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3,179,347
ADAPTER FOR HELIX WINDING APPARATUS
" Jeseph M. Drees, Saratoga, and Dominic C. Mercario,
San Jose, Calif., assignors to Sylvania Electric Products
Inc., a corperation of Delaware
Continnation of application Ser. No. 140,298, Sept. 25,
1961. This application Aug. 6, 1962, Ser. No. 217,237
9 Claims, * (ClL 242—9)

This application js a continuation of application, Serial
No. 140,298, filed September 25, 1961, now abandoned.

This invention relates to coil winding apparatus and
more particularly to an adapter used with a conventional
lathe for winding fine wire into coils or helices having
precise spacing between turns,

A traveling wave tube employs a helix formed of wire
to propagate an electromagnetic signal in - phase with
an adjacently located electron beam. -As the beam travels
along the axis of symmetry of the helix, energy is ex-
changed between the beam and the signal such that am-
plification of the latter occurs.

However, experience has shown that helices wound by
usual methods, e.g., on lathes having, gear drives, do

not provide satisfactory operation. of the traveling wave

tubes into which. they are incorporated.. It is believed
this unsatisfactory operation of the tube results from
slight variations in the spacing between turms .of the
helix introduced during its fabrication by errors in the
spacing of the gear teeth of the lathe.” These variations,
imperceptible by usual precision gauging methods,. cause
the axial velocity of the signal residing .on. the helix to
vary non-tniformly with respect to the electron beam
traveling adjacent the helix. The result is non-uniform
interaction of the beam and the signal and corresponding
low amplification of the signal, or in the extreme, total
tube inoperativeness.

It is the object of the present invention to.provide an
adapter to a conventional lathe which facilitates the wind-
ing of the coils or helices having a precise and uniform
turn-to-turn spacing. :

Another object of the invention is to provide an adapter
to a lathe for winding coils or helices from wire having
small. diameters.

Another object of the invention is to provide an adapter
of the class indicated in which the spacing between
turns of the coil or helix is readily -and conveniently
adjustable.

Another object of the present invention is to provide
an. adapter  of the class indicated for winding - fragile
coils or helices wherein the spacing between turns varies
in accordance with a pre-determined: function from one
end of the coil to the other. -

These and other objects of the invention will become
apparent from the following description of a preferred
embodiment, reference being had to the accompanying
drawings in which: ’ ‘

FIGURE 1 is a front elevation view of a coil winder
comprising a lathe and adapter constructed in accordance
with the invention;

FIGURE 2 is an isometric projection of an adapter
comprising the invention mounted on a portion of the
mounting carriage of the lathe;

FIGURE 3 is a cross-sectional view, taken along-plane
3—3 of FIGURE 2, illustrating parts of the wire feed
assembly. of the adapter;

FIGURE 4 is an enlarged view of a portion of FIG-.

URE 3. illustrating: the relationship. of the turns of the

helix ‘and the clamping mechanism of the: wire feed’

assembly, and
FIGURES 5 through 7 inclusive are schematic diagrams
illustrating the operation. of the adapter mechanism.

Briefly, the apparatus.comprising the invention employs
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a standard gear-train lathe for supporting and driving a

~coil winding mandrel and its mounting assembly in ro-

tation, and on which a carriage is mounted, as by a
lead screw, for movement parallel to the mandrel. As
the carriage traverses the length of the mandrel, a helix
or coil is laid down by the operation of a wire feed
assembly mounted to the carriage. This assembly in-
cludes a set -of rectangular nylon bearings having a series
of grooves formed on contacting surfaces to engage the
turns of the formed helix. As variations occur in the
spacing of the gear train or lead screw of the lathe, the
wire feed assembly is moved non-uniformly relative to the
mandrel. - However, this movement is compensated by
instantaneous axial movement of the rotating mandrel and
its ‘chuck assembly relative to the bed of the lathe pro-
vided by the engagement of the turns of the helix with the
side ‘walls of the grooves formed in the support bearings.
The axial velocity of the wire feed assembly relative to
the mandrel thus remains constant during winding op-
erations ' to provide helices ‘having precise spacing be-
tween turns.

