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UNITED STATES PATENT of FICE 
2,430,05 

CO, WINDING MACHINE 

Robert M. Conklin, West Newbury, Mass, assignor 
to Western Electric Company, Incorporated, 
New York, N. Y., a corporation of New York 
Application August 22, 1945, Serial No. 61,933 

(C. 242-4) 10 Clains. 

This invention relates to coil winding machines, 
particularly those of the toroidal winding type 
and the primary object of the invention is a ma 
chine for winding such coils in which the wire is 
maintained under substantially constant tension 
throughout the winding operation. 

Present standard machines of this general type 
have winding rings equipped with wire guides and 
supplies of wire and traveling in circular paths 
which extend through the annular cores upon 
which the wires are being wound. During the 
travel of the wire guide in each instance to the 
point farthest from the core, a length of wire is 
withdrawn from the ring to form one turn on the 
core. This length of wire in standard practice 
forms a loop during the travel of the wire guide 
from its position farthest from the core to its 
position after it has passed through the core. 
This loop is carried around and then suddenly 
pulled tight on the core thereby subjecting the 
wire to a sudden and abnormally high tension. 
Before the loops are tightened, the wire is free 
to whip from side to side and frequent Overlap 
ping of the turns occurs often to the extent of 
increasing the cross-sectional area of the coil by 
twenty or thirty per cent. 

it is, of course, desirable to make these coils as 
small and compact as possible and this is par 
ticularly true, when they are to be used in mili 
tary communication Systems where minimum 
volume and weight are of primary importance. 

The size of a coil of given electrical constants 
is largely determined by the diameter of the wire 
used and the size of central aperture of the fin 
ished coil. The aperture cannot be reduced be 
yond the diameter required for the passage of the 
wire guiding structure and with existing machines 
the Wire must be at least number 38 (A. W. G.) in 
order to withstand the tension imposed on it 
when the loops are tightened. 
Attempts have been made to control the loops 

by pulling thern between spring backed plates be 
fore the wire passes to the core, but insofar as 
applicant is aware, none of these expedients have 
been successful in eliminating either the overlap 
ping of the turns or the high tension produced 
when the loops are tightened on the core. 

Broadly, this invention comprises a toroidal coli 
winding machine having an annular shuttle, for 
a supply of wire, movable in a circular path ex 
tending substantially through the center of a core 
and a fluid driven flyer mounted for movement, 
in a like circular path, relative to the shuttle and 
having a portion to guide the wire from the shut 
tle and around portions of the COre, to create a 

0. 

2 
constant tension in the wire and eliminate the 
formation of a loop therein. 
More specifically, in one embodiment of the in 

vention, a flyer is formed with a plurality of fins 
and is slidably mounted to travel on one side of 
the shuttle due to the force applied to it by jets 
of air directed toward the fins. This force causes 
the flyer to travel at variable speeds during the 
constant speed travel of the shuttle and creates 
a constant tension in the wire during the winding 
of each turn, 

In another embodiment of the invention, the 
fiuid driven flyer is caused to drive the shuttle 
through a pull on the wire necessary to create the 

s 
the exception of a brake applying means. 
desired tension, supported for free rotation with 

The 
brake applying means causes a variable brake 
drag on the shuttle to vary the tension created in 
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the strand by the flyer pulling the strand from 
the shuttle. 
Another species of the invention includes a 

flyer formed of relatively movable members 
mounted for movement on the shuttle, portions 
being provided at adjacent ends of the flyer for 
the traveling of the wire from the shuttle to the 
core. The leading flyer member is provided with 
fins so that it may be driven by a fluid under 
pressure while the trailing member must be pulled 
by the wire. The frictional contact between the 
trailing member and the shuttle during the driv 
ing of the leading member by air under pressure 
results in the irregular movement of the flyer 
members in their circuitous path to maintain a 
constant tension on the wire. 
Other objects and advantages will be apparent 

from the following detailed description when con 
sidered in conjunction with the accompanying 
drawings, wherein 

Fig. 1 is a fragmentary side elevational view 
of one species of the toroidal coil Winding 
machine; 

Fig. 2 is a fragmentary top pian view taken 
along the line 2-2 of Fig. 1; 

Fig. 3 is a fragmentary detailed view taken 
along the line 3-3 of Fig. 2; 

Fig. 4 is an enlarged Sectional view of the shut 
tle and flyer; 

Fig. 5 is an enlarged fragmentary side eleva 
tional view of the flyer; 

Fig. 6 is a fragmentary sectional view taken 
along the line 6-6 of Fig. 5; 

Fig. 7 is a schematic illustration of thirty-six 
positions of the flyer during constant shuttle 
velocity; 

