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(57) Abrége/Abstract:

A system for maintaining a predetermined tension of a wire has a rotatable wire supply spool, a motor-driven wire take-up spool,
a motor-drive wire feed spool. The wire Is wound around the supply spool and is also attached to the take-up spool. The wire
also passes partially around the feed spool and a pulley or guide which Is attached to a pivot arm. The pivot arm Is positioned
between the take-up spool and the supply spool. A frictional layer is disposed around the outer circumferential surface of the
feed spool, to prevent the wire from sliding across the frictional layer of the feed spool. The elongated pivot arm that has its free
end positioned against the wire. The pivot arm pivots In response to the differences Iin speed between the supply and take-up
spool. A motion sensor detects motion of the pivot arm and generates a control signal in response. The control signal Is
electrically conducted to a stepper motor. The stepper motor Is electrically connected in turn to the feed spool to establish the
speed of rotation of the feed spool and thereby match the supply spool speed with the take-up spool speed. The pivot arm can
be weighted and oriented at an angle different from its rest position angle to establish the desired tension on the wire.
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wire has a rotatable wire supply spool, a motor-driven wlre

take-up spool, @ notor-drive wire feed spool. The wire 1S

supply spool. A frictional layer 1s disposed around the outer

against the wire. The pivot arm pivots 1in response to the
differences in speed between the supply and take-up spool. A
motion sensor detecté motion of the pivot arm and generates a
control signal in Tresponse. The control signal 1s
clectrically conducted to a stepper motor. The stepper motor
is electrically connected in turn to the feed spool to
establish the speed of rotation of the feed spool and thereby

match the supply spool speed with the take-up spool speed.

desired tension on the wire.
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FIELD OF THE INVENTION

The present 1invention relates generally to tension
control systems. More particularly, the present invention
relates to wire tension control systens. The present
invention particularly, though not exclusively, relates to

sy‘stems and apparatus that control the tension of a wire

during a wire transfer process.

BACKGROUND OF THE INVENTION

order to coat or otherwise process the wire. For instance,
several manufacturing processes exist for coating a wire
substrate with a superconductor material. Examples of such
processes are disclosed in U.S. Patent 5,149,681 for an
invention entitled "Melt Texturing of Long Superconductor

Fibers" assigned to the same assignee as the present

invention.

processing apparatus. Consequently, to ensure that the wire

-..l....
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follows a substantially straight, precise path through the
processing zone, it 1is necessary that the wire be kept 1n
tension as the wire is drawn through the zone.

It is often the case that superconductor fabrication and
other wire processing procedures require the use of a
rélatively thin and sometimes fragile metal wire or ceramic
substrate. This can be unfortunate because, as is well-known,
thin, fragile wire substrates, as well as ceramic
superconductor substrates, typically have a low tensile
strength. Thus, the tension of the substrate must be kept low
enough to preclude breakage or deformation of the substrate
during processing. On the other hand, as discussed above, the
substrate must be kept in sufficient tension to keep the wire
substrate radially aligned as the wire substrate passes
through the processing zone. The present invention
recognizes that the tension of a wire substrate which 1is
passed through a processing zone can be established to ensure
radial alignment of the wire in the zone, while avoiding wire
breakage or deformation.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides a system which

establishes a predetermined tension of a wire during a wire

processing procedure. The present invention also provides a
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system which establishes the tension of a wire to preclude wire
breakage or deformation while the wire passes through a
processing zone. Further, the present invention provides a wire
tension control system which is relatively easy to use and

comparatively cost-effective to manufacture.

A system for establishing a predetermined tension on a
wife includes an apparatus on which are rotatably mounted a
wire supply spool, a motor-driven wire take-up spool, and a
motor-driven wire tension control spool. The respective
motors of the wire take-up spool and the wire tension control

spool have selectable speeds of rotation.

the rotatable wire take-up spool. Consequently, the wire

take-up spool can be rotated to take up wire from the wire

supply spool. Importéntly, as the wire extends between the
wire supply spool and the wire take-up spool, the wire also
passes partially around the outer circumferential surface of
the wire feed spool. A frictional layer, e.qg., rubber or

latex, 1s attached to the outer circumferential surface of the

wire feed spool. This frictional layer allows the feed spool

to effectively grab the wire and pull it off the supply spool.
Thus, the wire can be fed from the wire supply spool to the
wWire take-up spool only when the wire feed Spool is rotated in

the appropriate direction. Consequently, as the wire take-up



Suite 9%0

Sane DIEGCO. CALIFORN:A 92122
TELEPLHONE (619)455-5700

4350 LA JOoua VillAGE DRevg
TeLecOey (6192) 539 98O

10

11
12
®

14

—

15

16

17

18

25

26

Oy e

feed spool pulls the wire form the supply spool at the same
speed as the wire 1s taken onto the take up spool.

