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[57] ABSTRACT

A drive for tension rolls incorporating differential gear
systems for all rolls but one in any one bridle, and
means for automatically regulating and adjusting the
speed and/or torque of each of the differentially
driven rolls with reference to a direct coupled roll in
the group or bridle which is itself driven at a predeter-
mined reference speed corresponding to the speed of
the sheet metal itself. Preferably, in accordance with
the practice of the invention the speed of each differ-
entially driven roll is itself controlled by a sensor
mounted on the drive shaft of the roll immediately
preceding it or immediately following it in the roll
train. Such a sensor may take the form of a straight
forward tachometer, or may be in the form of a torque
strain sensor. In this way, the speed of rotation .and/or
torque of each of the rolls in each of the bridles is
controlled and synchronized with the speed of the
sheet metal as it moves in unison with that particular
roll, thereby minimizing and substantially eliminating
any possibility of slippage between the roll and the
sheet metal.

12 Claims, 5 Drawing Figures
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1
DIFFERENTIAL DRIVE FOR TENSION ROLLERS

The present invention relates to a differential drive
system for use in association with tensioning rolls in a
sheet metal working line.

BACKGROUND OF THE INVENTION

In the art of continuous strip sheet metal working, it
is frequently required to provide a group of so-called
““tensioning” rolls at various different locations. Such
a group of tensioning rolls will comprise two or more
rolls arranged together and defining a path around
which the strip of sheet metal must run to provide suffi-
cient wrap to provide sufficient friction so as not to
allow the strip to slip. A group of such tensioning rolls
is referred to as a “‘bridle” and a particularly important
usage of such tensioning rolls is found in strip sheet
metal tensioner-leveller or stretcher levelling systems.
In such leveller systems the sheet metal is tensioned be-
tween two such “bridles” i.e., is tensioned between two
groups of such tensioning rolls, and between the bri-
dles, there is often provided a group of levelling rolls
through which the sheet metal passes, and by which it
is worked in such a manner as to flatten and level the
strip. In other cases the strip is merely stretched level
between the two bridles:

In the use of such tensioning rolls, and in particular
in the use described above in association with a leveller
system, it is found that the strip of sheet metal becomes
stretched due to the constant tension applied to it, and
also in the case of the leveller system, due to the work-
ing of the metal strip throughout the individual bridle
roll. Since all of the rolls in each tensioning bridle are
driven at the same speed, in mechanical coupled bridle
systems it is inevitably found that at some point or
other in one or both of the bridles the strip and the par-
ticular roll around which it is passing are moving at dif-
ferent speeds. The causes of this are varied and could
result from progressive elongation of the strip due to
tension amplification from roll to roll or small differ-
ences .in the diameter of the rolls. This causes very
rapid abrasion of the surface of the rolls, and as a re-
sult, continued use of such rolls in their damaged con-
dition will lead to surface damage of the strip metal.
Damaged roll surface will also cause slippage between
the strip and the roll resulting in variable tension condi-
tion between the bridles. This condition would not
allow the levelling tensioning or stretching to be accu-
rately controiled and would also inflict high loading
peaks on the mechanical drive which could result in
- mechanical failures in the system. Consequently it is
found that in such bridles the rolls must be replaced or
resurfaced at frequent intervals, causing complete shut-
down of the line while this is done with considerable in-
convenience and expense and loss of production.

It is of course well known to provide a common drive
system for use in association with two such bridles of
tension rolls, with a differential gear system between
the two bridles permitting the rolls in one bridle to be
driven faster or slower than the rolls in the other. In this
way, it is possible to make a certain degree of adjust-
ment to the elongation of the strip due to the leveller
treatment and/or strip elongation being applied be-
tween the bridles. However, this itself does not over-
come in any way the problem of elongation of the strip
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occurring as between rolls within any one bridle, and
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where such elongation occurs it continues to cause se-
vere problems.

BRIEF SUMMARY OF THE INVENTION

The present invention therefore seeks to provide a
drive for tension rolls incorporating differential gear
systems for all rolls but one in any one bridle and means
for automatically regulating and adjusting the speed
and/or torque of each of the differentially driven rolls
with reference to a direct coupled roll in the group or
bridle which is itself driven at a predetermined refer-
ence speed corresponding to the speed of the sheet
metal itself. Preferably, in accordance with the practice
of the invention the speed of each differentially driven
roll is itself controlled by a sensor mounted on the drive
shaft of the roll immediately preceding it or immedi-
ately following it in the roll train. Such a sensor may
take the form of a straight forward tachometer, or may
be in the form of a torque strain sensor. In this way, the
speed of rotation and/or torque of each of the rolls in
each of the bridles is controlled and synchronized with
the speed of the sheet metal as it moves in unison with
that particular roll, thereby minimizing and substan-
tially eliminating any possibility of slippage between
the roll and the sheet metal.

