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of Pemnsylvania
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11 Claims. (CL &8—35)

This invention relates to a method of and an appa-
ratus for accurately measuring, constantly controlling and
rapidly varying tension imposed upon a strip of material
while passing betwezen two or more units and, in par-
ticular, to a method and apparatus by which tension im-
posed upon strip material may be constanily and accu-
rately controlled, determined and varied irrespective of
and within practical limits of the distance the strip may
be deflected away from a straight line plane during its
travel between the units.

Heretofore, particularly in the rclling mill art, many
types and variations of apparatuses have been employed
to engage the strip as it passed between adjacent mill
stands either to maintain the strip taut or to function
as a strip tension indicating device. But, due to the in-
ertia and multiplicity of moving parts employed, not
cnly has it been found that the devices are not accu-
rate by reason of the slowness of response buf, of more
importance, is the fact that sirip tensions will vary con-
siderably depending upon the distance the strip is deflected
away from the pass line between the rolling mills along
which the strip passes during processing. Inasmuch as
this variation of tension is well recognized both by mill
builders and operators, attempts have been made to main-
tain the loop of strip at a constant height but this has
been found not to be always possible to attain irrespective
of the sensitivensss of the devices employad, so that
even if the variation of the loop height is relatively small
as a rolling operation progresses, the tension of the strip
will vary quite considerably. The most serious effect of
this condition is that the varying temsions result in longi-
tudinal gauge variations and irregularities in the width
of the strip.

Another shortcoming of the present day strip deflecting
or strip tension indicating devices is the fact that they
are limited to one particular mode of operation, that
is to say that they either operate to maintain the strip
taut or to indicate tension. In today’s modern high speed
precision tandem mills, gauge conirol is of paramount
importance to the producer as well as to the consumer
of the rolled strip. Because of the multitude of vari-
ances inherently present in the rolling of various types
and grades of metals having different metallurgical char-
acteristics and which are rolled under different conditions
depending on the desired result, it is highly desirable in
order to improve the uniformity of strip gauge to pro-
vide an efficient and effective means of operating the
respective mills, under several different predetermined ten-
sion conditions. In this manner the mills can be op-
erated either under varying degrees of tensions or under
conditions where the tensions are maintained substan-
ially constant in all mills, or under other conditions
where a predetermined variable tension is imposed upon
the sirip in all or substantially all stands. Furthermore,
where it is desirable, the strip tensioning devices will
work in conjunction with the mill motors or the mill
screwdowns. Various combinations of two or more of
these different modes of operation can be attained by
embodying the features of the invention in the operation
of the varicus stands of the mill.

Moreover, it is well known in.the art that tension is
an expeditious way of effecting nominal strip reductions,
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in which two of the most common practices of using
this technique is to impose the tension on the strip by
operation of the two adjacent mills at different speeds or
by the employment of tension reels. The technique of
imposing a tension force on the strip as it passes be-
tween the mill stands by the so called strip looper roller
has not been found to be acceptable in the roling mill
art. ‘The fundamental reason for this is the fact that
heretofore there was no practical way of imposing a con-
troiled predetermined tension. This is not to say that
those skilled in the art did not recognize the virtues of
the looper-tension procedure. It is axiomatic that the
use of a tension-looper device to impose tension for the
purpose of longitudinal sirip gauge control would be ap-
preciably more effective than either of the aforesaid pro-
cedures in view of the rapidity and controllability at
which the looper can be made to respond to a signal
indicating an off-gauge condition.

The present invention provides a method of rolling in
which a constant tension and/cr a variable controlled
tension may be imposed on the sirip while it passes
through a tandem mill in which the longitudinal gauge
and width will be controlled so that variation in thick-
ness can be corrected.

Another object of this invention is to provide a loop
forming strip tensioning device, the elements of which are
so arranged and related to one another and to the mill
and strip that for a given actuating pressure exerted
upon the device the tenmsion of the strip is maintained
substantially constant over the entire range of heights to
which the strip may be defiected above the pass line
by the device.

A further object of this invention is to provide a loop
forming strip tensioning device by which the tension im-
posed upon the strip may be held substantially constant
and readily varied simply by varying the actuating forces
exerted upon the device irrespective of the distance the
strip may be deflected away from the pass line on nor-
mal operation of the device.

An additional object of this invention is to provide a
strip tensioning device by which existent strip tension
as the strip is passed from one unit to another may be
readily ascertained for any and all varying heights of the
strip loop above the pass line.

Anocther object of this invention is to provide a strip
deflecting device that may be selectively employed to im-
pose a constant tension on a strip passing thereover or
a coptrolled variable tension or it may be used to measure
tension.

Still a further object of this invention is to provide a
strip tensioning device in combination with a pair of roll-
ing mills having elements associated therewith for con-
trolling the speed of at least one of the mills for main-
taining the height of the loop substantially constant.

Another object of this invention is to provide adjust-
able means for the tensioning device adapted to maintain
the predetermined geometrical relation of the elements
thereof. .

Another object of this invention is to provide a loop
forming strip tensioning device which is inexpensive to
manufacture and relatively simple and accurate of op-
eration.

