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2,939,492 United States Patent Office 
1. 

2,939,492 
FORMING MECHANISM 

Arthur J. Lewis III and George E. Yates, New London, 
and Harold E. Welch, Elkins, N.H., assignors to Kear 
Sarge Engineering Corporation, New London, N.H., a 
corporation of New Hampshire 

Filed Aug. 31, 1955, Ser. No. 531,731 
30 Claims. (C. 140-71) 

This invention relates to forming machines, and more 
particularly to automatic machines for winding coil 
springs. 
One of the objects of the invention is the provision of 

the machine for automatically winding coil springs. 
Another object of the invention is the provision of 

mechanism for winding such springs and forming hooks 
on one or both ends of the spring. 

Still another object of the invention is the provision 

5 

0 

5 

20 

of a machine of the above type so constituted as to ac 
curately control the length of the springs wound on the 
machine. . . 

Yet another object of the invention is the provision 
of means for discharging the finished springs from the 
machine and securing them to an adhesive tape in such 
a manner that they may be readily handled during a 
later assembly operation. - - 

Still another, object of the invention is to provide a 

25 

30 

novel method of handling the springs as they are dis 
charged from the machine. . . . . . . . 
A further object of the invention is the provision of 35 

means for controlling a sequence of operations in a spring . 
winding machine. - 
Yet another object is the provision of mechanism 

for insuring that the springs will be of uniform length. 
Another object of the invention is the provision of 

means for stopping the machine in the event a spring is 
not properly discharged therefrom after winding. 
Yet another object of the invention is the provision 

of means for controlling the unwinding of the spring to 
an unstressed condition following the winding operation. 

40 

45 
These and other novel objects and features of the in- ... 

vention will be more readily understood when considered 
in the light of the following specifications and the at 
tached drawings. It is to be specifically understood how 
ever, that the drawings are utilized for purposes of illus 50 
tration only, and are not to be considered as limiting the 
scope of the invention, reference being had for this pur 
pose to the appended claims. 

in the drawings, Fig. 1 is a front elevational view of 
the machine, partially in section; 

Fig. 2 is an isometric view showing the drive mech 
anism and the mechanism driven thereby in schematic 
form; . . . . - . 

Fig. 3 is a front elevational view showing the wire 
feed and cut-off mechanism; - 

Fig. 4 is a view taken from the right showing the mech 
anism of Fig. 3; - 

Fig. 5 is a plan view of the spring winding arbor 
and arbor carriage mechanism; . 

Fig. 6 is a partial end view of the mechanism of Fig. 
5 taken from the left; . . . . . . 

Fig. 7 is a plan view of the adhesive tape feed mech 
anism; . . . . 

Fig. 8 is a partial view of the mechanism of Fig. 7 
taken from the right; - 

Fig. 9 is a plan view partially in section showing a 
portion of the mechanism of Fig. 7; 
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Fig. 10 is a front elevational view, partially in section, 
of the pressure pad mechanism; 

Fig. 11 is a plan view of the mechanism of Fig. 10; 
Fig. 12 is an end view of the pressure pad mechanism 

and a portion of the tape feed mechanism taken from the 
left; - - 

Fig. 13 is a front elevational view, partly in section, 
of a portion of the spring bending or twister mechanism; 

Fig. 14 is a plan view, partially in section, of the 
mechanism of Fig. 13; . 

Fig. 15 is a rear elevational view, partially in section, 
showing a portion of the bending or twister mechanism 
associated with the spring winding arbor and collet; 

Fig. 16 is a front elevational view of the feeler mech 
anism; - 

Fig. 17 is a plan view of the mechanism of Fig. 16; 
Fig. 18 is an end view of the mechanism of Fig. 17 

taken from the left and shown partially in section; 
Fig. 19 is an end view, partially in section, of the arbor 

positioning mechanism as taken from the left, the mech 
anism being shown rotated clockwise 90 from its nor 
mal position; 

Fig. 20 is another view of the mechanism of Fig. 19; 
Fig. 21 is an exploded view in perspective of some of 

the mechanism of Figs. 19 and 20; 
Fig. 22 is a diagrammatic view, taken from the left, of 

the reeing mechanism for removing adhesive tape and 
completed springs from the machine; 

Fig. 23. is a view showing the air control mechanism 
for the machine in diagrammatic form; - 

Fig. 24 is a view in section of one of the valves shown 
in Fig. 23; . . . a - 

Fig. 25 is a view in Section of one of the control valves 
of Fig. 23; - 

Fig. 26 is a view taken from the left showing the form 
of some of the cams which control the machine; 

Fig. 27 is a view taken from the left, showing the form 
of the other cams which control the operation of the 
machine; 

Fig. 28 is a timing diagram showing the relative timing 
of all of the cams; 

Fig. 29 is a wiring diagram showing the electrical con 
trols for the machine, and - 

Fig. 30 is a view in perspective of a spring adapted to 
be formed by the machine. - - - 

Referring more particularly to Fig. 1 of the drawings, 
which is a front elevational view of the machine, the 
machine including a frame 4 having a suitable base, not 
shown, a reduction gear box 5 mounted on the left hand 
end of the machine having a drive shaft 6 extending theres 
from and driven by a reversible motor 7 through pulleys 
8 and 9 and a V-belt 0 extending therebetween. A main 
cam shaft is, extending longitudinally of the machine, 
is driven from the gear box by skew gears 12 and 13, 
back gearing unit 4, and a one way clutch 15, the latter 
being so constructed as to drive the cam shaft 11 in a 
counter-clockwise direction, as viewed from the left, but 
not in the opposite direction. A cam shaft is provided 
with caims 16 and 17 adapted to control the operation of 
Switches S and 9 respectively, for purposes to be herein 
after more fully described, as well as a cam 20 which is 
adapted to operate a tape mechanism. A cam operated. 
valve unit 2 is mounted on the frame of the machine be 
low the main can shaft, this unit having a camshaft 22 
driven at a one to one ratio from the main-cam shaft 
through sprockets 23 and 24 connected by a suitable-chain 
25. The lower cam shaft unit 21 is provided with cams. 
26, 27, 28, 29, 38, 31, and 32, these cams being operable. 
respectively to control the operation of air control valves. 
33, 34, 35, 36, 37, 38, and 39, the mechanism for oper 

..ating these valves being more fully shown and described 
in connection with Fig. 25, . . . 



A longitudinal main shaft 40 is adapted to be con 
nected to the motor driven shaft 6 by means of a clutch 
41 controlled by an arm 42 attached to a sliding rod 
43, the movement of the latter rod being controlled by 
a solenoid, not shown in this view. Thus, with the 
motor operating, the reduction gear mechanism is driven 
at all times, while the main shaft 40 is driven by the 
motor only when the clutch 41 is engaged. A spring 
winding spindle 44 is geared to the main shaft 40 as 
will be described later, and a collet shaft 45 is mounted 
in bearings 46 and 47 in line with the spindle 44 and 
is geared to the main shaft to rotate at the same speed 
as the spindle and in the same direction. 
A wire feed unit 48 is slidably mounted on the frame 

of the machine, an upright member 49 being secured 
to a horizontal slide 50 slidably mounted between the 
numbers 51 and 52 which support the bearings 46 and 
47, and a cover plate 52 secured to the members. The 
left end of the slide 50 is provided with an extension 
54, this extension being connected by a link 5.5 and a 
rack 56, and by means of a link 57 with a piston rod 
58 connected to a piston in an air cylinder 59. The 
rack is adapted to be driven to the right from the gear 
box 5 through means to be described, and a clutch 60 
controlled by solenoids 61 and 62 is adapted to con 
nect or disconnect the drive means from the rack. In 
addition to the foregoing, a spring measuring arm 63 
is driven from the gear box, and is adapted on move 
ment in one direction to contact an adjustable stop 64, 
and on movement in the other direction to engage and 
operate a control switch 65. The construction is such 
that the wire feed unit 48 is moved to the right during 
the winding of the spring by means of the rack 56, and 
on declutching of the drive mechanism for the rack by 
the disengagement of the clutch 60, is retracted to the 
left by the operation of the air cylinder 59. 
... As heretofore stated, the wire feed unit 48 includes 
an upright member 49 secured to the slide 50, and a 
wire feed cylinder 66 secured to the upper end of the 
upright by means of a bracket 67 and a nut 68. A wire 
feed block 69 is mounted on a piston rod 70 extending 
downwardly out of the air cylinder, the block being 
guided for vertical movement along the upright member 
49 by suitable guides 70a. Secured to the lower portion 
of the upright 49 is a cut-off and hook forming unit 71 
adapted to be operated by an air cylinder 72. 
At the right of the wire feed unit 48, a pressure pad 

mechanism 73 is provided, this mechanism including a 
pressure pad 74 secured to a shaft 75 for rotation there 
with, the shaft being slidably mounted on a base por 
tion 76 of the machine in bearings. 77 and 78 and being 
biased to the right in the position shown by means of a 
spring 79 interposed between the bearing number 78 
and a collar 80 secured to the shaft and normally rest 
ing against the left side of the shaft bearing number 77. 
The rotatable arbor 44 is mounted on an arbor car 
riage 81 slidably mounted on rods 82 and 83 mounted 
on the base 76 of the machine, and on movement of 
the arbor carriage to the left as will be hereinafter de 
scribed, the carriage engages the right end of the pres 
sure pad shaft 75 to move it to the left for purposes to 
be more fully described. 
A twister assembly 85 is mounted on the arbor car 

riage for movement therewith, the arbor carriage being 
moved back and forth longitudinally of the machine by 
means of a suitable air cylinder 85 having a piston con 
nected to the carriage by means of a piston rod 86. A 
feeler arm and switch assembly 87 is mounted on a 
stationary portion of the machine adjacent the arbor 
slide carriage, this including a feeler switch 88 so ar 
ranged in connection with the feeler mechanism and 
control mechanism as to stop the entire machine in the 
event a completed spring is not discharged properly from 
the spring winding arbor 44 at the completion of the 
spring winding operation. 
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In clarification of the description to follow later, it 
is to be noted that all rotations are taken from the left 
end of the machine, the front of the machine, or looking 
down on the machine. When the machine is operating 
to actually wind the spring, the motor 7, the main shaft 
40, and the measuring arm. 63 are all rotating in a 
counter-clockwise direction, while the collet shaft 45 and 
the spindle 44 are rotating in a clockwise direction. The 
cam shaft 11 and the cam unit 21 are inoperative dur 
ing the spring winding operation, but at the end of the 
spring winding operation, both cam shafts rotate through 
one revolution in a counter-clockwise direction follow 
ing the reversal of the motor 7 from a counter-clockwise 
to a clockwise direction of rotation and disengagement 
of clutches - 41 and 60. Since the above clutches are 
disengaged following the completion of the spring wind 
ing operation and reversal of the motor, it will be ap 
parent that the main shaft 40, the collet shaft 45, the 
winding arbor 44, and the drive means for the wire 
carriage feed rack 56 are inoperative during the cam 
shaft cycle. - 

Referring now to Fig. 2, showing a schematic arrange 
ment of some of the drive mechanism in isometric form, 
the drive shaft 6, which is driven by the motor 7 through 
V belt 10 and pulley 9, it is mounted on suitable bear 
ings 89 and 90 in the housing of the gear box 5 and is 
provided with a worm gear 91 which mates with a gear 
92 mounted on a vertical intermediate shaft 93 in the 
gear box. This shaft has a worm gear 94 mounted 
below the gear 92 and adapted to engage a gear 95 on 
shaft 96 mounted on bearings .97 and 98 in the gear 
box, this shaft being provided adjacent its left end with 
a skew gear 99, with the measuring arm 63 being mounted 
on the left end of the shaft 96 by means of a split fric 

tween the arm and the shaft. 
40 

45 

50 

tion bushing 100 which provides a frictional drive be 
tween the shaft and the arm. The end of the arm adja 
cent the shaft is provided with a slot 101 and a cap 
screw 102.serves to tighten the frictional connection be 

When rotated in a clock 
wise direction, the arm is adapted to contact stop 64 
as shown, while on rotation of the arm in a counter 
clockwise direction, the arm engages and operates con 
trol switch 65, the action of which will be more fully 
described hereinafter. 
The skew gear 99 meshes with a similar skew gear 

105 on a vertical wire feed carriage shaft 106 mounted 
in the gear box housing on bearings such as 107. A 
shaft 108 extends upward above the shaft 106 and in 
line therewith, and is provided at its upper end with a 
feed carriage drive gear 109 which meshes with the 
teeth of the rack 56. The clutch mechanism 60 is 
adapted to connect or disconnect the shafts 106 and 108, 
the action of the clutch being controlled by solenoid 
coils 61 and 62 which act through arm 110 to respec 
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tively engage or disengage the clutch. Referring again 
to the vertical shaft 93, this is provided at its lower end 
with the skew gear 12 which meshes with gear 13 se 
cured to a short horizontal shaft 113. The back gearing 
unit 14 adjacent the right end of shaft 113 comprises 
gears 114, 115, and shaft 116, gear 117, and gear 118, 
and serves to drive a horizontal shaft 119 at a very low 
speed due to the reduction afforded by the back gear and 
by the other gears shown in the gearbox. The shaft 119 
and the camshaft 11 have the one-way clutch 15 mounted 
thereon, and the construction is such that when the 
shaft 119 rotates in a counter-clockwise direction, the 
clutch 15 is effective to rotate the shaft 11 in a similar 
direction, while on rotation of the shaft 119 in a clock 
wise direction, no rotation is imparted to the cam shaft. 
As stated heretofore, cams 16, 17, and 20, are mounted 

on the cam shaft, for purposes described in connection 
with the description of Fig. 1. . 