More particularly, it is an objective of the invention
to provide a differential drive system having the forego-
ing advantages incorporating sensors sensing the speed
of one roll in each of the two bridles, and control means
for receiving a signal from said sensing means and vary-
ing the speed of one bridle with respect to the other.

More particularly, it is an objective of the present in-
vention to provide a differential drive system having
the foregoing advantages incorporating variable con-
trol means between each such sensor and its associated
differential drive, whereby the speed and/or torque of
each roll may be adjustably controlled and brought into
substantially precise correspondence with the speed of
sheet metal passing therearound.

More particularly, it is an objective of the present
present invention to provide a differential drive system
having the foreégoing advantages in which the differen-
tial drive systems comprise differential gears, such as
planetary gear systems controlled by auxiliary control
motors, each of the auxiliary control motors being in
turn responsive to respective sensors. In an alternate
form of the invention the differentials may be con-
trolled by means of torque sensors in the main drive
shaft powering each group or bridle of rolls, and an
electrical proportioning device proportioning the signal
from the torque sensor as between the respective dif-
ferential control motors. .

The foregoing and other objectives of the invention
will become apparent from the following description of
a preferred embodiment of the invention which is given
here by way of example only, with reference to the fol-
lowing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic side elevational view of two sets

- of tension rolls located on either side of a strip sheet

metal treatment unit, all being shown schematically;
FIG. 2 is a schematic top plan view of the two sets of
tension rolls shown in FIG. 1, shown apart from the
sheet metal treatment unit,
FIG. 3 is a schematic top plan view of a further em-
bodiment of the invention;
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FIG. 4 is a partially cut away perspective view of the
differential drive system employed in the practice of
the invention, and

FIG. § is a schematic top plan view of an alternate
mode of operating the differential drive system of FIG.
4.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

Referring now to FIG. 1, it will be seen that this illus-
tration shows in schematic form two sets or so-called
bridles of tension rolls referred to as 10 and 11, ar-
ranged on either side of a strip sheet metal treatment
unit, the details of which are omitted for the sake of
clarity, and which is referred to by the general refer-
ence arrow 12. A strip of sheet metal is shown as S, and
will be seen to pass around the first bridle or set of rolls
10, and then through the treatment unit 12, and then
to the second bridle or set of rolls 11. It will be seen
that the arrangement of the rolls is such that the first
set.of rolls 10 comprises a first upper roll 13 and a first
lower roll 14, and a second lower roll 15, and a second
upper roll 16, It will be noted that the sheet metal
passes first around the upper roll 13 and then around
the lower roll 14 and then around the second lower roll
15 and then around the adjacent upper roll 16, and
then passes through the treatment unit 12, Similarly,
the second bridle 11 will be seen to consist of the first
upper roll 17, the first lower roll 18, the second lower
roll 19, and the second upper roll 20, the sheet metal
S passing around the rolls 17, 18, 19 and 20 in that or-
der, in the same way as in the first bridle 10. In this way,
the sheet metal S is tensioned between the two bridles
10 and 11, so that when passing through the treatment
unit 12, the strip S is under a predetermined lengthwise
stress, thereby contributing significantly to the effect of
the treatment within the unit 12.

It will of course be understood that the arrangement
of bridle 10 and 11, and the use of a treatment unit 12
between two such bridles is very well known in the art,
and forms no part of the present invention. Essentially,
the treatment unit 12 can consist of a system of leveller
rolls, or any other suitable treatment unit requiring the
strip metal S-to be maintained under constant tension.

Clearly, while this is illustrated as a preferred em-
bodiment, in some cases the two bridles 10 and 11 may
be very much further apart, or indeed in certain cases
there may be only one such bridle 10 or 11, the tension
being provided between such a bridle 10 or 11 and an
adjacent treatment unit of a different type in which the
strip S is firmly gripped, thereby enabling tension be-
tween the one such bridle and the treatment unit, to be
maintained if desired.

