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o all whom 6 may conceri:

Be it known that I, SAMUEL G. HALL, of
Cohoes, in the State of New York, have in-
vented certain new and . useful Improvements
in Circular-Knitting Machines, of which the
following is a specification.

My inventionrelates to eireular-knitting ma-
chines in which, after a straight knit tube has
been produced by the ordinary action of the
machine, a rounded portion——for instance, the
heel or toe of a stocking—is formed by the os-
cillation of the needle-cam and the action ofa
part of the needles first in successively de-
creasing and then in successively increasing
numbers. It hasheretofore been proposed to
obtain such an action of the needles automati-
cally by the use of a ** pattern mechanism?’’—
such as a chain having lugs or projections ab
various points and distances between said lugs
proportionate to the lengths of the different
parts of the article to be produced—for ex-
ample, the leg, heel, foot, and toe of a stock-
ing. Many revolutions of the needle-cam are
necessary to produce such an article, and as
the pattern-chain is ordinarily in movement
during the production of the entire article a
great length of chainhasbeen required. More-
over, the lost motion, which is also rapidiy in-
creased by wear, attending the use of such a
pattern mechanism makes the latter wholly
undesirable for so delicate an operation as the
selecting of the desired needles and the de-
pressing and raising of them at the proper
times. In practice such mechanism is very
apt to fail in properly taking the needles out
of and bringing them into operation, with the
result of producing holés in theknitted fabric.

My invention isdirected, first, to doingaway
with the greater part of the pattern-chain—
namely, the portion which corresponds with
the plain portion of the article, such as the
leg of a stocking—Dby the use of a secondary
feed-movement; and, second, to dispense with
the pattern-chain entirely by employing in the
place of the remaining portion of it a pattern
substantially all parts of which are rigid with
each other and move together with no lost mo-
tion. In the construction hereinafter de-
seribed and illustrated such a rigid meehan-
ism is furnished by cam-wheels.

My invention consists, also,in eertain other
novel features, hereinafter described.

Sorial No. 242,865. (No model.)

In order that my inveantion may be more
clearly understood, I have shown in the ac-
companying drawings a means for carrying it
into effect. .

In the drawings, Figure 1 is a plan view of
a knitting-machine embodying my invention.
Pig. 1* is a detail sectional view of a portion
of the slide I and the bolt H, which engages
the same. Tig. 2 is a transverse vertical sec-
tion on line 2 2, Fig. 1, showing a portion of
thesame. I'ig.3isa vertical longitudinal sec-
tion on line 8 8, Pig. 2. Tig. 4 is an elevation
of oneof the cam-wheels. Fig. b is a diagram
showing the development of thesame. I'ig. 6is
a horizontal section of a portion of the needle-
cylinder on line 6 6, Fig. 7. Iig. 7 is an ele-
vation of the same. Fig. 8is a vertical section
on line 8 8, Fig. 7. Fig. 9 is a diagram show-
ing the development of the interior of the outer
revolving cam-cylinder and the two positions
of the thread-guide relative to the needle-cam. .
Tig. 10 is a cross:section on line 10 10, Fig. 9,
showing the means for removing broken or im-
perfect needles. Tfig. 11 is a bottom plan
view of theneedle-¢ylinder and ifs supporting-
ring. Fig. 12is a transverse vertical section
of the same on line 12 12, Fig. 11. TFig. 13 is
a sectional view of a clutch-reversing lever and
its support, showing also the thread-guide
stop. Iig. 14 is an elevation of a portion of
the mechanism for automatically raising and
lowering the needles. TIigs. 15, 16, and 17 are
plan views, partly in section, illustrating the
shifting of the pawls shown in Ilig. 14. Tig.
18 ig an elevation of the power-shaft and de-
vices earried thereby, showing a means for
automatically changing the speed of the nee-
dle-cam. Fig. 19 is a plan view of the clutch-
shifting lever shown in Fig. 18.

Referring to the drawings, A indicafes the
bed-plate of the machine; A’, frame-bars con-
nected therewith; B, the gear-wheel mounted
to rotate in said plate; C, the outer cylinder or
needle-cam ring carried by said gear; D, the
grooved needle-cylinder mounted stationarily
upon the bracket-ring d, Figs. 11 and 12, and
n the needles.

