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This invention relates to strand handling ap 
paratus and a method of handling strands, and 
more particularly to a method of and an arrange 
ment for imposing a delicately controllable ten 
son of adjustably constant value upon a longitu 
dinally moving strand. . . . . . . . . 

Devices to impose controllable tension on a 
strand being advanced longitudinally are at least. 
as old as the arts of spinning and weaving, as 
evidenced by the prehistoric spinning whorls of 
stone, which tensioned a strand being spun, by ... 
their weight. In more modern times devices for 
this purpose have generally comprised means to 
resist the advance of the strand by friction, either 
applied directly to the strand itself or by causing 
the strand to drive a sheave, roll or the like 
which in turn is retarded by some form of fric 
tion brake. Such devices are entirely, satisfac 
tory in a great number of cases. However, they 
do suffer from one common difficulty, which may 
render them insufficiently satisfactory in some 
instances. Friction is a phenomenon whose ex 
act nature and true laws are not at present 

s 

it to advance. ... 
... Other objects and fe v L. 

... will appear from the following detailed descrip- . 
tion of embodiments thereof, taken in connection: with the accompanying drawing in which the 

cordance with the invention; 

bodiment, but in side elevation; ad 

takes under the 
s: . . pull of the means which cause 

features of the invention 

same reference numerals are applied to identical 
parts in the several figures, and in which . . . 
: Fig. 1 is a diagrammatic view, in plan of a 

10 strand tensioning apparatus constructed in ac 

Fig.2 is a section on the line 2-2 of Fig.1; . . . 
Fig. 3 is a view similar to Fig. 1 of another em 
Fig. 4 is a section on the line 4-4 of Fig. 3. 
In the apparatus whose essentials are diagram 

matically presented in Fig. 1, a strand 0 is being 
advanced from left to right, from some supply 

known. It appears to depend upon certain un 
known factors connected with the microphysical 
character and properties of the frictionally en 
gaged surfaces. It is believed to be well known 
that, at least where relatively light frictional en 
gagements are in question, the friction due to 
constant pressure will vary with atmospheric 
conditions, particularly with temperature and 
humidity in a less rather than more predictable 
fashion. As noted above, such variations are 
negligible in many instances. However, there are 
cases, especially in the manufacture of certain 
types of electrical equipment, where the tension 
control of strands must be more normally con 
stant than is possible with any known device op 
erating by frictional means. 
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An object of the present invention is to provide 
a method of and an apparatus for imposing ten 
sion upon a longitudinally moving strand, in 
which the tension is accurately controllable to 
an unusual degree because it does not originate 
in any frictional effect or device. 
With the above and other objects in view, the 

invention may be embodied in a method compris 
ing steps of, or in an apparatus comprising means 
for exerting a transverse stress on a longitudinal 
ly advancing strand at each of a plurality of 
spaced successive points of the path of the strand 
and in opposite directions at alternating points, 
to cause the strand to tend to move in a sinuously 
distorted path longer than the path it normally 

the rollers and 5, and 

at the left not shown, by suitable advancing 
means at the right not shown. The strand 0 in 
this case is electrically conductive, and, for sim 
plicity, may be: thought of as a bare copper wire. 
This strand or copper wire passes first between 
two pairs of mutually transverse rollers, l, 12 
and 3, 4. The roll is of metal. The other 
three rollers, 2, 3 and 4, may be of any suitable 
material. At the exit end of the apparatus at 
the right, the strand or wire passes between a 
metal roller if 5 and another roller of any suit 
able material. These pairs of rollers are not per 
se essential to the invention. They provide a 
fixed point of departure for the strand from be 
tween the rollers 3 and 4 and a vertically 
limited exit between the rollers is and 6. Fur 
thermore, the metal rollers and is form elec 
trodes through which an electric current, intro 
duced through brushes T and 8 respectively 
from some suitable source such as a generator 2, 
may traverse the portion of the strand between 

be controlled by a 
rheostat 22. 
Along the path of the strand between the de 

parture point and exit point and on each side of 
the path is one of two pluralities of magnets 20 
disposed and arranged, as shown, to create a suc 
cession of magnetic fields whose lines of magnetic 
force run across the path of the strand and whose 
directions alternate in successive fields. These 
magnets may be electromagnets as illustrated, or 
may be permanent magnets of suitable power, if 
desired. If they are electromagnets, as shown, 
they will be electrically energized from some suit 
able source, such as the D.C. generator 2. 
So long as the switch 23 is open, the strand is 

unaffected in its passage through the apparatus. 

