
2,674,110 April 6, 1954 R. H. ROUGHSEDGE ETAL 
WARP TENSION CONTROL MEANS 

3. Sheets-Sheet 1 Filed Oct. 23, 1948 

NVENTORS. 

  

  

  

  

  

  



April 6, 1954 

Filed Oct. 23, 1948 

R. H. ROUGHSEDGE ETAL 2,674,110 
WARP TENSION CONTROL MEANS 

3. Sheets-Sheet 2 

NVENTORS. 
ROBERT H. ROUGHSEDGE 

HANS G. LUSTG 

????????u 

  



April 6, 1954 R. H. Roughsedge et al. 2,674,110 
WARP TENSION CONTROL MEANS 

Filed Oct. 23, 1948 3 Sheets-Sheet 3 

INVENTORS. 
ROBERT H. ROUGHSEDGE 

HANS G. LUSTG 

  



Patented Apr. 6, 1954 2,674,110 

UNITED STATES PATENT OFFICE 
2,674,110 

WARP TENSION CONTROL MEANS 
Robert H. Roughsedge, Ramsey, N. J., and Hans 
G. Lustig, New York, N.Y., assignors to Celanese 
Corporation of America, a corporation of Dela 
Ware 

Application October 23, 1948, Serial No. 56,172 
(CI. 66-146) 13 Claims. 

1. 
This invention relates to textile apparatus, 

and relates more particularly to Warp tension 
control means and to Warp-knitting machines 
in connection with which said warp tension 
control means are employed. 
In the usual method of producing warp-knitted 

fabrics, that is, fabrics in which a number of 
Warp threads are knitted together in each course; 
a number of Warp threads are drawn from any 
Suitable Source of Supply Such as a warp beam 
Or a number of Sectional warp beams and are 
paSSed Over a Warp tension control means On 
their way to a knitting station. The tension 
control means generally comprises a movable 
tension bar, over which the Warp threads are 
trained, carried by one or more pivotally mount 
ed arms. The tension bar is Spring-loaded and 
as the tension on the Warp threads increases the 
tension bar moves in One direction stressing the 
loading Springs, and as the tension on the warp 
threads decreases the tension bar moves in the 
opposite direction under the urging of the same 
Springs. The movement of the tension bar is 
used to control the rate of let-off of the warp 
threads from the warp beam or beams, thereby 
insuring that the Warp tension will not vary 
beyond a predetermined range. 

In prior Warp-knitting machines, helical 
Springs were employed in compression to load 
the tension bar and it was found that the warp 
tension varied excessively when the speed of the 
Warp-knitting nachines was increased beyond a 
certain point, thus not only producing a defec 
tive fabric but also causing rapid wear of the 
machine parts. The excessive variation in warp 
tension apparently resulted from internal os 
Cillations set up in the loading sprinors at high 
knitting speeds, and from the large effective 
inertia of Springs employed in compression 
which made it difficult for said springs to adiust 
themselves to a rapidly varying warp tension. 
This limited the speed of the Warp-knitting na 
chines to a maximum of about 400 to 500 courses 
per minute. 

It is an important object of this invention to 
Overcome the foregoing and other disadvantages 
of the warp-knitting machines hitherto em 
ployed, and to provide a Warp-knitting machine 
capable of being operated at Substantially higher 
knitting Speeds. 
A further object of this invention is to provide 

a warp tension control means in which the na 
terial of the loading springs absorbs the stresses 
applied to said springs in tensile and compressive 
Strains. 
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2 
Another object of this invention is to provide 

a warp tension control means in which a Spring 
is employed in torsion to load the tension bar. 
Other objects of this invention, together with 

certain details of construction and combinations 
of parts, will be apparent from the following 
detailed description and claims. 
Our invention comprises a warp tension con 

trol means in which the loading springs are em 
ployed in torsion rather than in compression as 
has hitherto been customary. We have found 
that a warp-knitting machine incorporating this 
novel warp tension control means may be Op 
erated at substantially higher knitting Speeds 
ranging from 600 to 700 or more courses per 
minute without excessive variation in the warp 
tension. Even at these higher knitting speeds, 
loading springs employed in torsion show no 
tendency to develop internal oscillations and ex 
hibit a lower effective inertia, as compared With 
springs employed in compression. As a result, 
loading springs employed in torsion can accom 
modate themselves readily to rapidly varying 
Warp tension. 