The gear - wheel B may be driven in the
usaal manner from a shaft, B% through the
medium of a pinion, B, For obtaining a re-
versal of the direction of rotation of the outer
cylinder, C, any suitable means may be-eii="
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ployed. The devices shown: in the drawings
for this purpose are of a known character and
are substantially those. shown in Patent No.
350,466. :

5 0 b are .pulleys loose upon shaft B* and
adapted .to be constantly driven in.opposite
directions by a belt or belts. Clutches ¢ ¢,
mounted on a spline uponshaft B?and adapted
to be thrown into engagement with corre-

ic sponding clutch-faces upon pulleys & I, serve
to-communicate the motion of either pulley to
the shaft and through pinion B’ to the outer
cylinder, Slides I E|, operated by: the outer
cylinder, as hereinafter described, enguge by
13 inclined slots e ¢ with-the upper endsof levers
K. Thelower endsof thelatter restin grooves
in the clutches, and, when oscillated by the
slides E I, shift the clutches to the right or
left, according to the direction of movement of
20 the slides.  'When both slides are thrown out-
ward—that is, when slide E, Fig. 1, is in its
present position and slide T is in the position
shown in dotted lines—both clutehes will be
oulb of engageinent, both pulleys free, and the
25 machine at rest. The devices thus far de-
seribed for changing the direction of rotation
are, however,well known and are fully shown
in the patent already referred to. It has, how-
ever, been found in practice that the cluteh-
3o slides T8 EY, when snddenly throwu from side
to side in the operation of the machine, will
often rebound, fail to properly engage the
clutches with the pulleys, and produce imper-
fections in the fabric. . I have therefore com-
35 bined with the slides friction-screws ¢?, pref-
erably bearing upon a leather pad, whieh in
turn presses upon the slides, by which the lat-
ter may be prevented from being accidentally
displaced or from moving, exeept when posi-
10 tively actuated.

B is a wheel by which the machine may be
driven by hand for adjustment or other pur-
pose, and ¢* ¢* are handles upon the cluteh-
slides for bringing by hand the clutches into

45 aiu;, desired position.

It isalever, pivoted vertically upon a plate,
17, the latter being hinged horizontally at f to
a bracket, a, secured tothe bed-plate. A ver-
tical lifting-pin, G, passing up through the

50 bed-plate and bracket, bears against the under
side of the hinged plate I amdd is adapted
when forced upward to lift said plate and
raige the inner end of the lever I to a higher
horizontal plane. The outer end of the lever

55 is situated between lugs ¢' ¢, secured, respect-
ively, to the slides It IV,

I is a bolt fitted to slide in a bracket, IT,
carried by the slide I and adapted to engage
with a notch or projection on the slide I, in

So which engagement it is held by spring 7, thus
locking the two cluteh-slides together.  (See
Irig.1? which is a detail viewshowing in eross-
section a portion of the slide B, together with
the bolt H, provided at its outer end with a

65 downwardly-extending tongue, 1, on its under
side, which enters a noteh in the edge of the

" slide.) When so locked, it is evident that the

oscillation of lever I will throw both clutehes,
carrying one out of -engagement with its pul-
ley and the other into ‘operative contaet with
its pulley, thus reversing the direction of
movement of the needle:cam. When the bolt
H is drawn inward (toward the right-hand
of Fig. 1) and the clutches unlocked from each
other, the oscillation of the lever T in the
proper direction will throw one cluteh out of
engagement without throwing in the other,
leaving both pulleys & 0" loose on their shaft
and bringing the machine to rest.

When the pin @G, plate I, and the inner
end of lever I'are in theirlowermost position,
the outer eylinder, C, is left free to revolve
continuously in the same direction. - 'When,
however, thie pin Gis raised—say a quarter of
an ingh—the inner end of lever I is brought 8;
into the horizontal plane of the stop C, car-
ried by the revolving cylinder C. If at sueh
time the lever be in the proper position and
the bolt II be for the moment, withdrawn, the
clutch-slides will be separated by the oscilla-
tion of the lever I under .the impact of stop
C, the cluteh in engagement with itsdriving-
pulley will be disengaged, and the machine
will thus be automatically brought to rest.
When the pin G is raised to an intermediate
position—say an eighth of an iuch above its
lowermost position and an eighth of an inch
below its highest position, just referred to—
the inner end of lever F will bein the hori-
zontal plane of stop ), also carried by the
outer cylinder. - If at such time the slides 3 I
be locked together by bolt H, both slides will
be shifted by the impact of the stop C*against
the inner end of the lever F, with the effect
of disengaging the clutch {rom that driving-
pulley which was rotating the outer eylinder,
C, and stop C* in the direction they were pur-
suing when the latter struck the lever, and by
the same movement engaging the other clutch
with its oppositely-rotating drive-pulley. This
shifting of both elutches canses an instantane-
ous reversal of the direction of rotation of eyl-
inder C, which carries the stop C? around into
contact with the opposite side of the inner end
oflever F, whereupon another reversal occurs.
It will thus be seen that when the pin G and
lever Fareraised from their lowermost to their
intermediate position the continuous rotation
of the cylinder Cis changed immediately to an
oscillatory movement.

An important part of my invention relates
to the means by which the lever I and bolt T
areoperated at the proper times with the above
results; but it will be convenient to describe at
this point the construction and operation of 125
the needle-cam and thread-guide.

