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TENSION CONTRQL SYSTEM FOR WEB-FEEDING
MECHANISMS

Joha D. Robertson, Taunton, Mass., assignor to Mount

Hope Machinery Company, Tasnton, Mass., a corpo-

ration of Massachusetis

Filed Mar. 17, 1964, Ser. No. 353,317
8 Claims., (Cl. 242—75.43)

The present application is a continuation-in-part of my
U.S. Patent Application Serial No. 271,231, filed April
8,1963.

This invention relates to an improved tension control
system for use with mechanisms for feeding lengths of
web or strand materials, and is useful in various com-
mercial processes in which it is desired to maintain a
uniform controlled tension in a web as it is passed from
one processing device or reel to another processing de-
vice or reel.

In such operations, web tension may vary undesirably
if it is not controlled. For example, in a reeling opera-
tion, the material wound on a supply reel continuously
diminishes in diameter as a take-up roll increases pro-
portionately, and thus the moment arm of tension applied
against tension control means, such as braking means for
the supply reel or driving means for the take-up reel, con-
tinuously varies and requires adjustment of the tension
control means to maintain a uniform tension.

The objects of the invention include the provision of
an improved tension control system which establishes a
control signal continuously responsive to any tendency
of the web tension to vary from a predetermined value,
and thus affords highly uniform control of tension, within
close limits of variation; which is responsive to adjust
web tension as a continuous function of variations in
web tension, at least when the web tension varies beyond
tolerance limits; and which features a simplified con-
struction combined with a high degree of accuracy of
control. Further objects and advantages of the invention
will appear as the following description proceeds.

Briefly stated, the invention contemplates the pro-
vision of a force-balancing valve unit, of which a movable
valve member comprises a load-bearing plate against
which a force proportional to the variable web tension is
applied. The valve unit is formed with a variable fluid-
release orifice, valved by the movable member. As to
this subject matter, an application entitled “Continuous
Tension Monitor for Web-Feeding Mechanisms,” Serial
No. 271,230 filed April 8, 1963 by Raymond H. Foster
and assigned to the assignee of this application, is referred
to.

The valve unit is further provided with means forming
a pressure support cylinder for biasing the valve member
in a sense opposite to that of the tension force. A regu-
lated fluid pressure is supplied to the support cylinder by
first conduit means to balance the tension force in an open
condition of the fluid-release orifice, the extent of whose
opening is consequently a continuous function of the dif-
ference between that tension value which would balance
the setting of the regulated pressure in the support cylin-
der, and the variable applied tension force actually exist-
ing in the web.

Second conduit- means are provided to supply pres-
surized fluid to the fluid-release orifice, and these means
including adjustable orifice means to limit the rate of
flow of fluid; the pressure prevailing in the second con-
duit means is consequently a continuous function of the
variable fluid-release orifice opening. Finally, the sec-
ond conduit means are connected to actuate tension con-
trol means, such as a fluid-actuated brake, in a manner
to control .the web tension. within narrow limits. The
arrangement may be such as to control the tension as a
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continuous function of the pressure in the second conduit
means; alternatively, the control may become operative
only when the web tension varies from a predetermined
value beyond tolerance limits and thus maintain the ten-
sion within a predetermined range of values. The mean
tension value is determined by the adjustable regulated
pressure supplied to the pressure support cylinder. The
system is quickly and accurately responsive to offset any
tendency of the web-feeding mechanism to alter the web
tension from the predetermined value or range of values.

While the specification concludes with claims particu-
larly pointing out the subject matter which I regard as
my invention, it is believed that a clearer understanding
may be gained from the following detailed description of
preferred embodiments, referring to the accompanying
drawing, in which: '

FIG. 1 is a schematic view showing a first embodiment
of the control system in operative relation to a web-un-
reeling device;

FIG. 2 is a view in elevation showing a tension-trans-
mitting roll of FIG. 1;

FIG. 3 is a schematic view showing a modified valve
arrangement;

FIG. 4 is a schematic view showing a second embodi-
ment of the control system; and

FIG. 5 is a partial schematic view showing a modifica-
tion of the control system.