Referring to the drawings, particularly to FIGURES 1
and 2, an adapter comprising the invention is preferably
mounted on a lathe having a base 1 on which is mounted
bed 2. Bed 2 supports lathe head stock assembly 3 at.
one end thereof, a tail stock assembly 4 at the other
end, and intermediately positioned carriage assembly 5.

The carriage assembly 5 is slideably supported on the
bed 2 and engages rack 15 at its upper portion and
lead screw 6 at its base. - These connections are entirely
conventional and are omitted from the drawings. in the
interest of clarity. Lead screw 6, in turn, is journaled
to gear feed assembly 7 at one end and to bearing 8 at
the other end. .

The helix or coil comprising relatively small diame-
ter wire, preferably of tungsten, is wound by rotating coil
winding mandrel 9 about axis A—A of the apparatus as
wire:feed assembly-10. attached to carriage 5 moves along
a path parallel with the mandrel. The rate of such axial
movement as well as the angular velocity of the mandrel
are critical to the formation of precise helices and have
heretofore been dependent on the individual spacing of
the teeth of the lead screw 6, rack 15 and the gear train
connecting the rotating mandrel with its driving means.

" Any variations in. gear teeth spacing change these rates

perceptibly and, in turn, the turn-to-turn spacing of the
helix being laid down.

These variations, however, are compensated by the
adapter comprising: the invention such that the rate of
travel of the wire feed -assembly 19 and carriage 5 rela-
tive to the mandrel 9 are relatively constant during wind-
ing overations. - Specifically, as explained in detail below,
the mandrel 9 is attached to a portion of chuck assembly
12 which is slideable relative to thé bed of the lathe,
thereby facilitating movement of the mandrel along the
axis A—A of the assembly. The chuck 12, in turn, is
secured to the collet 13 of the spindle of the head stock
to transmit. rotary movement to the mandrel.

At locations remote from the collet 13, clamping mech-
anism 14 comprising a pair of symmetrically located:
arms 48 (FIGURE 2) attached to and rotatable with:
wire- feed assembly 1§ engages with the turns of the
formed: helix' to- secure the mandrel relative to the wire
feed assembly 10. As variations in the spacing of the.
gear- teeth occur, the erratic movement of assembly 10
is transmitted by arms. 49 to mandrel 9, causing tie latter
to respond  with movement relative to ‘the bed ‘of the:
lathe. Thus the -axial distance 1% between the center
lines 18 and 19 of the clamped portion of the helix and
the wire feed assembly - 18, respectively, as showa in
FIGURE 3, is held relatively constant during the winding.
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operation. The result is the formation
precise spacing between turns.

To summarize the description this far, a. motor (not
shown) drives lead screw 6 and chuck assembly-12 in
rotational movement through a conventional gear train
as wire feed assembly 10 attached to carriage 5 moves
along a path parallel with the mandrel depositing a helix
or coil therealong. By virtue of the interaction of the
wire feed assembly 10 with the chuck assembly 12, the
variation in spacing of the gear teeth of the driving means
of the assembly are averaged and the turn-to-turn spacing
of the helix thus deposited is constant.

Referring to FIGURE 2, wire feed assembly 16 com-
prises a center boom 20 located adjacent the mandrel 9
for supporting the wire from which the helix is wound
and a clamping mechanism 14 which engages the turns
of the formed helix for maintaining the mandrel 9 in a

of a helix having

fixed axial relationship relative to the boom 28. Boom-

29 includes a base 23 of rectangular cross section and
enlarged portion 27a and reduced portion 275, separated
by step 16, formed near its forward and rearward ends,
respectively. The -terms “inner” and “forward” refer
to the end of the boom 20 adjacent the axis A—A of the
assembly, while the terms “outer” and “rearward” désig-
nate the opposite end -of the boom. Support for portions
27a and 27b is achieved by the attachment of the lower
surface of portion 27b to base 23, the assembly being
oriented such that axis 22, defined by the ends 21 of
the portions 27a and 27b, is at right angles to the axis
A—A of the assembly.

