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1. 
My invention relates in general to apparatus for 

forming wire, or the like, into coils and, more par 
ticularly, to an apparatus for forming Spring wire 
into coil springs. - 
A primary object of the invention is to provide 

an apparatus for forming a pre-tensioned Spring, 
i. e., a spring which is in tension when undeflect 
ed and which thus tends to shrink upon itself. 
Another object is to provide such a pre-tensioned 
Spring. 

Coil springs of this character may be formed 
by twisting the spring wire to an extent Suf 
ficient to produce a permanent set therein as the 
wire is coiled, an important object of my inven 
tion being to provide an apparatus which includes 
a simple and improved means for twisting the 
wire as it is fed to a coil forming means. 
Another object of the invention is to provide a 

wire forming apparatus wherein the coil form 
ing means is rotatable and wherein the Wire is fed 
to the coil forming means along a path such that 
the rotation of the coil forming means results in 
twisting of the wire to the desired extent. More 
Specifically, it is an object of the invention to pro 
vide an apparatus wherein the wire to be coiled 
moves along a path which extends in the direc 
tion of the axis of rotation of the coil forming 
means so that the coil forming means rotates 
the wire about the longitudinal axis of the Wire 
as it rotates. A further object is to provide a re 
straining means for preventing such rotation of 
the wire about its own axis at a point spaced from 
the coil forming means so that the wire is twist 
ed intermediate the restraining means and the 
Coil forning means. 

Still another object of the invention is to pro 
vide an apparatus of the foregoing general char 
acter wherein the coil forming means includes a 
rotatable arbor and includes means carried by 
the arbor for coiling the Wire around a mandrel. 
A related object is to provide means carried by 
the arbor for rotating the Wire about its own 
longitudinal axis as it is fed to the coiling means, 
the aforementioned restraining means cooperat 
ing With the wire rotating means to twist the 
Wre. 
An object in connection with one embodiment 

of the invention is to provide a coil forming means 
which comprises a mandrel whose longitudinal 
axis. Substantially coincides with the axis of ro 
tation of the arbor, and which comprises means 
carried by the arbor for guiding the wire along a 
path having a first portion which is substantially 
perpendicular to the axis of rotation of the arbor 
and which leads to the mandrel, and having a 
second portion which substantially coincides with: 
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the axis of rotation of the arbor, whereby the 
coil forming means rotates the wire about its 
own longitudinal axis when the arbor is rotating 
and cooperates with the restraining means to 

5 twist the wire. 
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In another embodiment of the invention it is 
an object to provide a coil forming means where 
in the mandrel around which the Wire is wound 
by the aforesaid coiling means on the arbor is 
perpendicular to the axis of rotation of the arbor 
So... that the mandrel serves as a Wire rotating 
means which cooperates with the restraining 
means to twist the wire fed to the coiling means. 
A further object of the invention is to provide 

an apparatus for forming a continuous coil Spring 
which may be severed into suitable lengths. 
An important object is to provide a spring 

Winder which is capable of twisting the wire to 
be coiled to such an extent that the resulting 
spring has a load-deflection curve which inter 
sects the Zero tension axis at a negative length. 
More specifically, it is an object to provide a 
spring winding apparatus which is capable of 
twisting the Wire to such an extent that the 
tension in the resulting spring, when undeflected, 
approaches the maximum tension therein when 
the spring is fully deflected. An important ob 
ject of the invention is to provide such a spring. 
The foregoing objects of my invention and the 

advantages suggested thereby, together with vari 
ous other objects and advantages which will be 
evident hereinafter, may be attained through the 
employment of the exemplary embodiments illus 
trated in the accompanying drawing and de 
Scribed in detail hereinafter. 

Referring to the drawing: 
Fig. 1 is a semi-diagrammatic view showing a 

Wire forming apparatus which embodies the fun 
damental principles of my invention; 

Fig. 2 is a perspective view showing a coil form 
ing means which forms part of the apparatus; 

Fig. 3 is a perspective view of a mandrel form 
ing part of the coil forming means shown in 
Fig. 2; - - - 

Fig. 4 is an elevational view showing a coiling 
means, or coiling head, and mandrel which form 
part of the coil forming means shown in Fig. 2; 

Figs. 5 and 6 are views illustrating the opera 
tion of the coiling head and mandrel; 

Fig. 7 is a plan view of another embodiment of 
a coil forming means; and - 

Fig. 8 is a diagram showing the load-deflection 
curve of a spring produced by my invention. 

