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My invention relates, generally; to tensiometers,
and more particularly to devices for producing

tension on a sitrip of material as the material.

passes between adjacent work devices.

In the manufacture of sheet steel it-is common
practice to reduce the sheet to the desired thick-
ness by passing the steel, in the form of a strip,
through a series of reducing roll stands and to
subject the strip to predetermined tensions by
applying a transverse force to the strip through
an idling roller which is forced against the strip

" between adjacent roll stands deflecting the strip
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from its normal pass line between the adjacent
roll stands. )

Such a device for tensioning the strip as it
passes between adjacent roll stands is described
in detail in my copending application Serial 1o.
133,419, filed March 27, 1937, now Patent No.
2,189,609, issued February 6, 1940. The device of
this prior application functions to maintain a sub-
stantially constant predetermined tension on the
strip and comprises, generally, a bell crank on
one arm of which is mounted a tensioning roller
which is forced against the strip by a fluid pres-
sure actuated piston. . The pressure applied by the
piston is maintained substantially constant by an
adjustable pressure regulating valve, The length
of the arms of the bell crank, the angular dis~
placement of these arms with respect to each
other and the normal position of the tensioning
roller with respect to the pass line are all so ar-

ranged as to produce a substantially constant ten- -
sion on the strip within a limited range of de-.

flection of the strip, Regulating means are pro-
vided for so controlling the mill motor speed as
to maintain the strip deflection within the pre-
determined range in which a substantially con-
stant tension is maintained on the strip. The
tension on the strip may be changed by manual
adjustment of the pressure regulating valve, since
the strip tension varies directly with the pressure
applied to the actuating piston.

.In some strip rolling mills it has been found
desirable to regulate the speed of the mill motors
by hand and to employ a tensioning device which

will produce a strip tension which varies inversely
" with the amount of deflection of the strip from the

normal pass line. - In such a mill, the tension on
the strip may be varied by varying the speed of
one of the mill motors adjacent the tensioning

- device to change the amount of deflection of the

56

strip. In such a system it is desirable that some
means be provided for giving an indication of the

strip tension as it is varied by changing the strip

(CL 80—35)

deflection through adjustment of the speed of the
mill motor adjacent the tensioning device, ..
An object of the invention, therefore, is to pro-
vide a strip tensioning system for a strip rolling
mill which shall function to vary the tension on
the strip in accordance with variations in the
length of the strip between adjacent roll stands
and which shall function to provide an indication

~ of the tension on the strip.

Another object of the 1nvent10n is to provide

10

a strip tensioning system for a strip rolling mill

which shall utilize a pressure fluid actuated ten-
sioning device for producing tension on a strip
of material as it passes between adjacent roll
stands and which shall function to so control the
fluid pressure acting on the tensioning device as
to vary the tension on the strip in accordance
with variations in the length of the strip between
adjacent roll stands and which shall also func-
tion to give an indication of the tension on the
strip as a function of the ﬂu1d pressure actmg on
the tensioning device.

A further object of the invention is to p10v1de
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a tensioning system for a strip of material as it -

passes between adjacent sets of reducing rolls,

25

which shall utilize a pressure fiuid actuated ten- .

sioning device and which shall function to pro-

vide selectable ranges of tension within each of . ..
which.ranges the tension on the strip shall vary

in accordance with variations of the strip length
between the adjacent sets of reducing rolls.-

These and other objects and advantages of the
invention will be apparent from the accompany-
ing detailed description taken in connection with
the accompanying drawing, the single figure of
which is a diagrammatic representation of a por-
tion of a tandem strip rolling mill embodying the
principal features of my invention.

In practicing my invention, I provide a pres—
sure fluid operated tensioning device which ten-
sions a strip of material, such as steel, 12 as it
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passes between adjacent reducing roll stands- {4 =

"and 16 in the direction shown by the arrow. The
tensioning device 10 applies a tension to the ma-
terial in accordance with the fluid pressure acting

. on the tensioning device and a control device {8

is provided for controlling the value of the fluid
pressure applied to the tensioning device in ac-
cordance with the degree of deflection of- the
strip by the tensioning device.. Thus; by changing
the speed cf the mill motor to decrease the de-
flection of the strip, the strip tension will be in-
creased. A pressure responsive tension indicating
device 20 is provided having a dial calibrated in
terms of strip tension so that the operator may
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regulate the mill motor to produce whatever ten-
sion is desired as indicated by the indicator.

