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3,545,239 
METHOD AND APPARATUS FOR CONTROLLING 

FLATNESS OF ROLLED STRIP 
George E. Kennedy, Churchill Borough, Pa., assignor to 

United States Steel Corporation, a corporation of Dela 
Ware 

Filed Oct. 2, 1968, Ser. No. 764,560 
nt. C. B2b, 37/00 

U.S. C. 72-10 7 Claims 

ABSTRACT OF THE DISCLOSURE 
Apparatus for automatically controlling hydraulically 

actuated adjustable roll contour mechanism in strip rolling 
mills including a vibration transducer mounted on the 
rolling mill and operable by vibrations due to undulations 
in the rolled strip, means for rectifying the signal, and null 
seeking means for receiving the vibration signal as input 
and driving the hydraulic actuator to vary the adjustable 
roll contour mechanism toward a minimum vibration 
State. A method of controlling the flatness in rolling steel 
products in an adjustable roll contour rolling mill includ 
ing the steps of obtaining a signal proportional to vibra 
tions due to undulations in the product, and adjusting 
the contour of the roll to reduce the signal so as to ob 
tain minimum undulation in the product. 

This invention relates to a method and apparatus for 
producing fiat products in a mill having a pair of ad 
justable contour work rolls, and particularly to the pro 
duction of hot or cold rolled steel strip. 

In order to produce flat strip, the roll pass must be so 
shaped that undulations do not occur in the strip. This 
is most often done by crowning at least one of the rolls So 
as to obtain the proper work roll contour. Improper 
crown results in undulations of various types in the strip. 
In general, excessive crown produces center buckling and 
insufficient crown produces edge wrinkles. The crown re 
quired to produce a fiat product, i.e., one without wrinkles 
or buckles, varies with the amount of reduction, amount 
of tension, rolling speed, and thermal expansion of the 
rolls which may vary during the rolling operation. Thus, 
it is often necessary to vary the contour of the work rolls 
during the rolilng of any one coil of strip. For this rea 
son, various adjustable roll contour mechanisms have 
been provided on both hot and cold rolling mills. Fox 
Pat. No. 3,024,679 dated Mar. 13, 1962, discloses one. 
type of rolling mill with which my invention may be used. 
The present practice is for the operator to manually 
change the contour when he visually recognizes undula 
tions in the rolled product. This practice has two dis 
advantages. First, the corrections are not always made, 
either because the operator has not noticed the undula 
tions or because the rolled product has been unobserved 
when the undulations are present. Secondly, there is an 
inherent time lag between the observations of the un 
dulations and making the change in roll contour. I have 
found that undulations in the strip produce vibrations in 
the rolling mill, such as in the mill housing, in the exit 
idler housing and bearing, and subsequent roll stands and 
that these undulation vibrations can be isolated from ex 
traneous vibrations and detected to provide a signal in 
dicating that undulations are present. 

It is therefore an object of my invention to provide ap 
paratus for detecting undulations in an elongated flat 
product being rolled. 
Another object is to provide apparatus for automa 

tically changing the contour of work rolls to reduce or 
eliminate undulations in an elongated fdat product being 
rolled. 
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A further object is to provide a method of controlling 

the flatness in an elongated flat product being reduced by 
passing through adjustable contour work rolls which 
method is more accurate and reliable than former meth 
ods. 
These and other objects will be more apparent after 

referring to the following specification and attached draw 
ings, in which: 

FIG. 1 is a schematic view of a conventional rolling 
mill with which my invention may be used; 

FIG. 2 is a schematic transverse view of the roll stand 
of FIG. 1 with my control system also being schematically 
shown; 

FIG. 3 is a schematic view of the control circuit of my 
invention; and 

FIG. 3A is a view showing the relay coils and their 
contacts as positioned in the circuit of FIG. 3. 