One of the forms of the inventien disclosed herein
embodies a strip Ioop forming tension roller for engag-
ing and applying a transverse force fo one face of strip
material passing from one rolling mill to another for
processing. It is one of the features of this invention that
the major portion of the elements making up the device,
especially the actuwating and control elements thereof,
may, if such be desired, be located a substantial distance
away from the pass line of the strip. This is particularly
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important and especially advantageous when hot strip
material is being processed in the mills. - By placement
of the actuating and control mechanisms, such as the hy-
draulic cylinders and the like, where such are employed,
-a substantial distance away from -the “strip, the ‘critical
elements of the device would not be subjected to the
high temperatures of the strip and, consequently, inac-
curacies and damage which would otherwise be caused
_thereby are -avoided. The tension roller, in one embodi-
.ment, is supported upon a pivotal shaft located adjacent
to the strip pass line, which has a pair of struts connected
thereto at one end which sfruts, in turn, are also con-
nected to a pair of pressure actuated extensible struts
secured to a pivotal shaft located a substantial distance
away from the pass line. Prior to this invention, it was
commonly considered to be important that if controlled
tension and/or a direct indication thereof were to be
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_obtained at all times, based upon pressures involved for -

actuating the device, irrespective of the height of the
loop in the strip above the pass line where an extensible
strut was employed in the arrangement, the struts must
be so located that they are always substantially parallel
to the two portions of strip. as the strip is deflected away
from its horizontal pass line. .

The objects recited heretofore, as well as the various

other novel features and advantages of this invention,
will_ become more apparent by making reference to the
following description and the drawings referred to therein
of which: S ’

FIG. 1 is a plan view of a loop forming strip téension-
ing device embodying the features of the invention de-
scribed herein arranged between two rolling mills;

FIG. 2 is a side elevational view of the device shown
‘in FIG. 1 illustrating, in addition, the rolls of the mills;

FIG. 3 is a schematic diagram of the control system
employed with the device disclosed; -
.. FIG. 4 is a force diagram for the strip shown in FIG.
2; : ) :

. FIG. 5 is a free body diagram for the bell crank shown
in FIG. 2; .

FIG. 6 is a second force diagram for the purpose of
facilitating a discussion of the physical embodiments of
“the- preferred arrangement, and

FIG. 7 is a schematic elevational view of a tandem
rolling mill adapted to practice the rolling methods dis-
closed herein, ) ' : ‘
.. With reference to the drawings, FIGS. 1 and 2, there
is shown therein a loop forming strip tensioning device
11 by which strip. S passing from one unit to another,
such as for example, from rolling mill 12 to rolling mill
.13, is deflected upward from the normal horizontal pass
line defined between the mills to form a loop that may be
varied considerably in height depending upon the slack
l;itween the mills and the limit of travel of the device

The device 11 combrises an idle tension roller 14 rotat-

‘ably supported in suitable bearings at the outer end of
an apron 15 which is supported in turn -at its inner
end upon a pivot 16 secured in bearings 17 conveniently
‘affixed to the faces of the mill housing posts 18 and 19
of mill 12. In the embodiment of the invention shown
in FIGS. 1 and 2, the pivot 16 has been located adjacent
to and slightly below the strip pass line, the distance from
the pass line being equal to the radius of the tension roller
14. This distance, of course, can be varied as conditions
‘dictate without departing from the scope of the invention
disclosed. . . .

To each end of the pivot 16, there is secured a strut 21
‘which is provided with a pivot 22 at the lower outer end.
It will be observed that the apron 15. and strut.21 take
the form of a bell crank which term will be used to refer
to .these elements -hereafter. - Below each of the struts

- . 21 there is a second strut designated generally by numeral

23 comprising a cylinder assembly 24 from which extends
its piston rod 25, having at its -outer end a clevis 26
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threaded thereon and secured for pivotal movement to the
pivot 22, -

As shown particularly in FIG. 2, the lower end of each
which is provided with a pivot 22 at the lower outer end.
of an arm 28 secured to a shaft 29 rotatably supported
in bearings 31 secured to the foundation adjacent to
the shoe plates of the mill. Also keyed to the shaft 29,
there is a lever 32 to the outer end of which there is
pivotally secured a rod 33 which is threaded for a por-
tion of ifs length at the upper end. The threaded end
portion of the rod passes-through a gear box 34, as best
seen-in FIG. 1, in which the threads of the rod are en-
gaged with a centrally threaded worm wheel which is
engaged with a suitable worm rotated by a handwheel 35.
Since the threaded worm wheel is suitably supported with-
in the gear box 34 to prevent its being displaced verti-

.cally when rotated, the threaded rod consequently will

move up or down depending upon which direction the
wheel 35 is rotated. On the shaft of the handwheel, there
is a sprocket 36 over which passes an endless chain 37
which engages with a sprocket 38 of a counter 39 posi-
tioned adjacent to the handwheel 35. ‘On rotation of the
handwheel 35, the rod 33 will move up or down depend-
ing upon the direction of rotation and, consequently, the
pivot 27, due to the movement of the lever 32, will also
be moved to a new position. Since the cylinder 24 is
not, at the.time, under pressure the piston contained
therein will freely move. thus to change the effective
length of the strut 23 to.compensate for movement of the

.pivot -27. Hence, no movement of the strut 21 takes

place. Movement of the pivot 27 will, therefore, change
the distance between an imaginary line, drawn between

. the two. pivots 16 and 27, and the pivot 22, the point of

juncture of the two struts.. In order that the roller i4
will exert a constant tension on the strip when a constant
pressure is introduced info the cylinder 24, the distance

_between the aforementioned imaginary line and the pivot

22 must bear a constant relationship to the distance the
strip is deflected away from the pass line by the roller
14, which relationship is effected by properly proportion-
ing the struts. with respect to the distance between the
mills, location .of the tension roller 14 and the location

-of the pivots 26 and 27.

