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[57] ABSTRACT

Methods for manufacturing a dual interlocked safety
spring assembly for minimizing the dangers resulting
from spring breakage, in which two or more springs
operating primarily in parallel are interlocking along
their length so that upon the breakage of one of the
two springs at a point, the broken spring will interlock
with the intact spring and still contribute significantly
to the magnitude of the remaining total spring force,
and methods and machines for the manufacture of
such springs.

8 Claims, 13 Drawing Figures
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METHODS OF MANUFACTURING DUAL
INTERLOCKED SAFETY SPRING ASSEMBLIES

CROSS REFERENCES

This application is a division of application Ser. No.
427,495 filed Dec. 26, 1973.

SUMMARY OF THE INVENTION

This invention arose in response to the need to re-
duce the risk that the accelerator-return or “carbure-
tor” spring in an automobile would break and result in
a dangerous run-away of the vehicle. Work was done,
including work by others, in utilizing two springs which
operated independently of each other in parallel, in-
cluding an arrangement in which a smaller tension coil
spring was inserted coaxially within a larger tension coil
spring the inner diameter of which was greater than the
diameter of the inserted spring. The difficulty of the
dual independent spring arrangements was in the mag-
nitude of the change of the resulting force (at any given
defelction) which occurred when one of the two
springs broke. If each of the two springs was made
strong enough to insure that it alone would close the
throttle against the friction of the throttle-linkage sys-
tem, the spring force which the driver had to overcome
in operating the accelerator pedal in normal use was
excessive. If the force which the driver had to over-
come was reduced to a feasible value, then the return
force when one spring broke was not adequate to in-
sure full closure of the throttle.

In the present invention, the plural springs are inter-
lockable so that if any one spring breaks at a point, the
residual portion or portions of the broken spring will
act on and through the intact spring to provide a restor-
ing force substantially exceeding that of the intact
spring alone. ‘

DESCRIPTION OF THE DRAWINGS

FIG. 1 is an clevational view of a dual tension safety
spring assembly embodying certain of the principles of
the present invention;

FIG. 2 is a view of the spring assembly of FIG. 1 when

that spring assembly is tensioned to an elongated posi-
tion; ) . ‘
FIG. 3 is a view of the tensioned spring assembly of
FIG. 2 with one of the two springs broken in the hook-
length shank. illustrating the interlocking of the
springs;

FIG. 4 is a view of the tensioned spring assembly of
FIG. 2 with one of the two springs broken in the body
of the spring, illustrating the interlocking of the springs;

FIG. 5 is a view of the tensioned spring assembly of
FIG. 2 with both of the springs broken at different
points in their bodies;

FIG. 6 is a view of the dual tensioned spring assembly
of FIG. 1 with the two springs having been moved in
lateral translation, to illustrate the interlocking of the
springs;

FIG. 7 is an clevational view, in cross section, of an-
other form of spring assembly embodying certain of the
principles of the present invention;

tion, of another form of spring assembly embodying
certain of the principles of the present invention;
FIG. 9 is an clevational view of a dual compression

spring;
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FIG. 10 is a schematic representation of one form of
suitable machine for forming the dual safety springs of
FIG. 1;

FIG. 11 is a schematic representation of another
form of suitable machine performing the dual safety
springs of FIG. 1; and

FIGS. 12A and B are schematic representations of a
portion of a machine for forming the loop ends of th
dual safety spring of FIG. 1. ‘