Referring now to the clutch 41, it will be apparent that 
this serves to connect or disconnect the shaft 6 and the 
main shaft 40, the operation of this clutch being controlled 



5 
by the movement of the arm 42 mounted on rod 43, 
which in turn is controlled by the action of the solenoid 
coils 120 and 121. Energization of the coil 120 serves 
to disengage the clutch, while energization of the coil 121 
Serves to engage the clutch. As shown, the main shaft 
is provided with a gear 122 in engagement with a gear 
123 on the collet shaft 45. At the right end of the main 
shaft 40, an elongated gear 124 is provided and slidably 
engaged by a gear 525 mounted on a shaft 126 which is 
connected to and serves to rotate the winding arbor 44. 
It will be noted that the shafts 45 and 126 are in axial 
alignment, and that the arrangement of the gears 122, 
23, 24, and 25 is such that the shafts 45 and 126 

both rotate at the same identical speed and in the same 
direction. 

During the winding of the spring, the clutches 41 and 
60 are engaged, and the motor, a gearbox drive shaft. 6, 
the main shaft 40, the measuring arm 63, and the vertical 
shaft 108 rotate in a counter-clockwise direction, and 
consequently the collet shaft 45 and the arbor shaft 126 
rotate in a clockwise direction. During the winding op 
eration, the shaft 19 which is associated with the one 
way camshaft drive clutch 15 rotates in a clockwise di 
rection, and thus does not impart any rotation to the 
cam shaft 1. As will be explained more fully herein 
after, the construction and the control mechanism is such 
that on completion of the winding of the spring, the motor 
is reversed to rotate in a clockwise direction and the 
clutches 45 and 6G are disengaged. Thus during this por 
tion of the cycle, the gear box drive shaft 6 is rotated in a 
clockwise direction, the main shaft and the shafts 45 and 
126 are stationary, the shaft (38 is disconnected from the 
shaft {}6, and the measuring arm 63 rotates in a clock 
wise direction until it engages the stop 63, whereupon 
the frictional engagement between the measuring arm and 
the shaft 96 permits the shaft to rotate further without 
further movement of the arm. Also, the shaft 19, which 
is so connected to the gear box drive shaft 6 as to rotate 
at a very slow speed, is effective through the action of 
the one-way clutch 5 to rotate the cam shaft li and 
the connected lower camshaft 22 in a clockwise direction, 
the construction being such, as will be fully explained 
later, that the upper and lower camshafts rotate through 
one revolution to control the various sequential operations 
required between the completion of the winding of one 
spring and the starting of the winding of the following 
spring. In order to prevent appreciable over running of 
the cam shaft at the completion of its single revolution, 
a friction brake mechanism 27 is mounted on the shaft 
adjacent its right end, this brake mechanism comprising 
split collars 128 and 129 which are clamped together 
by cap screws 130 in order to hold friction elements i31 
in frictional engagement with the shaft. Rotation of the 
brake mechanism 127 is prevented by means of a torque 
arm 132 which is suitably connected to the frame of the 
machine. 

In addition to the foregoing, a zero switch mechanism 
133 is mounted on the main shaft 46 as shown. The 
switch includes a switch operating member 34 slotted 
at its right end as shown and being provided with a 
clamping screw 135 which serves to clamp friction ele 
ments 536 against the shaft 40. A switch operating arm 
137 extends to the left of the shaft and is movable be 
tween upper and lower stops A38 and 139 Suitably secured 
to the frame of the machine. A spring switch arm 40 
is secured to the machine and extends to the right as 
shown, the switch arm being provided with a contact 14, 
being adapted on downward movement of the arm to 
engage a similar contact 42. Thus on rotation of the 
shaft 40 in a counter-clockwise direction, the frictional 
engagement between the shaft and the Switch arm 134 
will serve to rotate the arm in the same direction, where 
upon the left end of the arm 137 engages the switch arm 
140 to close contacts 141 and 142. On rotation of the 
shaft in the opposite direction, the switch arm will rotate 
in the opposite direction also until it engages the upper 
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stop 138, and at the same time the spring arm 140 will 
move upward to disengage the contacts. 

Referring to Figs. 3 and 4, further detail of the wire 
feed unit 48 and the cut-off and hook forming unit 71 is 
shown, in addition to the showing already described in 
connection with Fig. 1. A spring wire 43, which is fed 
to the machine from a supply reel, not shown in this view, 
passes through a suitable guide opening in a bracket 144 
on the upper end of the cylinder 66, passes through the 
feed block mechanism. 69, and thence through the cut 
of mechanism 71. In Fig. 4, the feed block mechanism 
has been cut away to show the means for gripping the wire 
during the feeding movement, this means including a pawl 
i45 pivotally connected to the block by pin 146, and 
having a portion 47 at its right end adapted to clamp 
the wire against an insert 148 mounted on a stationary 
portion of the feed block. The location of the pivot 
point of the pawl 45 is such with relation to the location 
of the gripping portion 147, that on downward movement 
of the feed block, the portion 147 tends to wedge the wire 
against the insert 148, while on upward movement of 
the block, assuming that the wire is held at the lower 
end, the portion 47 moves away from the insert 148, al 
lowing the entire feed block to move upward without 
moving the wire. It will be noted in this connection, 
that the arm pawl 145 is biased upwardly by means of a 
suitable spring A49. 
On leaving the feed block, the wire passes downward 

to the cut-off mechanism through a hollow guide 150 
and thence downward past a spindle 155 extending from 
and rotatable with a gear 152 which is operated by means 
of a rack i53 connected to the piston of double acting air 
cylinder 72. The front face of the gear. 152, as viewed in 
Fig. 4, is provided with a projecting portion 54 having 
a sharp cutting edge 55 adapted on clockwise rotation of 
the gear to engage and cut off the wire at the lower end 
of the hollow guide 150. Following this cut-off opera 
tion, the gear continues to rotate, and the right face of the 
projecting portion 54 engages the wire and wraps it 
around the spindle 155 to form a hook on the end of wire, 
the rotation of the gear for this purpose being of the order 
of 180. During this bending operation, the wire di 
rectly below the spindle 151 is prevented from bulging 
to the left by means of a fixed stop 156 on the framework 
of cut-off mechanism. As will be more fully explained 
hereinafter, the operation of the feed cylinder 66 and the 
cut-off cylinder 72 is controlled in proper sequence by 
means of suitable cam operative air valves. It will also 
be understood, that during the spring winding operation, 
the entire feed and cut-off mechanism is moved to the 
right along the spring winding arbor 44 by the rack 56 
at the proper pitch for the spring being wound. 

Figs. 5 and 6 show the arbor slide mechanism in fur 
ther detail, Fig. 5 being taken from above the machine, 
and Fig. 6 being a partial end view of the arbor 44 and 
a portion of the mechanism adjacent thereto. Referring 
particularly to Fig. 5, the arbor slide carriage 81 is 
mounted to slid on rods 82 and 83, and an elongated gear 
124 on the main shaft 40 drives the arbor shaft 126 
through gear 125 which is adapted to slide along the 
teeth of the gear 124 on movement of the arbor carriage 
along the machine. The spring winding arbor 44 is suit 
ably secured to the shaft 126 for rotation therewith, and 
is provided on one side with a flat groove 157 and with 
an arcuate groove 158 on the under side thereof, the 
mechanism being such, as will be more fully explained, 
that at the termination of the spring winding operation, 
the arbor always comes to rest at the position shown in 
this view. A split collar 159 is secured to the arbor car 
riage by means of a bracket 160, this collar having a tan 
gential slot 261 on one side thereof, as shown in Fig. 6. 
When the hook is formed on a straight portion of wire 
at the right end of the spring at the completion of the 
spring winding operation, the straight portion is bent 
downward and passes through this slot into the interior of 
the collar 159. The spring is later allowed to unwind to 
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unstressed condition, and the direction of unwinding as 
viewed in Fig. 6, is clockwise, so that the hook portion 
of the spring and the straight portion of wire does not 
tend to catchin the slot 161. The arbor carriage operat 
ing cylinder 85 is provided with air ports 16ia and 162 
as shown. 
As indicated heretofore, means are provided for off 

setting the springs in spaced relationship on to an adhe 
sive tape as the winding of the spring is completed, the 
mechanism for controlling this operation being in the 
central rear portion of the machine, and therefore not 
shown in Fig. 1. Figs. 7, 8, and 9 show this arrange 
ment, and referring first to Fig. 7, a shaft or rod 163 is 
slidably mounted in bearing blocks 64 and 165 secured 
to the frame of the machine, the left end of the rod being 
slidably mounted in a cylinder 166 which is supplied 
with air under pressure through a port 167 whenever the 
machine is in operation, the piston being provided with 
a suitable sealing ring 168 at its left end. This sliding rod 
extends to the right and is non-rotatably connected to 
an arm 169 which is in turn non-rotatably connected to 
a rod 70 slidably mounted in a bearing block 17 also 
secured to the framework of the machine. A one-way 
clutch 172 is mounted on the rod 163 at the left side 
of a tape roller 173, while a similar clutch 174 is 
mounted on the rod at the right side of the tape roller. 
One of the relatively rotating portions of the clutch 172 
is connected to a lever 175 rotatably mounted on the rod, 
this lever being actuated by the cam 20, shown in Fig. 1, 
through the medium of a cam follower roller 176 carried 
by a lever 177 connected to a shaft 178 rotatably 
mounted on bearing blocks 179 and 180 on the machine. 
At the left end of the shaft 178 a similar lever 181 is 
provided also non-rotatably mounted on the shaft, the 
end of this lever being connected to the lever 160 by 
means of universal joints 182 and 83 and link 184 in 
terconnected therebetween. Referring now to the one 
way clutch 174, one of the relatively rotatable parts of 
the clutch is connected to the tape roll 173, while the 
other part of the clutch is connected to the arm 169. 
The feed cam 20 rotates in a counter-clockwise direction 
as viewed from the left end of the machine, or in a clock 
wise direction as viewed in Fig. 8, and on engagement of 
the cam with the cam follower roll 176 during the cam 
shaft rotation, the shaft 178 is rotated in a counter-clock 
wise direction as viewed in Fig. 8 to impart counter 
clockwise rotation to the lever 175 about the rod 63. 
An off-set roller support 185 is non-rotatably secured to 
the level 175, and a small roller 86 is rotatably 
mounted on the offset portion of the support at the right 
end thereof, the support being so positioned that the 
roller tends, on rotation of the lever 175, to rotate about 
the axis of the rod 163 with its outer surface in contact 
with the surface of the roller 173. 
The arrangement of the two clutches is such that on 

counter-clockwise rotation of the lever 175, as viewed in 
Fig. 8, the roller 173 can rotate, while on rotation of the 
arm 175 in the opposite direction, the roller 173 is pre 
vented from rotating. Except when operated by the 
cam 20, the arm 175 is maintained in the position shown 
by the tension of the adhesive tape passing through the 
machine, as will be more fully described later. It will 
also be noted that a portion of the tape handling mech 
anism is slidably mounted on the machine as heretofore 
indicated, the rod 170, during the spring winding portion 
of the cycle, being moved to the left to the position shown 
by engagement with the sliding arbor carriage 81. The 
entire arbor carriage moves to the left on the machine 
at the start of the spring winding operation, and in doing 
so engages the shaft 170 to move the tape rollers and 
clutches bodily to the left to the position shown in Fig. 
7... On subsequent movement of the arbor carriage to the 
right at the completion of the spring winding operation, 
the entire. tape handling mechanism is moved to the 
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8 
of the rod 163, the universal joint connections at the 
ends of link 184 permitting this type of operation. On 
such movement of the tape handling mechanism to the 
right, a spacer 187 on the shaft 170 abuts the bearing 
block 171 and positions the assembly. 

... The pressure pad mechanism 73 is illustrated more in 
detail in Figs. 10, 11, and 12. Referring more particu 
larly to Fig. 12, the pressure pad 74, which may be made 
of resilient material or fabric, is clamped to an arm 188 
by means of a plate 189 and a bolt 190 as shown. The 
arm 188 in turn is clamped to the rod 75 by means of 
bolts 191. The bolts 191 also serve to clamp a lever 192 
to the rod 75, and as shown in Fig. 12, the rod 75 and 
the lever 192 are normally biased in a clockwise direction 
by means of a leaf spring 193 secured to a base portion 
194 of the machine by means of a cap screw 195. The 
base portion 194 also supports an air cylinder 196 hav 
ing a piston 197 slidably mounted therein, the air cylinder 
being provided at its outer end with a port 198 adapted 
to be supplied with air under pressure by means of a 
suitable control valve to be more fully described herein 
after. When pressure is supplied to the air cylinder, the 
lever 192, the shaft 75, and the attached lever 188 and 
pressure pad 74 are rotated in a counter-clockwise direc 
tion about the axis of shaft 75 to engage the pressure pad 
74 with a spring on the arbor 44. At the same time, the 
construction of the mechanism is such that an adhesive 
tape 199, which passes over the tape roller 173 and 
around the small tape roller 186 as shown, is pressed 
against the side of the spring opposite the pressure pad 
74 by the operation of the tape control mechanism shown 
and previously described in connection with Figs. 7, 8, 
and 9 to adhesively secure the completed spring to the ad 
hesively coated surface of the adhesive tape. On release 
of the air pressure from the cylinder 196, and on retrac 
tion of the tape roller 186 by the cam 20 on the upper 
cam shaft, following retraction of the arbor carriage and 
the arbor 44 to remove the latter from the inside of the 
completed spring, the spring remains on the tape, and is 
wound up on a suitable winding wheel connected with 
the machine as will be described. 