Referring more particularly to FIGS. 1 and 2 of the 
drawings, reference numeral 1 indicates a rolling mill 
housing which supports chocks 2, 2L, 3 and 3L. An upper 
back-up roll 4 is journaled in chocks 2, lower back-up 
roll 4L in chocks 2L, upper work roll 5 in chocks 3, and 
lower work roll 5L in chocks 3L. Screw downs 6 deter 
mine the roll gap as the strip S. passes between the work 
rolls. Hydraulic actuators 7 between chocks 2 and 3 and 
between chocks 2L and 3L are connected to hydraulic 
pressure controls 8 which are supplied with fluid by hy 
draulic pump 9 so - as to adjust the contour of the work 
rolls. The controls 8 include a valve 8V which is op 
erated by a reversible motor 8M (FIG. 3). The parts so 
far described are conventional as shown by the above 
mentioned Fox patent. Strip S from a coil mounted on 
an uncoiler 10 passes over an idler roll 11 supported in 
bearings 11B which are mounted in a housing 11H. The 
strip then passes through the work rolls 5, 5L, over an 
exit idler roll 12 which is supported in bearings 12B 
mounted in housing 12H, and then to coiler 13. This 
equipment is conventional and more than, one roll stand 
may be provided also in a conventional manner. 

According to my invention I attach a vibration pick 
up element 14 to any member of the mill which is sub 
ject to vibration due to the strip being rolled. This may 
be the chock 3L as shown in FIG. 2, an exit idler roll 
bearing or housing, or any subsequent element in the 
line, such as the next roll stand. The element 14 is pref 
erably a vibration pick-up and analyzer, Model 314, 
manufactured by the International Research and Develop 
ment Corporation, Worthington, Ohio, which generates 
an electrical signal proportional to the frequency and am 
plitude of the vibrations and supplies the signal to a vibra 
tion controller 16 described in detail below. The vibra 
tion controller 16 is also electrically connected to hydrau 
lic pressure controls 8, being a conventional type pres 
sure regulator controlled either by a direct motor 8 M, 
drive as shown in the preferred embodiment or through 
a motor driven recorder with a retransmitting slidewire 
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which regulates the voltage on a solenoid valve. 
The function of the controller 16 is to seek the direc 

tion of a null of the induced vibration and to generate 
a signal to be sent to the hydraulic pressure controls 8. 
This signal to controls 8 initiates actuation of cylinder 7 
adjusting the , roll contour on such a manner as to 
minimize the induced vibration in the strip S and the mill. 
The vibration control 16 performs a continuing function 
to terminate the correction signal when the induced vibra 
tion reaches a minimum. 
The vibration controller 16, as shown in FIG. 3, in 

cludes an energizing : circuit 17 having an amplifier 18 
connected to a full wave rectifier 20. Connected to the 
output terminals of rectifier 20 through a bistable ampli 
fier 22 is relay coil 24 of a relay having normally closed 
contact 24C and normally open contact 24C1. In parallel 
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with amplifier 22 is a transformer 26. Connected across 
transformer secondary 26S is a bistable amplifier 28 in 
series with a blocking diode 30. Amplifier 28 energizes 
relay coil 32 having normally closed contacts 32C and 
32C1 and normally open contact 32C2. 