DESCRIPTION OF THE INVENTION

The dual safety spring of FIG. 1 comprises two heli-
cal tension springs 10 and 12. Spring 10 includes a
body having a plurality of turns 10q, 104 . . . 10y, 10z,
an upper shank portion 14 terminating in a loop or
hook 16, and a lower shank portion 18 terminating in
a hook 20. In the illustrated preferred arrangement, the
shanks bend from the body at points essentially verti-
cally aligned with one another (at approximately the
same location on the circumference on the body of the
spring) and those shanks are inclined towards the cen-
tral longitudinal axis of the body of the spring to center
the hooks or loops 16 and 20 approximately along the
longitudinal axis of the body of the spring. That ar-
rangement is preferred when the springs are used as
tension accelerator-return springs in an automotive
throttle system. Spring 12 is similarly provided with a
plural turn body, an upper shank 22, an upper hook 24,
lower shank 26 and lower hook 28, as may best be seen
in the view of FIG. 6 in which the springs are partially
separated. The hooks serve as connection means to
connect the spring between connecting points in the
apparatus.

In the arrangement illustrated in FIG. 1, the body of
each spring is essentially in the form of a helix, with the
two helixes being substantially coaxial. Further, the two
coils are fully interleaved so that the two helixes are
non-intersecting and essentially parallel to one another
throughout their lengths. As may more clearly be scen
in the view of FIG. 2, in which the hook portions-of
springs 10 and 12 are placed around anchors or con-
necting points 30 and 32 which are positioned to ten-
sion the springs, the turns of one coil do not cross the
turns of the other coil but remain substantially parallel
thereto. The important matter in the embodiment of
FIG. 1 is that the turns of one coil be interleaved and
interlocked or interlockable with the turns of the other,
which is to say that the two coils cannot be separated
by moving them in translation with respect to one an-
other. This is illustrated in FIG. 6 in which the springs
10 and 12 of FIG. 1 have been pulled apart laterally as
far as possible and in which each of the individual turns
of each of the springs extend through and is locked with
a companion or counterpart turn of the other coil. Sim-
ifarly, two nested springs which are of such different
sizes that one can simply be withdrawn from the other
by longitudinal translation are not interleaved or inter-
locked as those expressions are used in this document.
Springs 10 and 12 in the FIG. 1 construction can be
manually separated, (without breaking them) by un-
screwing one from the other, that is, by rotating one
about its longitudinal axis relative to the other (keeping
the loop ends disentangled in the process).

With the springs 10 and 12 under tension (in normal
use, to a lesser degree than is illustrated in FIG. 2), the
two springs are operating primarily in parallel, and
cach spring is exerting a force tending to move anchors
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30 and 32 towards one another. In the suggested utili-
zation of the systems, one of the connecting means 30
and 32 could be a fixed (or adjustably fixed) anchor in
an automobile, and the other could be a point on the
carburetor or throttle linkage to cause the spring to
urge the throttle to a closed or idle position. Even when
both springs are intact, as illustrated in FIG. 2, the total
force exerted at given deflection may exceed, to a de-
gree, the sum of the forces of the independent, sepa-
rated springs, due to rubbing engagement between the
two springs and the coefficient of friction between the
engaging surfaces, that is, there may be some force-
transfer or series-connection effect. However, that fac-
tor is not of major importance and may not be of signif-
icance in a particular application.

With two conventional paralleled springs, the break-
ing of one results in a reduction to zero of the force
contributed by the broken spring, and the total return
spring force drops to that exerted by the remaining
spring. However, with the illustrated interlocked
springs, breakage of one of the springs at a point in its
length results in at least a portion of the broken spring
continuing to exert a significant spring force, acting
through the remaining intact spring. Thus, if spring 10
in FIG. 2 ruptures at the shank 14, the loop end 16 will
likely fall off the anchor 30 (and such is assumed in the
illustration ) but turn 10« interlocks with the uppermost
turn of coil 12 and the other turns of spring 10 are, in
the illustrated arrangement, correspondingly interiock-
ing or interlockable with turns of coil 12. As a result,
the remaining major portion of spring 10 remains under
substantial tension and is still exerting a meaningful

force as an element of the total force operating be-

tween anchors or connecting points 30 and 32. The re-
maining portion of spring 10 is now operating effec-
tively in series with at least the upper turn and shank
22 of spring 12 and, to a degree, the frictional engage-
ment between the other interlocked turns can be
viewed as a complex series-parallel relationship. As il-
lustrated, the severed spring tends to kick out laterally
as a result of the severing or breaking, to establish the
requisite interlocking contact, but the relative lateral
movement terminates, at the remaining upper turn,
when the interlocking contact occurs.