For balancing the weight of the strip loop forming
tensioning device and, if desired, also the weight of the
strip against which the roller 14 bears, a piston cylinder

assembly 41.1s provided with the cylinder 42 thercof

pivotally connected to a bracket 43 and the outer end
of the piston rod 44 connected to the apron 15.  Although
a separate stop may be used for the purpese, the piston
cylinder-assembly 41 serves as a stop for supporting the
roller 14 and the assembly. connected to the piston rod

‘44 at the lowest position determined by the final low posi-
‘tion of the piston rod. The lowest position of the roller

14 is'such that the upper surface thereof extends slightly

.above the horizontal pass line of the strip so that strip
in passing thereover will -have a slight loop in it even
before the roller 14 is pivoted upward.

In -FIGURE 3, there is shown an exemplary control

‘system that will permit . the' tensioning device to be em-

ployed in one-of three separate modes, namely as a con-

stant strip tension exerting device, as a variable controlled
strip tension exerting device to effect strip gauge control
or as a strip tension measuring device in which in each

of the modes of operation the result desired will be inde-
pendent of the -position of the looper roller. In an ar-
rangement wherein only constant tension and tension me-
tering is desired, the arrangement could be appreciably
simplified. However, in order to afford a full and com-
plete understanding of the merits of the tensioning device
disclosed herein, a more comprehensive arrangement has
been selected wherein a single system will effect the three
separate modes of operation.

- With reference then'to FIGURE 3, there is shown sche-
matically the rolling mills 12 and 13, the novel tensioning
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device 11, including its roller 14, apron 15, pivot 16, cyl-
inders 24 and 41 and the strip S extending between the
mills, the Iower surface of which is engaged by the roller
14, In the arrangement shown, a strip thickness measur-
ing device 45 is provided on the delivery side of the mill
13 which in the form shown is an X-ray device, but which
could be other types of apparatus, such as a mill load
indicator unit or the like. The X-ray device 45 is elec-
trically connected to summarizer amplifier 46 by electrical
lines L; and L, to which also are connected lines L,
and L; running from a potentiometer 47 having iaput
lines L5 and L; extending from a voltage source not shown.
A voltmeter 58§ is provided across lines Ly and L, and
serves to measure and indicate the voltage output of the
potentiometer 47.

The amplifier 4§ is connected electrically to a perma-
nent magretic unit 48 including a moving coil through
lines Ly and 1, which is adapted to cooperate with an
hydraulic proportioning control unit 49 (sometimes here-
inafter referred to as an hydraulic regulator) which is,
as are all the other components employed in the system,
a commercially available unit, designed to convert a vari-
able electrical input into a proportional hydraulic output.
i is considered to be sufficient to designate that the unit
49 consists of a double acting cylinder 51 having a piston
52 and a rod 53, the rod thereof being connected and
serving to actuate the spool element of a pressure Tegu-
lating valve 54. The piston 52 is provided with two inter-
nal passageways, one communicating with the front and
the other with the back thereof and wherein one of their
ends terminates at the bottom of the piston into a com-
mon orifice 55. A pilot 5§ is pivotally arranged to dis-
charge fluid conducted thereto from a pump $7 into the
orifice 55. Movement of the piston 52 is accomplished
by causing the pilot 56 to pivot by means of an horizontal
mechanical force created by the magnetic coil 48, This
action effects a movement of the pressure regulator valve
54 in which case the pressurized fluid issuing from the
valve is fed to a Bourbon tube 58 through piping 59 where
the flnid pressure is converted into a proportional horizon-
tal mechanical force that is applied to the right side of
the pilot, so that when this pressure balances the pressure
of the magnetic unit 48, the proper cylinder pressure will
obtain and be so maintained at all times so long as there
is no change in the voltage output of the amplifier 46.

The hydraulic medium for the main system is pumped
from a sump 68 by a pump é1 and is delivered to the
pressure regulator valve 54 through piping 6Z. The hy-
draulic output of the valve 54, as effected by the position
of its center land 64 relative to the port 65, is delivered
into pining 66 which communicates with a main control
vaive 67. The main conirol valve 67 is connected to the
rear of cylinder 24 by piping 66a and a constant pressure
is exerted in the cylinder 24 of the strip tensioning as-
sembly 11. A pressure switch 685 is provided for a pur-
pose to be explained hereinafter. Asis customary in valve
design, the spool of the main control valve 67, bkaving
lands 68 and 63 which cooperate with the ports 76 and
71 respectively i3 urged by a spring 72 in one direction
and in the opposite direction by the fluid of an auxiliary
valve 73, the intake fluid of which may be interrupted
by a plunger 74 of a solenoid valve 75.

A valve 76 of a type similar to the valve 67 is connected
by piping 77 to the pump 61 and by piping 79 to the front
of the cylinder 24, whereby fluid under pressure can be
admitted to the front of the cylinder for the purpose of
lowering the roller 24. The spool of this valve is pro-
vided with three lands, namely 81, $2 and 83, which co-
operate with ports 84, 85 and 86 respectively. The op-
posite axial movement of the spool is effected by a spring
87 and the fluid pressure of an auxiliary valve 88 which
cooperates with a sclenoid valve 89, both valves being
similar in construction and operation to the valves 73
and 78.

A second voltmeter 81 is provided being connected to
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a hydraulic-electric conversion unit 92 located immedi-
ately adjacent to the rear of the cylinder 24 so that ths
pressure losses of the system can be readily determined
whereby the potentiometer 47 can be adjusted to compen-
sate for such losses as indicated by comparing the read-
ings of the voltmeters 56 and 91. These voltmeters are,
accordingly, calibrated in pounds of strip tension and, in
addition, the meter §1 serves as the temsion metering
gauge and as an electrical transmitter, the function of
which will be more fully explained hereinafter.

