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4. Claims. 

This invention relates to knitting machines 
and more particularly to knitting machines for 
applying a knitted covering over a core such as 
an electrical conductor. 
In the manufacture of certain types of insu 

lated electrical conductors and particularly the 
electiical conductors used in some types of tele 
phone apparatus, it is sometimes the practice 
to apply a knitted covering to the conductors 
in Order to obtain the greatest flexibility and 
durability under repeated flexure and torsion. 
An object of the present invention is to pro 

vide an efficient and effective knitting apparatus. 
In accordance With one embodiment of this 

invention, a knitting machine may be provided 
in which a plurality of reciprocable knitting 
needles are mounted in a rotatable housing and 
Solenoids aSSociated with each needle and car 
ried by the rotatable housing, actuate the needles 
in predetermined sequence, while springs also 
aSSOciated With each needle retirn the needles 
to starting position. 
In accordance with a second embodiment of 

the present invention, a similar knitting machine 
may be provided in which the return of the 
needles is accomplished by a second set of sole 
noids. 
Other objects and advantages of the present, 

invention will be apparent from the following 
detailed description taken in conjunction with 
the drawings, wherein 

Fig. 1 is a vertical sectional view of a knitting 
machine constructed in accordance with one em 
bodiment of this invention; 

Fig. 2 is a fragmentary sectional view along 
the line 2-2 of Fig. 1; 

Fig. 3 is a diagrammatic view of the circuit, 
used with the embodiment of this invention, 
shown in Figs. 1 and 2: 

Fig. 4 is a fragmentary vertical Sectional view 
of a second embodiment of this invention, and 

Fig. 5 is a diagrammatic view of a circuit used 
with the embodiment of this invention shown 
in Fig. 4. 
The speed of operation of some types of knit 

ting machines is limited by reason of the in 
creasing rate of needle breakage with increasing 
speeds, this needle breakage rate being greatly 
affected by the slope of the cam lobes by which 
needles are reciprocated. By avoiding the use 
of cans and by Substituting Solenoids as the 
actuating mechanism, needle breakage is reduced 
while increased operating speeds are made fea 
sible. 

Referring now to the drawings and particu 
larly to Fig. 1, a kiitting apparatus constructed 
in accordance with one embodiinent of this in 
vention is shown in which 3, plurality of knit 
ting needles (in the present embodiment of 
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tated about a strand if, and actuated in pre 
determined relation to a number of threads 2, 
served to the needles, to form a closely knitted 
textile covering over the strand if as it is 
drawn along the axis of rotation of the needles. 
The needles are positioned in longitudinally ex 
tending slotted recesses 3 formed in a substan 
tially cylindrical needle carrier f4. The base of 
this needle carrier f4 extends into a hollow Sup 
porting shaft 5 which is rotatably mounted in 
an aperture 6 formed in a fixed housing 7 of 
the apparatus. 

It will be noted that the needles are not 
straight but, rather, that an upper portion 8 
of each needle is bent to position a hook-shaped 
head or tip 9, integrally formed with the upper 
end of each needle, as close to the strand to 
be covered as feasible, while spacing lower por 
tions 20 of the needles further apart than the 
upper portions to prevent crowding of the needle 
actuating mechanisms. The slotted recesses 3 
are thus made deeper in carrier 4 at the upper 
end than at the lower, as shown in Fig. 1, to 
receive the bent needles. 
In the operation of this knitting apparatus, a 

knitting needle, while rotating about the strand, 
is raised to engage a thread and then lowered. 
The needle is then raised again, permitting the 
engaged thread to slide downward past a latch 
2 associated with each needle and the needle 
engages a second thread. As the needle is again 
lowered, carrying with it the second engaged 
thread, the latch 2 pivots upward, thus prevent 
ing the previously engaged thread from entering 
the hook-shaped tip 9, and instead causing the 
thread to slip over the tip, thus completing one 
cycle of the knitting operation. 
In the first embodiment of this invention, re 

ciprocation of each needle is accomplished by 
a solenoid 25 and return spring 26. A circular 
platform 27, mounted on the needle carrier 4 
and positioned about the mid-portion thereof, 
serves as a support for the needle reciprocating 
mechanism, including the return spring 26 and 
a solenoid 25. In order to move the needles, a 
lever arm 23, pivotally supported at its Outer 
end on a bracket 29 mounted at the edge of the 
platform 27, is associated with each needle and 
engages a lug. 3 integrally formed in the lower 
portion 26 of each needle, the lug engaging end 
of each lever arm 28 being enlarged and recessed 
to form a bell shaped depression 3 into which 
the lug 32 extends. Pivoting of the lever arm 
and consequent moving of the associated needle 
is accomplished by a solenoid core 35 which is 
positioned in the center portion of each Solenoid 
25 and connected to the lever arm by a link 36, 
which is preferably pivotally attached to both 
the core and the lever arm. When energized, 

this invention, eight needles are shown) are Io- 60 the solenoid 25 causes the core 35 to move down 