FIG. 4 is a pictorial representation of the FIG. 2
springs if one of the two springs is' broken approxi-
mately at the middle turn of the coil. Thus, when spring
12 was cut at about its center, in a tested unit, the sev-
ered portions tended to deflect laterally and to separate
along the intact coil to some extent. But the remaining
severed portions of spring 12, now operating in series
with portions of spring 10, are still tensioned and are
still contributing a return force, for safety. It is theo-
rized that after rupturing of the nature of that illus-
trated in FIG. 4, the ruptured spring tends to unwind in
response to the tensioning forces and that it is the coef-
ficient of friction and force of engagement between the
interlocked turns which controls the extent of unwind-
ing and hence the magnitude of the increase of rate
over that of the residual intact spirng alone.

It is intended of course that if either coil breaks, the
entire assembly be promptly replaced, for safety. How-
ever, there are circumstances in which an effective re-
turn force would still be obtained even in the wholly re-
mote event that both springs broke. Thus, in FIG. 5,
both springs 10 and 12 were severed in their body por-
tions, and the illustration depicts how the interlocking
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and intertangling of the turns results in a continuing ap-
plication of a restoring force. That force is less than
that exerted under the circumstances of FIG. 4, but far
greater than if the two non-interlocking parallel springs
both broke in their body portions, for in that case the
restoring force would drop to zero.

As above noted, the important factor is that the turns
be interlockable so that upon rupture of one spring, the
two springs cannot merely separate in translation and
so that the ruptured spring will continue to exert a
meaningful restoring force, acting through its mate. For
that purpose, it is clear that the springs do not have to
be made of round wire, and do not have to be of wire
having identical shapes or sizes or other characteristics.
Further the hook ends need not be exactly parallel, but
may be crossed over in assembly without impairing the
functioning of the unit, as is illustrated in certain of the
drawings. Further, the coil springs do not have to be
truly ‘““helical” in the narrow sense, in that they do not
have to have a uniform pitch or precisely the same
pitch as long as there is adequate interlocking. Simi-
larly, they do not have to be precisely helical in the nar-
row sense, in that the coils could be tapered, barrel
shaped, hour glass shaped, or otherwise, and both need
not be identical. It will be apparent that while two
springs should provide all of the additional factors of
safety reasonably required, three or more mutually in-
terlocked springs could be employed if desired.

While the numbers will vary widely in accordance
with the character of the springs, examples of tested
units, illustrating the above-described synergistic ac-
tion will be given. In one test of groups of pairs of
springs for use on a certain type of automobile, the
maximum return force for the two interlocked springs,
with both intact, was about 5.2 pounds. When one of
the coils in each pair was severed, the force at that de-
flection did not drop in half, but rather reduced be-
tween one-half of a pound and 1 pound.

In another test a dual interlocked spring of the type
shown in FIG. 1 was extended 0.650 inches from its
free length, requiring a force of 3 pounds to do so. One
spring was then cut about in the middle of the body
(correlative to the FIG. 4 showing). The force exerted
by the interlocked spring combination, at that deflec-
tion, dropped but 1 ounce. As a test, the upper half of
the severed spring was then unscrewed from the intact
coil and discarded. The force required to deflect the
remaining assembly the above amount was 1 pound 15
ounces. The remainder of the severed spring was then
removed and discarded. The force to deflect the single
intact spring 0.650 inches was 1 pound 7% ounces.

As another test, a different dual interlocked spring
assembly was extended to a 7 inch length, requiring a
force of 3% pounds to do so. One spring was then sev-
ered at the hook (correlatively to the illustration of
FIG. 3). The same deflection required a force of 3
pounds.