Referring to FIGS. 1 and 2, a first form of the im-
proved control system is shown operatively connected
with an illustrative web-feeding device, comprising a web-
unreeling stand, which includes a supply reel 1¢ carrying
a roll of web of strand material 12 thereon, and jour-
nalled in suitable bearings (not shown) for feeding the
web to a processing device or to a take-up reel; positive
drive means withdraw the web from the reel 19 in the
direction shown by the arrows. The tension control sys-
tem includes pressure-regulated means for maintaining a
uniform web tension as the web is unreeled. While vari-
ious tension control devices may be utilized within the
scope of the invention, an illustrative brake 14 is shown,
which comprises a split-ring engaging the periphery of the
reel 10 and having one arm 17 mounted in a stationary
support 16. A free arm 18 is drivingly connected with the
piston 19 of a fluid motor 20, which is connected with
a branched fluid conduit 22, for exerting variable braking
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To sense the tension of the web, a tension-transmitting
roll 24 is wrapped by the web intermediate a pair of idler
rolls 26, whose function is to provide adaquate wrap
about the roll 24 to transmit a component of web tension
The tension-transmitting roll is pivotally and
rotatably mounted by means of a ball bushing 28 sup-
porting one end of its axle 38 in a standard 32. The op-
posite end of the axle is pivotally and rotatably supported
in a lever arm 34, which is pivotally mounted by a stub
shaft 36 in a stationary support 38.

A force proportionate to the web tension is applied by
the arm 34 through a rod 41 to a force-balancing valve
unit generally designated at 46. The valve unit is organ-
ized on a base 42 which rests upon a stationary support
44, and includes a valve member or load-bearing plate
46, pivotally supported at 48 on the base. The base 42
includes an overhanging flange portion 49, in which a
branch of the conduit 22 terminates. The valve member
46 bears an O-ring 50, which cooperates with the flange
49 to form a variable pressure-release orifice 51. Air or
other fluid under pressure is supplied to the branched
conduit 22 from any suitable source, and adjustable ori-
fice means are interposed in the conduit, comprising an
adjustable needle valve 56 in the preferred embodiment
shown. It will be understood, however, that a fixed ori-
fice may be used instead of an adjustable orifice. A
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pressure-indicating gage 58 is placed in the branched con-
duit to indicate the pressure therein.

The tension force supplied to the valve member 46 by
the rod 41 is balanced by means of a pressure support
cylinder 68, having an annular recess 62 in which an O-

-ring 64, which may preferably be resilient, is slidably
and sealingly received, resting upon the base 42. Pressure
sufficient to balance the applied tension force is supplied
interiorly of the air cylinder by a conduit 66 communicat-
ing with the air supply, and having an adjustable pres-
sure regulating valve 68 furnished with an indicating
gage 78. It will be understood that the air supply pres-
sure and the effective area of the support cylinder 69
should be selected with consideration given to the antici-
pated range of web tension, so that the pressure supplied
to the support cylinder may be regulated io balance the
valve member in an open condition of the crifice §1. The
moment arm of application of the tension force may alse
be varied by moving the rod 41 along the valve member
46.

It will be evident that the pressure in conduit 22 multi-
plied by the area within the circle of O-ring 59 times its
moment arm about pivot 48 will be equal to the upward
force produced by pressure in conduit €6 times its

. moment arm about pivot 48 minus the downward force in
-rod 41 times its moment arm about pivot 48. In other
words, the pressure in conduit 22 (and consequently
brake torque) will be proportionate to the difference be-
‘tween tension desired and tension actually existing in the

~web. This makes it apparent that tension existing can-
not exactly equal tension desired, but the residual error
may be made as small as desired by making Q-ring 55
small.. Cn the other hand, the fact that there is a residual
error due to the feedback of brake pressure into the con-
trol resulis in a control which can be both relatively rapid
acting and smooth and stable in operation. Such a con-
trol, as is well known to those versed in the art, is ge-
nerically referred to as “droop stabilized.”

In use, valve 68 is adjusted until the pressure indicated
by gage 78 corresponds to the tenmsion desired. This
pressure may be considered to consist of two compo-
nents: the “tare” pressure required to balance the weight
of the mechanical parts and the pressure in excess of this
tare pressure which is proportionate to tension desired.
This pressure forces valve member 46 upward, tending to
close orifice 51. This raises the pressure in conduit 22,
which increases brake torque and consequently also in-
creases web tension and thus the downward force in rod
41, until balance is restored in valve member 46.