In order to provide different ranges of tension
for a given range of deflection of the strip, an
adjusting means 24 is provided for the control de-
vice I8 which varies the fluid pressure in accord-
ance with: the deflection of the strip. -

. Referring to the drawing for a more detailed
description, the tensioning device 10 comprises an
idler roller 26 mounted upon one arm 28 of a bell .
crank 21 which is provided with another arm 30.
The bell crank is mounted for rotation on. the
support 31 by means of a shaft 32. The bell crank

‘arm 30 is mechanicaily connected to a piston 33

through a piston rod 34, the piston 33 being actu- -
ated by fiuid pressure in the cylinder 36.

The length of the arms 28 and 38 of the bell
crank 21, the angular displacement of these arms
with respect to each other, and the normal posi-
tion of the tensioning roller 26 with respect to
the normal pass line of the mill may be arranged,
if it is so desired, so as to produce a substantially
constant tension on the strip within a limited
range of deflection of the strip, as mentioned here-
inbefore and fully explained in my hereinbefore
referred to copending application Serial No.

1133419, '

The control device I8 for varying the fluid
pressure acting upon the piston 33 in cylinder 36
comprises a pressure regulating reduction valve
19 which is connected between the cylinder 36
and the pressure fluid reservoir shown to maintain
Dbredetermined pressures in the cylinder 36. The
regulating valve 19 comprises a valve 38 connected
by a stem 46 to a flexible diaphragm 42. The valve
38. controls the flow of pressure fluid between
the chamber 44, which is connected by a suitable
conduit to the pressure fluid reservoir, and the
chamber 46, which is connected by suitable con-
duits 48 and 50 to the cylinder 36. The regulating
valve 18 is described in detail in my above-

_ referred to copending application, to which refer-
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ence may be made for a more detailed description

.of its construction and operation. The valve 19

operates to maintain the pressure in the cylinder
36, which is dependent upon the pressure applied
to the diaphragm 42 by spring 52 acting upon the
diaphragm 42, One end of the spring 52 bears
against-a plate 54 which is movable to and from
the diaphragm 42 to adjust the tension on the
spring 52. Thus the pressure acting in the cylinder
36, and therefore, the tension on the strip 12 may
be varied by moving the plate 84 to vary the
tension on the spring 52.

The means for adjusting the tension on the
spring 52 and, therefore, the tension on the strip
12 may comprise a stem 56 slidably mounted in

‘the housing 58 of the regulating valve. 19 and

connected to actuate the plate 54. A roller 60 is
mounted on the end of the stem 56 and is so dis-
posed as to be moved by a cam member 62 which
Is mounted upon the shaft 32. The cam 62 is

- maintained in any desired adjustable relation with

respect to the bell crank 27 by means of the cam
adjusting device 24 mounted on the bell crank
so that upon rotation of the bell crank 21, due
to change in the deflection of the strip 12, the
cam 62 will be rotated, thus varying the vertical
displacement of the roller 60 and changing the
adjustment of the fluid pressure regulating valve
19. The cam position adjusting device 24 may
comprise a motor 64 mounted upon a bracket 66
which, in turn, is mounted on the bell crank 21,
and a worm 68 driven by the motor 64 and co-
operating with a worm’ gear 70 on the cam 62.

N

‘nected to any suitable source of direct current

. indicated by the tension indicator 20 and the ;

- plied to the bell crank, the strip tension will vary
‘in direct proportion with the fluid pressure acting

13,215,320

The motor 64 may be connected at will to. any
suitable source of energy by means of any suitable
circuit’ control device 12. It wili be seen that
when the motor 64 is operated, the angular rela- .
tion of the cam 62 with respect to the bell crank §
21 will be changed, so that for a given deflection
of the strip 12, any desired tension may be ap-
plied to the strip by suitably adjusting the relative
positiens of the cam 62 and the bell crank 21.
The motors T4 and 22, which drive the rolls
of the roll stands {4 and 16, respectively, are con-
nected to any suitable source of power indicated
by the conductors X and Y. The fleld windings
16 and 18 of the motors 22 and 14 are con-