In knitting, the vertical reciprocation of the
needles to make the stitches takes place just
behind the guide, which has in its passage laid
the thread under the hooks of the necedles—
that is to say, each needle is depressed and
raised just after the guide has passed it in its
circular path. To enable the knitting to be
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providing two cams, one at each side of the
thread-guide,(the cam behind the thread-guide
being thrown into operation and the other out
by aswitch mechanism,) I employ a single sta-
tionary cam of very simple construction and
reverse the position of the thread-guide rela-
tive to this cam at each reversal of the direc-
tion of rotation.

Referring to I‘1gs 1, 9, and 10, T is the usual
horizontal groove in the inner face of the outer
cylinder, C, on the under 51de of which groove
the outward projections # of the needles n ride
when the latter are in their normal position. I’
is the needle-cam of substantially V shape, its
upper corners, ¢ ¢, projecting into the groove
I and above the plane of the projections »'.
As the cam proceeds in its-circalar path in
either direction, its forward corner, ¢ or 7,
catches the projections »' of the needles sae-
cessively and forces them downward. The cam
rides over the projections, which are forced up
again behind the cam by the incline j or j° of
the eylinder C.

By means of a slot in the cylinder C and a
serew, I’, passing through the slot and engag-
ing the cam, the latter may be adjusted vextl
cally to redulate the length of stitch. Between
the cam 1 and the top of the groove I there is
left a space, 77 of a sufficient helght to admit
the projections »’ of the needles. Ifany of the
latter, therefore, be raised and supported in
the usual manner with said projections in the
horizontal plane of the space j° the needles so
situated will remain inoperative.

The reciprocation of the needles by the cam
I’ in whichever direction the latter rotates
will produce aknitted fabric if the thread has
been previously laid-in the proper direction
beneath their hooks.

L is the thread-guide,pivoted vertically at?
to the inner end of an arm, I/, which latter is
supported above the needles by a post, 17
carried by the eylinder C. A segmental slot,
7, in the thread-guide plays upon a screw-pin,
2, in the arm I/ and regulates the throw of
the thread-guide. By tightening thescrew 7,
so as to draw the thread-guide againstthe arm
L/or against an interposed spring or washer,
the guide may be steadied in its oscillation and
maintained in either of its two positions from
accidental displacement. The thread-guide is
provided with one or more eyes, I’ I', which
deliver the thread x to the mneedles aqamst
their outer faces and below their hooks. The

z pin £ is about opposnte tothe cam I', and when

the guide L is in the position shown in Fig. 1
it is pxopelly situated to precede the cam in
the direction of the arrow 1in that figure. If
the other end of the slot I’ were against the pin

‘%, the arrangement would be that for knitting

in the other direction.

Various devices may be employed to shift
the position of the thread-guide relative to the
cam. A simple means consists of a stop, M,
carried by the hinged plate F. These palts
are so arranged that when the said plate and
the lever F are in their intermediate position

and the lever in line with stop C* the stop M
will be in line with the arms # * of the thread-
guide. Thus, by the time that the stop C* has
caused the reversal of direction of rotation
the forward arm, ¥, Fig. 1, of the guide will
have been arrested by the stop M and held
while the pin * moved to the forward end of
the slot .  Asthe ecam-cylinder C starts back,
therefore, at each reversal, the thread-gunide
will be in proper position in advance of the
needle-cam.

To recur now to the devices by which, after
the desired length of straight-knit tube has
been produced by the continuous rotation of
the kneedle-cam, the motion is automatically

70
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stopped and changed to an oscillation of the

cam past a part only of the needles to form a
bend in the fabrie, as for the heel or toe of a
stocking.

N is a pin mounted so as toreciprocate ver-
tically in the bed-plate in proximity to the
cylinder C. Itisnormally held up by a spring,
N, to such height as to bring the head of the
pin within the path of a double-incline cam-
plate, O, carried by the cylinder C, by which
latter, if the pin is in said normal posit.ion, it
is depressed whenever the cam-plate passes
over it, going in either direction. The lower
end of the pin N carries 2 pawl, N’ whieh
rests upon the edge of a ratechet-wheel, P, and
is adapted to rotatethelatter onetooth at each
depression.

The ratchet is pxovu]ed wilh an adjustable
friction device—such as a leather washer, p,
compressed by a nut, p’, Fig. 3—to limit its
movement to the distance to which the pawl
N?actually forcesit. Ibis veryimportant that
such a friction device be provided, as if the
ratchet-wheel gets out of time imperfections
in the fabric are likely to be produced. The
ratchet-wheel P carries with 1t in its rotation
a rigid pattern mechanism, which takes the
placeofthe pattern-chain heretoforeemployed.
It consists, in the construetion shown, of an
edge cam-wheel, Q, and a side cam wheel R,
havmfr pro_)ectlons so arranged as to ploduce
the proper length of “rounded” knit fabric.