It will be observed that when both of the springs 10
and 12 are intact and under tension, as illustrated in
FIG. 2, the two springs are acting primarily in parallel
between the connecting points 30 and 32, any series ef-
fect resulting from the scrubbing engagement between
adjacent turns of the two springs being of minor signifi-
cance. The rate of each of the springs is selected so that
their combined rate will be that desired in the ultimate
utilization. For example, if the dual safety spring is uti-
lized as an accelerator return spring for an automobile,
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the rate of the combination or system of springs 10 and
12 is selected to give the desired return force on the ac-
celerator pedal during the period that both springs are
intact. If spring 10 breaks in a shank, as illustrated in
FIG. 3, an interlocking engagement occurs between
‘turns at the upper end of spring 10 and turns of spring
12, the primary interengagement, in the illustrated ar-
rangement, occurring between the first and second

" turns at the upper end of spring 1§ and the upper turn
of spring 12. As a result, the lower portion of spring 10
continues to operate primarily in parallel with the
lower portion of spring 12, but spring 10 is also acting
effectively in series with at least a portion of spring 12,
and particularly, with the upper portion including the
upper turn and shank of spring 12. The rate of the re-
sulting FIG. 3 system is, of course, much greater than
the rate of the intact spring 12, alone.

Similarly, if spring 12 breaks in the middle, as is illus-
trated in FIG. 4 of the drawings, the lowermost turn or
turns of the upper section of spring 12 establish a lock-
ing interengagement with adjacent turns of the spring
10 so that while the upper portion of spring 12 is oper-
ating effectively in parallel with the upper portion of
spring 10, it is also acting the series, by virtue of the
new locking interengagement, effective in response to
the breaking, with the center and lower portion of
spring 10. The reverse is, of course, true as to the rup-
tured lower portion of spring 12.

In the more complex circumstance in which both
springs rupture in their bodies, as illustrated in FIG. 5,
it will be seen that the upper portion of spring 12 effec-
tively acts in parallel with the upper portion of spring
10, but also acts effectively in series with the lower por-
tion of the upper half of ruptured spring 10, and with
the lower half of spring 12, and the lower portion of
spring 10 is acting effectively in parallel with the lower
portion of spring 12 but is effectively acting in series
with the upper portion of the bottom broken part of
spring 12 as well as in series with the remainder of it-
self, including shank 14. Thus, while the two springs
tend to operate primarily independently and in parallel
when they are both intact, and while they are in inter-
locked or interlockable condition, prepared for actual
interlocking engagement upon the rupture of either, it
is only upon the rupture of the spring that the actual
forceful engagement occurs which converts at least a
portion of the broken spring into series relationship
with at least a portion of the intact spring to insure that
the rate of the system will not reduce to the rate of the

remaining intact spring upon rupture or breakage of .

one of the springs.

The dual interlocked spring of FIG. 1 can be manu-
factured by forming the two springs independently,
aligning them end to end, and then screwing them to-
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ter. If, however, two séparate coil springs are manufac-
tured and then interassembled by aligning them verti-
cally side by side and then forcing them together in lat-
eral translation, interdigitating the turns, a spring of the
nature of that illustrated in FIG. 7 will result. A close
study of springs thus assembled, particularly if they are
not under tension, will show that each turn of one ap-
pears to cross a cofresponding turn of the other at two
points in each turn. Yet the two springs are not inter-
locked, as that term is used herein, since the two
springs can again be pulled apart in lateral translation,
or, more importantly, they will tend to separate later-
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ally if one is broken while the springs are under tension,
so that the broken spring will not contribute meaning-
fully, if at all, to the total spring force. FIG. 7 illustrates
how two springs 34 and 36 thus assembled can none-
theless be forced to act as safety springs by inserting
them within a tubular retainer or sleeve 38 extending
over a major portion of the lengths of the springs and
having an innerdiameter substantially less than the sum
of the outer diameters of the two springs 34 and 36.
The retainer or sleeve 38 prevents the lateral separa-
tion of the springs which would otherwise occur if one
thereof broke while the assembly was under tension. In
that manner, the two springs can be forced to remain
somewhat entangled so that the spring rate does not
drop in half if one of the springs breaks. A similar result
can be achieved by applying short clips 40 to adjacent
turns of the two springs 34 and 36 at selected points in
their bodies, as is illustrated in FIG. 8. However, the in-
terlocked arrangement of FIG. 1 is preferred.

