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WIRE WRAPPING MACHINE
William D: Bohannon, Jt., Burlmgton, N.C., assignor to
‘Western “Eléctric. Company,” Incorporated New “York,
N.Y., a.corporation of New York- 5
Filed.De¢: 30, 1959, Ser. No. 862 860
11 Claims, (Cl. 57—19).

This invention relates. to a wire wrapping machine
and more partrcularly 10 a machme for applym a strand

" An.object of th1s 1nvent10n i§'t a
a contlnuously moving cairiér wire,

A further ob]ect of thisi i
proved wmdmg head for applymg a
carrier wire..
Still, another ob]ect of this inyention. i

Apparatus for ace mphshrng these and other ob]ects
may, include motor- 1 fa i
tween whlch a carrler w1re to ‘be ¥
a constant speed and tension. ‘Th carrier "wire passes
through a torque motor dnven strand supply bobbrn and

stland as it 1s payed from the bobbm ‘and :through the
Wmdmg head where it is la1d onto the moving carrler 30

wire in sp1ra1 convolutions. = The torque miotors diiv ng
the carrier wire supply and takeup spools and the bobbm
each drive a generator, the output of ‘which'i is connected
to a confrol amiplifier. “The” output of the generator
driven by the bobbin' motor is utilized to cause ‘the 35
amphﬁer to énergize a relay connected “theretd to’ top
the wrapping machlne upos. the” breakmg 5t exhaustion
of the strand. The output of ‘the generators diivén” by
the torquée motors driving the supply and taketp spools
are utilized to'stop the wrappmg maching upo; the break- 40
mg or exhau“ ion of’ the carrier” wire."

Other ob]ects and advant ges will be apparent from
the followmg detalled descrrpl ,on when taken m con—

FIG 1isa plan vrew of a wrre wrappmg machme for 45
applying 4 straiid to a moving carrier wire' together ‘with
an electrical control c1rcu1t embodymg the pri _ciples ‘of
the 1nvent10n, L ‘
torque motor ‘used 16 drlve ‘a bobbm frorn whrch the 50
strand is supphed
T FIG.)3 {8 an enlarged cross-sectional view taken along
thé line'3--3'in FIG. r showmg a winding head and ‘the
manneér 1n whrch the strand supphed from a bObbll‘l is
laid onto a carrrer wrre whrch passes through the hollow 55
w1nd1ng head ‘and

FIG. 4'is an enIarged cross-sectional view taken along
the lide 44 of" FIG T showmg the relatronshlp of slots
formed in the’ w1nd1n0 heéad:

Referrmg now to FIG 1,a carrxer wire 11 about which 60
a strand'12is 't be ‘wrapped is passed betWeen a pay-
off 'spodl 13 and 2" taketip spool 147~ The payoff “and
takeup spools 13" and 14 are driven by hlgh-speed torque
motors 16 and 17 respectlvely, whlch m turn dnve gen-

2

erators: 18 and 19 connected to a_control amplifier- 21.
The output voltages developed by the. generators 18 and
19 are a function of the respective motor speeds.

The torque motors. 16 and: 17 are each provided with
an adjustable field winding 22 which. is connected to a
suitable source of line voltage. The torgue motors 16
and 17 -may be reguldted: by ad]ustmg the control voltage
in the field: wmdmgs 22

The carrier wire 11 is looped-about a_capstan 23-which

is: driven. by a synchronous motor'24 connected to a
snitable line voltage. The torqué motor 16 is driven
s0.as to oppose rofation of the supply spool 14 and the
capsian 23-draws th€ carrier wire”11 from the supply
spool. tinder tension.” With this arrangemert a constant
tension is maintained in the carrier wire as theé forque
motor ‘17 drivés the takeup. spool 14 against the fiiction
developed between thé capstan 23 and the carrier w1re
11 and the opposmg force'of torque motor 16.
" The cairier wire“11 also passes ovér. a. guide roller 28,
through a strand supply bobbin 27, a winding head 28,
and a traversing: or- distributifig arm 29 whi_ch lays. the
carrier wire 11 evenly on the’ takeup spool 14.” The cat-
rier wire passes along the axis. of rotation. of both the
bobbin: 27-and’ the winding. heid 28.