To establish the speed of rotation of the feed spool, the

tension control system senses the speed of the take up spool
and establishes the speed of rotation of the wire feed spool
in‘response thereto. More specifically, the tension control
system includes an elongated pivot arm (e.g., a teeter totter)
which has a free end and a pivot end. The pivot arm 1is
rotatably attached to the apparatus at a pivot point. A
curved guide or pulley is attached to the free end of the
pivot arm, and the wire is positioned against the guide or
around thé pulley. Consequently, as the speed of the take up
spool changes with respect to the supply spool, the wire urges
against the guide (and, hence, the pivot arm) and thereby
moves the guide and pi@ot arm. Any tenslon in the system is
provided by the pivot arm itself, by attaching a weight or
spring to the arm.

A 1ight source 1s positioned at a distance from a light
receiver to establish a gap therebetween into which the pivot
arm can swilng. Consequently, the light receiver can generate

a signal which indicates whether the pivot arm is in the gap

and blocking the light path from the light source to the light
receiver. Furthermore, the signal from the light receiver
provides an indication of the position of the pivot arm.

Also, a potentiometer is connected to the pivot end of the

plvot arm to sense the direction of rotation of the pivot end

— -
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1 (1.e., the direction of pivotal motion of the pivot arm).
2 Thus, the potentiometer generates a signal indicative of the
3 direction of rotational motion of the pivot end of the pivot
4 arm.

> : The signals from the potentiometer and the light receiver
6 | ar:e electrically conducted to a microprocessor which processes

; the signals to develop a control signal. In accordance with

8 | the present invention, the control signal is electrically
9 connected to a stepper motor to selectively energize the
10 stepper motor. In turn, the stepper motor is mechanically

1] coupled to a potentiometer which is included in the power

12 supply circuitry of the motor of the wire tension control
13 spool. Consequently, as the stepper motor is selectively
14 energized, the resistive setting of the potentiometer jis
15 adjusted by the steppe.r motor to thereby control the speed of
16 the wire feed spool motor and thus match the speed of the feed
17 spool with the speed of the take up spool.

18 In an alternate embodiment, the wire supply spool is
19 motorized, and a wire feed spool is not used. In this
20; embodiment, the tension of the wire is establishead 3%
91 appropriately preselecting a steady state orientation for the
99 pendulum. Additionally, however, the speed of the wire supply
93 spocl is matched directly with the speed of the take up spool.
294 Also, a second light source and second light receiver can be
25 positioned on the apparatus to sense when the pivot arm is in
2 a substantially free-hanging position or has dropped too low,

-5
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l.e. to sense when there is substantially no tension on the
wire. When the wire 1is slack or broken, the second light
receiver sends a signal to a relay which is included in the
power supply circultry of the motor of the wire supply spool
and the stepper motor, to cause the relay to interrupt power
to the motor of the wire supply spool and thereby prevent
overfeeding of the wire.

The novel features of this invention, as well as the
invention itself, both as to its structure and its operation,
wlll be best understood from the accompanying drawings, taken
in conjunction with the accompanying description, in which
similar reference characters refer to similar parts, and in

which:

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s a schematic view of the novel wire transfer

system of the present invention:

Figure 2 1s a schematic view of an alternate embodiment
of the novel wire transfer system of the present invention;

Figure 3 is a schematic view of the electrical components
of the novel wire transfer system; and

Figure 4 is a table showing the 1logic of the

microprocessor of the novel wire transfer system.
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DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring initially to Figure 1, an apparatus for
controlling the tension of a wire in accordance with the
present 1invention is shown and generally designated 10.
Apparatus 10 1includes a wire take-up spool 12 which is
ro\tatably mounted on apparatus 10. Take—-up spool 12 1is

rotated by a sultable alternating current (ac) or direct

current (dc) motor 14. In the embodiment shown, motor 14 is
a dc motor and is energized through electrical lines 16 and 17
by a power source 18. A manually adjustable variable
resistance potentiometer 20 is connected to 1line 16 to
establish the voltage present on line 16 and thereby establish
the speed éf rotation of motor 14 (and, hence, the speed of
rotation of take-up spool 12).