Tests have shown that improved safety also accrues
when the interlocking turn concept is applied to com-
pression coil springs. As is illustrated in FIG. 9, two he-
lical compression coil springs 42 and 44 (shown offset
for clarity) are formed with substantially identical di-
ameters, so that they cannot be separated in vertical
translation, and are interwound so that their turns will
interlock upon lateral displacement resulting, for ex-
ample, from rupture of one of the springs. The com-
pression coil spring of FIG. 9 can be made in accor-
dance with the teachings of FIGS. 10 and 11, by adjust-
ing the pitch. While some improvement in safety can be
effected with compression springs, the primary princi-
ples of the invention are directed to tension springs
such as those of FIG. 1.

The manufacture of the interlocked dual springs
using a modified conventional torsion coiler is illus-
trated in FIG. 10 of the drawings. Since the principles
of conventional forms of such coilers are well known,

-the representation is schematic in order to best teach.

the modifications to those skilled in the art. it will be
appreciated that any given coiler may have fewer or
more elements, including fewer or more guide ele-
ments, and that the attitude or orientation of the vari-
ous parts may be varied.

The back wire guide 50 on the machine, which re-
ceives the two wires 52 and 54 from the source, com-
prises a base portion 54 and a cap portion 56, one of
which (representatively the base) is grooved at 58 to a
depth of about one diameter of each of the wires 52-54
and to a width of about two wire diameters, the dimen-
sions being selected to position the two wires in hori-
zontal (in the illustrated arrangement) coplanarity and
in abutting, or substantially abutting, side-by-side rela-
tionship. The groove 58 is preferably formed by milling

‘or the like. It could be formed as a double cylindrical

hole in a solid block 54-56 by drilling or the like, but
the splitting of the block and the grooving of one or two
surfaces thereof is preferred. The two parts 54-56 of
the guide are clamped, bolted or otherwise secured to-
gether in any suitable manner.

The back wire guide 60 on the feeder is illustrated as
being of a different construction, to teach that alterna-
tive. A round rod is fongitudinally split (or the two por-
tions are otherwise formed) to form halves 62 and 64,
one of which is grooved at 66 pursuant to the foregoing
teachings. The portion 62 and 64 are then held to-
gether by a tightly fitting sleeve 68.
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The wire feed gripper 70 is conventional, and serves
as a one-way dog to freely permit the wires to travel to
the right (in the view of FIG. 10) but to prevent retro-
grade movement of those wires.

Front wire guide 72 on the feeder does or may corre-
spond to guide 60. :

The wire feeding clamp assembly 74 serves the func-
tion of selectively grasping the pair of wires, advancing
them to the right (in the view of FIG. 10) a selected or
preselected distance, then releasing the wires and
translating back to the left in preparation for regrasp-
ing, to advance another length thereof. It is conven-
tional except for the modification of the forming of a
groove therein of the dimensions above discussed, as is
illustrated at 76.

Center wire guide 78 on the machine may be correla-
tive to the other guides hereinbefore discussed. How-
ever, for purposes of illustration, it is shown as consist-
ing of two portions 80 and 82, with portion 80 being
provided with a groove 84 about one-half of a wire di-
ameter in one diameter and about two wire diameters
in the other dimension, and with plate 82 being pro-
vided with a corresponding groove 86. The two plates
80 and 82 are held together in any suitable fashion,
with grooves 84 and 86 in registration. It will be per-
ceived that the dimension-of the grooves could be re-
versed, rotating the portions 80 and 82 ninety degrees
if desired.