  



When the switch 23 is closed, a constant current 
passes through the strand O in the sense indi 
cated by the plus and minus signs on the brushes. 
At the same time the electromagnets 20 are ener 
gized, and it will be assumed that they are so 
wound as to exhibit N and S poles as indicated 
On the drawing. The effect of the alternatingly 
directed magnetic fields on the current carrying 
wire O then tends to cause the wire to assume 
the shape shown in dotted lines in Fig. 2 and thus 
resists the forward progress of the wire. The in 
tensity of this effect is adjustable by means of 
the rheostat 22. 
The arrangement above described is applicable 

Only to electrically conductive strands. Figs, 3 
and 4 illustrate another arrangement whose op 
eration does not depend upon the nature or ma 
terial of the strand. In this arrangement there 
is on each side of the advancing strand a series 
of nozzles 30 directed transverse to the direction 
of advance of the strand. The nozzles are fed 
by risers 3 mounted on manifolds 32 supplied 
with fluid under pressure through a valve 33 from 
Some SOurce not shown. The nozzles of the series 
On one side of the strand O are staggered in 
position relatively to those on the other side. The 
fluid jetted transversely against the strand from 
the nozzles 30 may be a gas, e. g. air, or a liquid, 
e.g. water. As before, the ef:ct is to tend to 
mske the strand follow a sinuous path, deflect 
ing alternately to one side and the other of the 
normal path portion predetermined by the points 
of departure and of exit, and thus to resist the 
advance of the strand. In either case, between 
the point of departure at the rollers 3, 4 and 
the point of exit at the rollers 5, 6, neither 
the strand 0 nor the strand 0 touches any 
Solid thing. The resistance to advance of the 
strand is effected by non-frictional means acting 
to cause the strand to depart sinuously from its 
normal path. 

In the case of the electrically actuated ar 
rangement of Figs. 1 and 2, this has been de-. 
Scribed as employing direct current. Apart from 
the heating of the magnets occasioned by alter 
nating current, the arrangement will work equal 
ly with Such current, since each reversal of the 
magnetic fields is accompanied by a simultaneous 
reversal of the current in the wire f. However, 
if permanent magnets are employed, direct cur 
rent only is applicable. 

It was pointed out above that in neither of the 
embodiments disclosed and described, does the 
Strand being tensioned touch any solid element, 
whether to slide over a stationary shoe, brake or 
the like or to run over and drive or be driven by 
any roll, sheave or the like, which could in any 
Way affect or modify the tensioning occasioned 
by the electrical fields in the one case or the air 
jets in the other at any point of the portion of 
the path of the strand where the tensioning is 
effected. 
What is claimed is: 
1. An apparatus to impose tension on a longi 

tudinally advancing strand, the said apparatus 
Comprising means to guide a longitudinally ad 
Vancing strand to pass through a predetermined 
normal path portion, and means beside the path 
portion and spaced therefrom to exert a trans 
verse force upon the strand to cause the strand to 
be displaced sinuously from the path portion, the 
Said last mentioned means acting upon the strand 
without contact of any solid member of the last 
mentioned means with the strand. 

2. An apparatus to impose tension on a longi 
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tudinally advancing strand, the said apparatus 
comprising means to guide a longitudinally ad 
vancing strand to pass through a predetermined 
normal path portion, and means at spaced points 
along the said path portion and beside the same 
and spaced therefron to exert a transverse force 
upon the strand to cause the strand to be dis 
placed sinuously from the path portion, the said 
last mentioned means acting upon the strand 
without contact of any solid member of the last 
mentioned means with the strand. 

3. An apparatus to impose tensior on a longi 
tudinally advancing strand, the said apparatus 
comprising means to guide a longitudinally ad 
vancing strand to pass through a predetermined 
normal path portion, and alternately oppositely 
directed means means at spaced points along the 
said path portion and beside the same and spaced 
therefrom to exert a transverse force upon the 
strand to cause the strand to be displaced sinu 
ously from the path portion, the said last men 
tioned means acting upon the strand without 
contact of any solid member of the last mentioned 
means with the strand. 

4. An apparatus to impose tension on a longi 
tudinally advancing strand, the said apparatus 
comprising means to guide a longitudinally ad 
vancing strand to pass through a predetermined 
normal path portion, and alternately oppositely 
directed fluid jets transverse to the said path por 
tion at spaced intervals along the same and 
spaced therefrom to exert transverse force upon 
the strand without contact of the strand with the . 
nozzles of the jets to cause the strand to tend to 
depart sinuously from the said path portion. 

5. An apparatus to impose tension on a longi 
tudinally advancing strand, the said apparatus 
comprising means to guide a longitudinally ad 
vancing strand to pass through a predetermined 
normal path portion, and means beside the path 
portion and spaced therefron to exert a trans 
verse force upon the strand to cause the strand 
to be displaced sinuously from the path portion, 
the said last mentioned means acting upon the 
strand without contact of any solid member of 
the last mentioned means with the strand, in 
combination with means to adjustably vary the 
effectiveness of the said last mentioned means. 

6. An apparatus to impose tension on a longi 
tudinally advancing strand, the said apparatus 
comprising means to guide a longitudinally ad 
vancing strand to pass through a predetermined 
normal path portion, and means at spaced points 
along the said path portion and beside the sanc 
and spaced therefrom to exert a transverse force 
upon the strand to cause the strand to be dis 
placed sinuously from the path portion, the said 
last mentioned means acting upon the strand 
without contact of any solid member of the last 
mentioned means with the strand, in combination 
with means to adjustably vary the effectiveness 
of the said last mentioned means. 

