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ABSTRACT OF THE DISCLOSURE 
A plate mill gage control method is described wherein 

the roll opening at the mill center line (as determined in 
conventional fashion from the desired delivery gage, the 
predicted mill stretch and any changes in the center line 
diameter of the mill rolls from the last mill calibration) 
is modi?ed by an amount substantially equal to the total 
space existing between adjacent roll surfaces in an un 
loaded condition at a point corresponding to the edge of 
the plate to be rolled. This modi?ed roll opening then is 
employed to position the rolls for reduction of plate 
gage. 

BACKGROUND ‘OF THE INVENTION 

The present invention relates generally to metal de 
forming and more particularly to a gage control method 
for use in rolling metal plates. 

conventionally, metal plates are de?ned as ?at rolled 
products which have an edge gage of 0.230 inch or thicker 
when 8 inches or more in width and 0.180 inch or thicker 
when more than 48 inches wide. Plates, used for bridges, 
buildings, ships, storage tanks, and many other applica 
tions, are rolled from thicker slabs or slab ingots. Rolling 
operations are performed either in reversing mills, in 
which the plate passes back and forth through the same 
set of rolls, or in continuous mills, in which the plate 
passes in succession through several sets of rolls arranged 
in tandem. In either type of mill, the passage of a plate 
between a set of mill rolls during a rolling operation gives 
rise to roll separating forces which distort or stretch the 
mill. As a result, the delivery gage or gage following the 
rolling operation is greater than the gage or distance by 
which the mill rolls were initially separated. The initial 
separation of the mill rolls is referred to as the unloaded 
roll opening. 

In determining the unloaded roll opening needed to 
produce a desired delivery gage during a rolling opera 
tion, it is standard practice to use mill stretch data which 
indicates the amount of stretch for dilferent levels of roll 
separating forces for plates of particular compositions, 
widths, and temperatures. The derivation of stretch data 
and the prediction of roll separating forces may be car 
ried out by known techniques. As the particular tech 
niques used are not important, they are not discussed here. 
The position of the mill rolls is normally monitored by 

a position sensing device which actually senses the angu 
lar positions of roll-adjusting screws that bear against 
end supports for one of the mill rolls. A commonly used 
position sensing device is a shaft position-to-digital con 
verter or encoder consisting of a disk having binary-coded 
contact strips which may be read by means of parallel 
output brushes to produce a digital count representative of 
the screw position and thus the mill roll position. 
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To calibrate or “zero” the mill, as is normally done 

at the beginning of a work shift, the rolls are forced to 
gether or loaded by the roll-adjusting screws until a 
predetermined force level is sensed by a force transducer 
located between one of the screws and one of the roll sup 
ports. The shaft encoder count is noted. The stretch of the 
mill is also determined from a special facing stretch curve 
and the shaft encoder count for this magnitude of stretch 
is established. The shaft encoder count when the rolls 
?rst touch or are “zeroed” is derived by adding the stretch 
count to the count observed at the calibrating load level. 
Because the rolls normally have a positive crown (center 
line diameter greater than end diameter), the “zeroed” 
rolls touch at the center line only. 
To illustrate the calibrating process using arbitrarily 

selected numbers, assume that the shaft encoder count 
increases by one count for each mil (.001 inch) of roll 
movement as the rolls move away from one another. If, 
at the predetermined force level, the shaft encoder count 
is zero and the stretch is known to be 50 mils, the shaft 
encoder count for “zeroed” rolls is 50. 

Because the shaft encoder actually senses screw posi 
tion and not roll face position, changes in roll diameter 
occurring between calibrations due to thermal expansion 
or wear are accompanied by changes in the shaft encoder 
reading for “zeroed” rolls. For example, if the center line 
diameters of the rolls have increased 30 mils above the 
original diameters due to thermal expansion since the last 
time the mill was calibrated, the rolls must be moved 30 
mils further apart to “zero” them, and the “zeroed” rolls 
count must be changed to 50 plus 30 or 80. Similarly, if 
the rolls have worn to 20 mils less than the original 
center line diameter, the rolls must be closed 20 mils and 
the “zero” shaft encoder count changed to 50 minus 20 
or 30. Changes in center line roll diameters may be de 
termined by actual measurement of the rolls or may be 
predicted from measurements of rolled plates, tempera 
tures, and the amount of time the rolls have been in use. 