The edge cam, Q, is situated in line with and
beneath the lifti1] -pin G, which latter rests
upon its perlphexy The wheel is provided
with four surfaces, ¢ q ¢ ¢, Fig. 2. Of these
the surface ¢ is the lowest or nearest the center,
and permits pin G and lever I to fall to their
lowest position for the continuous rotation of
the needle-cam. Surface ¢ is of, say, a quar-
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ter of an inch greater radius, and is adapted -

to raise the lever If into line with stop O to
bring the machine to rest. Surface ¢* is of a
radins intermediate between surfaces g and ¢’,
and is adapted to lift the lever I and stop M
into line, respectively,with stop C* and thread-
guide ar ms ® %, to cause the oscillator "y move-
ment of the needle- cam, and surface ¢ is simi-
lar to ¢. A spring, fJ Fig. 13, balances the

weight of the hinged plate F and parts carried
thexeb;, relieving the cam Q of much friction -
and giving ease of operation to the machine.
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The surfaces ¢ and ¢’ are each of alength equal
to one tooth of wheel P. ¢ is of :a length to
permitias many: oscillations of the needle:cam
as are necessary to knit the rounded portion
of . the article to . be prodnced-—say seventy—
and ¢ is equal to five or six teeth, though thisis
net strictly material, the object being: to ob-
tain a fesw rotations at the: lower rate of speed,
as ‘hereinafter explained, beforethe oscillation
commences; as hereinafter explained.

The disengagement of the clutch-slides E E
front each other by 'the withdrawal of bolt H,
so that both: elutches may be thrown out and
the:maghine stopped; is effected as follows:

S isia-lever pivoted to:the frame ats anden-
eaging thebolt EH through the medium of a pin,
I, of such length as to permit of the recipro-
cation of ‘the slide E" without the disengage-
mentof said pin fromithe lever. . Camsorpins
88, earvied by the ratchet:wheel P:or by cam-
wheel Q, passwithin operating distance of the
lower end of lever 8, and as each pin:passes it
oscillates the leverupon its pivot s and against
the: stress .of spring %, so as to withdraw the
bolt H: and {ree theiclutchislides K T from
eaeh other.  The position of the ping' 8 $? vel-
ative to the surfaces ¢’ ¢ is such that ithis is
done at  the: time when: said. surfaces have
bronght the Tever IFintoposition to be strack
by stop €.

Assoon as:the first: step: of surface ¢* has
been brought beneath the pin G, the straight
knitting by rotation ceases and ‘the rounded
koitting by oscillation and the reciprocation
of o part only of the needles commences,
through the operation of the devices already
described. In order to measure the length of
the straight fabrie desired—as the leg of a
stocking—bhefore the formation of theheel be-
gins, I have devised a secondary feed, which
takes the place of the greater part of the pat-
tern-chain already referred to.

T is a trigger, Figs. 1 and 2, adapted to en-
gage a shounlder, #%, on the pin N when the lat-
ter is depressed. The pin may thus be held
down out of the path of cam-plate O, asshown
in full lines in Fig. 2. When the pin is so
held down, the ratchet-wheel P and cams Q
and R will remain at rest, and if at the same
time the surface q be under the pin G the con-
tinuous rotary knitting will, if power be ap-
plied to the machine, proceed indefinitely. As
soon, however, as the trigger T is withdrawn,
the pin N will fly up under the stress of spring

z N, and will then be caused by cam-plate O to

feed the ratchet-wheel P. A few steps will
carry the surface ¢’ under pin G, with the ef-
feet of stopping the machine, after which, by
properly manipulating the pin N and clutch-
slide E, (as hereinafter more fully described,)
the machine may again be set in operation with
the surface ¢* under the pin G for the purpose
of knitting Dby oscillatory movement. The
withdrawal of the trigger may be effected by
various means. In theconstruection shown T’
is a ratchet-wheel engaged by a pawl, ¢, upon
a vertically-reciprocating spring -controlled

pin orslide, ¥; which is.depressed at.each iro-
tation - or :oscillation -of ‘eylinder C, for. con-
venience; by thesame cam-plate,; O, that forces
down:pin N. :The ratchet T earries a worm,
T?, engaged by ahook, £, upon 4 spring-arm,
.. The said arm is secured to aslide, ¢, hav-
ing an inecline or cam face, #%, adapted to en-
gage ai pin, ¥; upon the trigger T.

T? is @ stop, preferably adjustable: relative
totheslide t; against whieh a shoulder,,upon
the slide abuts. ' 'The stop:T* having been se-
cured: in such: position that when abutted by
shoulder ' the desired number of worm-threads
will be left beyond the hook #*, depending upon
the length of i straight:knit tube: desired, the
hook #is lifted by the operator beforestarting
the machiue out of the worm-thread, and the
slide?* moved back as far:as permitted by stop
T% 'when the hook is suffered to spring hack
into engagement with: the worm. At every
revolution during thestraight knitting the pin
' is:depressed, the ratchet and worm rotated
oue step, and the slide! t-slightly advanced:
As:soon as the hook #* has reached: the end of
the worm, the incline ¢ has forced 'out pin ¢°
and trigger T, thus permitting the pin N tofly
up and the feeding of ratchet Pto begin. [Af:
ter the rounded knitting has been produced,
the stop motion just described will be reset.
If theleg and heel of a stocking have just been
knit :and astraight portion of: short length is
desired : for ‘the foot, the pivoted stop T* iis
dropped into the positionshown in Fig. 1 and
the shoulder ¢’ brought against it, thus leav-
ing: a shorter: distance: of the: worm ¥ to. be
traversed by hook #* before the pin N is again
released to cause the ronunded knitting for the
toe to be produced.