Fig. 8 is a schematic illustration of a plurality 
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of positions of the flyer during given positions of 
the shuttle; 

Fig. 9 is a graphical, illustration of the travel 
of the flyer during one revolution of the shuttle; 

Fig. 10 is a schematic illustration of another 
species of the invention wherein the fluid driven 
flyer drives the shuttle; 

Fig. 1 is a top plan view of the structure shown 
in Fig. 10; 

Fig. 12 is a schematic illustration of anothe 
species of the invention with the slider employed 
in conjunction with the fluid driven flyer; and 

Fig. 13 is a similar view of the structure shown 
in Fig. 12, but with the flyer and slider at differ 
ent positions. 

Referring now to the drawings, attention is first 
directed to Figs, 1 to 6 inclusive, which illustrate 
One species of the invention. 

In view of the fact that toroidal coil winding 
machines are well known, only those portions of 
the machine necessary to illustrate the invention 
are shown. 
The annular core 20 upon which wire 2 is 

to be wound is held in a chuck or clamp 22, the 
latter being supported for movement in a given 
path to repeatedly rotate the core 20 about its 
axis, a given number of one-half revolutions to 
cause distribution of the wire thereon. 
The wire 2 in the present instance is a number 

40 wire. A supply of this wire is stored upon a 
shuttle 24 in the conventional manner. In other 
words, the shuttle 24 may be provided with a sec 
tion which is removable for the mounting of the 
annular core 20 in the chuck 22 with the shuttle 
extending substantially through the center of the 
core. After this has been accomplished, the shut 
tle may be driven in a reverse direction, from that 
in which it will be driven during the Operation of 
the machine to wind the wire on the core, to fill 
the shuttle with a quantity of wire necessary for 
the coil to be wound therefrom. The shuttle is 
provided with gear teeth 25 at its inner periphery 
for interengagement with teeth of a gear 26. The 
gear 26 is mounted upon a shaft 27 which may be 
driven in reverse directions by any suitable means 
(not shown). Idler rollers 28 have their pe 
ripheries grooved at 29 to receive the teeth 25 
of the shuttle 24 and to cooperate with the gear 
26 in supporting the shuttle for rotation about 
its axis. The rollers 28 are mounted upon shafts 
30, the latter being journalled in suitable bear 
ings 3 of a Supporting structure (not shown), 
An annular projection or track 32, having a dove 
tail cross-sectional contour, as illustrated in Fig. 
4 is formed at one side of the shuttle, including 
the removable section thereof, to provide a circu 
lar and continuous track for a flyer 34. 
The flyer 34 is light in weight, yet sufficiently 

durable in structure to control the winding of the 
wire to the core. The flyer 34 has a general arcu 
ate contour with inwardly projecting edges 35 to 
conform to the track 32. There is sufficient clear 
ance, however, between the flyer and the track for 
free movement of the flyer relative to the shuttle. 
Fins 36, stamped out of the material of the fiyer, 
project outwardly at like angles as shown in Fig. 
2. The leading end of the flyer is provided with 
a hook member 38 and a sheave or wire guide 39 
to control the wire passing from the shuttle to 
the core as illustrated in Fig. 2. 
Means is provided to direct a fluid under pres 

sure to the fins 36 of the flyer to cause the flyer 
to travel on its track about the shuttle and 
through the core 20. This means includes the 
plate 40, cylindrical in general contour, but hav 
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ing a cutaway portion at 4 to allow for the move 
ment of the chuck 22 from its solid line position 
(Fig. 2), to its dotted line position. The plate 40 
has a multiplicity of passageways 42 disposed in 
circular arrangement about the center of the 
plate which is in alignment with the center of the 
shuttle. The passageways 42 extend diagonally 
through the plate as illustrated in Fig. 2 for a 
purpose hereinafter described. The plate 40 is 
Secured to a housing 44 by Screws 45 to completely 
close the open side of the housing. The housing 
44 conforms, in general, to the plate 40, it also 
having a cutaway portion 46 to allow for move 
ment of the chuck 22. A hollow portion 4 of the 
housing 44 communicates with a passageway 48 
in a hollow shank 49. The shank 49 is threaded 
for a portion of its length and extends through an 
aperture in an arm 50 where it is secured in place 
by the aid of a nut 5f. A flexible hose 52 has 
one end secured by the aid of a clamp 53 to the 
outer end of the hollow shank 49, the other end 
of the hose being connected to a suitable fluid 
Supply through a variable drive pump or other 
means 54. The arm 50 is pivotally supported at 
56 upon a stationary member 57 and is normally 
held in the position shown by the aid of a spring 
58. To facilitate in the loading of the machine, 
it is possible to move the structure supported by 
the arm away from the shuttle and chuck, 
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During the operation of this embodiment of the 
invention, let it be assumed that the shuttle is 
loaded with a supply of the wire 2 and that a 
core 20 is mounted in the chuck 22 with the chuck 
at the starting position. The leading end of the 
wire is threaded beneath the hook or guide 38 and 
around the sheave or guide 39 after which it is 
secured in a conventional manner to the core. By 
operating a valve 60 in the fluid supply line, and 
starting the driving means for the shuttle, the 
machine will begin its operation. The fluid in 
the present instance is air under pressure which 
is forced in jets through the passageways 82 to 
impinge upon the fins 36 and thus provide a driv 
ing force for the flyer 3, which is variable with 
variation in the pressure of the fluid. It will be 
noted that the openings in the flyer formed by the 
pressing out of the fins provide pockets which are 
closed by the flat surface of the shuttle or track 
32. The openings, therefore, do not provide out 
lets for the jets of air, but serve to provide pockets 
for the jets of air. Through the constant appli 
cation of the driving force, namely, the fluid or 
air under pressure to the flyer, the latter is driven 
at a speed controlled by the wire 2. 
During the travel of the leading end of the 