Attachment of the base 23 to the carriage 5 is provided
by the engagement of the peripheral sides 23a of the
base with T-shaped opening 17 in -conventional Iathe
post 25, Post 25, in turn, is attached to post 26, these
parts being journaled to rack and pinion assemblies (not
shown) to facilitate alignment of the assembly 10 in a
plane adjacent to the axis of the mandrel 9.’ -

Adjacent end 21 of . reduced portion 275, wire reel 24
containing wire 28 of the type from which coil or helix
28z is to be wound is mounted for rotation about an
axis parallel to the axis A—A of the assembly. Wire 28

is fed from the reel, past the ends of spring-loaded rollers -

2% mounted to support member 30, and thereafter to
guide bushing 32, the latter secured, as by set screw 36,
within an opening 33 (FIGURE 3) in the enlarged
portion 27a of the boom 29.

In the particular embodiment illustrated, support mem-
bers 20 and 36 are fabricated from blanks having rec-
tangular cross-sections and -attached to one another by
pins 34, but could be made integral as by casting. It
is also to be noted that these parts are spatially located
in a plane such that the wire 28 being fed between the
ends of rollers 29 and adjacent surface of support 3@
is not unduly tensioned during forming of the helix.
Frictional drag on the wire is increased or decreased by
changes in the active length of the springs abutting rollers
29, as by rotation of nuts 37.

Referring to FIGURE 3, guide bushing 32 has a stepped-
cylindrical shape, and comprises a wall 35 extending
parallel with axis A—A and defining an opening through
which mandrel 9 extends, and a slot 38 positioned in its
cut-away reduced portion 39. Slot 38 is located in a
Plane approximately mid-way between the boom 28 and
support 30 and positions wire 28 relative to the mandrel 2
as the coil or helix is laid down.

Attached to the enlarged portion 27z of the boom
20 is helix clamping mechanism 14 comprising a pair of
symmetrically located clamping arms 40. These arms
are rectangular in cross-section and are pivotally mounted
on extension pins 41 to facilitate engagement of bear-
ings 46 with a portion of turns of the helix formed about
mandrel 9. ‘These bearings 46 are mounted on the sur-
faces 40a and 485 (FIGURE 3) of arms 40 and are
preferably made of nylon and thus have a low coefficient
of friction, to allow indentations or grooves to be formed
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in their adjacent surfaces as rotation of the helix occurs.
In addition, the length of bearing 46 in the plane at right
angles to axis A—A permits several turns of helix 28a to
be instantaneously gripped as shown best in FIGURE 3
and for reasons explained hereinafter thus facilitates the
attachment of wire feed assembly 1¢ to mandrel 9.

To provide movement of the arms 49 relative to axis
A—A, a series of wires or cables 42 pass over tension
pulleys 43 located on the surfaces of the clamping arms
49. Cables 42 are connected to actuating lever 44
mounted to crank 49 which in turn is attached to support
30. As axial movement of the wires 42 parallel with
the axis 22 occurs, as by rotating crank 49 clockwise

~as viewed in FIGURE 2, arms 40 pivot bringing bearings

4§ into engagement with the turns of helix 28a. Lateral
movement of the cables is restrained by the grooves of
the pulleys, with cable slack taken up by pulley idler 48.

In order that the magnitude of pressure exerted on the
helix by arms 4@ be precisely costrolled, the axial posi-
tion of actuating lever 44 relative to crank 49 is adjust-
able. For example, the axial location of the lever can
be varied by changes in the throw of crank 49 or by
changes in the axial location of stop nut 51 attached
to a threaded end of the lever 44.

Referring to FIGURE 3, as arms 49 are pivoted rela-
tive to the axis A—A of the assembly, bearings 46 con-
tact portion 45 of helix 28a. Although' frictional drag

_ is introduced by this engagement, rotational movement
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of the helix relative to clamping mechanism 14 is per-
mitted because of the resilient nature of the bearing
material. As the helix continues to rotate relative to the
bearings 46, compressive forces exerted by arms 40 force
the turns of the helix to become embedded within the
bearing surfaces 46a and 460D, thereby forming a series
of grooves 47 (FIGURE 4).