Any well-known or suitable means may be
employed to throw out of operation the de-
sired number of needles—say that half of their
whole number which is upon the left hand of
Fig. 1—by raising them until the cam I will
pass under their projections #'; also any suit-
able means may be used to throw a part of the
remaining needles out of operation one by one
and to again bring them into operation grad-
nally during the progress of the oscillatory
knitting. 1 prefer to employ the devices set
forth in the patent already referred to, (No.
350,466;) but such means are well known and
need not be here shown or described, except
so far as is necessary to make known certain
improvements which I have devised in them.

The means for raising one-half of the nece-
dles at the end of the straight knitting may
consist, simply, of a clasp to engage at once
all of the needles to be raised, and a lever for
elevating the clasp when so engaged with the
needles. Such a device is shown in the pat-
ent referred to.

The lifters for engaging the needles one by
one alternately at each end of the rank of
needles which remain in operation may also
be of the character shown in said patent. In
Fig. 12 of my drawings are shown the two
posts 8* §°, upon the upper ends of which the
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lifters are carried, so as to be reeciprocated | termediate spaces,s®s", both of which bring

vertically by pins U U/, Figs. 1 and 2, which,
as they oscillate with the cylinder C, engage
with inclined slots in the upper ends of the
lifter-slides » «', alternately raising and de-
pressing them in'a well-known manner. The
lifters are carried from one needle to the next
by geared segments U* U®, to which the posts
S' §° are secured and which are supported so
as to revolve in opposite directions.upon the
needle-cylinder D when actuated by the bev-
eled pinion U* TUpon the shaftu’ of thispin-
ion are mouunted twooppositely-toothed ratch-
ets, u® v, Fig. 14. Two corresponding pawls,
v* 9% carried by a spring-controlled pin, V,
mounted to reciprocate vertically In the bed-
plate and adapted to be depressed by the eam-
plate O, serve to rotate the shaft «' one space
at each oscillation of the cam-plate, provided
that one of the pawls is in engagement. The
direction of feed of pinion U* and of the lifter-
posts S* 8* depends upon which pawl is'so en-
gaged. The positions of the pawls are con-
trolled by pinsv ¢/, carried by levers v* ¢, piv-
oted to the frame at v* v*. The lower ends of
the levers are connected with bars R’ R?
mounted to slide on pins r, secured to the
frame. Said barsare recessed ats+,so as to fit
closely a cam-plate, +*, Figs. 15 to 17, carried
by a bar, R’ which latter is adapted to be re-
ciprocated in said recesses ¢’ transversely to
bars R R%. "When bar R®is in the position
shown in Fig. 15, bar R’ is foreed far enough
to the left by the cam-plate »* to leave the
pawl +° in engagement with its ratchet, while
the bar R? is in such position as to disengage
pawl ¢* from its ratchet. In Fig. 16 the bar
R® is thrust farther outward, bringing both
bars R’ R* to an intermediate position and
throwing both pawls out of engagement,so that
the depression of the pinV will have no effect
to change the position of the lifter-posts 8* ¥,
In Fig. 17 the bar R?is thrust still farther out,
in which case the pawl ¢* would be outof and
the pawl +* in engagement.

The features just described for feeding the
needle-lifters from one needle to another are
well known, with the exception of the positive
action of the cam-plate »* uponthe bars R’ R*in
each direction, and have beenused with a pat-
tern-chain,by which the bar B’ was operated.
The lifters must, however, be fed with much
nicety, especially where the cylinder is finely
grooved and the needles thin and close to each
other, and the chain has been found unrelia-
ble for this purpose. I therefore operate the
bar R’ by rigid pattern mechanism, furnished
in the construction shown by the side cam-
wheel, R, Figs. 2, 3, and 4. The end of the
bar R* opposite to that which carries the cam-

-plate 1* engages with this cam-wheel by pins

#%. The wheel has two lateral surfaces, +* 7%

upon opposite sides, the former serving to
bring the bar R*into the position shown in
TFig. 15 and.the latter to thrust it out, as
shown in Fig. 17. The wheel has also two in-

the bar to the position shown in Fig. 16. The
space 7° is in operation abt the same time with
the surface ¢ of the wheel Q, and holds both
pawls ¢* +° out of engagement during the
straight knitting by rotary movement. The
space 1" is a space of transition, during which
said pawls are again disengaged for one oscil-
lation of the eylinder C in the middle of the
rounded knitting, the desired number of nee-
dles (of those with which the rounded knit-
ting was begun) having been raised out of op-
eration one by one, and the same needles be-
ing about to be depressed again in reverse or-
der by the reverse action of thelifters. "When
the space »" has passed the bar R’, and space
7° has thrown the pawl +* into operation, the
posts S* 8% will be fed away from each other
in the directions in dicated by the dotted ar-
rows in Fig. 11. The space +* operates when
the middle of surface ¢* is under the pin G and
the rounded knitting half done.

