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(CE, 242-9) 

(Granted under the act of March 3, 1883, as 
7 Claims. 

The invention described herein may be manu 
factured and used by or for the Government for 
governmental purposes, without the payment to 
me of any royalty thereon. 
This invention relates to spherical coils used 

in radio tuning circuits. The invention discloses 
the structure of the spherical coils and the 
method of making them. 

It is very well known in the radio art that 
the spherical coils when used in connection with 
variometers are much more effective than the 
cylindrical coils because the spherical coil rotor 
may be coupled much closer to the cylindrical 
stator of the variometer thus enabling one to 
span much wider frequency band with the vari 
ometers of this type, the combination being 
capable of replacing as many as six fixed R. F. 
coils. Although the advantages of the spherical 
coils are well known in the art, their use has 
been Somewhat limited because no simple manu 
facturing methods were available, and, as a 
consequence, the majority of variometer's used 
cylindrical rotors. 
The invention discloses a simple method of 

making the spherical coils and a structure for 
Supporting then after they are Wound. 

It is, therefore, an object of this invention 
to provide a simple jig for making spherical 
coils as well as to improve the structural and 
electrical features of the coils of this type. 
The novel features which I believe to be 

characteristic of my invention are set forth with 
particularity in the appended claims. My inven 
tion, itself, however, both as to its organization 
and method of operation, together with the ob 
jects and advantages thereof, may best be un 
derstood in connection with the following de 
scription and accompanying drawings in which, 

Fig. 1 is a side view of a jig used for making 
Spherical coils, 

Fig. 2 is an end view of Fig. 1, 
Fig. 3 is a side view of a finished spherical coil, 
Fig. 4 is a cross sectional view of an additional 

coil jig which may be also used for making 
spherical coils, 

Fig. 5 is the side view of a finished spherical 
coil made in accordance with the method illus 
trated in Fig. 4, 

Fig. 6 is a side view of a modified form of a jig, 
Fig. 7 is a side view of a wire holder which is 

used for transferring the wound wire from the 
jig illustrated in Fig. 6 onto the coil frame illus 
trated in Fig. 8, 

Fig. 8 is an isometric view of a frame equipped 
with ceramic pieces for supporting wire, the 
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ceramic pieces being mounted on a ring made 
of plastics material, 

Fig. 9 is a side view of the coil illustrated in 
Fig. 8 with the wire wound upon it. 

Referring now to Fig. 1 the jig for making the 
coil includes a shaft 9, which is ordinarily 
mounted in a lathe, enlarged at its outer end so 
as to form a ring 2, the ring being provided 
With a plurality of threaded pins 4 which are 
permanently mounted on the ring along a circle, 
as illustrated more clearly in Fig. 2. The cen 
ter of this circle coincides with the longitudinal 
center-line of shaft fo. Ring 2 is also provided 
with a centrally mounted pin 6, the center line 
of pin G coinciding with the longitudinal cen 
ter line of shaft O. Pin 6 is threaded at both 
ends, and the right end of the pin is used for 
fixedly mounting pin 6 on ring f2 while the left 
end is used for holding an outer ring 8 against 
the truncated-sphere form-pieces 20 and 22 by 
means of a wing nut 24. The form-pieces 20 
and 22 represent a plurality of pieces which, 
when mounted on the pins 14, the inner and 
Outer corners 25 and 26 of these pieces rest on 
shoulders 28 and 30 provided for this purpose on 
the rings 2 and 8, thus forming a truncated 
sphere, as illustrated in Fig. 1. The form pieces 
are provided with a slot used for mounting a 
ring 32 made of any suitable insulating mate 
rial such as Bakelite or polystyrene or any other 
non-conductive Substance which does not intro 
duce high radio frequency losses in the coil. 
The form pieces 20 and 22 are also provided with 
the longitudinal slots 34 (see Fig. 2), these slots 
being used for mounting the coil supporting ribs 
36 made of the same material as ring 32. The 
ribs 36 are held in their slots 34 by rings f2 and 
8 which are provided for this purpose with re 

cesses 38 and 40, the ribs 36 protruding into these 
recesses. 
The outer surfaces of the form pieces are pro 