When this condition occurs, the axial distance 11 be-
tween center lines 18 and 19 of the clamped portion 43
of the helix 284 and guide bushing 32 of wire feed
assembly 10, respectively, is relatively fixed. Thus as
subsequent errors in the spacing of the teeth of one lead
screw or the gear train for rotating movement are en-
countered, the turns of the helix engaging the wall of
the groove cause axial travel of the mandrel 9 rela-
tive to the bed of the lathe. Such movement occurs,
however, only if the mandrel is free for translational
movement along the axis of the assembly relative to the
bed of the lathe.

An additional reason for the provision of axial move-
ment of the mandrel relative to the lathe bed is in-order
to compensate for the dynamic forces (illustrated as
vector quantity 52, FIGURE 4), generated by the en-
gagement of helix 284 with grooves 47. Although it
would. appear that grooves 47 support the turns of the
helix in equilibrium, this is not the case. The initially
formed turns of the helix serpentining through grooves 47
have spacing varying directly with the pitch of the teeth
of the lead screw 6 and gear train of the lathe. That is,
mandrel 9 is fixed relative to the bed of the lathe
when the initial portion of helix is laid down and there-
fore cannot respond as non-uniform movement of wire
feed assembly 10 occurs.  Thus as the turns engage
grooves 47, reactive forces are set up, the magnitude of the
axial resultant of which is proportional to the total of
the reactive forces parallel with the axis of the apparatus.

For example, after the mandrel has rotated one revolu-
tion, the individual turns of the helix are displaced
from one groove to its adjacent neighbor. Since the
spacing of the grooves varies according to the space of
the teeth of the gear train, the turns will not reside
in equilibrium in their new locations but will be located
in contact with the sides of the grooves. Assume fifty-
one turns of the helix are enclosed by arms 40, with
the average pitch of twenty-five being less than the “ideal®
turn-to-turn spacing by an amount —Ax (ie., reside on
the right side of the grooves, assuming positive movement



3,179,347

5

to.the left), while twenty-six are above this average
amount (i.e., reside on the left side of the grooves) by
Ax, this bemg a valid assumptlon since the average of
teeth spacing on the lead screw is a constant from 1athe
to lathe.

The excess number of turns of helix of the left side
of the grooves creates a net force along the axis of the
assembly which tends to move the mandrel to the right
relative to the wire feed assembly 10, as viewed in FIG-
URE 3, uniformly affecting the pitch of the helix turns
being sunultaneously formed. :The length of such move-
ment is equal to the magnitude of the force vector 52,
which is proportional to the differenice of the turns divided
by the lesser amount of turns in one direction times the
average turn-to-turn spacing of the turns. For the ex-
ample advanced above

Foc26-25/25Ax|

where F' equals the magnitude of force vector 52 and
|ax| is the absolute value of the spacmg variant. How-
ever, note that F, force vector: 52, in thé above equa-
tion is progressively. diminishing towards zero. during the
operating cycle since the axial positions of the helix turns
relative to grooves 47 approach the respective mid-points
of ‘the latter as more uniformly spaced helix turns are
formed and confined.

Freedom for movement to. compensate both the non-
uniform movement of ‘the 'winding carriage and the re-
action of forces of the system is provided by the. attach-
ment of mandrel 9 to “free floating” chuck assembly 12
mounted to head stock 3. Referring to FIGURES 2 and
5, chuck assembly 12 comprises: a. cylindrical housing
57 located coaxially of and slideable with a chuck shaft
58 attached at one end to collet 13 and having-an end
wall 59 to which is attached a conventional chuck 69
to secure mandrel-9.