Referring to Fig. 1 of the drawing, I show 
a Spring winding apparatus which includes 
means 5 for feeding wire. 6 from a suitable 
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source (not shown) to rotatable means, indicated 
generally by the numeral it, for forming the 
wire into a continuous coil 8 which may be 
severed periodically to provide coil springs of 
the desired lengths, as by a cutting mechanism 
indicated generally at 9, for example. The 
coil forming means f is rotatable relative to 
Supporting structure indicated generally by the 
numeral 20 about an axis A-A, and the Wire 
6 is fed to the coil forming means along a 

path 2 which extends generally in the direction 
of the axis A-A So that the coil forming means 
rotates the wire about the longitudinal axis of 
the wire. Such rotation of the wire 6 by the 
coil forming means is prevented at a point 
22 spaced from the coil forming means by re 
straining means 23 so that the wire is twisted 
throughout that portion thereof which lies be 
tween the coil forming means and the restraining 
means. Such twisting of the Wire fed to the 
coil forming means results in a pre-tensioned 
coil f8 which tends to shrink upon itself in the 
manner previously discussed herein, provided, of 
course, that the direction of rotation of the coil 
forming means is as indicated by the arrows 
24 in the drawing. It will be apparent that if 
the direction of rotation is reversed, the resulting 
coil will not be pre-tensioned, but will tend to 
extend or straighten itself. 
Considering my spring winding apparatus in 

more detail, in the particular construction shown 
in the drawing the feeding means 3 is adapted 
to push the wire 6 through the coil forming 
means T, although it will be understood that 
I may employ a feeding means which is adapted 
to pull the wire through the coil forming means 
as will be pointed out in more detail herein 
after. Also, in the particular construction illus 
trated the restraining means 23 forms part of the 
feeding means f, i. e., the feeding means per 
forms the function of the restraining means, 
although a separate restraining means may be 
employed if desired. 
The feeding means 5 includes a pair of 

counter-rotating rollers 26 and 27 which re 
ceive the Wire 6 therebetween and which push 
it through the coil forming means , the spacing 
between the rollers, being Such that the rotation 
of the wire 6 which is caused by the coil form 
ing means f is prevented at the point 22 So 
that such rotation is not carried back to the 
source of the wire. Thus, in addition to serving 
as the feeding means, the rollers 26 and 27 
serve as the restraining means 23 SO as to pro 
duce a twist in the wire fed to the coil forming 
means. If desired, an additional pair of counter 
rotating rollers 28 and 29 may be employed for 
feeding the wire 6 through the coil forming 
means 7 and for further preventing twisting 
of the wire back to the Source. 
Although any suitable means for driving the 

rollers. 26 to 29 may be employed, I have shown 
a construction wherein these rollers are all 
driven by a common gear 32 which is meshed 
with gears 33 and 34 on the rollers 2 and 29, 
respectively, the gear 33 being meshed with a 
gear 35 on the roller 26 and the gear 34 being 
meshed with a gear 36 on the roller 28. Con 
nected to the common drive gear 32 is a bevel 
gear 37 which is meshed with a pinion 38, the 
latter being driven by a pulley 39 through the 
medium of a shaft 40. The pulley 39 is driven 
y a pulley 4 through a belt 42, the pulley if 
sing mounted on a countershaft 43 which is 

in by a motor 44 through the medium of 
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a belt 45 trained over pulleys 46 and 47 mounted 
on the countershaft and on the shaft of the 
motor, respectively. 
The coil forming means it includes an arbor 

58 which is supported by bearings 5 carried by 
the Supporting structure 20 as shown in Fig. 1. 
The arbor carries die means 52 for coiling the 
wire 6 around a mandrel 53, and carries means 
54 for guiding the Wire to the coiling means 
along the path 2 so that rotation of the arbor 
results in twisting of the wire throughout that 
portion of its length which lies between the 
coiling or die means 52 and the restraining means 
23. As best shown in FigS. 1 and 2, the guiding 
means 54 may include a pair of plates 55 which 
are mounted on a flat portion 56 of the arbor 
50 and which are connected to the arbor by 
bolts 5, the plates 55 being provided with com 
plementary grooves 55a therein which form part 
of the guide path 2. The arbor 5th is provided 
with an opening 58 on the axis of rotation A-A 
of the arbor through which the Wire is may 
be fed into the grooves 55a in the plates 55. 
As best shown in Fig. 1, the grooves 55a provide 
the guide path 2 with a portion 6 which is 
substantially perpendicular to the axis of rota 
tion A-A of the arbor 50 and which leads to 
the coiling means 52, and provide the guide path 
with a portion 62 which substantially coincides 
With the axis of rotation A-A, the portions 6 
and 52 of the guide path being connected by 
a curved or looped portion 63 which is spaced 
from the axis of rotation of the arbor. 

