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2,981,498 
TENSION REGULATING DEVICE 

Joseph B. Yuryan, Hudson, Mass, assignor to Thomas 
Taylor & Sons, Inc., Hudson, Mass., a corporation of 
Massachusetts 

Filed Nov. 5, 1956, Ser. No. 620,272 
9 Claims. (Cl. 242-154) 

This invention relates to tension regulating devices 
and has for its principal object to provide a device for 
regulating the tension in elongate flexible elements as 
they travel from a storage container to a place of use, 
for example, strands or threads as they travel to textile 
machines for incorporation into a fabric by weaving, 
braiding, and the like. Another object is to provide a 
device which will regulate the tension in an element 
whether it is of an elastic or inelastic nature. Another 
object is to provide a device which will regulate the 
tension of an elongate traveling element whether it is 
one or more strands, cables, ribbons or sheets of single 
or multiple construction. Another object is to provide 
a device in which great sensitivity at the input end may 
be obtained with very little feed-back from the output. 
Another object is to provide a device which responds 
quickly to changes in tension so that no overfeed or 
tension losses occur. Another object is to provide a 
device for regulating tension which can compensate for 
minor changes in surface conditions of the element. An 
other object is to provide a device for regulating the 
tension in a traveling element which will compensate 
for any obstruction to free delivery from the storage 
at the input end and any irregularity in takeup at the 
output end. Another object is to provide a device in 
which surge and bounce due to rapid movement of the 
elements may be minimized. Another object is to pro 
vide a device for adjusting the total drag available. 
Another object is to provide a device in which it is 
possible to obtain ideal conditions of tension for splitting 
strands which have been rebonded thereby to prevent 
roll over and breaking. Another object is to provide a 
device for regulating the tension in a traveling element 
regardless of its intended use. Another object is to pro 
vide a device for regulating the tension in a traveling 
element which may easily be interposed between the 
source of the element and the machine or place where 
it is to be fabricated or operated on. 

For the purpose of simplification the element, regard 
less of its make-up, will be referred to hereinafter, as a 
"strand.' 
As herein illustrated, the device comprises a plurality 

of parallel drag bars about which the strand to be ten 
sioned alternately passes in a devious course, which bars 
are operably connected so that an increase in resistance 
to flow at the ingoing end or a decrease in the rate of 
flow at the outgoing end, decreases through the working 
of the linkage upward, the resistance to flow through 
the device; and vice versa, a decrease in the resistance 
at the input end or an increase in the rate of flow at the 
outgoing end increases the resistance to flow by means 
of the downward working of the linkage. The drag bars 
are connected by toggle links and are arranged vertically 
in a frame, one above the other, with the lowermost bar 
pivotally fastened to the frame and the alternate ones 
of the bars supported for vertical movement along tracks 
on the frame. The intermediate bars at the knees of the 
toggle links are freely floating so that extension of the 
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linkage decreases the length of the courses of the strand 
and the wrap-around friction as it passes alternately 
about the successive bars, and contraction or collapse 
of the linkage increases the length of the courses of 
the strand and increases the wrap-around friction as it 
passes about successive bars. The weight of the linkage 
itself tends to collapse it. However, other means may be 
arranged at the upper end to tend to collapse the linkage 
in opposition to the tendency of the strand traveling 
therethrough to extend it. There may be weights sus 
pended from the top bar by eccentric means so that they 
reverse buckling so that the floating drag bars will all 
lie on the same side of the guided drag bars. A fixed bar 
may be arranged spaced from and parallel to the linkage 
at its lower end which, in conjunction with the pivotally 
fastened bar and the first floating bar, provides for dou 
bling the strand upon itself, thereby to increase the sen 
sitivity of the device. Surging or bouncing of the linkage 
may be damped by still another auxiliary bar spaced from 
and parallel to the linkage at the opposite side which is 
supported from the first of the toggles for vertical move 
ment therewith. This auxiliary bar provides means for 
receiving a floating loop of larger dimensions than 
would be possible to obtain about the pivotally fastened 
bar. A limit bar is fastened to the frame adjacent the 
pivotally fastened bar in a position to support the lower 
most one of the floating bars when the linkage is col 
lapsed and to operate in conjunction with the lowermost 
floating bar to provide a pinch on the strand. Means 
may be applied to the upper bars of the linkage to prevent 
maximum angular opening of the toggles and hence by 
constraint of these bars affording a certain amount of 
adjustment of the total drag. Additional adjustment 
of the total drag may be had by a double drag bar at 
the input which is angularly adjustable to increase or 
decrease the wrap about the fixed bar. 
The invention will now be described in greater detail 

with reference to the accompanying drawings wherein: 
Fig. 1 is a vertical section of the device showing a 

continuous element being delivered from a container to 
it and the course of the element through the device; 

