 441 during somewhat more
than a half-rotation of the cam-ring or until
all of the elevated needles are depressed and
isthen released by a releasing-arm 145, Figs.
1 and 50, which depends so as to strike the
tripping-arm 130 of the tripper 124, whereby
the depressor is restored to its outer idle po-
sition. '

The depressor 144 extends through aslotin
the cam-ring B, Fig. 50, and is carried at the
free end of a flat spring 441, seeured to the
periphery of the cam-ring B and which nor-
mally holds said depressor-outward in its in-
active position. The outer end of the spring
is extended beyond the depressor to consti-
tute a lateh 442, which cooperates when the
depressor is pushed in with a lip 443 on a
sliding catch 444, which is mounted to slide
on the periphery of the cam-ring, a spring
445 moving it in one direction and a lever
446, carrying arm 145 and pivoted at 447 to
the cateh 444, engaging a fixed stud 448 on
the cam-ring to move the catch 444 in the op-
positedirection. When thedepressorismoved
inward by the depressor-cam 142, the lip 443
automatically engages the latch 442 and holds
the depressor in until all the needles have
been lowered. . The releasing-arm 145 en-

counters the tripper-arm 130, thus disengag-
ing lip 443 from lateh 442, whereupon spring
441 restores the depressor 144 to its idle po-
sition and spring 445 restores catch 444 to its
original position. Thereupon the needle pat-

tern-wheel N again nioves so as to cause one
of its cams 109 or 110, Fig. 25—in case the
heel has just been completed cam 109 and in
case the toehas just been completed cam 110—
to operate upon the bowl107, whereupon the
bowl is moved tipward upon one of the dwells
117 or 1171, where it occupies its normal po-
sition, thereby moving the needle-controller
L, Fig. 13, forward, so that the cam-rises 139
and 140 restore the tripper 124 and depressor-
operating camn 142, respectively, to their nor-
malidle position. Theeclutch 841isthen moved
to change from reeiprocation to continuous
rotation.

Narrowing mechanism.—The narrowing
mechanism is the same when knitting both
heel and toe. Asisusual with such mechan-
ism, the narrowing commences with the be-
ginning of reciprocation, and one needle at a
time alternately on the ends of the gang of
needles then in action is thrown out of action
by being lifted up out of action at each com-
plete reciprocation of the cam-ring. The nar-
rowing is automatically effected by a nar-
rowor O, Figs. 10 and 46, which is pivoted to
the cam-ring B at f; so as to oscillate between
the two stitch-cams 20 20, The narrower O
has two needle-raisers 2 and 3 on opposite
sides. During continuous rotation the cam-
ring B rotatesin the direction of the arrow 146.
The needle-butts 14 then travel over switch-
cam 22, up cam 20, beneath guard-cam 147, the
head of narrower O, cam 20*, and switch-cam
292, and up cam 21*, Fig. 10 showing the nar-
rower in theright-hand position,whichit then
ocenpies. When, however, the cam-ring B
makes its first reversal in reeiprocation, the
butt of the first toe-needle ¢ (assuming that a
toe is being knit or of the first heel-needle a*if
a heel isbeing knit) rides over switeh-cam 22°,
up over cam 20%, beneath guard-cam 148, and
then strikes the head of narrower O, causing
it to swing on its pivot,whereby its raiser 3 en-
tersbeneath the butt 14 of said needle, thereby
elevating it and causing it to pass over the
head of the narrower O and above guard-cam
147, the resuls being that said needle is ele-
vated into an idle position and into the same
plane as the instep-needles. At the same
timethe tilting of the narrower O opens a path-
way beneath it for the following needles,
which then execute their usual knitting move-
ments, passing down beneath cams 20 and 22
and up eam 21. .

The tilt of the narrower O to the left leaves
it in such position that when the cam-ring B
reverses and moves again in the direction of
the arrow 146 the butt of the leading needle
encounters the head of the narrower, tilts the
same back to the right, and is itself lifted up
toitsidle position by the raiser 2, at the same
time opening up the knitting-path beneath
cams 20* 22* and up cam 217,

The narrower O thus alternately raises one
needle at a time on the right -and left until
the desired narrowing has been finished. It
is then manipulated so as to no longer effect
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narrowing. This manipulation, however, can
be best set forth after deseribing ihe widen-
ing mechanism, which, it will be seen, re-
quiresmanipulation during the narrowingop-
eration.

Widening mechanism.— After the narrow-
ing has been completed in knitting either the
heel or toe the machine begins at once to
widen in the usual manner, bringing into ac-
tion the needles thrown out in narrowing one
at a time alternately at right and left.

The widener P is shown in Figs. 10, 11, and
12, and it will now be assumed to be ready
for operation. The widener I’ is shown in
detail in Fig. 12 and has a base-plate pivoted
at 149 to the inner face of the cam-ring B.
This base-plate has two downwardly-project-
ing diverging legs 150 151, and its head has
two diverging facets 152, against which the
flat spring 153, Fig. 11, rests in alternation,
thereby holding the widener in each of its
two positions of rest, the swing of the widener
being limited in both directions by a pin 154
thereon, riding in a slot 155 in the eam-ring B.

Pivoted at 149 to the widener-base are two
needle-droppers 156 and 157, which are main-
tained normally parallel with and overlying
their respective legs 150 151 by the torsional
spring 158, which keeps their inner edges
bearing against a stud 159 on the base-plate.
Each dropper and its eorresponding leg has
a notch 4 in its lower end, and each dropper
has its lower working end or head & project-
ed inwardly into the plane of the needle-
butts 14. ,

Assuming that the parts are in the posi-
tion -shown in Iig. 10, the cam-ring to be
moving in the direction opposite to that of the
arrow 146, and that widening is about to be
begun, then the butt 14 of the leading needle
of those elevated out of action will strike the
notch 4 of the right-hand dropper 156, there-
by swinging the widener on the pivot 149.
At the same time the needle is itself pushed
downward by the dropper 156, the opposing
coneentric face of the dropping-cam 160 com-
pelling the needle-butt to move downward
until it arrives at a sufficiently-low position
either to be in the working path of the knit-
ting-cams or, if not, to be at least in the path
of the lowering face 161 of the dropping-cam
162, which completes the restoration of the
needle to its knitting position. This down-
ward swing of the dropper 156 also lowers its
acfive end or head 5 below the plane of the
butts 14 of the succeeding elevated needles,
which are hence unaffected thereby. The
swing or tilt, however, of the widener has re-
sulted in elevating the acting end or head 5
of the other or left-hand dropper 157 into the
path of the succeeding elevated needle-butts;
but it encounters them without effect be-
cause, being pivoted at 149, it is swang up-
ward out of the way by the needle-butts and
after passing them all is brought back to its
positionin theirpath by thespring158. When
now the cam-ring reverses, the leading nee-
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dle at the other end of the gang of the idle nee-
dles encounters the left-hand dropper, and
the previous action is repeated in the reverse
direction. In this manner the needles which
were elevated by the narrower are restored
one by one by the widener.

Narrowing and widening operating mech-
anism.—Now it is obvious from the preced-
ing description of the narrower and widener
that means must be provided for rendering
the widener inoperative during narrowing
and the narrower inoperative during widen-
ing, since otherwise each would at once undo
the work of the other.

To render the widener inoperative during
narrowing,’its pin 154 projects out through
the cam-ring and is there pivoted to an op-
crating-lever 163, which is pivoted at 164 to
the cam-ring and has an outwardly-project-
ing operating-arm 165, Figs. 3 and 4.

When narrowing is being done, a widener-
operator 166, Figs. 1, 3, and 4, is in action,
so that the tappet 167 thereof is in the path
of the arm 165. The widener-operator 166 is
mounted to slide radially on the stationary
top plate 17,80 thatits tappet 167 can be moved
into and out of the path of the widener-arm
165. The operator 166 has a depending pin
168, Fig. 13, which enters a cam-groove 169
in the needle-controller L. Normally the pin
168 stands in the concentric portion of the
groove 169 just outside of a pivoted spring-
actuated dog 170, (the construction and ar-
rangement of which is similar to those of the
dog 177, hereinafter specifically described.)
‘When the needle-controller moves in the di-
rection of arrow 102 to throw the instep-
needles out of action, the dog 170 is carried
beyond the pin 168, so that its spring 171
pushes it outwardly. When, then, the nee-
dle-controller moves back (by virtue of the
bowl 107.dropping down upon one of the
dwells 134, (see Ifig. 25,) which occurs just as
soon as the instep-needles have been thrown
out of action,) the pin 168, and with it the
widener-operator 166, is pushed inward by
the dog 170, (pin 168 then riding on-the in-
ner face of the dog,) so that the tappet 167
then stands in the path of the widener-oper-
ating arm 165. The narrowing then begins,
and the widener is rendered inoperative be-
cause its arm 165 encounters the tappet 167
at each reciprocation in each direction, so as
to swing the widener to an inoperative posi-
tion., To explain this action more fully, it
should be noted that at each reciprocation in
each direction the cam-ring B swingsthrough
a little more than a complete revolution and
the tappet 167 is made of resilient metal, so
as to be elastic. Now, referring to Fig. 10, if
we assame that the eam-ring is making a re-
ciprocation in the direction opposite to that
of the arrow 146 and that the widener occu-
pies the position there shown, it would, if
undisturbed, lower an elevated needle into
action. This result, however, is obviated
when narrowing,because just before recipro-
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cation in the assumed direction begins and
while the cam-ring is still moving in the di-
rection of the arrow 146, the widener-operat-
ing arm 165 encounters the tappet 167, so
that the widener is tilted to the left. Conse-
quently when the cam-ring reverses and
travels in the direction opposite to the arrow
the nibs of the elevated needles pass unaf-
fected over the head 5 of dropper 156 and
strike the head of dropper 157 on its inner
side, so that said dropper 157 swings up-
wardly out of the way on its pivot 149. Con-
sequently the elevated needles pass the wid-
ener without being affected. The cam-ring
I3 continues then to travel in the assumed di-
rection until it completesa revolution, there-
by bringing the widener-operating arm 165
again into contact with the tappet 167, but
on the opposite side thereof, so that the wid-
ener is tilted in the opposite direction to its
position shown in Fig. 10. The cam-ring B
then reverses and travels in the direction of
the arrow 146, with the widener in the posi-
tion shown in Fig. 10, and the widener is then
inoperative upon the elevated needles be-

cause their nibs pass unaffected over the head

5 of dropper 157 and encounter the inmner
side of the head of dropper 156,therebyswing-
ing it upwardly on its pivot 149 against the
tension of the spring 158, so that all of the
elevated needles pass the widener without
being affected. This operation of tilting the
widener alternately at each reciproeation so
as to render it inoperative, occurs until the
narrowing has been completed and the wid-
ening is to begin. The tappet 167 is then
moved radially outward to its inactive posi-
tion out of the path of the widener-operating
arm 165, this movement occurring at such
time as to leave the widener in position to
drop the next needle it encounters, and there-
after the widener operates automatically, as
already set forth.