10

18
indicated by the plus and minus signs, and the
speeds of these motors may be varied by adjust-
ment of the rheostats 80 and 82 connected in
these. fleld circuits in a well known manner,
" The tension indicating device 20 may be any 20
suitable ‘fluid pressure responsive device con-
nected by a suitable conduit 86 with the conduits
48 and 50 so that it will have the same fluid
pressure applied to it as is applied to the piston
33 in the cylinder 36. The tension indicating 25
device is provided with a pointer 88 which tra- =
verses a dial 90 graduated in terms of strip
tension. )
In the operation of the device, with a given
displacement of the cam 62 with respect to the 30 -
bell crank 27 and with the strip 12 deflected to a
given position by the idling roller 26, a tension
will. be applied to the strip which is indicated by
the tension indicator 20. If now it is desired to
increase the tension upon the strip 12, the speed 88
of the motor 22 may be increased by proper ad-
justment of its field excitation by means of the
rheostat 80, thus taking up some of the slack
in the strip extending between the roll stands
{4 and 16 and decreasing the deflection of the
strip 12 from the normal pass line between the
two roll stands and lowering the idling roller 26. -
The movement of the idling roller 26 to a lower

‘position by speed adjustment of the motor 22

will cause the cam 62 to rotate in a counter-

clockwise direction to increase the tension on the 45

" spring 52 through the vertical movement of the

roller 60, stem 56 and plate 54. This Increase
in the tension on the spring 52 will cause the
pressure regulating valve 18 to automatically in-
crease the fluid pressure in the cylinder 36, thus
increasing the force exerted by the piston 33 upon
the bell crank 27 and, in turn, increasing the
tension on the strip 12. This new tension will be

50

new tension may be adjusted to the desired 36

amount by regulating the speed of motor 22 while
observing the indication on the tension indicator °
20 until the indicator 20 indicates the desired
tension. ’

In the event that the dimensions of the bell
crank 2T and the positioning of the tensioning
roller 26 are such as to produce substantially con-
stant strip tension when a constant force is ap-

60 .
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on the operating piston 33. Thus the tension will
vary directly with the indication on the scale of
the pressure responsive indicating device 20 and
the indicating device may be calibrated with a
uniform scale in terms of strip tension.

If, for any reason, it is desired that a different
pressure be applied to the strip 12 at a given
deflection of the strip and position of the idling
roller 26 or that a different range of tensions be 75

70
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applied to the strip for a given movement of the
idler roller 26 by the change in speed of the motor
22, the relative position of the cam 62 with respect
to the bell crank 21 may be changed by energizing
the motor §4 to rotate the cam 62 with respect to
the bell crank 27 through the action of the worm
68 and the cooperating worm gear 10. .
The adjustment of the amount of strip between
the roll stands 14 and 16 and, therefore, the de-
flection of the strip may be also made by.a varia-
tion in the speed of the motor 14, or, if desired,

_adjustment of the speeds of motors 22 and 14 may
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be made simultaneously for this purpose.
It will be seen that I have provided a strip
tensioning device which shall function to vary

the tension on a strip of material as it passes be- -

tween adjacent work devices in accordance with
the variations in the amount of material extend-
ing between the work devices, which shall indi-
cate the tension on the material and which shall
be inexpensive to manufacture, install and main-
tain. . .

In compliance with the requirements of the
patent statutes, I have shown and described
herein the preferred embodiment of my inven-
tion. It is to be understood, however, that the

invention is not limited to the precise construc-

tion shown and described, but is capable of modi-

fication by one skilled in the art, the embodiment

herein shown being merely illustrative of the
principles of my invention.

‘I claim as my invention:

1. In a system for controlling the tension on
a strip of material as it extends between adjacent
work devices, a bearing member disposed to be
forced against the strip to deflect the strip and
thus tension the strip, a mechanism for causing
the bearing member to subject the strip to sub-
stantially constant tension within a predeter-
mined range of deflection of the strip when a
constant force is applied to the mechanism, force
excrting means for actuating said mechanism,

_ Imeans actuated in accordance with the deflec-
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tion of the strip for varying the force exerted on
said mechanism, and indicating means responsive
to the force exerted by the force exerting means
for indicating the tension on the strip. -

