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[57] ABSTRACT 

A control method and apparatus for maintaining a 
uniform predetermined thickness of rolled sheet metal 
in a metal rolling mill where variations in sheet thick 
ness are measured prior to its entry into the mill rolls. 
As a basic function, signals corresponding to the mea 
sured variations are fed forward to control pressure 
actuator means for the rolls, to provide corrections 
that eliminate the variations. The actuator means are 
also controlled by a secondary function that operates 
independently to slowly return the pressure value of 
the actuator means toward its original pre~set value as 
corrections are applied in response to measured varia 
tions. These two control functions are added together 
to form a composite change to the roll pressure ac 
tuactor means which controls the roll pressure and 
prevents it from exceeding its original pre-set value by 
an amount that would disturb the strip “shape." The 
variations of the unrolled sheet thickness are mea 
sured accurately even though the pass angle seen by 
the entry gauge is constantly varying. 

12 Claims, 3 Drawing Figures 
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FEED FORWARD GAUGE CONTROL SYSTEM FOR 
A ROLLING MILL 

In the rolling of sheet-metal to a predetermined thick 
ness the major reduction in thickness is accomplished 
by the mill rolls which are forced together by some con~ 
trollable pressure means. Variations in thickness of the 
sheet metal stock to be rolled must be accounted for 
during the rolling process in order to obtain a rolled 
end product of uniform ‘thickness. Measurement of 
such variations prior’ to entry of sheet material into the 
pressure rolls is essential so that feed forward correc 
tions can be made. 
One problem heretofore encountered by certain roll 

ing mill control systems related to maintaining the 
proper cross-sectional shape and thickness of the sheet 
material. In such mills the rolls are tapered so that the 
proper cross~sectional shape of material is maintained 
only when the pressure of the rolls is held within certain 
limits. Where thickness variations in the supply mate 
rial required increased roll pressure to control the out~ 
put sheet thickness, a distortion of the rolls sometimes 
occurred where the pressure required was excessive. 
This caused the rolls to bend, thereby resulting in a 
cross-sectional variation in sheet thickness. Yet, if the 
pressure of the rolls was excessively diminished, a dis 
tortion in the cross-sectional shape in the opposite di 
rection occurred. The present invention solved this 
problem. 
Another problem with prior feed forward control sys 

tems was that they did not provide any correction for 
a varying passline angle through the input gauge. In 
most rolling mills the material removed from supply 
rolls passes through a varying passline angle with the 
horizontal before it enters the rolls and does not pass 
through either a constant angle or a horizontal path for 
any appreciable distance before entering the pressure 
rolls. Thus, in such mills it is impossible or impractical 
to locate a gauge where the material passline is not 
varying as the supply roll diameter constantly de 
creases. The present invention eliminates this problem 
so that the gauge reading used for the feed forward 
control is essentially not affected by a varying passline 
angle. ' 

OBJECTS AND SUMMARY OF THE INVENTION 

It is, therefore, a general object of the present inven 
' tion to provide an improved method for controlling the 
gauge of metal material being rolled to a predeter 
mined thickness from rolled stock of a greater thick 
ness and having random thickness variations. 
Another more specific object of the invention is to 

provide a method as above which measures the sheet 
thickness of material prior to its entry between pressure 
rolls even where a varying passline is seen by the entry 
gauge. _ 

Yet another object of the present invention is to pro 
vide a method for controlling the uniform thickness of 
metal being rolled in a rolling mill wherein the mea 
sured entry thickness is utilized to control the pressure 
of the rolls so as to provide the desired material thick 
ness despite thickness variations, and more specifically 
wherein when sudden variations in incoming thickness 
occur, the roll pressure is abruptly increased when the 
variation reaches the roll bite to rapidly eliminate the 
variation in thickness and immediately thereafter the 
pressure is automatically returned at a relatively slow 
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2 
rate toward the operator's set point, thereby generating 
a small error in thickness at the output gauge of the mill 
to cause the feedback controller to compensate by 
changing payoff tension and/or mill speed. 
The apparatus for accomplishing the aforesaid 

method steps generally comprises a ?xed non 
contacting radiation gauge of the X-ray or nuclear iso 
tope kind that is mounted near the payoff reel. The 
strip material being rolled has an angular, varying pas 
sline through the entry gauge which generates measure 
ment signals as a result of absorption of nuclear parti 
cles in the strip. The measurement signals are gener~ 
ated intermittently at a constant rate (e.g. 20 times per 
second), and are converted into a measure of the varia 
tions in strip thickness. 
These signals from the entry gauge are supplied to a 

