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7 Claims.

My invention relates to coil winding machines
"and particularly to those machines which are
adapted to wind coils for electrical purposes, as
for use in radio apparatus, and more particularly
8 to a machine which may be readily adjusted and
adapted to wind coils which - will conform exactly
to predetermined specifications, as to capacity,
induction, resistance and similar factors essential
to the proper construction of certain electrical
10 apparatus in which these factors or properties
must be correct to give proper results.
Heretofore it has been common to wind upon a
single tube or hollow core of insulating material
a plurality of wire coils operative for various uses
15 and adapted to be connected into electrical ecir-
cuits but where the resistance or capacity or in-
ductance of such 2 coil must be exact, it has been
necessary to overwind the cocil, (that is wind &
few more convolutions than it is known to re-
20 quire) and after the coil has been so overwound,
to separate or spread or remove from one end
of the coil so much of the winding as may. be
necessary to bring that factor back to the prede-
termined quantity or amount. Such adjustments
25 of an overwound coil were frequently effected by
sliding on the core or tube a fraction of one or
- more than one of the convolutions so that the
"portion of the wire so separated does not opera-
tively form a part of that coil. The amount to
30 be so separated from the coil is thus determined
empirically for each coil, for the final result is
a matter of repeated manual test, experiment and
measurement.
" When two coils or windings are o6n the same
35, core, the wire is often separated from its close
- ‘relationship with the other convolutions of one
_.coil and is slipped over the gap between the two
coils and is added to the second coil, whereupon &
like adjustment of the other end of the second
4p coil is made by test and experiment to properly
adjust that second coil with respect to the de-
sired factors and characteristics. Thus the old
method is slow, particularly in the quantity pro-
duction of coils, wherein these factors are essen-
45 tial, requires expert labor, and, no two finished
coils are so exactly alike that they could with-
out further tests and adjustment be substituted
for a similar coil in another assembly.
It is the object of the present invention to pro-
50 vide an apparatus in which such individual man-
ual expert testing and adjustment of a coil, after
. it has been wound, is absolutely unnecessary once

the winding machine has been properly set up-

and adjusted, and to provide means whereby hav-

N

56 ing once made a coil having the desired factors

(Cl. 242—9)

and characteristics, any number of like coils can
thereafter be made thereon or thereby with the
assurance that all the coils will be exactly alike
as to those factors and can be substituted in an
apparatus, one for another, without further fest
or adjustment.

A further object of this invention is to provide a
mechanism wherein a plurality of coils having
inductances and capacities different from each
other can be formed on a single tube or core of
insulating material, and thereafter, and/or simul-
taneously therewith any number of coils exactly
like it with respect to those factors may be
formed without care or attention on the part of
the operator other than seeing to it that the ma-
chine is kept in operation and supplied with a
supply of wire. No other care or attention is re-
quired of the operator, and, after the coil has
once been so formed on the apparatus further
tests as to its capacity of inductance will be un-
necessary in the further operation of the ma-
chine in the duplication of said cocils, for the
length of wire wound into a coil cannot thereafter
vary from the predetermined length and number
of convolutions for which the machine was origi-
nally adjusted. .

A further object of this invention is to provide
B winding machine in which any one unit or a
plurality of like or different units selected from
a set of master units, screw templates and guides,
and hereinafter referred to as “formers” or “unit
formers” may be readily assembled in substan-
tially any predetermined order and sequence and
at the same or different distances from each
other, and -the assembly being placed in the
winding machine, each will control exactly the
number of convolutions with which the respec-
tive coils will contain, whereby coils having
known predetermined capacities or inductances
or resistances will be formed on cores of g given
diameter with a wire of given diameter, and each
coil may be provided with sectional windings or
separate small coils on the tube, arranged in the
same order or sequence as that of the assembled
unit formers.

A further object of this invention is to pro-
vide a winding machine in which single unit
formers or sets of unit formers may be readily
inserted and fixed therein and may be readily
taken out and replaced with other unit formers
or sets of unit formers for the production of dif-
ferent coils, without taking down the machine or
disturbing the other adjustments thereof.

A further object of this invention is to provide
a winding machine in which unit formers ot

70

78

80

85

106

105

110




10

15

20

25

30

35

40

45

50

65

60

' 65

70

%

2

dlfferent léngths may be readily assembled, at-
tached and detached to a coil winding machine to
control the feed of wire to the tubes without
changing the adjustments of other parts of the
winding mechanism.

A further object of my invention is to provide
a winding machine wherein the exact number of
convolutions to be wound upon a core or tube of
insulating material is absolutely controlied by the
length of the unit former and conversely, where-
in by slightly decreasing the length of the former,
as for example, by carefully grinding away one
end thereof, the number of fractions of convolu-
tions of the coil, the winding of which is con-
trolled by such former, may be slowly and care-
fully reduced to produce z coil which has a pre-~
determined capacity or inductance and the unit
former thus resulting from this adjustment of
the same will therefore be a “standard unit
former” which, when again used in connection
with that machine, and in winding a coil with a
wire of the same diameter will therefore always
produce on the core or tube of the same diam-
eter, a coil having an exact predetermined ca-
pacity or inductance or resistance.

A further object of this invention is to make
unnecessary the grooving of the cores for the
reception of the convolutions wound thereon,
by providing the .ore with a quick drying coating
material having a base of high dielectric value,
and to wind the wire into said coating material
before the latter solidifies, thereby forming in
the completed coil a spiral ridge of rigid dielec-
tric material filling the space between adjacent
convolutions and operative to prevent any move-
ment of the convolutions longitudinally of the
core in the subsequent handling of the coil and to
cement the convolutions to the core.