The inward movement of the tappet 167 is
effected by a movement of the needle-control-
ler . backward in the direection of the arrow
138, which suffices to cause the cam-rise 172,
Fig. 18, to move pin 168, and with it the tap-
pet 167, outward. It will be noted that this
movement of the needle-controller is in the

- same direction as that which brings the nee-
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dle-depressor 144 into action to restore the
instep-needlesinto action; buttoavoid doing
so the movement is not sufficiently large.
The proper amount of movement is given the
needle-controller by moving the needle pat-
tern-wheel N, Fig. 25, sufficiently far to per-
mitthe bowl 107 to drop from one of the dwells
117 onto one of the dwells 173, and the sab-
sequent drop from said dwell 173 to one of the
dwells 137 effects the further movementof the
needle - controller to bring the needle - de-
pressor 144 into action. Now as soon as the
widener is thus brought into action the nar-
rower O must be rendered inoperative. This

is eftected by a narrower-operator 174, Iigs.
3, 4, and 26, which is mounted to slide ra-

.
ety

dially on the top plate17. This operator has
a depending pin 175, Fig. 13, which normally
rests in the outer concentrie portion 176 of a
cam - groove in the needle - controller L, in
which position the operator 174 is inoperative
and the narrower is free to act. The same
movement of the needle - controller which
takes the widener - operator out of action
brings the narrower-operator into action by
virtue of the pin 175 riding upon a spring-
pressed dog 177, (similar in its construction
and mode of operating to the dog 170, hereto-
fore described,) whereby the narrower-opera-
tor is pushed into action. The construction
and arrangement of the dog 177 are shown in
detail in Figs. 44 and 45, which serve equally
well to illustrate the dog 170. The dog is piv-
oted to a plate 701, secured to the under side
of the controller I, which is recessed to re-
ceive a spring 171, which presses the point of
the dog outwardly. This inward movement
of the narrower-operator brings its resilient
tappet 178 into the path of an operating-arm
179, Iigs. 10, 26, and 46, carried by the por-
tion 180 of the narrower which extends below
its pivot f. ,
The action of rendering the narrower inop-
erative during widening is the same as that
involvedinrenderingthe widenerinoperative
during narrowing. Assume that when the
last narrowering-needle has been lifted the
narrower is left in the position shown in Fig.
10 and that the cam-ring B is Just finishing its
reciprocation in the direction of the arrow
146. DBefore finishing thismovement the nar-
rower-operator 174 has been brought into ac-
tion, so that tappet 178 is encountered by arm
179, thereby tilting the narrower to the left.
Consequently when the cam-ring reverses the
nibs of all of the needles still in action pass
beneath the head of the narrower and perform
their knitting movements.. Just as the cam-
ring completes its reverse movement the nar-
rower-operating arm 179 encounters the tap-
pet 178, but on its opposite side, so that the
narrower is tilted to-the right into the posi-
tion shown in Fig. 10. Consequently when
the cam-ring then moves forward in the di-
rection of the arrow 146 the nibs of the nee-
dles then in action pass beneath the narrower-
head and -execute their usual knitting move-
ments. This operation continues until all of
the needles employed in widening and nar-
rowing are brought into action. As soonas

this is done and just before the movement

from reciprocation to continuous rotation
takesplacethenarrower-operator174is moved
outwardly out of action at such time as to

leave the narrower in an operative position-

when the direction of the cam-ring in con-
tinuousrotation is considered. Thisoutward
movement of the narrower-operator 174 to its

original normal position iseffected by the ac- -

tion of the cam-rise 771, Iigs. 13 and 44, on
pin 175, when needle-controller I is moved in
the direction of the arrow 138 by the action
of the bowl 107 dropping upon one of the
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lowermost dwells 157, Then when the nee-
dle-controller 1. is restored to its normal po-
sition (that shown in Fig. 13) by the action
upon the bowl 107 of oneof the cam-rises 109
or 110 on the needle pattern-wheel N, the po-
sition of the narrower-operator is not affect-
ed, because its pin 175 passes beneath the dog
177, whose spring yields for this purpose.
Likewise this same movement while not af-
fecting the operativeness of the widener-op-
erator restores it also to its normal position,
with its pin 168 behind the dog 170, whose
spring 171 yields for this purpose.

It will be observed that the movement of
the widener-operator out of aetion and of the
narrower-operator into action takes place at
a time when no change is made between re-
ciprocation and rotation, and hence requires
for its control a separate track depression on
the pattern-chain, and in theillustrated con-
struction, in order to preserve the timing of
the various pattern devices, a long stroke of
the pattern-pawl lever I, and hence two ad-
ditional cams 63, Fig. 16, on the time-shaft
ratchet G, one for the heel and the other for
the toe.

‘While in the illusirated machine only one
needle is moved out of and into action at a
time in narrowing and widening, the needles
may be moved in groups of two or more, as
may be desired, by simply lengthening the
raisers 2 3and enlarging the notches 4 corre-
spondingly and altering the patiern-chain, so
as to compensate for the consequent reduc-
tion in the required number of reciproecations
of the cam-ring in making the heels and toes.

Certain structural fealures.—Certain de-
tails of construction may here be conven-
iently mentioned.

Each of the several parts—to wit, the nee-
dle-lifter-operating cam 99, the tripper 124,
thedepressor-operating cam 142, the widener-
operator 166, and the narrower-operator 174—
is mounted to slide radially on the stationary
top plate 17 in the same manner, and hence

. theillustration and description of the mount-
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ing of one will suffice for all. TFig. 6 illus-
trates the mounting for the tripper 124. As
here shown and as shown in Fig. 5, the trip-
per comprises a sliding bloek 181, (at the top
of which the tripping-arm 130 is secured,)
which fits andslides radially within a rectan-
gular slot 6 in the top plate 17. The block
181 is secured to and rests upon a sliding
plate 182, which slides on the bed-plate A in
a groovein the under side of the top plate 17,
Fig. 4, thereby preventing the block 181 be-
inglifted up. Thisslide 182 carries the down-
wardly-projecting pin 131, which enters the
appropriate cam-groove in the needle-con-
troller L. Said parts 99, 124, 142, 166, and
174 also have their operating parts-at differ-
ent heights above the top plate 17, so as to
act on their own proper devices without in-
terfering with the other devices. As shown
in Fig. 3, cam 142 is above cam 99 and tap-
pet 166 is above tappet 178, while tripper-arm

649,021

130, Figs. 1 and 4, occupies an intermediate
position. Inreciprocatingit is necessary for
the cam-ring B to make a nearly-complete

revolution in each direction in order to prop-.

erly clear the knitting-cams from the acting
needles. By making it reciprocate slightly
more than a full revolution and by making
the tappets 167 and 178 elastic it is necessary
to employ but two tappets. Otherwise these
tappets and their operating deviees would
have to be duplicated. - Of course such du-
plicates would be within the scope of this por-
tion of the present inventioninits broader as-
pects; but the specific arrangement set, forth
constitutes an important though subsidiary
featureof the invention. Theextentof revo-
lution of the cam-ring while reciproeating is
determined by the strolke of the crank 35, the
diameter of the pinion 37, and the number of
its teeth. The narrower is double-acting,
thus simplifying the construction.. It is ob-
vious, however, that the narrower might com-
prise two needle-raisers acting alternately.
The same is likewise true in reference to the
widener. ’

To facilitate construction and examination,
the widener P and the parts immediately co-
operating therewith are mounted upon a re-
movable section 183 of the cam-ring B, Figs.
3, 4, and 11, which issecured to the cam-ring
by suitable fasteners 184.

The narrower O is held in its two operative
positions by a spring-pressed plunger 185,
Fig. 26, which presses upon oppositely-in-
clined shoulders back of its head, Fig. 46.

The needle-controller L has five different
positions, the normal position, that occupied
during round-and-round Xknitting, being
shown in Tig. 13, at which time the bowl 107,
Fig. 25, rests on one of the dwells 117 or1171
on needle pattern-wheel N. Trom this nor-
mal position the needle-controller is moved
two steps forward in the divection of arrow
102 by the cams 108 and 1081 to operate the
needle-lifter-operating cam 99 its two differ-
ent strokes and also to operate the tripper
124. The pattern - wheel N then moves to
bring one of its dwells 134 into aetion, thus
putting the cam 99 and tripper 124 out of ae-
tion and causing the dog 170 to put the
widener-operator 166 into action. The nee-
dle-controller is then moved one step back
from its normal position by the action of one
of the two intermediate dwells 173 on wheel
N, the effect of which is to put the widener
into action and the narrower out of action.
The needle-operator is then moved a second
step back from its normal position by the ac-
tion of one of the dwells or drops 137, whereby
the needle-depressor-operating cam 142 and
the tripper 124 are brought into action and
the narrower-operator is put out of action,
and, finally, the needle-controller is brought
back to its normal position by the action of
one of the cams 109 or 110 in the wheel N,
whereby the eam 142 and tripper 124 are put
out of action.
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Knilting operation.—The mechanism has
now been sufficiently desceribed to enable the
entire knitting operation to be understood.
Assume at the start that the leg of a stocking
is being knit in circular courses. The nee-
dle- opelatm rests in the position shown in

Fig. 13, the bowl 107 then resting on dwell

1171 ofneedlepattel n-wheel N, FIO" 25. When
the toe is to be knit, the pattern—chain brings
the pattern-shaft ratehet G into operation,
and the sequence of operations is then as fol-
lows: First, the machine is slowed down;
second, the needle pattern-wheel N is rotated
in the direction of arrow 186, Fig. 25, thereby
bringing eam 1031, and through it the needle-
lifter-operating cam 99 and tripper 124, into
action, thus throwing all of the instep and
heel needles out of action and leaving only
the toe-needles ¢ in action; third, the cam-
ring changes from continuous rotation to re-
ciprocation, and, fourth, at the same time the
needle pattern-wheel N is again moved for-
ward, thus bringing the first dwell 134 into
action, whereby the cam 99 and tripper 124
are thrown out of action and the widener-op-
erator 166 is brought into action; fifth, the
narrower O then acts until the toe is half
made; sixth, the needle pattern-wheel N is
againmoved forward, bringing the first dwell
173 into action, thus putting the widener-op-
erator out of, and the narrower-operator into,
action; seventh, the widener P then acts until
the toe is completed; eighth, the needle pat-
tern-wheel again moves forward, thus bring-
ing the first lowermost dwell 137 into action,
whereby the needle-depressor-operating cam
142 and the tripper 124 are brought into action,
thus putting all of the instep and heel nee-
dles into action, and the narrower-operatoris
at the same time put out of action; ninth,
the cam-ring changes from reciprocation to
continuous rotation, and, tenth, at the'same
time the needle pattern- wheel N is again
moved forward, thus bringing cam 110 into
action, the effect of which is to throw the
widener-operator 174 and tripper 124 out of
action and to restore the needle-controller L
to its normal position; eleventh, round-and-
round knitting is renewed for making the
stocking - foot, and, twelfth, the machine
changes back to its high speed. After the
foot is completed the seamless heel is knit by
e&actly the same series of operations as em-
ployed in knitting the toe, the only variations
being a smaller inwa,rd movement of the nee-
dle-lifter, so that the heel-needles ¢? are left
in action, and a somewhat longer duration of
the reciprocation of the cam-ring due to the
heel being larger than the toe. This requires
the duplication of the cams on the needle

- pattern-wheel N to embrace’ the cams and

dwells 117, 1171, 108, 1081, 134, 173, 1387, 109,
and 110, heel-cam 108 being lower than the
corresponding toe-cam 1081. Thelegis then

knit, thus completing the cycle of operations,
which cyecle continues indefinitely aslong as

13

the machine is left running and yarn is sup-
plied continuvously to it.

Regulating length of stitches.—The lenoth
of the stitches is unmedlately regulated by
the well-known way of raising and lowering
the needle-cylinder 10, which is aecomplished

7c

by a well-known expedlent consisting of a -

vertically-movable sleeve 187, on which the
needle-cylinder rests, which Qleeve is serew-
threaded to engage an exterior rotary lifting-
ring 188, which is mounted to rotate between
the bottom of the bed-plate and the usual re-
taining-ring 189. There is no novelty in this
means for raising and lowering the needle-
cylinder, the present improvements in this
respect consisting in the mechanism operated
by the time-shaft 40 to rotate the needle-cyl-
inder-adjusting ring 188 automatically at the
desired moments.