Figure 1 also shéws that a wire 22 can be attached to
take-up spool 12 by any suitable means, for example by winding
a portion of wire 22 around take-up spool 12. Wire 22 can be
any wire which is appropriate for the particular application
of apparatus 10. For example, in applications of apparatus 10
wherein wire 22 is to be coated with a superconductor
material, wire 22 is an appropriate nickel alloy wire that is
approximately fifty (50) to one hundred fifty (150) microns in
diameter. Alternatively, wire 22 could be a ceramic
superconductor wire which is to be wound around take~up spool

12 incident to a superconductor manufacturing process.

% N o mr e
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1 Still referring to Figure 1, wire 22 is shown wound

2 around a wire supply spool 24. Supply spool 24 is freely
3 rotatably mounted on apparatus 10, and preferably freely
4 rotates with a minimum of rotational friction. Figure 1 also
5 shows that wire 22 passes partially around a wire feed Spool
0 26~, which 1s rotatably mounted on apparatus 10 between supply
7 spool 24 and take-up spool 12. Wire feed spool 26 is rotated
8 by a motor 27.

9 Importantly, a layer 30 of frictional material, e.qg.,
10 rubber or latex, is deposited on or otherwise attached to the

11 outer circumferential surface of wire feed spool 26 to prevent

12 wire 22 from sliding freely over layer 30.

13 Figure 1 further shows that a pulley 32 is fixedly
14 attached to an elongated pivot arm 34, and that pivot arm 34
15 | is pivotably attached‘ to a base 35 on apparatus 10 between
16 | Wire take-up spool 12 and wire tension control spool 26. As
17 shown in Figure 1, guide 32 is configured as a freely rotating
18 pulley, and wire 22 1is positioned against the periphery of
19 ' pulley 32. Pivot arm 34 is attached to apparatus 10 by a
20' pivot pin 36, which extends from pivot end 38 of pivot arm 34.
21 Pilvot pin 36 is rotatably attached to apparatus 10. Figure 1
29 shows that the longitudinal axis of pivot arm 34 is
R substantially normal to the direction of the force of gravity,
24 indicated by arrow 35. Also, the adjustable center tap 41 of
25 a potentiometer 40, shown schematically in Figure 1, 1is
% mechanically attached through linkage 43 to pivot pin 36 and

-8 -~
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1s consequently rotated when pivot pin 36 rotates. Thus, the
output signal of potentiometer 40 on line 82 is adjusted as
pivot arm 34 pivots. To increase or decrease the tension on
wire 22 a fixed force, e.g. a wight 83, can be positioned on
pivot arm 34 on either side of the pivot point.

Importantly, Figure 1 shows that free end 42 of pivot arm
34 1s attached to guide 32, which in turn is in contact with
wire 22. Consequently, as the difference in speed between the
feed spool 26 and take up spool 12 goes positive and negative,
the force of wire 22 against pulley 32 causes free end 42 of
pivot arm 34 to move in the directions indicated by arrows 46
(L.e., counterclockwise) and 44 (i.e., clockwise).

Still referring to Figure 1, a light source 62 is shown
positioned on apparatus 10 on one side of pivot arm 34 and a
light receiver 64 ié shown distanced from source 62 to
establish a gap 63 therebetween. Light source 62 sends a
signal to microprocessor 84 to indicate whether wire 22 has
pulled the pivot arm 34 within gap 63. More particularly,
light source 62 and light receiver 64 are any well-known
optical sensing devices which are positioned on apparatus 10
such that the light path between source 62 and receiver ¢4
will be blocked by pivot arm 34 when the take-up spool 12 is

rotating faster than the feed spool 26. Stated differently,

pivot arm 34 blocks the 1light path between source 62 and

receiver 64 when pulley 32 1is above a predetermined center

point (as disclosed below) 1in the direction of arrow 46.
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Figure 1 also shows that a stepper motor controller 68 i«
included in apparatus 10. Stepper motor controller €8 i< any
sultable stepper motor controller well-known in the art. Dc
power from a power source 111 is conducted to stepper motor
controller 68 through electrical line 70. Stepper motor
Cantroller 68 1n turn relays this dc power through a
microprocessor 84 and a 1line 72 to a stepper motor 74, to
cause the rotor (not shown) of stepper motor 74 to rotate.
The rotor of stepper motor 74 is in turn mechanically coupled
to a shaft 76. Consequently, as the rotor of stepper motor 74
rotates, shaft 76 also rotates. The direction in which
stepper motor 74 causes shaft 76 to rotate is established by

stepper motor controller 68. Shaft 76 is in turn mechanically

coupled to the adjustable center tap of a potentiometer 78.
Accordingly, as shaft 76 is rotated, the resistive setting of
potentiometer 78 is adjusted. The output of potentiometer 78
is sent via line 118 to dc motor 27 of wire feed sSpool 26. In
accordance with well-known principles, the speed of dc motor
27 (and, hence speed of rotation of wire feed spool 26) 1is
established Dby the adjustable resistive setting of
potentiometer 78.