high speed feed forward section of a computer system 
having a series of function blocks with inputs controlla 
ble from an operator’s station having video monitoring 
facilities. The computer system provides output control 
signals to a pressure controller which is connected to 
a pressure actuating system on the mill rolls and it also 
provides signals to the speed and tension control means 
on the mills. 
The angle of the strip passing through the‘ X-ray 

gauge at entry affects both the absolute thickness seen 
by the gauge and also the difference between one read 
ing and the next. The differential of the gauge reading 
is calculated assuming nominal entry gauge thickness 
and this value is all that is required for feedforward. 
The differential entry gauge reading is delayed by a 
time delay, representing the transport delay of the mill 
less the time constant of the pressure controller. De 
layed changes in entry gauge are used to modify the set 
point of the pressure controller. The transport delay is 
modified with mill speed. The gain is modified by strip 
width and thickness, and also by the alloy being rolled. 
Further objects, advantages and features of the pres 

ent invention will become apparent from the following 
detailed description taken in conjunction with the ac 
companying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic and block diagram of a feed for 
ward control system embodying the principles of the 
present invention; 
FIG. 2 is a diagram of my feed forward system show 

ing the action of various parameters during typical op 
eration; 
FIG. 3 is a diagrammatic view of the entry gauge for 

providing measurement signals of strip material with a 
varying angular passline. 

DETAILED DESCRIPTION OF EMBODIMENT 

General 

With reference to the drawing, FIG. 1 shows in block 
diagram form a control system for a metal cold-rolling 
mill 10 which in broad terms comprises a payoff reel 12 
of the metal strip material 14, such as aluminum or 
copper which is to be rolled to a smaller uniform thick 
ness. The strip is threaded through an entry guage l6 
and thence between the bite of a pair of work rolls l8 
and 20 and an exit gauge 22 to a rewind reel 24. The 
latter has a suitable power drive 26 and means to in 
crease tension of the strip between the rewind reel and 
the work rolls. The payoff reel 12 has a similar drive 28 
including means to increase tension between it and the 
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work rolls. The strip engaging work rolls 18 and 20 are 
pressed together by a pair of back-up rolls 30 and 32 
in the conventional manner. The back-up rolls are sup 
ported in chocks (not shown) and they are mechani 
cally controllable to vary the gap between the work 
rolls. One of the work rolls 20 is mechanically con 
nected to a main drive motor 34 having a connected 
speed measurement device 36 that provides an output 
equivalent to actual mill speed. A system is provided 
for moving one work roll toward the other and against 
the metal strip 14 with the particular pressure neces 
sary to maintain the preselected roller gap. This system, 
though not shown in detail, is well known to those 
skilled in the metal rolling art and typically includes a 
hydraulically powered actuator (not shown) with a pre 
load cylinder 38. 
The mill 10 is connected to a feed forward control 

section 40 of a computer via a computer/mill interface 
including an analog to digital converter 42 connected 
to the entry gauge 16. This interface also includes a roll 
gap controller 44 that controls the actual pressure 
which the rolls apply to the strip material and hence the 
thickness of the metal coming out of the roll bite. This 
controller receives input control signals from a com 
puter system through a digital to analog converter 46 
which is part of the computer/mill interface. 
As shown in FIG. 1, the computer feed forward con 

trol section 40 receives input data from the entry gauge 
16 located near the payoff reel 12. This section com 
prises a series of calculating or functional elements of 
the computer which process data received from the 
computer/mill interface and an operator’s station 48. 
These functional computer elements compute a new 
target change for the roll gap controller 44 via the com 
puter/mill interface. 
A more'detailed description of the elements at the 

operator’s station 48 as well as those comprising the 
feedforward control section 40 will now be presented. 

The Entry Gauge 16 
An important aspect of the present feed forward sys 

tem is that thickness measurements of the strip metal 
14 are made as it leaves the payoff reel 12 and are fed 
forward through the computer system 40 to control 
small, short term variations of pressure on the mill 
work rolls l8 and 20 by the roll group control 44. The 
thickness measurements between the payoff reel 12 
and the work rolls are made by the gauge 16 which 
may, of necessity, be located closely adjacent to the 
payoff reel where the metal strip being measured passes 
through the gauge at a varying passline angle. The sig 
nal from the entry gauge is read at a high frequency 
synchronized to the execution rate of the functions in 
the section 40 of FIG. 1, which is typically 20 times per 
second. 
The gauge itself is preferably of the non-contacting 

radiation type utilizing either an X-ray or nuclear iso 
tope radiation’ source. One form of such a gauge is 
shown in US. Pat. No. 3,757,122. 
As shown in FIG. 3, a correction to the thickness 

measurement for the pass angle of metal through the 
entry gauge 16 is accomplished by combining the ac 
tual measurement of the gauge with an assumption that 
the actual thickness of the strip is near to target thick 
ness, in the following manner: 
For a radiation measuring device such as shown in 

