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of .............. over a roll. A line of sensors on the roll Surface mea_ 

_ sures the longitudinal stress distribution across the 
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APPARATUS FOR DETERMINING FLATNESS 
DEVIATION IN SHEET OR STRIP 

This invention relates to method and apparatus for 
determining the deviation from ?atness in a sheet or 
strip and more particularly for continuously determin 
ing deviations from ?atness in cold rolled strip steel as 
it is being rolled under tension and passing over a bridle 
roll under tension to a coiler. 
When a steel strip is subjected to non-uniform defor 

mation conditions in the roll bite internal stresses are 
created within the strip as longer over-rolled material 
attempts to line up with shorter under-rolled portions. 
In heavier gage strip, the stresses may not be of suffi 
cient magnitude to buckle the strip but in the lighter 
gages of tinplate and foil it is more likely the stresses 
will relieve themselves by buckling the strip on exit 
from the mill. The extend of the defect depends on the 
thickness of the strip and the amount of non-uniform 
deformation. 

Surface ?atness of strip can be determined by 
mechanical measurements but this is most difficult with 
thin material, particularly if the material is under ten 
sion. In principal, specular re?ection could be used to 
measure shape but the interpretation of results would 
be complicated and of questionable reliability. Visual 
observation of strip flatness is unreliable and almost im 
possible on a high speed production mill with the strip 
under high tension and masked by ?ow of lubricant and 
coolant. Thus, there is no method that we are aware of 
to assess the quality of ?atness in a strip during rolling. 
According to our invention, a line of load cells is 

mounted inside the bridle roll to measure the strip ten 
sion across the width of the strip. The distribution of 
the tension across the width of the strip then becomes a 
measure of ?atness as to magnitude, location and type 
of deviation from ?atness. 

It is, therefore, an object of our invention to provide 
a method for monitoring the ?atness of strip as it passes 
over a roll under tension. 
Another object is to provide a method for determin 

ing the magnitude of ?atness and deviation from ?at 
ness of strip as it passes over a roll under tension. 

Still another object is to provide apparatus for con 
tinuously determining the flatness and deviation from 
flatness of strip as it passes over a roll under tension. 
A still further object is to provide apparatus for 

determining the location, magnitude and type of devia 
tion from ?atness of strip as it passes over a roll under 
tension. 
A still further object is to provide such apparatus for 

determining ?atness regardless of the level of tension in 
the strip. 
These and other objects will become more apparent 

after referring to the following speci?cation and 
drawings, in which: 

FIG. 1 is an isometric diagrammatic view of cold 
rolling with the bridle roll of our invention; 

FIG. 2 is a schematic sectional view through the 
center of the bridle rolling together with connections to 
slip rings, timer and display unit of our invention; 

FIG. 3 is a partial sectional view along line III-—III of 
FIG. 2 showing the load cell and transfer pin arrange 
ment; 

FIG. 4 is a chart showing a typical signal display for a 
strip with center buckles on a ?ve-pen strip chart 
recorder; 
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2 
FIGS. 5A and 5B illustrate a strip with loose edges 

and the longitudinal stress distribution; 
FIGS. 6A and 6B illustrate a strip with tight edges 

and the longitudinal stress distribution; 
FIG. 7 illustrates a multi-point chart recorder 

readout of loose edges; and 
FIG. 8 illustrates an oscilloscope readout of tight 

edges. 
Referring now to the drawings, and particularly to 

FIG. 1, reference numeral 2 indicates an uncoiler from 
which a strip S is unwound. The strip S passes over and 
around entry bridle rolls 4 through work rolls 6, over 
and around exit bridle roll 8, over and around bridle 
roll 10 and is coiled on recoiler 12. This is a typical ar 
rangement of a cold roll steel strip mill in which the 
strip S is under tension between the bridle rolls. 

Referring now to FIG. 2, tension measuring exit bri 
dle roll 8 is generally hollow and has ?ve compression 
type load cells 14 mounted inside roll 8. The load cells 
may be Model 3108-100 manufactured by Lebow As 
sociates, Inc., Oak Park, Mich. Other types of transdu 
cers may be used in place of the load cells. A transfer 
pin 16 is associated with each load cell 14 and extends 
from the load cell 14 through a hole 18 in the shell of 
roll 8, protruding beyond the surface of roll 8 very 
slightly to contact the underside of a thin rubber sleeve 
20 covering roll 8. Strip S will just contact the projec 
tion in sleeve 20 caused by transfer pin 16 as shown in 
FIG. 3. The load cells 14 and transfer pins 16 are ar 
ranged so that holes 18 are in a straight line across the 
surface of the roll 8 parallel to its axis. 

Roll 8 has a shaft 22 with a timer assembly 24 on one 
end and a slip ring assembly 26 on the other end. Timer 
assembly 24 has a set of contacts 28 which are closed 
by a cam 30 when pins 16 arrive at point A where strip 
S makes contact with roll 8 until pins 16 arrive at point 
B where strip S leaves contact with roll 8 as shown in 
FIG. 3. 