. A further object of my invention is to dispense,
in a coil winding machine, with the lead screw
ordinarily used for controlhng the spacing of the
convolutions of the.wire on the tube or core upon

" which the wire is being spirally wound, and to

substitute for such lead screw, a master or con-
troller shaft, the end of which is readily acces-
sible and over which may be slipped and to which
may be secured to rotate therewith, a sleeve on
which may be assembled and rigidly mounted,
in any reasonable order, sequence and spacing,
one or more unit coil formers, selected from a
set of coil formers, and which may differ from
each other in length and/or in the pitch of the
screwthread with which the outer surface of
each unit is provided. Each unit former is of
a length known to be that necessary to feed the
coil forming fingers or guides through the exact
distance necessary to wind a coil having an exact
capacity, resistance or inductance, with a given
wire on a core of given diameter, with the result
that the winding on the tube or core, when a
certain unit former is used will have an exact
and invariable number of convolutions and frac-
tions of convolutions, and each coil so formed
will, therefore, have an electrical capacity, in-
ductance and resistance which is invariable.
The unit formers having been standardized
and properly marked, it is the object of the pres-
ent invention to provide a winding machine for
which any one or a plurality of such unit form-
ers may be selected, arranged and assembled,
and in which the assembly may be readily rigidly
secured to said controller shaft, and used to pro-
duce uniform coils of known electrical charac-
teristics without making it necessary to empiri-
cally test and adjust the coil after winding.

1,975,820

Further objects of this invention will appear

in the specification and claims below.-

Referring now to the drawings in which the
same reference characters are used throughout
the various views to designate the same parts.

Fig. 11is a front elevational view of my improved
coil winding machine showing the same as hav-
ing completed the winding of four coils on three
tubes or cores simultaneously, each tube or core
having thereon coils exactly like the correspond-
ing coils of the other tubes, but wherein the coils
on the same tube are or may be different from
each other with respect to the number of con-
volutions thereof. In this view, however, portions
of certain parts are broken away to clearly illus-
trate the construction.

Fig. 2 is an end elevational view of the right-
hand end of the apparatus shown in Fig. 1 except
that a portion of the framework at the right-
hand end of Fig. 1 is broken away for the sake
of clearness in illustration.

Fig. 3 is a longitudinal sectional view showing
a pluralify of unit or master formers operatively
assembled upon a sleeve and rigidly attached to
the master shaft in the winding machine for
winding on each tube or core four coils differing
from each other as to the num.oer of convolutions
in each coil.

Fig. 4 is a side elevational view of the follower
for cooperating with the rear side of the master
coil formers to control the laying of the wire on

the cores or tubes in evenly spaced convolutions. .

Fig. 5 is a front view of.the lower end of the
follower showing the adjustable thread following
blade.

Fig. 6 is a fragmentary view showing the chuck
on which the tube or core is held during the
winding operation, the tube being in longitudinal
cross-section and also showing the manner in
which the wire between two windings may be
looped into the tube and held for the purpose
of making terminals for the adjacent ends of
two adjacent coils on the tube and the clamp
for holding the looped wire during the winding
operation.

Fig.Tisan end view of the construction shown
in Fig. 6;

Pig. 8 is & detail view on an enlarged scale of
one of the arms of the tube holding chuck and
showing the mechanism for tightly holding the
tube on the chuck arms.

Fig. 9 is a side elevational view of a core having
applied to the surface thereof bands of quick
drying lacquer for anchoring the coils to be wound
thereon to the core; and

Fig. 10 is a fragmentary section of a core on
an exaggerated scale showing the way the wire
cuts through the semiplastic lacquer in the wind-
ing operation and how the lacquer, when set, will
separate adjacent convolutions by a wall or shoul-
der and prevents any displacement of the convo-
lutions longitudinally of the core.

My improved coil winding machine comprises
preferably a rigid base 1 from which vertically
rise two parallel bearing plates or supports 2, 3
and a bracket or support 4. - -

Mounted in any suitable position and as shown
in the drawings preferably on the base 1 is an
electric motor 5 connected in any suitable man-
ner as by a belt 6 with the driving pulley 7 rig-
idly mounted on the main driving shaft 8 of the
machine. Also rigidly mounted on the main driv-
ing shaft 8 is the hand wheel 9 by means of which
the mechanism may be manually turned and op-
erated for the purposes of adjustment and also
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operative as & balance or flywheel. This main
driving shaft 8 is journaled in any suitable man-
ner in the bearing supports 2 and 3 and is pro-
vided with a pinion 10 adapted to intermesh
with a driven gear 11 on the countershaft 12,
This countershaft 12 is also provided with a pin-
ion 13 meshing with and driving a gear 14 rig-
idly mounted on the master shaft 15, one end of
which is suitably journaled in a bearing support
3 and the other end of which is journaled in a
thrust bearing member 16 threaded through the
bearing support 2, and rigidly held in position
by a lock nut 17. The bearing member 16 is
preferably provided with a polygonal bolt head
18 and with a coaxial .cylindrical recess 19 and
a ball thrust bearing 20 between it and the ad-
Jjacent end of the master shaft 15.

The master shaft may be retained in its bear-
ing in the support 3 by a nut 15’, as indicated
in Figs. 1 and 3. The right-hand end of the
main driving shaft 8 (as shown in Fig. 1) is also
provided with a chuck 21 over which may be
slid a tube 22 preferably of insulating material
and upon which the coils are to be wound.