It will be apparent that causing the wire 6 
to follow the guide path 2 in this manner will 
result in rotation of the wire about its own 
longitudinal axis as the arbor 59 rotates, such 
rotation of the wire being prevented back of 
the point 22 by the restraining means 23. Thus, 
that portion of the wire 6 lying between the 
restraining means 23 and the coiling means 52 
is twisted So that the coiling means produces 
a pre-tensioned coil 8 as Will be discussed in 

To insure that the 
twist produced in the wire 6 in this manner 
will be distributed Substantially uniformly, the 
grooves 55a in the plates 55 forming the guiding . 
means preferably provide a guide passage which 
is a little larger than the wire so that the wire 
Inay rotate freely therein. 
As previously mentioned, the twisted wire fed 

to the coiling means 52 is wound around the 
nandrel 53 to form the continuous coil 3. In 
general, the coiling lineanS 52 includes a coiling 
linenber 85 which is attached to a supporting 
arin 68 by bolts 67, the supporting arm being 
mounted on the flattened portion 56 of the arbor 
in a rigid manner by a bolt 68. The mandrei 
53 is provided with an enlarged shank 69 which 
is disposed in an axial bore it in the arbor 50 
and is rigidly connected to the arbor by the 
bolt 63, which bolt extends through an opening 
if in the shank of the mandrel. 
Considering the structure of the coiling means 

52 in more detail, the shoulder 12 formed by 
the enlarged shank 69 of the mandrel 53 has 
the form of one turn of a helix, the portion 6 
of the guide path 2f for the wire 6 being in 
registry with this helical shoulder so that the 
wire S is required to follow a helical path as 

At the same time, the 
wire 6 engages a curved portion 3 of the coil 
ing member 65 which bends the wire and coils it 
around the mandrel 53 as best shown in Figs. 
5 and 6, the direction of motion imparted to the 
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wire by the feeding means 5 being indicated 
by the arrows 74. As best shown in Fig. 4, the 
curved portion 73 of the coiling member 65 con 
verges in the direction of movement of the coil 
8 along the mandrel 53 to hold the wire against 
the helical shoulder 72 as it is formed around 
the mandrel, the direction of movement of the 
coil along the mandrel being toward the left 
as viewed in Fig. 4. The coiling member 65 
is relieved somewhat, as indicated at 77, to allow 
for spring back of the convolutions of the coil as 
they move axially along the mandrel. 

It will thus be apparent that as the Wire 6 
is fed through the coiling means 52 by the feed 
ing means 5, the helical shoulder 72 on the 
mandrel 53 and the curved portion 73 of the coil 
ing member 65 cooperate to coil the wire f6 
around the mandrel to produce the continuous 
helical coil 8 which may be severed periodically 
into springs of suitable lengths by the cutting 
mechanism i9. It will also be apparent that the 
coiling means 52 will operate to produce the coil 
8 even though the arbor 50 is not rotated, but 
such a coil will not be pre-tensioned whereaS 
pre-tensioning of the coil 8 does occur when 
the Wire 6 fed to the coiling means 52 is twisted 
in the manner previously described by rotating 
the arbor 50 in the direction indicated by the 
arrows 24 throughout the dra Wing. 
In the particular construction illustrated in 