In order to prevent the ratchets @° «° from
moving otherwise than as intended and get-
ting out of time, I apply a friction device eon-
sisting of a spring-arm, Z, carrying a leather
pad, 2z, which presses upon the face of one of
the ratchets and maintains it in the exact po-
sition to which it is fed.

The adjustment of the ratchets «*«° relative

to each other,sothat eachlifter may be brought -

accurately in line, first with a needle and then
with a space between needles, is a matter of
much nicety. I have materially facilitated
it by providing one of the ratehets with a slot
and the other with a set-screw, «°, by which
the proper mutual relation of the ratchets may
be attained and preserved. I have also pro-
vided for an expeditious adjustment of the
needle-cylinder in its supporting-ring d, Figs.
11 and 12, thus enabling the proper position
of the eylinder relative to the segments T* U®
and to other parts to be secured by means of
slots @ in the-bracket and set-screws d’, pass-
ing through the slots and engaging with the
needle-cylinder.

An efficient means for securing the needles

in either their raised or their depressed posi-
tion, preventing them from getting outof place
and so causing imperfections in the work, is
provided by making the needles with slight
projections 2°, having an incline at each end
and surrounding the grooved cylinder D by a
tension-spring, D', in sueh position that when
the needles are raised said projections #° will
be just above the spring and resting upon it,
and when the needles are down they will in a
similar manner be held in place, Fig. 8.

To enable the needles when broken or im-
perfect to be readily replaced by new ones, I
have fitted the eylinder C with a slide, C,
Figs. 9 and 10, which may be easily drawn out
when aretaining-spring, &, islifted, but which
when in place completely fills out and makes
continuous the top and bottom walls of the
groove X by portions ¢ ¢. A V-shaped slot,
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¢, leading to the opening left by the with-
drawal of slide ¢* facilitates the extraction of
a bent needle.

The plain knitting by the rotary movement
may be at a comparatively high speed; but I
prefer to run the machine much slower for the
oscillatory knitting, in order to prevent injur-
ing the machine by too sudden reversals, and
in order that the take-up, which will be ap-
plied in the ordinary way, may have time to
operate. I have provided for effecting this
change of speed automatically just before the
end of the straight knitting, the mechanism
for which will now be described.

W, Tig. 18, is a power-shaft having driving-
pulleys w e, from which a belt or belts, &', pass
to the pulleys b ', already described.

W’ is a fast-power pulley loose on shaft W,
and W* is a slow-power pulley, also loose on
the shaft. A sliding clutel, «*, splined to the
shaft, serves to connect with it either pulley
W or W or to leave both disengaged.

W?*is a shifting-lever, Fig. 19, adapted to
operate the cluteh «° when actuated by a sec-
ond lever, ", pivoted to the frame at w".

Wtis a link connected with lever «’ and
having a notched slot, w°, and an operating-
handle, .

W? is asecond link, sceured to the link W,
extending upward to the ratehet wheel P, and
provided with a hook, .

P’ is 2 pin or projection carried by the
ratchet-whecl P or some part moving there-
with. .

@’ is a fixed pinadapted toengage the notch
in slot w’ and hold thesystem of levers against
the stress of a spring, X, which tends to throw
the cluteh «* into engagement with the slow-
power pulley W% Whenthelink Wtis drawn
by handle w° to the left in Fig. 18 and the
noteh is engaged with the pin ', the fast pul-
ley will be driving the machine and the hook
" will be in the path of pin P. Just before
theosecillatory knitting begins—preferably five
or six revolutions—the projection P’ reaches
the hook " and trips the bar W*, whereupon
the spring throws the clutch away from the
fast pulley W’ and into engagement with the
slow pulley W2, immediately reducing the
speed of the machine and preparing for the
oscillatory movement. This change will or-
dinarily take place upon the first feed of the
pin N after it is released by trigger T.

For convenience in changing the thread, if
desired, applyingthe take-up, and setting the
secondary feed-bar ¢, a full stop is caused at
the end of the straight and at the end of the
rounded knitting by the surfaces ¢’ ¢* of cam-
wheel Q. After each of these stops the oper-
ator depresses the pin N by hand and then by
handle ¢* draws the cluteh-slide B back into
the position shown in full lines, Fig. 1, thus
setting the machine again in operation.

