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ABSTRACT OF THE DISCLOSURE 
This invention relates to an improvement in rolling 

mills and, more particularly, to an improved mill and 
control for producing very accurate gauge workpieces, 
such as strip, plate and the like. 

The present invention provides for an improved rolling 
mill and control therefor which is characterized by being 
very economical to manufacture and maintain and capa 
ble of giving trouble-free operation even in the difficult 
environment of a rolling mill plant. 

In the present invention there is provided a method 
and apparatus for maintaining the roll gap of a mill con 
stant, thereby substantial constant gauge can be obtained 
and wherein the roll separating forces created during roll 
ing are adapted to be transmitted to a first group of re 
lated mill parts, including first and second reducing rolls, 
which parts when subjected to varying separating forces 
have a variable effective length, the change of which rep 
resents an undesirable change in the roll gap by reason of 
the displacement of the rolls and wherein a controlled 
force is transmitted to a second group of related mill 
parts which, when subjected to such a force, has a variable 
effective length, the algebraic sum of said controlled force 
being exerted in a direction opposing the separating force 
and being greater than the separating force, and wherein 
the controlled force is varied in a manner to change the 
effective length of the second group of mill parts to com 
pensate for the change in length of the first group, thereby 
to move the second roll relative to said first roll to main 
tain the roll gap substantially constant. 

In the foregoing object the controlled force is con 
trolled by the following formula: 

where F equals the controlled force, Y equals the pro 
portionality of the moduli or spring coefficient of the first 
and second groups of mill parts and P is the rolling load. 

In furtherance to the aforesaid object of the present 
invention, means separate from the force applicator is 
provided to set the initial desired gap of the mill rolls. 

It is a further object of the present invention to provide 
a roll gap control for a rolling mill or the like having a 
pair of cooperative metal working rolls which constitute 
at least part of a first group of mill parts, which parts 
have a variable effective length when subject to varying 
separating forces, means for producing a first signal rep 
resentative of the separating force generated by said rolls, 
a second group of mill parts having a variable effective 
length when subject to a varying controlled force, a con 
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trolled force of a magnitude greater than the separating 
force and in a direction opposing the separating force and 
adapted to move a roll of the mill, means for producing a 
second signal representative of the proportionality of the 
moduli of said first and second groups of mill parts, 
means for receiving said first and second signal and pro 
ducing a third signal representative of the change in the 
roll gap by reason of the changes in the effective lengths 
of the said two groups of mill parts which, in turn, repre 
sents the controlled force necessary to vary the effective 
length of the second group of mill parts to compensate 
for the change in effective length of the first group of mill 
paits, thereby to maintain the roll gap of the mill sub 
stantially constant, said third signal being used to con 
trol the operation of said controlled means. 

In furtherance to the aforesaid object of the present in 
vention there is provided in said second group of mill 
parts force transmission bars engageable with a roll as 
sembly on the side of the mill on which the pressure 
means is located, said bars being unconnected with the 
roll assembly on the opposite side of the mill, but engag 
ing with said housing on that side and adapted to resist 
the controlled force. 

It is a further object of the present invention to pro 
vide readily yieldable means in said second group of parts 
whereby said second group is characterized by a low 
modulus or spring coefficient. 

It is a still further object of the present invention to 
provide an improved rolling mill wherein the initial roll 
gap of the rolls is set by a very simplified, trouble-free 
screwdown arrangement which, in one form, as adapted 
to operate with a 4-high rolling mill, takes the form of 
four parallelly arranged rotatable screws, a pair of each 
being mounted in one of two housing posts, which screws 
either engage force transmission bars located between the 
housings and one of the backup chocks of the mill, in a 
manner to effect movement thereof, which movement es 
tablishes the initial gap of the working rolls. 

BRIEF SUMMARY OF INVENTION 

There has, in recent years, been an increasing and con 
certed effort to improve the tolerance of the workpiece 
produced by a rolling mill. U.S. Patent Nos. 2,726,541, 
3,197,986, and 3,208,251 are illustrative of recent patents 
that have been addressed to this objective. These and 
other known arrangements for improving accuracy of 
gauge have been found to involve some serious disad 
vantages and limitations. For one thing, many of them are 
extremely expensive, both from a manufacturing and a 
maintenance standpoint. Some are extremely difficult to 
maintain in effective operating condition due to the en 
vironment in which a rolling mill must operate and are 
not conducive to trouble-free performance for any ap 
preciable duration. A further disadvantage of some of the 
present systems has to do with the fact that there is a 
significant lag between the time the need for gauge cor 
rection is discovered and the time it takes to make the 
necessary correction in resetting of the rolls and/or ad 
justment of the tension. 