The strand supply bobbin 27'is driven by a torque

motor 31 which also drives a. generator 32, the output’ 6f
which is connected to’the amphﬁer 21. The voltage. de-
veloped by the generator 32 is a fuiiction of the bobbin
speed. The torque motor™ 31 is similar to the toique
motors 16 and 17 ard is provided with an adjustable
field ‘winding 22 which is connected fo a sultable hne
voltage.
" The strand 12, which may be a flat, rectangular wire,
is payed from the bobbin 27 through a tube-liké channel
or guide 33 secured to, thé winding head 28, into a slot
34 formed in the winding heid 28. The slot 34 is
formed'at an angle of 45 ‘degrees with the longitudinal
axis' of the winding head 28 which is driven by a syn-
chronous motor 36 energlzed from a suitable source” of
line voltage. “The motor 36 is. mounted’ coax1ally with
theé winding head 28 and is provrded with a hollow drive
shaft through which the carrier wire 11 passes.

Referrmg to. FIG. 3, a detailed view of- the wmdmg
head 28 is shown. The winding head 28 comprises a
shaft 37 having a longitudinal bore therethrough which
is an extension of the” hollow drive ‘shaft (not shown)
of the motor 36.” The carrier’ wire 11 passes through
the bore of the shaft 37 and on the longrtudmal axis of
the winding head 28. "A’¢ohical énd portlon 38 formed
on the shaft 37 is ad]acent the "bobbin27. " The tube-like
channel guide 33 secured to the comnical ‘end portion 38
of 'the shaft 37 extends above’ the bobbm 27 to recelve
the strand 12 as’it'is payed off: © T~

“The chantiel 33 directs the strand 12 into the slot 34
in the hollow shaft "37: ~ THe ‘slot 34 is ciit t6 2 depth
beyond* the centef of the hollow shaft 37, as “shown” in
FIG. 4, to provide ‘the necessary: clearance S0 that the
strand 12'mdy pass around the carrier wrre "11 "within the
winding head 28." The stiand 12 résts agamst the ‘bottom
of the slot 34-as it approaches the ¢enter of the shaft 37.
This "aétion provides “sirfficient back piiéssiire”"to prevent
bowing in" the “strand “12."" This" back pressure Gf drag
keepsthe strand 12 flat and at ‘the’ desired " wrapping
angle of 45 degrees wrth the long1tudmal axrs of the shaft
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37. Thus the strand 12 is evenly wrapped along the
length of the carrier wire 11 at an angle of 45 degrees.

The shaft 37 is also provided with an additional slot
39 cut along a portion of the length thereof. The slot
39 opens into the bore of the shaft 37 and the slot 34.
This construction permits the carrier wire 11 to be easily
threaded through the winding head 28 and the strand
12 to be wrapped around the carrier wire 11 when start-
ing the wrapping operation.

Upon leaving the winding head 28 the spirally wrapped
carrier wire 11 is taken up on the spool 14. The carrier
wire 11 is guided onto the takeup spool 14 in even layers
by the distributing arm 29 which is reciprocated by a
heart-shaped cam 41 driven by a motor 42. A register
43 actuated by the cam-actuated distributing arm 29 is
provided to record the amount of carrier wire taken up
on the spool 14.

As stated, the control amplifier 21 receives the output
of the generators 18, 19, and 32. The amplifier 21 may
be a conventional vacuum tube-type amplifier and com-
prises a vacuum tube 44 having a suitable plate voltage.
A relay 46 for opening normally closed contacts 47, as
well as a suitable load resistor 48, is also connected in
the plate circuit of the tube 44. The generators 18 and
19 are connected to control grids 49 and 51 of the tube
44 while the generator 32 is connected to a control grid
52 of the tube 44 across a resistor 53. The resistor 53
and a grid-leak resistor 54 are chosen so that the tube
44 will conduct to energize the relay 46 only when the
output of either of the generators 18, 19, or 32 exceeds
a predetermined value. . .

The output voltage of the generator 32 is a function of
the speed of the bobbin 27, both being driven by the
torque motor 31. The torque motor 31 is connected to
the synchronous motor 36 by means of the strand 12
which is payed from the bobbin 27 to the winding head
28. Initially the control voltage of the torque motor 31
is set so that the tension developed in the strand 12 under
stalled conditions, for instance as will occur in starting,
will not break the strand 12. This, of course, may be
varied depending upon the type of strand being wrapped.
The tension in the strand 12 may be varied by adjusting
the field winding 22 of the torque motor 31.