2. In a system for- controlling the tension on
a strip of material as it passes between adjacent
work . devices one of which has an adjustable
speed driving means, a bearing member disposed
to be forced against the strip to deflect the strip
and thus subject the strip to tension, a mecha-

nism for causing.the bearing member to subject

the strip to substantially constant tension within
a predetermined range of deflection of the strip
when 2 constant. force is. applied to the mecha-
nism, force exerting means for actuating said
mechanism, means actuated in accordance with
the deflection of the strip for varying the force
exerted on said mechanism, indicating means
responsive to the force exerted by said force
exerting means for indicating the strip tension,
and means for so selectively controlling the speed

of the adjustable speed driving means as to pro-

vide the strip deflection which will result in thé

desired strip tension as indicated by said indi-

cating means. :

3. In a system for controlling the tension on
a strip of material as it passes between adjacent
work devices, tensioning means for exerting a
transverse force against the strip to deflect the
strip from its normal pass line between the work

devices to thus tension the strip, a pressure fluid.

operated force exerting means for actuating said

3

tensioning means, means for automatically vary-
ing the fluid pressure acting on sald pressure
fluid operated force exerting means in acgord-
ance with the degree of deflection of the strip to
thereby vary the force exerted by said force ex-

"erting means to thus vary the tension on the -
-'strip, and indicating means responsive to the

fluid pressure acting on said force exerting means
and ‘calibrated in-terms of the strip tension as a
function of said fluid pressure. } :

4. Tn a system for controlling the tension on
a strip of material as it passes between adjacent
pairs of reducing rolls, one of which pairs of
rolls has an adjustable speed driving means,
tensioning means for exerting a transverse force
against the strip to deflect the strip from its
normal pass line between the pairs of rolls to
thus tension the strip,.a pressure fluid operated

10
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force exerting means for actuating said tension- -

ing means, means for automatically varying the
fluid pressure acting on said pressure fluid op-
erated force exerting means in accordance with

the degree of deflection of the strip to thereby

vary the force exerted by the force exerting
means to thus vary the tension on the strip, in-
dicating means responsive to the fluid pressure
acting on said force exerting means and cali-

_brated in terms of the strip tension as a function

of said fluid pressure, and means for so control-
ling the speed of the adjustable speed driving
means for the one pair of rolls as to produce the
desired tension on the strip as indicated by said
indicating means. S ’

5. In a system for controlling and indicating

-the tension on a strip of material as it passes

between adjacent work devices, an idling roller,
a pressure fluid . operated force exerting means
for causing said roller to bear against the strip

to deflect the strip from its normal pass line and -

thus tension the strip as it passes between the
adjacent work devices, an adjustable fluid pres-
sure  regulating valve for controlling the fluid

- pressure acting on said force exerting means,

means responsive to the movement of said roller

~ with respect to the normal pass line for adjusting
the fluid pressure regulating valve to vary the -
fluid pressure acting on said force exerting means,

and hence the tension on the strip, in accord-
ance with the degree of deflection of the sfrip
by the idling roller, and a fluid pressure respon-
sive indicator connected to be actuated by the
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fluid pressure acting on said force exerting means -

function of the fluid pressure acting to tension
the strip.

the tension on a strip Jf material as it passes be—
tween a pair of work devices, one of which has a

‘and calibrated in terms of the strip tension as a .

variable speed driving means, an idling roller, a -

pressure fluid operated force exerting means for

- causing said roller to bear against the strip to de-

flect the strip from its normal pass line and thus

60

tension the strip as it passes between the adja- -

cent work devices, an adjustable fluid pressure
regulating valve for controlling the fluid pressure
acting on' said force exerting means, means re-

65

sponsive to the movement of said roller with re-

spect to the normal pass line for adjusting the
fluid pressure regulating valve to vary the fluid
pressure acting on said force exerting means, and
hence the tension on the strip, in accordance
with the degree of defléection of the strip by the
idling roller, a fluid pressure responsive indi-
cator conaected to be actuated by the fluid pres-

.- sure acting on said force exerting means and cal-

70

(]

45

6. In a system for indicating and controlling 5
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ibrated in terms of the strip tension as a func-
tion of the fluld pressure acting to tension the
strip, and means for so controlling the speed of
the adjustable speed driving means for the one
work device as to produce the desired tension on
the strip, as indicated by said indicating means,

through the control of the degree of deflection of .

the strip.