Finally, Figure 1 shows that the electrical signal
generated by potentiometer 40 in response to pivotal motion of
pivot arm 34 is sent via line 82 to a microprocessor 84.

Also, the signal from 1light receiver 64 is sent to

microprocessor 84 via line 66. Microprocessor 84 includes
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various electronic components which will be more fully

disclosed below. Microprocessor 84 is in turn electrically
connected to stepper motor controller 68 wvia line 86, and to
dc motor 27 via 1line 88, for operation to be shortly
disclosed.

Referring for the moment to Figure 2, an alternate
embodiment of the present invention is shown and designated
10a. More particularly, as shown in Figure 2, apparatus 10a
does not have a wire feed spool. Instead, apparatus 10a has
a wire supply spool 24a which is rotated by a motor 25. Motor
25 1s electrically connected to microprocessor 84 via
electrical line 88. Also, apparatus 10a has an elongated
pivot arm 48 which is pivotably mounted on apparatus 10a.
Pivot arm 48 is a pendulum. More particularly, pivot arm 48
includes a pivot pir; 36 which 1is rotatably attached to
apparatus 10a. The center tap 41 of a potentiomgter 40 1is
mechanically engaged with pivot pin 50 through an appropriate
linkage 43. Potentiometer 40 is in turn electrically
connected to microprocessor 84. Free end 42 of pivot arm 48
1s fixedly attached to a curved guide 56. As shown in Figure
2, curved guide 56 is arcuate in shape and defines an open
curve, although it 1is to be understood that guide 56 could

alternatively be shaped as a closed curve, e.g. as a disc or
pulley. Any tension on the wire 22 is created by the force of

the arm 34 hanging at a preselected orientation, i.e. at a

predetermined angle away from the vertical position.
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Wire 22 is shown slidably positioned against guide 56.
It 1s to be understood that pivot arm 48 hangs freely when
there 1s substantially no tension on wire 22, 1.e., pilvot arm

48 1s substantially parallel to the direction of the force of

gravity, indicated by arrow 33 in Figure 2. Accordingly, as
the differences in speed between spool 12 and spool 26

changes, pivot arm 48 moves in the directions indicated by

arrows 46, 44, respectively.

Additionally, Figure 2 shows that a first light source
62a 1s fixedly mounted to apparatus 10a and distanced from a
first light receiver 64a to establish a gap therebetween. As

can be easily appreciated, when first arm 48 enters this gap,

the light circuit between light source 62a and light receiver

64a will be broken to indicate that pilvot arm 48 has exceeded
a predetermined tensibn angle 1n the direction of arrow 44.
Stated differently, the light path between source 62a and
receiver 64a is blocked by pivot arm 48 when the speed of the
take up spool 12 exceeds that of supply epool 24. As shown in
Figure 2, receiver 64a is electrically connected to
microprocessor 84.

Finally, Figure 2 shows that a second light source 62b
and a second light receiver 64b are fixedly positioned on
apparatus 10a to indicate when wire 22 is substantially slack,
or broken. More pa.rticularly, pivot arm 48 interrupts the
light path between light source 62b and receiver 64b when

there 1s substantially no tension on wire 23. Receilver 64b is
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electrically connected to microprocessor 84 to send a signal
to microprocessor 84 which indicates when wire 22 1s

substantially slack. In 1response +to +this signal,

nicroprocessor 84 interrupts power to motor 25 and stepper
otor 74. As the skilled artisan will appreciate, the signal

from light receiver 64Db accordingly causes electrical power to
notor 25 to be interrupted to prevent continued feeding of
wire 22 when take-up spool 12 has stopped or otherwise failed
to take-up wire 22 at a rate which is sufficient to keep up
with supply spool 24.

It is to be understood that the remaindexr of the
components of apparatus 10a are in all essential respects
identical to the correspondingly numbered components of
apparatus 10 disclosed above.