Springs employed in torsion and springs en 
ployed in compression differ from each other in 
that the material in springs employed in tor 
sion absorbs applied stresses in tensile and com 
pressive strains, whereas the material in springs 
employed in compression absorbs applied stresses 
in torsional strains. While we have found that 
loading springs employed in torsion permit of 
the highest operating speeds, we may also ob 
tain improved results by employing the loading 
springs in other arrangements wherein the ma 
terial in said loading springs absorbs the ap- - 
plied stresses in tensile and compressive rather 
than in torsional strains. 
The number and the specific design of the load 

ing springs will depend in large part on the lay 
out of the Warp tension Control means and of 
the warp-knitting machine in which it is em 
ployed. However, in a warp tension control 
means having auxiliary loading sprinos between 
and in addition to the main loading springs 
adjacent the ends of the tension bar, it has been 
found that the best results are obtained when the 
auxiliary loading springs are employed in Sym 
metrically positioned pairs, and each of said 
auxiliary loading springs has only one-half the 
stiffness of the main loading springs. In addi 
tion, if helically wound loading springs are emi 
ployed, it is preferred that all of the loading 
Springs be positioned in the warp tension con 
trol means So that their direction of winding 
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alternates. While other arrangements with 
loading springs employed in torsion will give re 
sults superior to those obtainable with loading 
springs employed in compression, this particular 
arrangement permits the highest knitting Speeds 
to be attained without an excessive variation in 
warp tension. 
Various expedients may be employed to pro 

duce auxiliary loading springs having one-half 
the stiffness of the main loading SpringS. For 
example, a spring wire of larger diameter may be 
employed in the main loading springs, or the 
auxiliary loading springs may have twice as many 
turns as the main loading springs when a Spring 
wire of the same diameter is enployed. 
Means may be provided in the warp tension 

control means of this invention to vary the load-. 
ing on the tension bar by altering the stresSes 
applied to the loading springs. This permits of 
the adjustinent of the Warp tension for dif- : 
ferent types and weights of warp threads, for 
different fabric constructions, or for any other 
purpose. 
The motion of the tension bar which results 

from the variations in warp tension may be em 
ployed to control the rate at which the warp 
threads are let off from the-warp beam or beams. 
For example, the motion of the tension bar may 
control a positive let off of the type shown in 
the Fuhrer et al. U. S. Patent No. 2,486,525, issued 
November 1, 1949, to produce a warp-knitting 
machine capable of operating at the highest 
knitting speeds. The motion of the tension bar 
may also: control other types of apparatus for 
regulating the rate-at which the warp threads 
are let off from the warp bean or beams such 
as brakes Operating. On the warp beam or beams, 
clutches through which said: warp-beam or beams 
are driven, etc. in a manner well understood in 
the art. 
The warp tension control means of this in 

vention is particularly adapted for use with warp 
knitting machines of all types and will be de 
scribed in connection therewith. It may, how 
ever, also be used with other types of textile ap 
paratus in which it is necessary to control the 
warp tension, such as slashers, for example. With 
such other types of apparatus the motion of the 
tension bar may control the rate at which the 
warp threads are taken up as well as the rate 
at which they are let off the warp-beam or beams. 
A preferred embodiment of our invention is ill 

lustrated in the accompanying drawings, in 
which 

Fig. 1 is a front elevational view, partly in 
section off a warp tension control means emi 
bodying: this invention on one bar of a two-bar 
warp-knitting machine; with the other bar 
Omitted in the interest of clarity, 