The ring 188 has gear-teeth on its outer pe-
riphery, Fig. 5, which mesh with those of a
horizontally-movable rack 190, mounted to
slide back and forth beneath the bed-plate A,
Fig. 1. Thisrackis moved backward (there-
by lowering the needle-cylinder and tighten-
ing the stitches) by means of a spring 191,
and it is moved forward %o raise the needle-
cylinder and loosen and lengthen the stitches
by means of appropriate cams 192, 193, and
194 on a cam-wheel Q, Figs. 23 and 24 on the
time-shaft 40. Cobper. abmw with these cams
is a bowl 195, Figs. 4 and 23, on the free end
of a lever 196, which is pivoted at 197 to the
yarn-stand 30. A link 198 is pivoted at op-
posite ends at 199 to the lever 196, Figs. Land
4, and at 200, Fig. 1, to an apploprlate part
on the rack 190.  Asindicatedin Fig. 23, the
pivot 199 is adjustable, so as to regulate the
foundation lengths of the stitches throughout
the entire knitting operation.

The cam-wheel Q is fast to the time-shaft
40, so as to partake of the movements there-
of, and it henece moves in consonance with
the pattern-shaft ratchet G.

Normally and while the leg is being knif
the bowl 195 rests on the highest dwell 192
on the wheel Q, and consequently the leg is
knit loose and full. When the toe is to be
knit, the wheel Q is moved forward, (by the
same movement of pattern - shaft which
changes from rotation to reciprocation,) so
that the bowl 195 runs down ineline 921 upon
the first intermediate dwell 193, where it re-
mains during the knitting of the toe, and
hence the toe is knit more tightly than the
leg.
Q is again advanced, (by the same movement
of the time-shaft which ¢hanges from recip-
rocation to rotation,) so that the bowl. 195
drops down the incline 931 into the first low
dep1ess1on or dwell 194, where it remains
during the knitting of the foot, and hence the
foot is knit tightly. When the heel is to be
knit, the wheel Q is again advanced, (by the
same movement of the time-shaft which
changes from rotation to reciprocation,) so
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that the bowl 195 is elevated by the rise 941
upon the second intermediate dwell 193,
(which in the case shown is the same height
as the first dwell 193,) where it remaing dur-
ing the knitting of the heel, and hence the
heel is knit with the same tightness as the
toe. When the ankle isto be knit, the wheel
Q is again advanced, (by the same movement
of the time-shaft which changes from recip-
rocation to rotation,) so that the bowl 195
drops down the incline 932 into the second
low dwell 194, where it remains during the
knitting of the ankle, and hence the ankleis
knit tightly and as tightly as'the foot. When
the ankle is completed and the knitting of
the loose leg is to be resmmed, the wheel Q is
advanczed another step by a special rotation
of the time-shaft for that purpose, which is
effected by the pattern - chain, so that the
bowl 195 is lifted by the rise 942 upon the
dwell 192, thus completing the evele of oper-
ations.

The relative tightness of the heel and toe
as compavred with the leg is rendered adjust-
able by an adjustment of the cams 193. As
shown, the cams 193 are constituted by cam-
shoes 951, which are Temovably attached by
serews to the wheel Q, and itis evident either
by adjusting them radially or by replacing
them by other shoes of different radial widths
the tightness of the heel and toe can be regu-
]ated. Likewise the tightness of the foot and
ankle relatively to the heel, toe, and leg is
rendered adjustable by adjusting the extent
of the drop of the bowl 195 into the dwells
194. TFor this purpose the backward swing of
the bowl-carrying lever 196 under the stress
of spring 191 is limited by an adjustable lim-
iting screw-stop 962, Ifigs. 2 and 4, adjustable
in a suitable fixed bracket 963.

Stop-motion.—The action of the knitting
mechanism.ean be stopped by hand by sim-
ply moving the clutch 34 to a half-way posi-
tion between wheel 32 and pinion 37 at any
time except when one of the clutch-operating
cams 72 or 73 is in its operating position. To
enable this to be conveniently done, a hand-
lever 201, Figs. 1 and 5, is pivoted at 202 be-
neath the bed-plate A and is pivotally con-
nected with a stud 203 on an arm 204, rigidly
attached to the shifting carriage I, Figs. 89
and 40.

The entire machine ean be stopped at will
by mmlipulm:in0F the stop-lever 205, Figs. 1,
1*, 2, 4, 5, and 45, which is p10Vlde(1 with a
This stop-lever
205 is pivoted at 207, Tig. 1%, to the frame-
work and has afork 208 atits lower end,which
embraces a peripheral groove 209 in the driv-
ing-pulley sleeve 84, which is slidable on the
drive-shaft D. Normally the clutch member
85 on sleeve 84 couples with eluteh 83 on the
shaft D, in which position the handle end of
the stop-lever is held outwardly by a detent
210, Figs. 5 and 45, on a handle-lever 211, piv-
oted at 212 to a bracket 213 on the frame-
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work. On swinging this lever 211 by hand
the detent 210releases the stop-lever 205, and
therenpon a spring 214, Figs. 2 and 4, moves
the handle end outward, thus uncoupling the
clutech members 8§83 and 85 and stopping the
machine. When the stop-lever 205 is swung
in again by hand to start the machine,a spring
215, Figs. 1 and 45, causes the detent 210 to
automatically lock the stop-lever in place.

The machine may be automatically stopped
at the completion of any cycle of movements.
To this end a slide 216, Figs. 4 and 45, is ar-
ranged in the path of the detent-lever 211, to
which is connected an operating-lever 217.
By moving the lower end of the operating-
lever in the right direction the detent will be
tripped and the machine stopped. This may
bedoneautomatically by a removable pin 218,
adjustable on the wheel R, Fig. 5, fast on the
pattern-shaft, which when in place would stop
the machine auntomatically after knitting one
stocking. Byintroducingany ordinary count-
ing mechanism the machine may be automat-
1ca11v stopped after the completion of any de-
sired numbér of stockings.

The machine is mlapted by simply chang-
ing the pattern-chain to knit a continuous
string of stocking-feet, in which event the
stop-motion may be employed to stop the ma-
chine on the eompletion of any desired num-
ber of feet.

Pattern-shaflindicator.—Itis desirable tobe
able to tell at a glance, when the machine is
at rest, the location of the pattern devices, so
as to facilitate the moving of the pattern de-
vices at once to any desired starting-point
both in beginning work and in restarting in
case of any defect appearing in the product.
Tothisend anindex 219, [ig. 5, is fixed to the
framework, with its pointer in proximity to
the periphery of the indicator-wheel R, which
is graduated to indicate the various positions
of the pattern-shaft. The farther end of the
time-shaft 40 is squared at 220 for. the appli-

cation of a wrench to turn it, and the pattern-
chain ratehet 41 being loose on the pattern-
shaft the pattern-ehain can be quickly ad-
justed to any desired position. The entire
machine is thus under the easy control of the
operator.

By stopping the machine by the stop-lever
205 and by operating the hand-lever 201 to
render the clutch 34 inoperative the machine
is converted into a -simple hand - machine
and can be run by hand, the handle 39 being
placed on shaft C for this purpose.

Yarn-changer.—It is desirable to knit the
heel and toe of different yarn from the foot
andleg, and hencean automatic yarn-changer
is provided. In the illastrated machine,xis

the main thredad or yarn from swhich the foot
and leg are knit, and two yarns are used to-
gether for knitting the heel and toe; but for
all purposes, in considering the yarn-changer,
they may Dbe regarded as a single yarn, (a
single yarn might be employed,) and hence

70

75

8o

85

go

95

roo

105

IIO

115

120

125

130




I0

5

20

25

30

35

40

45

5o

55

6o

65

649,021

for convenience these heel and toe yarns or
threads will be called the ‘“heel-yarn,” and
they can be indicated by the single letter .

Itisnecessaryin a wholly-automatic whole-
stocking machine, especially when it is ex-
pected that one attendant shall ran a large
number of them, that the yarn - changer
should always operate with certainty, since
a single miss spoils one stocking and neces-
sitates the stopping of the machine.

The improved yarn-changer comprises a
varn-twister which twists the main and heel
yarns together, so'that the running or work-
ing yarn carries the idle yard into the nee-
dles; a clamp which clamps the idle yarn,ve-
leases it when the twisting has taken place,
and then after the idle yard is carried into
the needles and when the previously running
or working yarn is being severed clamps the
end thereof; a yarn-shifter for bringing the
appropriate yarns within the range of the
cutters; a yarn-cutter for severing: the pre-
viously -running yarn, and a yarn-separa-
tor for keeping “the two yarns apart during
the cntting. These several instr umentahtlcs
will be descubed in order undex appropriate
heads.

Yarn - lwister.—The main yarn x passes
from its bobbin through thread or yarn guides
221 and 2“, I'ig. 20, to and through a yarn-
guide 223,immediately abovethe yarn-twister
b Figs. $and 4. Likewise the heel-yarn y
passes from its bobbin (or bobbins) thromh
yarn -.gunide 224, Fig. 20, to and tlnounh a
separ ate eye of the yarn-g oulde 22 Beneath
the yarn-twister S is a yarn—guide 225, Figs.
3and 4, from which the yarn or thread passes
to the leading-in thread - eye or yarn-guide
28, which feeds the yarn to the needles.

The yarn-twister Sis supported at the outer
end of a horizontally-projecting arm 220 of a
bracket 227, fastened to a vertical post 228
on the yarn- stand 30.

The details of the thbtel areshownin I‘10s
28, 32, 33, and 34, which illustrate the spe-
cific construction. Beneath the bracket-arm
226 is secured a plate 229, Figs. 30 and 31,
upon which the yarn-twister is mounted, this
plate also carrying the yarn-guide225. This
plate has a circular aperture g for the pas-
sage of the yarn. Mounted upon the outer
end of plate 229 are a pair of plates h 7, se-
cured together, which constitute the 30111[1&1
for the twister, They have a circular aper-
ture in which the twister turns and-a recessed

channel in the periphery of said aperture,

which retains a series of balls j, econstituting
a ball-bearing for the twister. The twister3
includes three circular plates k [ m, securely
fastened together by screws, so as to be sep-
arable. - The two lower plates [ m have a re-

cessed channel in their common periphery to
receive the balls . This construction thus
enables the twister toturn freely on the balls,
and at the same time the twister is held
against vertical movement by the balls.

The
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twister has an elongated yarn-slot .2, which
is formed in coincidence in each of its three
plates k, I, and m. The axis of rotation of
the twister is coincident with the center of
the aperture g in the plate 229 and the di-
ameter of said aperture is at least equal to
the length of said yarn-slot n». Secured fo
the uppe1 side of the top plate % is a beveled
pinion 230, which has a central aperture at
least as lm_ ge in both directions as the slot n.

Ordinarily the yarn-twister is stationary,

and the running or working yarn passes
freely through the slot # and aperture g, the
end of the idle yarn being clamped within
the yarn-twister, as hereinafter explained.
When the yarns are tobe changed, the twister

is automatically rapidly rotated a number of °

times,(in the illustrated machine thirteen and
one-half times,)thereby twisting the two yarns
securely Lorrethex so that (the idle yarn be-
ing then leleased, as hereinafter expla,med)
the running or working yarn then carries the
end of the idle yarn twisted about it to the
needles with certainty and no chance of fail-
ure. Thisautomatic twist of the yarnsocecurs
four times in knitting each stocking, at the
commencement and finish of the toe and of
the heel, and, hence, when the changes occur
between reciprocation and rotation; and, con-
sequently, the yarn-changing is controlled by
thesame variationsin the pattern-chain which
control the change in the direction of the
movements of the machine.