Referring to FIG. 3, a modified form of force-balanc-
ing valve is illustrated, parts similar to those of the pre-
ceding embodiment. being similarly numbered, with prime
superscripts.  The pressure support cylinder 69’ in this
case comprises a bellows, while the orifice 51" is formed
between a conical seat 72’ formed in the flange 4% and a
conical valve body 74 mounted on the valve member 46°.
The function of this apparatus is substantially the same
as that of the preceding embodiment, and it will be under-
stood that other forms of this apparatus may be utilized,
such as are adapted to apply a regulated pressnre against
the valve member to balance the tension load in such
manner as t0 modulate the air pressure in the conduit 227
as a continuous function of the difference between the
desired tension and the tension existing in the web.

A modified embodiment of the improved control sys-
tem is shown in FIG. 4, in which several additional fea-
tures are provided. Elements similar to those of the
embodiment of FIG. 1 are similarly numbered. An ad-
justable pressure regulating valve 88, furnished with an
indicating gauge 82, is interposed in the air supply line
in advance of the adjustable needle valve 56, for reducing
the pressure lsvel during start-up of the apparatus. At
the commencement of a reeling operation, it may be de-
sirable to reduce the pressure supplied to the valve 36,
since the initial tension load applied by the rod 41 will
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consist solely of the weight of the roll 24 if there is
substantially no tension applied to the web 12 at this time;
consequently, the orifice 51 of the valve unit 40 may ini-
tially be completely closed. With a normal air supply,
a very high pressure may therefore be applied to the
brake cylinder 28, creating an excessive imitial tension
as the reeling operation begins. This can be avoided by
adjusting the regulator 89 to sharply reduce the pressure
of the air supply at this time, thereby limiting the tension
applied by the brake to a safe value, even though the
orificz §% may bLe fully closed. The regulator 88 should
be adjusted to pass a normal supply pressure as soon as
the web has commenced to travel and any slack has been
taken up so that increases in brake pressure may be
sensed in terms of the resulting increase of tension as
measured by the force applied to rod 41. It should be
noted that the regulator 86 must be placed in advance of
the needle valve 56, as the latter serves to restrict the
rate of flow of air to the valve unit 40 for the control of
pressure in the conduit 22 by the position of the valve
unit; if the pressure in the conduit downstream of the
needle valve were regulated at a fixed value, it would of
course defeat the proper functioning of the system.

An additional feature in the embodiment of FIG. 4
comprises means for preventing continuous variation of
the brake pressure by minor fluctuation of the control
pressure in the conduit 22. As a practical matter, the
tension usnally need not be controlled at a single precise
value; it is sufficient to hold it within reasonable tolerance
limits of a desired mean value. Consequently, the con-
trol system is prevented from altering the brake pressure
so long as the tension remains intermediate these tolerance
limits and produces correspondingly small variations in
the control pressure. The resulting reduction in the fre-
quency of variation of the brake pressure affords increased
life to the brake actuating elements. The means prefer-
ably employed for this purpose are a pair of spring loaded
ball-check valves 83 and 84 arranged in parallel branches
of the conduit 22. The spring constant and free length
of the spring 86 in valve &4 are selected to exert a neg-
ligibly small compression load. It will be apparent that
either valve opens only when a sufficient differential pres-
sure of appropriate sense exists between the conduit 22
and the brake cylinder 29, to overcome the compression
load of its spring, and that the valve 84 will open under
a smaller differential pressure than the valve 83. The
valve 83 is provided with an adjustment screw 92 for
setting the compression load of its spring 90, so that a
desired difference in the operating pressure levels of the
two valves may be selected.

In operation, a variation in either sense from the pre-
determined mean of the control pressure in the conduit
22 which is not sufficiently large to create the operative
pressure differential in either valve, will not affect the
applied brake pressure. If, however, the tension in the
web should increase sufficiently to reduce the pressure in
conduit 22 so far that an upper tolerance limit of tension
is passed, the valve 83 will open to relieve the brake pres-
sure, and thereby restore the tension to a value within
the upper tolerance limit, thus re-closing the valve and
inactivating the control. On the other hand, should the
level of tension in the web decrease below a lower toler-
ance limit, the pressure in conduit 22 will increase corre-
spondingly; and the differential pressure will open the
valve 84 to increase the brake pressure, and thereby bring
about an increase in tension to a value within the lower
tolerance limit. The tension prevailing in the web is
thereby permitted to vary within a dead zone defined be-
tween the upper and lower tolerance limits, without bring-
ing about any change in the brake pressure. The differ-
ence between the tension levels of the two tolerance limits,
i.e., the range of tolerated deviation, may be adjusted by
altering the compression of the spring 90 by means of the
screw 92.