Referring now to FIG. 2, it will be seen that both bri-
dles 10 and 11 are driven from a common power source
by a system of drive shafts and right angle drive and
gear boxes which are essentially well known and in con-
ventional use in the art. Thus a drive motor 21 is pro-
vided for driving both bridle 10 and 11, the output shaft
of which drives one side of a right angle drive gear box
22, One output shaft of the right angle gear box drives
the gear box 23 for the bridle 10, and the other output
shaft of the right angle drive 22 drives the differential
24. The output shaft of the differential 24 in turn drives
the right angle drive 2§, the output shaft of which
drives the gear box 26 for driving the rolls of bridle 11.
The differential 24 may be for example a so-called

20

25

30

35

40

45

50

60

4

planetary differential of the type in which the speed of
rotation of the output shaft may be subjected to infinite
variation over a predetermined range with relation to
the speed of rotation of the input shaft, by means of ro-
tation of the planetary cage, or may be a bevel gear sys-
tem. Planetary differentials are well known in the art
but are described herein in some detail for the sake of
clarity with reference to FIG. 4. For the moment how-
ever it is sufficient for the purposes of this explanation
to state that the speed of rotation of the output shaft
may be varied by means of the auxiliary motor 27, so
that the output shaft of the differential 24 may be either
speeded up or slowed down with reference to the speed
of rotation of the input shaft. :

The gear box 23 is provided with four output shafts
28, 29, 30 and 31, all of which rotate at identical
speeds, and, which in the prior art, were connected di-
rectly to their respective rolls 13, 14, 15 and 16 for
driving the same at identical speeds.

In accordance with the present invention however
each of the drive shafts 28, 29, and 30 are connected
to respective differentials 32, 33 and 34 whereby the
output shafts 35, 36 and 37 may be subjected to a speed
of rotation which is different from their respective
input shafts 28, 29 and 30. Each of the differentials 32,
33 and 34 are controlled by respective motors 38, 39
and 40 thereby enabling the speed of their respective
output shafts 35, 36 and 37 to be either speeded up or
slowed with relation to their respective input shafts 28,
29 and 30.

It will be noted that the last roll in the train or bridle
10 ie. roll 16 (see FIG. 1) is connected directly to the
drive shaft 31, and is not provided with any differential.
Thus the speed of rotation of the roll 16 will always be
identical to the speed of rotation of its drive shaft 31.

Each of the respective motors 38, 39 and 40 control
their respective differentials 32, 33 and 34 in this par-
ticular type of variable speed system by actually rotat-
ing the planetary cage of the differential gear system,
as shown and described in connection with FIGS. 4 and
5 below. In order to control the operation of each of
the motors 38, 39 and 40, sensor means are provided
for sensing the speed of rotation of the next adjacent
roll in the bridle or roll train. In the case of the embodi-
ment of FIG. 1, the sensor means comprise the tachom-
eters 42, 43 and 44 which are respectively connected
to the output shaft 36 and 37, and the drive shaft 31,
driving respectively the rolls 14, 15 and 16. Note that
the first roll 13 in the bridle or roll train 10 is not pro-
vided with any tachometer or sensor, and the motor 38
controlling the differential 32 driving the output shaft
35 for the first roll 13 is itself controlled by means of
the tachometer 42 connected to the output shaft 36
driving the roll 14. Similarly, the motor 39 controlling
the differential 33 is itself controlled by the tachometer
43 connected to the output shaft 37 driving the roll 15.
Similarly, the motor 40 controlling the differential 34
and the output shaft 37 which drives the roll 15 is itself
controlled by the tachometer 44 which is connected to
the drive shaft 31 driving the roll 16. Note also that the
output shaft 31 as described above is not provided with
any differential, whereby the output shaft is in fact driv-
ing the roll 16 at a speed corresponding to the speed of
the sheet metal moving therearound.

In this way, it will be seen that the three differentials
32, 33 and 34 operate in a cascade manner, that is to
say, the output speed of each differential is a function
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of the speed not only of the next immediately preceding
differential, but all preceding differentials in the train.
Since it is not possible to obtain perfect matching of
each tachometer and each motor for all purposes and
functions of the apparatus, it is found desirable to pro-
vide variable control means such as the control boxes
45, 46 and 47, the control box 45 being located be-
tween the motor 38 and the tachometer 42, and the

control box 46 being located between the motor 39 and -

the tachometer 43, and the control box 47 being lo-
cated between the motor 40 and the tachometer 44.
. The control boxes may be of any suitable kind, for ex-
ample containinga variable resistor, whereby the signal
strength produced by the tachometer is either in-
creased or decreased, or any other suitable means
known in the art.