According to the prior art, the center line unloaded roll 
opening for a rolling operation is established as follows. 
Assume, for purposes of illustration, 

(1) That the shaft encoder count for “zeroed” rolls is 
50, 

(2) That the’ desired delivery gage is 500 mils, and 
(3) That the mill stretch for the predicted roll sepa 

rating forces is 200 mils. 
The shaft encoder count for the proper center line 

(according to the prior art) unloaded roll opening would 
be 50 plus 500 minus 200 or 350. The position of the mill 
rolls is then adjusted until the actual shaft encoder read 
ing equals the calculated reading. 
The prior art technique of calculating roll position as 

sumes that it is permissible to use the center line of the 
rolls as the reference for establishing an unloaded roll 
opening based on plate edge gage and mill stretch at the 
plate edges. This assumption is permissible only where 
plate width does not change greatly from piece to piece, 
or where a reliable and accurate feedback of plate edge 
gage is available prior to the last rolling operation in a 
series of operations performed on the plate. Where width 
changes are small, roll opening adjustments based on 
measurements of the ?nal gage of previously rolled plates 
will gradually eliminate the zeroing error in any form of 
closed loop gage control system. Where an automatic 
gaging device is available, some correction is possible 
even on the ?rst plate in a series of uniformly-wide plates. 
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By observing the actual gage following each operation 
and comparing it to the predicted gage, appropriate cor 
rections may be made prior to the last rolling operation 
to eliminate observed gage errors. 
However, the prior art technique results in undesirably 

heavy reliance on the accuracy of the gaging device, par 
ticularly where widths change abruptly from plate to plate. 

SUMMARY OF THE INVENTION 

The present invention is an improvement in gage con 
trol which recognizes that the con?guration of the rolls 
and the width of the plate being rolled must be taken into 
consideration in the ?rst instance to avoid undue reliance 
on gaging devices. A base ?gure is established for each un 
loaded roll opening as a function of the desired delivery 
gage, the predicted mill stretch, and the changes in center 
line diameters of the mill rolls since the last time the mill 
was calibrated. An offset is determined as a function of 
the effective crown on the mill rolls, the length of the mill 
rolls, and the width of the plate to be rolled. The mill 
rolls are positioned according to the combination of the 
base ?gure and the offset before a rolling operation is 
performed. 

DESCRIPTION OF THE DRAWINGS 

While the speci?cation concludes with claims particu 
laly pointing out and distinctly claiming that which is re 
garded as the persent invention, details of the invention 
may be more readily ascertained from the following de 
tailed description when read in conjunction with the ac 
companying drawings in which: 

FIG. 1 is a block diagram of a rolling mill control 
system showing only those elements needed to practice 
the present invention; 
FIG. 2 is a graph of a family of mill stretch curves for 

plates of different widths; 
FIG. 3 is an exaggerated front view of a pair of mill 

rolls in a two-high mill; and 
FIG. 4 is an exaggerated front view of a set of mill 

rolls in a four-high mill. 

DETAILED DESCRIPTION 

Referring now to FIG. 1, a plate mill consisting of a 
pair of opposed rolls 10 and 12, each backed by one of a 
pair of larger rolls 14 and 16, is shown during a rolling 
operation being performed on a plate 18 passing from left 
to right through the mill. In this type of mill, commonly 
known as a four-high mill, the opposed rolls 10 and 12 
are designated work rolls whereas the larger rolls 14 and 
16 are designated backup rolls. The relative positions of 
the work rolls 10 and 12 are controlled by a screwdown 
drive including a screw 20 extending through a threaded 
bore in a top plate 22 in a mill housing, of which only 
top plate 22 and a base plate 24 is shown. The vertical 
position of the screw 20 with reference to the top plate 
22 is controlled by a screwdown drive 26 and is monitored 
by a shaft encoder 2-8. The lower end of the screw 20 
bears indirectly on one end support for the backup roll 
14 through an interposed force transducer, such as load 
cell 30, which measures the forces tending to separate the 
work rolls 10 and 12 as the plate 18 undergoes reduction. 
While a single screw 20 is shown, it shoulld be understood 
that the screwdown drive also includes a second screw 
seated against the end support at the opposite end of back 
up roll 14. When the position of roll 14 and thus the po 
sition of work roll 10 is to be adjusted, both screws are 
rotated synchronously by one or more drive motors in 
screwdown drive 26. 
The edge gage of the plate 18 delivered from the mill 

is monitored by a thickness gage which may be an X-ray 
gage or any other suitable type of gage. Assuming that the 
thickness gage is an X-ray gage, the gage includes a ra 
diation source 32 located above one edge of the plate 18 
and a detector 34 located below the same edge in line with 
the output of the source 32, Signals representing measure 
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ments made by the thickness gage are applied to a com 
puter 36 which also receives inputs from the shaft en 
coder 28 and the load cell 30. An additional input to com 
puter 36 is representative to plate width. The plate width 
may be determined by any suitable width gage of one is 
available.‘ Where there is no available width gage, the 
width should be known with sufficient accuracy from the 
processing instructions which include target dimensions. 
As the plate 18 passes between the work rolls 10 and 