Fig. 2 is a rear elevation of the device as seen from 
the right-hand side of Fig. 1; 

Fig. 3 is a vertical section through the device modified 
to increase its sensitivity and shows the linkage partially collapsed; 

Fig. 4 is a corresponding section showing the linkage 
nearly extended; 

Fig. 5 is a vertical section modified to provide for 
lesser internal resistance to flow when the device is fully extended; 

Fig. 6 is a vertical section of still another modification 
provided with additional means for increasing its sen 
sitivity at the input end for minimizing surging; 

Fig. 7 is a front elevation of the device as seen from 
the right-hand side of Fig. 6; 

Fig. 8 is an elevation in section showing the linkage 
at a position of maximum collapse; 

Fig. 9 is a fragmentary elevation in section showing the stop lugs; and 
Fig. 10 is an enlarged fragmentary elevation of the 

weight eccentric. 
For the purpose of illustration only, the device illus 

trates regulating the tension on ribbon rubber which is 
made up of a plurality of individual strands of rubber 
rebonded by taking advantage of its natural tack and 
which is being fed from a container to a textile machine 
for incorporation of the individual strands into a fabric; 
the device for this purpose being provided with a splitting 
bar in the form of a simple wire or rod as will be de 
scribed hereinafter. For the purpose of this description, 
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however, the element being tensed will be referred to only 
as a 'strand.' 
As shown in Figs. 1 and 2, the tension device is a com 

plete unit in itself, having its own supporting frame 12 
which may be arranged between a source of supply 14 of 
the continuous strand which is to be tensioned and the 
machine which is to operate on the strand. The frame 
12 has a base 13 and spaced parallel uprights 15 and may 
stand on its own base adjacent the machine or may be 
fastened to an appropriate part of the frame of the ma 
chine depending upon the availability of space and the 
best location for feeding the strand to the machine. In 
its simplest form, as shown in Figs. 1 and 2, there is an 
expandable linkage comprised of a plurality of spaced 
parallel, alternate drag bars 16a, 16b, 16c and 1.6d, and 
a plurality of spaced parallel intermediate drag bars 18a, 
18b, and 18c. The bars are connected by toggle links 
20a-22a, 20b-22b and 20c-22c. The lowermost of 
the bars 16a is pivotally fastened in the frame 12 between 
the uprights 15, in fixed bearings, for example, bearing 
holes in the uprights so that the lower end of the linkage 
is fixed. The remaining bars 16b, 16c and 16d are ver 
tically movable with respect to the pivotally fastened bar 
16a along tracks 24, constituted by a pair of vertical 
slots in the uprights 15 of the frame 12, through which 
their ends or prolongations thereof extend. The bars 18a, 
18b and 18c are freely floating at or near the knees of the 
toggles and are laterally displaced from the vertical plane 
of the bars 16a, 16b, 16c and 16d by the degree of ex 
tension or collapse of the toggles. As will be seen by 
reference to Fig. 2, the upper ends of the toggle links 
20a, 20b and 20c are fixed to the bars 18a, 18b and 18c 
respectively, and their lower ends are pivotally connected 
to the bars 16a, 16b and 16c. The toggle links 22a, 22b 
and 22c are fixed at their upper ends to the bars 16b, 16c 
and 16d respectively, and their lower ends are pivotally 
connected to the bars 18a, 18b and 18c. The parallel 
drag bars are thus allowed to pivot freely about their 
link centers but are held parallel by the toggle link pairs 
which are locked to one bar but pivoted about the suc 
ceeding bar. Since only the lowermost drag bar 16a is 
pivotally fastened to the frame all of the others float up 
and down the slots 24-24 freely. 
The tension is produced by the alternate wrapping of 