FIG. 3, the equation relating thickness of material be 
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4 
tween a radiation source 50 and a detector 52 to the ra 
diation received by the detector is generally known to 
those familiar with the art as the “gauge equation” and 
is expressed as follows: 

where 
T= measured thickness I 

R = measured ratio between the voltage provided by 
the detector with material present, and the voltage with 
only air present, subsequently referred to as “the ra 
tio.” > 

,u. is a constant depending on the absorption charac 
teristics of the material being measured. 
Referring to FIG. 3, which shows material at an angle 

other than 90° to the source detector time: 
TM = thickness of material which the radiation must 

penetrate. 
TA = actual thickness of material. . 

By considering a small change in actual thickness A T,,, 
which results in a small change A TM in thickness for the 
radiation to penetrate, the gauge equation (l) can be 
differentiated to produce the relationship. 

A TM : _ (I/ILRM) A RM 

(2) 

Where RM is the measured ratio for thickness TM, and 
A RM is a small change in that measured ratio. From 
basic geometry (FIG. 3) 

TA/TM : A TA/A TM 

(3) 

Combining equations (2) and (3) by basic algebra 

A TA = TA/TM (— I/ILRM) A RM 

(4) 

But, from the basic gauge equation (I), 

TA/TM = low RA/loge RM 

(5) 

Now, combining equations (4) and (5): 

A T4 = — l/uRM (loge RA/loge R") A RM 

(6) 

Where RA is the ratio R as previously defined if the 
metal is presented to the gauge perpendicular to the ra 
diation beam; and 
RM is the ratio R actually measured with the strip at 

some angle to the radiation beam. 
This equation relates a change in actual thickness of 

the material to a change in measured ratio taken at an 
angle other than 90° to the gauge. 

It it is assumed that R,, is approximately equal to the 
ratio corresponding to the nominal thickness of metal 
entering the mill, which may be entered by the opera 
tor, then the magnitude of thickness changes of the 
metal strip entering the mill can be obtained by mea 
suring the ratio R". Thus, in the method of the present 
invention, the input gauge measures the actual thick 
ness (TM) to obtain the ratio RM even though the angle 
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of the strip through the gauge (the passline angle) may 
be varying. 

The Operatorls Station 48 

The operator’s station48 normally located within an 
enclosure near the mill includes suitable apparatus 
comprising: _ - 

a. means for selecting feedforward control on or off; 
b. means for entering the nominal entry thickness of 

the metal being rolled into the mill into the com 
puter system; 

c. means for entering the roll pressure target, which 
the operator desires for good strip shape, into the 
computer system; and 

d. a means for displaying all selected inputs for 
checking purposes. 

These functions are preferably implemented with a 
video display and keyboard entry station. Since all of 
the aforesaid apparatus and arrangement of same is 
well known to those skilled in the art, it is not shown 
in detail. 

The Computer Feed Forward Control Section 40 
_ The feed forward control section 40 of the computer 
system comprises: 
a. Transport Delay Function 60. 
The instant speed of the mill, measured via the speed 

measurement device 36 and furnished to the analog to 
digital converter 42 is supplied to the transport delay 
function block 60. 
Using this speed, the block 60 computes the trans 

port time of the strip from the measurement point to 
the roll bite. This may be expressed by the following 
equation: 

where d is the distance from the measurement point 16 
to the roll bite 18 and v is the strip velocity. In order 
to make a compensatory adjustment to the roll gap to 
eliminate the gauge disturbance it takes a finite time for 
the roll gap controller 38 to move. This time is referred 
to as the roll gap time constant tr. To allow for this, the 
time delay rd calculated by block 60 is reduced by this 
amount and using equation (7) the computation in 
block 60 is 

rd: (d/v) —r 

(8) 