TFastened to the same sleeve which consti-
tutes the hubof the needle pattern-wheel N,
and hence partaking of the movements there-
of, is a ecam-dram T, Figs. 1 and 2, having a
peripheral cam-groove with right and left
cam-rises 231 232, Located in this cam-groove
and actuated by its cam-rises is a bowl 233,
TFig. 1, at the upper end of a lever 234, piv-
oted to swing laterally at 235, Figs. 1* and 3%,
to a part of the framework 11. The lower

‘end of this lever has a fork 245, Figs. 1* and

8, which embraces a curved flange 236 on a
lever 237, which is pivoted at 238 between
suitable ears in the framework, so as to have
both a vertical movement through a consid-
erable arc and a limited lateral movement
which is sufficiently provided for by the lost
motion at the pivot 238. Any form of uni-
versal or gimbal joint could be substituted.
The flange 236 is concentric with the pivot
238, so that the lever 237 can swing freely
throughits vertical stroke without said flange
becoming disengaged from said fork. The
lever 237 is retained yieldingly in its upper-
most position by a spring-detent 239, Fig. 8§,
at the fork 245 of lever 234, which engages a
recess 240, Fig. 8%, in the flange 236, This
connection permits the lever 237 to be readily
disengaged by a positive action thereupon.
The lever 237 is made in skeleton form, so as
to embrace the drive-shaft D, and has two
bowls 241 and 242 projecting at the right and
left, respectively, which are respectively be-
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low and above said shaft and are adapted to
codperate, respectively, with cams 243 and
244 on the said shaft.

To the rear free end of the lever 73/ is piv-
oted, at 246, IFig. 3%, the lower end of a con-
necting-rod 247, the upper end of which is
pivoted at 248, Figs. 2, 3, and 4, to the lower
end of a vertically-sliding rack 249, which is
mounted to slide in the yarn-stand 30 and
bracket 227. This rack when reciprocated
rotates a horizontal shaft 250, having on its
forward end a beveled pinion 251, meshing
with the pinion 230 of the yarn-twister S,
through multiplying - gearing consisting of

5 small pinion 252, with whlch the rack du'ectly

engages, a large pinion 253 on the same shaft
as said piuion 252, and a small pinion 254 on
the shafL 250, engaging said pinion 253, Figs.
27 and 2 Consequently a IGLLTI\'ely sm(ﬂl
vertical movement of rack 249 suffices to ro-
tate the twisterSasufficient number of times.
Normally when the leg of the stocking is
being knit with the main yarn z the rack 249

is do“n and the lever 237 ocenpies its lowest

position and likewise its central (as between
Jeft and right) position, with-both of its bowls
241 and 242 out of the paths of their respec-
tive operating-cams 243 244, and the lever 234
at the same time occupies its central position,
its bowl 233 being in one of the straight por-
tions of the cam-groove in the yarn- chanoer
cam-drum TV \Vhen however, the toe is to
be knit and the chan ge ismade fl'om rotation
to reciprocation by the movementof the time-
shaft 40, thedrum Tis moved forward, so as to
bring one of its right cam-rises 231, Fig. 1, into
action onthe bowl 233, whereby the lower end
of the lever 234, Fig. 1%, is swang to the left,
thereby swmﬂmn the lever 237 the same way,
so that its upper bowl 242 is brought into the
path of thelifting-cam 244 on the drive-shaft
D, and hence said lever 237 is swung up-
wardly until it is canght and retained up-
lifted by the yielding detent 239 of the lever
234, Figs. 3* and 8. The effect of this up-
ward sw ing of lever 237 is to lift the rack 249,
and hence to rotate the yarn-twister S. The
further immediate advance of the drum T
restores the levers 234 and 237 to their cen-
tral positions, but the lever 237 is upheld by
the detent 259 until the toe is completed, and

when time-shaft 40 then moves forward to-

change back to rotation the drum T is again
moved forward, bringing one of its left- haud
rises 232, Figs. 1 and 2, into action, thereby
swinging levers 254 and 237 to the right, Fig.
1%, 50 that the lower bowl 241 on lever 237 is

-put into the path of the depressing-cam 244

on the main shaft D, whereby the lever 237
is lowered, (the detent 239 yielding to permit
it,) and, as a consequence, the rack 249 de-
seeuds thus again rotating the yarn-twister.
The same operations occur on beginning and
finishing the heel, other like cams 231 and
232 being provided on the drum T for this
purpose.

Yarn-clamp.,—The end of the idle yarn is
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clamped within the yarn-twister daring the
twisting and is immediately there afber re-
leased to permit both yarns to runtogether,
and then the other yarn is clamped.

The middle platel of the yarn-twister, Fig igs.
32, 33, and 34, is recessed at its center and is
provided ab opposite ends and opposite sides
of-the slot » with two projecting yarn-clamp-
ing jaws Sand 9. It is also equipped with
two projecting

able yarn-clamping jaws p ¢, which cooper-
ate, mspectlvely with said fixed jaws 8 and
9. Projecting upwardly from each of the
two jaw-levers 255 is a pin , and these pins
enter, respectively, into cam-grooves s f in a
slidino clamp cam-plate 256. Tlns cam-plate
is monnted to slide parallel with the yarn-
slot n between the two plates % and ! of the
yarn-twister, being guided by suitable up-
wardly-projecting ‘flanges u, Fig. 84, on the
middle plate I. The clamp cam-plate 256 has
a yarn-slot 257, parallel with the yarn-slot n
and as much longer than slot n as the extent
of the sliding movement of the cam- plate, so
that in whateve position the cam-plate may
be the slot 257 furnishes a free passage for
the yarns. The clamp-plate 256 lias three
positions, and the cam-grooves s and ¢ are so
arranged, as shown, that when said plafe is
in its middle positioﬁ both elamps are open.
When the plate is in one extreme position,
the main yarn-clamp 8 p is closed and the
heel yarn-clamp 9 ¢ is open, and when the
plate is in its other extreme position the
clamp 8§ p is open and the clamp 9 ¢ is closed,
cam-groove s codperating with jaw p and
groove ¢ with jaw ¢.

The operation of the yarn-clamp is con-
trolled at the proper times by overhanging
draw-down cams 258 on the yarn-changer pat-
tern-drum T, Figs. 1, 2, 4, 52, and 53, which
codperate with the inelined face of a project-
ing toe v, Figs. 2 and 4, on the lower end of
a yarn-clamp controller 259, which comprises
arod mounted to slide vertically on the yarn-
stand 30. The yarn-clamp controller 259 is
normally held elevated by a spring 260, Figs.
3 and 4, and is depressed from time to time
by the cams 258. When pulled down,.he
yarn-clamp controller is held down by a latch
261, Figs. 54, 55, and 56, which engages a stud
262'on the controller. This lateh shdes hori-
zontally on the yarn-stand 30 and is pushed
forward by aspring 263, and on its front edge
it has two lips 264 and 641 at different verti-
cal heights and projecting forwardly to dif-
ferent extents. When the controller 259 is
pulled down by one of the cams 258, the stud
262 is engaged by the lower lip 264, and in
this posmon a horizontally-projecting arm
265 on the controller is in the path of a tap-
pet 266, projecting radially from the cam-ring
B, Figs. 2 and 3,which strikessaid arm, causes

said contxoller 259 to rock,so that an arm 591
on said controller, Tigs. 51 and 56, comes in
contact with the front face of the latch 261,

pivot-studs o, on which two
movable levers 255 swing, carrying the mov-
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thereby pressing said lateh partly outward,
and hence releasing the stud 262 fromlip 264,
whereupon the spring 260 lifts the econtroller
partly up until its stud 262 is caught by the
upperlip 641 by virtue of the actionof aspring
267, Figs. 4, 5, and 27, which rotates the con-
troller 259 in the direction opposite to thatin
which it is moved by the tappet 266, as will

-presently appear. This partial upward move-

ment of the controller takes the arm 265 out
of the path of tappet 266 and brings a second
upper arm 268 into the path of a projeecting
tappet 269, moving with the cam-ring B, (but,
as shown in Figs. 3, 4, 5, and 27, carried by
the sinker cam-ring 25,) which on the reverse
movement of the eam-ring again rotates the
controller 259 and through. a greater arc than

-before, thus again pushing the latch 261 out-

ward and to a greater extent, thus releasing
stud 262 from the upper. lip 641 of the latch
261, whereupon the spring 260 elevates the
controller to its normal position, with both of

its arms 265 and 268 out of the path of their

respective tappets 266 and 269, and the spring
267 thereupon rotates the controller back to
its normal position, where its stud 262 is again
in position to be caught by the lips 264 and
641 upon the controller.
controller thus, in addition to its normal po-
sition, has two different vertical positions and
is oscillated through two different arves.

The upper arm 268 of the controller 259 is
not on the controller itself, but is on a lever
270, pivoted at 271 to the yarn-stand 30, Fig.
27, to swing horizontally and having a con-
centrice slot 272, through which the controller-
shaft extends. Said lever likewise has a ra-
dial slot 273, in which enters a pin 274 on the
outer end of a crank-arm 275 on the upper end
of the controller. A flange 276, Fig. 59, on
the controller beneath the lever 270 causes
the outer end of said lever to partake of the
vertical movements of the controller, the lost
motion at its pivot 271 permitting it.

Owing to the crank-pin 274 entering the
radial slot 273, it will be noted that the lever
270 swings when tappet 266 strikes arm 265
of the controller, that the controller oscillates
when the tappet 269 encounters arm 268, and
that during both movements the slot 272 per-
mits the free swing of the lever 270.
storing-spring 267 is connected with the outer
end of the lever 270.

By the described arrangement it will be
noted that the lever 270 is oscillated, first,
through a short arc by the action of tappet
266, and then after one reciprocation of the
cam-ring is oscillated through a long are by
the action of tappet 269, and both of these
movements are effected by the action of the
cams 258 on the drum T four times in the
knitting of one stocking—to wit, at the be-
ginning and completion of the toe and of the
heel. ‘

The inner end of the lever 270 is pivotally
connected with the lower end of a lever 277,
pivoted at 278 to the bracket 227, so as to

The yarn-clamp

The re--
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swing in a vertical plane, Figs. 8, 4, and 28.
The upper end of the lever 277 is pivotally
connected with the inner end of a cam-lever
279, which is pivoted at 280 to the tinder side
of the bracket-arm 226, Fig. 28. The cam-
lever 279 near its outer end has a cam-slot in
which plays a pin 2801, Fig. 28, depending
from a slide 281, constituting the yarn-clamp
operator, which is mounted on the ari 226
to.slide back and forth horizontally in the
plane of the yarn-clamp cam-plate 256. This
cam-slot has a dwell 282, which pin 2801 nor-
mally occupies, a low cam-rise 283, which is
brought into play on the first and smaller
swing of the yarn-clamp controller 259 and
which moves the yarn-clamp operator 281
partly forward, and ahigh cam-rise 284, which
is brought into play on the second and longer
swing of the yarn-clamp controller 259 and
which moves the yarn-clamp operator 281
wholly forward. :

Just as soon as the yarn-twister has oper-
ated to twist the two yarns together the oper-
ator 281 moves partly forward, thereby mov-
ing the cam-plate 256 (which is left by the
twister directly in line with operator 281) half-
way, thus leaving both yarn-clamps open.
The previously-running yarn thereupon car-
ries the leading end of the idle yarn into the
needles, and as-soon as this is accomplished
(a reciprocation of the cam-ring B sufficing)
the operator 281 moves wholly forward, there-
by clamping the previously-running thread,
which is immediately cut off below the clamp
by the cutter, as will presently appear.