It will be noted in the above figures that on move 
ment of the arbor carriage 81 to the left, it engages the 
right end of the rod 75 to remove the rod to the left 
against the biasing action of the spring 79 interposed 
between the rod bearing number 78 and the collar 89 
which is secured to the shaft 75. On such movement of 
the rod 75 by the arbor carriage, the lever arm 188, the 
pressure pad 74 and the associated parts, and the lever 
arm 192, are moved bodily to the left, with the lever 
support 92 sliding to the left across the outer end of the 
piston 197 in the cylinder 196. On retraction of the 
arbor carriage 81 to the right following the completion 
of the spring winding operation, the aforementioned as 
sembly again moves to the right until stopped by abut 
ment of the collar 80 with bearing member 77. At the 
same time, the slidable tape control mechanism, previ 
ously described, which has also been moved to the left 
at the initiation of the spring winding operation, is moved 
to the right bodily along with the pressure pad assembly 
mechanism, the arbor carriage during this phase of the 
operation being moved to the right sufficiently to remove 
the arbor from the inside of the completed spring, leaving 
the spring interposed between the pressure pad 74 and 
the adhesive tape 99. Following this, as will be de 
Scribed in connection with the detailed operation of the 
machine, the pressure pad 74 and the adhesive tape roll 
186 both retract from the position shown in Fig. 12, 
leaving the spring secured to the surface of the adhesive 

70 tape 99. 
The twister or final bending assembly is shown in 

more detail in Figs. 13, 14 and 15, the twister assembly 
being mounted on the sliding arbor carriage 81 for move 
ment therewith longitudinally of the machine. The as 

right by the action of air under pressure on the left end as sembly includes a support 200 suitably attached to the 
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arbor carriage and carrying a twister cylinder 201 hav 
ing a piston 202 slidably mounted therein and provided 
at its outer end with cylindrical projections 203 and 204 
as shown more particularly in Figs. 14 and 15. A pis 
ton rod 205 is connected to the piston and extends out 
wardly to the end of the cylinder opposite the piston 
through a bore 206, the rod being provided at its outer 
end with a washer 207 held in position by a cotter key 
208 and a spring 209 being interposed between the washer 
207 and an abutment 210 on the end of the cylinder, this 
spring serving to normally keep the piston in the position 
shown. A port 24 serves to admit air under pressure 
to the cylinder 201. A gear 22 is secured to the rod 
205 for rotation therewith, and with the parts in the posi 
tion shown in Fig. 14, the upper end of this gear is spaced 
as shown from a surface 253. The gear is adapted to be 
rotated by a rack 214 connected by means of a connector 
215 to a piston rod 216 secured to a piston 217 in cylin 
der 218, the cylinder being provided with ports 219 and 
220 adapted to admit air under pressure to one side or 
the other of the piston 217. A seal 221 is provided 
at the left end of the cylinder for preventing leakage past 
the piston rod. As will be more fully explained herein 
after, the operation is such that air is first admitted to the 
cylinder 201 to move the rod 205 and the piston 202 lon 
gitudinally upward as shown in Fig. 14, and to there 
after admit air to the right end of cylinder 218 to move 
the rack 214 to the left and rotate the gear 22 in a 
clockwise direction as viewed in Fig. 13. At the com 
pletion of the spring winding operation, and following the 
cutting off of the wire extending upward from the right 
end of the spring, this twisting mechanism is effective to 
engage and bend the cut-off portion of the wire down 
ward substantially in line with the axis of the spring. 
Following the bending operation, the control mechanism 
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is such that the parts are immediately retracted to the 
position shown in the drawings. As indicated in Fig. 15, 
the cylindrical projection 293 on the piston 202 is con 
centric with the axis of the rod 205, and is so positioned 
that with the arbor 44 stopped in the predetermined posi 
tion heretofore referred to, it is positioned for engage 
ment with groove 158 on the under side of the arbor, the 
projection 204 resting as shown relative to the spindle, in 
a position which, as viewed in Fig. 13, would be directly 
above the upper surface of the spindle. As the gear 212 
and rod 205 are rotated by the rack 234, the projection 
204 engages the wire at the right end of the spring and 
bends it over a horizontal position, the flat portion 157 
on the arbor permitting this to occur. It should also be 
noted that the clearance between the upper end of the 
gear and the surface 23 in Fig. 14 is such as to permit 
the gear to slide along the teeth of rack 24 sufficiently to 
allow the movement of the piston 202 as described. 
The arrangement of the tool collet relative to the wind 

ing arbor 44 is also indicated in Fig. 15. In general a 
collet 222 is secured to the collet shaft 45, shown in Fig. 
2, the collet mechanism including a member 223 slidably 
mounted in the mechanism and biased to the right by 
means of a spring 224. As best shown in Fig. 2, the 
member 223 has a flat surface portion 225 and a projec 
tion 226 extending outward therefrom, this projection 
being adapted for engagement by the left end of the 
spring winding arbor 44 on movement of the arbor and 
its carriage to the left at the initiation of the spring wind 
ing operation. At the initiation of the spring winding 
operation a wire passes vertically downward just at the 
right of collet member 227, the wire being so positioned 
as to be engaged by the left end of the projection 226 
on movement of the member 223 to the left. A slot 
228 is provided in the member 227, and on movement of 
the parts to the left as shown in Fig. 15, the end portion 
of the wire is carried into the slot by the projection 226, 
thus forming a hook on the end of the wire, it being ap 
parent that the wire from the supply reel under this con 
dition of operation, extends directly upward from the ar 

40 

45 

2,989,492 
10 

bor in a position for winding the spring on movement of 
the wire feed carriage mechanism 48 to the right. This 
arrangement of course also serves to permit the wire to 
be gripped between the arbor and the collet in order to 
permit the winding of the spring. When the spring is 
completed, and the arbor carriage and arbor are moved 
to the right, as will be described, the movement is suf 
ficient to permit the arbor to disengage the collet and 
allow the hook which has been formed therein to move 
to the right out of the groove in the collet, 
The feeler mechanism 37, which operates to stop the 

entire machine in the event a completed spring is not 
properly discharged from the winding arbor 44, is best 
shown in Figs. 16, 17, and 18. The mechanism includes 
a feeler arm. 229 which is pivotally connected to a sta 
tionary portion of the machine 230 by means of a pivot 
pin 231. A roller 232 is pivotally mounted on the feeler 
arm by means of a pin 233, and is adapted en engage the 
upper surface of a cam 234 secured to and movable with 
the slidable arbor carriage 81. A rounded portion 235 
at the left end of the arm engages a slot 236 in a block 
237 secured to a tube 238 slidably mounted in a bore 239 
in a bearing member 240 secured to the framework of 
the machine. A rod 241 is slidably mounted in the tube 
238, and a pin 243 in the block passes through a slot 244 
in the tube and rod and keeps the latter from turning. 
A pin 245, shown at the right end of the rod 24 in Fig. 
18, and passing through the rod, is connected to the 
block 237 by means of suitable springs 246, these springs 
serving to normally maintain the rod in the position 
shown with the right end of the slot 244 abutting the pin 
243. A switch actuating plunger 247 extends from the 
switch 88 as shown in Fig. 16, and normally rests in 
a groove 248 in rod 241, the construction of the switch 
being such that with the plunger in this position, the 
switch contacts are closed. The lower end of the rod 241 
is provided with a feeler or presser foot 249 having a slot 
250 in the lower end thereof adapted to pass over the 
arbor 44 in the event there is no spring on the arbor. 
When the arbor carriage 8 is moved to the left at 

the initiation of the spring winding operation, the cam 
234 serves to raise the lever 229 in order to move the 
presser foot 249 out of the way, the construction being 
such that on upward movement of the lever, the left end 
235 of the lever acting in slot 236 on the block 237 bodily 
raises the block, the switch 88 which is secured to the 
block, the rod 241, the tube 238, and the presser foot 249, 
the pin 243 of course serving to raise the rod along with 
the rest of the mechanism. When the arbor carriage 81. 
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is retracted at the completion of a spring winding cycle, 
the presser foot and associated mechanism again drops 
down to the position shown in the drawings in the event 
there is no spring on the arbor 44, and in this case the 
switch 88 is not operated to open the contacts thereof 
and stop the machine. In the event there is a spring re 
maining on the arbor, however, the slot 256 in the presser 
foot is not wide enough to pass over the spring, and con 
sequently as the arm drops, the presser foot is stopped 
by the spring, causing relative movement between the 
rod and the switch plunger 247. This cams the switch 
plunger out of the groove 248 and opens the contacts of 
the switch to stop the entire machine through control 
mechanism which will be more fully described herein 
after. In order to insure prompt and rapid operation 
of the presser foot mechanism, the arm 229 is biased in 
a counterclockwise direction about the pin 232 by means 
of a spring 251 interposed between the arm and a screw 
252 secured to the support member 240. 
Mechanism is also provided for stopping the arbor in 

the same angular position, each time the winding of a 
spring is completed, this being for the purpose of allow 
ing proper registration of the projections 203 and 204 
on the twister mechanism with the notch 58 on the arbor 
and the flat portion 157 formed thereon. This index 
ing or positioning mechanism is best shown in Figs. 19, 
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20, and 21, Fig. 21 being an exploded view of the latch 
mechanism shown in Figs. 19 and 20. Referring first 
to Fig. 21, the main shaft 40 has spaced collars 253 and 
254 mounted on the shaft for rotation therewith with a 
positioning pin 255 extending therebetween. A cap screw 
256 is secured to a portion of the frame of the machine 
257 and serves as a shaft for pivotally mounting a posi 
tioning latch lever 258, a pawl 259, and a Switch operat 
ing lever 260 in side by side relation thereon. When the 
parts are mounted directly adjacent each other in the 
order named, a pin .261 on the pawl 259 serves as a stop 
which engages the upper surface of the lever 258 to limit 
clockwise rotation of the pawl about the cap screw 256, 
the pawl being biased in a clockwise direction by means 
of a spring 262 interconnected between the pin 26i and 
the pin 263 on the lever 258. The switch operating lever 
269 is also provided with a stop pin 264 adapted on en 
gagement with the pawl 264 to limit clockwise rotation of 
the switch lever. A spring, not shown, is interposed be 
tween the switch lever 260 and the pin 263 to bias the 
switch lever in a clockwise direction against the stop at 
all times. The right end of the lever 258 is provided with 
a hook portion 265 adapted, as will be more fully de 
scribed, to engage the pin 255 and hold the shaft 40 
against clockwise rotation. 

Referring now to Fig. 19, a solenoid 266 is suitably 
mounted on frame portion 267 of the machine, the sole 
noid being provided with an operating rod 267 which 
engages the surface of the lever 258 at a point above the 
shaft or pivot pin 256 as viewed in that figure. The 
lever 258 is biased in a clockwise direction by means of a 
spring 268 interposed between the lever and a bracket 269 
on the solenoid, and is operative to move the lever into a 
position to engage the pin 255 when the solenoid is de 
energized. On energization of the solenoid by the con 
trol mechanism to be described, the lever 258 is rotated 
in a counter-clockwise direction as viewed in Fig. 19 
and Fig. 21 and disengages the hook portion 265 of the 
lever from the pin 255 to again permit rotation of the 
main shaft 49. A control switch 270 is mounted on the 
lever 258 for movement therewith, and is provided with 
an operating plunger 271 adapted to be engaged and op 
erated by a portion 272 of the switch lever 260, the lever 
being operable with the parts in the position shown in 
Fig. 19, to depress the plunger 271 to open the switch 
contacts, and being operable on rotation of the Switch 
lever from the position shown in a counter-clockwise 
direction to release the plunger and to allow the switch 
contacts to close. 