‘Axial movement of the housing 57 relatwe to the shaft
58 is provided by reducing the diameter of the latter
below that of the housing and. locating linear ball bear-
ings 61 and 62 in contact with its inner wall. - Rotational
motion of the mandrel 9 is provided by transferring the
movement of collet 3. directly to shaft 58, housing 57,
and. chuck 60, the shaft and housing being integrated by
the engagement of the outer. peripheries of rollers 63 of
shaft 58 with slot 64-of housing 57.  Rollers 63 are

attached to the shaft on diametrically opposed locations-

by outwardly extending: pins 65 and are rotatable in a
plane. at ‘right angles relative to axis A—A of the as-
sembly to facilitate axial movement of the housing rela-
tive. to. the shaft.  Such movement is limited, however,
by the length of the slot 64 within the housing of the
chuck assembly.

For operation of the adapter assembly, the mandrel is
initially located in a'fixed relationship with respect to
the lathe bed, after which the mandrel is freed for
travel along a path parallel with. the axis. of symmetry
of the mandrel, as explained hereinafter.. ‘Such action is
provided in the chuck assembly 12 by eccentric chuck
wheel 66, totatable with respect with: and' mounted . to
housing 57, as by pin 56, having an inner eccentric
surface §7 located .adjacent an opening 53 'in housing
57. As chuck wheel 66 is rotated with respect to hous-
ing 57, spring-loaded. axial detent pin 68 is inserted
through the housing into and: from centrally disposed
groove 79 in chuck shaft 58, thereby locking or unlock-
ing the axial travel of the mandrel.

The operation of the .coil winding apparatus, in particu-
lar the manner of operation of the adapter assembly of
the invention, will be better understood by referénce-to
FIGURES"5, 6, and 7. '

After wire feed assembly 18 .is secured to the carriage 5,
wire 28 is threaded through wire tensioning clamp rollers
29. (FIGURE.2) and thereafter. through an opening 54 in
the mandrel 9 where.it.is.bonded as.with.a good. adhesive
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2]
such as glue, ceinent, or the like. Mandrel 9 in turn is
mounted to “free floating” chuck assembly 12 in a plane
such that it extends adjacent clamping mechanism 14 of
wire feed assembly 10 as explained above.

The desired pitch or turns or distance between turns,
determined by the angular velocity of the mandrel and by
the piich of the lead screw, is set by proper engagement
of change gear selector and key located on the head stock
face. The lathe is then turned om, and rotation of the
lathe collet 13, mandrel 9, and lead screw 6 (FIGURE 1)
occurs. Translationdl movement is provided carriage 5
and wire feed assembly 10 along a path adjacent mandrel
9, i.e, from left to right as viewed in FIGURE 5 by en-
gagement of carriage 5 with lead screw 6. Such move-
ment, coupled with the attachment of wire 28 to mandrel
9, causes a short length of helix 28a to be laid down on
the mandrel. The spacing of the turns of the helix thus
formed is proportional to the spacing of the gear teeth
of the lead screw, the mandrel being fixed relative to
the lathe bed by the engagement of axial detent pin 68
with groove 70 in chuck shaft 58 of “floating” chuck
assembly 12 (see FIGURE 6).

it is to be noted. that during this time period the helix
clamping mechanism 14 comprising arms 48 and bearings
56 does not engage the turns of the helix. Shortly there-
after, however, arms 40 and more particularly bearings
46 are brought into engagement with the helix by rotating
actuating lever 44 from left to right as shown in FIG-
URE 2 causing cables in contact with the arms to become
taut.

Eccentric wheel 66 is then rotated relative to the man-
dfel 9 to disengage axial detent pin 68 from groove 79
of chuck shaft 58, freemg the mandrel and chuck for
axial travel along the axis A—A of the apparatus .as
shown best i FIGURE 7, such travel being controlled by
movement of the carriage and wire feed assembly 10 since
the mandrel, chuck, and: carriage are integrated by.the
engagement of the turns of the helix with the grooves 47
(FIGURE 4) formed within the bearing inserfs as. ex-
plained above.

When the carrlage has traversed the length of the
mandrel, the lathe is stopped, the final turn of the coil is
secured to the mandrel with.an adhesive to prevent un-
winding. The wire is then cut, and the mandrel with the
coil thereon: is removed from the chuck for further proc-
essing of the coil. "It has. been. found that coils may be
wound on the described apparatus from wire having diam-
eters of the order of .006 inch, with spacing between turns
of as little as .012 inch, to a very high degree of accuracy,
i.e., having vatiations of less than +.0002 inch between
tirns.