Also, a part of the controller 16 is null measuring cir 
cuit 34 powered by D-C voltage source IL1-L2. A reset 
switch 36 is connected to power source L1-L2 in parallel 
with normally open relay contact 38C and in series with 
switch 40, normally open relay contact 42C (operated by 
relay coil 42) and relay coil 38 (having normally open 
contacts 38C and 38C1). Relay coil 42 is connected across 
power source L1-L2 in series with normally closed relay 
contacts 44C and 46C (operated by coils 44 and 46, re 
spectively). Connected across power source L1-L2 in se 
ries with normally open contact 38C1 are several parallel 
circuits: normally closed contact 48C (operated by coil 
48) in series with time delay relay coil 50 (having a nor 
mally closed contact 50C); contact 24C in series with time 
delay relay coil 54 (having normally closed contact 54C); 
contact 32C in parallel with normally closed contact 58C 
and in series with time delay relay coil 60 (having nor 
mally open contact 60C and normally closed contact 
60C1); contact 32C1 in parallel with normally closed con 
tact 64C and in series with time delay relay coil 66 (hav 
ing normally open contact 66C and normally closed con 
tact 66C1). Connected across power Socure L1-L2 in 
series with contacts 38C1 and 50C are several parallel 
circuits: contact 24C1 in series with two parallel branches, 
the first including contacts 64C1 and 60C1 and coil 58 
(having normally closed contacts 58C and 58C1 and 
normally open contacts 58C2 and 58C3) and the second 
including contacts 54C, 58C1, 66C and relay coil 64 
(having normally closed contacts 64C and 64C1 and 
normally open contacts 64C2 and 64C3); contact 32C2, 
which is in series with energizing coil 46 (having normally 
closed contacts 46C and normally open contacts 46C1) 
and contacts 46C1 and 60C1 which are connected in paral 
lel, and also in series with relay coil 44 (having normally 
closed contact 44C and normally open contact 44C1) and 
contacts 44C1 and 66C1 which are connected in parallel; 
contact 64C2 in series with hydraulic puressure controls 
terminal 8R and contact 58S2; and contact 58C3 in series 
with hydraulic pressure controls terminal 8R1 and contact 
64C3. Reversible motor 8M is connected between ter 
minals 8R and 8R1. 

Providing mill load information to null measurement 
circuit 34 are load cell 72 connected to back-up roll 4, 
amplifier 74 and relay coil 48 having a normally closed 
contact 48C. 

In basic operation, the automatic change of contour of 
the work rolls 5 and 5L is accomplished by varying the 
hydraulic pressure to the actuating cylinder 7, which 
through back-up rolls 4 and 4L controls the work rolls 
5 and 5L. The change in hydraulic pressure is accom 
plished through the hydraulic pressure controls 8 which 
are driven by the null-measuring circuit 34. The circuit 
34 supplies an operating voltage to the hydraulic con 
trols 8 through contacts 58C2 and 58C3 to cause motor 
8M to move valve 8V toward a closed position so as to 
lower the hydraulic pressure, or through contacts 64C2 
and 64C3 to cause motor 8M to open valve 8V so as to 
raise the hydraulic pressure to the actuating cylinder 7. 
It is to be noted at this point that in the control system 
both sets of contacts 58C and 64C cannot be closed at the 
same time. In order that any existing pressure may be 
maintained thus maintaining the existing contour of the 
rolls, the circuit 34 provides a zero-voltage function where 
in there is no supply voltage to the hydraulic controls 8 
and therefore they are unresponsive to change the system 
hydraulic pressure. 
The vibration control system is energized by means of 

the “reset” switch 36 and may be deenergized at any time 
by means of the “off” switch 40. When strip S enters the 
work rolls, the load cell 72, operating through amplifier 
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4 
74, energizes relay coil 48 to open contact 48C so as to 
deenergize relay coil 50,, which after a time delay closes 
contact 50C to energize the null-measuring system 34 
for the hydraulic pressure controls 8. The time delay of 
relay 50 in included in the system so that mill conditions 
may stabilize before activating the roll-bending control 
System. When vibrations occur because of undulations in 
the strip, a vibration signal is produced by vibration pick 
up 14 and the signal is amplified and rectified to D-C 
through the full-wave rectifier 20. Thus, vibration provides 
a signal to turn on bi-stable amplifier 22 and energize 
relay coil 24. Energization of coil 24 closes contact 24C1 
so as to energize relay coil 58 which will close its con 
tacts 58C2 and 58C3 to lower the hydraulic pressure. The 
circuits are designed so that initial action of the controls 
8 will lower the hydraulic pressure to the cylinder 7; that 
is, relay 58 will be energized before relay 64. This is ac 
complished by means of relay 54. When relay 24 is ener 
gized, indicating the need for regulator action, relay 54 is 
deenergized, but contact 54C will not close until the time 
delay has elapsed, thus preventing energization of relay 64. 