The gear of the yarn-twister is so organized
that at each twisting operation theé twisteris
rotated a plurality of complete revolutions
plus a half-revolution—in the illustrated ma-
chine thirteen and one-half revolutions, as
previously stated. This extra half-revolu-
tion is of importance, since it enables a sin-
gle operator 281 and operating mechanism
therefor to be used to move the yarn-clamp
cam-plate 256 in both directions to operate
both clamps. Assuming that when first the
plate 250 is moved outward it closes the outer
clamp 8§ p and leaves the inner clamp 9 ¢
open, then when the twister again operates
it leaves the clamps just reversed, so that the
closed clamp 8 p isthe inner one and the open
clamp 9 g is the outer one, and hence when
theoperator 281 again operates it opensclamp
8 p and closes clamp 9 g, since it is always
the clamp which is the outer one for the time
being which is closed by the action of the op-
erator 281.

Yarn-shifter.—Now since it is always the
yarn-clamp which is the outer one for the
time being which clamps the yarn it is obvi-
ous that automatic means must be provided
for shifting the position of the main and heel
yarnsalternately with reference tothe twister,
so that when a toe or a heel is to be com-
menced the main yarn will be clamped and
cut, and so that when the toe is finished the
heel-yarn will be clamped and eut. This
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mechanism is illustrated in Figs. 8, 4, and 3.
Mounted to slide in suitable provisionson the
bracket-arm 226 are two yarn-shifters 286
and 285 for the heel and main yarns ¢ and «,
5 respectively, each having yarn-eyes w and 2
in their respective front ends, through which
pass the respectlive. yarns, the normal posi-
tion of the shifters being that shown in Fig.
5, wherein the yarn-eyes w z are just below

16 the yarn-guide 223 and above the yarn-twister

S, the main yarn-eye z being just forward
thereof. The yarn-shifters 285 280 are com-
pelled to move in unison, but in opposite di-
rections, by a reversing-lever 287, pivotally
The yarn-shifters are
moved in one direction by a spring 288 and
in the opposite direction by a cam 289 on
the upper end of the twister-operating rack
249, which acts against the rear end of the

20 shifter 286.

Normally the rack 249 occupies its lowest
position, with the cam 289 holding the shift-
ers in the positions shown in Fig. 5. When
then the rack 249 rises to twist the yarns,

25 carrying with it cam 289, the spring 288 re-

verses the positions of the shifters, carrying
the main yarn forward and the heel-yarn
backward. Consequently when the yarn-
clamps are both open (on the partial forward

" 30 movement of the yarn-clamp operator 281)

the run of both yarns together brings the
heel-yarn into the rear end of the yarn-slot
7 in the twister S and brings the main yarn
into the front end of the said slot between the

35 then outer clamp-jaws 8 p, which are imme-

diately thereafter closed by the full outward
movement of the yarn-clamp operator 281,
thus clamping the main yarn and leaving the
heel-yarn running freely. Then when the

49 rack 243 descends on the completion of a heel

or toe, thus again operating the yarn-twister
and shifting the position of the yarn-elamp,
the cam 289 encounters the rear end of yarn-
shifter 2806, thus shifting the positions of the

45 yarns, carrying the main yarninand the heel-

yarn-out into position to be clamped by its

then outer clamp-jaws 9 q.
Yarn-culter.—The yarn which is to be ren-

dered idle after being clamped might be left

50 to be broken below the clamp by the knitting

operation. This, however, is objectionable
on account of danger of accident to the run-
ning yarn and also because the yarn might
break anywhere between the needles and the

55 twister, thus endangering leavingalooseend,

which might become knotted during the next
twist, thus injuring the product. Ience a
cutter is employed for positively severing the
clamped yarn just below the yarn-twister and
The cutter is

mounted just below the plate 229 and is best
shown in Figs. 30 and 31, which are under
_ side views of said plate, showing the cutter
> in its two positions—open andshut. The cut-
65 ter consists of a pair of shears U V, pivoted
rotatively at 290 and 291 to the plate 229 and
having their cutting-blades 292 arranged to
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extend across only the front part of the yarn-
opening g, leaving the rear part of said open-
ingalways free for the passage of the running
yarn.

The shears UV are connected together by
the reversing-lever 293, pivotally connected
with each, so as to move in unison, but in op-
posite directions. The shears are normally
held open in the position shown in FFig. 30 by
a spring 294, which acts upon a tang 295 on
the outwardly-projecting end of the lever 293.
To close the shears to eut the clamped yarn,
the cam-lever 279 has a projecting tappet 296,

Tigs. 8, 28, and 29, which encounters a down-

wardly-projecting stud 297, located on the
shear U forward of its pivot-290, thereby clos-
ing the cutting - blades and severing the
clamped yarn. This operation of the cutter
only oceurs when the cam-lever 279 makes its
long movement, its small movement which
opens the clamp, not sufficing to bring its tap-
pet 296 into contact with stud 297.

Yarn-separator.—At its forward end the
cam-lever 279 has a wedge-shaped yarn-sep-
arator 298, T'ig. 29, the point of which enters
between the two yarns just in advance of the
cutting operation, and as the separator ad-
vances its separating edges, which diverge
from said point, separate the yarns, thus in-
suring the operation of the cutter only upon
the proper yarn.

Operation of yarn-changer.—In knitting
the leg the main yarn x is running, passing
through the rear end of slot 2 in the yarn-
twister, the shifter 285 and clamp 8 p then
occupying their rearmost positions, the clamp
being open and the main operating-lever 237
being down. At the same time the heel-yarn
7/ is idle its shifter 286 and clamp 9 ¢ are for-
ward and its end is held in said clamp. The
cutter is open. When a heel or a toe is to be
knit, the lever 237, I'ig. 3*, moves up, start-
ing the twister and reversing the position of
the yarn-shifters 285 286, thus carrying the
main yarn forward and the heel-yarn back-
ward. The twister revolves rapidly during
the npstroke of lever 237, during which twist-
ing operation the heel-yarn is still clamped
and the main yarn is still running, so that the
end of the heel-yarn is carried around and
around the main yarn, thus thoroughly twist-
ingthetwoyarnstogether. Thetwisterrotates
apluarality of times plus a half-revolution,thus
reversing the position of the yarn-clamps.
The heel-yarn elamp then opens, the main-
yvarn clamp remaining open. The two yarns
then run together to the needles until the
heel-yarn is well taken by the needles, and
during this time the two yarns have posi-
tioned themselves properly in the yarn-slot
7 in the yarn-twister, the main yarn being
now located in the forward end of the slot in
the path of its clamp-jaws 8  and in that of
the cutter-blades 292, while the heel-yarn
runs in the rear of the slot out of reach
of the cutter-blades. The yarn-clamp oper-
ator then closes the main-yarn-clamp jaws
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8 p upon the main yarn, firmly gripping it,
and simultaneously the yarn-separator 293
positively insures the proper positions of the
two yarns and the cutter severs the main
yarn. - When the toe or heel has been knit,
the lever 257 descends and the foregoing op-
erations are repeated, except in reverse di-
rections, so far as the yarn-twister, yarn-
clamp, and yarn-shifter are concerned, there-
by earrying in the main thread and clamping
and cutting out the heel-thread.

Yarn-slackener.—There is a liability of
breaking the running yarn, especially if ten-
der or fragile yarns are in use, by the yarn-
twisting action, and to obviate this a yarn-
slackener is employed which slackens the
running yarn just as the twisting is about to
take place, so that the twist occurs in the
slackened portion of the running yarn.

The yarn-slackener W, Figs. 3 and 4, con-
sists of a rod having a thread-eye 299 at its
lowerend, which during the normal operation
of the machine while continuonsly rotating is
located immediately beneath the yarn-guide
225, below the yarn-twister S. The yarn-
slackener is mounted to swing vertieally at
the outer upper end of an arm 300 of the
bracket 227, above the yarn-twister. To this
end the hub 801, Fig. 19, of the yarn-slack-
ener turns freely on a horizontally-projecting
pintle 802, secured to the outer upper end of
arm 300. Also turning on said pintle is a
collar 303, having two horizontally-projecting
spaced pins 804 and 305, between which the
yarn-slackener extends. - A torsional lifting-
spring 306, connected with-the yarn-slackener
tends always to lift the slackener; but the
front pin 305 acts as a stop to limit and hold
the slackener, the collar 503 being normally
maintained in such position as to hold the
yarn-slackener in its normal place, with its
thread-eye below the yarn-twister.

The yarn-slackener isautomatically moved
at the appropriate times, at the beginning
and completion of a heel orof atoe, by proper
connection with the time-shaft 40. Itsmove-
ments are controlled by a pattern ratchet-
wheel X, Figs. 1, 2, 5, 22, and 51, turning
loosely on the pattern-shaft or, rather, on the
hub of the drum T, with which it is opera-
tively connected by pins 307, Fig. 1, by
which the wheel X is driven from the drum
T, while still permitting the wheel X to be
independently advanced. The wheel X is
brought into action at the appropriate times
by the movement of the drum T under the
control of the pattern chain, and as a result
the wheel X is thereafter moved by a cam
508 on the inner end of the main shaft C,
Tigs. 4 and 51. This cam 508 acts upon the

outer end of a pawl-lever 309, which is hung
concentrically and locsely on the hub of
ratchet-wheel X, and it carries a ratehet-pawl
310,whichengages the ratchet-wheel X, Figs.
22 and 51, a spring 311 holding pawl 310 to
ratchet X and the lever 309 to cam 308.
During the major part of the knitting the.

19

cam 303 and pawl 310 are rendered inactive
by virtue of the point of the pawl 310 riding
idly on one of the blanks 312 on the ratchet-
wheel X. When, however, the wheel X is ad-
vanced by the movement of the time-shaft 40,
the pawl 310 is brought into action, thus con-
tinuing the advance of the wheel X until the
next blank 312 is reached. }

The yarn-slackener pattern-wheel X has
(see Fig. 22) abrupt operating-cams 313 814,
high dwells 315 816, and low dwells 317. The
office of the high dwells 315 316 need not now
be considered, since they have to do with the
“take-up” operation to be hereinafter dis-
cussed. The cams 313 314 and dwells 317 co-
operate with the nose 818 of a bell-crank le-
ver 319, which is pivoted at 320 to an arm 321,
dependingrearwardly from the yarn-stand 30,
Fig. 8. A spring 322 keeps the nose 318 in
coaction with the said cams and dwells.. To
the upper outer end of the lever 319 is pivoted
at 823 an npwardly and forwardly extending
connecting-rod 324, which at its upper end is
pivoted to a crank-arm 325 on the collar 503,
Figs. 3, 4, and 19.