During the spring winding operation, the shaft 40 is 
rotating in a counter-clockwise direction, and the sole 
noid 265 is energized to maintain the latch mechanism in 
disengaged position so that the shaft is free to rotate dur 
ing the spring winding operation. Following the comple 
tion of the spring winding operation the control mecha 
nism is such that the lever 258 is moved to the position 
shown in Fig. 19 by the spring 268 following the deen 
ergization of the solenoid 266, and the direction of the 
rotation of the shaft 40 is changed from counter-clockwise 
to clockwise, whereupon the pin 255 engages the hook por 
tion 265 of the lever 258. In engaging the hook portion, 
the pin also engages the switch lever 264 and cams it in a 
counter-clockwise direction to the position shown in Fig. 
19 to close the contacts of the switch 270, this in turn 
serving to emergize the solenoids which operate clutches 
to disengage the driving mechanism from the wire feed 
carriage as well as from the main shaft 40. The pawl 
259 is merely an anti-back-up device for preventing re 
bound of pin 255 from the hook portion 265 of the lever, 
the angle being such that it tends to maintain the pin 
in the position shown until the shaft 40 is again reversed. 
In the event the shaft 40 is subsequently reversed to 
rotate in a counter-clockwise direction, the angle of en 
gagement of the pawl 259 with the pin 255 is such that 
the pin is able to cam the pawl out of the way. The 
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2 
operation of this mechanism and its control will be more 
fully explained later when the entire sequence of opera 
tion of the machine will be set forth, . 
... As indicated heretofore, means are provided for off 
setting the completed springs on the surface of an ad 
hesive tape, and means for winding the tape and the 
springs thereon on a reel for dispensing later, are shown 
in Fig. 22, this mechanism cooperating with the tape 
feed mechanism already shown and described in connec 
tion with Figs. 7, 8, and 9. As shown in the drawing, 
and as viewed from the left end of the machine, a suitable 
reel support 273 is mounted adjacent the machine at 
the rear thereof, this support having a shaft 274 with a 
reel 275 mounted for rotation therewith, the shaft being 
driven in a counter-clockwise direction by means of a 
motor 276 through a gear reducer 277 connected to the 
shaft through suitable pulleys 278 and 279 and belt 280. 
A limit switch 281 is mounted on the support 273 and 

provided with a control arm 282 adapted to be operated 
by a control lever 283 pivotally mounted on pin 284 on 
the support, and normally biased for rotation in a counter 
clockwise direction about the pin 284 by means of a 
spring 285 interconnected between an arm 286 on the 
lever and the framework of the support as indicated. A 
roll of paper 287 is mounted on a shaft 288, and the end 
of the paper passes around a hub 289 of the drum as 
shown and is secured thereto by means of the adhesive 
tape 99, previously referred to, the adhesive tape being 
supplied from a roll 290 mounted on a shaft 291 on the 
spring winding machine. As shown, the adhesive tape 
leads from a roll 290 to the tape feed roll 173, the ad 
hesively coated surface of the tape being in engagement 
with the surface of the roller 173 and being pressed 
thereagainst by the small roller 186 which is mounted 
on the offset arm 185 as previously described in con 
nection with the tape feed mechanism. The adhesive 
tape passes around the small roller 186, over a guide 
roll 29a mounted on the machine, and thence over a 
roll 292 mounted on the outer end of switch lever 283 
and onto the hub 289 of the reel, where it is secured. 

In the drawing, a completed spring 293 is indicated as 
being on the winding arbor 44, the right side of the 
spring being engaged by the pressure pad 74, and the 
adhesive surface of the tape 199 being pressed against 
the left side of the spring by the action of the roller 186, 
which has been moved by lever 75 around the axis of 
the roller 173 from the position shown in dotted lines 
in a path concentric with said axis. During this opera 
tion, the one-way clutch mechanism 172 associated with 
the feed roll 173 serves to rotate that roll in a clockwise 
direction concurrently with the movement of the small 
roller 186 to the position shown in full lines in the 
drawing, thus unwinding tape from supply spool 290. 
When the adhesive tape has fully engaged the spring, 
the arbor 44 is then withdrawn, as will be more fully 
described, the pressure pad 74 is withdrawn and the 
spring 293 remains adhered to the surface of the ad 
hesive tape. The roller 186 then retracts to the position 
shown in dotted lines, but the one-way clutch mechanism 
174 prevents counter-clockwise rotation of the feed roll 
173 during this operation. The tape 99 under this con 
dition of operation is positioned by virtue of its adhesive 
engagement with the surface of feed roll 173, and con 
sequently on retraction of the roller 86, the switch arm 
283 of the reel mechanism tends to rotate in a counter 
clockwise direction under the action of the spring 285, 
thus maintaining the tape in a taught position. Thus 
the switch operating lever 283 will tend to rotate in a 
counter-clockwise direction as each additional spring is 
attached to the surface of the adhesive tape, and the 
construction is such that on slight rotation of the lever 
in this direction, the switch arm 282 is operated by the 
lever to close the switch contacts and energize the motor 
276, whereupon the reel is rotated in a counter-clockwise 
direction to wind the tape 199 on the reel, it being noted 
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in this connection, that at the same time, the paper from 
the reel 287 is also wound on the reel hub to separate the 
springs from the next layer of adhesive tape. As soon as 
the reel starts to rotate in a counter-clockwise direction 
following energization of the motor, this tends to again 
move the switch arm 283 in a clockwise direction to 
eventually break the contacts on switch 281 and de-ener 
gize the motor. Consequently, it will be apparent that 
the reel is automatically controlled by the operation of 
the tape feed mechanism at the right of the drawing 
through the action of the switch lever 283. With regard 
to the tensioning of the tape 99 as it feeds from the 
tape roll supply 290, it will be understood that the ad 
hesive engagement of the tape with the tape remaining 
on the roll is sufficient to maintain the tape taught at all 

A number of the operations of the mechanism are con 
trolled by compressed air operated cylinders, the piping 
diagram for the air controlled system being shown in 
Fig. 23, and details of the control valves being shown in 
Figs. 24 and 25. At the outset, it will be noted that the 
schematic diagram includes control valves 33, 34, 35, 36, 
37, 38, and 39 operated respectively by cams 26, 27, 28, 
29, 30, 31, and 32, as shown in Fig. 1, these valves serv 
ing respectively to control the operation of the air cyl 
inder 196 which controls the pressure pad 74, air cylinder 
59 which controls the wire feed slide mechanism 48 in 
one direction, cylinder 72 which operates the wire cut 
off mechanism 71, cylinder 66 which controls the opera 
tion of the wire feed mechanism 69, cylinder 85 which 
controls the movement of the arbor slide carriage. 81, 
cylinder 201 which controls one of the movements of the 
twister mechanism 84, and cylinder 218 which controls 
another movement of the twister mechanism. 

Fig. 25 shows a sectional view of a valve mechanism, 
which may be any one of the valve mechanisms just re 
ferred to, this mechanism including a casing 294 having 
an inlet port 295 adapted to be connected to a source 
of air under pressure, exhaust ports 296 and 297, and 
outlet ports 298 and 299. . A spool valve 300 of con 
ventional construction is slidably mounted in a bore 301 
in the casing, and is operated from a cam on the lower 
cam shaft by means of a roller 302 mounted on a bell 
crank 303 pivotally connected to valve rod 304 and to 
a link 305 pivotally connected to the valve housing as 
shown. With the spool valve in the position shown, 
ports 296 and 298 are connected to exhaust the air from 
a cylinder connected to the port 298, inlet port 295 is 
connected with outlet port 299 to supply air to a cyl 
inder connected to that port, and exhaust port 297 is 
closed. On downward movement of the valve to the 
other end of its stroke, exhaust port 296 is closed, inlet 
port 295 is connected to outlet port 298, and outlet 
port 299 is connected to exhaust port 297. The lower 
end of the valve casing is provided with a port 306, 
and this is supplied with air under pressure from a Suit 
able source whenever the valves are in operation, in 
order to bias the spool valve toward the upward position 
shown, this taking the place of a spring interposed be-, 
tween the lower end of the spool valve and the end of 
the valve casing. 

Referring to Fig. 23, compressed air is supplied to the 
machine from a suitable source through conduit 307, 
shut-off valve 308, conduit 309, filter 310, conduit 31, 
pressure regulator valve 312, conduit 313, and lubricator 
314 having an outlet conduit 315. The outlet conduit 
315 from the lubricator is connected to the ports 386 of 
all the cam operated control valves by means of a con 
duit 316, a second pressure regulator valve 317, and a 
common conduit 318 from the pressure regulator valve 
connected to each of the ports 306 on the seven control 
valves through conduits 318a. 
The conduit 315 is also connected to inlet ports 295 

of the control valve through a manual shut-off valve 339 
and the conduit 320 leading to a junction block 321 con 
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14 
nected to the inlet ports of the various valves, the junc 
tion block being connected to the inlet ports of valves 
33, 34, 35, 36, 37, 38, and 39 respectively by conduits 
322, 323, 324, 325, 326, 327, and 328, the junction block 
also being connected to a pressure switch 329 by means 
of a conduit. 330. The operation and purpose of this 
pressure switch will be described more fully hereinafter. 
For convenience in describing the mechanism, the 

plungers 304 of the valves are all shown in the upward. 
position. The pressure-regulator valve 312 controls the 
pressure supplied to the inlet ports of the seven control 
valves, while the second pressure regulator 317 may be 
adjusted to control the pressure supplied to the ports 306 
of the control valve to obtain the proper return spring 
action on the valves. 

For the purpose of controlling the speed of operation 
of the pistons in some of the various cylinders, a flow 
control valve 331, shown in Fig. 24, is provided in some 
of the lines leading to the cylinders, this valve being so 
constructed as to restrict the flow of air in one direc 
tion, and provide a substantially unrestricted flow in the 
opposite direction, the arrow adjacent the control valves 
in all cases serving to indicate the direction of restricted 
or controlled air flow. Referring more specifically to 
Fig. 4, the valve is provided with ports 332, and 333, 
and ports 334 and 335 in the body of the valve between 
the ports 332 and 333. Port 334 is normally closed 
by a spring biased check-valve 336, while port 335 is 
partially closed by an adjustable restricting valve mem 
ber 337. The check valve 336 is biased towards closed 
position by a very light spring 338, and the construc 
tion is such that when air pressure is supplied to the port 
332, the check-valve opens immediately and provides 
substantially unrestricted flow through the valve to the 
port 333, it being noted that a certain amount of air can 
also flow through the restricted port 335 in this direc 
tion. In the event air pressure is supplied to the port 
333, the spring 338 and the air pressure maintain the 
check-valve 336 in closed position, and the only passage 
for air to the port 332 is through the restricted port 335, 
the air being thus materially restricted when flowing in 
this direction. The choke valve 337 is threadedly re 
ceived in the casing of the valve, and can readily be 
adjusted to provide any desired degree of restriction in 
the port 335. . 

Outlet port 298 of the valve 33 is connected to the 
upper end of cylinder 196 through a conduit 339 having 
a flow control valve 331 connected therein and with the 
valve stem 304 in the position shown, this conduit is 
connected to the exhaust port 296 of the valve. Since 
the cylinder is of the single acting type, the outlet port 
2.99 of the valve is plugged and is inoperative. On down 
ward movement of the plunger .304, ports 296 and 298 
are disconnected, and port 295 is connected to outlet 
port 298 to supply air to the upper end of the cylinder 
through the conduit 339 and the flow control valve 331, 
the flow being unrestricted by the control valve in this 
connection. On movement of the plunger back to the 
position shown, the conduit 339 is again connected to at 
mosphere, and air is exhausted from the cylinder at a 
controlled rate through the control valve 331. The 
spring 193, which, although shown as a spiral spring in 
the schematic view, is actually the flat spring 193 shown 
in Fig. 12, normally maintains the plunger in the posi 
tion shown. 
A conduit 340 connects outlet port 298 of valve 34 to 

the lower end of cylinder 59 through another flow con 
trol valve 331, the outlet port being connected with ex 
haust port 296 with the valve plunger in position shown. 
Referring now to valve 35, outlet port 298 is connected 
to the upper end of cylinder 72 by a conduit 341, this 
conduit being connected to the exhaust port 296 with 
the valve in the position shown, while outlet conduit 299, 
connected with inlet port 295, is connected to the lower 
end of the cylinder by conduit 342. A flow control valve 
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331 is included in conduit 342. Outlet conduits 298 and 
299 of valve 35 are connected respectively with the up 
per and lower ends of cylinder 66 through conduits 343 
and 344 and flow control valves 331. Outlet conduit 
298 of valve 37 is connected to the lower end of cylin 
der 85 through conduit 345 and flow control valve 331, 
while outlet port 299 of the valve is connected to the 
upper end of the cylinder through a conduit 346, a sole 
noid valve 347, conduit 348 and flow control valve 331. 
The solenoid valve is so constructed as to normally con 
nect conduit 346 and 348 to permit air. to be supplied 
to the upper end of the cylinder 85 by the operation of 
the cam operated control valve 37, solenoid valve being 
operable when de-energized to disconnect conduits 346 
and 348 and connect conduit 348 with an exhaust port 
349 on the valve to exhaust air from the cylinder and to 
prevent the admission of air to the upper end of the 
cylinder 85 regardless of the operation of the valve 37. 
The solenoid valve is controlled by a switch as will be 
more fully described. The outlet port 298 of the con 
trol valve 38 is connected to the upper end of cylinder 
201 by means of a conduit 350, and since this is a single 
acting cylinder adapted to have its piston normally main 
tained in the position shown by spring 209, the other 
outlet port of the control valve 38 is plugged and is there 
fore inoperative. The outlet ports 298 and 299 of con 
trol valve 39 are connected respectively with the upper 
and lower ends of the cylinder 218 by conduits 351 and 
352 and flow control valves 331. It should also be noted 
that the cylinder 66, previously referred to in connec 
tion with the operation of the tape mechanism, is Sup 
plied with compressed air at all times when the machine 
is operating through conduit 325 connected to port 67 
of the cylinder. As heretofore stated, this cylinder acts 
merely as a spring, and the piston in the cylinder is al 
ways urged toward the position shown by air pressure 
whenever the machine is in operation. 
The arrangement and timing of the cams which control 

the operation of the air control valves just referred to 
as well as other mechanism on the machine, is shown 
in Figs. 26, 27, and 28. In these figures it is assumed 
that the cam shafts are at rest in their normal position 
prior to the initiation of the cam shaft cycle, during 
which the camshafts revolve through one revolution fol 
lowing the completion of the winding of each Spring. 
The cams are shown as viewed from the left end of the 
machine. Fig. 28 shows a timing diagram for all the 
cams, and will be explained more fully in connection 
with the description of the sequence of operation of the 
machine. 