Bi-stable amplifier 28 senses any increase in vibration 
through the transformer 26 and diode 30. Diode 30 pre 
vents the sensing of a decrease in vibration. If Irelay 58 
is energized and an increase in vibration has caused relay 
32 to be energized, relay 60 will be deenergized and after 
a time delay will deenergize relay 58 and at the same time 
energize and seal in relay 46 through contact 46C1. Clos 
ing of contact 58C1 will energize relay 64 to increase roll 
bending pressure. If vibration continues to increase after 
this reversal of the pressure-regulator action, relay 66, 
after a time delay, will be deenergized and contact 66C 
will open and contact 66C1 will close. Closing of contact 
66C1 will energize relay 44, and open contact 44C which 
will deenergize relay 42 which, after a time delay will 
open contact 42C and denergize the control system 34. 
The control system must be reactivated through the “reset” 
Switch 36. 

In normal operation, vibration will result initially in 
lowering of pressure by means of relay 58 as described 
above. If this lowering of pressure causes an increase in 
vibration, the control system will be switched to raise the 
pressure by means of relay 64 as described above. Pressure 
will then be adjusted until vibration is at a minimum and 
relay 24 is deenergized. As the vibration is decreased by 
raising the pressure, relay 32 which will not sense a de 
crease in vibration, will be deenergized, thus deenergizing 
relay 46 and preventing Ilock-out of the control system 
through relay 42 in case the vibration again starts to 
increase because of “overshoot” resulting from the in 
crease in pressure. If the vibration decreases and then 
starts to increase while the pressure is being raised through 
relay 64, relay 66 will be deenergized and, after a time 
delay, the opening of contact 66C will deenergize relay 
64 which in turn will energize relay 58 to lower the 
pressure. 
When action of the pressure regulator decreases vi 

bration to a minimum, relay 24 will be deenergized and 
the control 8 will maintain a fixed pressure until vibra 
tion again increases. This increase in vibration will cause 
relay 58 to be energized first and if the vibration con 
tinues to increase, action of the system will be corrected 
as described above. Initial lowering of pressure has been 
selected because rolling forces will normally increase from 
head to tail of the strip being rolled, thus requiring less 
roll-bending force to produce good shape. 

It will be noted that the vibrations generated by the 
non-flat product in turn generates sound waves. Thus, 
a Sonic detection device could be substituted for the 
vibration pick-up element providing satisfactory results 
with appropriate modification of the system. 

While several embodiments of my invention have been 
shown and described, it will be apparent that other adop 
tations and modifications may be made without depart 
ing from the scope of the following claims. 
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I claim: 
1. Apparatus for detecting undulations in a flat prod 

uct being rolled in a rolling mill comprising vibration 
detecting means operable by vibrations in said rolling 
mill due to undulations in said product, and means con 
nected to said detecting means for producing a signal 
proportional to said vibrations. 

2. Apparatus according to claim 1 in which said roll 
ing mill includes a pair of adjustable contour work rolls 
through which the product passes, and means for chang 
ing the contour of said rolls; said apparatus incluuding 
means connected to said signal producing means for op 
erating said contour changing means to change the con 
tour of said rolls. 

3. Apparatus according to claim 2 in which the vi 
bration detecting means is a vibration transducer mounted 
adjacent an operable member of the mill which produces 
a signal proportional to the vibrations. 

4. Apparatus according to claim 3 in which the means 
connected to said signal producing means for operating 
said contour changing means includes means for a null 
method of measurement of said signal connected to the 
signal producing means and said control means for ac 
tuating the means for changing the contour of said rolls, 
whereby the null method of measurement will vary the 
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contour of the rolls seeking to minimize the undulation 
in the product. 

5. Apparatus according to claim 4 in which the means 
for changing the adjustable crown on a roll is a roll bend 
ing mechanism. 

6. Apparatus according to claim 4 in which the means 
for changing the adjustable crown on a roll is a roll ex 
panding mechanism. 

7. The method of controlling the fiatness in a prod 
uct reduced by passing through a pair of adjustable con 
tour work rolls; which method comprises the steps of 
obtaining a signal proportional to vibrations due to un 
dulations in said product, and adjusting the contour of 
said work rolls to reduce the magnitude of said signal. 
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