Normally the nose 318 of the yarn-slackener-
operating lever 319 rests in one of the lower-
most dwells 317, thus maintaining the yarn-
slackenerinitsnormal position. When, how-
ever, the yarn-twister is about to aet, one of
the cams 313 (depending upon whether a heel
or toe is to be knit) acts upon operating-lever
319, thereby swinging collar 803 in the direc-
tion of arrow 326, Fig. 8, through a consider-
able are, and thereupon the yarn-slackener
swings upwardly through a considerable arc
both under the stress of its lifting-spring 306
and by the positive action of the rear pin 304,
which abuts against its rear side, thus pay-
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ing down from the bobbin a considerable ex-

cessof thethen running main yarn. The lift-

ing action of cam 3813 is momentary only, and .

it at once passes from under the nose 318 of
operating-iever 519, thus dropping the yarn-
slackener, and hence slackening the excess of
yarn, and therefore providing a slack section
of yarn for the action of the yarn-twister,
The cams 314 repeat this action of the yarn-
slackener upon the completion of aheel or of
atoe, hence slackening the then running heel-
yarn and preventing its being broken. The
certain action of the yarn-changer without
failure is thus secured.
Yarntake-up.—During reciprocation while
knitting heels and toes it is desirable to take
up theslack yarn which resnlts from the run-
ning of the cam-ring B, necessarily being
through a greater arc than that occupied by
the then active needles, this slack being lia-
ble to cateh on theidle needles and be thereby
broken, and hence an antomatically acting
and controlled take-upis here provided. TFor
this purpose the yarn-slackening mechanism
is utilized for the purpose of simplicity, since
theonly additional mechanisms rendered nec-
essary for this utilization are the high dwells
315 on the pattern-wheel X. When the yarn-
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slackener is operated by one of the cams 313,
it does not drop all of the way back toits nor-

-mal position, but only part way back, due to

the nose 318 of operating-lever 319 resting on
one of the high dwells 315, the drop being,
howerver, sufficient to efficiently slacken the
yarn. The yarn-slackener oceupies this in-
termediate position during the knitting of
heels and toes and when so doing acts as an
efficient take-up. When in this position, it
plays between the two spaced pins 304 and
305 a sufficient distance to take up the slack
yarnin knitting. When the heel-yarnis run-
ning and knitting, its tension suffices to over-
coine the lifting-spring 306 and to hold the
take-up ' W against the rear (and the then
lower) stop-pin 504. As soon, however, as
the cam-ring B reverses the slackening yarnis
taken up by the upward movement of the take-
up under the stress of its lifting-spring 306.

The purpose of the high dwells 316, which
uphold the yarn-slackenerand take-up ashort

‘time-after circular knitting has been resumed

and when the take-up action ceases, is to
prevent the excessiveslackening of the yarn
which would be caused if the yarn-slackener
and take-up were to at once drop its entire

-distance.

Yarn-tension.—The heel-yarn should be
under tension while knitting the heel and toe,
so that the action of the take-up shall be ex-
pended upon the slack yarn at the needles

-without danger of the heel-yarn being payed

out thereby from its bobbin. Itisalsoimpor-
tant that the tension device should be ren-
dered inoperative at the beginning of the heel
ortoe, so asnot tointerfere with the freedom of
the heel-yarn during the twisting operation,

-which puts the heel-yarn again into action,
40

and so as not to interfere with the feeding in
to the needles of the heel-yarn by its end
twisted around the main yarn. For these
purposes a heel-yarn tension Y, Tigs. 20 and
21, is provided which is auntomatically ren-
dered inactive at the proper times.

The tension Y ig similar in construction to

.awell-known type of sewing-machine tension,

consisting of two friction-disks 327, mounted
loosely upon a spindle 328, carried by an arm
329 on a bracket 330, secured to the upper
end of the post 228, said disks being normally
held together with the requisite pressure
(which is adjustable in the usual manner) by
a spring 331. " The heel-yarn g in passing be-
tween guides 224 and 223 passes over spindle
328 between the friction-disks 527, whereby
the requisite tension is imparted.

The tension upon the heel-yarn is relieved,

atthe propertimes by separating the friction-
disks, which is effected by a tension-reliever
332, which is a lever pivoted toan arm 333 on
the bracket 330, which has a wedge-shaped
separator 334, adapted to enter between and
separate the disks 327 when the tension-re-
liever 832 is swung upwardly. The upward
swing of the reliever 332 is effected by two

-appropriately-located cams 335 on the same

649,021

pattern-wheel Q which governs the length of
the stitches, Figs. 1, 2, 23, and 24, these cams
operating, respectively, at the beginning of
a heel and of a toe.  These éams operate to
lift upon the lower end of a rod 336, which at
its upperend is pivoted at 337, Figs. 20 and 21,
to the reliever 832, and which extends thence
downwardly throngh appropriate guides 338,
Tigs. 5, 27, and 60, and 339, Figs. 2 and 4, to
the vicinity of the cams 385, gravity main-
taining the rod 336 in its lower position; and
astop 340, Fig. 2, limiting its downward move-
ment. Thereliever and its operating-rod 336
are upheld during the twisting of the yarns
and the feeding in of the heel-yarn by the
guide-lever 338, which codperates with a bev-
eled cateh 341, Fig. 60, on the rod 836." The
lever 838 is pivoted at 342, Fig. 27, to the
yarn-stand 30 and has a coneentric guide-slot
343, through which the rod 336 extends and
by which it is guided. A spring 344, Fig. 27,
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normally holds the lever 338 in the position

shown, yields under the action of beveled
catch 841 when the rod 336 is lifted, and re-
stores the lever 338 beneath said cateh to hold
the reliever up, separating the tension-disks.
The reliever is released to bring the tension
again into operation at the moment the main
yarn is severed by the yarn-cutter by the
movement of the lever 270 when making its
longeststroke to effect the cutting, which then
encounters an upwardly-projecting stud 345,
Fig. 27, on the lever 338, and thereby moves
the lever to release catch 341, thus permitting
the rod 336 and tension-reliever to drop.

It will be observed that the tension need

not be relieved when the main yarn is brought

into action, because the yarn-slackener then
operates on the heel-yarn to give suifficient
slack to it, thus relieving it from tension dur-
ing the operation of the twister, and the heel-
yarn then requires no release of tension while
carrying the main yarn into the needles.
Sinker-shifter.—It is desirable when occa-
sion demands—as, for example, in case of the
failure of a needle to take a stitech—to elevate
by hand the fabrie in the vicinity of such
needle, so as to restore the stiteh to the nee-
dle, and to this end the sinkers when at a
point opposite the knitting-point are in the
present machine arranged so as to be moved
outward by hand manipulation, so as to be
cleared from the adjacent needles. For this
purpose a sinker-shifter Z, Figs. 57 and 58,
is mounted on the sinker cam-ring 25 oppo-
site the knitting-point. Normally this shifter
occupies its innermost position within the
cam-track 346 of the cam-ring 25. The usual
depending flange 347 of the cam-ring 25, out-
gide of the cam-track, is omitted opposite the
shifter Z, so as to constitute an opening 348 to
permit the outward radial movement of the
sinkers 23 when their butts 849 are acted
upon by the shifter. An exterior cap-plate
350 may be employed opposite the opening
348 to prevent access of dust or lint to the
sinkers at-this point. By moving the shifter
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Z radially outward the hooks 351 of the sink-

ers, which are then opposite the shifter, may
be moved outwardly entirely free from the
needles, thus giving access to the loops or
stitches thereon.

Rising from the shifter Z is a shoulder-
screw 352, playing in a radial slot 353 in the
cam-ring25and extending throughaninelined
cam-slot 854, Fig. 27, in aslide 855 on the top of
thecam-ring. Theslide 355ismounted toturn
concentrically on the cam-ring 25 by means
of slots 356 and shoulder-serews 357, Fig. 27,
and it is manipulated by a suitable handle
358. DBy sliding the slide 355 the shifter Z
and sinkers can be moved in or out at will.

Miscellaneous features.—Several features
of construction are illustrated in the draw-
ings which, having nothing to do with the
knitting operation, have not been referred to,
but will now be briefly mentioned.

The leading-in yarn-guide 28 is shown as a
swinging one with means for locking it in
place and also as carrying a latch-needle-
opener ring 359 for insuring the opening of
the latches of the elevated needles; but as
these features are all old no further desecrip-
tion is deemed necessary.

The handle 360 (shown in Figs. 1, 8, and 4)
is for clamping the sleeve 187 to the needle-

cylinder in a well-known manner possessing

no novelty and necessitating no further de-
seription. .

The several wheels on the time-shaft, which
turn at times with it and at times independ-
ently of it—such as the pattern-chain wheel
41, the needle-pattern ratchet N, (and with it
drum T,) and the wheel X—require for their
proper operation means, such as friction de-
vices, for preventing their rotation except
when positively actuated. In each of these
cases a frictional device is employed grasp-
ing the hub of each wheel, and consequently
a reference to one device will suffice for all,
the pattern-chain wheel 41 being selected.
The friction device 361 is essentially an ordi-
nary brake-band held in position by a holder
362 on the frame, its {two ends being adjust-
able by nut 363, serewing onto the threaded
end of the brake-band, to adjust the friction
upon the hub of wheel 41.

It will be noted that all of the operating
parts which effect a variation in the knitting
ora changein the motions of the machine are
automatically moved and are under the con-
trol of the single time-shaft. The several
instruomentalities which immediately effect
variations in the knitting or changes in the
motions of the machine are actuated auto-
matically by operatively-connected mechan-
isms, so that the proper sequence of action
of the several instrumentalities and their
proper conjoint action are secured and in-
sured. _ :

The invention is not limited to the form
and construction of the machine selected for
illustration and specific description, and in
addition to modifications already alluded to

21

it is obvious that numerous changes can be
made without departing from the spirit of
the invention and that many features can be
usefully employed in other types of knitting-
machines. For example, while in the ma-
chine selected for illustration the toe, foot,
heel, ankle, and leg are knit in the order
named, it is obvious that these parts may be
knit in the reverse order by a simple trans-
position of the actuating-cams and the oper-
ating parts of the pattern:chain. .

In the subjoined claims it has been found
necessary in a number of instances (on ac-
count of the large number of separate fea-
tares involved, many of which necessarily
could not be given distinctive names) to em-
ploy reference letters and numerals to dis-
tinguish them; but such references are to be
regarded as designations and not as limita-
tions.

I claim as my invention—

1. Aknitting-machine having, in combina-
tion, a rotary yarn-twister which when ro-
tated rotates a plurality of times and a half-
revolution in addition; a yarn-clamp rotat-
ing with said yarn-twister, said clamp hav-
ing two sets of clamping-jaws which are alter-
nately brought into operative position by the
said rotation; and connected mechanisms for
automatically rotating said yarn-twister and
yarn-clamp and for opening and closing said
clamping-jaws, substantially as set forth,

2. Aknitting-machine having, in combina-
tion, a yarn-twister with an elongated yarn-
eye and with rigid clamp-jaws on opposite
sides and at opposite ends of said eye; mov-
able clamping-jaws pivoted at diametrieally-
opposite points to the twister and codperat-
ing with said fixed jaws respeclively; and an
operating-slide for opening one pair of jaws
and thereafter closing the other pair of jaws,
substantially as set forth.

3. Aknitting-machine having, in combina-

tion, a rotary yarn-clamp comprising two
pairs of clamping-jaws, one of said pairs of
jaws being normally closed and the other pair
being normally open; and means for first
opening the previously-closed jaws so that
for a time both sets of jaws are open, and for
thereafter closing the previously-open jaws,
substantially as set forth.
" 4. Aknitting-machine having, in combina-
tion, the rotary yarn-twister and yarn-clamp
comprising connected plates %, I, m, having
elongated yarn-eye n, jaws 8, 9, pivot-studs
0, 0, and guides wu, u; the levers 255, pivoted
to said studs and having jaws p, ¢, adapted
to said jaws 8, 9, respectively, and having
also projecting studs », »; the clamp cam-
plate 256, located and sliding between said
plates %, [, and guides wu, u, said plate 256,
having cam-slots s, ¢, in which said studs 7,
r, respectively enter, and having elongated
eye 257, registering at all times with the eye
n, throughout the length of said eye n, sub-
stantially as set forth.

5. A knitting-machine having, in combina-
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tion, a rotary yarn-twister and yarn-clamp | having catch 341, and occupying normally

having a rotation through aplarality of revo-
lutions plus a half-revolution, and having
two sets of clamping-jaws, the outer of which
is normally closed and the inner of which is
normally open; a clamp cam-plate rotating
with said twister and clamp for opening and
closing said jaws; and means acting upon the
innerend of said clamp cam-plate for moving
the same, substantially as set forth.