A brief description of the operation of the electric-hy-
draulic control system shown in FIG. 3 will now be given.
Assuming that the strip tensioning device 11 is to be
operated to effect a vernier correction in the longitudinal
gauge variation of the strip, should the strip be off-gauge,
an electrical impulse representing the error in the longi-
tudinal strip gauge variation is introduced inte the sum-
marizing amplifier 46 through lines L; and L, from the
X-ray gauge 45. The potentiometer 47 has, of course,
previously been set at the desired tension value which
results in a corresponding elecirical impulse being fed to
the amplifier through lines Ly and L, The output of
the amplifier, which represents a summation of the two
aforesaid electrical impulses, is fed to the magnetic unit
43 and the vertical movement of its coil is converted into
2 horizontal force which acts on the one side of the bal-
anced pivoted pilot 56 of the hydraulic regulator 49. As
previously mentioned, the other side of the pilot 56 is
subjected to the hydraulic pressure of the Bourdon tube
58 which is converted into a horizontal mechanical force.
It will be observed that on the operaticn of the pump 6%,
the fluid in the piping 62 will pass through the pressure
regulating valve 54 notwithstanding the position of the
land 64 thereof, thereby constantly transmitting fiuid to
the hydraulic side of the pilot 3§ through the piping 59.

Preliminary to causing fluid to be admitted to the rear
of the cylinder 24, both solenoids 75 and 89 are caused
to be energized, by suitable means not shown, whereby
the spools of the valves 67 and 76 are forced hydrau-
lically to the left so that the lands §2 and 83 of the valve
76 cover the ports 85 and 86 and the lands 68 and 69 of
the valve 67 clear the ports 7@ and 71. Conseguently,
flnid is caused to be admitted only to the rear of cylinder
24. The pressure will be regulated by the relative posi-
tion of the land 64 with respect to the port 65 of the
pressure regulator valve 54, which position is determined
by the location of the piston 52 of the hydro-proportion-
ing control unit 49. In this manner the hydraulic pres-
sure admitted to the rear of the cylinder 24 is made di-
rectly proportional to the differential in the gauge varia-
tion, which pressure represents either the total or partial
necessary correcting force which must be imposed upon
the arms 21 of the sirip tensioning unit 11. Whether or
not this pressure is equal to the necessary correcting force
will depend on the multiplying effect of the linkage Sys-
tem of the tension unit 11. As more fully explained
hereinafter, the correcting pressure, while it may vary
pursuant to the ouiput of the amplifier 46, will not be
affected by the varying positions of the roller 14. In other
words, such pressure will be at all times directly propor-
tional to the fluid pressure of the regulator valve 54.

When the strip tensioning device is to be used to im-
pose a constant tension on the strip and not to correct
for gauge variations, the potentiometer 47 is regulated
until the reading of the voltmeter 58 corresponds to the
desired tension value and, since there will be no strip
thickness off-gauge signal from the X-ray unit 45, the am-
plifier 46 will transmit an' impulse proportional to the
voltmeter’s reading and the proportioning control unit 49
will in turn cause the proper pressure to be admitted to
the rear of the cylinder 24. The other valves and elements
will assume the same positions and functions in the same
manner as in the case where the tensioning device was

employed to correct for gauge inaccuracy, as previously
discussed.



3,169,420

7

In the event the strip tensioning device is to be used as
a tension metering gauge for instantaneously and accu-
rately determining the magnitude of temsion being im-
posed on the strip as it passes between the mills, the sole-
noid 75 is de-energized to permit plunger 74 thereof to in-
terrupt the flow of fluid into the right side of the valve 67
so that the spring 72 thereof will force the spool to the
right, as one views FIG. 3, and cause the land 68 to cover
the input port 71 whereby fluid in the cylinder 24 is pre-
vented from escaping through the valve 67. The position
of the spool of the valve 76 remains unchanged and as
previously mentioned covers the ports 85 and 86 so that
no fluid can be admitted to the front of the cylinder 24
nor escape from the opposite end.

As shown in FIG. 3, the necessary drain ports and
piping are provided in order to complete the hydraulic
circuit and facilitate the lowering of the roller 24 on the
reverse operation of the cylinder 24. 1t is considered to be
sufficient to point out that the piston of the cylinder is
retracted to lower the roller 14 by de-energizing both
solenoids 75 and 89 thereby effecting movement of the
lands 82 and 83 of the valve 76 and the lands 68 and 69
of valve 67 to open the ports 85 and 86 in the former
and to close the port 71 in the latter. Pressure will then
be admitted to the front of the cylinder through piping
79 and permitted to escape from the rear of the cylinder
24 through drain piping connected to the valve 76.

The hydraulic-electrical conversion unit 92, in addi-
tion to being connected to the voltmeter 91, may be con-
nected to a speed control unit 95, which cooperates with
the miil motor 93 whereby the mill speed will be regu-
lated to adjust the tension of the strip.

" For controlling at all times the extent of the loop be-
tween the mills 12 and 13, an electrical control system for
the motor 93 of the mill 13 is provided. This system, as
shown specifically in FIG. 3, in conjunction with the mill
motor 23, consists of a generator 94 connected thereto by
lines Ly and Ly;. The generator is in turn electrically
connected to a control unit 95 and a speed regulator 96,
the regulator being connected to a potentiometer 97. As
'shown, the potentiometer is actuated by rotation of the
shaft 6 as the roller 14 is raised or lowered.