Fig. 2 is a view, partly in section, taken on line 
2-2. of Fig.1 in the direction of the arrows, 
with certain parts omitted in the-interest of 
clarity, 

Fig. 3 is a: view, partly in section, taken gen 
erally...online-3-3. of Fig. 1 in the direction of 
the arrows, with certain. parts: omitted in the 
interest.of clarity, and 

Fig. 4 is a detail view, partly in section and 
On an enlarged Scale, taken online 4-4 of Fig. 3 
in the direction of the arrows. 

Like reference. numerals indicate like parts 
throughout the several views of the drawings. 

Referring now to the drawings for a detailed 
description of our invention, there is shown a 
portion-ofia two-barwarp-knitting machine com 
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- ous machine elementS. 

4. 
prising a right-end main frame member and 
an auxiliary frame member 2. In addition to 
the frame members and f2, the Warp-knit 
ting machine will have a left-end main frame 
member and as many additional auxiliary frame 
members as are needed to support the various 
machine elements adequately. The left-end 
main frame member and the additional auxiliary 
frame members have been omitted from the 
drawings in the interest of clarity since they are 
identical in structure to the frame members 
and 2, respectively. It is to be understood that 
the auxiliary frame members may be completely 
dispensed with when the warp-knitting machine 
is narrow enough S0 that the main frame mem 
bers can provide adequate Support for the vari 

In Fig. 1 of the draw 
ings, one of the two warp tension control means 
which are needed in a two-bar warp-knitting 
machine has been omitted since both are of iden 
tical structure. 
The warp tension control means comprises a 

shaft 3 extending through openings f4 and 6 
in bosses 7 and 8 in the frame members and 
2, respectively. At its right end the shaft 3. 

is journalled for free rotation in ball bearings. 9 
and .2. which are separated from each other by 
means of an annular spacer 22. The ball bear 
ing 9 is retained in position by means of an 
annular disk 23 which is fastened to the frame 
member with Screws 24 engaging threaded 
apertures 2S in the boss 7. The disk 23 is pro 
vided with a centrally located aperture 27 through 
which the shaft f3 extends. An annular disk 
28 on the other side of the frame member re 
tains the ball bearing 2 in position, and like 
the disk 23 is provided with a centrally located 
aperture 29 through which the shaft 3 extends. 
The disk 28 is also provided with an integral 
circular bearing ring 3 extending into the open 
ing 4, which bearing ring permits the disk 28 
to be rotated without seizing or binding the shaft 
3. The disk 28 is retained in position by means 

of sleeves 32 which abut the boSS. flat. One end 
and which are provided with enlarged collars 33 
spaced from Said boss at their other end. The 
spacing between the boss 7 and the collars 33 
is somewhat greater than the thickness of the 
disk 28, permitting the disk to rotate freely about 
an axis extending in the direction of the shaft 
3. The sleeves 32 are fastened to the boss f. 
by means of bolts 34 extending therethrough and 
engaging threaded apertures 36 in said boss. 
At the auxiliary frame member 2, the shaft 
3 is journalled for free rotation in a ball bear 

ing 37 which is seated in the opening. 6. The 
ball bearing 3 is retained in position by means 
of two identical annular disks, 38 which are dis 
posed on each side of the auxiliary frame mem 
ber 2. Each of the disks 38 is provided with a 
centrally located aperture 39 through which the 
shaft 3' extends and, like the disk 28, is also 
provided with an integral circular bearing ring 
4f extending into the opening 6. The disks 38 
are held in: position by means of sleeves 42 which 
are fastened to the boss 8with bolts 43 that extend 
through i said sleeves and engage threaded aper 
tures 44 in said boss. Each of the sleeves 42 abuts 
the boss 8 and is provided with an enlarged col 
lar 46, spaced from said boss, the spacing being 
somewhat greater than the thickness of the disks 
38 to permit said disks to rotate freely about an 
axis extending in the direction of the shaft 3. 
A tubular tension bar 47 over which warp 