Also rotatably mounted in the bearing sup-
ports 2 and 3 is a shaft 23 parallel with the main
driving shaft 8 and provided with a chuck 212
like the chuck 21 for supporting the tube 222
and with a pinion 108, of the same diameter as
the pinion 10 on the shaft 8, and meshing with
an idler 24 which also meshes with the pinion
10, the idler 24 being mounted on a stud shaft
25 journaled in the bearing support 3. !

Similarly mounted in the bearing supports 2

and 3 is a shaft 23» parallel to the main driving
shaft 8 and provided with a chuck 21 and a
pinion 10* meshing with an idler 242 which also
meshes with the gear 10® on the shaft 23, the
idler 24 being mounted on a stud shaft 25= like
the stud shaft 25 above referred to. Over the
chuck 21 may be slipped a tube 22b like the
tubes 22 and 222 From the above it must be
plain that the shait 23 is driven through a pinion
10 and idler 24 from the main driving shaft
§ and in the same direction as the said shaft
8 and that similarly the shaft 232 is driven
through the pinion 10® and idler 24* from the
gear 10® on shaft 28 and in the same direction
as the shafts 8 and 23.

Preferably the ratio between the pinion 10
and the gear 11 is
2
2.5

and the ratio between the pinion 13 and the gear
14, is %, so that the main driving shaft 8 re-
volves -five times for one revolution of the mas-
ter shaft 15. Of course any other suitable pre-
determined ratio may be adopted, but since that
is the ratio which has actually been used and is
shown in the accompanying drawings reference
is made to herein in order to make it plain that
preferably the speed of the rotation of the mas-
ter or controller shaft 15 is slow as compared
to that of the shafts which rotate the tubes
and that the pitch of the convolutions cf the
coils being wound is much higher per inch than
that of the screwthreads of the master formers.

Referring now to Fig. 3 wherein the master
unit formers are shown in an assembled rela-
tion on the master shaft 15, I provide a cylin-
drical sleeve 26 having a bore therethrough
adapted to smoothly fit the master shaft 15, and

_provided with & squared bolt head 27 of a di-

ameter smaller than that of fthe thrust bear-

3

ing member 16, so that it can be freely slid
through the threaded opening 28 in the bearing
plate 2 in which the thrust bearing member 16
is threaded and also provided with a shoulder
29. I preferably provide the head 27 with a
set screw 30 for the purpose of rigidly attach-
ing said sleeve 26 to the shaft 15. The oppo-
site end of the sleeve 16 is also preferably pro-
vided with a threaded portion 31 over which is
threaded a nut member 32.

When the sleeve 26 is out of the machine and
the nut member 32 is removed therefrom, this
sleeve is adapted to receive and carry one or
more master unit formers 33. In Fig. 3 I have
shown four of such units and to distinguish be-
tween them I have given them the same numeral,
but with different exponents, namely, 33, 33%,
33> and 33¢ although it is to be understood that
these represent but four of a set comprising a
large number of the same or different lengths
and of the same or different pitches, for each
unit former comprises a sleeve having screw-
threads 34 on the outside and extending the full
length thereof.

Separating these master unit coil formers are
sleeves or spacers 35, 352, 35b, and 35¢ also smooth-

ly fitting the exterior surface of the sleeve 26

and having cylindrical outer surfaces the diam-
eter of which is the same as that of the master
unit coil formers at the bottoms of the threads
34 thereon, the purpose of which will be referred
to again below.

The length of each of the master unit 0011
formers is assumed to have been tested and meas-
ured most accurately and it is known by the user
of the machine that, for instance, the unit former
33 will form on a tube 22 carried by the chuck
21 a coil of wire of known capacity or inductance
or resistance as the case may be. If, therefore,
he wishes to have the first coil to be formed on
the tube, of that capacity or other factor, he
will place it in the sleeve 26 as the first unit
former from the head 27 on the sleeve 26 abut-
ting it against the shoulder 29. The length of
the cylindrical spacers 35 placed between ad-
jacent unit formers, may be different and wili
determine the distance that the coils, to be
formed on the tubes 22, will be separated from
each other and from the ends of the tube 22.

Having selected, for instance, from the com-
plete set of unit master formers the set of four
required for a particular piece of work, (for in-
stance the unit formers 33, 332, 330 and 33¢) the
operator will slip over the threaded end 31 the

sleeve 26, the former 33, then a spacer 35, then the i

coil former 332, then a spacer 352, then the form-
er 33b, then the spacer 357, then the former 33¢,
it being assumed that he wishes {o form the four
coils on the tubes, as shown in the drawings
forming a part of this application.

He then threads the nut member 32 over uhe
threaded nut 31 of the sleeve and tightly com-
presses the coil formers 33 and the sleeves 34
tightly between the nuf member 32 and the
shoulder 29 of the sleeve. The sleeve is now as-
sembled and is ready for insertion into the ma-
chine. This he does by sliding it through the
opening or threaded hole 28 over the shaft 15
until it abuis squarely against the shoulder
formed by the hub of the gear 14. He then tighi-
ens the set screw 30 to make the sleeve 28 fast
to the master shaff 15 and then proceeds to
thread the thrust bearing member 16 into the
threaded hole 28 until the ball bearing 20 bears
with sufficient pressure against the end of the
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4
shaft 15 He then tightens the lock nut 17 to
hold the thrust bearing 16 rigid and immovable
with- respect to the bearing plate or support 2
and the master shaft 15 is then provided with the

8 necessary master unit coil formers for the wind-
ing of the coils on the tubes 22. »
Also mounted to slide longitudinally in the
bearing supports 2 and 3 and in the bearing brack-
et 4 is a rod 36 to which is rigidly secured a fol-
lower 37 by set screws 38. The follower 37 extends
from the rod 36 toward but to one side of the
master shaft 15 and is provided with a blade 39
having a relatively sharp front edge 40 adapted
to lie between any two consecutive convolutions
of the threads 34 on the outer surface of the mas-