the continuous strands about the bars 16a, 18a, 16b, 18b, 
16c, 18c and 16d and the controlling action of the float 
ing bars. The weight of the bars and toggle tends to 
collapse the linkage so that the bars constantly float on the 
moving strand and in effect constitute a rate device which 
constantly readjusts its internal flow rate to keep the link 
age suspended and floating so that the delivery rate is 
equal to the demand of the machine to which the strand 
is being delivered. Basically the device is built around 
the commonly used equation for wrapping friction 
Ta=Tie", where T is the output tension and T is the 
input tension. Regarding the formula e is a mathematical 
constant having a value of 2.718, u is the co-efficient of 
friction and or is the angle of wrap in radians. It can 
be seen that as the linkage opens up by extension of the 
toggle links the total angle of wrap decreases and hence 
the friction decreases and that as the linkage collapses 
the total angle of wrap increases with a corresponding in 
crease in friction. 

In the formula initial tension T at the incoming end 
increases exponentially which is the place in the device 
for any given change in resistance to flow which will 
have the greatest effect upon the output T. This rela 
tion is attained in this device by the fact that the vertical 
floating action of the linkage and bar assembly allows 
the lowest link to do the controlling in the normal work 
ing range where it is most sensitive and where the least 
amount of feedback is required. 

Although the linkage itself tends to collapse, it is de 
sirable for a wider range of control to employ auxiliary 
weights W-W which may, as shown in Fig. 2, be sus 
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4 
pended by flexible cords 26-26 from the opposite ends 
of the uppermost of the bars 16.d. Because of the high 
unbalanced side thrust that the top drag bar imparts to 
one side of the vertical guide slots 24 considerable fric 
tion is set up between the drag bars and the sides of the 
slots which reduces the sensitivity of the device. Ac 
cordingly, it is preferable, as shown for example in Fig. 
10, to hang the weights W-W on adjustable eccentrics 
32-32 mounted on the ends of the top drag bar. These 
eccentrics are rotatable on the bar and may be fixed at any 
desired position by means of set screws 34. By adjust 
ment of the eccentrics and hence counterbalancing of the 
side thrust, the frictional resistance of the bars to move 
ment along the slots may be substantially nullified so as 
to greatly increase the sensitivity of the device. 

In order to make the device produce a controllable 
initial tension in the lowest and most sensitive drag bar 
region the device may be modified, as shown in Fig. 3, 
by the addition of a fixed drag bar 28 mounted between 
the upright 15, spaced from and parallel to the other 
bars so as to lie outside the knee of the first toggle. AS 
thus constructed, the strand to be tensioned is drawn 
over the guide bar 28 and beneath the bar 16a before it 
passes upwardly about the bar 18a thereby to provide a 
floating loop a which is closed by movement of the bar 
18a downwardly to and below the level of the bar 28 as 
the linkage collapses to bring portions of the loop into 
surface contact. This results, in a sensitive and yet 
powerful controlling action by the result of the contact 
of the strand surfaces that are moving in opposite direc 
tions. Hence, the floating guide 18a affords most of the 
control by allowing relatively large changes in the flow 
rate to occur from relatively small feedback forces and 
displacement. 

Under these conditions the device has the ability to 
correct the variations in the co-efficient of friction (such 
as variations in the amount of talc on the ribbon) or other 
conditions which change the frictional resistance of the 
ribbon to movement, as well as minor snarls and binds of 
the ribbon in the container. A binding in the container, 
for example, would cause an increase in the initial tension 
T and hence a decrease in the internal flow rate. This 
immediately results in causing the linkage and its weights 
to move upwardly and the pressure on the floating loop a 
and the angle of wrap of the strand about the successive 
drag bars to decrease, which in turn causes a transfer of 
additional pull on the strand in the container. If com 
plete release of pressure and wrap on the loop is insuf 
ficient to free the binding, that is, the resistance of the 
strand to leave the container, the link and weights continue 
to rise and to decrease the angle of wrap of the remain 
ing bars until the links are in their wide open position, as 
shown in Fig. 4. In most devices the drag bar diameter 
to the link span ratio is large, hence an appreciable angle 
of wrap still exists on the bars even in the wide open 
position. Under certain circumstances, however, it may 
be desirable to reduce the angle of wrap so as to further 
reduce the frictional resistance to movement, hence as 
shown in Fig. 5, the ends of the lower bars 16a, 18a, 16b, 
and 18b, the four lowermost shown in that figure, may be 
offset from the link centers with the result that there is 
even less angular contact of the strand with the bars 
when the linkage is in its open or extended position. In 
Fig. 2, the strand has little more than tangential contact 
with the successive bars. 