2 
ward into the solenoid against the pressure of 
the needle return spring 26, which is mounted 
On the platform 2, as aforesaid, and presses 
against the underside of the lever arm, and 
then, when the Solenoid is deenergized, the core 
is moved upward by the spring 26. A lug 37, 
fixed to the underside of each lever arm, ex 
tends into the upper portion of each spring 26 
to prevent the spring slipping off the arm, while 
a second lug 38, mounted on the platform 2, 
holds the Spring in position on the platform. 
In the Operation of this knitting apparatus, 

the needle carrier 4 is rotated about the strand 
by a bevel gear 42, which is mounted on the 

lower end of the hollow shaft f 5 which supports 
the needle carrier. This gear is engaged by a 
second bevel gear 43 which is keyed to the end 
of a power shaft 44. In order to move each 
needle into engagement with a thread at the 
required moment, a pair of current collecting 
shoes 48 and 49 are connected to either end of 
the winding of each of the solenoids 25 and are 
mounted on the underside of the circular plat 
form 27, being insulated therefrom and from 
each other by a strip 50 of non-conductive ma 
terial. A similar strip 5 insulates each solenoid 
from the upper side of the platform 2. As the 
needle carrier rotates, the platform 27, on which 
is mounted the needle actuating mechanism, and 
Which is supported by the needle carrier, also ro 
tates carrying with it the current collecting shoes 
48 and 49. 
While rotating with the platform 27, the inner 

shoe 48 is in constant contact with a continuous, 
annular terminal strip 53 which is positioned be 
neath the shoe 48 and mounted on a stationary, 
annularly shaped platform 54. This platform, 
which is preferably made of insulating material, 
is supported on the apparatus housing T by a 
circular member 55 fixed to the underside of the 
platform and attached to the housing 17. The 
Outer current collecting shoe 49, on the other 
hand, intermittently contacts a number of cir. 
cumferentially positioned terminals 57 compris 
ing the projecting segments of a segmental ter 
minal ring 58 mounted on the stationary plat 
form 54. Since the strip 53 is connected to one 
side of a current supply 59 and the terminals 5 
are connected to the other side, when the outer 
shoe 49 contacts a terminal 57, a circuit is com 
pleted to the current supply 59 and the associated 
solenoid 25 is energized. The solenoid core 35 
is thereby pulled downward into the solenoid 
and the associated needle also moved downward. 
The frequency of reciprocation of the needles 

is determined by the Speed of rotation of the 
needle carrier and the number of spaced current 
supply terminals contacted by the current col 
lecting shoes associated with each solenoid. It 
will be understood, of course, that by attaching 
the Solenoid core to the outer end of the lever 
arm 28 and by pivotally supporting the lever arm 
28 at a point between its ends, the operation 
could be reversed and the solenoid used to move 
the needle upward while a spring returns the 
needle. 

In Some cases, it may be desirable to control 
both the upward and the downward movement 
of the knitting needles with more positiveness 
than is afforded by the single solenoid 25 and 
the return spring 26, hereinbefore described. In 
such cases, in accordance with a second emi 
bodiment of this invention, two alternately op 
erating Solenoids may be employed with each 
knitting needle, one solenoid raising the needle, 
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2,348,932 
while the other lowers it. This embodiment of 
the present invention is illustrated in Figs. 4 
and 5. 

It will be seen from Fig. 4 that, with the excep 
tion of the needle reciprocating mechanism, a 
knitting apparatus in all other respects essen 
tially the same as that shown in Figs, 1 and 2, 
may be employed with this second embodiment. 
A cylindrically shaped needle carrier 60 Sup 
ports a plurality of knitting needles 6 which are 
slidably positioned in suitably formed, longitudi 
nally extending, slotted recesses 62 in the needle 
carrier. The lower portion of the needle carrier 
60 extends into and is supported by a hollow 
shaft 63 which is rotatably mounted in a sta 
tionary apparatus housing 64. 