vided with grooves 42 which are used for guid 
ing the wire of the coil from one end of the form 
to the other during the winding operation. The 
grooves thus form an outer thread of the form, 
the number of turns in the coil being determined 
by the pitch of this outer thread. 
The jig illustrated in the Figs. 1 and 2 is as 

sembled and prepared for winding the coil upon 
it in the following manner: shaft to is mounted 
in a lathe and the form pieces 22 are slipped onto 
pins 4, corners 25 engaging shoulder 28 pro 
vided in ring 2. This aligns the form pieces 22 
so that they form the right side of the form. Ring 
32 is then placed in the recesses provided in the 
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pieces 22 and the form pieces 20 are then slipped 
into their proper position, ring 32 aligning the 
form pieces 20 with the pieces 22. When this is 
accomplished the preformed coil ribs 36 are 
placed into slots 34 (Fig. 2) and recesses 38, and 
the entire assembly is then rigidly clamped to 
gether by sliding ring 8 into engagement with 
the form pieces 20 and ribs 36, and by tightening 
the Wing nut 24. The jig is now ready for use. 
The Winding operation is performed by clamp 
ing the free end of the Wire by means of a clamp 
44 provided for this purpose on ring 8, and, upon 
fastening one end of the wire in this manner to 
the jig, the jig is rotated by the lathe. The Wire 
is passed through a heater before it comes into, 
contact with the form and is guided into the 
grooves 42 by hand or any suitable mechanical 
guide. 
be suitable consists of a frame held by the com 
pound rest of the carriage of the lathe, and a 
wire-guiding orifice supported by the frame. 
The orifice can be adjusted to introduce the de 
sired degree of friction between the orifice and 
the wire, which in turn produces the desired de 
gree of tension onto the wire during the wind 
ing operation. The wire is heated, preferably by 
electrical means, prior to its passage through the 
orifice, and is guided to follow the grooves. 42 by 
sliding the carriage. Since the temperature of 
the wire has been raised by the heater, it in 
beds itself in the polystyrene ribs 36 upon 
coming into contact with them. Winding Opera 
tion is continued until the entire form has 
been covered with the wire whereupon the lathe 
is stopped and the wire is cut off from the wire 
spool. The wire is now held in place by the 
solidified polystyrene. In order to dismantle 
the jig wing nut 24 is unscrewed, ring 8 is re 
moved from the pins and the entire coil form slid 
off pins 4 whereupon the form pieces 20 and 22 
collapse and are removed from the coil, One form 
piece at a time. Ring 32 may be cemented to the 
ribs 36 either before Winding of the Wire or after 
the form pieces have been removed, the ring upon 
being cemented to the ribs, representing a cen 
trally located rib-reinforcing ring imparting 
rigidity to the entire coil and holding ribs 36 in 
fixed relationship with respect to the coil. The 
only remaining operation to finish the coil re 
sides in fastening coil shafts 300, 392 Fig. 3 with 
their bifurcated ends 308, 30 to the ring which is 
accomplished by means of bolts 304 and 306, the 
two ends of the wire are then connected to the 
shafts by means of lugs 3f2, 34, the shafts being 
made of conductive material. 

Exceptionally rigid spherical coils are produced 
by the method illustrated in the Figs. 1 and 2, 
the coils having an additional advantage that 
only very limited amount of wire-supporting in 
sulation is used for obtaining the desired result. 
Accordingly the coils of this type have small R. F. 
losses and high Q. values. 

Fig. 4 illustrates another coil form which may 
be used to acocmplish. the same result. In Fig. 
1 two series of form pieces. 20 and 22 are used for 
obtaining the spherical form, the form pieces 
being separated from each other in the middle. 
Split type structure is used since it is necessary 
to insert ring 32 between the form pieces which 
separates the form into two symmetrical halves. 
In Fig. 4 ring 32 has been completely eliminated, 
and as a consequence the form is made of a plu 
rality of pieces 400 which are identical in all 
respects to the pieces. 20 and 22 in Fig. 1 except 
that the recesses for ring 32 have been eliminated 
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and the sides joined together to form. One piece 
400. These pieces are slipped over pins 4 in 
the same manner as pieces 20 and 22 in Fig. 
l, and the functioning of the entire assembly 
from then on is identical in all respects to the 
functioning of the assembly illustrated in Fig. 1. 
As in Fig. 1 ribs 402 are used for actually support 
ing the wire, these ribs being held in fixed posi 
tion when the coil is wound in a manner Similar 
to that illustrated in Fig. 1. Two of these ribs are 
provided with bushings 404 and 406 having a cen 
trally located hole. 408. These bushings are used 
for mounting coil shafts 500 and 502 as illus 
trated in Fig. 5. 
The coil produced with the form illustrated in 