Now referring to Figure 3, the details of microprocessor
84 can best be seen. There, microprocessor 84 is shown to
include an electronic differentiator 90. Different‘iator 90 is
electrically connected to potentiometer 40 via line 82 for the
purpose of electronically differentiating the signal from

potentiometer 40. More specifically, as the difference 1in

speed between the take-up spool 12 and feed spool 26 changes,

i.e., becomes relatively more positive or negative, pivot arm
34 is respectively pivoted in the direction indicated by arrow
46 or 44, in accordance with previous disclosure. This motion

of pivot arm 34 accordingly causes pivot pin 36 to rotate in

the direction indicated by arrows 46 or 44. AS pivot pin 36

_13...
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rotates 1in the direction of arrow 46 or 44, +the resistive
setting of the center tap 41 of potentiometer 40 is adjusted
to respectively increase or decrease the voltage output of
potentiometer 40. An increasing output of potentiometer 40 is
converted to a positive voltage signal by differentiator 90.
On the other hand, a decreasing output of potentiometer 40 is
converted to a negative voltage signal by differentiator 90.
For apparatus 10a, as the differences in the angular
speeds of rotation between spool 12 and spool 24 changes (more
positive or negative), pivot arm 48 is regpectively pivoted in
the direction indicated by arrow 46 or 44. This motion of
pPivot arm 48 accordingly causes plvot pin 36 to rotate in the
direction indicated by arrow 46 or 44, to adjust the center
tap 41 of potentiometer 40. The operation of potentiometer 40

in apparatus 10a is in all other essential respects identical

to the operation of potentiometer 40 in Figure 1, disclosed
above.

Agaln referring to Figure 3, the output signal of
differentiator 90 is amplified by a suitable amplifying
device, such as operational amplifier 92. The amplified
signal from operational amplifier 92 is then electrically

conducted to analog-to-digital (A/D) converter 94. A/D

converter 94 is any well-known device which can digitize the
analog signal from operational amplifier 92. For example, A/D
converter 94 can be an electronic comparator. In accordance

with well-known principles, A/D converter 94 outputs a digital
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"1" signal 1if the analog signal from operational amplifier 92
is positive, and a digital "0" signal if the analog signal
from amplifier 92 1s negative. The output signal from A/D
converter 94 1s then sent to a NAND gate 96. In accordance
with standard NAND gate operation, NAND gate 96 outputs a
diéital "O" signal 1n response to two input digital "iv
signals. Otherwise, the output signal of NAND gate 96 is a
digital "1i“.

Figure 3 also shows that microprocessor 84 includes an
A/D converter 98. A/D converter 98 is electrically connected
to light receiver 64 via line 66 and converts the analog
signal from light receiver 64 into a digital signal. The
analog signal from light receiver 64 (and, hence, the digital
output signal from A/D converter 98) indicates whether pivot
arm 34 1s blocking the light path from light source 62 to
light receiver 64. More particularly, when pivot arm 34
blocks the light path between source 62 and light réceiver 64,
light receiver 64 outputs a "blocked signal to A/D converter
98. 1In turn, A/D converter 98 outputs a digital "0" signal to
NAND gate 96 and controller 68. On the other hand, when pivot
arm 34 does not block the light path between light source 62
and light recelver 64, 1light receiver 64 outputs a "not
blocked" signal to A/D converter 98. In turn, A/D converter
98 outputs a digital "1" signal to NAND gate 96 and controller

68. As shown in Figure 3, the digital signal from A/D

converter 98 1s electrically conducted to NAND gate 96 and
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stepper motor controller 68 via respective electrical lines
102, 86. It is to be understood that light receiver 641 in

the embodiment shown in Fiqure 2 sends a "blocked! signal to

A/D converter 98 when pivot arm 48 blocks +the light path
between source 62a and receiver 64a. Otherwise, receiver 64a

seﬁds a "not blocked" signal to converter 98.

Continuing with the description of the electrical
circuitry shown in Figure 3, a power transistor 104 is shown
electrically connected to NAND gate 96 via line 106, for the
purpose of amplifying the output signal of NAND gate 96. The
amplified output signal of power transistor 104 is in turn
sent to relays 108, 110 via respective electrical lines 111,

89. Relay 108 1is electrically connected to stepper motor

controller 68 via electrical line 114. On the other hand,
relay 110 1is connected between potentiometer 78 and motor 27
via respective electrical lines 118, 88. Relays 108, 110 are
preferably mounted in the housings of microprocessor 84,
Depending on the digital output signal from NAND gate 96
as more fully disclosed below, relays 108, 110 are either both
energlzed to function as respective electrical short circuits
or both deenergized to function as respective electrical open
cilrcuits. Stated differently, NAND gate 96 controls relay 108

(housed within microprocessor 84) to selectively pass dc
voltage from power source 111 to stepper motor 74 through line

70, stepper motor controller 68, line 114, and line 72. Also,

for the embodiment shown in Figure 1, NAND gate 96 controls
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relay 110 to selectively pass dc voltage from power source 18

to wire tension control spool motor 27 through 1line 8o,

potentiometer 78, line 118, and line 88. On the other handg,

Ior the embodiment shown in Figure 2, NAND gate 96 controls
relay 110 to selectively pass dc voltage from battery 18 to

supply spool motor 25 through line 80, potentiometer 78, line

118, and line 88. For the embodiment shown in Flgure 2, photo

receliver 64b is also electrically connected to the output of
the power transistor 104 to disable the transistor 104 angd

thus open relays 108 and 110 when arm 48 interrupts the light

path between source 62b and receiver 64Db.