Referring to FIG. 2, the speed-torque characteristic
curve of a typical torque motor suitable for driving the
strand supply bobbin 27 and the payoff and takeup spools
13 and 14 is shown. The motor forque is expressed in
ounce-inches, the inches in this case referring to the radius
of the bobbin utilized per ounce of tension to be devel-
“oped in the strand. As the torque decreases the speed
of the motor 31 increases. This occurs when the tension
“in the strand 12 decreases, such as when the strand 12
breaks. The torque motor 31 cannot reach the same
speed as the motor 36 so long as the strand 12 links the
two motors because of the drag in pulling the strand 12
from the bobbin 27,

Upon exhaustion of or the breaking of the strand 12,
the motors 31 and 36 will no longer be connected and
the torque of the motor 31 will fall off toward zero. As
shown in FIG. 2, the speed of the torque motor 31 will
rapidly increase when this occurs. This in turn will in-
crease the output of the generator 32 causing the tube 44
to conduct to energize the relay 46. The tube 44 may be
biased so as to conduct when the voltage of the generator
32 reaches any desired value. The torque motors 16 and
17 operate in a similar fashion when the carrier wire 11
breaks or is exhausted. Insuch event either of the motors
16 or 17 will rapidly increase their respective speed when
the torque of that machine falls toward zero. This in
turn increases the output of the generators 18 or 19 to

cause the tube 44 to conduct and energize the relay 46.

The torque motors 16, 17 and 31, the synchronous
motors 24 and 36, and the motor 42 are each connected
to a suitable line voltage through one of the normally

_closed contacts 47. Upon energization of the relay 46,
the contacts 47 will be opened to disconnect the respective
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3
units from the line voltage and thus stop the wrapping
machine.

Operation

In starting the wrapping machine, the carrier wire 11
is first wrapped around the capstan 23, threaded through
the bobbin 27, winding head 28, and traverse arm 29, and
attached to the takeup spool 14. The strand 12 is passed
through the guide 33 and the slot 34 in the shaft 37.
A few turns of the strand 12 around the carrier wire 11
are made to connect the strand thereto. The torque
motor 31 is started first and rotates ini a direction oppo-
site to the convolutions of the strand 12 on the bobbir
27, but it installs against tension in the strand 12 which
is held firmly against the carrier wire 11 at an angle of
45 degrees by the winding head 28. The synchronous
motors 24 and 36 and the torque motors 16 and 17 ar¢
then started. The motor 36 rotates the winding head 28
in the same direction as the bobbin 27 is rotated. As the
carrier wire 11 reaches normal running speed, the synd-
chronous motor 36 quickly accelerates. The torqué motor
31 responds to the resulting reljef of tension in the stran
12 and rapidly reaches the desired operating speed. The
drawing of the strand 12 from the bobbin 27 prevents it
from rotating as fast as the winding head 28. Thus the
torque motor 31 does not reach or overrun the synchro-
nous motor as long as the motors are linked by the strand
12. The bobbin rotates at a slower speed than the winding
head 28. The desired tension is maintained in the strand
12 by adjusting the winding 23 of the torque motor 31,

Upon the exhaustion or breaking of the strand 12, the
torque of motor 31 will fall off toward zero and torque
motor 31 will speed up causing the amplifier 44 to ener-
gize the relay 46 and stop all of the motors. If the carrier
wire 11 should break eithier of the motors 16 of 17 will
overdrive their respective generators 18 or 19 to causé
the amplifier 44 to conduct and stop all of the motors.

It will be understood that the above-described arrange-

‘ment of circuits and apparatus together with the construc-

tion of elemental parts is simply illustrative of an applica-
ion of the principles of the invention, and many other
modifications may be made without departing from the
scope of the invention.

What is claimed is: , ‘

1. A wire wrapping machine for applying a strand to
a moving carrier wire comprising a strand supply bobbin
mounted coaxially with the moving wire, 2 winding head
mounted coaxially with the carrier wire and adjacent
the strand supply bobbin for receiving the strand from
said bobbin and wrapping the strand around said car-
rier wire, means for driving the bobbin, means for driv-
ing the winding head at a faster rate of speed than the
bobbin so as to maintain a constant tension in the strand
as it is applied to the carrier wire by the winding head,
and means controlled by the bobbin driving means for
interrupting said bobbin and winding head driving means
when the tension in the strand falls below a predeter-
mined amount.