Fig. 4 is illustrated in Fig. 5. It does not differ 
markedly from the coil illustrated in Fig. 3 ex 
cept that the centrally located ring 32 has been 
completely eliminated and the coil shafts in 
stead of being mounted on ring 32 are now 
mounted on ribs, 406 in a manner clearly illus 
trated in Fig. 5. The advantage of the coil 
illustrated in Fig. 5, as compared to the coil illus 
trated in Fig. 3, resides in the fact that a nar 
rower Spacing may be used between the central 
turns of the coil since shafts 500 and 502 are 
now equipped with threaded pins 504 and 506 
Which do not require as much clearance between 
the turns as the bifurcated joints 308 and 30 
in Fig. 3. 

FigS. 3 and 5 disclose that type of spherical coil 
which uses plastics, such as polystyrene, for sup 
porting the wire. Uses of the variometer are 
encountered when the variometer is subjected to 
Such heavy loads that the coils reach sufficiently 
high temperatures either to melt or carbonize 
the Supports made of plastics. When Such heavy 
lusage is contemplated, it is obvious that the coils 
illustrated in Figs. 3 and 5 are unsuitable, and 
ceramic material must be used for supporting the 
Wire of the coil. 

Fig. 8 illustrates such coil where the wire 
Supporting bridges 800 are made of ceramic na 
terial, the bridges being mounted on a ring 802 
made of plastics. The outer surfaces 803 of the 
bridges are grooved for holding the wire, and are 
provided with extensions. 804 and 896 which fit 
into the recesses provided for this purpose in 
ring 802. In order to stiffen the structure the 
ceramic bridges and the ring are provided with 
Suitable holes 808 which are used for mounting 
plastic pins which act as additional elastic means 
for holding the ceramic bridges in elastic en 
gagement with the ring. A two-piece shaft 8 O 
and 842 of the coil is mounted in this instance 
on ring 802 by means of threaded ends 84 and 
nuts 86 (only one end is visible in the figure). 
The Wound wire is connected to the shaft by 
means of lugs 88. The advantage of the struc 
ture illustrated in Fig. 8 resides in the fact that 
ring 802 is made of plastics thus providing a re 
silient base for the ceramic pieces, the resiliency 
of the ring and the resiliency of the connections 
between the ring and the bridges contributing 
markedly to the ability of the coil to absorb oc 
casional severe shocks which are apt to take 
place when the equipment is subjected to unu 
Sually severe usage. In the prior art the entire coil 
supporting frame is made of ceramic material 
which results in a very brittle frame not capable 
of absorbing any mechanical shocks. This is not 
the case in Fig. 8 since the resiliencies of the 
ring and of the joints are so proportioned that 
they are capable of absorbing very severe shocks. 
When the variometer is in service, and is acci 
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dently dropped, the shock is transmitted to the 
coil through shafts 89, 82, and since the shafts 
are mounted in the resilient ring 82, the shock 
is absorbed, in the main, by the ring and the 
bridge-ring pins, and is transmitted to the ce 
ramic bridges only in a subdued form. When the 
ring is made of the ceramic material it Ordinarily 
cracks resulting in the collapse of the entire coil. 