flyer from a position adjacent the core to a 
position farthest from the core, a length of wire 
is being withdrawn from the shuttle to form the 
next turn of the wire on the core. During this 
interval, the flyer is traveling slower than the 
shuttle, the latter being driven at a constant rate 
of speed. As the flyer passes this position farthest 
from the core, a loop could be formed in the wire 
if the flyer traveled at the same speed as the shut 
tle. However, the constant application of the 
driving force to the flyer will cause it to travel at 
a faster rate of speed applying a constant tension 
on the Wire to eliminate the formation of the loop. 
This point is illustrated in Fig. 9 where the dotted 
line illustrates the constant shuttle velocity, while 
the curved line illustrates the varying velocity of 
the flyer from its number one position shown in 
Fig. 8, represented by the triangular members 
through one complete cycle and back to the num 
ber one position. During the first four positions, 



5 
the flyer is traveling slower than the shuttle, while 
during the last four positions, the speed of the 
flyer is increased so that it will constantly control 
the wire and eliminate the formation. Of the loop. 
A further illustration is given in Fig. 7 showing 
thirty-six positions of the flyer with like time 
intervals therebetween during constant shuttle 
velocity. In Fig. 8 a fewer number of positions 
of the flyer are illustrated by the triangular mem 
bers during the constant velocity of the shuttle, 
the wire takeoff portions of the shuttle illustrated 
by the circular members with the numbers ' 
to 8' shown therein. . 
The species shown in Figs, 10 and 11 embodies 

the same principles shown in Figs, 1 to 6, inclu 
sive, and like reference numerals are directed to 
identical parts. The only difference between this 
species and that shown in Figs, 1 to 6, inclusive, 
is the driving means for the shuttle. In this 
structure, the shuttle is driven by the strand and 
the pull applied thereto through the movement 
of the flyer. The flyer is driven in the same 
manner by the jets of air under pressure. It is 
desirable, therefore, to provide free rotating Sup 
ports for the shuttle in the form of the rollers 
28 and a gear 0. The gear 7) is mounted for free 
rotation upon a shaft and interengages the 
teeth 25 of the shuttle 24. A suitable brake mem 
ber 2 carried by a disk 3 Supported against rota 
tion on the shaft will apply a variable braking 
force on the gear 0 depending upon the force of 
a spring 76. The spring 4 is disposed concentric 
with the shaft and interposed between the 
member 73 and a washer 75. Lock nuts 76 dis 
posed upon a threaded portion of the shaft, 
may be adjusted to vary the force of the spring. 
Through this structure, a constant tension may 
be created in the wire which may require little 
braking force at the gear 0, added to the force 
necessary to rotate the shuttle through the pull 
On the wire. Otherwise, the operation of this 
species of the invention is identical to that of 
the structure shown in Figs. 1 to 6, inclusive. 
The structure of the species shown in Figs. 12 