Slip ring assembly 26 has a pair of input rings 32 with 
input connections to each cell 14 but for the purposes 
of illustration, a connection to only one load cell 14 is 
shown. A pair of output slip rings 34 is connected to 
each load cell 14 but for the purposes of illustration, 
the rings and connections to only one load cell 14 is 
shown. A pair of slip ring brushes 36 connects power to 
load cells 14 from a suitable power source 38 through 
connections 40. Another pair of slip ring brushes 42 
connects the output from load cells 14 to a display unit 
44 through connections 46. Contacts 28 are connected 
to display unit 44 through connections 48. Display unit 
44 is a ?ve-pen strip chart recorder such as manufac 
tured by Brush Instrument Division of Clevite Corpora 
tion, Cleveland, Ohio, which records the signals from 
load cell 14 during the time when contacts 28 are 
closed. Journal boxes 50 of shaft 22 have load cells 52 
connected to display unit 44 by connections 54. 
Under optimal conditions, internal stresses are 

evenly distributed throughout the strip and the normal 
reaction tensile loading force of strip S on roll 8 is car 
ried evenly distributed across the face of roll 8. The 
strip will remain ?at when tension is removed. If the 
strip is rolled so as to develop uneven internal stresses, 
such as loose or over-rolled sections, those sections will 
carry less of the normal reaction tensile loading on the 
exit bridle roll 8 than tight or under-rolled sections. 
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Thus, the loose and over~rolled wavy and buckled 
edges of a strip shown in FIG. 5A resuit in the uneven 
internal stress distribution and the uneven tensile dis 
tribution on the exit bridle shown in FIG. 58, while the 
tight and under-rolled edges of the strip shown in FIG. 
6A result in the stress distribution of the exit bridle roll 
shown in FIG. 6B. 
As the strip passes over pins 16 the differences in 

tensile loadings across the face of roll 8 produce dif 
ferent signals which are recorded on display unit 44. 
FIG. 4 shows such signals for three revolutions of roll 8 
where the differences between the signals indicate that 
the strip has very low tensile loadings in the center as 
compared to the edges and the edges have slightly dif 
ferent tensile loadings. 
Thus the differences between signals from load cells 

14 indicate the relative degree of ?atness of the strip S 
as it passes over roll 8. Whether or not the strip will in 
fact have buckles will depend on the thickness of the 
strip and the amount of non—uniform deformation. 
While the differences between signals from load cells 

14 indicate that there may be a departure from ?atness, 
this difference by itself does not indicate the extent of 
the departure and therefore does not indicate whether 
or not the departure from ?atness is within tolerance 
limits. This is determined by ?rst ?nding the total ten 
sile loading from load cells 52 and then determining the 
average load cell tensile load from the contact areas of 
pins 16 as compared to the total tensile load area, the 
roll face area from point A to point B of FIG. 3. The 
average could also be determined by averaging all the 
load cell signals sent to display unit 44. The average 
tension is shown for each of the ?ve recordings in FIG. 
4. This could show, for example, that the edges and 
center are out of tolerance while the quarter points are 
in tolerance. 

FIG. 7 shows the flatness readout where display unit 
44 is a multi-point chart recorder which records the 
peaks or rms values of the signals from load cells 14. 
FIG. 8 shows the ?atness readout where display unit 44 
is an oscilloscope in which the sweep and afterglow 
provide a continuous ?atness pattern. Obviously the 
?atness deviation signals may also be used as control 
signals for the strip production equipment by connec 
tions 56 from display unit 44 to adjust rolls 6. These 
readouts require additional conventional circuitry in 
display unit 44 to determine and display averages and 
tolerance limits so that comparisons can be made. 
Timer cam 30 has been indicated as closing points 28 

from point A to point B, thereby de?ning the degree of 
wrap of strip S around the roll 8. Contacts 28 control 
the length of the signals in display unit 44 which may be 
wide as shown in FIG. 4 or the signals may be narrow 
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4 
(with appropriate adjustments to average determina 
tion) by a different cam surface to provide the signal 
shown in FlGS. 7 or 8. 

While ?ve load cells have been shown and described, 
ideally a continuous tensile determination would be 
made across the width of the strip instead of at discrete 
locations. More than one line of load cells may be 
placed on a bridle roll. 
The tension required in the strip should be of suff 

cient magnitude to provide some tensile loading 
throughout the width of the strip so that there will be a 
signal from the load cell at the least strained section‘ of 
strip. This method is particularly useful when the high 
exit tension in a cold rolled strip mill masks any visual 
observation of flatness deviation. The relative flatness 
determination and the magnitude of the deviation from 
?atness are therefore independent of the strip tension. 

This method of ?atness determination is obviously 
useful for any type of metal or plastic material, either in 
the form of sheet or strip, that may develop internal 
stresses in forming and to which tension may be applied 
and the normal reaction force caused by the tension 
measured at a location where the material changes lon 
gitudinal direction. _ 
While the apparatus shown and described uses an 

electrical signal system, ?uid systems using for example 
oil or water, could also be used. 
We claim: 
1. Apparatus for determining the ?atness charac 

teristics of a longitudinally moving strip under su?i 
cient tension to maintain said strip substantially ?at 
which comprises a roll with its axis perpendicular to the 
direction of travel of said strip over which said strip 
passes with an angle of wrap suf?cient to provide a 
measurable reaction force perpendicular to said strip 
against said roll at the least strained portion of said 
strip, a plurality of load cells mounted inside said roll 
along a line parallel to the roll axis, a plurality of 
transfer pins each connected to one of the load cells at 
one end and terminating slightly beyond the surface of 
the roll at the other end, said pins being adapted to 
transfer the reaction force of the strip on the end area 
of each pin to the associated load cell when the rotation 
of the roll causes a row of pin ends to contact the strip, 
said load cells providing negligible displacement under 
load, and means connected to the load cells for display 
ing the output of the load cells. 

2. Apparatus according to claim 1 in which said roll 
is a bridle roll in a cold roll steel strip mill. 

3. Apparatus according to claim 1 which includes a 
relatively thin resilient covering over said roll between 
the strip and the roll face and the roll face ends of said 
transfer pins. 


