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[57] ABSTRACT 
The twisting apparatus comprises a transfer mecha 
nism for transferring a formed wire spring to a work 
ing station and a pair of twisting units disposed on the 
opposite sides of the working station. Each unit com 
prises a mechanism for clamping the formed wire 
spring and a mechanism for twisting the formed wire 
spring while it is clamped between the clamping mech 
anisms. These mechanisms are actuated by pneumatic 
actuators. Means are provided for respective units for 
varying the twisting angle. The twisting units are also 
adjustable to vary the twisted portions of the formed 
wire spring. 

5 Claims, 9 Drawing Figures 
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APPARATUS FOR TWISTING WAVE FORM WIRE 
SPRINGS 

This invention relates to twisting apparatus for twist 
ing a corrugated wire spring to produce a so-called 
formed wire spring such as a zig-zag shaped wire spring. 
Wire springs twisted by such twisting apparatus are 

combined with springs of another type to form cushion 
frames for use in the seats ofrmotor car or'the like vehi 
cles, or sofas or beds. 

In the prior art twisting apparatus a cam has been 
used to drive a twisting mechanism for twisting formed 
wire springs. In these prior ‘mechanisms it is difficult to 
adjust the twisting angle of ‘the formed wire springs and 
for the purpose of adjusting the twisting angle ‘it is nec 
essary to exchange ‘the cam. For this reason, it ‘takes a 
long preparation ‘time before starting the ‘twisting oper 
ation, thus decreasing .the efficiency of the operation. 
Furthermore, in prior artapparatus in which several 

spaced portions of a formed wire spring :are twisted, a 
plurality of holding mechanisms for clamping the wire 
spring and a plurality of twisting mechanisms are Ase 
cured to the base of the twistingapparatus at respective 
twisting positions. Thus, such apparatus is of the exclu 
sive type wherein it is impossible to move the holding 
mechanisms and the twisting ‘mechanisms to any de 
sired positions to ‘vary the twisting positions. In other 
words, such twisting apparatus can be used to prepare 
only products of a particular type so that it is necessary 
to install a plurality of apparatus of different types in 
order to obtain products of different types. 

In addition, the prior apparatus is bulky, complicated 
in construction and expensive to manufacture. 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of‘this invention to 
provide improved apparatus for twisting formed wire 
springs which can eliminate various defects of the prior 
art twisting apparatus. 
According to this invention, a holding mechanism 

and a twisting mechanism at each twisting position or 
station are combined into a pair of upper and lower 
units acting as a twisting member, and each unit is con 
structed to be readily movable with respect to the main 
body of the apparatus. 

Further, in accordance with this invention, the means 
for driving a respective twisting mechanism comprises 
a pneumatic cylinder instead of a cam and the twisting 
angle imparted to the formed wire spring by the twist 
ing mechanism can be readily adjusted. More particu 
larly, in a preferred embodiment the twisting mecha 
nism is comprised by a rack and a pinion cooperating 
therewith and the stroke of the rack is varied by means 
of an adjustable lock nut thereby adjusting the twisting 
angle. In another embodiment, the stroke of the rack 
is varied by means of replaceable gauges of different 
sizes for the purpose of adjusting the twisting angle. Ac 
cordingly, the adjustment of the twisting angle can be 
made extremely readily and rapidly thus decreasing the 
preparation time before starting the twisting operation. 
Thus, it is an object of this invention to provide a 

twisting apparatus capable of decreasing the prepara 
tion time and hence improving the operational effi 
ciency. 
A further object of this invention is to provide im‘ 

proved twisting apparatus having a simple and compact 
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construction and which can be manufactured at a low 
cost. 
A still further object of ‘this invention is to provide 

universal ‘twisting apparatus capable of manufacturing 
twisted formed wire springs of various types. 
Another object of this invention is to provide im 

proved twisting apparatus capable of readily and ‘rap— 
idly varying the twisting angle of the formed wire 
springs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

‘Further objects and advantagesof the invention can 
be more fully understood ‘from the following detailed 
description taken in conjunction ‘with the accompany 
ing drawings, in which: 