and 13 is substantially identical with that shown 
in Figs. 1 to 6, inclusive, the only difference lying 
in the structure of the flyer. The shuttle being 
identical in structure to the shuttle 24 is given 
the same reference numeral. The flyer in this 
structure differs from the flyer 38 in that it is 
formed of two separate portions 80 and 8. Fur 
thermore, a guide 82 and a sheave 83 are mounted 
adjacent the rearmost end of the portion 8 
instead of at the leading end thereof. This por 
tion is provided with fins 84 identical With the 
fins 36 and both portions of the flyer are formed 
to ride on the track 32 of the shuttle. The por. 
tion 80 is similar in structure to the portion 8 
with the exception of the provision offins therein. 
A sheave 85 is mounted upon the portion 80 adja 
cent the leading end thereof to receive the wire 
from the sheave 83. During the operation of this 
Structure, it should be assumed that the shuttle is 
traveling at a constant speed and that the jets of 
air are causing movement of the flyer portion 
8 at a Speed controlled by the wire and the flyer 
portion 80. Although the portion 89 is formed to 
move freely on the track 32 of the shuttle, the 
existing resistance therebetween will cause it to 
move slower than the driven portion 8 when 
there is a tendency for the formation of any 
slack in the wire. In reality, there will be no 
slack in the wire, but during the travel of the flyer 
from its position farthest from the core 20 and 
until it has passed through the core, its speed of 
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travel must be increased rapidly to maintain 
the constant tension on the wire. With this struc ture, the flyer portion 80 assists the flyer portion 
8 in maintaining the constant tension on the 
strand by lagging behind as illustrated in Fig. 13. 
Although a loop is formed in the wire extending 
about the guides 83 and 85, there does not exist 
a loose loop or a portion of the wire which is 
out of control of the flyer. Furthermore, there 
will be no jerking or snapping of the wire, which 
would exist in the forming of a loose loop. The 
frictionally supported, air driven flyer, although 
described as consisting of two parts, may be fur 
ther defined as flyer 8 and a slider 80. Consider 
ing the flyer portions in this manner, they act as 
a cushioning means for the wire, making it pos 
sible for the wire to drag the slider portion 8 
toward the main flyer portion 8, should the ten 
sion in the wire be caused to increase at any 
point during the circular travel of the fiyer. In 
operation, the portions 80 and 8 abut each other 
adjacent the dotted line positions shown in Fig. 12, 
but as they begin their travel toward the core, 
where the loop in general practice begins to form, 
the portion or slider 80 will lag behind as the 
flyer portion 8 is urged onward at a more rapid 
rate of Speed to maintain the constant tension 
in the wire and uniformly lay the wire on the 
COe. 
Although specific improvements of the inven 

tion have been shown and described, it will be 
understood that they are but illustrative and that 
various modifications may be made therein With 
out departing from the scope and spirit of this 
invention as defined by the appended claims. 
What is claimed is: 
1. In a toroidal coll winding machine, a rotat 

able support for an annular core on which a 
Wire is to be wound, an annular shuttle for a 
Supply of the wire, means supporting the shut 
tle in a position at right angles to the core for 
rotation in a circular path extending substan 
tially through the center of the core and about a 
fixed axis, a flyer mounted for movement in a 
like circular path relative to the shuttle and hav 
ing a portion to guide the wire from the shuttle 
around portions of the core, a fin carried by the . 
flyer, and means to direct a fluid under pressure 
to contact the fin and cause the flyer to move in 
its circular path to apply a constant tension on 
the wire being wound on the core. 

5 

2. In a toroidal coil winding machine, a rotat 
able Support for an annular core on which a wire 
is to be wound, an annular shuttle for a Supply 
of the wire, means supporting the shuttle in a 
position at right angles to the core for rotation 
in a circular path extending substantially through 
the center of the core and about a fixed axis, a 
fiyer mounted for movement in a like circular pathi 
relative to the shuttle and having a portion to 
guide the wire from the shuttle around portions 
of the core, and means to apply a constant driv. 
ing force to the flyer to cause the flyer to wind 
the wire under a constant tension on the core. 
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3. In a toroidal coil winding machine, a rotat 
able support for an annulai core on which a wire 
is to be wound, an annular shuttle for a supply 
of the wire, means supporting the shuttle in a 
position at right angles to the core for rotation 
in a circular path extending substantially through 
the center of the core and about a fixed axis, a 
flyer mounted for movement in a like circular 
path relative to the shuttle and having a por 
tion to guide the wire from the shuttle around 
portions of the core, and means to apply a con 
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stant variable force to the flyer to cause move 
ment of the fiyer at variable speeds to wind the 
wire under a variable constant tension on the 
COe 

4. In a toroidal coil winding machine, a rotat 
able support for an annular core on which a 
wire is to be wound, an annular shuttle for a 
supply of the wire, means supporting the shut 
tie in a position at right angles to the core for 
rotation in a circular path extending Substan 
tially through the center of the core and about a 
fixed axis, a flyer mounted for movement in a 
like circular path relative to the shuttle and hav 
ing a portion to guide the wire from the shut 
tle around portions of the core, a fin carried by 
the fiyer, and a fluid control member having a 
substantially circular arrangement of passage 
ways to direct jets of a fluid under pressure to 
ward the path of the flyer to contact the fin and 
cause the flyer to move in its circular path to 
wind the wire on the core under a constant ten 
son. 