In the event the strip loop should rapidly grow, ie.,
become slack and deflect away from the roller 14 when
the strip tensioning device is being employed in its ten-
sion metering mode, the roller under normal conditions
will not rise to continue to engage the strip since the cyl-
inder is blocked. To provide for this eventuality, a pres-
sure switch 665 is connected into the piping 66a and is
designed to operate at a preselected drop in pressure in
the piping 664.. The. pressure switch 66b is electrically
connected to the solenoid valve 75 and causes the ener-
gization of the solenoid when a low pressure condition
occurs thereby causing the valve 67 to open to admit fluid
into the cylinder 24 to raise the roller 14 in pursuit of
the strip. When the roller 14 engages the strip, the ten-
sioning unit will operate in its constant tension mode,
Immediately on the raising of the roller 14, the poten-
tiometer 97 will come into. operation and -effect a speed
adjustment of the mill motor 93 thereby reducing the
strip loop to the optimum height. A reconversion of the

8

preferably inidway between the extreme upper and lower

“positions.- :

Reference is now made to the theory of that phase of
the present invention that has to do with the tensioning
device designed to exert a substantial constant tension on
the strip, notwithstanding the position of the tensioning

- roller 14 within the limits of its range of operation. In
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tension unit for metering is brought about by the actua-

tion of a limit switch 98 connected also to the shaft 16
and adapted to be actuated when the roller 14 is in a pre-
determined position at which time the solenoid 75 is de-
energized to close the valve 67.

" It will be appreciated that the potentiometer 97 in the
preferred form will-be operative also in the constant ten-
sion and gauge control modes. Although, as mentioned
heretofore, a substantial constant tension can be imposed
upon the strip by introducing. a constant pressure to the
cylinder 24 irrespective of the height that the strip may be
deflected, for operational convenience it is desirable to
maintain the height of the loop relatively constant and
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prior designs of strip tensioning apparatus, it was appre-
ciated that a constant tension could be obtained if the
arms that supported the tensioning roller were maintained
at all times parallel or substantially parallel to the path
of the strip, with the further requirements that the roller
be limited to a substantial vertical movement and that
the pressure of a constant pressure means be imposed
directly upon and in a direction axially of one of the
roller arms. An arrangement incorporating this tech-
nology, while sound in theory, was found infeasible in
practice because in order to satisfy the aforesaid prerequi-

sites; such as device would be both uneconomical to manu-

facture as well as impractical.
Basic geometrical principles show that, if a strip en-

-gaging roller is arranged midway between two units

wherein the roller forms the junction between two exten-
sible struts connected thereto-and comprising piston cylin-
der assemblies, the other ends of the struts being located
on the centerlines of the respective units, thus constrain-
ing the motion of the roller to a vertical path during
which motion the struts remain always parallel to the
strip, the tension induced on the sirip on the actuation
of the assemblies will, for all positions of the roller,
always be equal to the compression forces in the struts.
Conversely a force imposed in the same geometric man-
ner upon the roller -by the strip will be proportionally
transmitted to the arms of the tensioning device. By
using the same geometrical analysis, it is seif-evident that
any substantial variation in the geometry will produce a
strip tension that will radically vary as the height of
the tensioning roller varies. Stated in its simplest terms,
the reason for this result is that the constant relation be-
tween the angles is disrupted.

As heretofore mentioned, it is one of the principal
features of this invention to provide a strip tensioning
device wherein the critical limitations of the prior design,
namely that the arms of the looper roller must be main-
tained substantially parallel to the path of the strip, may

be disregarded as well as the requirement that the force

exerted on.the looper assembly must be imposed directly
upon the roller. Moreover, the necessity of the roller
being moved vertically is lessened so that greater freedom
of design is achieved and the inertia is substantially
reduced. - ’

The unique result of the strip tensioning device as dis-
closed herein was achieved by the discovery that a me-
chanical linkage system can be provided that will pro-
vide a substantially ‘constant strip tension .and wherein
there is no requirement. that the arms supporting and
actuating the roller must be arranged parallel to the strip,
that the force be imposed directly upon the toller or that
the roller must be confined to move in a substantial ver-
tical path. : o :

It must be appreciated that in the parallel strip arm
arrangement of the prior art the corresponding angles
formed by the sirip and the strip’s pass line, and the
angles formed by arms and a plane parallel to the pass
line connecting the pivot points of the arms were equal
or substantially equal notwithstanding the positions of the
looper. Conversely, should corresponding angles be not
maintained equal, the tension imposed on the strip would
vary and be indeterminate. . The present inventors have
discovered that notwithstanding this fact a directly pro-
portional relationship between. the strip tension and the
force exerted to actuate.the device may be obtained by
reason of the fact the various angles formed by the strip
and the pass line and the linkage arms will bear compen-
sating relationship. to each other whereby a substantially
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constant tension is imposed on the strip even though the

range of movement of the temsion roller is quite exten-
sive. This relationship is expressed algebraically as

[gﬂ sin [a/+b']
Zcos a’'— G b)] [a—&-b

in which the various guantities are part of the geometry
formed by an arrangement wherein for a given distance
between two succeeding mills, two pivot points are se-
lected, one on which a bell crank is mounted and to one
end of which a tension roller is secured. To the other
end of the bell crank a pressure means is connected, in
which construction the other end of the pressure means
is connected to the other pivot and constitutes one of the
inks of the system and wherein as the strip varies in
height, the constant rﬂlationship is maintained.

The aforesaid relationsh up can be expressed in several
other ways, as for exarnple in terms of the relationship
that the torgue developed by the linkage system has to
the strip tension and the portion of the arm that carries
the tension roller. The algebraical expression for the re-

lationship is
Sy e

cos[

where Ty, is the torque about point “0” (see FiG. 5), T
is the sirip tension and the angles ¢ and & are, as indi-
cated above, and &’ is the angle between the arm of ths
tension roller and the pass line.