2. A wire wrapping machine for applying a strand to
a moving carrier wire which comprises means for ad-
vancing a carrier wire, a strand supply bobbin mounted
coaxially with the carrier wire, a torque motor for driv-
ing the bobbin, a generator driven by said torque motor
for producing a voltage which is a function of the speed
of the supply bobbin, a winding head mounted coaxially
with the carrier wire and adjacent the strand supply bob-
bin for receiving the strand from said bobbin and wrap-
ping the strand around the carrier wire, a synchronous
motor for driving the winding head to withdraw the strand
under tension, means for adjusting the torque motor to
vary the tension in the strand, and means responsive to
the voltage produced by the generator when the strand
breaks for stopping the carrier wire advancing means.

3. A serving head for applying a strand to a moving
carrier wire which comprises a cylindrical shaft having a
longitudinal bore therein mounted coaxially with the mov-
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ing wire, a conical end portion' formed on the shaft, a
strand channel guide secured to the face of the conical
portion of the shaft and extending along the longitudinal
axis thereof for receiving a strand to.be wrapped about
the moving carrier wire, the cylindrical shaft having a
slot therein which begins at the point where the conical
portion of the shaft begins on the cylindrical ‘shaft, the
slot extending at am angle of 45 degrees to' the longi-
tudinal  axis of the shaft- and more than 180 degrees
around the circumference of the shaft, said slot being
cut to. a depth beyond the longitudinal axis of the shaft,
a motor connected to the shaft for rotating said shaft
whereby the strand is pulled- through the channel guide
and along the bottom of the slot where it is applied to
the moving carrier wire at an angle of 45 degrees there-
with when the serving head is rotated.

4. A winding head for applying a strand to a moving
carrier wire from an independently driven strand supply
bobbin mounted coaxially with the carrier wire which
comprises a hollow, cylindrical shaft mounted coaxially
with the carrier wire, said shaft having a conical-shaped
end portion adjacent the strand supply bobbin, a chan-
nel guide secured to said conical end portion of the
shaft and extending above the supply bobbin to receive
the strand as it is payed from the strand supply bobbin,
the cylindrical portion of the hollow shaft having a slot
therein at an angle of 45 degrees with respect to the
longitudinal axis of the shaft for guiding the strand onto
the moving carrier wire as it passes along the longi-
tudinal axis of said shaft, and a motor connected to said
shaft for rotating the shaft to wrap the strand about
the moving carrier wire at an angle of 45 degrees with
respect to the carrier wire.

5. In a wire wrapping apparatus, a bobbin for sup-
porting convolutions of strand material, said bobbin hav-
ing an axial bore, means for supporting a supply of
wire, means for advancing a wire through said axial
bore, a wrapping unit comprising a shaft flaring into a
conical head at one end thereof, means for mounting
said head to position the base of the conical head next
to a side of said bobbin, said shaft being provided with
an axial bore to receive the wire, a guide extending along
the side of said conical head for receiving the strand,
said shaft having a slot formed therein to extend at a
45-degree angle with respect to the axis of the shaft for
receiving the strand emanating from the guide, said slot
extending beyond the axis of the shaft and intersecting
the axial bore in said shaft, a torque motor for urging
the bobbin to rotate in a direction opposite to the di-
rection that the convolutions of strand are laid on the
bobbin, means for rotating the wrapping unit in the same
direction as the bobbin to unwind the strand from the
bobbin to permit the torque motor to rotate the bobbin,
and means rendered effective by the breaking of the
strand and the speeding up of the torque motor for in-
terrupting said rotating means.

6. Wire handling apparatus for maintaining a constant
tension in a wire as it passes between a takeup spool and
a wire supply spool which comprises a first torque motor
for opposing rotation of the wire supply spool, a genera-
tor driven by the first torque motor, the output voltage
of which is a function of the speed of the first torque
motor, a capstan disposed between the wire supply and
takeup spools, the wire being looped about said capstan,
a synchronous motor for driving the capstan at a con-
stant speed to draw the wire from the supply spool under
tension, a second torque motor for driving the takeup
spool against the tension in the wire resulting from the
friction between the capstan and the wire and the effect
of the first torque motor, the tension in the wire acting
as a load on the second torque motor, means for adjust-
ing the first and second torque motors to maintain the
desired tension in the wire, a generator driven by the
second motor for producing a signal voltage which is a
function of the speed of the second torque motor, an
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amplifier for receiving the voliages produced by the
generators which is biased so as to conduct only when
the generator voltages rise above a preselected value as
determined by the tension in the wire, and relay means
connected to said amplifier for stopping the wire handling
apparatus when the wire breaks to remove the load on
the second torque motor.