10

16

ter formers 33. This blade 39 is preferably pro-

vided with a cylindrical stem 41 in the rear there-
of adapted to rotate into a cylindrical recess in
the follower block 37 and to be fixed therein by
a set screw 42. In this way with the set screw
42 loose, the blade may be adjusted as to lie
squarely between any two convolutions of the
thread 34 and may then be retained in that po-
sition by tightening the set screw 42. The front
edge of this blade may be arcuate so as to contact
with a substantial portion of the circumference of
the groove in which it rests to avoid undue wear
of the threads or blade.:

Also rigidly secured to the rod 36 is a yoke 43
engaging both ends or sides of a block or car-
riage 44 in which the rod 36 is rotatable. Through
this carriage 44 also extends a stationary rod 45
parallel to the rod 36 and extending between the
bearing support 3 and the bracket 4. On this
rod 45 the carriage 44 slides freely longitudinally
thereof and with the rod 36 which is longitudi-
nally slidable in the supports 2, 3 and 4. The
rods 36 and 45, therefore, prevent any rotative
movement of the block or carriage 44 about the
axis of either of the said rods. The construction
permits of the rotation of the rod 36 freely with-
in the block or carriage 44, and permits the lon-
gitudinal movement to the rod 36 to be communi-
cated to the block 44.

Extending downwardly from the opposite sides
of the block 44 and generally parallel to the line
connecting the axes of the shafts 15, 23 and 232
is an arm 46, all of suifable rigid construction
and provided with wire guiding fingers 47, 47z,
470, extending forwardly to positions respective-
1y over the chucks 21, 212 and -21¢ and the tubes
22, 22& and 22b carried thereby. The end of each
finger 47 is provided with a smoothly grooved but-
ton 48 over which the wire to be wound can
smoothly slide.

Also extending between the bea.rmg plates or
“supports 2 and 3 is a rigid bar 49 which forms a
support for two upwardly extending springs
50-—50, said springs being rigidly attached at their
lower ends to said bar 49 and carrying at their
upper ends a plate 51, which is normally pressed
by the tension of said springs 50—50 hard against
the back of the follower 37, to normally hold the
knife edge 40 of the blade hard against a master
unit coil former 33 when it is in engagement with
the threads 34 of any of them, and firmly against
the cylindrical surface of the spacers 35 when
it is not in engagement with the threads of a
master former 33.

The rod 36 is provided with a knob or hand-
wheel 36’ on the right-hand end thereof, as shown
in Fig. 1 by which the rod 36 may be manually
rotated to throw the knife edge out of its en-
y¢ gagement with the master former 33 when de-
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sued pressing the plate 51 rearwardly agamst
the tension of the springs 50. :
Extending upwardly from the follower 37 is an -
arm 52 somewhat flattened at its upper .end so .
as to freely enter into and slide within a slot 53 ~ 80
in a tube 54 arranged parallel to the rod 36 and
rigidly retained on the supports 3 and 4 in brack-
ets 55, 56 respectively. The slot 53 in said tube
54 extends from the free end of said tube at the
left (Fig. 1) to a point near the. bracket 55.
Within this tube 54 is g tension spring 57, one
end of which is hooked into an eye 52’ at the free
end of the arm 52 which is within the tube 54 and
the other end of which is connected with a rigid
post 58. . '
The spring 57 tends at all times to draw the

follower 37 to the right (Fig. 1), that is to say,

in the direction in which the follower 37, and
the parts moving therewith, are drawn by the
engagement of the edge 40 of the blade 39 with
a rotating master unit former 33, and the spring
57 is operative, as soon as the said knife edge
completes its travel of a coil former 33 or 332
or 33 or 33¢ to quickly draw the knife edge 40
over the cylindrical surface of the spacers 34
into the first convolution of the next master unit
former, and when it has traversed the last master

95

100

. unit (33¢) to draw the stop washer or collar 59

up against the bearing support 3.

Adjacent the front edge of the base 1 I may 108
provide any suitable device for imparting the
required tension to the wires 60 during the wind-
ing operation. In Figs. 1 and 2, I have shown
such an appropriate tension device 61, compris-
ing a base 62 and a plate 63 thereover and 110
through which two bolts 64—64 pass vertically,
the upper ends of the bolts being provided with
thumb nuts 65. The adjacent surface of said
plate and base are preferably respectively pro-
vided with a strip of felt 66 between which the 1i§
wires 60 are drawn as it winds upon the tubes 22.

The shafts 15, 23 and 232 are respectively pro-
vided with like chucks 21, 212 and 21% and the
construction- of a chuck is clearly shown in Fig.

6. The head 67 of a chuck 21 is rigidly secured 120
to the shaft 15 (and to the shafts 23 and 23# as
the case may be) by a pin 67 and from the
head extend forwardly, parallel to the axis of
the chuck, three fingers 68, the length of each

.of" which is substantially the same as that of 195

the tube 22 to be carried thereby. Each finger
is preferably provided with radially disposed
holes 69—69 within each of which is a ball 70
and a light coil spring 71 beneath it, the tension
of the spring being such as to tend to push the 339
ball out of the recess 69.

Covering the outer surface of each finger
is a plate 72 with openings 73 therein through
which the balls 70 project slightly, the plate be-
ing rigidly secured to the outer side of the fingers 135
68 by screws 74. When a tube 22 upon which
a coil is to be wound is slipped over the fingers
68 of the chuck, the outer surface of which it
slidingly fits against, it depresses the balls 70
slightly and the pressure with which these balls 140
exert against the interior surface of the tube
supplements the friction with which the interior
diameter of the tube fits the outer surface of
the plates 72 and the tube is firmly held on the
chuck and prevenied from rotating with respect 145
to the chuck.