OPERATION

In the overall operation of apparatus 10, dc motor 14,
shown in Figure 1, 1is énergized from power source 18 to cause
wire take-up spool 12 to rotate. The wire 22 goes from the
take-up spool 22, around the pulley 32 on the inét arm 34,
partially around the feed spool 26, and then to the supply
spool 24. The speed of rotation of motor 14 (and, hence,
Speed of rotation of take-up spool 12) is established by

appropriately adjusting potentiometer 20. In contrast, feed

spool 26 1s 1initially not rotating. Recall that the outer
surface of feed spool 26 has a frictional layer 30 disposed

thereon so that wire 22 does not slide freely over feed spool

¢6. Consequently, as the take-up spool 12 isg rotated, the

pivot arm 34 begins to rise.

v !
!.‘ ',' - i
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As the difference in angular rotational speeds between
spool 12 and spool 26 increases in accordance with the above
disclosure, the difference of speeds causes free end 42 of

pivot arm 34 to move in the direction indicated by arrow 46.

As pivot arm 34 accordingly pivots, pivot arm 34 blocks the

lfght path from light source 62 to light receiver 64. Light
receiver 64 accordingly sends a "blocked" signal to A/D
converter 98, shown 1n Figure 3. A/D converter 98 digitizes
the "“blocked" signal from light receiver 64 and sends a
digital "O" signal to NAND gate 96. Also, as pivot arm 34
pivots in the direction indicated by arrow 46, the voltage
output of potentiometer 40 is accordingly increased. This
increased output signal of potentiometer 40 is processed as
previously disclosed through differentiator 90, operational
anplifier 92, and A/D éonverter 94 and then input as a digital
"1" to NAND gate 96,

It 1s to be understood that the process described above
ls represented at step 1 of Figure 4, which is a table that
represents the logic of NAND gate 96. As seen in Figure 4, at
step 1, NAND gate 96 receives a "O" input form A/D converter
98 and a "1" input form A/D converter 94. In accordance with
well-known principles, NAND gate 96 outputs a digital wiv
signal to relays 108, 110 to close relays 108, 110.
Consequently, the electrical circuit from power source 18 to
feed spocl motor 27 is completed through relay 110, while the

electrical circuit from power source 111 to stepper motor 74
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1s completed through relay 108. Thus, both motor 27 andg
stepper motor 74 are energized when NAND gate 96 outputs a
digital "1'" signal. Importantly, the digital %“o" output

signal of A/D converter 98 is also sent to stepper motor
controller 68 via line 86, shown in Figure 3. The digital

si;gnal from A/D converter 98 causes stepper motor controller
68 To establish the direction of rotation of the rotor (not
shown)‘ of stepper motor 74 (and, hence, the direction of
adjustment of potentiometer 78). When the signal from A/D
converter 98 1is a digital "0", stepper motor controller 68
causes stepper motor 74 to continuously adjust the resistive
setting of the center tap of potentiometer 78 such that the
voltage drop across potentiometer 78 continuously decreases.,
Consequently, the voltage present on lines 118, 88 continually

increases to cause feed spool motor 27 to rotate in the

direction of arrow 122 (shown in Figure 1) at a relatively

faster rate.

As the. speed of rotation of feed spool 26 accordingly
increases with respect to the take up spool 12 speed, the
difference in speeds correspondingly decreases. The upward
motion (in the direction of arrow 46) of the pivot arm 34
decreases to zero motion, when both spools 12, 26 are at the

same speed, and then, as the feed spool 26 speed continues to
increase, the pivot arm 34 begins to move downward, i.e., in
the direction of arrow 44 in Figure 1. This step in the

operation of apparatus 10 is represented at step 2 in Figure

-~10~
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4. As seen 1n Figure 4, the digital signal from A/D converter
94 changes to a "O" in response to the above-described change
of pivot arm 34 direction of motion. Nevertheless, the output

of NAND gate 96 remains a digital "1". Consequently, feed

spool motor 27 remains energized through relay 110, and
stepper motor 74 continues to adjust potentiometer 78 to
increase the speed of rotation of motor 27 (and, hence,
increase the speed of rotation of tension control spool 26).