7. A wire wrapping machine for applying a tensioned
strand- to a moving carrier wire which comprises means
for advancing a carrier wire, a strand supply bobbin
mounted coaxially with the carrier wire, a first means for
driving the bobbin, a generator driven by said first driving
means for producing a voltage proportional to the speed
of said first driving means, means for receiving a strand
from said bobbin and for wrapping the strand around
the carrier wire, a second means for driving said re-
ceiving and wrapping means relative to said bobbin to
withdraw the strand from said bobbin under tension, and
means responsive to the voltage produced by the genera-
tor for stopping the carrier wire advancing means when
the fension in the strand falls below a predetermined
amount,

8. A wire wrapping machine for applying a strand
to a moving carrier wire which comprises means for ad-
vancing the carrier wire, a strand supply bobbin mounted
coaxially with the carrier wire, a motor for rotating the
bobbin, a generator driven by said motor which produces
a voltage output proportional to the speed of said motor,
a wrapping unit mounted adiacent said bobbin and con-
nected to said bobbin by said strand, means for rotfating
said wrapping unit in the same direction as said bobbin
to wrap the strand on said wire, and means responsive
to the voltage from said generator for stopping the ad-
vancing means when the strand breaks and releases the
connection between the bobbin and said wrapping unit.

9. A wire wrapping machine for applying a strand to
a carrier wire which is moving from a supply spool to
a takeup spool which comprises a first means for driving
said supply spool, a first generator driven by said first
means, a second means for driving said takeup spool, a
second generator driven by said second driving means,
a strand supply bobbin mounted coaxially with the car-
rier wire, a third means for driving said bobbin, a third
generator driven by said third driving means, a wrapping
unit mounted adjacent said bobbin and coaxially with the
carrier wire for receiving the strand from said bobbin
and wrapping the strand around the carrier wire, a fourth
means for driving the wrapping unit to withdraw the
strand from the bobbin, and means rendered effective
when the strand or wire breaks and responsive to the volt-
age produced by the first, second, and third generators
for stopping the first, second, third and fourth driving
means.

10. A wire wrapping machine for applying a strand to
a carrier wire which comprises means for advancing the
carrier wire, a strand supply bobbin mounted coaxially
with the carrier wire, a first motor for driving the bobbin,
a generator driven by said first motor for producing a
voltage proportional to the speed of said first motor, a
wrapping unit for receiving a strand from said bobbin and
for wrapping the strand around the carrier wire, a sec-
ond motor for driving said wrapping unit at a faster speed
than said bobbin to tension the strand, means for ad-
justing the first motor to vary the tension in the strand,
and means responsive to the voltage produced by the gen-
erator when the tension in the strand falls below a pre-
determined value for stopping the advancing means.

11. A wire wrapping machine for applying a strand
to a carrier wire which is passed between a supply spool
and a takeup spool which comprises a first motor for
driving said supply spool, a first generator driven by said
first motor for producing a voltage proportional to the
speed of said first motor, a second motor for driving said
takeup spool to tension said wire, a second generator
driven by said second motor for producing a voltage pro-
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portional to the speed of said second motor, a strand sup-
ply bobbin mounted coaxially of said wire, a third motor
for driving said bobbin, a third generator driven by said
third motor for producing a voltage proportional to the
speed of said bobbin, a wrapping. unit mounted coaxially
of said wire and adjacent said bobbin for receiving the
strand from said bobbin and wrapping the strand about
the carrier wire, a fourth motor for driving said wrapping
unit at a greater speed than said bobbin to tension the
strand between said wrapping unit and said bobbin, means
for adjusting the third motor to vary the tension on said
strand, and means responsive to the voltage from said
first, second, and third generators for stopping said first,

10
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second, third, and fourth motors when the tension in the
wire or strand decreases to a predetermined value.
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