Cne of the arms or fingers 68 may be pro-
vided with = forwardly projecting spring clip
75 which extends out beyond the end of the
tube 22 and the ends of the arms of the spring 150
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clip are provided with friction pads 76 of leather
or felt, this clip being for the convenience of
the operator when it becomes necessary to pro-
vide terminal wires for the separate coils being
wound on the tube as will be referred to again
below. - -

~The rod 36 is also provided with another
washer or collar 77 similar to the collar 59 -on
the opposite side of the follower 37 to limit the
movement of the rod 36 to the left (Fig. 1).

It is often desirable for the operator to know
just how many convolutions have been wound
during the winding of a coil or section on a tube
22 and particularly when the coil is nearly com-
pleted, and, for that reason I may and prefer-
ably provide the shaft 15 with a worm 78 which
is in engagement with and drives a worm wheel
79 mounted to rotate on the front of the ma-
chine between the supports 2 and 3 on a stud
80 secured to a bar 81 extending hetween the
supports 2 and 3 and rigidly secured thereto.
The pitch -of the worm 78 and .the diameter of
the worm wheel 79 and the graduations 82 on
the face of the worm wheel are such that every
time the shaft 15 makes a complete revolution,
the worm wheel 79 is advanced from one to the
next graduation on the worm wheel, and, there-
fore, by taking a reading as the fingers 47 near
the end of their travel and slowing the machine
by gently braking the balance wheel 9 the exact
number of convolutions which have been wound
can be readily ascertained. :

Reference should here be made to the fact

that it is usual to provide the tubes 22 with-

suitable openings adjacent where the first wind-
ing begins and ‘where the last winding ends, and
frequently at a point or points between the
windings to be formed thereon. I have shown
in Figs. 1 and 6, three of such openings 83, 84,
85. As the operator slips the tube over the
fingers or arms 68 of the chuck. 21, he so places
the tube that the said openings lie in the space
between the arm or fingers 68. In order to be-
gin the winding the operator inserts the ends 60’
of wires 60 through the openings 82 nearest the
head of the chuck 21 and draws it out through
the open end of the tube and clamps the end
between the fingers of the clip 75. This provides
a length of wire sufficient to form a coil ter-
minal to which to solder the end of a wire of an
electric circuit in installing the tube for use.

In the drawings each tube 22 is shown as pro-
vided with four coils or windings 86, 87, §8 and
89, the winding operation being nearly com-
pleted with respect to the last coil 89. 'The
windings of the coils 86, 87, 88 and 89 are re-
spectively controlled by the master coil units 33,
338, 33b, and 33c,

It is not infrequent that different coils on &
single tube form, when installed in an apparatus,
barts of different electrical circuits, whereupon it
is desirable to provide each of such coils with a
center tap terminal wire. ‘To form such terminals,
for instance for the coil 87, the operator, after the
winding of coil 87 has been completed up to the
opening 878, will stop the machine, and holding
a finger pressed tightly against the last wound
convolution of the coil 87, he will then draw from
between the tension device 61 as much wire as
will suffice to reach to the end of the tube and back
again, will form that wire with a loop 90, will in-
sert the loop down into the hole 872, draw the
loop to the open end of the tube and clamp it
in the clip 75, will then draw taut the stretch
running back to the tension device 75, and start

the machine o wind the balance of coil
Fig. 6). .

Since in describing the apparatus, considerable
reference has been made to the manner in which
the same has been operated, a brief description
of the complete operation will now suffice.

Knowing what are the number of coils to be
wound on the tubes and the factoral characteris-
tic (capacity, and/or resistance, and/or in-
ductance) that each is to have, from a complete
set of master formers of possibly different lengths

87 (see

-
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and possibly of different pitches, the operator se- -

lects, it is assumed, the four master formers 33,
33#, 33b, 33¢ which are known to produce, on the

tubes, coils of the desired and specified factoral.
‘characteristics with a given wire and a tube of

the diameter of the tubes 22. He then, after re-
moving the thrust bearing member 16, and with-
drawing the cylindrical sleeve 26 from the master
shaft 15 and places those four master units 33,
332, 33Y in the predetermined and desired order
on the sleeve 15, spacing them properly from each
other by introducing the sleeves 34, 342, 34> and
34¢, and he then clamps the same rigid with re-
spect to the sleeve, by the nut 32. He then slips
the sleeve with the master- formers and spacers
so mounted thereon back through the threaded
hole 28 over the master shaft 15 until the end of
the sleeve abuts squarely against the hub of the
gear 14. He then replaces the thrust bearing
member 16 within the hole 28 bringing the ball
bearing 20 against the end of the master shaft
15 and then he locks this member 16 by means
of the lock nut 17, . He also firmly secures the
sleeve 26 to the shaft 15 by the set screw 30.

He also slips over the chuck fingers 68 of the
respective chucks 21, 212, 21», a5 many cores as he
wishes to wind at a single operation, bringing the
ends of the tubes squarely against the shoulders
of the chuck heads 21, 21* and 21° respectively.
In doing this the tubes depress the balls 70 which
firmly hold the tubes on the chucks. .