Each of the needles 6 is provided with an in 
tegrally formed lug 70 in the mid-portion thereof 
which extends into a bell shaped recess , 
formed in an enlarged end 2 of a lever arm 3. 
This arm is pivotally mounted at a point near its 
mid-portion on a bracket 74, which is mounted 
on a circular platform 75 fixed to the needle car. 
rier 60 and rotatable thereWith. 
The needles 6 are reciprocated by a pair of 

Solenoids 8 and 79 associated with each needle 
and mounted one above the other, a single Sole 
noid core 80 being attached to the Outer end 
of the lever arm 73 by a link 8 and extending 
into the center of the Solenoids. Alternate ener 
gizing of these Solenoids to alternately raise and 
lower the associated knitting needles is effected 
through a pair of current collecting shoes 83 
and 84 connected to the upper and lower Sole- . 
noids, respectively, and a common current col 
lecting shoe 85, which is connected to both 
Solenoids. These Shoes are mounted on the 
underside of the circular platform 75, being in 
sulated therefrom and from each other by a strip 
86 of non-conductive material. A similar strip 
8 of non-conductive material insulates the Sole 
noids 78 and 79 from the platform 75. 
The Outer shoe 83, which is connected to the 

upper solenoid 78, contacts circumferentially 
positioned, spaced terminals 88 comprising the 
projecting segments of an annular terminal ring 
89, which is mounted on an annularly shaped, 
stationary platform 9. This platform is made 
of a suitable insulating material and is supported 
on the apparatus housing 64 by a Wall member 
92. The common current collecting Shoe 85 is in 
constant contact with a continuous terminal ring 
93, also mounted on the stationary platform 9. 
The inner current collecting shoe 84, which is 

connected to the lower solenoid 79, contacts cir 
cumferentially positioned spaced terminals 94 
comprising the projecting segments of an an 
nular terminal strip 95 which is positioned 
Within the strip 93 and mounted on the platform 
9t. The terminals 94 are so spaced that when a 
shoe 84 contacts one of them, the associated 
shoe 83, connected to the upper Solenoid, is not 
in contact with a terminal 90 and the terminals 
99 are so positioned with respect to the terminals - 
94 that when a shoe 83 is in contact with one of 
them, the associated inner shoe 84 is not in 
contact with a terminal 94. Thus, either the . 
upper solenoid or the lower solenoid is energized . 
but never are both energized simultaneously. 
The Spaced terminals 90 are connected to one 

side of a suitable current supply 95, while the 
terminal ring 93 is connected to the other, the 
terminals 94 being connected to the same side 
of the current supply as the terminals 90. When 
the upper solenoid 78 is energized, the needle is. 
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lowered, and then, when the lower solenoid 79 is 
energized, the upper Solenoid being then deener 
gized, the needle is raised, the relative time during 
which either solenoid is energized being con 
trolled by the relative lengths of the terminals. 
While this invention has been shown and de 

scribed in connection with a knitting machine 
having eight needles, it will be understood that 
any desired number of needles may be employed, 
that while solenoids are illustrated as constitut 
ing part of the means for operating the needles, 
electromagnets or other suitable electrically op 
erated means may be employed, and that any de 
sired number of thread supplies may be used, 
all without departing from the spirit or scope of 
the present invention. 
What is claimed is: 
1. In an apparatus for knitting a covering on a 

strand, a knitting needle, a carrier for said needle, 
and electromagnetically actuated means Sup 
ported on Said carrier for reciprocating Said 
needle. 

2. In an apparatus for knitting a covering on 
a strand, a thread supply, a knitting needle, a 
carrier for said needle, electromagnetically actu 
ated means supported on said carrier for recip 
rocating said needle, a current Supply, and means 
associated with said electromagnetically actuated 
means for intermittently connecting said electro 
magnetically actuated means to said current Sup 
ply to reciprocate Said needle. 

3. In an apparatus for knitting a covering on 
a strand, a thread Supply, a knitting needle, a 
carrier for said needle, a solenoid supported on 
said carrier for moving Said needle in one direc 
tion, and resilient means for moving it in the 
opposite direction. 