‘FIGS. 1(a) and (b) show different types of formed 
wire springs that can be ‘twisted by the twisting appara 
tus embodying vthe invention; 
FIG. 2 is a diagrammatic general ‘view, partly broken 

away, of the twisting apparatus constructed in appara 
tus with the teaching of the invention; 
FIGS. 3(a) and 3(1)) are diagrams showing the steps 

of twisting a formed wire spring of one type by ‘the 
twisting apparatus of this invention; 
FIG. 4 is a diagrammatic representation of a ‘com 

pleted'formed wire spring showing the order of twisting 
a formed wire spring; 
FIG. 5 is an enlarged view of the transfer mechanism 

utilized in the twisting apparatus shown 1FIG. 2; 
FIG. 6 is an enlarged sectional view of a modified 

means for adjusting ‘the twisting angle utilized in the 
twisting mechanism of the twisting apparatus shown in 
FIG:2; and 
FIG. 7 is an enlarged sectional view taken along a line 

7--7 in FIG. 6. 

DETAILED DESCRIPTION 

Referring now to the accompanying drawings, a 
formed wire spring 1 illustrated in FIG. 1(a) comprises 
a series of loop portions 2 and straight torque bar por 
tions 3 interconnecting the corresponding ends of the 
loop portions. Portions 2 and 3 are alternately con 
nected to form a zig-Zag shaped wire spring. A modified 
formed wire spring 4 illustrated in FIG. 1(b) comprises 
a series of horizontal spacer bar portions 5 and torque 
bar portions 6 which are alternately interconnected to 
form an irregular shaped formed wire spring. Although 
portions of the wire spring 4 take the form of a saw 
tooth, it is intended that such an irregular shaped 
formed wire spring is also included in the scope of this 
invention. 
When such wavy wire springs l and 4 are twisted, the 

torque bar portions 3 and 6 are also twisted. There will 
now be further described the example of this invention 
where the torque bar portions of 3 of the zigzag shaped 
wire spring are twisted to bent the spring at a definite 
angle. 
The twisting apparatus generally shown in FIG. 2 

comprises a transfer mechanism 7 which operates to 
transfer a formed wire spring 1 to the working station 
A shown by two dots and dash line circle. The transfer 
mechanism 7 comprises an inclined chute 8, a dropping 
chute 9 and a vertical guide way 10 interconnecting 
both chutes 8 and 9. These chutes 8 and 9 guide way 
10 are defined between a pair of vertically aligned 
guide plates 11 and 12. Actually, although two pairs of 
guide plates 11 and 12 are spaced apart a predeter 
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mined distance and the formed wire springs I extend 
between the two pairs, only one pair is shown in FIG. 
2. The formed wire springs 1 are supported in chutes 
8 and 9 and guide way 10 at their loop portions 2, so 
that the sections of springs 1 shown in FIG. 2 are those 
at the central portions of the loop portions 2. 
A push up rod 13 is inserted through the guide way 

10 to be movable in the vertical direction and a cam 
follower 13a larger than the width of the guide way 10 
is mounted on the lower end of the push up rod 13 in 
a stopped opening 14 of the guide plate 11. A coil 
spring 15 is interposed between the cam follower 13a 
and the upper wall of the opening 14 for normally bias 
ing the push up rod 13 toward lower. 
A cam lever 16 pivotally mounted on a pin 17 is dis 

posed in the opening 14 to cooperate with the cam fol 
lower l3a, and the lower side of the cam lever 16 is en 
gaged by a spring feeding member 18. Member 18 has 
a sufficiently large width in the direction perpendicular 
to the sheet of drawing and a permanent magnet 19 is 
secured to the front surface for attracting the formed 
wire spring 1. The spring feeding member 18 is recipro 
cated on a base 20 by a pneumatic actuator comprising 
a piston 22, a piston rod 21 interconnecting the spring 
feeding member 18 and piston 22 and a cylinder 23. In 
FIG. 2, the member 18 is shown in its retracted position 
at which cam lever 16 is maintained in the horizontal 
position for maintaining the push up rod 13 in its raised 
position. Under these conditions, the inclined upper 
end of the push up rod 13 forms an extension of the 
dropping chute 9 and the upper end of the push up rod 
13 closes the lower end of the inclined chute 8, thus ar 
resting the lowermost one of the formed wire springs 1 
contained in the chute 8. 
A ledge 11a is projected beyond the discharge end 9a 