The arrangement of the second roll train or bridle 11
is essentially a mirror image of the bride 10. Thus gear
box 26 drives four drive shafts 48, 49, 50 and 51 at
identical speeds. The drive shaft 48 is connected di-

rectly to its roll 17 which therefore rotate at a uniform

speed. The drive shafts 49, 50 and 51 are provided re-
spectively with differential gears 52, 53 and 54. The
differentials are similarly provided with control motors
55, 56 and 57.

The differentials 52, 53 and 54 are connected by
means of output shafts §8, §9 and 60 to respective rolls
18, 19 and 20. The control motors in turn are con-
nected to respective tachometers 61, 62 and 63, and
between the motors and their respective tachometers,
suitable variable control means are provided in the
form of the control boxes 64, 65 and 66. '

As described above, the ‘drive to the two gear boxes
23 and 26 for the two bridles 10 and 11 originates from
the same drive motor 21. In order to provide for a dif-
ferent speed between gear boxes 23 and 26, the differ-
ential 24 is located between the right angle box 22 and
the right angle box 25. The differential 24 is itself pro-
vided with an auxiliary control motor 27 as noted
above, and in order to provide for regulation of the out-
put of the differential 24, the motor 27 is controlled by
the two tachometers 44 and 61. The signals from these
two tachometers are fed to the control box 67, so that
. the speeds of the two rolls 16 and 17 may be compared,

and the difference between the two signals is used to
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control the operation of the motor 27, thereby varying "

the speed of the output of the differential 24 in propor-
tion to the difference between the speeds of the two
rolis 16 and 17. '

Note that as shown in FIG. 1, the strip S of sheet
metal passes directly from the roll 16 of the first bridie
10 to the roll 17 of the second bridle 11, and both rolls
16 and 17 are driven directly by their respective shafts
31 and 48 from their respective gear boxes 23 and 26.
No differential gear systems are provided for driving
either of these two rolls, since their relative speed may
be varied by variation of the output of the differential
24 as described above. ‘

Note also that the speeds of the other rolls in each of
the bridles 10 and 11 are dérived from the speeds of the
respective rolls 16 and 17,

In: operation, the strip § of sheet metal passes first
over the roll 13 then to the roll 14, then to the roll 15,
then around the roll 16 and through the strip treatment
unit 12, and then is fed to the second bridle 11 where
it passes first around the roll 17, then around the roil
18, then around the roll 19 and finally around the roll

between the speeds of the rolls 16 and 17, since the
major elongation of the strip S will take place between
these two rolls. By suitable operation of the control 67,
the operator can therefore being the speeds of the rolls
16 and 17 into very close correspondence to the speed
of the strip S. The operator will then adjust the controls
47, 46 and 45 in that order to bring the remaining rolls
in the bridle 10 into the correctly adjusted speeds, and
will then similarly adjust the controllers 64,.65 and 66
in that order to adjust the speeds of the remaining rolls
in the second bridle 11.

By this means, it is possible for an operator with very
little practice to bring the speeds of all of the rolls'in
both bridles into very close correspondence with ‘the
speed of the strip S as it moves around each particular
roll.

While this embodiment of the invention has been de-
scribed in connection with two bridles 10 and 11, and
a strip metal treatment unit 12 located between the two
bridles, it will of course be understood that the inven-
tion is equally applicable to the use of one bridle if it
should be so desired.

In certain cases, it may be possible to provide for a
somewhat simpler form of control of the various differ-
entials and their control motors, while yet achieving es-
sentially the same advantages as are achieved in the
embodiment of FIGS. 1 and 2.

According to this alternate embodiment, as illus-
trated in FIG. 3, the same rolls 14 to 20 aré driven
through the same gear boxes 23 and 26 by the same
right angle drive 22 and 25, differential 24 and drive
motor 21. Similarly, rolls 13, 14 and 15 are provided
with respective differentials and control motors, and
roll 16 is provided on its drive shaft 31 with a tachome-
ter. Similarly, on the second bridle 11 the rolls 18, 19
and 20 are provided with differentials, and control mo-
tors, and the roll 17 on its drive shaft 48 is provided
with a tachometer. : ‘

Note however, that the rolls 14 and 15 and 18 and 19
are not provided with tachometers. Instead, according
to this alternate embodiment of the invention, the drive
shaft 68 from: right angle drive 22 is connected to a
torque sensing ‘unit 69, and the drive shaft 68A from
the right angle 25'is provided with a torque sensing unit
69A. The torque sensing unit may be of any suitable

- known design, such as the unit known as the “Torduc-

50
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tor” (trade mark) manufactured by A.S.E.A. Company
of Sweden.