Front wire guide 88 on the machine is or may be cor-
relative to guide 60, above described, except that it is
designed to cooperate, as a shearing element, with the
cutoff tool 90, to sever the wires.

Hold down arm 92 is a wire positioning device. It is
provided with a guiding groove 94 which is illustrated
to be semi-circular in cross section, although it is again
contemplated that it may be rectangular in cross sec-
tion if desired. The hold down is representative of a
final means (which may take the form of the front wire
guide 88 instead, if it is adequately close to the arbor
96) for keeping the wires closely together against any
tendency (which tends to exist) for the wires to sepa-
rate as they approach the coiling arbor 96. With signifi-
cant distances between the arbor 96 and the front wire
guide 88, hold down arm 92 also helps to keep the
reach of wires between those elements from bowing
under the torque applied thereto by the arbor 96 during
the coiling operation. The distance between the cutoff
tool 90 and the arbor 96 is selected in accordance with
the trailing hook-wire length, and with short hook-wire
lengths, the front wire guide 88 may be close enough
to the arbor 96 to effectively perform the functions of
the hold down arm 92.

The assembly including arbor 95 and collar 98 is a
conventional tool on a torsion coiler and is modified
only in configuring the jaw or slot or grasping portion
(normally on the collar 98) to permit it to accommo-
date and hold the double wires, in accordance with the
above-discussed principles.

Wire stop 100 is sct to be engaged by the ends of the
wires during infeed, to control, by its relation to arbor
96 the leading-cnd hook-wire length.

In use, the wire feeding clamp 74, in a retracted (left-
ward) position, clamps to the pair.of wires, pulling trail-
ing portions of those wires through the elements 50, 60,
70 and 72 and pushing leading portions of those wires
through elements 78, 88 and 92, through the wire slot
in collar 98 and into abutment with wire stop 100. It
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then unclamps to free the wires for further travel (in a
rightward sense in FIG. 10).

The arbor 96 then rotates about its longitudinal axis
and translates generally toward the reader (in the illus-
trated view) along its longitudinal axis, to form the dou-
ble wound single layer coil or array thereon, that arbor
pulling wire from the source and through elements 50,
60, 70, 72, 78, 88 and 92 in the process. At the end of
the coilig, the cutoff tool 90 is actuated to sever the
wires at the proper trailing-end hook-wire length. The
spring is removed and the operation is repeated. The
ends of the dual springs may then be looped as de-
scribed hereinafter.

The manufacture of the dual springs using a modified
automatic coiler, to illustrate another one of the possi-
ble ways to manufacture the dual springs, is illustrated
in FIG. 11 of the drawings. Since the principles of such
coilers are well known, the representation is schematic
in order to best teach the modifications to those skilled
in the art. Again, fewer or more elements may be em-
ployed in any given machine.

The two wires 52’ and 54’ are fed from a source
through a preliminary block guide 102. To illustrate an-
other mode of modifying a wire guide, in this case the
normal guide is effectively slit lengthwise (or made
from two parts) and a mating groove is formed in each
of those faces. In the illustrated arrangement, each
groove is about one-half of a wire diameter high and
about two wire diameters wide with the longitudinal
edges of each group curved to about the radius of the
wire. The two parts are then secured together in any
suitable manner, with the groove halves in registration.

Feed rolls 104 and 106, as well as feed rolls 108 and
110, drive the wires. Their surfaces may be grooved or
notched to serve as circumferential guiding means to
guide the dual wires and hold them accurately in their
proper interrelationship, as is illustrated by the grooved
surfaces of each of those feed rolls. .