threads 48 are trained is positioned in front of 

A. 
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and parallel to the shaft 3. At its right end 
the tension bar extends through a sleeve 49 
which is integral with one end of main pivot 
arm 5. The other end of the pivot arm 5 
encircles the shaft 3 being fastened thereto by 
means Of Set ScrewS 52. Adjacent to the aux 
iliary frame member 2 the tension bar 47 ex 
tends through a sleeve 53 which is fastened to a 
pair of auxiliary pivot arms 54 positioned. On 
each side of said auxiliary frame member. The 
pivot arms 54 are in turn fastened to sleeves 56 
Which encircle the shaft 3 and are fastened 
thereto by means of set screws 57. As is shown 
in Fig. 2, each of the pivot arms 54 is cut away 
at 58 to clear the head of the bolts 43. The shaft 
3 and the pivot arms 5 and 54 rotate as a unit 
during operation permitting the tension bar 4 
to move under the influence of changing warp 
tension. 
The tension bar 47 is spring loaded by means 

of a main helical loading spring 59 positioned 
adjacent to the main pivot arm 5, and auxiliary 
helical loading springs 6 and 62 positioned ad 
jacent to the auxiliary pivot arms 54. Each of 
the auxiliary loading springs 6 and 62 has six 
teen turns, whereas the main loading spring 59 
has only eight turns so that the auxiliary load 
ing springs 6 and 62 have only one-half the stiff 
ness of the main loading spring 59. The exact 
number of turns in the loading springs will de 
pend upon the properties of the material mak 
ing up the springs and the design of the Warp 
tension control means and the Warp-knitting 
machine in which said springs are employed. 
In all cases, however, each of the auxiliary load 
ing springs 6 and 62 should have only one-half 
the stiffness of the main loading spring 59. 
Both the main loading spring 59 and the aux 
iliary loading springs 6 and 62 are preferably 
positioned in the warp tension control means ' 
with their windings disposed in alternately Op 
posite directions. Thus, the auxiliary loading 
spring 6 has its winding disposed in a direction 
opposite to that of the main loading spring 59, the 
auxiliary loading Spring 62 has its winding dis 
posed in a direction opposite to that of auxiliary 
loading Spring 6, and so forth to the left-end 
main loading Spring (not shown). 
The main loading spring 59 is supported on an 

oil-impregnated bushing 63 provided with shoul- : 
diers 64, which bushing is mounted concentrically 
of the shaft 3. During operation, the bush 
ing 63 provides a film of lubricant over the sur 
face of the main loading spring 59 to reduce 
the frictional forces thereon. One end 66 of 
the main loading spring 59 is looped around a 
sleeve 67 which is provided with a collar 68 
that is cut away at 69 to clear said spring. The 
sleeve 67 is fastened by means of a bolt if ex 
tending therethrough to a lug 72 integral With 
a ring 73 which encircles the shaft 3 and is 
fastened thereto with a set Screw 4. The other 
end 76 of the main loading spring 59 is looped 
around a sleeve 77 (Fig. 4) provided with a shoul 
der 78 that is cut away at 79 to clear said spring. 
The sleeve 77 is fastened by means of a bolt 8 
extending therethrough to a strap 82 which is 
in turn welded to the ring 28. Both the main 
loading Spring 59 and the bushing 63 are omitted 
from Figs. 3 and 4 of the drawings in the in 
terest of clarity. 
The main loading spring 59 may be adjusted for 