of the dropping chute 9 and above ledge 11a is pro 
vided a lever 24 hinged to the guide plate 12 for nor 
mally closing the discharge end 9a, thus stopping the 
formed wire spring 1 which has been dropped through 
the chute 9. 
A pair of twisting units 25 and 26 having the same 

construction are disposed above and below the working 
station A. These units are mounted on four parallel sta 
tionary guide rails 27 by mounting blocks 28 so as to 
be movable along the guide rails. After the units have 
been moved to any desired working station, they are 
securely fastened to the guide rails 27. 
Respective twisting units 25 and 26 comprise U 

shaped base blocks 29 and 30 including spindles 31 and 
32, respectively, which are supported to be rotatable 
about their axes and to be movable in the vertical direc 
tion. At their intermediate portions, these spindles 31 
and 32 are formed with pinions 31a and 32a, respec 
tively, and bifurcated jaws 33 and 34 which cooperate 
with each other to clamp therebetween a formed wire 
spring 1 are mounted on their opposed inner ends. The 
spindles 31 and 32 are reciprocated by pneumatic actu 
ators between their retracted positions shown in FIG. 
2 and advanced positions at which they clamp a formed 
wire spring 1 at the working station A. The pneumatic 
actuators respectively comprise pistons 35 and 36 sup 
ported by pedestals 41 and 42, pistons 39 and 40 in the 
cylinders and piston rods 37 and 38 respectively inter 
connecting pistons 39 and 40 and spindles 31 and 32. 
When pressurized air is admitted into cylinders 35 and 
36 jaws 33 and 34 are advanced to clamp therebetween 
one formed wire spring 1. Thus jaws 33, 34, spindles 
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4 
31, 32 and the pneumatic actuators constitute a spring 
holding mechanism. 

Pinions 31a and 32a are disposed to mesh racks 43 
and 44, respectively, extending at right angles with re 
spect to the axes thereof and reciprocated by pneu 
matic actuators mounted on the righthand ends of the 
blocks 29 and 30. The pneumatic actuators comprise 
cylinders 45 and 46 secured to blocks 29 and 30, re 
spectively, pistons 49 and 50 contained in the cylinders 
45 and 46 and piston rods 47 and 48 respectively inter 
connecting pistons 49 and 50 and racks 43 and 44. 
When pressurized air is admitted into the cylinders 45 
and 46 jaws 33 and 34 are rotated through racks 43 and 
44 and pinions 31a and 32a whereby the formed wire 
spring 1 held between the jaws 33 and 34 will be 
twisted. Thus, racks 43, 44, pinions 31a, 32a and pneu 
matic actuators constitute a twisting mechanism for the 
formed wire springs. 
To the lefthand ends of racks 43 and 44 are secured 

threaded rods 51 and 52 with their opposite ends pro 
jected outwardly through the vertical walls 29a and 30a 
of the U shaped blocks 29 and 30, respectively. Two 
pairs of lock nuts 53, 55 and 54, 56 are mounted on 
threaded rods 51 and 52 on the opposite sides of the 
vertical walls 29a and 30a, respectively. When engaged 
with the outer surfaces of the vertical walls 29a and 30a 
lock nuts 53 and 54 determine the right most positions 
of racks 43 and 44 whereas lock nuts 55 and 56 deter 
mine the left most positions of the racks 43, 44 by en 
gaging the inner surfaces of the vertical walls 29a and 
30a. Thus, the strokes of the racks 43, 44 are deter 
mined by these lock nut pairs. In FIG. 2, lock nuts 53 
and 54 are shown in engagement with the outer sur 
faces of the vertical walls 29a and 300. In other words, 
under these conditions, racks 43 and 44 are in their 
right most positions or retracted positions. The mesh 
ing relation between the racks and pinions is selected 
such that the jaws 33 and 34 are in such relative angu 
lar position that they will positively clamp a formed 
wire spring 1 when they are advanced to the working 
station A. On the other hand, lock nuts 55 and 56 de 
termine the left most positions of the racks 43 and 44, 
which positions are variable by adjusting these lock 
nuts 55 and 56 along threaded rods 51 and 52. In other 
words, variation in the strokes of the racks 43 and 44 
results in corresponding variations in the twisting an 
gles of the formed wire springs. Of course, lock nuts 53 
and 54 that determine the retracted positions of the 
racks 43 and 44 may be made adjustable so as to cor 
rectly determine the retracted positions. 