But before placing the cores on the chuck fin-
gers 68, annular bands or stripes 91, 92, 93 and 94
of a coating material, the base of which has a
high dielectric value, preferably of a quick dry-
ing lacquer, are applied to the cores at the places
where the coils are to be wound thereon. The
lacquer may be brushed on by hand, but pref-
erably the stripes are applied by rotating the core
in a coating machine having cement applying
rollers so spaced as to properly apply the stripes
to the cores. If a coil is to be wound contin-
uously for the whole length of the core, then the
coating is preferably applied to the entire surface
of the core. '

The knife edge 40 is also adjusted to the screw-
threads 34 of the master former 33 and the set
screw 38 tightened. Unless the .pifches of the

_threads on the different masters subsequently

vary, & single adjustment of the blade 39 will
suffice. - '

The rod 36 is then rotated by the knob 36’ in an
anticlockwise direction (Fig. 1) thereby throwing
the knife edge 40 clear of the threads 34, thereby
pressing rearwardly the plate 51 against the ten-
sion of the spring arms 50. The rod 36 is then
pushed to the left (Fig. 1) until the collar 77 en-
gages the upright 2. The rod 36 is then rotated
in the reverse direction and the knife edge 40
bears against the cylindrical surface 26’ of the
sleeve 26 where if is held by the spring pressed
plate 51, and the spring 5%, upon the release of
the knob 36’ by the operator, draws the rod 36 and
the follower 37, back to a position wlerein the
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knife edge 40 comes to rest against the left-hand

side of the first convolution of the screwthread

34 in the first master former. -

The operator may then take the wire 60 (one
for each tube to be wound) and thread each over
a button or guide 48 respectively on the ends of
the wire guiding fingers 47, 472, 47, may insert
the iree end 60’ of the wire down through the
holes 82 of the three tubes respectively, and draw
the wire longitudinally through each coil, clamp-
ing and holding each end 60’ between the fingers
68 of the clips 75 respectively.

Power is applied to the motor 5 to drive the
shaft 8 in a clockwise direction. The gearing is

such that the drive shaft 8, the master shaft 15°

and the chuck shafts 23 and 232 geared thereto,
all rotate in the same direction, to wit, clockwise.
As the master unit former 33 rotates, the knife
edge 40 of the blade 39 slowly travels to the right
(Fig. 1) due to the engagement of the edge 40 be-
tween g pair of adjacent convolutions of the screw
34 on the rear surface of the unit former 33.

Since the master shaft 15 makes but one revolu- .

tion for every five revolutions of the main driving
shaft, it will be apparent that five convolutions
of fine wire will be wound on the coil 85 for every
single revolution of the master shaft 15 and the
distance between adjacent convolutions of the
same coil 85 will be only one-fifth of the pitch of
the thread 34 on the master unit 33.

The wire 60 of each of these coils so formed
may be very fine wire; in diameter less than that
of a horsehair. As the operation of the machine
continues, the coil 86 will continue to be wound
until the knife edge or blade 39 reaches the last
convolution of the master unit 33.

As soon as the knife edge 40 clears (feeds out
of) the last convolution of the unit 33, the tension
spring 57 comes into action and rapidly pulls or
draws the rod 36 and the parts carried thereby
to the right. The knife edge 40 smoothly slides
over the smooth surfaces of the spacer 35 without
hindrance or likelihood of being held on a shoul-
der, for the diameter of all the spacers is the same
as that of the bottom of the grooves forming the
screwthread 34. The edge, 40 of the blade 30 is
thus brought into contact with the first convo-
lution of the second master former 333, and the
winding of coil 87 begins.

As has been above set forth, the yoke 43 is rigid
with the rod 36 and bears smoothly without back-
lash on opposite sides of the block or carriage 44
so that the block moves longitudinally with the
rod 36 and slides longitudinally on the rod 45,
thereby moving with it the fingers 47, 472, 47v
slowly over the tubes 22, 222 and 22>, As soon as
the knife edge 40 clears the last convolution in
the master unit former 332 it similarly is slidingly
pulled over.the cylindrical surface of the spacer
352 into engagement with the first convolution of
the third unit former 33b.

In like manner, after traveling across the mas-
ter former 33 the knife edge 40 is drawn over the
spacer 35° by the spring 57 into engagement with
coil former 33¢ and upon the completion of its
travel in engagement therewith the spring 57
again quickly pulls the rod 36 to the right and the
collar 59 into engagement with the support 3.

The operator then stops the machine, places
his finger on the last convolution to hold it in
place, cuts the wire 60, inserts the free end 60"’
through the holes 84 in the tubes and clamps that
cut end 60’’ between the spring fingers of the clip
75 (see Fig. 6). In this way, three spools are
simultaneously wound and are provided with four

1,975,620

coils 86, 87, 88 and 89 thereon, all exactly alike

with respect to winding of the different tubes but
wherein the coils on the same tube may be dif-
ferent from each other.

Unless taps are to be made intermediate the
ends of a coil, the winding is a continuous opera-
tion from one end to the other of the tubes 22
without stopping. If terminals are required ior
the different windings on a tube, then the speed
of the rotation of the tubes 22 in winding is so
proportioned to the speed with which the follower
37 moves over the spacers 35 that a length of wire

80

85

is wound on the spacers 35 sufficient to reach to -

the end of the tube and back again.before the
winding of the next coil on the tube begins.. For
convenience of illustration I have shown in Fig. 1
the wire as extending across the spaces between
adjacent windings in about half a revolution, but
if the coils 86, 87, 88 and 89 are to be provided
with terminal connections between them, then
the winding between the respective coils will com-
prise a few convolutions and at the completion of
the winding a cut will be made in these interme-
diate convolutions, the wire between the coils
straightened and inserted into the holes 84 at the
ends of the respective coils and inserted in the

-clips 75.