Changes, modifications and unprovements in the inven-
tion may occur to those skilled in the art without depart-
ing from the spirit of the mventwn as defined by the fol-
lowing claims. .

Weclaim: -

1. Helix winding apparatus comprising

a mandrel having a longitudinal axis, means for. sup-

: ‘porting said’ mandrel for rotation about said axis
and for relatively free axial movement,

means for rotating said mandrel,

acarriage supported ad]acent to said mandrel,

means for moving the. carriage longitudinally of the

mandrel,
a supply of wire on said carriage arranged to guide
wire tightly on said mandrel to form the helix, and

a’clamp on said carriage having resilient jaws engage-
able with the belix on said mandrel, whereby vari-
ations in the rate of longitudinal movement of said
carriage produce a corresponding shifting of the helix
and mandrel along said 10ng1tudmal axis.

2." Apparatus for winding wire on a mandrel to form a
helix with a predetermined spacing between turns com-
prising, in combination,

a lathe including.a.lead screw, a chuck, and: means for
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driving said lead screw and chuck in rotation about
respective axes; said chuck comprising a shaft and a

housing slideably mounted on said shaft, said housing

being connected to said mandrel; and

8

a clamping mechanism comprising resilient bearings
diametrically located on opposite sides of said
mandrel engageable with turns of a portion of said
helix for attachment of said mandrel to said second

a wire supply assembly connected to said lead screw 5 carriage, non-uniform movement of said first car-
supported for longitudinal movement along a path ad- riage thereby producing corresponding movement of
jacent the mandrel in response toc rotation of said said mandrel.
lead screw including means for guiding wire onto the 6. Apparatus for winding wire comprising, in combina-
mandrel to form a helix and a resilient body engage- tion,
able with turns of a portion of said helix for attach- 19 = a mandrel having an axis,
ment of said mandrel to said guide assembly, non- a rotatable chuck assembly having a shaft and a hous-
uniform movement of said guide assembly thereby ing slideably mounted on said shaft, said housing
producing a corresponding longitudinal ‘movement connected to said mandrel, _
of the helix and mandrel. a lead screw rotatable with said chuck assembly,

3. Apparatus for winding wire on a mandrel to form a 15  means for driving said lead screw and said chuck as-

coil or helix with a predetermined spacing between turns sembly in rotation about parallel axes,
comprising, in combination, a first carriage mounted on said lead screw and ar-

a lathe including a lead screw, a chuck, and means for ranged for longitudinal movement therealong in re-
driving said lead screw and chuck in rotation about sponse to rotation of said screw,
parallel axes, said chuck comprising a shaft and a 99 a second carriage mounted to said first carriage, said
housing slideably mounted on said shaft, said housing second carriage including means for guiding wire
bemg connected to said mandrel, and onto said mandrel from a direction substantially

a wire supply carriage connected to said lead screw normal to said mandrel, to form a helix, and
arranged for movement along a path adjacent and a clamping mechanism attached to said second car-
parallel to the rotational axis of the mandrel in re- 25 riage comprising resilient bearings diametrically lo-
sponse to rotation of said lead screw and including cated on opposite sides of said mandrel, said bear-
means for guiding wire onfo said mandrel to form a ings initially having flat, planar wearable surfaces
helix, and a clamping mechanism including resilient engageable with a portion of said helix thereby
bearings connected to said supply carriage and di- forming a series of grooves thereon through which
ametrically located on opposite sides of the mandrel 30 said helix serpentines for attachment of said mandrel
axis for engagement with turns of a portion of said to said second carriage, non-uniform movement of
helix for attachment of said mandrel to said carriage, said first carriage thereby producing a corresponding
non-uniform movement of said carriage thereby pro- movement of the helix and mandrel along said man-
ducing a corresponding movement of the helix and drel axis.
mandrel along a path parallel with said rotational 35 7. Apparatus for winding wire on a mandrel com-
axis of the lead screw. prising, in combination,