The torque sensing unit 69 will be electrically con-
nected to the control motors 38, 39 and 40 and 'the .
torque sensing unit 69A will be electrically connected
to the control motors 55, §6 and 57 through the adjust-
able proportioning control boxes 70 and 704 in such a
manner that the overall torque signal produced by the
torque sensing unit in response to the torque in the re-
spective shafts 68 and 68a is proportioned as between
the three motors connected to it so as to operate the
three motors at constant differing speed ratios thereby
bringing the speed of their respective rolls into fairly
close coincidence with the speed of the strip metal
moving in contact with each roll.

In order to accurately proportion the drive as be-
tween the one bridle 10 and the other bridle 11, the two
tachometers 42 and 61 are connected to a control box
71 which in turn controls the motor 27 controlling the
differential 24. The control box 71 is such that it deter-
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mines the difference between the two tachometer sig-
nals, and controls the operation of the motor 27
whereby to procure a proportioning. of the drive be-
tween the bridles 10 and 11 so as to maintain the re-
spective rolls 16 and 17 at a predetermined speed dif-
ferential corresponding to the speed of the strip metal
in contact with the respective rolls. Thus in this alter-
nate embodiment of the invention, a predetermined
ratio of speeds will be maintained between the various
rolls regardless of differences in torque in the main
drive shafts 68 and 68a and such speeds will be in close
coincidence with the actual speed of the strip metal in
contact with the various rolls. The differential gear sys-
tem shown as 24, 32, 33, 34 and 52, 53, 54, may be of
any suitable type in ' which the speed of the output shaft
is a function of the main drive shaft speed, and the
speed of its particular control motor. Typically, such
differentiais will be of the planetary gear or bevel gear
cage type in which the output shaft speed may be var-
ied by applying the motor drive to driving the gear cage
either in the forward or the reverse direction thereby
either speeding up or slowing down the output in a pre-
determined ratio. However, the invention is not to be
exclusively confined to such a planetary type or other
differential, and any other variable speed drive system
which will provide the same function of a controlled
variation of speed of the output shaft, may be substi-
tuted in place of the planetary or bevel gear type differ-
ential and is to be considered as within the scope of the
invention. ‘

Referring now to FIG. 4, such a planetary type differ-
- ential is shown in perspective, and will be seen to com-
prise an input drive shaft 29, an output driven shaft 36,
shafts 29 and 36 being essentially exemplary and shown
here for the sake of illustration. The differential further
comprises a generally cylindrical outer casing 72,
closed at each end by disc members 73, and a plurality
of annular V-shaped drive belt grooves 74 are provided
around the exterior of the casing 72 for engagement by
the drive belts 75. A control motor M is provided hav-
ing a multiple drive pulley 76, and adapted for driving
the belts 78 at any desired speed, controllable by con-
trol means (not shown) but which in the case of the
present invention clearly will comprise the tachometers
and control boxes in the one case, or the torque sensors

in the other case.

Within the casing a first sun gear 77 is keyed to the
shaft 29, and meshes with three planetary gears 78
(only two being shown in this illustration for the sake
of clarity). A second sun gear 79 is keyed to drive the
output driven shaft 36, and is co-axial with the sun gear
77. Sun gear 79 meshes with three planetary gears 80.
All of the planetary gears 78 and 80 are mounted in
pairs on common shafts 81 which are mounted in fixed
- relation to the casing 72, and with which they form a
planetary gear cage and all move in unison as a single
unit.

Clearly, when the drive shaft 29 is rotated the sun
gear 77 will rotate with it, thereby driving the planetary
gears 78 in the reverse direction. Rotation of the plane-
tary gears 78 will cause the entire cage system compris-
ing the shafts 81 and the casing 72 to rotate around the
axis defined by the drive and driven shaft 29 and 36.
Such rotation will of course cause the planetary gears
80 to drive the sun gear 79, thereby causing rotation of
the driven shaft 36. Assuming no power is applied to
motor M, then the outer casing 72 will rotate freely and
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the speed of the driven shaft 36 will be the same as the
speed of the drive shaft 29. However, if power is ap-
plied to the motor M so as to drive it at a speed faster

-than that at which it is freely rotated in response to ro-

tation of the casing 72, then the casing 72 will rotate
somewhat faster, thereby speeding up the driven shaft
36 with relation to the drive shaft 36. Conversely, if the
motor M is energized in such a way as to apply a retard-
ing force, then the casing 72 will slow down therefore
slowing the output of the driven shaft 36.