For the derivation of the foregoing equation, referencs
is made to the force diagram shown in FIG. 4 and the
iree body diagram of the bell crank shown in FIG. 5.
‘With reference first to the force diagram wherein T=the
strip tension and F=the resuitant force on the roller 14:

C=a+tb
24+ (a-+b) =180

. 4_ontoth
.4 =080 [ B

B=90—a

= constant

=~ constant

D=4-B=90—[ T8 [00+a=25"

(a;—b)]zz,ﬂ. [a, b

F=2T cos [90—

Equation No. 1

With reference now to the free body diagram shown in
FIG. 5, there is shown applied to the bell crank having
arms RY and R2 the resultant strip force F at its angular
positicn as determined from Equation No. 1 and upon
which also has been imposed the cylinder force P at its
point of application.

Taking moments about peint “0":

FR, sin{QO—[a’—{—w—gl))]}:PRZ sin [a/ 4]

sm{go—[ N Cnd)] b)]} oo*ra /a—b)]

Equation No. 2

F=

Equating 1 and 2:

atb PLRl-i sin [a/+b']

{a—b
= cos [a’——o)-—}

27 sin [

<
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or
[g—ﬂ sin [a/-b']

2 cos[a’—@-—ﬁ-—Q] sin [9—;—6]

Equation No. 3

T/P=

For illustrative purposes, the constancy of relation-
ships of tension to pressure represented by the above
equation can be exemplified by assuming actual dimen-
sions and for which purpose reference is made to the
force diagram shown in FIG. 6. In order to afford a
complete understanding of the theory of the constant
relationship two different ghysical embodiments have
been selected, one wherein the arms of the bell crank
are equal, designated hereinafier as Caze No. 1 and the
other wherein the arms of the bell crank are not equal,
designated hereinafter as Case No. 2. With respect to
each case, the fension value for three different positions
of the tension roller, namely low, intermediate and high
will be computed.

CASE NO. 1

L=222"
I'=100"
=Ry=43""

e=65"

D=12"

E:6”

Position No. 1
H=2"

under these conditions:

a==.0185 radians
b==.0175 radians
a’=.0465 radians
b'=.0350 radians

substituting in Equation No. 3:

: (i—3> sin (.0485+.0350)
T|P= 43 B
j— = ™~
2 cos[.0465 .01859 .0170:’ Sin(.mso;.m%)
(.0815)
NS o,
(1.998) (.018) ~ 220
Position No. 2

h=H=10"
under these conditions:

a==.0933 radians
b=.0866 radians
a’==.2347 radians
b’'==.1702 radians

substituting in Equation No. 3:

<j—§\ sin (2347-+.1702)
T{P== L .
2 cos ( 2347 .0833— 0856) ( .0933+. 0806)
( )( 3939)
1.047) (.0808) — 225
Position No. 3
H==22"

under these conditions:

a==.2125 radians
b=.1812 radians
a’=.5371 radians
b’=.3511 radians



3,169,420

11
substituting in Equation No. 3:

43) )
(~ sin (.5371--.3511)
e

T/P=

' 2125—. 7. 1812\
2 cos| 5371 2125 1812]5111( 2125+4-.181 )
2 2
ﬁ)(.7760)
N3/ T 599
(1.735) (.19586) ’
The maximum amount of variation will then be:
Maximum gmount of variation=
1 max. value—min. value - 12.20—225 .02 0088
2 average value 2 227 227 °

In the operation of this tension unif, it will be observed
that the maximum amount of variation that may be ex-
perienced is only plus or minus .88 percent.

CASE NO. 2

L=222"
r=100"
Ry==43"

Positién No.i’I
H=2’I
under these conditions:

a=.0185 radians
b=.0175 radians
a’=.0465 radians
b’=.0310 radians

sﬁbstituting in Equation No. 3:

@—g) sin (.0465--.0310)
.0185—.01757 . /.0185--.0175\ -
) sin

40
(:g) (.0774)
(1.993) (.018)

Position No. 2
H=10"

under these conditions:

a=.0933 radians
b=.0866 radians
a’=.2347 radians
b'=.1511 radians

T/P=

2 cos [.0465

=2.00

substituting in Equation No. 3:

40N .
(-4—3-) sin (.23474-.1511)"

T/P=

2 005[2347 .0933;.0866]5in (.0933—;—.0366)
e (.3763) 5,00
(1.947) (.0%98)
Position No. 3

H=221’
under tﬁese conditions: /

=.2125 radians

b=.1812 radians

a’=.5371 radians

b'=.3022 radians

[*43

20

30

50

55

70
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substituting in Equation No. 3:
Ay 5
(43) sin (.53714.3022)

T/p= .2125——.1812] : (.2125+.1812)=
2 Sin

2 cosl: 5371

40 :
Zé) (.7442)
(1.734) (.1956)

The maximum amount of variation will then be:

=2.04

Maximum amount of variation=

1 max. value—min. value 12.04—2.00__
2 average value T2 2.02

.02
2.02°

In the operation of this tension unit, it will be observed
that the. maximum amount of variation experienced is
only plus or minus 1.00 percent.

It is another novel feature of this invention to employ
two or more of the novel strip tensioning devices herein
disclosed in a continucus processing rolling mill, whereby
they ccoperate to provide uniformity of strip gauge
longitudinally. With reference to FIG. 7, there is shown
a finishing train of a tandem hot strip mill consisting of
succeeding roll stands, namely 181, 122, 183, 104, 185
and 106, in which at the delivery side of the first five
stands strip tensioning devices 187, 108, 199, 111 and
1312 are arranged, each of which can be operated in one
of the three modes described heretofore, ie., as a con-
stant tension exertinig means; a variable controlled strip
tensicn eAertlng dewce and a$ a tension metering means,
respectively.