The number of convolutions in any individual
coil on a tube is dependent upon and is controlled
by the length of the master unit former by means
of which the winding fingers are fed longitudi-
nally of the coils. ‘Of course, the determina-
tion of what shall be the correct length of any
unit former to produce a coil on a tube of given
diameter with the wire of a given diameter, is
a matter of empirical determination. When a
coil is wound with s master former its capacity
is measured and if the capacity or resistance or
inductance is too great, then the end of the unit
ceil former is ground slowly down, the operation
is repeated and that coil is tested until a master
is produced having a length which will always
produce, on a core of a given diameter and with
a wire of given diameter, a coil of wire which
has a capacity or an inductance or a resistance
which has been predetermined and is invariable.

Since the distance between the coils being
wound is determined by the spacers 35, this
shortening of the length of a master coil former
will not affect the spacing of the windings on
the tubes 22. This is very important and here-
tofore impossible of attainment, particularly in
the winding of balanced induction coils where
such a shortening of a master section would re-
quire a further adjustment of the coactirig coil be-
cause of the change in the spacing of the wind-
ings. In my improved machine, however, the
proper balance of coacting coils may be attained
and the length of the winding of either coil
may be adjusted by grinding a few ten thou-
sandths of an inch of a master coil former to
shorten the winding by even a fraction of a
convolution, without changing tle spacing.

In no other winding machine of which I am
aware is any like operation possible. In many
winding machines a’ lead screw is provided for
traversing the winding fingers slowly over a coil,
but there is no way of determining or accurately
fixing how long the shaft shall be revolved to pro-
duce a coil of a predetermined characteristic ex-
cept by overwinding and empirically testing and
trying each winding and modifying its induc-
tance or other characteristic of the coil affer
winding it by sliding and spacing from the coil
one or more convolutions at one end of the over-
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wound coil. Nor am I aware of any other wire
coil winding machine wherein different coils hav-
ing different characteristics may be wound on a
single core or tube at a single operation, each
coil having a known capacity, inductance or re-
sistance determined exactly, by a master coil
former whieh can be assembled and placed in
the machine, in a position to provide for cor-
rectly winding the wire in the proper and pre-
determined position longitudinally of the tube or
core.

It is now to.be observed that during the wind-
ing of any one coil into a band or stripe of quick
setting lacquer, which almost immediately after
application becomes semi-plastic, and rapidly

sets and hardens, the wire 60 being under suffi- -

cient tension imposed by the tension device 6,
will cut through the cement down to the sur-
face of the core. The semiplastic lacquer 91 will
also be forced upwardly by displacement to form
ridges 91’ between adjacent convolutions. When
this cement 71 hardens it will absolutely prevent
any lateral movement of one convolution with

respect to the other convolutions during the sub-

sequent handling of the coil. In delicate coils
where such movement must be prevented, it has
heretofore been’common to provide the tubes or
cores with grooves of the necessary pitch corre-
sponding to the feed of the wire forming fingers.
In the practice of my invention, the formation of
threads or grooves in the cores is absolutely dis-
pensed with, for the wire, in winding, makes or
forms in the semiplastic cement or lacquer, a
groove of the correct pitch. for the winding.
When the lacquer has hardened, which is com-

pleted almost immediately the fube has been .

wound, it forms a rigid spiral ridge or wall of
solid dielectric material filling the spaces be-
tween adjacent convolutions, and operative to
prevent the displacement of the convolutions in
the subsequent handling of the coil.

And this winding of the convolutions of the
coil in quick drying cement or lacquer is also
of great utility when terminals are to be pro-
vided between adjacent coils, for upon the com-
pletion of the winding operation and the removal
of the core from the chuck, these convolutions
between the coils may be cut and the cement will
retain the convolutions which form the {true
coils 86, 87, 88 and 89 fast to the core. The
true length of the winding of the individual coils
will not be disturbed when the wire is thus

severed. In no other coil winding machine of-

which I am aware, is such an operation possible.

A set of unit formers of lengths necessary to
produce coils on a tube of standard capacity,
inductance or resistance, can be comparatively
easily made and marked or otherwise identiflied,
and when so made, such unit coil formers as
may be necessary to form any number of coils

‘of predetermined and different resistance, ca-

pacities and inductance may be readily selected
from the set, easily secured to the master sleeve
and easily adjusted. A machine, so constructed
may be operated week in and week out, to pro-
duce large numbers of coils, all exactly alike,
none of which will thereafter require individual
manusal adjustment, alteration or other manipu-
lation in order to insure that they have the
predetermined characteristic. Moreover, the
convolutions will not be subject to easy displace-
ment, due to subsequent handling in msking as-
semblies, due to the rigid wall of hardened lacquer
or other suitable cement between them. The
coils so formed are as nearly absolutely correct

7

as it is possible to make them, and the com-
pleted coils will be duplicates of each other,
ready upon the completion of its winding, for in-
stallation in a radio receiver, or other appara-
tus, for which it was wound, or for replace-
ment in an apparatus for a unit coil which msy
not properly function.

Having thus described my invention, what I
claim and desire to protect by Letters Patent of
the United States is:

1. In a coil winding apparatus, the combina-
tion of a frame, a winding shaft rotatable in said
frame, means mounted on said shaft for support-
ing a core o be wound in said machine, a master
shaft, a removable sleeve on the end of said
master shaft, a series of master coil units mount-

‘ed on said sleeve and secured thereto in spaced

relationship with respect to each other, each
unit being provided with a screwthread extend-
ing the entire length of the ocuter surface there-
of, a follower mounted on said frame to slide
parallel to said master shaft and normally held
in engagement with the outer surface of one of
said master coil units, & wire guiding finger
mounted in said frame to slide with said fol-
lower and extending to a point close to said
core, a spring under tension connected to said

_follower and tending to draw said follower in

a direction in which said follower is moved when
it is in engagement with said master coil units
and operative to draw said carrier and said wire
guiding finger longitudinally from one master
coil unit to the next the instant said follower
arrives at the end of the thread of a master
unit.