In the forms shown the air pressure prevailing in the
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branched conduit 22 is proportionate to the difference
between the desired tension level and the tension existing
in the web; but it will be understood that the tension force
may be applied in a sense to close rather than to open the
orifice, provided that the pressure signal is inverted for
controlling the tension control means.

A further refinement is shown in partial schematic
drawing, FIG. 5. Here a simpie throttling valve 94 re-
stricts the flow of pressurized fluid to and from cylinder
20. This valve acts as a filter or sensitivity control so
that the brake may be made to respond more slowly to
control signals, avoiding unnecessary brake action in re-
sponse to rapid small variations in tension. This feature
may be used instead of or in series with the check valve
configuration of FIG. 4.

The improved temsion control system has been illus-
trated in conjunction with a web-unwinding stand, in
which tension is controlled by a brake. However, it will
be understood that this tension control is equally useful
for regulating a drive motor or a slip clutch used for draw-
ing the web forwardly through any processing device, or
onto a take-up reel. In a re-recling operation, for ex-
ample, a second tension control system may control an air
slip clutch driving a take-up reel, provided that positive
drive means such as-constant-speed nip rolls engage the
web between the two comtrol points, The system is
equally useful for controlling the tension of a web passing
from ome processing device to another, as, for example,
from a mangle to a dryer or from a coater to a calendar,
and in laminating, printing, and trimming processes.

While I have illustrated and described preferred em-
bodiments of the invention by way of illustration, it will
be understood by those skilled in the art that various addi-
tional changes and modifications may be made without
departing from the true spirit and scope of the invention,
which I therefore intend to define in the appended claims
without lmitation to the details of the foregoing embodi-
ments.

What I claim is:

1. A tension control system for use with web-feeding
mechanisms, comprising: a force-balancing valve unit,
including a valve member movably mounted thereon, a
fixed orifice formed in said valve unit and valved by said
member to form a fluid-release orifice therebetween, and
means forming a pressure support cylinder for biasing
said member; means for applying a force, proportional to
the tension in a web fed by said mechanism, to said valve
member in a direction opposite to the bias of said pressure
support cylinder; fluid supply means; first conduit means
including pressure-regulating means for delivering fluid
from said fluid supply means to said support cylinder
under a predetermined regulated pressure to balance said
tension force for varying the area of said flnid-release
orifice as a continuous function of the relationship be-
tween the regulated pressure and the applied tension
force; second conduit means connected with said flnid-
release orifice; orifice means connected for delivering
fluid from said supply means at a limited rate of flow to
said second conduit means for control of the pressure
therein by the opening of said fluid-release orifice; and
web tension control means connected for control by the
pressure in said second conduit means to maintain the
web tension substantially at a predetermined mean value
dependent upon the level of the regulated pressure de-
livered to said support cylinder.

2. A tension control system as recited in claim 1 in
which adjustable valve means is incorporated in the con-
nection between the web tension control means and the
second conduit means.

3. A continuous tension control system for use with
web-feeding mechanisms, comprising: a force-balancing
valve unit, including a valve member movably mounted
thereon, a fixed orifice formed in said valve unit and
valved by said member to form a fluid-release orifice
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therebetween, and means forming a pressure support
cylinder for biasing said member in a direction to close
said orifice; a roll for engaging a web fed by said mecha-
nism, said roll being supported by said valve member for
applying a force, proportional fo the tension in the web,
to said valve member in a direction to open said orifice;
fluid supply means; first conduit means including pressure-
regulating means for delivering fluid from said fluid sup-
ply means to said support cylinder under a predetermined
regulated pressure to balance said tension force for vary-
ing the area of said fluid-release orifice as a continuous
function of the relationship between the regulated pres-
sure and the applied tension force; second conduit means
connected with said fluid-release orifice; orifice means
connected for delivering fluid from said supply means at
a limited rate of flow to said second conduit means for
control of the pressure therein by the opening of said
fluid-release orifice; and web tension control means con-
nected for control by the pressure in said second conduit
means to maintain the web tension substantially at a pre-
determined mean value dependent wpon the regulated
pressure delivered to said support cylinder.