The voltage received from the entry gauge for the ini 
tial correction is delayed by the amount td computed by 
this transport delay function by setting up a shift regis 
ter in the computer software in the conventional man 
ner. This shift register is shifted at a fixed execution fre 
quency which is the same as that of the other functions 
of section 40 in FIG. I, typically 20 times per second. 
Various values of the 1.1 are represented by taking a 
value out of the shift register at a point down the regis 
ter proportional to rd. For example, if 2,, = 735 millisec 
onds and the execution time is once every 50 millisec 
onds the time delay is represented by a value N items 
down the shift register where 

N = 735/50 = 14.7 

The fractional part of N is handled by linear interpo 
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6 
lation of the 14th and 15th values in the shift register 
in the conventional manner. 
b. Pass Angle Correction Function 62. 
The nominal entry thickness is entered into a pass 

angle function block 62 of the computer by the opera 
tor at the operator’s station 48. Here, this input data is 
used in conjunction with calibration constant held 
within the computer to convert the delayed change in 
entry gauge measurement from the block 62 into a 
thickness change as described in equation (6) in the 
previous section on the entry gauge. 
For example, ifA RM = 0.01, R,, = 0.6, RM = 0.5 and 

p. = 0.4 

then 

A TA = — (1/0.4 >< 0.5) (log. 0.6/10};e 0.5) 0.01 

= —0.0368 which is the amount of thickness change 
that will be entering the roll gap, the units being thou 
sandths of an inch if the units of ,u. are (thousandths of 
an inch) ‘1. 
c. Roll Gap Target Change Computation 64. 
From the thickness change input, provided by the 

pass angle function block 62, a change in roll gap is _ 
computed in order to eliminate this thickness change. 
This is a straightforward computation using previously 
determined values and calculations relating thickness 
out of the mill to roll gap target, strip width, strip hard 
ness, and strip thickness. 
d. Limit Checking 66. 
For operational safety of the mill and to maintain 

strip quality, it is important that the roll pressure does 
not depart too far from the value Po originally set in by 
the operator. An excessive change in pressure will 
cause work roll bending and will alter the “shape” of 
the strip. On the other hand the feedforward control 
section needs to make some pressure change in order 
to effect a gauge connection. Block 66 therefore 
checks the absolute value of the difference between the 
demanded roll gap pressure P and the operator’s value 
Po and prevents this value from exceeding a preset limit 
PL by restricting the value of P. 
Expressed as equations this process is as follows: At 

control period n, block 64 generates a required-change 
in pressure A P”. The calculation in block “is first to 
calculate the new requested pressure P’" from the pre 
vious pressure P"‘1 as: 

PI" : Pix-1 + A Pu 

The value of P’" is then limit checked as follows: 
9f 1 P'" — Pol < PL then P" = P'" 

then P" = P0 + PL if P"l > P0 

The value of PL is different for different metal thick 
nesses and' alloys and so the computer selects the ap 
propriate value from a table based on the actual allo 
and thickness being rolled. ‘ - 

6. Automatic Ramp Return Function 68. 
Up to this point the feedforward control function has 

calculated a change to the roll gap controller target to 
completely eliminate changes in entry gauge thickness 
as the metal is rolled. Now. an automatic ramp return 
function block 68 compares the roll pressure P0 desired 
by the operator (for reasons of good strip shape) with 
the computed roll gap pressure P" and superimposes 
upon this computed pressure a change which causes 
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the roll pressure to slowly return or ramp back to the 
operator’s desired roll pressure. 
This would result in a slowly increasing error in exit 

gauge of the strip since we are slowly removing the cor 
rective pressure change requested by the feedforward 
control section 40. However, this gauge error is seen by 
a standard feedback controller 72 conventionally pres 
ent in rolling mills, which corrects for the'error by ad 
justing other mill variables such as speed or tension. 
The effect of the auto ramp return function 68 is to 
slowly transfer any long term changes in roll pressure 
required by changing incoming strip thickness to other 
variables that also control thickness such'as speed or 
tension. Because the feedback controller 72 does not 
have an instantaneous response, the effect of the slow 
ramp return 78 of pressure by block 68, is to cause a 
small steady state gauge error 79 during the ramp re 
turn (See FIG. 2). The ramp is slow enough that this 
error 79 is negligibly small. To completely eliminate 
this error it would be possible to send a signal directly 
from block 68 to the payoff tension or speed used by 
the feedback controller 72. However, in practice, the 
size of this gauge error does not require this additional 
complexity. 1 

f. Output Function 70 
The output function takes the resultant composite 

change in roll gap target and outputs it through the dig 
ital to analog converter 40 to the roll gap controller 44. 
The computation described and embodied by the ele 

ments of section 40 of FIG. 1 are typically made 20 
times per second. This frequency may vary and is 
chosen so that a reasonable number of executions are 
made in the time taken for the strip to travel from the 
entry gauge to the roll bite. - 