As the feed spool 26 continues to speed up with respect
to the take-up spool 12, pivot arm 34 continues to move
downward, l.e., in the direction of arrow 44, until arm 34 no
longer blocks the light path between light source 62 and light
receiver 64. Conséquently, light receiver 64 sends a "“not
blocked" signal to A/D converter 98, which causes the digital
output signal from A/D. converter 98 to change from a o' to a
e, This step in the operation of apparatus 10 is
represented at step 3 in Figure 4. The digital signal from
A/D converter 94, however remains "“O", so that the output of
NAND gate 96 remains a digital "1", and relays 108, 110 remain
closed. 1In response to the "1" signal from A/D converter 98,
however, stepper motor controller 68 changes state to cause
stepper motor 74 to reverse the direction of adjustment of the
center tap of potentiometer 78. Accordingly, the voltage drop
across potentiometer 78 increases to cause the voltage present

on lines 118, 88 to decrease. Consequently, the speed of

—~2 00—
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rotation of feed spool motor 27 in the direction of arrow 122
slows.

Accordingly, as the speed of rotation of feed Spool 26
slows, the difference in speed between the feed spool 26 and
take-up spool 12 again decreases until pivot arm 34 again
beigins to move upward, 1i.e., 1in the direction of arrow 46. At
this step in the operation of apparatus 10, indicated at step
4 1n Figure 4, the speed of rotation of tension control spool
26 1s approximately equal to the speed of rotation of take-up
spool 12. AL step 4 of Figure 4, the light path between
source 62 and receiver 64 remains unblocked and, accordingly,

the signal from A/D converter 98 to NAND gate 96 remains a

digital "“1v. The signal from A/D converter 94, however,
changes to a digital "1" to indicate that pivot arm 34 is
again moving upward, ‘i.e., in the direction of arrow 46,

Consequently, the digital signal output of NAND gate 96

changes from a "1% to a “0O", which causes relays 108, 110 to
open. Ac;qordingly, relays 108, 110 respectively interrupt
power to stepper motor 74 and feed spool motor 27. Thus, feed
spool motor 27 stops, and stepper motor 74 ceases to adjust
the center tap of potentiometer 7s8. Consequently, the

resistive setting of potentiometer 78, which corresponds to a

Speed of rotation of feed spool 26 that is approximately equal
to the speed of rotation of take-up spool 12, ceases to be

adjusted by stepper motor 74 at step 4.

-]~



Swite 950

San DIEGO. CasFrOanta S2122
TeLECOPY (619) 535980

TELEP~ONE (619 855 3700

AJ50 LA JOLLA ViILLAGE Dave

10

11

12

13

14

18

19

20

2T

22

23

24

25

20

S ,fﬁ' s E) ol A
: ' SR

Upon the stopping of feed spool motor 27 at step 4, the
pivot arm 34 continues to move upward in the direction of
arrow 46, until pivot arm 34 blocks the light path between
light source 62 and 1light receiver 64. Thls step is

represented at step 5 1n Figure 4. At step 5, the digital

oufput signal of A/D converter 98 changes from a "i1i" to a oY,
which causes the digital output signal of NAND gate 96 to
change from a "O" to a "1". Accordingly, relays 108, 110 are
activated to close, and stepper motor 74 and feed spool motor
27 are respectively energized. Importantly, as disclosed
above, the setting of potentiometer 78 in steps 4 and 5
corresponds to a feed spool motor 27 speed of rotation which
ls approximately equal to the speed of rotation of take-up

spool 1z. Thus, when feed spool motor 27 is energized at step

5, feed spool 26 immedi‘ately begins to rotate at substantially
the same speed of rotation as take-up spool 12,

The subsequent operation of apparatus 10 continues to
cycle through steps 1-5 as described above. After the first

operationai cycle of apparatus 10 incident to apparatus 10

start-up, however, the magnitude of the distance the pivot arm
34 travels during subsequent operational cycles of apparatus
10 1s relatively small and insignificant. Any tension on the
wire 22 now only comes from the welght of the pivot arm 34
ltself. A predetermined, substantially constant tension of
wire 22 is thereby established and maintained by apparatus 10.

It 1s to be further understood that the operation of apparatus
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l | 10a in Figure 2 is in all essential respects identical to the

2 operation of apparatus 10, with the exception that the speed
3 of motor 25 is controlled, instead of motor 27, as disclosed
4 for the operation of apparatus 10. It 1s to be further

4

understood that the predetermined tension on apparatus 10 is

0 established by the downward force (e.g. weight) of pivot arm

; 34, whereas the predetermined tension on apparatus 10a is

8 | established by the angle away from vertical that the pendulum
9 arm 48 hangs, the angle being established by the position of
10 the first optical sensor 62a vis-a-vis receiver 64a.