Fig. 29 shows a wiring diagram for the electrical con 
trol mechanism, it being pointed out that the motor 7 is 
of the 220 volt 3 phase type. Current is supplied to the 
electrical mechanism by leads 353, 354, and 355, and 
electrical control mechanism includes switch or control 
boxes 356, 357, 358, 359, and 360, these being enclosed 
in dotted lines and having their operation controlled re 
spectively by solenoids 36, 362, 363, 364, and by sole 
noids 365, and 356 in the control box 360. The latter 
control box serving to reverse the leads to the motor 7 
when it is desired to reverse the direction of rotation of 
the motor. The solenoids in control boxes 356, 357, 
358, and 359 are adapted to be de-energized when the 
circuits are overloaded by means of conventional over 
load devices 367, and 368, 369, and 370. 

Referring now to the relay or control box 356, this 
includes switches 37, 372, 373, and 374, which are 
ganged together in such a manner as to be operated 
simultaneously by the solenoid 361. Assuming that a 
main switch, not shown, is closed to energize the leads 
to the switch box, the momentary closing of a switch 375 
serves to energize the solenoid 361 and close the four 
switches in the control box. The circuit closed by the 
switch 375 includes wire 376 connected to feed wires 353, 
normally closed feeler switch 88, wire 377, switch 375, 
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wire 378, wire 379, solenoid 361, and a wire 380 con 
nected to supply lead 354 through the solenoid 361. As 
soon as the switches in the control box are closed as 
above described, the wire 376 is connected to the sole 
noid 361 to maintain it energized through feeler switch 
88, a wire 380, closed switch 371, and wire 379. When 
ever the switches in the box 356 are closed, the solenoid 
valve 347 is energized to establish connection between 
the conduits 346 and 348 shown in Fig. 23 in order to 
make the arbor slide cylinder 85 operative, the supply 
wire 353 being connected to the coil of the solenoid valve 
347 by the switch 372 and wire 381, and the coil being 
connected to supply wire 355 by means of wire 382 and 
closed switch 374. Since the circuit is such that the sole 
noid 361 is de-energized on opening of the feeler switch. 
88 to thus open all of the switches in the control box, it 
will be understood that whenever the feeler switch is 
opened, the solenoid of the valve 347 will also be de 
energized in order to prevent movement of the arbor 
carriage to the left as viewed in Fig. 1 by the operation 
of the air cylinder 85, this being for the purpose of pre 
venting damage to the arbor in the event a spring has 
not been properly discharged from the machine following 
the winding operation. In the event the feeler switch. 88 
is opened to open the switches in the control box 356 as 
above described, these switches cannot be closed again 
until the switch 375 is momentarily closed by the oper 
ator. When this is done, the switch. 371 is closed, where 
upon the feeler switch 88 controls the further operation 
of the solenoid 36 in the switch box. 
The switch box 357 is provided with switches 384, 

335, 386, and 387, these being ganged together for a 
simultaneous operation by the solenoid 362. When the 
contacts in switch box 356 are closed, the Supply leads 
353, 354, and 355 are connected respectively to switches 
385, 386, and 387 by wires 388, 389, and 390. It will 
be noted that wire 388 is connected to wire 389 through 
a wire 391, a normally closed emergency stop switch 392, 
a wire 393, a wire 394, the solenoid 362, the overload 
device 368 and the wire 395, it thus being evident that all 
of the contacts in the switch box 357 will be closed when 
ever the contacts in Switch box 356 are closed, except 
when emergency stop switch 392 is opened. 

Switch box 358 is provided with switches 396 and 397 
which are ganged together to be closed at the same time 
by the solenoid 363. The solenoid 363 is energized to 
close the switches 396 and 397 by means of a normally 
opened starting switch 398. One terminal of the switch 
is connected to the solenoid through wires 399 and 400, 
the other terminal being connected through wire 401, 
normally closed stop switch 402, wire 403, air pressure 
switch 329, wire 404, and wires 405 and 406 to the wire 
388 feeding to the switch box 357. Wire 389 is con 
nected to the righthand terminal of the solenoid 363 in 
the box 358 through closed switch 386, wire 407, wire 
408, overload device 369 and wire 409. Since the 
switches in the switch box 357 are closed, and since wires 
388 and 389 are both energized under the condition of 
operation described, the closing of the switch 398 serves 
to energize the solenoid 363 in the box 358 to close the 
switches 396 and 397 in that control box. The wire. 401 
is also connected to the right hand terminal of switch 
396 in switch box 358 by a wire 409a, and when the stop 
switch 402 is opened, the solenoid 363 in switch box 358 
is de-energized to permit the opening of switches 396 
and 397. This de-energizes the wire 419 leading to the 
Solenoid 364 in Switch box 359, but as will be described, 
a holding circuit which includes the cam operated switch 
9 maintains the latter solenoid energized until the switch 
9 is opened by the operation of cam 17 on the upper 
cam shaft. When the stop switch 402 is opened to stop 
the machine, the above described arrangement permits 
the cam shaft to complete its cycle of operation before 
the motor 7 is de-energized, and insures that the can 
shaft will always stop in substantially the same position. 
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The same action occurs if the air pressure switch 329 
opens due to lack of sufficient air pressure for safe opera 
tion of the machine. . . . . 

The switch box 359 is provided with ganged switches 
410, 411, 412, and 413 operative by solenoid 364. The 
left hand terminals of the switches 411, 412, and 413 
are connected respectively to the energized wires 388, 
389, and 390 leading to switch box 357 through wires as 
shown, switch 411 being connected through wires 405, 
406, and closed switch 385, switch 412 being connected 
through a wire 414 and closed switch 386, and switch 
413 being connected through a wire 415 and closed 
switch 387. Thus, when the switches in box 357 are 
closed, the wires 405, 414 and 415 leading to the 
switches in box 359 are energized. 
On closing of the switches 396 and 397 in the control 

box 358 on operation of the starter switch 398 as just 
described, the solenoid 364 is energized to close all the 
switches in control box 359. The right hand terminal 
of the solenoid 364 is connected to the energized wire 
389 leading to switch box 357, through a wire 416, over 
load device 370, a wire 417, wire 414, and closed switch 
386 in control box 357. The left hand terminal is con 
nected to the switch 397 in the control box 358 by means 
of a wire 418, and a wire 419. A wire 420 leading from 
the left terminal of the switch 397 connects with the 
energized wire 405, which in turn is connected to the 
path previously described to energized wire 388, and 
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consequently on closing of the switches 396 and 397 in 
the control box 358 in response to the closing of the 
starting switch 398, the solenoid 364 in the control box 
359 is energized to close the four switches in that con 
trol box. The closing of these switches serves to supply 
current to the center lead 424 of the motor 7, as well as 
to the reverse control box 360 which is operative to 
reverse the direction of rotation thereof. 
When the switches 396 and 397 in box 358 are closed, 

the energization of the solenoid 363 is then under the 
control of normally closed stop switch. 402, normally 
closed air pressure switch 329, and the switch 19, it being 
understood that in the event the air pressure supplied 
to the machine drops below a safe limit for satisfactory 
operation, the switch 329 will open, the solenoid 363 
will be de-energized to permit opening of the switches. 
396 and 397, and as soon as the cam 17 rotates suffi 
ciently to open switch 19, which controls the holding 
circuit, the solenoid 364 in control box 359, will be de 
energized to open the switches in that control box and 
de-energize the two outside leads going to the motor 7 
to stop the motor. - . . . . 
The relay or switch box 360 is provided with four 

switches 420, 421, 422, and 423. The switches. 420 
and 421 are ganged together to be operated by the sole 
noid 365, and the switches 422 and 423 are ganged to 
gether to be operated by the solenoid. 366. There is 
mechanical interlock between the operating mechanisms. 
for the switches 420 and 421 and the switches 422 and 
423, construction being such that on energization of the 
solenoid 365, the switches 420 and 421 are closed and 
maintained closed, while on energization of the solenoid 
366, the switches. 422 and 423 are closed and main 
tained closed, and the switches 420 and 421 are opened. 
The wiring arrangement and the construction of the 
motor are such that when the switches 420 and 421 are 
closed, the motor 7 rotates in a counter-clockwise direc 
tion as viewed in Fig. 29 and as viewed from the left 
hand end of the machine, while on opening of these 
switches and closing of the switches 422 and 423, the 
motor rotates in a clockwise direction. As heretofore 
stated, the motor is provided with three leads, these in 
cluding center lead. 424, right hand lead 425, and left 
hand lead 426. The lead 424 is energized and connected 
to energized leads 389, leading to switch box 357, when 
ever the switches in the control box 359 are closed. 
Lead 425 to the motor is connected to the left terminal 
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18 
of Switch 421, the right hand terminal of the switch being 
connected to energized wire. 390 leading to switch box 
357 through a wire 427, wire 428, wire 429 leading to 
switch box 359, wire 430, closed switch 413, wire 415, 
and closed switch 387. The left hand lead 326 to the 
motor is connected to the left hand terminal of switch. 
420, and the right hand terminal of that switch is con 
nected to the energized lead 388 going to switch box 357 
through wire 431, wire 432, closed switch 411 in switch 
box 359, wires 405 and 406, and the closed switch 385 
in the switch box 357. Thus, with the switches 420 and 
421 closed in the switch box 360, the three leads to the 
motor 7 are energized to rotate the latter in a counter 
clockwise direction. 

It is also noted that on opening of the switches 420 
and 421 and on closing of the switches 422 and 423, the 
motor lead 425 is adapted to be connected to the ener 
gized lead 388 going to the control box 357 through wire 
433, switch 422, wires 434 and 435, wire 431, wire 432, 
closed switch 411 in the switch box 359, wire 405, wire 
406, and closed switch 385 in the switch box 357. In 
like manner the motor lead 426 is connected to the ener 
gized wire 390 leading to switch box 357 through wire 
436, switch 423, wire. 437, wire 427, wire 428, wire 429, 
wire 430, closed switch 413 in the switch box 359, wire. 
415, and closed switch 387 in the switch box 357. Thus 
with the switches in the position shown in control box 
369, the motor leads 426, 424, and 425, are connected 
respectively, through the wiring previously described, with 
the main supply leads 353, and 354, and 355. On opera 
tion of the switch mechanism to close switches 422 and 
423 and open switches 420 and 421, the main lead 353 
is connected to the motor lead 425, the main lead 355 
is connected to the motor lead 426, and the center main 
lead 354 remains connected to the center motor lead 424. 

Solenoid coils 62 and 21, previously described in con 
nection with Fig. 2, serve when energized to engage. 
clutches 60 and 41, also described in connection with that 
figure. Solenoid coils 61 and 20, when energized serve, 
following de-energization of coils 62 and 121, to disen 
gage the above clutches. It will be noted from the draw 
ing, that the above mentioned coils are connected in 
parallel in each case, and that when the switches in the 
switch box 360 occupy the position shown, the energized 
lead 425 to the motor is connected to the right end of 
coils 62 and 121 by a wire 438, this wire being con 
nected to the left terminal of switch 421, and through 
that Switch and the connections already described in con 
nection therewith to the energized line 390 leading to 
the switch box 357. The other ends of the coils above 
mentioned are connected to the right hand terminal of 
switch 422 through wire 439 and are connected to the 
energized line 388 leading to the switch box 357 through 
wire 435, wire. 431, wire 432, closed switch 411, wire 
405, wire 406, and closed switch 385. On operation of 
the Switch mechanism in response to energization of the 
solenoid 366 in the switch box 360 to open switches 420 
and 421 and to close switches 422 and 423, the connec 
tion between the wire 438 leading to the coils and the 
energized wire 390 leading to the switch box 357 is 
opened due to the opening of the switch 421 and the coils 
62 and 121 are de-energized. It will also be noted that. 
the right hand end of the coils 61 and 120 are connected 
to the energized wire 390 by means of a wire 440 con 
nected thereto through wires 437, 427, 428, 429, 430, 
closed switch 413, wire 415, and closed switch 387 in 
the switch box 357. The left hand end of the coils is 
connected to the energized lead 388 leading to the switch. 
box 357 through a wire 441, normally open micro switch 
270, a wire 442, closed switch 422, wire 434, wire 435, 
wire 431, wire 432, and thence through the closed switch 
411 in the switch box 359 to the wire 388 through the 
connections previously described. Thus it will be noted 
that when the switches 422 and 423 in the box 360 are 
closed, the solenoid coils 61 and 120 are adapted to be 
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controlled by the operation of the micro switch 370 which 
is operated by the main shaft positioning mechanism 
previously described in connection with Figs. 19, 20, 
and 21. - 

In addition to the switches previously described, opera 
tion of the various relays is adapted to be controlled by 
the reverse switch mechanism 65 which includes a closed 
switch 443 and a normally open switch 444. The con 
struction of the switches is such that on movement of the 
measuring arm 63 in a counter-clockwise direction to 
engage the mechanism of the reversing switch 65 as indi 
cated in Fig. 2, the arm closes the switch 444. On re 
verse movement of the arm to rotate in a clockwise direc 
tion, as will be described, the switch 444 is opened. From 
the foregoing, it will be apparent that, on engagement of 
the measuring arm with the switch mechanism 65, the 
switch 444 is closed to energize solenoid 366 in control 
box 360, thus closing switches 422 and .423 to reverse 
the rotation of the motor from counter-clockwise to clock 
wise. This reverses the entire mechanism, the measuring 
arm then starts to rotate in a clockwise direction away 
from the switch mechanism 65, and the switch 444 opens 
and remains open until again engaged by the measuring 
arm during a following spring winding cycle. As soon 
as the above reversal of the motor takes place, the one 
way clutch 15 becomes effective to rotate the cam shaft 
11 in a counter-clockwise direction, together with the 
cam shaft 22 and the cams thereon, and as the cam shaft 
approaches the end of a complete revolution the switch 
18, which is normally open with the camshaft at rest, is 
closed by the dropping of the switch plunger into the de 
pression in the cam. The camshaft on the drive mecha 
nism has a certain amount of inertia, however, and con 
sequently the cam shaft tends to overrun the notch and 
again open the switch 18, which remains open until closed 
again during the following camshaft cycle. It is noted 
in this connection that the overrun of the cam shaft is 
controlled by the friction brake mechanism 127. On 
momentary closing of the switch 18 by the operation of 
the cam 16 as above described, the solenoid 365 in box 
360 is again energized to open switches 422 and 423 and 
close switches 420 and 421 to energize the motor 7 for 
counter-clockwise rotation for the winding of a subse 
quent spring. - - - - - . . . . 