In this manner by varying the strokes of the racks 43 
and 44 by adjusting the lock nuts 55 and 56 it is possi 
ble to adjust the twisting angle of the formed wire 
springs. 
FIGS. 6 and 7 illustrate a modified mechanism for ad 

justing the twisting angle. In FIG. 6 is illustrated an 
upper twisting unit corresponding to unit 25 shown in 
FIG. 2 and is incorporated with such modified mecha 
nism, and the elements corresponding to those shown 
in FIG. 2 are designated by the same reference numer 
als. 

Different from the construction shown in FIG. 2, in 
the modified construction shown in FIG. 6, a rod 51 
connected to one end 43a of the rack 43 is not pro 
vided with screw threads and is provided with an en 
larged head 51a at its outer end projecting outwardly 
through the vertical wall 29a. An adjusting guage 57 is 
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mounted on the rod 51 between the inner side of the 
vertical wall 29a and the end 43a of the rack 43. A plu 
rality of gauges 57 having different width t are prepared 
and one of them is selectively used. Thus, the retracted 
position of the rack 43 is determined by the engage 
ment of the head 51a against the vertical wall 2% 
whereas the advanced position shown by two dots and 
dash lines is determined by the engagement of the rack 
end 43a against the gauge 57. In this manner, the stroke 
of the rack 43 and hence the twisting angle of the 
formed wire spring 1 are determined by the width t of 
the gauge 57. 
As shown in FIG. 7, the gauge 57 comprises a pair of 

arcuate halves 58 and 59 which are hinged together by 
a hinge 60 at their’upper ends. Although notshown in 
the drawing, a suitable spring is associated with the 
hinge 60 for normally biasing the halves 58 and 59 to 
the closed condition as shown in FIG. 7, so that it is 
possible to dismount the gauge 57 by spreading out 
wardly the halves 58 and 59. 
The selective use of such gauges 57 permits ready 

and accurate adjustment of the twisting angle of the 
formed wire spring 1. In the actual operation of the 
twisting apparatus, since the adjustment of the twisting 
angle is not made so frequently, exchange of the gauge 
57 does not result in any serious trouble. 
The twisting apparatus of this invention described 

above operates as follows: 
When the spring feeding member of the transfer 

mechanism is moved in the direction of X (see FIG. 5) 
by the pneumatic actuator, the cam lever 16 is carried 
to rotate in the clockwise direction from the raised po 
sition shown by two dots and dash lines in FIG. 5 to the 
solid line position. Cam lever 16 and piston rod 21 are 
not in vertical alignment so as to prevent interference 
therebetween. As the cam lever 16 is rotated in this 
manner, the cam follower 13a is caused to follow it by 
the biasing force of spring 15 thus opening the lower 
end of the chute 10. Accordingly, the lower most 
formed wire spring 1 rides on the inclined upper sur 
face of the push up rod 13. 
Before advancement of the spring feeding member 

18, one of the formed wire springs I has already been 
dropped through the chute 9 and held by stop lever 24 
at the discharge end-9a of the dropping chute 9. As the 
spring feeding member 18 is advanced, the magnet 19 
attracts the formed wire spring for disengaging the 
spring from ledge 11a by opening stop lever 24. In this 
manner the formed wire spring 1 is transferred to the 
working station A. 
Then the operation of the upper and lower twisting 

units 25 and 26 is commenced. Prior to this, of course 
the positions of the lock nuts 53 and 55 are adjusted to 
provide a desired twisting angle. In the modi?ed em 
bodiment shown in FIG. 6, a gauge 57 having‘ a width 
corresponding to the desired twisting angle is selected. 
However, for the sake of simplicity, the description of 
the operation will be continued in connection with the 
embodiment shown in FIGS. 2 and 5. 
By the concurrent operation of their pneumatic actu 

ators spindles 31 and 32 are simultaneously advanced 
to the working station ‘A to clamp a formed wire spring 
1 between jaws 33 and 34 at the loop portion 2 thereof. 
As has been pointed out hereinabove, the formed 

wire spring 1 is twisted at its torque bar portion 3. For 
the purpose of twisting this portion either one of the 
upper and lower jaws 33 and 34 is rotated by operating 
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6 
one of the pneumatic actuators of the twisting mecha~ 
nism while the other jaw is being held stationary. 