6. Aknitting-machine having,in combina-
tion, a yarn-clamp having a movable-clamp

cam-plate 256; yarn-clamp operator 281, hav-

ing stud 2801; cam-lever 279, having cam-

groove 282, 283, 284, in which said stud en-:

ters; lever 277, operatively connected with
said lever 279; lever 270, operatively con-

nected with lever 279, said lever 270, having
slots 272,273, and arm 268; spring 267; clamp- |
controller 259, extending through slot 272,
having flange 276, for lifting-lever 270, stud "
262, arms 591, and 265, toe v, erank-arm 275,
and pin 274, said pin 274, entering said slot

273; spring 260, for elevating said controller;

time-shaft.40; means for automatically mov- .
ing said time-shaft; cam-drum T, operatively :
connected with said time-shaft, and having:

cams 258, 258, cobperating with said toe v, to:

pull.down said controller 259; latch 261, hav- 3
ing two lips 264, and 641, adapted to said:
stud 262, for holding said controller in dif-
ferent positions, said latch being moved in.
one direction by arm 591; a spring 263, mov-"

ing said latch in the oppositedirection; mov-

ing tappet 266, which encounters arm 205, -

when said controller is in itslowest position;

and moving tappet 269, which encounters:

said arm 208, when the controller is'in itsin-
termediate position, substantially asset forth.

7. A knitting-machine having, in combina-:

tion, yarn-guides for two yarns; two sets of
yarn-clamping jaws adapted to said respec-

tive yarns; one of said yarns being normally

clamped and the other normally running, the
action of said clamping-jaws being reversed
when the yarns are changed, and said action

being such that for a time both yarns run to-

gether; a yarn-separator which enters be-
tween said yarns when both are running to
insure the action upon the proper yarn of the
clamping-jaws about to close; and connected
mechanisms for automatically operating said
separator and clamping-jaws, substantially as
set forth.

8. Aknitting-machine having, in combina-
tion, a swinging yarn take-up normally oc-
cupying an idle position; a pair of rocking
stops 304, and 305, between which said take-
up plays; automatic mechanism controlled
by a-time mechanism for moving said stops
in one direction; and aspring normally hold-
ing said take-up in contact with one of said
stops, substantially as set forth.

9. Aknitting-machine having, in combina-
tion, a yarn tension comprising tension-disks
327; spring 331; tension-reliever 332; rod
836, connected with said reliever said rod

by gravity its lowest position; time-shaft40;
pattern-wheel Q, operatively connected with
said shaft and having cams for lifting said
rod 836; spring-lever 338, engaging said catch
341, to hold said rod uplifted; and means con-
trolled by the time-shaft to move said lever
to release said eatch and permit the said rod
to drop, substantially as set forth.

10. A knitting-machine having, in combi-
nation, needles; aknitting cam-ringwhich in
reciprocating moves throngh more than a com-
plete revolution; an. automatic oscillating
narrower; and a narrower-operator for ren-
dering said narrower inoperative, said opera-
tor comprising an arm adapted when in oper-
ative position to be encountered on opposite
sides by a part of said narrower, whereby
said narrower isautomatically oscillated back
and forth, substantially as sef forth.

11. A knitting-machine bhaving, in combi-
nation, needles; a knitting cam-ring which
in reciprocating moves through more than a
complete revolution; an automatic oscillat-
ing narrower; and a narrower-operator for
rendering said narrower inoperative, said op-
erator comprising an elastic yielding arm
adapted when in operative position to been-
countered on opposite sides by a part of said
narrower, whereby said narrower is antomat-
ically-oscillated back and forth, substantially
as set forth.

12. A knitting-machine having, in combi-
nation with its knitting instrumentalities, an
automatic oscillating widener comprising a
swinging base, twoneedle-droppers independ-
ently pivoted to said base, and a spring for
yieldingly holding said needle-droppers in
normal position while permitting each to
swing idly out of the way if encounteredonits
inner face by a needle, substantially as set
forth.- ’

13. A knitting-machine having, in combi-
nation, needles; a knitting cam-ring which
in reciprocating moves through more than a
complete revolution; an automatic oscillat-
ing widener; and a widener-operator for ren-
dering said wideuer inoperative, said opera-
tor comprising an arm adapted when in op-
erative position to be encountered on oppo-
site sides by a part of said widener, whereby
said widener is antomatically oscillated back
and forth, substantially as set forth.

14. A knitting-machine having, in combi-
nation, needles; aknittingcam-ring which in
reciprocating moves through more than a com-
plete revolution; an automatic oscillating
widener; and a widener-operator for render-
ing said widener inoperative, said operator
comprising an elastic yielding arm adapted
when in operative position to be encountered
on opposite sides by a part of said widener,
whereby said widener is automatically oscil-

lated back and forth, substantially as set

forth.
15. A knitting-machine having, in combi-
nation, needles; a knitting cam-ring; a nee-
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dle-lifter normally in its idle position but

adapted to be pushed inwardly beneath parts
of certain needles to elevate the same out of
action; a needle-lifter operator normally in
its outer idle position but adapted to be
moved inwardly into position to push the
needle - lifter inwardly; a spring- actuated
latch which automatically engages and holds
the needle-lifter when pushed into its in-
ward position; a tripper for moving said lateh
out of engagement with the lifter; a spring
for automatieally restoring the needle-lifter
to its outer idle position; and automatic
mechanism for controlling the movements of
said needle-lifter operator, substantially as
set forth.

16. A knitting - machine adapted to knit
stockings with seamless heels and toes hav-
ing, in combination, instep, toe, and heel nee-
dles; a knitting cam-ring; a needle-lifter oc-
cupying normally an outer idle position but
capable of two inward movements of different
lengths, whereby when moved inwardly its

shorterdistanceit elevatesthe instep-needles,

and when moved inwardly its full distance it
elevates both the instep and heel needles; and
means controlled by a pattern mechanism for
automatically moving said needle-lifterat the
proper times the desired distances, substan-
tially as set forth.

17. A knitting-machine having, in combi-
nation, a needle-lifter having two catches; a
spring-lateh for engaging said catehes to hold
said lifter in different positions; means for
automatically moving said lifter different dis-
tances; and means for releasing said latch,
substantially as set forth.

18. A knitting-machine having, in combi-
nation, the needle-lifter 136, having a cateh;
a spring 98, for moving said lifter in one di-
rection; a pivoted lateh 120, having stud 126;
spring 122, causing said latch to engage said
catch; releaser 123, having cam 125, engaging
said stud torelease said latch from said cateh,
and having also arm 129; spring 127, moving
said releaser in one direction; tripper 124,
acting on arm 129, to move said releaser in
the other direction; and needle-lifter operator
acting to move the needle-lifter in a direction
opposite to that imparted by said spring 98,
substantially as set forth.

19. A Eknitting-machine having, in combi-
nation, needles having knitting-nibs; a knit-
ting ecam-ring; a needle-lifter carried by said
cam-ring adapted to operate upon the butts
of a portion of said needles to partially lift
the same; a fixed cam carried by said ring
adapted to operate upon the nibs of the par-
tially-lifted needles to complete the elevation
of the same; and automatic mechanism for
moving said needle-lifter into and out of its
operative position, substantially as set forth.

20. A knitting-machine having, in combi-
nation, needles; a knitting cam-ring; a nee-
dle-depressor carried by said cam-ring and
movable in and out; a spring for automatic-

0
<o

ally moving said needle-depressor outwardly;
amovable needle-depressor operator for mov-
ing said needle-depressor inwardly; .aunto-
matic mechanism for moving said needle-de-
pressor operator; a spring-actuated latch
which automatically engages and holds said
needle-depressor in its inward position; and
a tripper for releasing said latch thereby per-
mitting said needle-depressor to be moved by
its spring to its ontward idle position, sub-
stantially as set forth.

21. A knitting-machine having, in combi-
nation, needles; a knitting cam-ring; a nee-
dle-depressor 144; a spring 441, holding said
needle-depressor in its outward position; an
arm 143, carried by said needle-depressor; a
movable needle-depressor operator adapted

_to act upon said arm to move said needle-

depressor inwardly; automatic devices con-
trolled by a pattern mechanism for moving
sald needle-depressor operator; a catch 444,
carried by the cam-ring and adapted to hold
said needle-depressor in its inward position;
a spring 445, for moving said cateh into its
engaging position; a lever 446, pivoted to said
cateh; a fixed stud 448, upon which said lever
acts to disengage said catch from the needle-
depressor; a releasing-arm 145, connected
with said lever; and a tripper which engages
said releasing-arm, substantially as set forth.

22. A knitting-machine having, in combi-
nation, a sinker comb-ring; sinkers having
butts; a sinker cam-ring having the usual
track 346, occupied by said butts, and having
an opening 348, communicating with and out-
side of said track at a position remote from
the sinker-cams; a movable sinker-shifter Z,
carried by the sinker cam-ring opposite said
opening 348, so that when said shifter is
moved ountwardly it encounters the sinker-
butts and moves them outwardly into said
opening,thereby freeing the hooks of the sink-
ers from the needles; and means carried by
said sinker cam-ring accessible from the ex-
terior and connected with said sinker-shifter
for moving the same, substantially as set
forth:

23. A knitting-machine having, in combi-
nation, the constantly-reciprocating pinion
37, having a clutch projection 79, one end 82,
of which is higher than the other; and a slid-
ing cluteh 34, having a contractible clutch
projection 78,provided with a spring-actuated
tongue 80, whereby said two clutch projec-
tions will not interengage except when said
pinion is moving in such direction that the
projecting end 82, of its clutch member is
theleading end, whereupon said leading end
encounters said projecting tongue 80, and
forces it back againstthe tension of its spring,
thereby contracting the clutch projection on
the clutch and thus permitting the interen-
gagement of the clutch projections, substan-
tially as set forth.

24. A knitting-machine wherein the length
of thestitches isregulated by a relative move-
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ment between the needle-cylinder and the
knitting eam-ring having antomatic mech-
anism for effecting such regnlation which in-
cludes, in combination, a transmitting-lever
196, having an adjustable connection with its
operating device; a pattern-wheel Q, having
cams which operate upon said lever to move
it in one direction; a spring 191, moving itin
the opposite direction ; an adjustable stop 962,
limiting the movement of said lever under
the stress of said spring; said cams alternat-

ing with dwells which are as follows and:
which produce in conjunection with said cams

the following results: («) dwell 192, isin oper-
ation when the leg is being knit, whereby

said leg is knit loose and full; (D) first dwell -

193, is in operation when the toe is being knit,
whereby the toe is knit with medinm tight-
ness; (c¢) first dwell 194, is in operation when

the foot is being knit, whereby said foot is-
knittightly; (d) the second dwell 193, isinop-
eration when the heel is being knit, whereby :

the heel is knit with medium tightness; and

(¢) the second dwell 194, is in operation when

the ankle is being knit, whereby said ankle
is knit tightly; said two dwells 193, being ad-
justable to vary the tightness of the heel and
toe; and automatic means controlled by a
pattern mechanism for moving said pattern-
wheel Q, substantially as set forth.

25. A knitting-machine wherein the length

of thestitchesisregulated by arelative move-

ment between the needle-cylinder and the
knitting eam-ring, having automatie mech-
anism for effecting such regulation which in-
cludes, in combination, a transmitting-lever
196; a pattern-wheel 3, having cams and
dwells which operate upon said lever, said
dwells being as follows and producing in con-
junction with said cams the following re-
sults: (a) dwell 192, is in operation when the
leg is being knit, whereby said leg is knit
loose and full; (D) first dwell 193, is in opera-
tion when the toe is being knit, whereby the
toe is knit with medium tightness; (c¢) first
dwell 194, is in operation when the foot is be-
ing knit, whereby said foot is knit tightly;
(d) the second dwell 193, is in operation when
the heel is being knit, whereby the heel is
knit with medinm tightness; and (e) the sec-
ond dwell 194, is in operation when the ankle
is being knit, whereby said ankle is knit
tightly; and automatic means controlled by
a pattern mechanism for moving said pat-
tern-wheel Q, substantially as set forth.