The left terminal of the solenoid 365 is connected to 
the energized wire 390 leading to switch box 357 through 
wires 428 and 429 and the other connections previously 
described. The right terminal of the solenoid is con 
nected through a wire 445, cam operated switch 18, a 
wire 446, switch 443, a wire 447, a wire 448, a normally 
closed stop switch 19 operated by cam17 on the upper 
cam shaft, wire 449 connected to the left hand terminal 
of the switch 411 in the switch box 359, wire 405, wire 
406, and normally closed switch 385 in the switch box 
357, to the energized wire 388. The right hand terminal 
of Solenoid 366 is connected to the energized wire 390 
through the wire 429 and the other wires and connections 
just described in connection with solenoid 365. The left 
hand terminal of the solenoid is connected to the right 
hand terminal of the switch 444 by means of a wire 450, 
the left hand terminal of the switch 444 being connected 
to wire 447, and thence to the energized lead 388 leading 
to box 357 through wire 448, the stop switch 19, and the 
connections described in connection therewith heretofore. 
Thus the energization of solenoid 365 may be controlled 
by the switch 18, while the energization of the solenoid 
366 and the operation switches 422 and 423 may be con 
trolled by the switch 444. 
From the foregoing, it will be understood that when 

the machine is normally placed in operation, the switches 
420 and 421 in the control box 460 will be closed in such 
a manner that the motor will be set to run in a counter 
clockwise direction. Assuming that the main supply lines 
353, 354, and 355 are energized, closing of the switch 
375 momentarily will serve to close all the switches in 
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the control box 356, and this in turn will energize the 
wires 388, 389 and 390 leading to the switch box 357. 
This energizes solenoid 362 to close switches 384, 385, 
386 and 387 in box 357. Closing of the starting switch 
398 will energize the solenoid 363 in the control box 358 
to close all of the switches in that control box. Energiza 
tion of the solenoid 364 in the control box 359 on closing 
of the start switch 398 is effected by the operation of the 
control box 358, the switches of which are closed in re 
sponse to the closing of the start switch. When the 
switches in control box 359 are closed, the center lead 
424 to the motor is energized, and the outer leads 425 
and 426 are energized through the switches 421 and 420 
in the control box 360 to effect counter-clockwise rotation 
of the motor. At the same time, however, the coils 62 
and 121 are energized to maintain the drive clutches 60 
and 41 for the feed rack 56 and the main shaft 40 re 
spectively in driving engagement. With the control boxes 
in this condition, the solenoid air valve is energized to 
permit control of the arbor slide by means of the con 
trol valve 37 and the cylinder 85 shown in Fig. 23. The 
only thing that will open the switches in the control box 
356 during operation of the machine is the feeler oper 
ated switch 88, which only opens in the event a completed 
spring is not properly discharged from the spring winding 
arbor. . 
The direction of rotation of the motor during the oper 

ation of the machine is controlled by the switch 444 and 
operated by the measuring arm 63, as well as by the 
switch 18 which is operated by the cam 16 on the upper 
cam shaft. The stop switch. 402 and the air pressure 
switch 329 are both operative to stop the machine when 
open, but in the event either of these switches is opened 
to stop the machine, the motor will continue to be ener 
gized until the cam 17 on the upper camshaft rotates 
sufficiently to permit the switch plunger to enter the de 
pression in the surface of the cam in order to open the 
switch. On closing of the switch 444 by the operation 
of the measuring arm, the solenoid 366 in control box 
360 is energized to open switches 420 and 421 and to 
close the switches 422 and 423 to reverse the motor to a 
clockwise direction. On reversal of the movement of 
the measuring arm as the result of the above mentioned 
reversal of the motor, the switch 444 is opened, but in 
view of the fact that the mechanism operating the 
switches 420 and 421 and 422 and 423 respectively is 
interlocked, the switches 422 and 423 remain closed. A 
subsequent reversal occurs on rotation of the cam shaft 
to cause the cam 16 to momentarily close and then open 
the switch 18. 
When it is desired to place the machine in operation 

for the winding of springs, a length of spring wire from 
a suitable supply reel 452, shown in Fig. 1, is fed, over 
guide means, not shown, downward through the guide on 
the upper end of the cylinder 66 and through the feed 
block mechanism 69, and thence downward through the 
cut-off mechanism 71 and past the center line of the 
collet shown in Fig. 2, the wire passing downward across 
the flat surface 225 just to the left of the hook forming 
projection 226 on the member 223. The length of wire 
extending below the cutting edge 155 of the cut-off mech 
anism is just sufficient to form the straight porticias lead 
ing outwardly from either end of the finished spring 
shown in Fig. 30, and to also form the hook portions at 
the outer ends of the straight portions. The manually 
operated air valve 319 is open to supply air to the vari 
ous cam operated control valves as described in con 
nection with Fig. 23, following which, the starting switch 
398 is closed in order to start the motor turning in a 
counter-clockwise direction as previously described. In 
the event the clutches 60 and 41 are not engaged when 
the above action occurs, it will be noted that due to 
the fact that they are controlled by the operation of 
the switches. 420 and 421 in the control box 360, these 
clutches will immediately engage so that the motor will 
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drive the feed carriage rack 56 to the right, and at the 
same time rotate the main shaft 40 in a counter-clockwise, 
direction and rotate the winding arbor 44 and the collet, 
222 in a clockwise direction. As soon as the air valve is. 
turned on, it should be noted that the valve control for: 
the arbor slide is such, as indicated by the timing diagram 
in Fig. 28, that the arbor slide will be moved to the left 
as soon as the main air valve 319 is opened, whereupon. 
it will engage the right end of the projection 226 on the 
member 223 and force the latter to the left in order to 
force the end of the spring wire into the groove 228 in 
the arbor to form a hook on the end of the wire, and, 
at the same time to grip the wire between the arbor and 
the member 223 in such a manner as to insure that the 
wire will be wound on the arbor as the arbor rotates in 
a clockwise direction. The gearing or the speed, ratio 
between the rotating arbor and the rack 56 is such that 
the feed slide mechanism 48 will be moved to the right 
at the proper rate to wind a spring of the desired pitch. 

During this winding operation, the arm 63, shown more 
particularly in Fig. 2, and which is actually a measuring 
arm which determines the length of the spring to be 
wound, and which originally rested against the adjustable 
stop 64, is rotating in a counter-clockwise direction, and 
eventually engages the operating arm of the switch mech 
anism 65 in order to close the switch 444 to reverse the 
outside leads 425 and 426 leading to the motor to re 
verse the motor to clockwise rotation. . . . . . . 
When the motor reverses, the upper camshaft, which 

is driven through the one-way clutch 15, and which has 
been stationary during the above spring winding opera 
tion, starts to rotate at a very low speed in a counter 
clockwise direction, at the same time rotating the cams 
on that shaft as well as the seven control cams on shaft 
22, all of these cams rotating at the same speed, due to 
the drive ratio between the cam shafts 11 and 22. As 
soon as the rotation of the main shaft 40 is reversed, 
and referring more particularly to Fig. 2, the friction 
operated switch arm 137 rotates in a clockwise direc 
tion until it engages the stop 138, and at the same time 
disengages the contacts 141 and 142 of the switch mecha 
nism 133. As heretofore stated, the latch mechanism is 
shown and described in connection wtih Figs. 19, 20, 
and 21, is normally held out of engagement with the posi 
tioning pin 255 secured to the main shaft 40 by means 
of the solenoid 266 which is controlled by the operation 
of the switch mechanism 133. Consequently, on open 
ing of the switch contacts 141 and 142, the solenoid 
266 is de-energized, and the latch lever 258 of the latch 
mechanism shown in the above referred to figures is 
rotated by the spring 268 in such a manner as to posi 
tion the hook portion 265 of the latch lever for engage 
ment with the positioning pin 255. When this occurs, 
it will be noted that the leads to the motor have already 
been reversed, and that the main shaft 40 is also starting 
to rotate in the reverse direction with the clutch 4 still 
engaged. As the latch mechanism and the pawl 259 
and lever 260 associated therewith, are rotated into posi 
tion to engage the shaft by means of the spring 268, the 
lever 260 is operated by pin 255 to close the switch 277 
controlling the energization of the clutch solenoids 61 
and 120, thus energizing the solenoids and thus dis 
engaging the clutch 41, as well as the clutch 60 which 
drives the feed rack 56. It will be noted in this connec 
tion, that on reversal of the motor leads, switches 420 
and 421 in the control box 360 have already been opened, 
and that thus the solenoids 62 and 121, which would 
otherwise maintain the above clutches engaged, have been 
de-energized. It is also pointed out in connection with 
the operation of the latch mechanism, that the pin 255 
engages the hook portion 265 of the lever 258, and is 
maintained in engaging position by means of the pawl 
259, this pawl serving to maintain the shaft 40 and the 
arbor 44 in an angular position such that the flat por 
tion formed on the arbor is facing the front of the 
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machine whenever the main shaft is positioned in posi-. 
tioning mechanism. . . . . . . . . . . . . . . 
At the initiation of the cam shaft cycle, the spring 

wire from the reel 452 passes vertically downward 
through the feed block mechanism 69 and the cut-off 
mechanism 71 onto the front side of the winding arbor. 
As the camshaft starts to rotate, the control valves 33 and 35 are operated substantially simultaneously 

to supply air, to the cylinders 196 and 72 respectively, 
the cylinder 196 being operative to move the pressure 
pad 75 against the spring on the arbor to position and 
hold it for the subsequent cutting off operation, and the 
cylinder 72 serving to rotate the gear 152 of the cut-off 
mechanism 71 to cut the wire at the lower end of the 
guide 150, and to thereafter bend the wire below the 
cut-off point around the spindle 151 to form a hook 
thereon. At substantially the same time, the piston 202. 
of the twister mechanism, shown more particularly in 
Fig. 14, is supplied with compressed air by the opera 
tion of the valve 38 to move the cylindrical projection 
203 into engagement with the arcuate groove 158 on the 
underside of the arbor, and to move the cylindrical pro 
jection. 204 inward toward the arbor in a position to. 
engage the left side of the vertically extending spring 
wire which extends upward to the cut-off and hook...form. 
ing mechanism. The pressure pad continues to hold the 
spring against the arbor, and following the inward move 
ment of the twister, the valve 39 is operative to energize. 
the cylinder 218 to move the rack 214 to the left as 
shown in Fig. 13, for example, to rotate the gear. 212 
and the attached piston 202 in a clockwise direction as 
viewed in Fig. 13, in order to bend the upwardly extend 
ing straight portion of the spring and the hook formed 
on the end thereof downward to the right in a clockwise, 
direction and into the interior of the collar 159 of Fig. 
6, through the groove 161. Following this operation, 
the cam timing is such that the valve 33 is operated to 
release air pressure from the pressure pad cylinder 196 
at a controlled rate through the flow valve 331, where 
upon the spring 193 gradually moves the pressure pad 
away from the spring on the arbor. In view of the 
fact that the pressure pad is retracted at a slow and con 
trolled rate, the spring is permitted to unwind on the 
arbor to its natural unstressed condition at a slow rate, 
in order to prevent damage to the end portion of the 
spring in the collar 159 during the unwinding operation. 
It is also pointed out that due to the arrangement of the 
tangential slot 161 in the collar 159, and due to the 
direction of unwinding the spring, there is no tendency 
for the end portion of the spring to catch in the tan 
gential slot 16. ... . 
At about the same time that the pressure pad starts 

to retract as just described, the control valve., 34 is 
operated to operate the cylinder 59 to retract the feed 
rack 56 and the attached wire feed carriage mechanism. 
49 to its extreme left position in readiness for a subse 
quent spring winding operation. This action can occur 
at any time after the cut-off and spring bending, opera 
tion, provided it is completed in time for the initiation 
of another spring winding operation. 
When the spring has been permitted to completely un 