the drawing, the arbor 50 is driven from the 
countershaft 43 through a variable Speed mech 
anism 78 to permit varying the amount of twist 
produced in the wire 6 fed to the coiling means 
52 So as to vary the amount of pre-tensioning 
of the coil f. The variable speed mechanism 
is driven by the countershaft 43 through the 
medium of a belt 79 trained over pulleys 80 and 
8, and the variable speed mechanism drives 
the arbor 50 through the medium of a belt 82 
trained over pulleys 83 and 84. Although the spring winding apparatus thus 
far described includes the feeding means 5 for 
pushing the wire 6 through the coil forming 
means T, a feeding means (not shown) which 
acts on the completed coil 8 to pull the wire 
through the coil forming means may be employed 
if desired. With such a pull type feeding means 
the rollers 26 to 29 would serve merely as the re 
straining means 23 for preventing twisting of 
the wire back to the source. In all other re 
spects, the operation of the spring Winding ap 
paratus incorporating a pull type feeding means 
is identical to that of the apparatus with th 
push type feeding means 5. 
In Fig. 7 of the drawing, I show a coil form 

ing means 90 whose operation is somewhat dif 
ferent from that of the coil forming means f 
which was described previously. The coil form 
ing means 90 includes an arbor 9 which is sub 
stantially identical to the arbor 50 and which 
is interchangeable therewith. The arbor 9 car 
ries a mandrel 92 which is substantially identical 
to the mandrel 53 except that it is attached to 
the arbor with its axis perpendicular to the axis 
of rotation A-A instead of being attached there 
to with its axis coinciding with the axis of ro 
tation. The mandrel 92 may, for example, be 
threaded into an opening in the arbor 9 as in 
dicated in Fig. 7. 
A coiling member 93, which is substantially 

identical to the coiling member 65 described pre 
viously, is mounted on a flattened portion 94 of 
the arbor 9 in a position such that the coiling 
member lies substantially on the axis of rota 
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6 
tion A-A of the arbor, the coiling member being 
attached to the arbor by bolts 95, for example. 
In the coil forming means 90 shown in Fig. 7, 
the wire is fed through an axial opening 96 in 
the arbor 9 and is coiled around the mandrel 
92 by the coiling member 93 in a manner similar 
to that previously discussed. However, since the 
axis of the mandrel 92 is perpendicular to the 
axis of rotation A-A of the arbor 9, the result 
ing coil 8 connes off the mandrel at right angles 
to the axis of rotation of the arbor instead of 
along the axis of rotation. In order to return 
the coil 8 to the axis of rotation of the arbor 
9, I provide a curved guide 97 which conducts 
the coil to an axial opening 98 in the arbor. The 
coil 8 emerging from the axial opening 98 may 
be severed into suitable lengths by the cutting 
mechanism f 9, for example. 

It Will be noted that if the arbor 9 is rotated 
about the axis A-A in a manner similar to that 
previously described, the mandrel 92 rotates the 
Wire 6 about its longitudinal axis, Such rota 
tion of the Wire being prevented by the restrain 
ing means 23 in the manner previously described 
so as to twist the wire as it is coiled around the 
mandrel 92. Thus, the coil 8 formed by the 
coil forming means 90 is pre-tensioned due to 
the twisting of the wire as it is formed into 
the coil. 

Referring to Fig. 8, the straight line 90 rep 
resents the load-deflection curve for a typical 
coil spring produced with either the coil forming 
means or the coil forming means 90, the ab 
SciSSa in the diagram being the length of the 
Spring and the ordinate being the tension in the 
Spring. In other words, the line 09 represents 
the tension in the Spring expressed as a function 
Of the degree of deflection (extension) of the 
Spring. It Will be noted that if the load-deflec 
tion curve G0 is extended as indicated by the 
dotted portion. Of thereof until it intersects the 
Zero tension axis of the diagram, it intersects this 
axis at a point indicating a negative length. The 
load-deflection curve 00 for a spring produced 
by my invention may be expressed by the equa 
tion t=k (l-c) wherein it is the tension in the 
Spring, k is its spring constant, l is the length of 
the Spring, and c is a negative constant repre 
Senting the length which the spring would have 
to assume to reduce the tension therein to zero, 
i. e., C is a negative constant representing the in 
tercept of the extension foll of the line OO with 
reference to the zero tension axis. 

In the diagram shown in Fig. 8, the numeral 
02 represents the load-deflection curve for a 

Spring which has not been pre-tensioned and it 
Will be noted that this curve intersects the zero 
tension axis at a positive value of the length of 
the Spring. Thus, in effect, pre-tensioning a 
Spring in the manner described herein shifts its 
load-deflecting curve so that the spring operates 
On a higher portion of the curve for the same 
deflection. In other words, the apparatus dis 
closed herein is capable of producing a Spring 
which, when undeflected, provides a spring force 
equal to that provided by a normal spring of com 
parable size when partially or fully extended, de 
pending on the extent to which the wire is twisted 
in forming my pre-tensioned spring. 
Such pre-tensioned springs may be used in any 

installation where large spring forces must be 
attained with limited deflection. 