In order to prevent the links of the toggles from falling 
over to the wrong side of the guide slots, that is, to keep 
all of them in the same plane and on the same side of the 
guide slots, stops are mounted on the toggles at their 
knees. These stops are in the form of lugs 30 (Fig. 9) 
welded or otherwise fastened to the upper ends of the 
toggle links 20a, 20b and 20c, for engagement with the 
lower ends of the toggle links 22a, 22b and 22c. 

If in the extended position of the linkage there is a 
Sudden release of tension from the container 14, it is al 
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linear spacing and decrease their lateral spacing, and in 
the other direction to decrease their lateral spacing and 
increase their linear spacing. 

3. In a device for producing substantially uniform 
tension in an elongate element travelling continuously 
from a place of storage to a place of use, a base, a plu 
rality of spaced parallel bars through which the element 
is woven so that successive courses of the element alter 
nate between the bars from one side of one bar to the 
opposite side of the next, links pivotally connecting the 
bars so that the spacing between bars may be increased 
by straightening the links and decreased by folding the 
links, means pivotally fastening one end bar to the base 
and vertically disposed guide means on the base with 
which every other bar is engaged for translatory move 
ment in a predetermined path perpendicular to the base, 
the intermediate bars being unconstrained except where 
the links join them to the alternate bars, and being free 
to move to and from the plane of the alternate bars as 
the latter are spread apart along said path to increase 
their spacing and moved toward each other along said 
path to decrease their spacing. 

4. In a device for producing substantially uniform 
tension in an elongated element travelling continuously 
from a place of storage to a place of use, a base, a plu 
rality of spaced parallel bars, through which the element 
is woven so that successive courses of the element alter 
nate between the bars from one side of one bar to the 
opposite side of the next, links pivotally connecting the 
bars so that the spacing between bars may be increased 
by straightening the links and decreased by folding the 
links, means pivotally connecting an end bar to the base, 
a track on the base with which the alternate bars are 
engaged and constrained to move along a predetermined 
path, the intermediate bars being unconstrained except 
by the links connecting them to the alternate bars, and 
free to move to and away from the path of the alternate 
bar, and means operating on the other end bar to move 
the alternate bars toward each other to increase the lateral 
spacing of the intermediate bars with reference to the 
plane of the alternate bars. 

5. In a device for producing substantially uniform 
tension in an elongate element travelling continuously 
from a place of storage to a place of use, a base, a plu 
rality of spaced parallel bars, through which the element 
is woven so that successive courses of the element alter 
nate between the bars from one side of one bar to the 
opposite side of the next, links pivotally connecting the 
bars so that the spacing between bars may be increased 
by straightening the links and diminished by folding the 
links, means pivotally fastening an end bar to the base, a 
track on the base, with which the alternate bars are en 
gaged and constrained to move along a predetermined 
path, the intermediate bars being unconstrained except 
by the links connecting them to the alternate bars and free 
to move to and away from the path of the alternate bars, 
and means connecting the other eid bar and the alternate 
bar next to it which limits separation of said bars. 

6. In a device for producing substantially uniform ten 
sion in an elongated element travelling continuously from 
a place of storage to a place of use, a base, a plurality 
of spaced parallel drag bars, through which the element 
is woven so that successive courses of the element alter 
nate between the bars from one side of one bar to the 
opposite side of the next, links pivotally connecting the 
bars so that the spacing between bars may be increased 
by straightening the links and decreased by folding the 
links, means pivotally connecting one end bar to the base, 
guides on the base with which the alternate bars are en 
gaged and constrained to move along a predetermined 
path, the intermediate bars being unconstrained except 
by the links connecting them to the alternate bars and 
being free to move to and from the path of the alternate 
bars, and a Snubbing bar fixed to the base on a radius 
extending from the center line of the one end bar, parallel 
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8 
thereto, and spaced therefrom by a distance which is 
greater than the length of the link joining the one end 
bar and the adjacent intermediate bar, by an amount 
substantially, equal to twice the thickness of the element, 
said snubbing bar supporting a length of the element ex 
tending about it from a source of Supply, and from it to 
the underside of the one end bar in a position to be en 
gaged by a length of the element passing in an opposite 
direction about the lowermost of the intermediate bars 
when the lowermost links are partially folded. 