a Wide range of operating conditions by means 
of an adjusting assembly indicated generally by 
reference numeral 83. The adjusting assembly 
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83 comprises a socket 84 fastened to the frame 
member in any desired manner, in which 
socket 84, a rod, indicated generally by reference 
numeral 86, is secured by means of a bolt 87. 
The rod 86 has a straight section 88 connected 
to a threaded section 89 of larger diameter by 
means of a tapered intermediate Section 9. A 
sleeve 92 fits loosely over the rod 86 and has ad 
jacent to its lower end a shoulder 93 which bears 
against the strap 82. Adjusting nuts 94 and 
96 in engagement with the threaded section 89 
of the rod 86 abut against the sleeve 92 permitting 
said sleeve to be forced downwardly by rotation 
of said nuts. This in turn forces the strap 82 
downwardly rotating the disk 28 and varying 
the torsion in the main loading spring 59. 
The auxiliary loading springs 6 and 62 are 

supported on oil-impregnated bushings 97 pro 
vided with shoulders 98 which are mounted con 
centrically of the shaft f3. Like the bushing 
63, the bushings 97 provide a film of lubricant 
Over the Surfaces of the auxiliary loading springs 
6 and 62 to reduce the frictional forces thereon 
during operation. Ends 99 and Of of the aux 
iliary loading springs 6 and 62, respectively, 
are looped around sleeves i 02 which are pro 
vided with shoulders fo3 that are cut away at 
f04 to clear said springs. The sleeves 02 are 
fastened by means of bolts 06 extending there 
through to lugs OT integral with rings fo8 which 
encircle the Shaft 3 and are fastened thereto 
With Set. Screws fo9. The other ends and 2 
Of the auxiliary loading springs 6 and 62, re 
spectively, are looped around sleeves 3 (Fig. 2) 

5 provided with shoulders 4 that are cut away 
at 6 to clear said springs. The sleeves f 3 are 
fastened by means of bolts extending there 
through to straps 8 which are secured as by 
Welding to the disks 38 on each side of the aux 
iliary frame member 2. The straps 8 are 
fastened together to rotate as a unit by means 
of an end strap f9 and bolts 121. The aux 
iliary loading springs 6 and 62 and the bush 
ings 97 are omitted from Figure 2 of the draw 
ings in the interest of clarity. 
The auxiliary loading springs 6 and 62 may be 

simultaneously adjusted for a wide range of op 
erating conditions by means of an adjusting as 
Sembly, indicated generally by reference numeral 
22. The adjusting assembly 22 comprises a 
socket 23 integral with the auxiliary frame 
member 2, in which socket a rod, indicated gen 
erally by reference numeral 24, is fastened 
by means of a bolt 26. The rod 24 is similar 
in construction to the rod 86 having a straight 
Section 27, a tapered intermediate section 28, 
and a threaded section 29 of larger diameter 
than the straight section 27. A sleeve 3 fits 
loosely over the rod 24 and is provided with 
a shoulder 32 adjacent to its lower end which 
bears against the straps 8. Adjusting nuts 
33 and 34 in engagement with the threaded sec 

tion 29 of the rod 24 abut the sleeve 3 per 
mitting said sleeve to be forced downwardly 
rotating the disks 38 and simultaneously vary 
ing the torsion in both of the auxiliary loading 
springs 6 and 62. 

During operation, the warp threads 48 are 
trained over the tension bar 4 on their way from 
the Warp beam or beams to the knitting station. 
As the tension on the warp threads 48 increases 
the tension bar 47 will be forced downwardly ro 
tating the shaft 3 in one direction and stressing 
the loading springs 59, 60 and 6 in torsion. Con 
versely, as the tension on the warp threads 48 
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decreases the shaft. 3 will be rotated in the oppos 
Site direction under the urging of the stressed 
loading springs 59, 6 and 62 thereby raising the 
tension bar 4. The rotation. Of the shaft 3 
and/or the motion of the tension bar 47 may, as 
pointed out above, be employed to control the let 
off of the warp threads. 48 from the warp beam 
of beams. The Spring loading upon the tension 
bar 47 may be readily varied by means of the 
adjusting nuts 94, 96, 33 and 34 for different 
types of warp threads 48, for different fabric con 
structions, or for any other purpose. 