In the case shown in FIG. 3a, a particular torque bar 
portion 3a is twisted whereas in the case shown in FIG. 
3b adjacent torque bar portion 311 is twisted. In both 
cases, the portions of the formed wire spring 1 to the 
right of the torque bar portion are bent in the same di~ 
rection with respect to the portions of the formed wire 
spring 1 to the left of the torque bar. In the case shown 
in FIG.- 3a, the upper jaw 33 holds an upper loop por 
tion 2a and the lower jaw 34 holds a lower loop portion 
2b and then the upper jaw 33 is rotated in the direction 
indicated by an arrow while the lower jaw 34 is being 
held stationary. In the case shown in FIG. 3b, the upper 
jaw 33 holds an upper loop portion 36 and the lower 
jaw 34 holds a lower loop portion 2b and the lower jaw 
34 is rotated in the direction shown by an arrow while 
the upper jaw 33 is being held stationary. It should be 
understood that in both cases, the portions of the 
formed wire spring I to the left of the twisted torque 
bar portion are held stationary by means of a suitable 
clamping device, not shown, for example, a magic hand 
of an automatic robot until completion of the twisting 
operation. 
Generally, the formed wire spring has a large length 

and where the formed wire spring is to be twisted at a 
plurality of portions along the length thereof, the por 
tions of the spring on one side of the twisting portion 
and having larger length than the portions on the oppo 
site side are to be clamped as described above. For ex 
ample, FIG. 4 shows a configuration of a formed wire 
spring which has already been twisted at various por-i 
tions a through 11 inclusive in the following order. Thus, 
portions a and 11 near the opposite ends of the spring 
are firstly twisted, the twisting portions are then ad 
vanced toward the center and the middle portion e is 
?nally twisted. 
As described hereinabove, the twisting operation is 

performed by rotating either one of the upper and 
lower jaws by the associated twisting mechanism, and 
as is well known in the art the jaw is rotated over an 
angle slightly larger than the desired twisting angle by 
taking into consideration the resiliency or the tendency 
of spring back of the twisted spring 1. 
Upon completion of the twisting operation, pressur 

ized air is. discharged from one of the pneumatic actua 
tors which has been operated for rotating one of the 
jaws 33 and 34. Then, the spring back force of the 
twisted spring 1 slightly rotates in the opposite direc 
tion the jaw that has been rotated for performing the 
twisting operation thereby loosely holding the spring 1. 
Thereafter, both spindles 31 and 32 are retracted away 
from the working station A to smoothly disengage the 
jaws 33 and 34 from the twisted spring 1. After comple 
tion of the twisting operation the ‘finished formed wire 
spring 1 is conveyed to the left from the working station 
by said clamping device, not shown. 
Then, the rack which has been advanced to rotate 

one of the jaws 33 and 34 is retracted by the associated 
pneumatic actuator thus returning the jaw to the origi 
nal position. 
The spring transfer member 181 which has been ad 

vanced for transferring a formed wire spring 1 to the 
working station A is retracted‘to the position shown in 
FIG. 2 by the pneumatic actuator associated therewith 
after the advanced spring 1 has held by the jaws 33 and 
34. By the retracting motion of the spring transfer 
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member 18, the cam lever 16 is returned to the raised 
position thus pushing upwardly the push up rod 13 
against the bias of spring 15. As a result, a formed wire 
spring 1 riding of the inclined upper surface of the push 
up rod 13 is raised to the dotted position shown in FIG. 
10, whereby such raised spring drops downwardly 

7 through the dropping chute 9 by its own weight until it 
is arrested by lever 24 for use in the next cycle of the 
operation. 
While in the foregoing description, the twisting oper 

ation performed at a single working station A has been 
described, where the twisting operation is performed at 
a plurality of portions along the length of a formed wire 
spring as shown in FIG. 4, while the spring is held at re 
spective working stations by means of suitable clamp 
ing devices, the upper and lower twisting units 25 and 
26 are moved from one working station to the other by 
sliding them along guide rails 27. 
Either one of the right most position shown in FIG. 