7. A device for producing substantially uniform ten 
sion in an elongate element travelling continuously from 
a place of storage to a place of use, a base, a plurality of 
spaced parallel drag bars, through which the element is 
woven so that successive courses of the element alternate 
between the bars from one side of one bar to the opposite 
side of the next, links pivotally connecting the bars so 
that the spacing between the bars may be increased by 
straightening the links and decreased by folding the links, 
means pivotally connecting one end bar to the base, a 
guide on the base with which the alternate bars are en 
gaged and constrained to move along a predetermined 
path, the intermediate bars being unconstrained except by 
the links connecting them to the alternate bars and free 
to move to and from the path of the alternate bars, and 
a pair of vertically spaced snubbing bars fixed to the base 
on different radii extending from the center line of the 
one end bar, one of said snubbing bars being spaced 
from one end bar by a distance which is greater than the 
radial distance between the one end bar and the adjacent 
intermediate bar by an amount at least equal to twice the 
thickness of the element and the other by a distance cor 
responding to the radial distance between the one end 
bar and the adjacent intermediate bar, said snubbing bars 
being situated above and below a horizontal plane passing 
through the axis of the one end bar, the upper one of the 
Snubbing bars supporting a length of the element extend 
ing about it from a source thereof, and from it to the 
underside of the one bar in a position to be engaged by 
a length of the element travelling in the opposite direction 
about the lowermost one of the intermediate bars, and 
said lower one of the snubbing bars supporting the inter 
mediate bar in its lowermost position, and pinching the 
oppositely travelling lengths of the element therebetween. 

8. In a device for producing substantially uniform 
tension in an elongate element, comprised of a plurality 
of strands adhering edge to edge in sheet form, travelling 
continuously from a place of storage to a place of use, a 
base, a plurality of spaced parallel drag bars, through 
which the element is woven so that successive courses 
of the element alternate between the bars from one side 
of one bar to the opposite side of the next, links pivotally 
connecting the bars so that the spacing between bars 
may be increased by straightening the links and decreased 
by folding the links, means pivotally connecting an end 
bar to the base, a track on the base with which the 
alternate bars are engaged and constrained to move along 
a predetermined path, the intermediate bars being uncon 
strained except by the links connecting them to the alter 
nate bars and free to move to and from the path of the 
alternate bars and a splitting bar removably attachable 
to one of the alternate bars between any pair of alternate 
bars for intercepting the element and separating it into its 
constituent strands. 

9. In a device for producing substantially uniform ten 
sion in an elongate element, comprised of a plurality of 
strands adhering edge to edge in sheet form, traveling 
continuously from a place of storage to a place of use, 
a frame, a plurality of spaced horizontal alternate and 
intermediate drag bars through which the element is 
woven so that successive courses of the element alter 
nate between the bars from one side of one bar to the 
opposite side of the next, means mounting said inter 
mediate bars for movement toward and away from said 
alternate bars, Said mounting means being pivoted so 
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that the weight of said intermediate bars and mounting 
means moves said intermediate bars away from said al 
ternate bars to increase the contact area between the 
element and each bar, said weight-induced movement 
being opposed by tension developed in the element as 
it travels from one end to the other in its course between 
the bars, a splitter bar adapted to be disposed transverse 
ly of the direction of travel of the element at different 
positions of tension developed in the element along its 
course for intercepting and separating the alternate 
strands of the element, an auxiliary weight operating on 
the bars to augment the weight of said intermediate bars 
and mounting means to move said alternate and inter 
mediate bars apart, and a snubbing bar fixed to said 
frame supporting one of said intermediate bars at a 15 2,662,264 
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O 
predetermined position and pinching the elongate ele 
ment therebetween to maintain tension on the element 
in said position. 
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