4. Apparatus for winding wire on a mandrel to form a chuck assembly having a shaft and a housing slide-
" a helix with a predetermined spacing between turns com- ably mounted on said shaft, said housing being con-
prising, in combination, nected to said mandrel, and means -arranged for

a lathe including a lead screw, a chuck, and means 40 releasably securing said shaft to said housing in-
for driving said lead screw and chuck in rotation cludmg an annular member having an eccentric

" about parallel axes, said chuck comprising a shaft inner surface;

and a housing slideably mounted - on said shaft, a lead screw rotatable with-said chuck assembly;
said housing being connected to said mandrel and means for driving said lead screw and said chuck
means arranged for releaseably securing said hous- 45 assembly in rotation about parallel axes;

. ing to said shaft; and a first carriage mounted on said lead screw and ar-

a wire supply assembly connected to said lead screw ranged for longitudinal movement therealong in re-
supported for longitudinal movement along a path sponse to rotation of said screw;
adjacent and parallel to the axis of the mandrel in a second carriage mounted to said first carriage, said
response to rotation of said lead screw, including 50 second carriage including means for guiding wire
means for guiding’ wire onto said mandrel to form onto said mandrel to form a helix and a pair of
a helix and a resilient body located about said bearings diametrically located on opposite sides of
mandrel having an initial flat surface -engageable said mandrel axis iritially having flat, planar wear-
with turns of a portion of said helix for attach- " able surfaces engageable with a portion of said
ment of said mandrel to said feed assembly, non- 55 helix thereby forming a series of grooves for at-
uniform movement of said feed assembly thereby tachment of said mandrel to said second carriage;
driving said mandrel along a path parallel with said pulleys attached to said bearings having peripheral
rotational axis of the lead screw. grooves a'rranged‘for free rotation about axes parallel

5. Apparatus for winding wire comprising, in combina- to the axis of said lead screw; . .

Hon 60 first and second cabl_es passing over saxd. perlpl'leral
a,man drel grooves and respectively conencted to said bearings;
’ . and

a rota‘?able ,ChUCk assembly havu}g a shaft' and a means connected to said cables for maintaining said
housing slideably mounted on said shaft, said hous- cables in tension.
ing connected to said mandrel, , g5 S Helix winding apparatus comprising

a lead screw rotatable with said chuck assembly, a base,

means for driving said lead screw and said chuck in a mandrel having an axis,
rotation about co-extensive axes, a chuck supporting said mandre! for rotation about said

a first carriage mounted on said lead screw and ar- axis,
ranged for movement therealong in response to rota- 7o ~ means for supporting said chuck on said base for
tion of said screw, movement along the axis of said mandrel,

a second carriage mounted to said first carriage, said a carriage supported on said base adjacent to said
second carriage including means for guiding wire mandrel, and
onto said mandrel from a direction substantially nor- means for driving said carriage parallel to and for
mal to said mandrel to form a helix, and 75 rotating said mandrel about said axis,
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said carriage including means for guiding wire onto
the mandrel to form a helix and a resilient body
means engageable with a portion of the helix for
attachment of said mandrel to said carriage whereby
variations in the rate of axial movement of said
carriage produce a corresponding shifting of the
helix and mandrel along said axis.

9. Apparatus for winding wire on a mandrel having

an axis comprising, in combination,

a base, .

a chuck assembly rotatably supported on said base and
having a shaft and a housing slidably mounted on
said shaft, said housing being connected to -said
mandrel for supporting the latter in rotational and
axial movement,

a lead screw rotatably supported on said base for rota-
tion in synchronism with said chuck assembly and
said mandrel,

means for rotating said lead screw and said chuck, and

a carriage mounted on said lead screw and arranged
for movement therealong in response to rotation of
said screw, said carriage including means for guid-
ing wire onto said mandrel to form a helix, and a
body engageable with turns of a portion of said
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helix for attachment of said mandrel to said car-
riage.
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