I have found, for example, that the apparatus 
disclosed herein may be used to produce a Spring 
which, when undeflected, provides a spring force 
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in excess of 75% of that attainable therewith 
when fully extended. However, the degree of 
pre-tensioning may be varied as desired by vary 
ing the extent to which the wire f6 is twisted in 
coiling it, i. e., by varying the speed of rotation 
of the coil forning means it or 90 With respect 
to the rate of feed of the wire. For example, 
100% of the maximum spring force which a 
spring is capable of providing may be pre-ten 
sioned in it by increasing the Speed of rotation 
of the coil forming means with respect to the 
rate of feed of the wire to a sufficient extent, the 
only limit to the degree of pre-tensioning being 
the torsional stress limit of the Wire. 
Although I have disclosed exemplary embodi 

ments of my invention herein for illustrative pur 
poses, it will be understood that I do not intend 
to be limited theireto since Various changes, nodi 
fications and Substitutions may be incorporated 
in such enbcdiments without departing from the 
spirit of the invention, and I hereby reserve the 
right to all Such changes, modifications and sub 
Stitutions as properly come within the scope of 
the invention as set forth in my appended claims. 

I claiian as my invention: 
1. In a wire forming apparatus, the combina 

tion of: a supporting structure; an arbor carried 
by and rotatable relative to said supporting struc 
ture; a mandrel having a longitudinal axis which 
coincides With the axis of rotation of Said arbor, 
Said mandrel being carried by said arbor and 
being rotatable therewith; coiling means carried 
by Said arbor so as to be rotatable therewith for 
coiling the Wire around said mandrel and having 
a helical shoulder to advance the resulting coil 
along said mandrel; guide means carried by said 
arbor. So as to be rotatable therewith and pro 
Viding a continuous guide path having a first por 
tion. Which is generally perpendicular to the axis 
of rotation of said arbor and which leads to said 
coiling means, and having a second portion which 
is spaced from Said coiling means and which ex 
tends in the direction of the axis of rotation of 
said arbor, whereby, when said arbor is rotated, 
the Wire fed to Said coiling means is rotated about 
the longitudinal axis of the wire; feeding and 
restraining means for feeding the wire to said 
coiling means and for preventing rotation of the 
Wire about its longitudinal axis at a point spaced 
fron said coiling means so as to twist the wire 
intermediate Said feeding and restraining means 
and Said coiling means; and means for rotating 
Said arbor, thereby also rotating said mandrel, 
Said coiling lineans and Said guide means. 

2. A Wire forming apparatus as set forth in 
claim 1 wherein Said second portion of said guide 
path. Substantially coincides with the axis of ro 
tation of said arbor. 

3. In a Wire forming apparatus, the combina 
tion of: a supporting structure; an arbor car 
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8. 
ried by and rotatable relative to said supporting 
structure; a mandrel carried by said arbor So 
as to be rotatable therewith and having a longi 
tudinal axis, which is substantially perpendicular 
to the axis of rotation of said arbor; coiling 
means carried by said arbor so as to be rotatable 
therewith for coiling the Wire around said 
mandrel and having a helical shoulder to ad 
vance the resulting coil along said mandrel; 
means on said arbor so as to be rotatable there 
With for guiding the Wire fed to said coiling 
means along. a path which, at least in part, ex 
tends generally parallel to the axis of rotation 
of Said arbor, whereby said mandrel rotates the 
Wire fed to said coiling means about the longi 
tUdinal axis of the Wire. When said arbor is 
rotated; means for rotating said arbor, thereby 
also rotating. Said mandrel, said coiling means 
and said guiding means; and feeding and re 
straining means for feeding the wire to said coil 
ing means and for preventing rotation of the 
Wire fed to Said coiling means about its longitu 
dinal axis at a point Spaced from Said coiling 
means so as to twist the Wire intermediate said 
feeding and restraining means and said coiling 

ea.S. 
4. A Wire forming apparatus as set forth in 

claim 3 wherein said path of the wire fed to said 
coiling means Substantially coincides with the 
axis of rotation of said arbor. 

RICHARD W. PALMER. 
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