Any suitable presser-wheels may be em-
=loyed to travel upon the upper edge of the
knisted fabricand keep it properly forced down
upon the needles,
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The machine being organized substantially
as hereinbefore described, its series of move-
ments in knitting, for instance, a stocking may
be thus summarized. Starting from the posi-
tion shown in Figs. 1 and 2, (with the excep-
tion that the lever I and slide It will be as
shown in dotted lines,) the pin N will be de-
pressed and secured by trigger T and the bar
¢ set for the proper length of leg. Both of the
pawls v* ¢° will be out of . engagement. The
operator threads the guide through eyes I 1Y,
and starts the machine in the direction indi-
cated by the arrow 1 in Fig. 1 by drawing the
slide I¥ to the position shown in full lines.
When this is done, the slides are automatically
locked together by the bolt XI. Theoperator
now throws into engagement the fast-speed
pulley W’ and engages the bar W* with the
pin «'. The straight knitting is now pgr-
formed at full speed, no feed being in opera-
tion but the ratehet and worm TV I%  When
the leg has been f{inished, the trigger T re-
leases pin N, which fliesup and isimmediately
depressed by the cam-plate O. This feed
movement rotates ratchet P and wheels Q and
R one space, carrying the pin P’ against the
under side of the hoolk «', thus automatically
tripping the bar W* and permitting thespring
X to throw the clutch w* from the fast to the
slow speed pulley. Therevolutionof the cyl-
inder Cand thestraight knitting continues for
a few feeds of the pin N until the surface ¢’
and pin 8 respectively, raise the lever IFinto
line with stop ¢’ and withdraw bolt II. Im-
mediately after this is done stop C’ oscillates
lever T, shifts theslide I to the positionshown
in dotted lines in Fig. 1, throws out the clutch
¢, and stops the machine. The operator now
changes the thread if a heavier yarn be de-
sired for the heel of the stocking, places the
usual take up in operative position, and is
ready for the rounded knitting of the heel.
He then forees down by hand the pin N, giv-
ing one feed to the ratchet P. This brings
surface ¢* under the pin G, dropping lever IF
out of the path of stop €', but maintaining it
in line with stop C?, and also bringing thestop
M into the planc of the thread-guidearms. At
the same time the pin $* releases lever S and
bolt H, leaving the latter free to engage the
slide Eas soon as theslide is shifted. Thesame
feed movement carries the part + of wheel R
into engagement with the bar R? shifting the
latterintothepositionshown in Fig. 15and per-
mitting the pawl v* to engage its ratchet. The
operator then thrusts out the pin U by means
of slide TU?® said pin, together with the pin U,
being afterward alternately protruded in a
well-known manner by the contact of inclines
U° U, affixed to the bed-plate with posts «"«',
carried by the pins. The operator now raises
about one-half of the needles—those af the left
of Fig. 1 preferably by a clasp, which lifts them
all at onece—in which position the needles are
sustained by thespring I, The inner clutech-
slide, I, is now shifted by hand so as tore-en-
cage the clutch ¢, the bolt I immediately loek-
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ing the slides together, whereupon the outer
cylinder is set in motion, still in the direction
of the arrow 1 in Fig. 1. The thread-guide
carries the thread past the Jast of the depressed
needles and strikes stop M and is arrested,
while the rotation of the eylinder continues
until the eam I passes the guide and the stop
C* strikes the lever F. The reversal immedi-
ately takes place and the motion of the cylin-
der becomes a series of substantially complete
revolutions in alternate directions, which con-

- tinues until surface ¢* has passed from under

the pin G. In the meantime the pawl ¢%, by
the operation of cam O upon pin V, feeds the
lifter-posts S* §° step by step toward each

other from one needle to the succeeding space

and thence to the next needle, the lifters being
alternately raised with the needles and de:
pressed without them ina well-known manner
by the pins U U’ ‘and inclined slots in slides
w %, This continues until the space #* of
wheel R engages thebar R?, throwing out pawl
v, - By this time, say, eighteen needles have
been taken from each end of the rank of de-
pressed operative needles and added to the
rank of those which are raised and inopera-
tive. The space »° now comes into operation,
throwing in pawl +* and feeding back the nee-
dle-lifters step by step away from each other.
The lifters are now raised when in the spaces
between the needles and depressed when in
line and in engagement with them, thus carry-
ing down the needles into operative position
one by one in the reverse order to that in
which they were raised. The oscillatory
knitting with a constantly-increasing num-
ber of needles continues until the surface ¢
and space r° come into operation, by which
time the needles at the right hand of Fig. 1
will have been all depressed and the rounded
knitting finished. The machine now comes
to a stop, the thread is changed, if desired,
the shoulder ' is set against the stop T* to
give the desired length of straight knitting
for the foot, and the pins U U’ are thrust in.
The operator now depresses the pin N once,
which brings surface g under the pin G, drop-
ping the lever F to its lowest position. The
space ° of wheel R merely advances one step
and still holds the bar R’ so that both pawls
v° ¢° will remain disengaged. When the pin
N is thus depressed, it is secured by thrusting
in the trigger T. The machine is now ready
for straight rotary knitting, and is set in mo-
tion by shifting the clutch-plate H, so that its
clutch ¢ will engage the driving-pulley . The
rotary knitting now begins, and the fast-power
pulley may be used by drawing the bar W* to
the left and engaging it with the pin o, as
shown in Fig. 18. As soon as the foot is fin-
ished, the trigger T will release pin N, which
will be immediately operated upon by cam O,

will throw out the fast-speed pulley, and will

in a few revolutions bring the machine to a
rest, as at the end of theleg, A rounded por-
tion for the toe may now be knit in the same
manner as that for the heel.