T)RAWINGS 

These objects, as well as other novel features and ad 
vantages, will be better appreciated when the following 
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description is read along with the accompanying drawings, 
of which: 
FIGURE 1 is an elevational view, partly in section, of 

one embodiment of the present invention; 
FIGURE 2 is a sectional view taken on lines II-II 

of FIGURE 1; 
FIGURE 3 is a modification of the mill shown in FIG 

URES 1 and 2, showing the employment of an inherent 
elastic member in the group of mill parts associated with 
the prestressing means; 
FIGURE 4 represents an electrical diagram of a con 

trol for use in practicing the present invention in the form 
illustrated in the previous figures; and 
FIGURE 5 is an elevational view, partly in section, of 

a still further embodiment of the present invention. 
DESCRIPTION OF INVENTION 

With reference first to FIGURES 1 and 2 which illus 
trate the preferred arrangement of the present invention, 
there is illustrated a rolling mill consisting of a pair of 
upright housings, one of which, 10, is only illustrated, it 
being understood that the housings with their components 
are identical in structure. The housing 10 has a window 11 
into which there is received upper and lower backup rolls 
12 and 13 having chocks 14 and 15, respectively, the chocks 
having opposed openings 16 into which there are received 
the chocks 17 and 18 of work rolls 19 and 20, respectively. 
The backup chocks 14 and 15 are urged away from each 
other in the usual manner by roll balance piston cylinder 
assemblies 21, as are the working rolls by roll balance 
piston cylinder assemblies 22. The lower backup chock is 
associated with a force applicator in the form of a piston 
cylinder assembly 23 located at the bottom of the mill hav 
ing a piston 24 which engages the lower surface of the 
lower backup chock 15 through a spherical connection. 
The piston cylinder assembly is connected to a fluid power 
source capable of exerting a variable force in excess of the 
separating force. 
With respect to the upper backup chock 14 of the hous 

ing 10, it is separated from the housing post by a breaker 
block 25 and a load cell 26, which could be any of a 
number of commercial units designed to measure the sep 
arating force of the mill. - 
As indicated previously, it is an important feature of the 

present invention to provide a novel and simplified screw 
down arrangement for initially setting the gap of the work 
ing rolls 19 and 20, in which regard it will be noted in 
FIGURES 1 and 2 that the upper backup chock 14 is 
provided with parallel openings 27, a continuation of 
which extends through the top of the mill and through 
which are inserted rods 31, the lower ends having threaded 
portions 32 which are received in nuts 33 non-rotatably 
mounted in the housing 10. The lower ends of the rods 31 
engage elongated compression bars 34 which are received 
in the chock opening 27 and extend to the lower backup 
chock 15, which they forcibly contact. The upper end of 
the rods 31 are drivenly associated with a common motor 
35, the motor driving through a set of spindles 36 which 
are associated with worm-wheel units 37 and 38 which 
serve to transmit the power of the motor to the rods 31. 
It will be noted that a similar motor-wheel arrangement 
will be provided for the other housing and that the gear 
units will be interconnected to assure synchronous opera 
tion of the screwdown arrangement for both housings. 
As previously noted and as will more fully be explained 

hereinafter, it is the primary object of the present inven 
tion to provide a novel rolling mill construction and con 
trol for obtaining substantial constant gauge by maintain 
ing the gap between the working rolls substantially con 
stant. Thus, the present invention contemplates a mill con 
struction and control that will automatically compensate 
for the elastic change in the characteristics of the mill 
components which takes place as the separating force 
changes. It should be noted in this respect, in view of the 
fact that the piston cylinder assembly 23 is located on the 
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4 
inside of the housing 10 to directly receive the separating 
force of this mill, that any elastic change in the housing 
due to a change in the separating force will be automatical 
ly compensated for by a displacement of the piston of the 
cylinder and, therefore, such elastic change need not be 
considered in determining the degree of compensation 
needed to maintain the roll gap constant. 
The present invention stems from a discovery that the 