5. In a toroidal coil winding machine, a rotat 
able support for an annular core on which a 
wire is to be wound, an annular shuttle for 8. 
supply of the wire, means supporting the shut 
tle in a position at right angles to the core for 
rotation in a circular path extending Substan 
tially through the center of the core and about a 
fixed axis, a flyer mounted for movement in a 
like circular path relative to the shuttle and hav 
ing a portion to guide the wire from the shuttle 
around portions of the core, a fin carried by the 
flyer, a fluid control member having a substan 
tially circular arrangement of passageways to 
direct jets of a fluid under pressure toward the 
path of the flyer to contact the fin and cause 
the flyer to move in its circular path to wind the 
wire on the core under a constant tension, and 
means to support the fluid control member for 
movement away from the flyer. 

6. In a toroidal coil winding machine, a rotat 
able support for an annular core on which a wire 
is to be wound, an annular shuttle for a Supply 
of the wire, means supporting the shuttle in a 
position at right angles to the core for rotation 
in a circular path extending substantially through 
the center of the core and about a fixed axis, a 
flyer mounted for movement in a like circular 
path relative to the shuttle and having a portion : 
to guide the wire from the shuttle around por 
tions of the core, a fin carried by the flyer, a fluid 
control member having a substantially circular 
arrangement of passageways to direct jets of a 
fluid under pressure toward the path of the flyer : 
to contact the fin and cause the flyer to move 
in its circular path to wind the wire on the core 
under a constant tension, means to support the 
fluid control member for movement away from 
the flyer, and means to normally hold the mem 
ber adjacent the shuttle and parallel with the 
path of the flyer. 

7. In a toroidal coil winding machine, a rotat 
able support for an annular core. on which a wire 
is to be wound, an annular shuttle for a Supply 
of the wire, means supporting the shuttle in a 
position at right angles to the core for rotation 
in a circular path extending substantially through 
the center of the core and about a fixed axis, a 
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flyer having a portion to guide the wire from the 
shuttle around the core, a circular track on the 
shuttle for the flyer, and means to apply a Con 
stant driving force to the flyer to cause the flyer 
to wind the wire under a constant tension on the 
COe. 

8. In a toroidal coil winding machine, a rotat 
able support for an annular core on which a wire 
is to be wound, an annular shuttle for a supply 
of the Wire, means supporting the shuttle in a 
position at right angles to the core for rotation 
in a circular path extending substantially through 
the center of the core and about a fixed axis, a 
flyer having a leading portion and a trailing por 
tion both movable in a circular path relative to 
the shuttle through the core, a guide member on 
the leading flyer portion to receive the wire from 
the shuttle, a guide member on the trailing flyer 
portion to receive the wire from the leading flyer 
portion and guide it to the core, means to drive 
the leading flyer portion to cause winding of the 
wire on the core, the trailing flyer portion being 
driven by the wire. 

9. In a toroidal coil winding machine, a rotat 
able support for an annular core on which a wire 
is to be Wound, an annular shuttle for a Supply of 
Wire, means Supporting the shuttle in a position 
at right angles to the core for rotation in a cir 
cular path extending substantially through the 
center of the core and about a fixed axis, a flyer 
having a leading portion and a trailing portion 
both movable in a circular path relative to the 
shuttle through the core, a guide on the leading 
flyer portion to receive the Wire from the shuttle, 
a guide member on the trailing flyer portion to re 
ceive the wire from the leading flyer portion and 
guide it to the core, a fin carried by the leading 
flyer portion, and means to direct a fluid under 
preSSure to contact the fin and cause the leading 
flyer portion to move in its circular path to apply 
a constant tension on the wire, the trailing flyer 
portion being driven by the wire. 

10. In a toroidal coil winding machine, a rotat 
able support for an annular core on which a wire 
is to be wound, an annular shuttle for a supply 
of the Wire, means Supporting the shuttle in a po 
sition at right angles to the core for rotation in a 
circular path extending Substantially through the 
center of the core and about a fixed axis, a flyer 
mounted for movement in a like circular path 
relative to the shuttle and having a portion to 
guide the Wire from the shuttle around portions 
of the core, a fin carried by the flyer, means to 
direct a fluid under pressure to contact the fin 
and cause the flyer to move in its circular path 
to apply a constant tension on the wire being 
wound on the core, and means to vary the pres 
sure of the fluid to vary the tension on the wire. 
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