Clearly, the differentials of the type shown in FIG. 4
may be operated in a variety of ways, the belt drive as
shown in FIG. 4 being only of one such motor opera-
tion and not being in any way limiting to the scope of
the invention. Thus, as shown in FIG. 5 it will be seen
that the differential casing 72 may be provided with a
fixed gear 90 mounted around the exterior thereof,
which is driven by the control motor M through a drive
gear 92 and an idler gear 91.

Other variations are of course within the scope of the
invention, and thus other forms of differentials such as
are well known in the art require no further description
may be employed for producing essentially the same
results. '

The foregoing is a description of a preferred embodi-
ment of the invention which is given here by way of ex-
ample only. The invention is not to be taken as limited
to any specific feature of the embodiment but compre-
hends all such variations as come within the scope of
the appended claims.

I claim:

1. A tension roll assembly for a sheet metal working
line and comprising: ‘

first and second tension rolls about and between
which a sheet metal strip runs;

a motive power source;

a first roll drive transmission operatively extending
between said motive power source and said first
tension roll to cause rotation of said first tension
roll on operation of said motive power source;

a second roll drive transmission operatively extend-
ing between said motive power source and said sec-
ond tension roll to cause rotation of said second
tension. roll on operation of said motive power
source;

a first differential including a main drive input, a .

" main drive output and a control drive input, said
first differential being operatively coupled in said
second roll drive transmission to transmit drive mo-
tion from said motive power source to said second
tension roll at a variable speed depending on the
magnitude of the control drive to said first differen-
tial;

a first variable speed control motor operatively cou-
pled to said control drive input of said first differ-
ential; '

a first sensor coupled to said first tension roll and op-
erative to provide an output signal indicative of the
magnitude of a first roll parameter selected from
the rotational speed and the shaft torque of said
first tension roll, said first sensor also being opera-
tively coupled to said variable speed control motor
to cause variation in the speed of said control
motor in response to variation in the magnitude of
said first roll parameter, thereby automatically to
adjust the speed of the main drive output of said
first differential and consequently the speed of said
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second tension roll driven thereby automatically in
response to variation of the magnitude of said first
roll: parameter; differential being operatively cou-
pled in said third roll drive transmission to transmit
drive:motion from said motive power source to said
third tension:roll at-a.variable speed depending on
.the magnitude of the control drive to said second
differential; :

a:second variable speed control motor operatively
coupled to said control drive input of said second
differential; and

a second ‘sensor coupled to-said second tension . roll
and operative to provide an output signal indicative
of the magnitude of a second roll parameter se-
lected from' the rotational speed and the. shaft
torque of said second tension roll, said second sén-
sor:also being operatively coupled to said second
variable speed control motor to cause variation in
the speed of said second' control motor in response
to'variation in the magnitude of said second roll pa-
rameter thereby automatically to:adjust the speed
.of the main drive output of said second differential

- and consequently. the speed of said' third tension:
roll: driven: thereby automatically in response to
variation: in the magnitude of said second: roll pa-
rameter. g ‘ .

2. A tension roll:assembly as:claimed. in claim 1 in
which said first sensor is a tachometer operatively cou-
pled to said first tension roll to provide an output signal
indicative of the magnitude of the rotational speed of
said first tension roll.

3. A tension:roll assembly as claimed in claim 1 and
which additionally comprises:

a fourth tension roll about which the sheet metal strip

runs;

a fourth roll drive transmission operatively extending
between said motive power source and said fourth
tension roll-to-cause rotation of said fourth tension
roll on operation of said motive power source; .

a.third differential: including a main drive input, a
main drive output.and a control drive input, said
third differential being operatively coupled in said
fourth roll'drive transmission to transmit drive mo-
tion from said. motive power source to said fourth
tension roll' at a variable speed depending on the
magnitude of the control drive to said third differ-
ential; : .

a third variable speed control motor operatively cou-
pled to said control drive input of said third differ-
ential; and

a third sensor coupled to said third tension roll and
operative to provide an output signal indicative of
the magnitude of a third roll parameter selected
from the rotational speed and the shaft torque of
said third tension roll, said third sensor also being
operatively. coupled to said third variable speed
control motor to- cause variation in. the speed of
said. third control: motor in response to variation in
the magnitude of said third roll parameter thereby
automatically to adjust the speed of the main drive
output of said third differential and consequently
the speed of said fourth tension roll driven thereby
automatically in response to variation in the magni-
tude of said:third roll parameter.