roll gap of the mill can be maintained constant auto 
matically if various parts of the mill are arranged to func 
tion in interrelated but different groups, one group being 
subject to the separating force which will result in an 
elastic change of its effective length and wherein the other 
group is subject to a controlled force, which force is ap 
plied in a direction opposing the separating force and of a 
magnitude sufficient to change the effective length of the 
second group of mill parts an amount sufficient to com 
pensate for the change in length of the first group of mill 
parts. It will be readily appreciated, and more so from 
the subsequent remarks, that a distinct advantage can be 
realized in designing the mill so that the elastic characteris 
tic of the second group of mill parts is such that not only 
will sufficient capacity be available to correct for the elas 
tic change of the first group of mill parts, but be of a 
sufficient low value to allow the screwdown mechanism 
and the controlled force piston cylinder assembly to be 
kept relatively small in size. 

Accordingly, as illustrated in FIGURE 3, while not 
considered necessary in all forms of the present invention, 
it is advantageous to provide in the mill readily yieldable 
members which will allow a relatively high elastic charac 
teristic of the elements of the mill associated with the con 
trolled piston cylinder assembly 23. While various forms 
may be employed, a very simple and trouble-free arrange 
ment includes springs located in the group of mill parts 
to which the controlled force is applied. In the illustrated 
form there is provided an opening 39 in the mili lower 
backup chocks 15 into which is received a spring 40, the 
spring having a plunger 41 with an enlarged head 42 in 
cluding a spherical recess to which is received the end of 
the associated compression bar 34. It will be readily ap 
preciated that there is provided in this arrangement a very 
simple construction to enable the modulus of the backup 
chock 15, bars 34, rods 31 and nuts 33 to be kept at a 
predetermined low value in accordance with the aforesaid 
objective. 
To better understand the manner in which the present 

invention accomplishes a substantially constant roll gap 
condition, reference will now be made to the formula ap 
pearing in column 1 from which is derived the changing 
magnitude of the controlled force necessary to obtain a 
substantially constant gap condition. This formula is re 
stated as follows: 
F=(Y--1)P (Equation #1) in which the derivation 

thereof is as follows: 
Let P represent the rolling load which is opposed by 

the controlled force developed by the piston cylinder as 
sembly 23 and which force is designated by F. If F is al 
ways kept greater than P, then the excess load (F-P) 
will be bypassed through the bottom backup chock 15, 
bars 34, the screws 32 and nuts 33 and back into the 
housing 10. Consequently, the deflections of the mill can 
be divided into two separate quantities, namely, (a) the 
load P which is transmitted through the working rolls 
19-20, backup rolls 12 and 13, and the chock of the upper 
backup roll, a part of the lower backup roll chock, as well 
as the upper portion of the housing, and (b) the load 
F-P which is transmitted through the lower backup 
chock 15, bars 34, screws 32 and nuts 33. Consequently, 
the mill with respect to its elastic change due to varying 
separating forces may be looked at as constituting two 
separate moduli which correspond to the two groups of 
mill parts identified above and which can be identified as 
M= the modulus of parts transmitting the load P and 
Mc=the modulus of parts transmitting the load (F-P). 
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Now, in letting Y equal M/M and letting S equal the 
stretch or elastic change of the mill as related to a. change 
in the roll gap, the following equation can be Written: 

S--(F) Mr Mc (2) 
This may be rewritten as: 

S-E------ 
Mo Mo" Mc (3) 

A change in the rolling condition with reference to the 
stretch of the mill can thus be written as: 

YAP-AFAP Mc Mc' Mo (4) 
Since the object in obtaining constant roll gap is to make 
AS=0, this prerequisite can be established by equating 
Equation No. 4 to zero, thus: 

YAPAF AP 

AS 

AS = O = M. MiMo 
(5) 

In solving for AF, Equation No. 5 can be rewritten as: 
AF=(Y--1) AP (6) 

which can be expressed also as: 
F-F'=(Y--1)P-P' (7) 