12, it tends to force the rolls apart by distorting the rolls, 
the roll supports, and the mill housing. The amount of 
roll separation or stretch at the edges of a plate of a given 
width is a function of the roll separating force, the com 
position, and the temperature of the plate. When plotted 
as a function of force, a mill stretch curve is shown to be 
non-linear. FIG. 2 shows three mill stretch curves for 
plates of widths A, B, and C. In determining the stretch 
of the mill at the edges of a plate of given width, such 
as width A, the intercept of a line representing the pre 
dicted roll separating force F1 and the appropriate stretch 
curve (for width A) is located. The location of this inter 
cept on the stretch curve de?nes a stretch S1 which indi 
cates the amount by which the roll separation increases 
at the edges of the plate during the rolling operation. 
The edge gage of the rolled plate has been considered, 

according to the prior art, to be equal to the sum of the 
unloaded roll opening established as described at the 
mill center line and the stretch S1. 
The present invention recognizes that the roll gap con 

?guration and the plate width must also be taken into 
account in initially establishing a center line unloaded 
roll opening needed to produce a plate having a particular 
desired edge gage. Referring to FIG. 3, representing a 
pair of “zeroed” rolls in a two-high mill, it is seen that 
the total roll gap at the ends of the rolls initially equals 
one crown (C) with each roll contributing one half of 
the total. The roll gap at a distance 1/2W from the center 
line of the rolls is less, being a function of the shape of 
the rolls themselves. Since the rolls are generally para 
bolic, the roll gap at distance 1/2W is equal to the roll 
gap at the ends of the rolls minus the roll gap at the 
center line times the square of the ratio of the distance 
1/2W to the distance 1/2L from the center line to the ends 
of the rolls. More succinctly, 

where GW is the roll gap at the distance 1/2W, Ge is the 
roll gap at the ends of the rolls, Gc is the roll gap at 
the center line of the rolls, W is the plate width, and L 
is the roll length. For the “zeroed” two-high mill illus 
trated in FIG. 3, the term Ge— cLLOC. 

In a four-high mill, the term Ge-——Gc is initially equal 
to twice the crown on one of the work rolls. Referring 
to FIG. 4 for an explanation, the maximum gap between 
work rolls 38 and 40 is equal to 1.0C just as in the two 
high mill described in connection with FIG. 3. In addition, 
roll gaps equal to 1/2C exist between the work rolls 38 
and 40 and their respective backup rolls 42 and 44. These 
additional gaps add one full crown to the effective crown, 
yielding a total effective crown of 2.0‘C. Since backup 
rolls normally have zero crown, there is no contribution 
to total crown from them. However, where backup rolls 
do have a ground crown, the two backup rolls do con 
tribute 1.0 backup roll crown to the total effective crown. 
The discussion has dealt only with the initial effective 

crowns in both two-high and four-high mills. It should 
be understood that the effective crown does not remain 
at a ?xed value during rolling, but tends to increase due 
to uneven thermal expansion across the face of the mill 
rolls and tends to decrease due to uneven wear across 
the face of the mill rolls. In practicing the invention, the 
most current effective crown value is used. Current effec 
tive roll crown values may be estimated by a mill opera 
tor on the basis of the condition of plates being rolled. 
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As an alternative method of obtaining current roll crown 
values, the relationship between roll separating forces, 
measured plate crowns, and roll crowns may be used. 
Generally, the roll separating force F needed to form 
a plate crown PIC may be calculated with an equation 
having the form: 

where k1, kg, and k3 are constants ?xed by the properties 
of the mill and plate whereas RC represents the effective 
roll crown. Rearranging this equation 

E_ 
k1 

'Using the predetermined constants, the measured forces 
and plate crowns for the plates just rolled, the current 
effective roll crown may be calculated. 