An intermediate block guide 112 is or may be situ-
ated between the sets of feed rollers, and a final block
guide 114 is situated at the outfeed end of rolls
108-110. Each such block guide is or may have its re-
spective groove 116 or 118 conformed in any of the
ways previously described.

The feed rolls feed the two wires together through
the final block guide 114 and through the lower block
guide 120 to the coiling point 122 which concurrently
forms the wires into the double wound single layer coils
about arbor 124. The lower block guide 120 (and the
coiling point if desired) is again grooved and con-
formed in accordance with the foregoing teachings to
accommodate the dual paralleled wires and retain them
in their desired coplanar abutting or essentially abut-
ting relationship. It will be appreciated, of course, that
the two wires may be either maintained essentially in
abutment during coiling, or they may be in spaced par-
allefism at the coiling point, particularly if the springs
are to have a pitch greater than the wire diameters.

After the feed rolls have driven an adequate length
of wire through the coiling point, the coil is severed
with the cutoff tool 126. It will also be appreciated that
in accordance with the well known practices in the art,
the fecding and cutting may be performed to provide
leading and trailing hook-wire lengths. Assuming the
latter has been done, the four ends of the wires are then
looped.
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Whether the wires are coiled by the coiler of FIG. 10
or the coiler of FIG. 11, or otherwise, it is preferred
that the two hook-wires at one end of the preferred
spring assembly extend, prior to any looping operation,
.in substantial parallelism with each other, away from
the coil, substantially in the plane of the final turn at
that end, and be generally tangential to the mean diam-
eter of the coil at a point in the circumference of the
coil. The two hook-wires at the other end may be simi-
larly characterized, and it is preferred that the point of
their general tangency to the mean diameter of the coil
be aligned, or nearly so, with the point of general tan-
gency of the hook wires at the other end. Otherwise
stated, it is preferred that the four hook-wire ends, be-
fore looping, lie substantially in a common plane.

For their representative use as a dual accelerator re-
turn spring, the dual spring ends are looped, as previ-
ously noted. A suitable looper mechanism is schemati-
cally represented in FIGS. 12A and B of the drawings.

In the use of that apparatus, the wound double coil
spring is positioned on a plug 130 which is mounted on
a radius bar 132, the outer diameter of the plug prefer-
ably being but enough smaller than the inner diameter
of the coil to permit manual insertion of the coil on the
plug. The dual coil 10-12 is clamped to the plug in any
suitable manner (as by the use of clamping jaws, not
shown) with the projecting ends 14 and 22 of the coil
positioned against a positioning stop 134 which is lo-
cated to position the ends 14 and 22 in a position sub-
stantially perpendicular to a radiused bending surface
136 on radius bar 132, in the position illustrated in
phantom at 138. Bending surface 136 is desirably posi-
tioned in a line intersecting the longitudinal axis of the
plug 130. :

A throw-down arm 140 is then dctuated to exert a
force tending to rotate the pair of ends 14-22 in their
plane but-away from the body of the coil 10-12, so as
to bend both of the ends over the radiused bending sur-
face 136. The engaging end of the throw-down arm is
preferably provided with a positioning notch 142 for
accepting both of the wire ends and holding them in
their abutting, aligned position during the bending.
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wires and to further bend them about the arbor 148,
the stroke of tool 144 terminating short of the path of
movement of tool 152. Again, the end of tool 152 is or
may be notched or slotted to hold the wires in proper
abutting interrelationship. The path and stroke of tool
152 are selected to provide the requisite overbending.
The extent of the preferred final bendmg of the ends is
illustrated in FIG. 1.