From this it follows that if the initial load P' is zero, then 
F also is zero and, consequently, the Equation No. 1 is 
derived, thus: 

It will be appreciated from Equation No. 1 that if the 
moduli (MR and Mc) of the two groups of mill parts that 
make up Y are equal to each other, then Y=1 and F-2P. 
From this it follows that if M is proportioned so that 
Mc=.25 MR, then F=1.25 P. This points up the desir 
ability of keeping the value of M sufficiently low so as 
to reduce the size of the screwdown 32-38 and the size 
of the piston cylinder assembly 23. To accomplish this it 
is the object of the present invention, as previously noted, 
to provide a built-in elastic characteristic into the ele 
ments constituting the Mc group of mill parts. In this con 
struction springs may be provided as illustrated in FIG 
URE 3. By the employment of the springs, the value of 
Mc may be maintained low enough to obtain the neces 
sary elastic characteristic to provide the necessary com 
pensationing ability. 
With reference to FIGURE 4, which illustrates a con 

trol for practicing the invention, it should be mentioned 
first of all that it is the object of the control to produce a 
signal representing the required change in the controlled 
pressure according to the formula: F=(Y-1)P. Accord 
ingly, in FIGURE 4 there is provided a potentiometer 46 
which is manually adjusted to produce a signal repre 
senting the quantity MR of Equation No. 2 which is sent 
to a summation amplifier 47, the summation amplifier 47 
also receives signals from potentiometers 48 and 49 repre 
senting certain variable elastic characteristics of the roll 
and strip, such as, in the first case, change in size of the 
roll diameters and, in the second, strip width which influ 
ence the stretch of the mill. The amplifier 47 produces a 
modified signal representing the corrected value for the 
MR quantity which is received by a dividing amplifier 51. 
This amplifier 51 also receives from a manually adjustable 
potentiometer 52 a signal representing the quantity Mc of 
Equation No. 2. 
As indicated in FIGURE 4, the dividing amplifier 51 

produces a signal representing Y which, as previously 
noted, equals Mc/MR and sends the signal to a dividing 
amplifier 53. The dividing amplifier 53 also receives a 
signal from a manually operated potentiometer 54, the 
signal representing a value V. The signal from the ampli 
fier 53 which is represented by a quantity Y/V is sent to 
an amplifier 55. This amplifier receives from a secondary 
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6 
amplifier 56, a quantity 1/V, it being noted that the am 
plifier 56 receives a signal representing the quantity V 
from the potentiometer 54. Hence, the amplifier 55 adds 
the values 

Y 1 ( +.i) 
and sends a signal to a multiplying amplifier 57, which 
also receives a signal of the value V from the potentiom 
eter 54. The amplifier 57, accordingly, produces a signal 
equaling the value Y--1 from the input signals repre 
senting 

Y V(+) 
It should be noted that there are other ways to establish 
Y-1 and feed its signal into the system. Thus, the ampli 
fiers 55-57 are employed to produce the quantities of 
Equation No. 1: Y--1, which signal is sent from the am 
plifier 57 to a summation amplifier 58. This amplifier also 
receives a second signal representing the rolling pressure 
P. As noted in the lower part of FIGURE 4, the load cell 
26 sends a signal to a secondary amplifier 59 and also 
sends a signal to an amplifier 62 which receives a second 
signal from a manually operated potentiometer 63. The 
amplifier 62 sends its signal to a relay 64 which has a 
normally open contact and a normally closed contact, 64a 
and 64b, respectively, as shown. The potentiometer 66 
produces a signal representing V1 so that in the event 
that the value P is zero or below a predetermined pres 
sure, then the signal V represents the pressure of P. Re 
lay 64 applies either the P or V signal to the amplifier 
59 depending on the output from the load cell. Accord 
ingly, the amplifier 59 produces a signal; either P or V. 
and sends its signal to the amplifier 58. The amplifier 58 
produces a signal normally representing P(Y-1), which 
is sent to a solenoid 67 which operates a valve 68 that 
controls the pressure in the piston cylinder assembly 23 
arranged at the bottom of the housing 10. 

It will be appreciated that the various amplifiers illus 
trated in FIGURE 4 are of the typical, well-known design 
as exemplified in a publication by Korn and Korn, en 
titled "Electric Analog Computers,” published by 
McGraw-Hill, 1952. 