2 and the left most position may be used as the refer 
ence position of the racks 43 and 44 of the twisting 
units 25 and 26. Such selection can be readily made by 
the switching manually or solenoid operated valves, not 
shown, connected to the pneumatic actuators of the 
twisting mechanisms. By changing the reference posi 
tions of the racks, the directions of rotation of the jaws 
33 and 34 are varied. Thus, the reference positions of 
the racks 43 and 44 are determined according to the 
direction of twisting. 
The operations and timings of the various pneumatic 

actuators utilized in the twisting apparatus can be con 
trolled by an automatic sequence control or manually. 
Although the torque bar portions 3 of the formed 

wire springs l are usually twisted by the twisting ap 
paratsu, loop positions 2 can also be twisted. 
As has been described hereinabove, in accordance 

with this invention, the twisting devices are constructed 
as compact units of the same construction that can be 
moved to any desired working positions. For this rea 
son, it is possible to twist the formed wire springs into 
any desired configurations suitable for use in various 
applications. 
Moreover, as it is possible to readily vary the twisting 

angle by the twisting angle adjusting means, the prepa 
ration time before commencing the twisting operation 
can be greatly reduced, thus increasing the operational 
efficiency. 

Further, the transfer mechanism operates to posi 
tively transfer the formed wire springs to the operating 
station, one after the other, thus assuring efficient 
twisting operations. 
What is claimed is: 
l. A twisting apparatus for twisting a formed wire' 

spring comprising: 
a twisting unit disposed on one side of a working sta 

tion, said twisting unit including: 
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a base block adjustable along a guide rail; 
a spindle provided with a pinion at one portion 
thereof and slidably mounted on said base block; 

a first pneumatic actuator disposed at one end of said 
spindle for moving said spindle in the axial direc 
tion; 

a jaw mounted on the other end of said spindle, said 
jaw being adapted to clamp said formed wire spring 
upon operation of said ?rst pneumatic actuator; 

a rack disposed on said base block at right angles 
with respect to said spindle and arranged to drive 
said pinion; 

a second pneumatic actuator for reciprocating said 
rack, thereby causing said jaw to rotate to twist said 
formed wire spring; and 

adjusting means for adjusting the stroke of said rack, 
said adjusting means including a rod secured to one 
end of said rack, and a gauge member having a pre 
determined width and mounted on said rod be 
tween said one end of said rack and said base 
block. 

2. A twisting apparatus according to claim 1, includ 
ing a plurality of said gauge members having different 
widths, one of which is selectively mounted on said rod. 

3. A twisting apparatus according to claim 1, wherein 
said gauge member includes a pair of arcuate halves 
and a hinge for connecting said arcuate halves together 
at their ends on one side. 

4. A twisting apparatus according to claim 1, further 
comprising a transfer mechanism for transferring said 
formed wire spring to said working station, said transfer 
mechanism comprising: 
spring guide plates which cooperate to define an in 

clined chute for accommodating a plurality of 
formed wire springs; 

a dropping chute for dropping said springs to the dis 
charge end of said dropping chute; ' 

a vertical guide way interconnecting said inclined 
chute and said dropping chute; 

a push up rod slidably received in said vertical guide 
way; 

a spring transfer member slidable for transferring a 
formed wire spring at said discharge end of the 
dropping chute to said working station; 

a third pneumatic actuator for slidably reciprocating 
said spring transfer member; and 

means operated by the reciprocating sliding of said 
spring transfer member for reciprocating said push 
up rod in the vertical direction for transferring one 
by one said formed wire springs from said inclined 
chute to said dropping chute. 

5. A twisting apparatus according to claim 4, wherein 
said spring transfer member includes a permanent mag 
net for attracting said formed wire spring. 

4: * >l= * >l= 