In order to compute the actual unloaded roll opening 
at the edges of the plate being rolled for a given center 
line opening, it is necessary to determine an offset. As 
suming that a four-high mill is in use, the offset GW 
would be 

1 r RC=E( r2100) 

plate width 2 
Gw= 2 X crown >< (————rou length 

' For a one hundred inch wide plate being rolled by 150" 
work rolls having an effective crown of 15 mils, the offset 
is 

150 in. 

or approximately 13 mils, meaning that a center line 
shaft encoder count of 350 is equivalent to a shaft en 
coder count of 363 at the edges of a one hundred inch 
plate. 

‘Since it is the count for the roll opening at the edges 
of the 100 inch plate which must equal 350 in order to 
produce a plate having an edge gage of 500 mils, the 
count at the center line must be reduced from 350 to 
(350-13) or to 337. 
To simplify computation of the offset, a linear equa 

tion may be used to calculate approximate offsets based 
on a linear roll gap. This equation would have the form 

100 in.)2 

where Gw' is the approximate offset, k is a constant de 
termined by the con?guration of the mill rolls, C is the 
effective crown depending on the type of mill, W is the 
width of the plate being rolled, M is the minimum width 
to be rolled, and R is the length of the mill rolls. For 
parabolic rolls, the constant k would have a value between 
1.5 and 2.0. 

It is to be understood that the base ?gure and the offset 
are calculated prior to each rolling operation in a sched 
ule regardless of whether the schedule is carried out in 
several passes through a reversing mill or in a single pass 
through a plurality of stands in a continuous mill. Calcu 
lating the offset in the ?rst instance, reduces reliance on 
an automatic gaging device to provide after the fact meas 
urements of errors caused by disregard of roll gap con 
?guration and plate Width. 
What is claimed is: 
1. For use in each rolling operation in a plate rolling 

mill, a gage control method including the steps of: 
(a) establishing a base ?gure for the roll opening at 

the mill center line in accordance with the desired 
edge gage of a plate and the predicted stretch of the 
mill at the plate edges at the expected force levels; 

(b) establishing an offset in accordance with the un 
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6 
loaded con?guration of the rolls and the width of the 
plate to be rolled, said offset being substantially equal 
to the total space existing between adjacent roll sur 
faces in an unloaded condition at a location corre 
ponding to the edge of the plate to be rolled; 

(c) combining the base ?gure and the offset to estab 
lish the proper center line roll opening; 

(d) positioning the rolls according to the proper center 
line roll opening; and 

(e) passing the plate between the positioned rolls. 
2. A gage control method as recited in claim 1 where 

in the offset is established as the product of the effective 
crown on the rolls and the square of the ratio of plate 
width to roll length. 

3. A gage control method as recited in claim 1 wherein 
an approximate offset is established from the formula 

W-M 
k0 ( R _M) 

where k is a constant determined by the unstressed con 
?gurations of the faces of the rolls, C is the effective 
crown of the rolls, W is the predetermined width of the 
plate, M is the ‘minimum. plate width to be rolled at the 
mill stand, and R is the length of the mill rolls. 

4. For use in a plate rolling mill wherein the roll posi 
tions are monitored by an indicator calibrated for the 
center line of the mill, a method of establishing the center 
line roll opening needed to roll a plate having a desired 
edge gage, said method including the steps of: 

(a) establishing a base figure for the roll opening at 
the mill center line in accordance with the desired 
edge gage of a plate and the predicted stretch of the 
mill at the plate edges at the expected force levels; 

(b) electrically computing an offset in accordance with 
the unloaded con?guration of the rolls and the width 
of the plate to be rolled, said offset being substan 
tially equal to the total space existing between adja— 
cent roll surfaces in an unloaded condition at a loca 
tion corresponding to the edge of the plate to be 
rolled; 

(c) electrically summing the base ?gure and the offset 
to establish the proper center line roll opening; and 

(d) passing the plate between rolls separated by the 
proper center line roll opening to reduce the gage 
of said plate. 

5. A method as recited in claim 4 wherein the offset 
is electrically computed as the product of the effective 
crown on the rolls and the square of the ratio of plate 
width to roll length. 

6. A method as recited in claim 4 wherein an approx 
imate offset is electrically computed from the formula 

W-M 
k0 ( R _ M 

where k is a constant determined by the unstressed con 
?gurations of the faces of the rolls, C is the effective 
crown of the rolls, W is the predetermined width of the 
plate, M is the minimum plate width to be rolled at the 
mill stand, and R is the length of the mill rolls. 
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