It will be appreciated that in each case in which over-
bending has been discussed above, the degree of bend-
ing may be less if the wires are coiled in an annealed
state for later tempering. '

The tools 144 and 152 are then restored to position,
the clamps removed, and the dual coil reversed end for
end, reinserted on the plug 130 and the operation is re-
peated. "

What is claimed is:

1. The method of forming a dual safety interlocked
tension spring which comprises the steps of forming a
first coil spring, forming a second coil spring of similar
pitch and size to said first coil spring, positioning the
springs end to end, inserting an end portion of the end.
turn of one of the springs under an end portion of the
adjacent end turn of the other of the springs, and rotat-
ing the two springs relative to one another substantially
about a longitudinal axis of one of the springs to screw
the springs together the full lengths thereof.

2. The method of claim 1 further including the step
of forming a hook on each end of each of the springs.

3. The method of forming a dual safety interlock ten-
sion spring having connecting means at each end
thereof and connectible between two points in an appa-

" ratus to exert tension forces therebetween which com-
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The throw-down arm 140 deflects the projecting .

ends sufficiently more than 90° so that upon release
thereof, the wire ends will spring back to a position
which is about at right angles to the end turn of the coil.
In a typical practice, this required a total bending of
about 135° As noted, the wire shanks adjacent the
body of the coil, desirably extend at an angle to the lon-
gitudinal axis of the coil (and in a diametric plane of
the coil) to position the hooks approximately at the
longitudinal centerline of the coil, as may be accom-
plished by controlling the course of movement of the
throw-down arm, or by subsequent operations.

The throw-down arm 140 is then retracted, and a
forming tool 144 is transiated from left to right (in the
view of FIGS. 12A and 12B). This performs two func-
tions. First, tool 144 cooperates with surface 146 to
shear the ends 22--14 to correct length. Secondly, con-
tinued translation of tool 144 bends both of the ends
partly around arbor 148, to a generally right angled
bend. The engaging end of tool 144 is preferably pro-
vided with a notch 150 two wire diameters wide (with
a chamfered entry) to hold the wire ends in proper in-
terrelationship during the noted operations.

Thereafter, forming tool 152 is advanced in a path to
engage the right-angle deflected remote ends of the

50

55

60

65

prises the steps of positioning two substantially straight
spring wires in substantial parallelism and in prese-
lected positional relationship to each other, advancing
an initial length of the wires to establish- a straight
length, forming the two spring wires starting at a point
following the straight wire length concurrently into a
substantially single-layer double-wound coil while sub-
stantially maintaining said preselected positional rela-
tionship between the wires during the coiling, and sev-
ering the wires at a point spaced from the completion
end of the coil to establish a further straight length, and
forming all four of the straight lengths to a connecting
configuration.

~ 4. The method according to claim 3 in which said
preselected positional relationship is in side-by-side’
close proximity. -

5. The method according to claim 3 in which said
preselected positional relationship is' in side-by-side
abutment.

6. The method according to claim 3 in which the
straight lengths extend generally tangentially to the
coil, and in which the last mentioned step of forming all
four of the straight lengths to a connecting configura-
tion includes the steps of concurrently bending the
straight length at one end of both wires substantially
90° about a radius and in the region of the tangency to
project those wires in the general direction of the longi-
tudinal axes of the coils, and concurrently forming a
hook at each of the ends of the bent straight length.

7. The method according to claim 6 in which the step
of forming all four of the straight lengths to a connect-
ing configuration further includes the step of concur-
rently bending the straight length at the other end of
both wires substantially 90° about a radius and in the
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region of the tangency to project those wires in the gen-
eral direction of the longitudinal axes of the coils, and
concurrently forming a hook at each of the other ends
of the bent straight lengths.

8. The method according to claim 3 in which the
straight lengths extend generally tangentially to the
coil, and in which the last mentioned step of forming all
four of the straight lengths to a connecting configura-
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tion includes the steps of concurrently bending the
straight length at one end of both wires substantially
90° about a radius and in the region of the tangency to
project those wires in the general direction of the longi-
tudinal axes of the coils but inclined toward the longitu-
dinal axes of the coils, and concurrently forming a hook

at each of the ends of the bent straight length.
* * * * *