It is to be understood that the foregoing de 
tailed description is given merely by way of illus 
tration and that many variations may be made 
therein without departing from the spirit of our 
invention. 

Having, described our invention, what we desire 
to secure by Letters Patent is: 

1. In a warp tension control means, a movable 
tension bar over which the warp threads are 
trained, main Spring loading means operatively 
connected to said tension bar adjacent the ends 
of said tension bar, and auxiliary spring loading 
means operatively connected to said tension bar 
intermediate said main spring loading means, 
each of Said main Spring loading means compris 
ing a single loading spring, and each of said aux 
iliary spring loading. means comprising a pair of 
loading springs. 

2. In a warp tension control means, a movable 
tension bar over which the warp threads are 
trained, main spring loading means absorbing 
the stresses applied thereto in tensile and com 
pressive strains operatively connected to said ten 
Sion bar adjacent the ends of said tension bar, 
and auxiliary spring loading means absorbing 
the stresses applied thereto in tensile and com 
preSSive strains operatively connected to said ten 
sion bar intermediate said main spring loading 
means, each of said main spring loading means 
comprising a single loading spring, and each of 
said auxiliary spring loading means comprising 
a pair of loading. Springs. 

3. In a warp tension control means, a movable 
tension bar over which the warp threads are 
trained, and a plurality of spring loading means 
absorbing the stresses applied thereto intensile 
and coin pressive strains, said spring. means hav 
ing one end fixed and the other end operatively 
connected to said tension bar, the springs in said 
spring loading means having windings disposed 
in alternately opposite directions. 

4. In a warp-tension control means, a movable 
tension bar over which the Warp threads are 
trained, main Spring loading means employed in 
torsion operatively connected to said tension bar 
adjacent the ends of said tension bar, and aux 
iliary spring loading means employed in torsion 
operatively connected to said tension bar inter 
mediate said main spring loading means, each 
of said main spring loading means comprising a 
single loading spring, each of said auxiliary spring 
loading means comprising a pair of loading 
Springs and all of said loading springs having 
windings: disposed in alternately opposite direc 
tions. 

5. In a warp tension control means, a movable 
tension, bar over which the warp threads are 
trained, main Spring loading means operatively 
connected to said tension bar adjacent the ends 
of said tension bar, and auxiliary spring loading 
means operatively connected to said tension bar 
intermediate said main Spring loading means, 
each of Said main spring loading means compris 
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8 
ing asingle loading spring, each of said auxiliary 
spring loading means comprising a pair of load 
irig Springs, and each of the loading springs in 
Said auxiliary Spring loading means having one 
half the stiffness of the loading springs in said 
main Spring loading means. 

6. In a warp tension control means, a movable 
tension bar over which the warp threads are 
trained, main spring loading means absorbing the 
Stresses applied thereto in tensile and compres 
sive strains operatively connected to said tension 
bar adjacent the ends of Said tension bar, and 
auxiliary Spring loading means absorbing the 
stresses applied thereto in tensile and compres 
sive strains operatively connected to said tension 
bar intermediate said main spring loading means, 
each of said main spring loading means compris 
ing a single loading spring, each of said auxiliary 
Spring loading means comprising a pair of load 
ing Springs, and each of the loading springs in 
said auxiliary Spring loading means having one 
half the stiffness of the loading springs in said 
main Spring loading means. 

7. In a warp tension control means, a tension 
bar diver which the warp threads are trained, 
main arms adjacent the ends of the tension bar 
for pivotally Supporting the tension bar, auxiliary 
arms intermediate the main supporting arms for 
pivotally supporting the tension bar, a helical 
Spring employed in torsion adjacent each of the 
main supporting arms for loading the tension 
bar, and pairs of helical springs employed intor 
sion positioned on each side of the auxiliary Sup 
porting arms for loading the tension bar. 