wind to its normal condition, the valve 33, is again oper 
ated by its associated cam to supply air to the cylinder 
196 to again engage the pressure pad with the outer 
surface of the spring on the winding arbor, and at the 
same time, the tape feed cam 20 on the upper camshaft 
11 operates the tape mechanism previously described in 
order to move the tape roller 186 shown in Fig. 7 
toward the spring and to engage the adhesive tape 199 
With the rear Surface of the spring, the operation of the 
pressure pad insuring firm engagement between the spring 
and the adhesive tape without distortion of the winding 
arbor. 44. As soon as the spring is properly engaged with 
the adhesively coated surface of the tape 199, the valve 
37 is operative to supply air to the lower end of the 
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cylinder 85, as shown in Fig. 23, to retract the arbor 
slide 81 and the arbor 44 to the extreme right, in order 
to retract the arbor from the interior of the completed 
spring which is now adhesively secured to the tape 199. 
Immediately following the above action, the valve 36 of 
Fig. 23 is operated to supply air to the upper end of the 
cylinder 66 in order to move the feed block mechanism 
69, shown more particularly in Fig. 4, downward a 
sufficient distance to feed a new length of wire to the 
region adjacent the collet, the length of this wire below 
the edge of the cut-off knife being sufficient, as hereto 
fore stated, to provide for the straight portions on either 
end of the spring as well as the hooks formed at the 
ends of those straight portions. 
As the arbor slide 81 and the arbor 44 are retracted 

to the right, the pressure pad shaft 75, which is normally 
held in the position shown in Fig. 10 by the arbor car 
riage during the spring winding operation, and the tape 
feed mechanism shaft 170 and its associated parts, which 
are normally held in the positions shown in Figs. 7 
and 9 by the arbor carriage 81 during the spring wind 
ing operation, are moved to the right a limited distance 
as heretofore described, by means of a spring 79 asso 
ciated with the pressure padshaft 75, and by means of 
the air operated piston 163 which is associated with the 
tape feed mechanism shaft 170. The arrangement of 
the stop mechanism for limiting the movement of these 
mechanisms to the right is so adjusted that both move 
to the right the same distance on movement of the arbor 
carriage 81 to the right, and then stop at a predeter 
mined point, while the arbor carriage continues to move 
to the right sufficiently to withdraw the arbor. 44 com 
pletely from the interior of the spring. On movement 
of the arbor carriage and the arbor to the right, the col 
let member 223 is moved to the right to the position 
shown in Fig. 2 by means of the spring 224, and the 
pressure pad mechanism and tape fed mechanism just 
referred to are moved to the right a sufficient distance 
to permit the hook on the left end of the spring to be 
disengaged from the groove 228 in the collet mecha 
nism 227. 

Following the above described operation, and while 
the arbor slide 81 is retracted to the extreme right, the 
control valve 33 is again operated to control the cylin 
der 196 to release the pressure pad 74 from engagement 
with the spring, and at substantially the same time, the 
cam 20 on the upper cam shaft 11 is operative through 
the mechanism described in connection with Figs. 7 and 
8, to move the tape roller 186 in a counter-clockwise 
direction about the tape roller 173, as viewed in Fig. 8 
in order to retract the feed roller, tape and the com 
pleted spring thereon from the vicinity of the arbor to 
ward the rear of the machine, and to permit the tape 
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reel mechanism shown and already described in connec 
tion with Fig. 22, to become operative to reel up the 
tape with the completed spring thereon. 
The control valve 37 is then again operated to supply 

air to the upper end of the cylinder 85 in order to move 
the arbor slide 81 to the left, whereupon the end of the 
arbor engages the collet as previously described to form 
a hook on the end of the spring wire which has already 
been fed to the collet in preparation for the winding 
of a following spring. The valve 36 is then operative to 
control the cylinder 66 to retract the wire feed block 
mechanism upwardly, and at about the same time, the 
valve 34 is operated by its associated cam to exhaust 
air from the cylinder 59 shown in Fig. 23, in order to 
permit subsequent movement of the wire feed carriage 
mechanism 48 to the right by means of the rack 56. This 
is the last operation controlled by the cams on the lower 
camshaft 22, and almost immediately following that, 
the cam 16 on the upper cam shaft is operative to mo 
mentarily close the switch 18, shown in the wiring dia 
gram of Fig. 29, the momentarily closing of this switch 
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serving to energize the solenoid 365 in the control box 
360 to again reverse the outside leads to the motor 7 in 
order to reverse its direction of rotation from clockwise 
to counter-clockwise. As soon as the motor reverses, 
the drive to the camshaft 11 from the guide mechanism. 
is disconnected due to the action of the one-way clutch 
15, but the camshaft, due to its inertia, continues to re 
volve a short distance, until the notch in the cam shaft 
which operates to momentarily close the switch 18 as 
sumes the position shown in Fig. 28. At the same time, 
the cam 17 is operative to open the switch 19, the purpose 
of this switch, as previously described being to insure 
that the cam shaft will stop at a predetermined point in 
the event the stop button on the machine is opened by the 
operator to stop the machine. 

It will be apparent from the foregoing, that through 
the operation of the above cam operated controls, and 
following the winding of the spring, the wire at the right 
end of the spring has been cut off above the arbor, a 
hook has been formed thereon, the end of the spring 
with the hook thereon has been bent downwardly to the 
right in line with the axis of the spring, and the spring 
has been discharged from the machine and secured to the 
surface of the tape 199, which is wound up on the reel 
ing mechanism as previously described. 
At the completion of the cam shaft cycle, the reversal 

of the motor effected by the opening of switches 422 and 
423 and the closing of switches 420 and 421 in the con 
trol box 360 under the control of the cam operated 
switch 18, has also served to re-energize the solenoids 62 
and 121 to re-engage the drive clutches 41 and 60, which 
respectively drive the main shaft 40 and the feed carriage 
rack 56. Consequently, the machine is conditioned for 
the winding of another spring in the manner previously 
described. It is also pointed out, that in the event the 
amount of cam shaft overrun and motor overrun during 
clockwise rotation of the motor is indeterminate in such 
a manner that the measuring arm 63 tends to rotate in 
a clockwise direction beyond the position normally deter 
mined by the stop 64, the frictional connection between 
the measuring arm 63 and the shaft 96 permits such over 
run to occur. Nevertheless, the measuring arm always 
starts in its counter-clockwise measuring rotation from 
the same position, and consequently the number of rota 
tions of the spring winding arbor 44 during the spring 
winding operation is directly controlled by the degree 
of rotation of the measuring arm 63, which in turn is 
controlled by the positioning of the switch mechanism 
65 and the positioning of the adjustable stop 64. 
From the foregoing, it will be understood that novel 

means have been provided for sequentially feeding a 
length of wire to the region of a spring winding arbor, 
for forming a hook on the end of said wire, for there 
after winding a spring of a predetermined number of 
coils on the arbor, for cutting off the wire at the end of 
the Spring, for forming a hook on the wire and bending 
that wire downward into line with the spring, for permit. 
ting the controlled unwinding of the spring to its un 
stressed normal condition without damage to the hook 
and the end portion on the right end of the spring, for 
securing the spring to the adhesively coated surface of 
the adhesive tape, for retracting the tape and spring, 
for feeding fresh tape to the region of the arbor for re 
moving a following spring from the machine, and for 
automatically winding up the tape with the spring thereon 
on a suitable reel, as described, in such a manner that dur 
ing a subsequent assembly operation, the individual springs 
may be readily removed from the surface of the adhesive 
tape by the operator without the necessity of sorting out 
the springs which might otherwise become badly en 
tangled. 

Although the invention has been described and illus 
trated in considerable detail, it is to be understood that 
the invention may be expressed in other forms as will be 
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readily understood by those skilled in the art, and refer 
ence is had, therefore, to the appended claims for a 
definition of the limits of the invention. . . . . . . . 
What is-claimed is: . . . . . . . . . . . . . . . . 
1. A spring winding machine including a rotatable 5 

spring winding arbor, a reversible motor for rotating 
said arbor to wind a spring thereon, means for removing. 
a completed spring from the arbor, means for actuating: 
said spring removing means, arbor positioning means for. 
stopping and positioning said arborin: a predetermined 10 
angular position, and control means driven by said: mo 
tor for controlling the operation of said actuating means 
and arbor positioning means, said control means include: 
ing a motor reversing meniber operable on rotation of 
said arbor through a predetermined number of revolu- 15 
tions for reversing said motor, and cam means driven by 
said reversed-motor for effecting sequential operation. 
of said positioning means and said actuating means..... 
-2. A spring winding machine, as set forth in claims 
1, wherein said spring removing means includes means: 20 
for engaging the adhesively coated surface of an indefi-; 
nite length of adhesive tape with the completed spring 
on the arbor to secure it to the tape and operable to there 
after retract the tape and the spring thereon from the 
region of the arbor, and means for retracting saidarbor 25 
from the inside of the spring, said cam means being so 
constituted as to control said tape engaging means and 
arbor retracting means to sequentially engage said tape: 
with the completed spring, retract said arbor from the 
spring, and retract the tape and the spring thereon from 30 
the region of the arbor. . . . . . . . . 
3. A spring winding machine as set forth in claim 1, 

wherein the spring removing means includes means for 
engaging the adhesively coated surface o indefinite: 
length of adhesive tape with the completed spring on the 8 
arbor to secure it to the tape and operable 'thereafter to: 
retract the tape and the spring thereon from the region 
of the arbor, means for positioning, the tape to receive 
a following spring, and means for retracting said arbor 
from the inside of the spring, said cam means being so. 9 
constituted as to control said tape engaging means and 
arbor retracting means to sequentially engage said tape 
with said spring, retract said arbor, from the 'spring re 
tract the tape and the spring thereon from the region' 
of the arbor, and position said tape to receive a f 
ing spring. " 

1 4. A spring winding machine as set forth in claim 1, 
wherein the spring removing means includ for. 
engaging the adhesively coated surface finite legi of adhesive age with the completed spring on 
the arbor to secure it to the tape and operable thereaf 
ter to retract the tape and the spring ther 3 : 

with said spring, retract said arbor 
retract the tape and the spring the 
of the arbor, and position the ta re 
spring, and the means for removing the tapeå 
pleted springs thereon from the machine is so.co. 
tuted as to remove said tape from the machine in acc 
ance with the positioning of said tape to receiv. 
lowing spring. . . . . . . . . . . . 

5. A spring winding machine as set forth in claim 1, to 
wherein the spring removing means includes a supply 
of adhesive tape, means for engaging... the adhesi 
coated-surface of the tape with the completed spring 
on the arbor to secure it to the tape and operable to 
hereafter retract the tape and the spring thereon from 
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the region of the arbor, means for positioning the tape 
to receive a following spring, reel means, associated with 
the machine and controlled by the operation of said tape. 
engaging and tape positioning means to wind the tape. 
and completed springs thereon on a reel, and means for 
retracting the arbor from the inside of the spring, said. 
cam means being so constituted as to control said tape, 
engaging means and arbor retracting means to sequentially 
engage said tape with said spring, retract said arbor from. 
said spring, retract the tape and the spring thereon from 
the region of the arbor, and position the tape to receive. 
a following spring, and said reel means being so consti. 
tuted as to wind the tape; and completed springs on a 
reelin response to the operation of 'said tape engaging 
and tape positioning means. . . . . . . . . . . . . 

6. A spring winding machine as set forth in claim.1, 
wherein the spring removing means includes, means for 
engaging the adhesively coated surface of an indefi 
nite length of adhesive tape with the surface of a com 
pleted spring on one side of the arbor to secure it to 
the tape and operable; to thereafter retract the tape withs 
the spring thereon from the region of the arbor, pres 
sure pad means engageable with the surface of the spring 
on the side opposite said one side of the arbor, and 
means for retracting said arbor from the inside of the 
spring, said cam means-being so constituted as to control." 
said tape engaging means, pressure pad means, and 
arbor irretracting means to substantially simultaneously: 
engage said tape and pressure pad means with said spring, 
retract said arbor from said spring, and thereafter re 
tract said pressure pad and said tape with the spring 
thereon from the region of the arbor. 
i7. A 'spring winding machine including a rotatable. 

spring winding arbor and a rotatable collet spaced ax 
ially therefrom; means for feeding a length of wire to the 
collet, means for effecting relative axial movement of the 
arbor and collet to grip said wire in the collet, means for 
simultaneously rotating the collet and arbor to windsaid 
wire on the arbor to form a spring, means for guiding 
the wire onto the arbor during the forming of the spring, 
drive means for driving said rotating means, means re 
sponsive to rotation of the drive means through a pre 
determined number of revolutions for reversing the di 
rection of rotation of the drive means and rotating means, 
positioning means responsive to 'said reversal of said 
rotating means for engaging and stopping the rotating 
means to position the arbor and collet in a predetermined 
angular position, means' responsive to engagement' of 
said positioning means with said rotating means for dis 
engaging the drive means from the rotating means, means 
for cutting the wire adjacent the end of the spring follow 
ing the completion of the winding operation, means for 
effecting relative axial separation of said arbor and col 
let to release the wire gripped therebetween, and means controlled by the operation of said drive means during 
said reverse rotation for sequentially operating said wire 
cutting means, effecting, said relative axial separation of 

rbor and collet to release said wire, and operat 
means to feed a new length of wire 

aid collet for a following spring. 
A spring winding machine as set forth in claim 

7 rein means are provided having a connection with 
said drive means for effecting relative axial movement 
of the guiding means and arbor to guide said wire onto 

ie arbor in spaced coils during winding of the spring 
on the arbor, and means controlled by the means re sponsive to engagement of said positioning means with 
said, rotating means operable on such engagement to 
disconnect the drive means from the means for effecting 
said relative movement of said guiding means and ar 
bor. . . . . . . . . . . . . 
9. A spring winding machine as set forth in claim 7, 

wherein said mechanism includes means for engaging the 
ely coated surface of an indefinite length of ad 
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hesive tape with a spring wound on the arbor to secure 
the spring to the tape, means for retracting the arbor 
from the inside of the spring, and the means controlled 
by the operation of the drive means during said reverse 
rotation is so constituted as to sequentially operate said 
wire cutting means, operate said tape engaging means 
to engage the tape with the spring on the arbor, retract 
said arbor from the inside of said spring and separate 
said arbor and collet to release the wire, and to retract 
said tape and the spring thereon from the region of the 
arbor and feed another length of wire to the collet for a 
following spring. 