7. In a system for controlling the tension on a
strip of material as it passes between adjacent
work devices, tensioning means for exerting a
transverse force against the strip to deflect the
strip from its normal pass line between the work
devices to thus tension the strip, force exerting

means for actuating said tensioning means for

varying the force exerted on said tensioning de-
vice by said force exerting means in accordance
with the degree of deflection of the strip by said
tensioning means, adjustable means for varying
the range of the variation of the force exerted on
said tensioning device for a given range of deflec-
tion of the strip, and indicating means respon-
sive to the force exefted by said force exerting

-means calibrated to indicate the tension on the

strip. .

8. In a system for controlling the tension on a
strip of material as it passes between adjacent
pairs of reducing rolls, one of which pairs of rolls
has an adjustable speed driving means, tension-
ing means for exerting a transverse force against
the strip to deflect the strip from its normal pass
line between the pairs of roils to tk s tension the
strip, force exerting means for actuating said
tensioning means, means for varying the force
exerted on said tensioning device by said force
exerting means in accordance with the degree of

. deflection of the strip by said tensioning means,

40

adjustable means for varying the range of varia-
tion of the force exerted on said tensioning device
for a given range of deflection of the strip, indi-

- cating means responsive to the force exerted by
- sald force exerting means calibrated to indicate

45

the tension on the strip, and means for so con-
trolling the speed of the adjustable speed driving
means for the one pair of rolls as to produce the
desired tension on the strip as indicated by said
indicating means.

- 9. In a system for controlling the tension on
a strip of material as it passes between adjacent

work devices, tensioning means for exerting a -

transverse force against the strip to deflect the

_ strip from its normal pass line between the work

60

devices to thus tension the strip, a pressure fluid
operated force exerting means for actuating said
tensioning means, means for varying the fluid
pressure acting on said pressure fluid operated

‘force exerting means in accordance with the de-

gree of deflection of the strip to thereby vary the

-force exerted by said force exerting means to thus

vary the tension on the strip, adjustable means
for varying the range of variation of the fluid

Pressure acting on said pressure fluid operated

-tension the strip as it

2,215,329

force exerting means for a given range of ‘de-
flection ‘of the strip, and indicating means re-
sponsive to the fluid pressure acting on said force
exerting means and calibrated in terms of the
strip tension as a function of the said fluid pres-
sure. :

10, In & ‘s:}stem for controlling the tension on .
a strip of material as it passes between adjacent

pairs of reducing rolls, one of which pairs of rolls
has an adjustable speed driving means, tension-
ing means for exerting a transverse force against

- the strip to deflect the strip from its normal pass’

line between the pairs of rolls to thus tension the

10

strip, a pressure fluid operated force exerting -

means for actuating said tensioning means,
means for varying the fluid pressure acting on
sald pressure fluid operated force exerting means

15

in accordance with the degree of defiection of the

strip to thereby vary the force exerted by the
force exerting means to thus vary the tension on
the strip, adjustable means for varying the range
of varlation of the fluid pressure for a given range
of deflection of the strip, indicating means re-
sponsive to the fluid pressure acting on said force
exerting ‘means-and calibrated in terms of the
strip tension as a function of said fluid bressure,
and means for so controlling the speed of the ad-
Jjustable speed driving means for the one pair of
rolls as to produce the desired tension on the strip
as indicated by said indicating means,

11, In a system for indicating and controlling
the tension on a strip of material as it passes be-
tween a pair of work devices, one of which has a
variable speed driving means, an idling roller, a
pressure fluid operated force exerting means for
causing said roller to bear against the strip to de-
flect the strip from its normal pass line and thus
passes between the adja-
cent work devices, an:adjustable fluid pressure
regulating valve for controlling the fluid pressure
acting on said force exerting means, means re-

40

sponsive to the movement of said roller with re- -

spect to the normal pass line for adjusting the

fluid pressure regulating valve to vary the fluid -

pressure acting on said force exerting means and
hence the tension on the strip in accordance with
the degree of deflection of the strip by the idling
roller, adjustable means for varying the range
of variation of the fluid pressure by said regulat-
ing valve for a given range
fluid pressure responsive indicator connected to
be actuated by the fluid pressure acting on said
force exerting means and calibrated in terms of
the strip tension as a function of the fluid pres-

sure acting to tension the strip, and means for |

so controlling the speed of the adjustable speed
driving means for the one work device as to pro-
duce the desired tension on the strip, as indi-
cated by said indicating means, through the con-
trol of the degree of deflection of the strip. .

GERHARD P LESSMANN,

of strip deflection, a
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