26. A knitting-machine wherein the length
of the stitches is regulated by a relative move-
ment between the needle -cylinder and the
knitting cam-ring, having automatic mech-
anism for effecting such regulation which in-
cludes, in combination, a transmitting-lever
having an adjustable connection withitsoper-
ating device; a pattern-wheel having cams
and dwells which operate upon said lever to
knit the leg loose and full; to knit $he heel
and toe with medium tightness move tightly
than the leg; and to knit the foot and ankle

649,021

tightly; and automatic means controlled by
a pattern mechanism for moving said pat-
tern-wheel, substantially as set forth.

27. A knitting-machine wherein the length
of the stitehes isregulated by arelative move-
ment between the needle-cylinder and the
knitting cam-ring, having antomatic mech-
anism for effecting such regulation which in-

cludes, in combination, a transmitting-lever

having an adjustable connection withits op-
erating device; an adjustable stop limiting
the movement of said lever in one direction;
apattern-wheel having camsand dwells which
operate upon said lever to knit the leg loose
and full; to knit the toe and heel with me-
dinm tightness; and toknit the foot and ankle
tightly; and automatic means controlled by
a pattern mechanism for moving said pat-
tern-wheel, substantially as set forth.

28, A knitting-machine wherein the length
of the stitehes is regulated by arelative move-
ment between the needle-cylinder and the
knitting cam-ring, having automatic mech-
anism for effecting such regulation whichin-
cludes, in combination, a transmitting-lever,
apattern-wheel having camsand dwells which
operate upon said lever to knit the leg loose
and full; to knit the toe and heel with me-
diam tightness; and toknitthe footand ankle
tightly; two dwells being adjustable to vary
the tightness of the heel and toe; and auto-
matic means controlled by a pattern mechan-
ism for movingsaid cam-wheel, substantially
as set forth.

29. A knitting-machine organized so as to
knit in eireular and reciproeating courses and
to produce stockings having seamless heels
and toes, said machine having, in combina-
tion, a time-shaft which moves from time to
time and by intervening mechanism controls
the variations in the knitting, said time-shaft
being given from time to time an intermit-
tent step-by-step motion and a movement
through a greater extent than that of its
usual steps; and automatic means controlled
by a pattern mechanism for moving said time-
shaft, substantially as set forth.

30. A knitting-machine having, in combi-
nation, a time-shaft, a cam the movement of
whichiseffected by said time-shaft and which
in turn, through intervening mechanism, ef-
feets a variation in the operation of the ma-
chine, means for imparting a step-by-step
movement tosaid time-shaft for bringing said
cam into operation, means for actuating said
cam,and means for moving said shaft through
a longer stroke when effecting the operation
of said cam upon the mechanism moved by
it, substantially as set forth.

31. A knitting-machine having, in ecombi-
nation, a timer, a cam the movement of which
is effected by said timer and which in turn,
through intervening mechanism, effects a va-
riation in the operation of the machine, means
for imparting a step-by-step movement to
said timer for bringing sald eam info opera-
tion, means foractuating said cam, and means
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for moving said timerthrough alonger stroke
when effecting the operation of said cam upon
the mechanism moved by it, substantially as
set forth.

32. A knitting-machine having, in combi-
nation, a timer, a cam the movement of which
is effected by said timer and which in turn,
through intervening mechanism, effects a va-
riation in the operation of the machine, means
for imparting a step-by-step movement to
said timer, and means for moving said timer
through a longer stroke when effecting the
operation of said cam upon the mechanism

-moved by it, substantially as set forth.
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33. A knitting-machine adapted for both
circular and reciprocating knitting, having a
movable clutch which controls, through in-
tervening mechanism, the character of said
knitting, in combination with a movable car-
riage; automatic means controlled by a pat-
tern mechanism for automatically moving
said carriage; a clutch-operator pivotally con-
nected with said carriage and engaging said
cluteh; springs on said carriage adapted to
press against opposite sides of said clutch-
operator; and stops for limiting the move-
ment of said springs so that each spring will
not follow the clutch-operator when swinging
from it, substantially as set forth.

84. A knitting-machine adapted for both
circular and reciprocating knitting, having a
movable clutch which controls, through in-
tervening mechanism, the character of said
knitting, in combination with a movable car-
riage; automatic means controlled by a pat-
tern mechanism for automatically moving
said carriage; a elutch-operator movably con-
nected with said carriage and engaging said
clutch; springs on said carriage adapted to
press against opposite sides of said cluteh-op-
erator, and stops for limiting the movement
of said springs, so that each spring will not
follow the clutch-operator when moving away
from it, substantially as set forth. ,

35. A knitting-machine having, in combi-
nation, a time-shaft 40; a ratchet 46, loose on
said shaft; a chain-wheel 41, fast to said
ratchet 46; a pattern-chain 42, engaging said
wheel 41; a ratchet-wheel G, fast to the time-
shaft; a rocking lever F, loose on said shaft

between said ratchets 46, and G; means mov-

ing with the machine for rocking said lever
in one direction; a spring for moving said le-
ver in the opposite direction; a stop 54, for
limiting the stroke of said lever under the ac-
tion of said spring; a pawl48, carried by said

lever I, and engaging said ratchet-wheel 46, -

to impart a step-by-step movement to said
pattern-chain; a pawl 61, carried by said le-
ver and engaging said ratchet G, to give a
step-by-step movement to the time-shaft; a
lifter 60, engaging said pawl 61; a rider1, on
said lifter riding on said pattern-chain and
thereby uplifting the pawl 61, out of cotper-
ation with said ratchet-wheel G, and adapted
to drop when a variation in the pattern-chain
registers therewith, thereby permitting said

pawl 61, to engage its ratchet-wheel G; acam
63, carried by the ratchet-wheel G, forlifting
said stop 54, out of the path of said lever F,
thereby permitting said lever to move through
a long stroke; and a lifter 67, in the path of
a part of the pawl 48, for rendering inopera-
tive said pawl during the portion of said long
stroke which is in addition to its customary
length of stroke, so that said pattern-chain is
advanced only its usual step when the long
stroke is taken, substantially as set forth.

36. A knitting-machine having, in combi-
nation, a time-shaft; a ratchet loose on said
shaft; a chain - wheel movable with said
ratchet; a pattern-chainengagingsaid chain-
wheel; aratchet-wheel fast to the time-ghaft;
a pawl engaging said loose ratchet-wheel to
impart a step-by-step movement to said pat-
tern-chain; a pawlengaging said fast ratchet
to give a step-by-step movement to the time-
shaft; alifter engagingsaid fast-ratchet pawl
to normally hold it out of codperation with
said fast ratchet and adapfed todrop when a
variation in the pattern-chain codperates
therewith, thereby permitting said pawl to
engage its fast ratchet-wheel, substantially
as set forth.

37. A knitting-machine having, in combi-
nation, a time-shaft; a ratchet loose on said
shaft; a chain - wheel movable with gaid
ratchet; apattern-chainengagingsaidwheel;
aratchet-wheel fast to the time-shaft; a mov-
able pawl-carrier; auntomatic means for mov-
ing said pawl-carrier; a stop for limiting the
stroke of said pawl-carrier; a pawl carried
bysaid carrierandengaging said looseratchet-

wheel to impart a step-by-step movement to:

said patbtern-chain; a pawl carried by said
carrier and engaging said fast ratchet to give
a step-by-step movement to the time-shaft;
means engaging said fast-ratchet pawl tohold
it normally out of codperation with said fast
ratchet; means controlled by a variation in
the pattern-chain for permitting said fast-
ratchet pawl to engage its ratehet-wheel; and
automatic means for lifting said stop out of
the path of said pawl-carrier thereby permit-
ing said carrier to move through a long stroke,
substantially as set forth.

38. A knitting-machine having, in combi-
nation, a time-shaft; a ratchet loose on said
shaft; a chain - wheel movable with said
ratchet; apattern-chainengagingsaid wheel;
aratchet-wheel fast to the time-shaft; a mov-
able pawl-carrier; automatic means for mov-
ing said pawl-carrier; a stop for limiting the
stroke of said pawl-carrier; a pawl earried
bysaid carrierand engaging said loose ratchet-
wheel to impart a step-by-step movement to
said pattern-chain; a pawl carried by said
carrier and engaging said fast ratchet to give
a step-by-step movement to the time-shaft;
means engaging said fast-ratchet pawl to hold
it normally out of codperation with said fast
ratchet; means controlled by a variation in
the pattern - chain for permitting said fast-
ratchet pawl to engage its ratchet-wheel; au-
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tomatic means for lifting said stop outi.of the
path of said pawl-carrier-thereby permitting
said earrier to move through a long stroke;
and a lifter in the path of a part of the loose-
ratehet pawl for rendering inoperative said
pawl during the portion of said long stroke
of the carrier which is in addition to its cus-
tomary length of stroke, so that said pattern-
chain is advanced only its usual step when
the long stroke is taken, substantially as set
forth.

39. Anautomatic power-operated knitting-
machine having, in combination, needles; a
knitting cam-ring; automatic means for re-
ciprocating said cam-ring; a movable nar-
rower carried by said cam-ring, said narrower
being automatically moved back and forth
by the needles during reciprocating knitting;
a movable widener carried by said cam-ring,
said widener being automatically moved back
and forth by the needles during reciproeating
knitting; a widener-operator which is inop-
erative during widening and which operates
during narrowing to move said widener back
and forth in advance of the presentation of
needles thereto so that said widener is then
rendered inoperative; a narrower-operator
which is inoperative during narrowing and
which operates during widening to movesaid
narrower back and forth in advance of the
presentation of needles thereto so that said
narrower is then rendered inoperative; time
mechanism; and automatic devicescontrolled
by said time mechanism for automatically
controlling the action of said narrower and
widener operators and bringing them into
andoutof actionin alternation, substantially
as set forth. '

40. A knitting-machine having, in combi-
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nation, a sinker comb-ring, a sinker cam-ring
formed at a point remote from the sinker-cams
to permit the outward movementof the sink-
ers, radially-sliding sinkers having butts, and
aradially-movable sinker-ghifter remote from
the sinker-cams which acts upon the sinker-
butts so as to move the sinkers radially out-
wardly and out of cobperative relation with
the needles, substantially as set forth.

41, A knitting-machine having, in combi-
nation, a time-shaft; automatic means for
moving said time-shaft; a plurality of pat-
tern-wheels moved by said time:shaft and

40

45

50

each capable of an independent movementon -

said shaft; independent means for automat-
ically moving each of said pattern-wheelsinde-
pendently of the time-shaft, said means being
brought into operation by the movement of
the time-shaft; and mechanism controlled by
each of said pattern-wheels for effecting a
variation in the knitting, substantially asset
forth.

42, A knitting-machine having, in eombi-
nation, a yarn-twister operating upon both an
idle and a working yarn for twisting them to-
gether; means for slackening the working
yarn before the idle yarnreaches the needles;
and connected mechanisms for automatically
operating the same so that the working yarn
is slackened during the twisting operation,
substantially as set forth.

In witness whereof Iliave hereunto signed
my name in the presence of two subseribing
witnesses.

CHARLES J. A. WARDWELL.
Witnesses:

JOHN ALDRICH,
W. L. WOODWORTH.
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