In one method of operating the mill, the stnp tension
devices 167, 188 and 189 are actuated to exert a constant
tension on the strip as it passes between the mills 161
and 102, 182 and 1€3, and 103 and 104. The last two
tension units 111 and 112 are employed as gauge control
devices and, accordingly, X-ray strip thickness gauges
113 and 114 are provided, the gauge %13 co-operating
with “the strip tension device 111 and the gange 114
with the strip tension device 1(2. These units are
adapted to function in the manner heretofore discussed.

It will be appreciated that by employing the strip ten-
sioning device to exert a constant tension in all or sub-
stantially all the stands, the tension in such stands at all
times during the rolling process will be directly propor-
tional to the predetermined optimum presure of the
cylinders 24 whereby over tensioning of the strip will be
eliminated and, accordingly, the variation in strip thick-
ness and width incident to such excessive forces are
av01ded In addition, one or more of the strip tension-
1ng units may be- operated to effect gauge control by
lmposmg a correction force that will, in effect, be a
vernier correction in the longitudinal gauge variation,
the net result of the combined applications of the modes
being to effect a more uniform rolled strip.

A method of rollmg in’which all the tensioning dev1ces
are employed to impose a variable controlled strip
tension to ‘effect strip ‘gauge control in.all or substan-
tially all of the stands may be utilized:

- In other applications of the mill, it may be desirable
to-apply a constant tension on the strip passing through
the several former stands and employ the strip fension
devices in the last one or more stands as tension meter-
ing gauges in which similar results may be realized. This
rollmg mill procedure finds usefulness in “avoiding exces-
sive tensions when the last mill stands have provisions
for controlling the variations in strip’ thickness by ad-
justing the motor speeds. to impose a gauge correcting
tension on the strip: or -by changing the roll setting to
accomplish the same end, both systems receiving a cor-
ay gauge or cquivalent de-
In this application, the signal from the strip ten-

=.0099 =.01

vice,
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sion metering gauge will prevent the mill from applying
excessive tensions.

In accordance with the provisions of the patent
statutes, we have explained the principle and operation
of our invention and have illustrated and described what
we consider to represent the best embodiment thereof.
However, we desire to have it understood that within
the scope of the appended claims, the invention may be
practiced otherwise than as specifically illustrated and
described.

We claim:

1. A device for imposing a tension upon strip defining
a pass line between two units, comprising a first pivot,
a roller, an arm connected to said roller and connected
to and adapted to be angularly displaceable about said
pivot for causing the roller to engage one face of and
force said strip away from said pass line at varying dis-
tances thereby to impose a tension upon said strip, the
ratio between the sirip deflecting force imposed by said
roller and the tension developed in said strip by said
force varying with the distances said strip is displaced
away from said pass line, a first strut rigidly connected
at said first pivot to and for displacing said arm, a sec-
ond pivot spaced from said first pivot and a force actu-
ated extensible strut connected at one end to said sec-
ond pivot and at its opposite end to the other end of
said first strut, said arm, struts, pivots and roller be-
ing operatively arranged with respact to each other, to
the distance between the units and to the varying dis-
tances of the strip relative to said pass line so that the
ratio between the force exerted by said roller on said
strip and the force in said extensible strut bears a sub-
stantial constant relationship to the varying ratio be-
tween said strip deflecting force and sirip tension, where-
by the strip tension will be maintained substantially con-
stant irrespective of the distance said strip is displaced
away from said pass line, as long as the force in the
extensible strut is held substantially constant.

2. A device for imposing a tension upon sirip defin-
ing a pass line between two umits according to claim 1
in which the arm is connected between said roller and
said first pivet and so positioned with respect to said
strip that an imaginary line passing through said pivot
and the center of said roller bears a non-parallel relation-
ship to the strip when the sirip is deflected away from
said pass line.

3. A device for imposing a tension upon sfrip be-
tween two units according to claim 2 in which said arm
is connected to said roller and said first pivot, and said
first strut is angularly disposed about said first pivot
relative to said arm.

4, A device for imposing a tension upon strip be-
tween two units according to c¢laim 1 in which said arm
is connected to said roller and said first pivot, and
means connected to said extensible strut for applying a
constant force in a direction to extend said extensible
strut.

5. A device for imposing a substantially constant ten-
sion upon strip between two uniis comprising a first
pivot, a roller, an arm connected to said roller and
adapted to be angularly displaced about said pivot for
causing said roller to engage one face of and impos-
ing a tension upon said strip, a first strut connected at
one end to said arm at said pivot, a second pivot, one of
said pivots being adjustable relative to the other, a force
actuated extensible strut connected at one end to said
second pivot and at its opposite end to the other end of
said first strut, and means connected to and for selec-
tively positioning said adjustable pivot.

6. A device for imposing a tension upon a continuous
strip defining a pass line between two units comprising
a tension roller adapted to bear against one face of said
strip, a fixed pivot adjacent to said pass line, a member
connecting said roller and said fixed pivot, a first strut
connected at one end to said member and angularly

10

40

50

60

65

14

displaced about said fixed pivot relative to said mem-
ber, an adjustable pivot remote from said pass line, an
extensible strut connected at one end to said adjustable
pivot and at its opposite end pivotally connected to the
other end of said first strut, and means connected to and
for selectively displacing said adjustable pivot with re-
spect to said fixed pivot thereby to establish a desired
relationship in space between said struts and said roller.