4. A continuous tension control system for use with
a web-feeding mechanism including a supply reel hav-
ing a length of web material wound thereon, said system
comprising: a force-balancing valve unit, including a
valve member movably mounted thereon, 2 fixed orifice
formed in said valve unit and valved by said member to
form a fluid-release orifice therebetween, and means form-
ing a pressure support cylinder for. biasing said member
in a direction to close said orifice; means for applying a
force, proportional to the tension in a web fed by said
mechanism, to said valve member in a direction tending
to open said orifice; fluid supply means; first conduit
means including adjustable pressure-regulating means
for delivering fluid from said fluid supply means to said
support cylinder under an adjustable regulated pressure
to balance said tension force for varying the area of said
fluid-release orifice to a variable extent as a continuous
function of the relationship between the regulated pres-
sure and the applied tension force; second conduit means
connected with said fluid-release orifice; orifice means
connected for delivering fluid from said supply means
at a limited rate of flow to said second conduit means
for control of the pressure therein by the opening of said
fluid-release orifice; and pressure-actuated brake means
for said supply reel operatively connected with said sec-
ond conduit means to adjust the braking torque applied
to said supply reel as a function of the pressure in said
second conduit means, whereby the web tension is main-
tained substantially at a mean value determined by the
adjustment of said pressure-regulating means.

5. A tension control system for use with web-feeding
mechanisms, comprising: a force-balancing valve unit, in-
cluding a valve member movably mounted thereon, a
fixed orifice formed in said valve unit and valved by
said member to form a fluid-release orifice therebetween,
and means forming a pressure support cylinder for bias-
ing said member in a direction to close said orifice;
means for applying a force, proportional to the tension
in a web fed by said mechanism, to said valve member
in a direction to open said orifice; fluid supply means;
first conduit means including pressure-regulating means
for delivering fluid from said fluid supply means to said
support cylinder under a predetermined regulated pres-
sure to balance said tension force for varying the area
of said fluid-release orifice as a continuous function of
the relationship between the regulated pressure and the
applied tension force; second conduit means connected
with said fluid-release orifice; orifice means connected
for delivering fluid from said supply means at a limited
rate of flow to said second conduit means for control
of the pressure therein by the opening of said fluid-release
orifice; means selectively operable to reduce the pressure
of fluid delivered by said supply means to said orifice
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means for preventing an excessive increase of the pres-
sure in said second conduit means arising from insuffi-
cient tension in said web to maintain said fluid-release
orifice open; and web tension control means connected
for control by the pressure in said second conduit means
to maintain the web tension substantially at a predeter-
mined mean value dependent upon the regulated pressure
delivered to said support cylinder.

©6.. A continueus tensien control system for use with
web-feeding. mechanisms, comprising: a force-balancing
valve unit, including a valve member movably mounted
thereon, z fixed orifice formed in said valve unit and
valved: by said member to form a fluid-release orifice
_therebetween, and means forming a pressure support
cylinder for biasing said member in a direction to close
said orifice; means. for applying a force, proportional to
the tension in a web fed by said mechanism, to said valve
member in a direction to open said orifice; flnid supply
meaxns; first conduit means including pressure-regulating
means: for delivering fluid from said fluid supply means
to said support cylinder under a predetermined regulated
pressure to balance said tension foree for varying the area
of said: fluid-release orifice as a continuous function of
the relsationship between the regulated pressure and the
applied tension force; second conduit means connected
with said fluid-release orifice; orifice means connected
for delivering fluid from said supply means at a limited
rate of flow to said second conduit means for control of
the pressure therein by the opening of said fiuid-release
orifice; pressure-responsive web tension control means;
and biased normally-closed valve means constructed and
arranged to communicate said web tension control means
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with said second conduif means only upon the occur-
rence of differentials of either sense between the pressures
therein in excess of predetermined values; whereby the
tension in said web is maintained substantially at a pre-
determined mean value dependent upon the regulated
pressure delivered to said suppost cylinder, and is variable
within tolerance limits of deviation dependent upon the
values of said pressure differentials.

7. A tension control system as recited in claim 6, in
which said biased normally-closed valve means comprise
a pair of one-way check valves arranged in parallel flow
relation for opposed directions of flow, said check valves
having biases for opening at values of differential pres-
sure corresponding to upper and lower tolerance limifs
of deviation of the web tension from the mean value.

8. A tension control system as recited in claim 7, in
which at least one of said check valves includes means
for adjusting the bias thereof to vary the range of tension
levels included between the upper and lower tolerance
limits.
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