8. In a Warp tension control means, a pair of 
main frame members, auxiliary frame members 
internediate Said main frame members, a ten 
sion bar over which the warp-threads are trained, 
main arms adjacent the main frame member for 
pivotally supporting the ends of the tension bar, 
auxiliary arms intermediate the main supporting 
arms and adjacent the auxiliary frame member 
for pivotally supporting the tension bar, a heli 
cal spring employed in torsion adjacent each of 
the main supporting arms for loading the ten 
Sion-bar, and pairs of helical springs employed 
in torsion positioned on each side of the auxiliary 
supporting arms for loading the tension bar, one 
end of each of said loading springs being opera 
tively fastened to the supporting arm adjacent 
thereto, and the other end of each of said load 
ing springs being adjustably fastened to the 
frame member adjacent thereto. 

9. In a warp tension control means, a pair of 
main frame members, auxiliary frame members 
intermediate said main frame members, a rotat 
able shaft mounted between said frame men 
bers, a tubular tension bar over which the warp 
threads are trained positioned in front of and 
parallel to said shaft, main arms fastened to said 
shaft adjacent the main frame members for piv 
otally supporting the tension bar, auxiliary arms 
fastened to said shaft on each side of the aux 
iliary frame members for pivotally supporting the 
tension bar, a helical spring employed in torsion 
encircling the shaft, adjacent each of the main 
frame members for loading said tension bar, said 
spring having one end fastened to said shaft and 
the other end adjustably fastened to the main 
frame member adjacent thereto, pairs of helical 
springs employed in torsion encircling the shaft 
on each side of the auxiliary frame members for 
loading said tension bar, said springs having one 
end fastened to said shaft and the other end ad 
justably fastened to the auxiliary frame member, 
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each of the loading Springs adjacent Said aux 
iliary frame members having twice as many 
turns as the loading springS positioned adjacent 
the main frame member, all of the loading 
springs having their Windings disposed in alter 
nately opposite directions, and oil-impregnated 
bushings mounted on said shaft internally of 
each of the loading Springs for lubricating the 
loading Springs. 

10. In a warp tension control means, a mov 
able tension bar over which the Warp threads 
are trained, main spring loading means opera 
tively connected to Said tension bar, and auxil 
iary Spring loading means Operatively Connected 
to said tension bar, each of Said main spring load 
ing means coin prising a Single loading Spring, 
and each of Said auxiliary Spring loading means 
comprising a pair of loading Springs. 

11. In a warp tension control means, a rotat 
able shaft, Spaced arms mounted on Said shaft, 
a tension bar over which the Warp threads are 
trained carried by said arms, and a helical spring 
encircling said shaft having One end fixed and 
the other end operatively connected to said shaft 
for loading said tension bar whereby the motion 
of the tension bar will apply a torsional stress to 
Said spring. 

12. In a Warp tension control means, a rotat 
able shaft, Supporting means fixed to said shaft, 
a tension bar over which the Warp threads are 
trained carried by said Supporting means, a heli 
cal spring encircling Said shaft having one end 
operatively connected to Said shaft for loading 
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Said tension bar whereby the motion of the ten 
sion bar will apply a torsional stress to said 
spring, a member engaging the other end of said 
Spring and screw means for moving said mem 
ber for adjusting the loading of the tension bar. 

13. In a Warp tension control means, a rotat 
able shaft, Supporting means fixed to said shaft, 
a tension bar over which the warp threads are 
trained carried by Said supporting means, a plu 
rality of helical springs encircling said shaft and 
having their windings disposed in alternately op 
posite directions, each helical spring having one 
end fixed and the other end operatively connected 
to said shaft for loading said tension bar where 
by the motion of the tension bar will apply a tor 
Sional stress to Said Springs, and Screw means for 
shifting the relative position of the ends of the 
Spring for adjusting the loading of the tension 
bal'. 
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