7. A device for imposing a tension upon a strip de-
fining when undeflected a pass line between twe units,
the deflected strip and the pass line forming a triangle,
of which the pass line constitutes the sides of two acute
angles, comprising a first pivot, an arm connected to and
adapted to be angularly displaced about said pivot, a
roller connected to the other end of said arm for engag-
ing one face of and deflecting said strip away from said
pass line thereby to impose a tension upon said strip, a
first strut having one end connected to said arm, a sec-
ond pivot and a force actuated exiensible strut con-
nected at one end to said second pivot and at its opposite
end to the other end of said first strut, said arm, struts,
pivots and roller being operatively arranged with respect
to each other, to the distance between the units and to
the position of the strip as deflected that a substantially
constant value is obtained for the following expression:

[%] sin [a’ 45’1

D) PN X2
2 cos [a ) sin 5

wherein R1 is the length of the arm, R2 is the length
of the first strut, ¢ and b are the acute angles formed
by the deflected strip and pass line and &’ and b’ are the
acute angles formed by the two struts and an imaginary
line passing through the two pivots.

8. A device for imposing temsion upon a strip de-
fining, when undeflected, a pass line between two suc-
ceeding units, the deflected strip and the pass line form-
ing a triangle of which the pass line constitutes one of
the sides of two acute angles, comprising a movable
member adapted to be engaged with the sfrip at varying
heights of loops and imposed a force: thereon, the ratio
between the strip deflecting force imposed by said mov-
able member and the tension employed in said strip by
said force varying with the distances said strip is dis-
placed away from said pass line, a linkage system com-
prising at lIeast two connected links, one at least being
a variable length link, one end of each link being con-
nected to one of two spaced-apart pivot points, said
movable member and one of said links being connected
together at one of said pivot points, at least one of said
links being substantially non-parallel to the strip at any
position of said movable member, means for generating
a mechanical effori connected to said linkage system,
said movable member and said linkage system being con-
nected together and operatively arranged with respect
to each other, to the distance between the units and fo
the position of the sirip as deflected, such that the ratio
between the force exerted by said movable member on
said strip and the mechanical effort in said linkage sys-
tem bears a substantial constant relationship to the vary-
ing ratio between said deflecting force and strip fen-
sion, whereby the strip tension will be maintained sub-
stantially constant, irrespective of the distance said strip
is displaced away from said pass line, as long as the
mechanical effort in said linkage system is held sub-
stantially constant.

9. A device for measuring or imposing tension upon
a strip defining, when undeflected, a pass line between
two succseding rolling mills, the deflected strip and the
pass line forming a triangle of which the pass line con-
stitutes one of the sides of two acute angles, compris-
ing a movable member adapted to be engaged with the
strip at varying heights of loops, a linkage system com-
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- prising at least two -connected links, one at least being
a variable length link, one end of each link being con-
nected to one of two spaced-apart pivot  points, said
movable member and one of said links being connected
together at one of said pivot points, at least one of said
links being substantially non-parallel to the strip at any
position of said movable member, a force generating
means connected to said linkage system, 'said movable
member and said linkage system being connected to-
gether and operatively arranged with respect to each
other, to the distance between the rolling mills and to
the position of the strip as deflected, such that a sub-
stant1a11y constant value is obtained for the followmg
expression:

sin (a’+ b’)

cos I:a’ (a— b)]sn[(a+b)]

wherein a and b are acute angles formed by the de-
flected strip and said pass line, and 4’ and b’ are acute
angles formed by the two links and an imaginary line
passing through said two pivot points.

10. A device for measuring or imposing tension upon
a strip defining, when undeflected, a pass line between
two succeeding rolling mills, the deflected strip and the
pass line forming a triangle of which the pass line con-
stitutes -one of ‘the sides of two acute angles, compris-
ing a first pivot, a movable member, an arm connected
to said member and adapted to be angularly displace-
able about said first pivot for causing said member to
engage one face of and force said strip away from said
pass line at varying distances thereby to impose a ten-
sion upon said strip, a linkage system comprising at least
‘two connected links, one at least being a variable length
link and one end of each link -being connected to sec-
‘ond and third spaced-apart- pivot points, said movable
member and one of said links being connected together
at.one of said pivot points, at least one of said links
being substantially non-parallel to the strip at any posi-
tion of said movable member, a mechanical effort generat-
ing means connected to said linkage system, said mov-
able member and said linkage system being connected
together and operatively arranged. with respect to each
other, to the distance between the rolling mills and fo

the position of the strip as deflected, such that a sub-
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stantlally constant value is obtained for the following

expression:
Tu
—b7 . a-+tb
l r__G—0 I
cos| @ 5 sm[ 5

wherein Ty, is the torque generated about said first pivot
point of said linkage system, ¢ and b are acute angles
formed by the deflected strip and said pass line and a’
is an acute angle formed by a line parallel to said pass
line and a line passing through said movable member and
said pivot point.

11. A device for engaging a strip passing between two
succeeding rolling mills adapted to be selectively em-
ployed to impose a constant tension on said strip or a
variable tension to effect gauge control, or to measure
the magnitude of the tension on said strip, comprising
a movable member adapted to engage and from a loop
in said strip of varying heights, force generating means,
a linkage system connecting said member to said force
generating means and so arranged and disposed that a
direct, substantially constant, relationship is maintained

-with respect to the tension. imposed upon said strip and

the force applied thereto -irrespective of the position of
said member,; a force. gauge associated with said force
generating means for measuring the force within said

force generating means, a strip thickness measuring de-

vice associated with said force generating means, control
means associated with said force generating means and
said force gauge and said strip thickness measuring de-
vice, adapted to selectively effect an exerting of a con-
stant force over the total travel of said member, or a

-variable force, or a measuring of the force within said
-force generating means, and means associated with said

control means for varying the force supplied in.propor-
tion to the degree of gauge- control - desired. :
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