10. A spring winding machine as set forth in claim 7, 
wherein the collet includes means operable on gripping 
of said wire in said collet by said relative axial move 
ment of the arbor and collet for forming a hook adjacent 
the end of said wire. - 

11. A spring winding machine as set forth in claim 7, 
wherein the collet includes means operable on gripping 
of said wire in said collet by said relative axial move 
ment of the arbor and collet for forming a hook adjacent 
the end of said wire, and the wire cutting means includes 
means operable for forming a hook on the wire at the 
end of the wound spring following cutting of the wire. 

12. A spring winding machine as set forth in claim 7, 
wherein the wire cutting mechanism is positioned to cut 
the wire at a point spaced an appreciable distance ra 
dially from said arbor, wire bending means are provided 
operable for sequentially engaging the portion of wire 
extending between the arbor and said point and bending 
it bodily toward the axis of said arbor, and the means 
controlled by the operation of the drive means during 
said reverse rotation is so constituted as to operate said 
bending means to engage said portion of wire prior to 
the operation of said cutting means to cut the wire, and 
to operate said bending means to bend said portion of 
wire following the operation of said cutting means and 
prior to the relative separation between said arbor and 
collet to release the wire gripped by the collet. 

13. A spring winding machine as set forth in claim 7, 
wherein means are provided responsive to the operation 
of said drive means through a predetermined angle of 
rotation in said reverse direction for again reversing the 
direction of rotation of the drive means and for operat 
ing said disengaging means to reengage the drive means 
with said rotating means to again rotate the rotating 
means, and means are provided responsive to initial ro 
tation of the rotating means by the drive means follow 
ing said reengagement for disengaging said positioning 
means from said rotating means. . 

14. A spring winding machine including a rotatable 
arbor and rotatable collet spaced axially therefrom, arbor 
rotating means, means for feeding a predetermined length 
of wire from a supply reel toward the collet with the free 
end of the wire adjacent the collet, a movable hook form 
ing member on the collet adapted to engage said wire and 
form a hook adjacent the end thereof, means for moving 
said arbor axially into engagement with said collet member 
to move the latter to form said hook-and-for-retracting 
said arbor to disengage said hook forming member and 60 
withdraw the arbor from a completed spring, a mov 
able carriage associated with said feed mechanism, means 
for retracting said carriage, a wire cutting mechanism 
mounted on said carriage operable to sequentially, cut 
said wire following the winding of said spring and to 
form a hook adjacent the end thereof on the spring, drive 
means connected with said arbor rotating means and 
carriage for rotating the arbor and moving the carriage 
axially along the arbor in one direction at a predeter 
mined speed relative to the speed of rotation of the arbor 
to space the coils of the spring on the arbor during wind 
ing of the spring, a pressure pad for holding the spring 
against the arbor during operation of said wire cutting 
and hook forming mechanism to cut the wire and form 
said hook, means for releasing said pad at a controlled 
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rate to permit unwinding of the spring to an unstressed 
condition, means for intermittently feeding adhesive tape 
from a supply to provide unused portions of tape ad 
jacent said arbor, means for engaging said portion of 
tape with a spring on the arbor and for retracting said 
tape portion with a spring secured thereto, means re 
sponsive to rotation of said arbor through a predeter 
mined number of revolutions for reversing the rotation 
of said drive means and arbor rotating means to the 
opposite direction, positioning means responsive to re 
versal of said arbor rotating means for engaging and 
stopping said means with said arbor in a predetermined 
position, means responsive to engagement of said posi 
tioning means with said rotating means for disconnecting 
said drive means from said rotating means and from said 
carriage, and control means operable by said drive means 
during said reversed rotation thereof for controlling the 
operation of said wire feed means, said arbor moving 
means, said movable carriage retracting means, said wire 
cutting and hook forming mechanism, said pressure pad, 
said tape feed means, said tape engaging and retracting 
means, and for thereafter again reversing the direction 
of rotation of said drive means and connecting said drive 
means with said arbor rotating means and said movable 
carriage. - 

15. A spring winding machine as set forth in claim 14, 
wherein said control means includes means for effecting 
the last named reversal of the drive means on movement 
of the drive means through a predetermined degree of 
rotation following the first named reversal thereof. 

16. A spring winding machine as set forth in claim 14, 
wherein said control means includes a plurality of ro 
tatably mounted cams and means for connecting said 
cams to said drive means for rotation thereby, said 
connecting means including a one-way clutch so con 
stituted as to connect said cams with the drive. means 
only during rotation of said drive means in said opposite 
direction. - 

17. A spring winding machine as set forth in claim 14, 
wherein feeler means are provided, said feeler means 
including actuating means controlled by said control 
means and being operable thereby on retraction of said 
arbor from a completed spring to determine the presence 
or absence of a spring or the arbor, and operable on 
engagement with a spring on the arbor to de-energize said 
drive means. 

18. A spring winding machine as set forth in claim 14, 
wherein said control means includes a cam shaft hav 
ing a plurality of cams thereon for controlling the op 
eration of the feed means, arbor moving means, carriage 
retracting means, wire cutting and hook forming mecha 
nism, pressure pad, tape feed means and tape engaging 
and retracting means, a one-way clutch connecting the 
cam shaft with the drive means for driving the cam 
shaft during rotation of the drive means in said opposite 
direction, and means controlled by one of the cams oper 
able on rotation of said cam shaft through substantially 
one revolution during rotation of the drive means in said 
opposite direction for reversing the rotation of the drive 
means from said opposite direction to said one direction. 

19. A spring winding machine as set forth in claim 14, 
wherein said control means includes a camshaft having 
a plurality of cams thereon for controlling the operation 
of the feed means, arbor moving means, carriage re 
tracting means, wire cutting and hook forming mecha 
nism, pressure pad, tape feed means and tape engaging 
and retracting means, a manually operable control is 
provided for de-energizing said drive means, and means 
are provided operable by one of said cams for preventing 
de-energization of said drive means by the operation of 
said manually operable control except when said one 
cam is in a predetermined angular position. 

20. A spring winding machine including a rotatable 
arbor and a rotatable collet spaced axially therefrom, 
a device for feeding wire to said collet from a supply, 



2,989,493 
29 

actuating means for moving said arbor to engage said 
collet and grip said wire and for retracting said arbor 
from the collet to release the wire, a wire feed carriage 
movable along said arbor and carrying said wire feeding 
device, a device for cutting the wire adjacent the end 
of a completed spring, means for removing a completed 
spring from the machine, drive means for rotating said 
arbor and collet to wind a spring on the arbor and for 
moving said feed carriage, along the arbor at a predeter 
mined rate during the winding of the spring, separate 
actuating means for respectively operating said wire feed 
device, moving said wire feed carriage in one direction, 
operating said wire cutting device, and operating said 
Spring removing device, control means for controlling the 
operation of each of said separate actuating means, cam 
means movable for operating said control means, means 
operable in response to rotation of said arbor through 
a predetermined number of revolutions for stopping said 
arbor and holding it in a predetermined position, ren 
dering said drive means ineffective to drive said arbor 
and feed carriage, and moving said cam means to con 
trol said actuating means, and means controlled by said 
cam means on movement thereof through a predeter 
mined distance for rendering said drive means effective 
to again drive said arbor and feed carriage and to stop 
the movement of said can means. 

21. A spring winding machine as set forth in claim 
20, wherein said actuating means are fluid pressure ac 
tuators, and control valves having operating elements 
engageable with said cam means are provided for con 
trolling said fluid pressure actuators. 

22. A spring winding machine as set forth in claim 
20, including feeler means operable on engagement with 
a completed spring to stop the machine in the event of 
failure of the spring removing means to remove said 
spring from the machine, an actuator for moving said 
feeler toward and away from said arbor, and means 
controlled by said cam means for controlling the op 
eration of said actuator. w 

23. A spring winding machine as set forth in claim 
20, including feeler means operable on engagement with 
a completed spring to stop the machine in the event of 
failure of the spring removing means to remove a com 
pleted spring from the machine, feeler actuating means 
controlled by said cam means, and means operable by 
said feeler on movement thereof by said actuating means 
into engagement with a spring on said arbor to render 
said arbor actuating means ineffective to move said arbor 
into engagement with the collet. 

24. A spring winding machine including a rotatable 
arbor and a rotatable collet spaced axially therefrom, 
a device for feeding wire to said collet from a supply, 
means for moving said arbor to engage said collet and 
grip said wire and for retracting said arbor from the 
collet to release the wire, a wire feed carriage movable 
along the arbor and carrying said wire feeding device, 
a device for cutting the wire adjacent the end of a com 
pleted spring, drive means for rotating said arbor to 
wind a spring thereon, a connection with the drive means 
for moving the feed carriage longitudinally of the arbor 
in one direction at a predetermined rate during the rota 
tion of the arbor in winding the spring, means for re 
tracting said feed carriage, control means responsive to 
a predetermined degree of rotation of said arbor to wind 
a spring thereon for stopping and positioning said arbor 
in a predetermined angular position, and means con 
trolled in response to said stopping and positioning of 
said arbor for rendering said drive means ineffective to 
rotate said arbor and to disconnect said carriage drive 
means connection, operating said cutting device to cut 
the wire adjacent the end of the wound spring, retract 
ing said arbor from the collet and from the inside of 
the spring to release the spring, retracting said feed 
carriage, operating said wire feed device to feed another 
length of wire to the collet, and operable after a pre 
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determined time interval following the said stopping 
and positioning of said arbor for again moving said arbor 
into engagement with said collet to grip said another 
length of wire, rendering said drive means effective to 
again rotate said arbor to wind a spring thereon, and 
reestablish said carriage drive means connection to 
again move said feed carriage along the arbor at said 
predetermined rate. 

25. A spring winding machine as set forth in claim 
24, wherein said means controlled in response to stop 
ping and positioning of said arbor includes means for 
engaging the wire between the spring and the point of 
cut-off and for bending said wire, and the arbor is pro 
vided with a relieved portion positioned with said arbor 
in said predetermined position to provide clearance for 
the operation of said wire engaging and cut-off means. 

26. A spring winding machine as set forth in claim 24, 
wherein the control means responsive to a predetermined 
degree of rotation of said arbor includes a control ele 
ment having a frictional drive connection with said drive 
means, and control means operable by said element on 
movement of the latter a predetermined amount during 
operation of said drive means in said one direction for 
stopping said drive means. 

27. A spring winding machine as set forth in claim 24, 
wherein the control means responsive to a predetermined 
degree of rotation of said arbor includes a control ele 
ment having a frictional drive connection with said drive 
means, means for adjusting the degree of movement of 
said element by said drive means through said frictional 
connection, means operable on movement of said ele 
ment through a predetermined distance by said drive 
means for reversing the direction of movement of said 
drive means and element and a one-way clutch connect 
ing the drive means and the means controlled in re 
sponse to said stopping and positioning of said arbor for 
operating said last named means on reversal of said drive 
e3S 

28. A spring winding machine including a rotatable 
spring winding arbor, reversible drive means for the 
arbor, means including a control element driven by and 
operable on movement of the drive means in one direc 
tion a predetermined amount for reversing the drive 
means, means responsive to reversal of the drive means 
for stopping and positioning the arbor in a predetermined 
position of rotation, means responsive to the operation of 
said stopping and positioning means for rendering the 
drive means ineffective to rotate the arbor, and control 
means operable by said drive means on movement thereof 
a predetermined amount in said reverse direction for 
again reversing the direction of movement of said drive 
means, rendering the latter effective to again rotate said 
arbor, and rendering said arbor stopping and positioning 
means ineffective. 

29. A spring wilding machine as set forth in claim 28, 
wherein said control element is provided with a friction 
drive connection with the drive means, the movement of 
said element by said drive means is limited in one direc 
tion by an adjustable stop, and the element on move 
ment a predetermined distance in the other direction is 
engageable with said means operable by the control ele 

70 

75 

ment for reversing the drive means. 
30. A forming machine including a movable article 

forming arbor, means for feeding a strip of article form 
ing material from a supply to the region of the arbor, . 
means for moving the arbor to engage a portion of said 
material and form an article therefrom, means for feed 
ing adhesive tape from a supply to the region of the 
arbor, and means operable following forming of the 
article and controlled in response to the operation of 
said arbor moving means for engaging a portion of said 
tape with the formed article, separating the article from 
said strip, retracting said arbor from engagement with 
the formed article, and retracting said portion of tape 



from the region of the arbor with the formed article ad 
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hesively secured thereto. 
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