The aforesaid thickness error caused by the ramping 
back action is measured by the exit gauge 22 which is 
connected to the feedback controller 72. This control 
ler receives an input from the analog to digital con 
verter 42 equivalent to actual mill speed, and it supplies 
feedback outputs to the main drive motor 34 and to the 
pay~off drive motor 28 which also controls tension of 
the strip material. Thus, control action taken by the 
feedback controller 72 substantially removes the thick 
ness error introduced by block 68 described above by 
changing other mill control values which affect thick 
ness (e.g., pay-off, tension and mill speed control). 
The overall combined effect of the feedforward and 

feedback control systems is illustrated graphically in 
FIG. 2. 
Assume that a sudden change in incoming thickness 

occurs at the entry gauge 16, as indicated at 74 on the 
upper trace (a) of the diagram. When this change 
reaches the roll bite the pressure of the work rolls 18 
and 20 is increased abruptly as indicated at 76 of next 
lower trace (b) to eliminate the change in thickness. 
Simultaneously, the automatic ramp return function is 
automatically set up to commence the steady return of 
roll pressure toward the operator’s setpoint, as indi 
cated by the ramp 78 of the trace (c). The actual roll 
pressure change is shown in trace (d) of FIG. 2. This 
ramping along line 78 generates a small error in thick 
ness out of the mill which causes the feedback control 
ler 72 to compensate in its normal manner by changing 
the pay-off tension at the control 28 and/or mill speed 
by the main drive motor 34. Thus, in accordance with 
the present invention, the initial control action is taken 
by first changing the roll pressure which is capable of 
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8 
changing at a fast rate. Then, this initial change of roll 
pressure is slowly transferred to the pay-off tension and 
mill speed. The resulting variation in strip thickness are 
shown at the roll bite and at the exit gauge in traces (c) 
and (f) of FIG. 2. The unique combination of feed for 
ward and feedback control serves to keep the roll pres 
sure of a mill within limits consistent with good strip 
shape while maintaining a high degree of accuracy on 
the rolled output thickness of the metal strip material. 
To those skilled in the art to which this invention re— 

lates, many changes in construction and widely differ 
ing embodiments and applications of the invention will 
suggest themselves without departing from the spirit 
and scope of the invention. The disclosures and the de 
scription herein are purely illustrative and are not in 
tended to be in any sense limiting. 
We claim: 
1. A method for controlling the gauge without chang 

ing the shape of strip material issuing from a rolling mill 
that includes a payoff reel, a pair of pressure rolls to 
produce a desired roll force, pressure control means for 
varying the pressure of said rolls on the strip material 
and the gap between them, a takeup reel, an input 
gauge between said payoff reel and said rolls, tension 
control means for the strip material, an output gauge 
and feedback means connected‘ to said output gauge, 
said method comprising the steps of: - ' 

generating a signal at the input gauge for determining 
a variation‘ in the gauge of material from the payoff 
reel from a nominal thickness; 

producing a primary control function causing said 
pressure control means to operate in response to 
the variation in gauge detected by said input gauge 
when the actual gauge variation reaches said pres~ 
sure rolls, said primary control function operating 
on said pressure rolls to change their force on the 
strip at a relatively rapid rate to substantially elimi 
nate the thickness variation; ‘ 

superimposing a secondary function on said pressure 
control means immediately after the activation of 
said primary function, said secondary function 
causing the changed force of the pressure rolls'on 
the strip material by said primary control function 
to commence returning at a relatively slow steady 
rate toward the original preset level and thereby 
causing a relatively small variation in target gauge 
of the material passing from said rolls; 

generating an error signal proportional to said small 
variation at the exit gauge; and 

utilizing said error signal to activate a mill control 
means for eliminating said small variation in gauge. 

2. The method as described in claim 1 wherein said 
error signal is utilized to operate the tension control 
means to counteract said small variation in gauge. 

3. The method as described in claim 1 wherein said 
error signal is utilized to vary the speed of strip material 
in the mill to counteract said small variation in gauge. 