It will be understood that various styles of
fabric may be produced by a rigid pattern

- mechanism such as I have devised, it being

only necessary to shape the mechanism, as by
providing cam-surfaces of various lengths in
the proper manner.

Having described my invention, what I
claim is—

1. The combination, with the binged. plate
F’, the mechanism for controlling the position
of the same, the stop M, carried by said plate,
the lever F, mounted also on said plate, and
the reversing mechanism controlled by said
lever,-of the needle-cylinder, the rotary cam-
cylinder and needle-cam carried thereby, the
driving devices between the cam-cylinder and
the reversing mechanism, the shifting thread-
guide adapted to take a position and to deliver
thread to the needles at either side of the cam,
and the stop % carried by said cam-cylinder,
substantially as and for the purposes herein-
before set forth.

2. The combination, with the needle-cylin-
der, of the rotary cylinder provided with a
horizontal internal groove, I, with portions of
the top and bottom walls of the groove re-
moved, so as to leave a vertical passage ex-

tending from the top to the bottomof the eyl- ¢

inder of the same depth as the groove, in com-
bination with the slide (¥, provided with fill-
ing-plugs ¢ ¢, and a detent, ¢%, as and for the
purposes hereinbefore set forth.

3. The combination, with the pattern mech-
anism by which the sequence and duration of
the movements of the cam-cylinder are deter-
mined and controlled, of a detent or trigger
by which said mechanism is held in inoperat-
ive position, and trigger actuating and con-
trolling mechanism, whereby said trigger is
actuated at predetermined times to release and
permit the operation of the pattern mechan-
ism, substantially as and for the purposes here-
inbefore set forth. v

4. The ecombination, with the peedle-eylin-
der, the rotating cam-cylinder having cam-
plate O, and the mechanism for actuating said
last-named cylinder, of the ratchet-wheel P
for operating the pattern-cams, the depress-
ible rod N and its pawl N* and spring N, the
trigger T for locking the rod N in depressed

_position, where it will not be acted on by cam-

plate O, and the mechanism whereby said trig-
ger is disengaged from and caused to release
the rod N at the times and in the manner sub-
stantially as hereinbefore set forth.

5. The combination, with the needle-cylin-
der, the rotary eam-cylinder provided with
stops €' €% and the power mechanism for act-
vating said last-named cylinder, of the pat-
tern cam-wheel Q, provided with surfaces ¢ ¢’
¢’ ¢%, the rod G, the hinged plate I, the lever
F, and the reversing devices operated on by
said lever, substantially as and for the pur-
poses hereinbefore set forth.

6. The combination, with the needle-cylin-
der, the rotary cam-cylinder having stops C’
C%, and cam-plate O, the lever F, its hinged
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supporting - plate, the clutch-slides E E', the |

reversing-clutch mechanism controlled by the
same, and the bolt H, of the lifter-rod G, the
lever 8, the pattern-cam Q, provided with
surfaces q ¢’ ¢° ¢ and pins 8" S the depressi-
ble rod N, pawl N* spring N’, and ratchet P,
the trigger T for locking said rod N in de-
pressed eondition, and the mechanism whereby
said trigger is caused to release said rod, sub-
stantially as and for the purposes hereinbefore
set forth. .

7. The combination, with the pattern-cam
and the stop P, carried by said cam or some
part moving in unison therewith, of the driv-
ing-shaft, the reversing mechanism, the fast
and slow pulleys W’ W? loose on said shaft,
the clutch for connecting one or the other of
said pulleys with the driving-shaft, the system
of shifting-levers for said cluteh, the link W*,
spring X, stop «*, and the link W?, connected
to said system and arranged and adapted to

384,621

be operated by the stop P’ at the time and in
the manner substantially as hereinbefore set
forth.

8. The combination, with the devices for
feeding the needle-lifters and the grooved nee-
dle-eylinder, of a supporting-bracket for the
latter and clamping devices for adjusting the
needle-eylinder upon its support relative to

said feeding devices, substantially as set {orth.’

9: The combination, with the ratchets and
pawls for feeding the needle lifters, the bar
R? and the bars R’ R? of the double-incline
cam-plate #*, engaging the bars R’ R’ and

25

30

adapted to operate them positively in cither 35

direction, substantially as set forth.
In testimony whereof I have hereunto seb
my hand this 234 day of June, A. D. 1887.
SAMUEL G. HALIL.
Witnesses:
CHARLES I8 LLANSING,
FrRANK KNIFFIN,