1] | Additionally, it will be appreciated that in the event

12 that wire 22 becomes slack, €e.g., Irom take-up spool 12
13 stoppage or wire 22 breakage, pendulum pivot arm 48 hangs
14 freely and interrupts the light path between source 62b and
15 receiver 64b., .Receivef 64b sends a signal to relays 108, 110
16 to cause relays 108, 110 to respectively interrupt power to
\ 7 stepper motor 74 and motor 25.

18 While the particular low tension transfer system as
19 herein shown and disclosed in detail is fully capable of
20 obtaining the objects and providing the advantages herein
2T before stated, it is to be understood that it is merely
99 1llustrative of the presently preferred embodiments of the
23 invention and that no limitations are intended to the details
04 Oof construction or design herein shown other than as described
o5 in the appended claims.

20
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CLAIM

1. A system for transterring wire with a predetermined tension, which comprises:

a base;

a first rotatable spool;

a first electric motor for rotating said first spool;

means electrically connected to said first electric motor for selectively establishing a
predetermined rotational speed of said first spool;

a second rotatable spool, said wire being attached to said first and second spools for
feeding said wire from said second spool to said first spool when said first spool is rotated;

a second electric motor for rotating said second spool,

an arm having a pivot point and a free end, said arm movably mounted about said pivot
point on said base adjacent said wire, wherein said free end urges against said wire with a
force and positions said arm 1n a preselected orientation;

a potentiometer electronically connected to said arm for generating a first signal
representative of the direction of motion of said arm;

a position sensor having a light source positioned adjacent said arm and having a light
recerver distanced from said light source to establish a gap therebetween for generating a
second signal when said arm deviates from said preselected orientation and is positioned in
said gap; and

control means electrically connected to said potentiometer, said position sensor and
said second electric motor for establishing a speed of rotation of said second spool in
response to said first and second signals to maintain said pivot arm in said preselected

orientation.

2. A system as recited 1n claim 1 wherein said arm maintains said preselected

orientation in response to said predetermined tension.

3. A system as recited in claim 1 further comprising a weight attached to said

arm to modify said force whereby said free end urges against said wire.
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4. A system as recited in claim 1 wherein said control means includes:

a stepper motor electrically connected to said second motor for establishing said speed

of said second motor; and

a microprocessor electrically connected to said potentiometer, said light receiver, and

said stepper motor for controlling said stepper motor in response to said first and second

signals.

5. An apparatus for controlling the transfer of a wire with low tension, which

comprises:
means for pulling said wire at a predetermined speed, said pulling means including a

first rotatable spool and a first electric motor connected thereto;

means for feeding said wire to said pulling means, said feeding means having a speed

and said feeding means including a second rotatable spool and a second electric motor

connected thereto;
an elongated pivot arm, said arm having a free end and a pivot point, said pivot arm

being positioned adjacent said wire with said free end in contact with said wire and urging
against said wire such that said pivot arm has a preselected orientation, said pivot arm further

being pivotable about said pivot point in response to motion of said wire;

a potentiometer connected to said pivot arm for generating a first signal representative

of the direction of motion of said pivot arm;
a light source positioned adjacent said pivot arm;

a light receiver distanced from said light source to establish a gap therebetween, said

receiver generating a second signal when said pivot arm is positioned in said gap; and

control means electrically connected to said potentiometer, said light receiver and said

feeding means, said control means being responsive to said first and second signals for

controlling said speed of said feeding means to maintain said pivot arm in said preselected

orientation.

6. An apparatus as recited in claim 5 wherein said control means includes:

a stepper motor electrically connected to said second motor for establishing said speed

of said second motor; and
a microprocessor electrically connected to said potentiometer, said light receiver, and
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said stepper motor for controlling said stepper motor in response to said first and second

signals.

7. A method for maintaining a predetermined tension of a wire during a wire

transfer process, comprising the steps of:

attaching said wire to a rotatable take-up spool having a selectable speed of rotation:

attaching said wire to a rotatable speed control spool having an adjustable speed of
rotation;

positioning a pivotable arm against said wire to establish a preselected orientation for
said arm;

rotating said take-up spool to teed wire from said speed control spool to said take-up
spool;

sensing the direction of pivotal motion of said arm from said preselected orientation by
connecting said arm to a potentiometer and generating a first signal representative thereof:

sensing the position of the pivot arm by positioning an optical sensor in juxtaposition
to said arm and generating a second signal representative thereof; and

adjusting said speed of rotation of said speed control spool in response to said first and

second signals to maintain said arm in said preselected orientation.
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