4. In an apparatus for knitting a covering on a 
Strand, a thread supply, a knitting needle, a car 
rier for said needle, said thread supply and said 
needle carrier being relatively rotatable about 
Said strand, a Solenoid supported on said carrier 
for moving said needle in one direction, and 
resilient means for moving it in the opposite di 
rection. 

5. In an apparatus for knitting a covering on 
a strand, a thread supply, a knitting needle, a 
carrier for said needle, said thread supply and 
said needle carrier being relatively rotatable 
about said strand, an electromagnetically actu 
ated means for reciprocating said needle, a cur 
rent Supply, current collecting means associated 
With said solenoid, and a terminal contactable 
by Said collecting means for actuating said Sole 
noid. 

6. In an apparatus for knitting a covering on 
a strand, a thread supply, a knitting needle, a 
carrier for said needle, said thread supply and 
said needle carrier being relatively rotatable 
about said strand, electromagnetically actuated 
means for reciprocating said needle, a current 
Supply, current collecting means associated with 
Said solenoid, and a terminal, said terminal and 
Said collecting means being relatively rotatable 
to intermittently engage said collecting means 
and Said terminal. 

7. In an apparatus for knitting a covering 
about a strand, a knitting needle, a rotatable car 
rier for said needle, electromagnetically actuated 
means mounted on said carrier and rotatable 
therewith for moving said needle axially with 
respect to Said strand, and means for supplying 
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current to said electromagnetically actuated 
means to energize the same. 

8. In an apparatus for knitting a covering on 
a Strand, a thread Supply, a knitting needle, a 
carrier for said needle, a solenoid supported on 
Said carrier, and a lever arm supported on said 
carrier and movable by said Solenoid to recip 
rocate said needle. 

9. In an apparatus for knitting a covering on a 
Strand, a thread Supply, a kniting needle, a car 
rier for said needle, a solenoid supported on said 
carrier, means for energizing said solenoid, a 
lever arm supported on said carrier and operable 
by said solenoid when energized to move said 
needle in one direction, and resilient means for 
moving said arm in the opposite direction when 
said Solenoid is deenergized. 

10. In an apparatus for knitting a covering on 
a strand, a knitting needle, a rotatable carrier 
for Said needle, electromagnetically actuated 
means Supported on said carrier for reciprocating 
Said needle, means for rotating said carrier, a 
Current supply, terminal members connected to 
Said Supply, and means associated with said elec 
tromagnetic means for contacting said terminals 
to energize said electromagnetic means. 

11. In an apparatus for knitting a covering on 
a Strand, a knitting needle, a rotatable carrier 
for said needle, electromagnetically actuated 
means Supported on said carirer for reciprocat 
ing said needle, means for rotating said carrier, 
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a Current Supply, terminal members connected to 
Said supply, and means associated with said elec 
tromagnetic means for contacting said terminals 
to energize said electromagnetic means at inter 
vals as Said carrier rotates. 

12. In an apparatus for knitting a covering 
on a strand, a knitting needle, a rotatable carrier 
for said needle, a solenoid supported on said car 
rier for reciprocating said needle, means for ro 
tating said carrier, a current supply, circumfer 
entially positioned terminals connected to said 
Supply, and means associated with said solenoid 
for contacting said terminals to energize said 
Solenoid as said carrier rotates. 

13. In an apparatus for knitting a covering on 
a strand, a knitting needle, a rotatable carrier 
for Said needle, a Solenoid for reciprocating said 
needle mounted on and rotatable with said car 
rier, means for rotating said carrier, a current 
Supply, circumferentially positioned terminals 
connected to said supply, means associated with 
Said Solenoid for contacting said terminals to 
energize said solenoid as said carrier rotates, and 
resilient means for returning said needle when 
Said Solenoid is deemergized. 

14. In an apparatus for knitting a covering on 
a strand, a knitting needle, a rotatable carrier 
for said needle, a pair of solenoids mounted one 
above the other for raising and lowering said 
needle and Supported on said carrier, means for 
rotating said carrier, a current supply, a circular 
terminal strip connected to one side of said cur 
rent Supply, a plurality of spaced, alternately 
circumferentially positioned terminal members 
on either side of said terminal strip, said terminal 
members being connected to the other side of said 
current Supply, said terminal members being 
alternately Spaced, and individual current col 
lecting means connected to each of said solenoids 
for alternately energizing said solenoids as said 
carrier rotates. 
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