a third tension roll about which the sheet metal strip
runs;
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a third roll drive transmission operatively extending
between said motive power source and said third
tension roll to cause rotation of said third: tension
roll on operation of said motive power source;

a second differential including a main drive input, a
main drive output.and a control drive input, said
second differential being operatively coupled in-
said third roll drive transmission to:transmit drive
motion from sajd motive power source to said third
tension roll'at a variable speed depending on .the
magnitude of the control drive to said second dif-
ferential; )

a-second variable speed control motor operatively
coupled to said control drive input of said second
differential; and

a second sensor coupled to said second tension-roll
and operative to provide an output signal indicative
of the magnitude of a second. roll' parameter se-
lected: from the rotational speed and the shaft
torque of said second tension roll, said second sen-
sor also being operatively coupled to said second
variable speed control motor to cause variation in
the speed of said second control motor in response
to variation in the magnitude of said second roll pa-
rameter thereby automatically to adjust the speed
of the main drive output of said second differeritial
and consequently the speed. of said third: tension
roll driven thereby automatically in response to
variation in the magnitude of said second: roll pa-
rameter.

4. A tension roll assembly as claimed in claim -3
which additionally comprises first, second and third,
manually operable controls operatively. connected be-
tween respective ones of said first, second and third
sensors and respective ones. of said first, second: and
third variable speed control motors whereby the.speeds
of the main.drive outputs of respective ones of said
first, second and third differentials. and consequently.
the speeds of respective ones of said second, third and
fourth tension rolls driven thereby can also be manually
and individually: adjusted.

5. A tension roll assembly as claimied in claim I and
which additionally comprises a first manually operable
control operatively connected between said first sensor -
and said first variable speed control motor whereby the
speed of the main: drive output of said first differential
and consequently tlie speed of said second tension roll
can also be manually adjusted.

6. A tension roll assembly as claimed in claim 3 and
in' which said first, second, third and fourth-tension rolls
constitute a:first bridle of tension rolls. and. which: as-
sembly further comprises:

a second bridle of tension rolls comprising fifth, sixth,
seventh and: eighth tension rolls: around and be-
tween which the sheet metal strip runs, such strip
passing directly from said first tension roll of said
first bridle tosaid fifth tension roll of said second
bridle; ‘

a second bridle drive transmission including fifth,
sixth, seventh and eighth roll drive transmission.
and extending between said motive power: source
and said second bridle to cause rotation of respec-
tive ones of said: fifth, sixth, seventh, and eighth
tension  rolls on operation of said motive power
source;

fourth, fifth and sixth differentials, each including a
main drive input, a main drive output and a control
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drive input and being operatively coupled in re-
spective ones of said sixth, seventh and eighth roll
drive transmissions to transmit drive motion from
said second bridle drive transmission to respective
ones of said sixth, seventh and eighth tension rolls
of said second bridle at variable speeds depending
on the magnitudes of the control drives to respec-
tive ones of said differentials;
fourth, fifth and sixth variable speed control motors
operatively coupled to said control drive inputs of
respective ones of said fourth, fifth and sixth differ-
entials;
fourth, fifth and sixth sensors coupled to respective
ones of said fifth, sixth and seventh tension rolls
and operative to provide output signals indicative
of the magnitudes of roll parameters selected from
the rotational speeds and the shaft torques of re-
spective ones of said fifth, sixth and seventh tension
rolls, said sensors also being operatively coupled to
respective ones of said fourth, fifth and sixth vari-
able speed control motors to cause variations in the
speeds of said control motors in response to varia-
tions in the magnitudes of respective ones of said
parameters, thereby automatically to adjust the
speeds of the main drive outputs of respective ones
of said fourth, fifth and sixth differentials and con-
sequently the speeds of respective ones of said
sixth, seventh and eighth tension rolls automati-
cally in response to variations in the magnitudes of
respective ones of said roll parameters;
bridle drive differential including a main drive in-
put, a main drive output and a control drive input,
said bridle drive differential being operatively cou-
pled in said second bridle drive transmission to
transmit drive motion from said motive power
“source to said fifth, sixth, seventh and eighth roll
drive transmissions at a variable speed depending
on the magnitude of the control drive to said bridle
drive differential;
seventh variable speed control motor operatively
coupled to said control drive input of said bridle
drive differential; and
control means operatively connected to said sev-
enth variable speed control motor and to each of
said first and fourth sensors and adapted to provide
an'output signal indicative of the difference in mag-
nitude of said roll parameters of said first and fifth
tension rolls thereby automatically to adjust the
speed of the main drive output of said bridle drive
differential and consequently the speeds of all of
said fifth, sixth, seventh and eighth tension rolls in
response to variations in the magnitude of said dif-
ference. .