7. An apparatus to impose tension on a longi 
tudinally advancing strand, the said apparatus 
comprising means to guide a longitudinally ad 
vancing strand to pass through a predetermined 
normal path portion, and alternately oppositely 
directed means at spaced points along the said 
path portion and beside the same and spaced 
therefrom to exert a transverse force upon the 
strand to cause the strand to be displaced sinu 
ously from the path portion, the said last men 
tioned means acting upon the strand without 
contact of any solid member of the last mentioned 
means with the strand, in combination with 
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magnetic means acting upon the strand without means to adjustably vary the effectiveness of the 

said last mentioned means, 
8. An apparatus to impose tension on a longi 

tudinally advancing strand, the said apparatus 
comprising means to guide a longitudinally ad 
vancing strand to pass through a predetermined 
normal path portion, and alternately oppositely 
directed fluid jets transverse to the said path 
portion at spaced intervals along the same and 
spaced therefrom to exert transverse force upon O 
the strand without contact of the strand with the 
nozzles of the jets to cause the strand to tend to 
depart sinuously from the said path portion, in 
combination with means to adjustably vary the 
effectiveness of the Said last mentioned means. 

9. An apparatus to impose tension. On a longi 
tudinally advancing electrically conductive 
strand, the said apparatus comprising means to 
guide a longitudinally advancing strand to pass 
through a predetermined normal path portion, 
means to pass an electric current through the 
part of the strand in the said path portion, and 
magnetic means beside the path portion and 
spaced therefrom to exert a transverse force 
upon the strand to cause the strand to be dis 
placed sinuously from the path portion, the said 
magnetic means acting upon the strand with 
out contact of any solid member of the mag 
netic means with the strand. 

10. An apparatus to impose tension on a longi 
tudinally advancing electrically conductive 
strand, the said apparatus comprising means to 
guide a longitudinally advancing strand to pass 
through a predetermined normal path portion, 
means to pass an electric current through the 
part of the strand in the said path portion, and 
magnetic means at spaced points along the said 
path portion and beside the same and spaced 
therefrom to create successively oppositely di. 
rected magnetic fields across the said path por 
tion to exert transverse force upon the strand to 
cause the strand to tend to depart sinuously fron: 
the said path portion without contact of any 
sold member of the magnetic means with the 
strand. 

11. An apparatus to impose tension on a lon 
gitudinally advancing electrically conductive 
strand, the said apparatus comprising means to 
guide a longitudinally advancing strand to pass 
through a predetermined normal path portion, 
means to pass an electric current through the 
part of the strand in the said path portion, and 
magnetic means beside the path portion and 
spaced therefrom to exert a transverse force 
upon the strand to cause the strand to be dis 
placed sinuously from the path portion, the said 
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contact of any solid member of the magnetic 
means with the strand, in combination with 
means to adjustably vary the effectiveness of the 
Said last mentioned means. 

12. An apparatus to impose tension on a lon 
gitudinally advancing electrically conductive 
Strand, the Said apparatus comprising means to 
guide a longitudinally advancing strand to pass 
through a predetermined normal path portion, 
means to pass an electric current through the 
part of the strand in the said path portion, and . 
magnetic means at spaced points along the said 
path portion and beside the same and spaced 
therefrom to create successively oppositely di- . 
rected magnetic fields across the said path por 
tion to exert transverse force upon the strand 
to cause the strand to tend to depart sinuously 
from the said path portion without contact of 
any Solid member of the magnetic means with 
the strand, in combination with means to ad 
justably vary the effectiveness of the said last 
mentioned means. 

13. The method of imposing tension on a lon 
gitudinally advancing strand, which method 
comprises steps of guiding a longitudinally ad 
vancing strand to pass through a predetermined 
path portion, and exerting transverse alternately 
Oppositely directed forces on the strand at spaced 
points along the said path portion to cause the 
strand to tend to depart sinuously from the said 
path portion without contact of any solid men 
ber of the force creating means with the strand. 

14. The method of imposing tension on a lon 
gitudinally advancing strand, which method 
comprises steps of guiding a longitudinally ad 
vancing strand to pass through a predetermined 
path portion, and directing alternately, oppositely 
directed fluid jets transversely across the strand 
at spaced points along the said path portion to 
cause the strand to tend to depart sinuously from 
the said path portion without contact of the 
nozzles of the jets with the strand. 

15. The method of imposing tension on a lon 
gitudinally advancing electrically conductive 
strand, which method comprises steps of guiding 
a longitudinally advancing strand to pass through 
a predetermined path portior, passing an electric 
current through the part of the strand in the said 
path portion, and applying alternately oppositely 
directed magnetic fields transverse to the strand 
at spaced points along the said path portion to 
cause the strand to tend to depart sinuously from 
the said path portion without contact of any of 
the field creating magnets with the strand, 

  