2. In a coil winding machine, the combination
with a frame, a winding shaft mounted for rota-
tion in said frame, means mounted on said shaft
for supporting a core upon which the wire is to
be wound, a master shaft, gearing between.said
master shaft and said first mentioned shaft,
whereby a fixed ratio of rotation is maintained
between said winding shaft and said master
shaft, a master coil unit insertable over and
removable from the end of said master shaft,
and having a screwthread extending through-
out the entire length of the outside thereof,
means to rigidly secure said unit to said master
shaft to rotate therewith, a follower normally
in engagement with the thread on the outer
surface of said unit, whereby said follower is
moved in a direction parallel to the axis of said
master shaft upon the rotation of said unit coil
former, and wire guiding fingers operatively con-
nected to said follower and actuated thereby to
travel longitudinally therewith, parallel to said
core to deliver wire to the surface of said core
as sgid core is rotated.
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3. In a coil winding machine, the combina-

tion of a winding shaft, means mounted on said
shaft to support a core for rofation therewith,
means to rotate said winding shaft, a wire guid-
ing finger movable parallel to the axis of said
winding shaft and adjacent thereto, a master
shaft, means to rotate said master shaft at an
angular speed having a fixed ratio of rotation
with respsct to that of said winding shaft, a
sleeve insertable over and removable from the
end of said master shaft, a plurality of master
coil winding units, rigidly secured to said sleeve
in spaced relationship longitudinally of said
sleeve, each unit having a screwthread cut in
the outer surface thereof and extending the full
length of the master unit, spacers between said
master units on said sleeve, the outer diameters
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of said spacers being practically the same as
the diameter of sdid master units at the bottom
of the screwthreads, and a follower normally
held against said master coil units and spacers
mounted on said sleeve, and movable in a di-
rection parallel to the axis of said master shaft
by reason of the engagement of said follower
with the threads on the outsides of the master
coil units, and a spring mounted operative to
normally draw said follower in the direction in
which it is fed by said screwthread in said
formers and to draw said follower over the
spacers between said units the instant said fol-
lower reaches the end of a thread in a master
coil unit.

4. In a coil winding machine, the combina-
tion of a master shaft, a sleeve insertable over
the end of said master shaft, means to rigidly
secure said sleeve to said master shaft, a plu-
rality of master coil units insertable over the
end of said sleeve and removable therefrom,
spacers freely slidable longitudinally of said
sleeve to position said units longitudinally of
said sleeve at distances from each other equal to
the length of the spacers respectively therebe-
tween and means to removably secure said units
and said spacers rigidly with respect to said
sleeve and each other.

5. In a coil winding machine, the combination
with a master unit having a screwthread in its
surface extending the full length of said unit, a
master shaft, means to rigidly secure said mas-

ter unit to said master shaft for rotation there-

with, a winding shaft, gearing between said
winding shaft and said master shaft to main-
tain a fixed ratio between the speed of said
master shaft and the speed of said winding shaft,
means carried by said winding shaft to hold a
core to be wound for rotation therewith, a fol-
lower normally held in engagement with the
thread on the.surface of said master units, and
& wire guiding finger operatively connected to
said follower to move therewith parallel to said
winding shaft to deliver wire t6 the core on said
winding shaft, the length of said master units
being such as to impart to said  wire guiding
finger a travel sufficient to form on a core of
known diameter carried by said winding shaft, a
coil of wire having a fixed, known and predeter-
mined resistance, capacity and inductance.

6. In a coil winding machine, means to simul-
taneously wind a plurality of coils having sub-
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stantially indentical and predetermined resist-
ances, inductances and capacities, comprising
the combination of a plurality of winding shafts,
means to rotate the same simultaneously at the
same speed of rotation, a master shaft geared
to said winding shafts to rotate at a fixed ratio of
speed with respect to said winding shafts, a plu-
rality of master coil units insertable over and
removable from the end of said master shaft
each having a screwthread formed in its outer
surface extending the full length thereof, means °
to rigidly secure said master coil units to said
master shaft to rotate therewith, means to space
said units on said shaft and placed between.
adjacent master units, the diameter of said means
being the diameter of the thread in said master
units at the bottoms thereof, a follower, means
to yieldingly hold said follower against said mas~
ter units and spacers, the capacities, inductances
and resistances of the coils wound on the cores
carried by said winding shafts being controlled:
and regulated to an exact quantity by the length
of the said master units, and means to draw said
follower over said spacing means between any
two of said master units the instant the fol-
lower reaches the end of the thread in a master
unit.,

7. In a coil winding apparatus, the combina-
tion of a frame, a winding shaft rotdatable in said .
frame, means mounted con said- shaft for sup- 10§
porting a core to be wound in said machine, a
master shaft, a removable sleeve on the end of
said master shaft, a series of master coil units
carried by said sleeve and secured -thereto in
spaced relationship with respect to each other,
each unit being provided with a screw-thread
extending the entire length thereof, a follower
mounted on. said frame and slidable parallel to
said master shaft and normally held successively
in engagement with the threaded surfaces of said 115
master coil units, a wire guide mounted on said
frame to slide with said follower and positioned
relatively close to said core, means connected to
said follower and tending to draw said follower
in the direction in which said follower is moved 120
when it is in engagement with said master coil
units and operative to draw said carrier and said
wire guide longitudinally from one master coil
unit to the next the instant said follower arrives
at the end of the thread of a master coil unit. 325
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