7, A.tension roll assembly as claimed in claim 6 and
which additionally comprises first, second, third,
fourth, fifth and sixth manually operable controls con-
nected between respective ones of said first, second,
third, fourth, fifth and sixth sensors and respective ones
of said first, second, third, fourth fourth, fifth and sixth
variable speed control motors whereby the speeds of
respective ones of said second, third, fourth, sixth, sev-
enth and eighth tension rolls can also be manually and
independently adjusted.
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including:
first and second bridles each in turn including a plu-
rality of tension rolls about and between which the
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sheet metal strip runs, said first and second tension
rolls forming part of said first bridle;

first bridle drive transmission including said first
and second roll drive transmissions;

second bridle drive transmission operatively ex-
tending between said motive power source and said
tension rolls of said second bridle to cause rotation
of said rolls;

bridle drive differential including a main drive in-
put, a main drive output and a control drive input,
said bridle drive differential being operatively cou-
pled in said second bridle drive transmission to
transmit drive motion from said motive power
source to said tension rolls of said second bridle at
a variable speed depending on the magnitude of the
control drive to said bridle drive differential;
second variable speed control motor operatively
coupled to said control drive input of said bridle
drive differential;

a second sensor coupled to a selected one of said ten-
sion rolls of said second bridle and operative to
provide a signal indicative of the magnitude of a
roll parameter selected from the rotational speed
and the shaft torque of said selected one of said
tension rolls of said second bridle;

control means operatively coupled to said first and
second sensors to provide an output signal indica-
tive of the difference between the magnitudes of
said parameters as provided by said first and sec-
ond sensors, said control means also being opera-
tively coupled to said second variable speed con-
trol motor to cause variation of the speed of said
second variable speed control motor in response to
variation in the magnitude of said difference
thereby automatically to adjust the speed of the
main drive output of said bridle drive differential
and consequently the speeds of said tension rolls of
said second bridle.

9. A tension roll assembly as claimed in claim 8 in
which said first tension roll is a terminal roll of said first
bridle and in which said second sensor is coupled to a
tension roll of said second bridle operatively adjacent
said first tension roll.

10. A tension roll assembly as claimed in claim 1 in
which said first and second roll drive transmissions
Jointly comprise a drive-dividing mechanism, a first
drive sub-transmission extending from said motive
power source to said drive-dividing mechanism, a sec-
ond drive sub-transmission extending from said drive-
dividing mechanism to said first tension roll and a third
drive sub-transmission extending from said drive-
dividing mechanism to said second tension roll, in
which said first sensor is coupled to said first drive sub-
transmission to provide an output signal indicative of
the magnitude of one parameter selected from the rota-
tional speed and shaft torque of said first drive sub-
transmission, and in which said first differential is oper-
atively.coupled in said third drive subtransmission.

11. A tension roll assembly as claimed in claim 10
which additionally comprises a third tension roll about
which the sheet metal strip runs;

a fourth drive sub-transmission extending from said
drive-dividing mechanism to said third tension roll
to cause rotation of said third tension roll on opera-
tion of said motive power source;

a second differential including a main drive input, a
main drive output and a control drive input, said



3,764,050

13

' second differential being operatively coupled in
said fourth drive subtransmission;

a second variable speed control motor operatively
coupled to said control drive input of said second
differential;

a control operatively coupled between said first sen-

- sor and each of said first and second variable speed
control motors and adapted automatically to cause
variation in the speeds of said control motors in re-
sponse to variation in the magnitude of said param-
eter, thereby automatically to adjust the speeds of

15

14

said third and fourth drive sub-transmissions and
consequently the speeds of said second and third
tension rolls driven thereby automatically in re-
sponse to variations in the magnitude of said pa-
rameter.

12, A tension roll assembly as claimed in claim 11 in
which said control is adapted to adjust the speeds of
said third and fourth drive sub-transmissions to prede-
termined relative extents in response to variations in

the magnitude of said parameter.
* * * %* *
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