4. The method as described in claim 1 wherein the 
signal is generated at the input gauge by measuring the 
actual thickness of the strip as it passes at a varying 
angle between the radiation source and detector ele 
ments of the entry gauge and using said signal from the 
input gauge in conjunction with the assumed nominal 
thickness value of the strip material to compute the ac 
tual variation in incoming strip thickness. 
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5. The method as described in claim 4 wherein said 
actual variation in incoming strip thickness is deter 
mined by the equation 

T4 = "" (loge RA/klgc RM) A RM 

where: u = a constant depending on the absorption 
characteristics of the material being measured; RA is 
the ratio between the voltage provided by the detector 
with material present and the voltage with only air pres 
ent when the metal is perpendicular to the detector‘s 
radiation beam; RM is the ratio between the voltage 
provided by the detector with material present and the 
voltage with only air present which is actually mea 
sured with the strip at an angle to the radiation beam; 
A RM is the current RM minus the previous RM. 

6. In a rolling mill including a payoff reel for a strip 
of sheet material connected to a takeup reel, a pair of 
pressure rolls for applying a forming force on said strip 
material and a pressure control means for controlling 
said pressure rolls, an entry gauge between said payoff 
reel and said rolls and an exit gauge between said rolls 
and said takeup reel, a feed forward thickness control 
system for said mill comprising: 
means for utilizing signals from said entry gauge and 
comparing them with an input proportional to the 
assumed nominal thickness of the strip material 
from said payoff reel to produce signals propor 
tional to variations in thickness of the strip mate 
rial; 

primary control means for utilizing said signals pro 
portional to said strip thickness variations for oper 
ating said pressure rolls control means to cause a 
relatively rapid increase in pressure by said rolls; 

means responsive to activation of said pressure con 
trol means for commencing a steady reduction of 
roll pressure; 

feedback control means responsive to signals gener 
ated by said exit gauge compared with a prese 
lected target gauge for producing an error signal; 

and means responsive to said error signals for activat~ 
ing another gauge control means on the mill. 

7. The method as described in claim 6 wherein said 
primary control function is produced by: 
computing the transport time of a gauge variation 
from the measurement point to the roll bite and 
subtracting from this time a roll gap time constant; 

providing a pass angle correction to the nominal 
entry thickness and using it in conjunction with a 
calibration constant to convert the delayed change 
in entry gauge measurement into a thickness 
change; 

computing a change in the roll gap based on the pre 
viously computed thickness change modi?ed by 
characteristics of the strip material; and 

checking the computed roll pressure for compliance 
with operational limits. 

8. An apparatus for controlling the gauge and shape 
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10 
of strip material issuing from a rolling mill that includes 
a payoff reel, a pair of pressure rolls adjustable to a pre 
selected gap to produce a desired target thickness, 
pressure control means for varying the pressure of said 
rolls on the strip material and the gap between them, 
a takeup reel, an input gauge between said payoff reel 
and said rolls, tension control means for the strip mate~ 
rial, an output gauge and feedback means connected to 
said output gauge, said apparatus comprising: 
means for generating a signal at the input gauge for 
determining a variation in the gauge of material 
from the payoff reel from a nominal thickness; 

means responsive to said signal from said input gauge 
for producing a primary control function causing 
said pressure control means to operate when the 
actual gauge variation reaches said pressure rolls to 
change their force on the strip at a relatively rapid 
rate to substantially eliminate the thickness varia~ 
tion; 

means for superimposing a secondary function on 
said pressure control means immediately after the 
activation of said primary function, said secondary 
function causing the changed force of the pressure 
rolls on the strip material by said primary control 
function to commence returning at a relatively 
slow steady rate toward the original preset level 
and thereby causing a relatively small variation in 
target gauge of the material passing from said rolls; 

means for generating an error signal proportional to 
said small variation at the exit gauge; and 

means for utilizing said error signal to activate a mill 
control means for eliminating said small variation 
in gauge. 

9. The apparatus as described in claim 8 including 
means for utilizing said error signal to operate the ten 
sion control means to counteract said small variation in 
gauge. 

10. The apparatus as described in claim 8 including 
means for utilizing said error signal to vary the speed 
of strip material in the mill to counteract said small var 
iation in gauge. 

11. The apparatus as described in claim 8 wherein 
said means for generating a signal at the input gauge in 
cludes means for measuring the actual thickness of the 
strip as it passes at a varying angle between the radia 
tion source and detector elements of the entry gauge 
and means for using said signal from the input gauge in 

_ conjunction with the assumed nominal thickness value 
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of the strip material to compute the actual variation in 
incoming strip thickness. 

12. The apparatus as described in claim 8 wherein 
said means for superimposing a secondary function 
comprises an automatic ramp return means for gener 
ating a signal which moves the pressure control means 
at a preselected constant rate towards an original pre 
set level until that preset level has been reached. 
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