In order to wind the coil frame illustrated in 
Fig. 8, a coil form 69) illustrated in Fig. 6 is used. 
It consists of a spherical metal foin 6 slid 
ingly mounted on a mandrel 692, the mandrel 
being mounted in a lathe which revolves the 
form. When a wire 694 is wound upon it. A clamp 
606 is provided which is used for clamping the 
free end of the wire, and after the Wire has 
been clamped, the form is rotated and the Wire 
is wound on the form, the wire following grooves 
608 provided for this purpose on the form. After 
the form has been completely Wound the rotation 
of the form is stopped, and the opposite end of 
the wire is clamped by means of a clamp 6 
similar to clamp 606. The wire is then cut off 
and the next step consists of transferring the 
Wire Wound on form 69 onto the frame illus 
trated in Fig. 8. 
This transfer is accomplished by means of a 

wire holder illustrated in Fig. 7, which consists 
of four projections 700, 702, 704 and 706 joined 
together at 708, the inner Surfaces of the pro 
jections being provided with grooves 7?), 72 for 
holding the wire. Only one wire holder is illus 
trated in Fig. 7, but to accomplish the transfer 
of the wire from the form 600 onto the frame 
illustrated in Fig. 8, two wire holders are used 
simultaneously, the second holder being identical 
to the One illustrated in Fig. 7. After removing 
form 660 from the mandrel, the two holders are 
slipped over form 690, which they fit snugly, 
clamps 606, 60 are removed, and the Wire is cut 
in the middle of the coil. Because of the spring 
ing action of the Wire, it unwinds itself slightly, 
and this unwinding of the Wire transfers it to 
the holders. The holders are then removed from 
form 60), and are placed on the frame illustrated 
in Fig. 8. The outer free ends 90 and 92 of the 
wire are then clamped to the ceramic bridges 809 
by means of clamps 900, 902, as illustrated in 
Fig. 9, and after the outer ends have been thus 
secured to the ceramic bridges, the inner ends 
906, 908 of the wire are pulled tightly against 
the bridges, thus transferring the Wire from the 
holders onto the coil frame, and joined together 
by soldiering as illustrated at 904. The outer ends 
90 and 92 are then connected to the lugs 88 
(only one lug is illustrated in Fig. 8). The clamps 
900 and 902 are then removed and the coil is 
ready for its mounting in the variometer. In 
the majority of the cases the variometer struc 
ture may be such that connecting of the Outer 
ends 90 and 92 to the lugs must be performed 
within the variometer after the spherical coil has 
been inserted into the stator. In either case the 
final connections are the same. 
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cairn: 

3. A jig for winding a spherical wire Coil for a 
variometer said jig including a shaft, a plurality 
of pins in fixed relationship with respect to said 
shaft, a plurality of truncated-sphereforn-pieces 
in sliding engagement with said pins, said pieces, 
when mounted on said pins, forming a spherical 
form for winding said coil, and a clamping ring 
for rigidly holding said pieces during the Winding 
operation of said coil. 

2. A jig for winding a spherical coil as defined 
in claim 1 in which said form-pieces are so con 
structed and arranged as to form a collapsible 
structure removable from Said coil upon com 
pletion of the Winding operation of said coil and 
upon sliding of said form off said pins. 

3. A jig for winding a spherical coil as defined 
in claim 1 in which said form pieces further in 
clude recesses for holding wire-supporting ribs 
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for said coil. 
4. A jig for winding a spherical coil as defined 

in claim 1 in which said form pieces further in 
clude recesses for holding wire-supporting ribs 
and a centrally mounted ring for centrally brac 
ing said ribs upon removal of said form pieces. 

5. A combination including a coil frame for 
Winding a Spherical Wire-coil on said frame, said 
frame including a plurality of wire-supporting 
ribs, a plurality of form-pieces supporting said 
ribs, said ribs fitting into said form-pieces where 
by the Outer surfaces of said form-pieces and said 
ribs form a Spherical wire-supporting surface 
during the winding operation of said coil, a shaft, 
a plurality of pins in fixed relationship with re 
Spect to said shaft, said form-pieces being slid 
ingly mounted on said pins, and a clamping ring 
for rigidly holding said form-pieces and said ribs 
against said shaft during the winding operation 
Of Said coil. 

6. A combination as defined in claim 5 in which 
Said ribs and said form-pieces are dimensioned 
So as to allow the removal of said form-pieces out 
of Said Spherical wire-coil upon the completion 
of the winding operation, removal of said clamp 
ing ring, and sliding of said form-pieces off said 
pins, said form-pieces thus acting as a collapsible 
wire-winding jig for said coil. 

7. A combination as defined in claim 5 in which 
Said ribs are made of thermoplastic material, said 
Wire being partially embedded in and rigidly re 
tained by said ribs. 

EDWARD E. COMBS. 
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