In operation the values of the various manual poten 
tiometers, such as 46, 48, 49, 52, 54, 63, and 66 will 
be predetermined and the load cell 26 will produce a 
signal proportional to the actual separating force of the 
mill so that the pressure of the cylinder 23 which is repre 
sented by the quantity F of Equation # 1 will be changed 
pursuant to the change in the separating force an amount 
necessary to compensate for any change in the effective 
length of the mill parts represented by the Y quantity. 
Turning now to the final embodiment of the present 

invention, as illustrated in FIGURE 5, the arrangement 
illustrated differs from that of FIGURES 1 and 2 in that 
instead of the parallel screws, a single mill screw is 
provided for each housing. Accordingly, there is provided 
in the housing 70 openings 72 in the upper backup chocks 
73 to which there is received force transmission bars 74, 
the bars extending between the lower backup chock 75 
and the top of the housing 70, for which purpose there 
is provided on the housing lugs 76 which are engageable 
by the upper ends of the bars. The upper backup chock 
73 carries a load cell 77 as do the previous mill arrange 
ments, the upper ends of the load cell being engaged by 
a screw 78 which is readily received in a nut 79 non 
rotatably carried by the housing 70. It will be noted that 
the screwdown nut 79 arrangement illustrated in FIG 
URE 5 is similar to present-day mill construction. Accord 
ingly, the screw is adapted to be rotated by a worm 
wheel unit 80, the worm being driven by a motor, not 
shown. 
While the aforesaid specification has illustrated a 

number of embodiments of the present invention, it will 
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be appreciated by those skilled in the art that other 
forms of the invention may be devised without departing 
from the scope thereof. It will be also appreciated that 
while a four-high mill has been selected to illustrate the 
features of the present invention, the invention may be 
just as readily employed in connection with other types 
of mills, such as two-high mills and other apparatus 
which require a constant roll gap, such as rubber and 
paper calenders. 

In accordance with the provisions of the patent statutes, 
I have explained the principle and operation of my inven 
tion and have illustrated and described what I consider 
to represent the best embodiment thereof. However, I 
desire to have it understood that within the scope of 
the appended claims, the invention may be practiced 
otherwise than as specifically illustrated and described. 

I claim: 
1. In a rolling mill for controlling the roll gap formed 

by working rolls thereof comprising: 
a first group of related mill parts adapted to receive 

the separating force developed by the working rolls 
in processing material fed therebetween, 

said first group of mill parts including the working 
rolls, which parts when subject to the varying sepa 
rating force have a variable effective length causing 
a corresponding variation in the roll gap, 

a second group of related mill parts which include a 
member not included in the first group of mill parts, 
said parts constructed and arranged to have a vari 
able effective length when subject to a force, 

rforce applicator means arranged to cause movement 
of one of said rolls and for applying a controlled 
force to both said first and second groups of mill 
parts, 

said force applicator means exerting its force in a 
direction opposing Said separating force and in which 
the algebraic sum of the forces applied to said first 
and second groups of mili parts is at all times greater 
than the separating force, 

said member of said second group of mill parts being 
constructed and arranged to be subject only to the 
difference between the separating force and the con 
trolled force, and 

means responsive to a change in the separating force 
for controlling the force exerted by said controlled 
means to vary the effective length of said second 
group of mill parts to thereby change the roll gap 
in a direction to compensate for the change in length 
of the first group of mill parts. 

2. In a rolling mill according to claim 1, including 
means for controlling the force applicator in accordance 
with the following formula: F=(Y--)P where F equals 
the controlled force, Y equals the proportionality of the 
moduli or spring coefficient of the first and second groups 
of mill parts and P is the separating force. 

3. In a control for establishing the gap between two 
cooperative working rolls of an apparatus for reducing 
material, 
said working rolls constituting a part of a first group 

of related mill parts adapted to receive the separat 
ing force developed by the working rolls in reduc 
ing the material, 

said first group of mill parts being characterized by 
the fact that when subject to the varying separating 
force they have a variable effective length causing 
a corresponding variation in the roll gap, 

means for producing a first signal representing the sep 
arating force developed between the rolls, 

a Second group of related mill parts having a variable 
effective length when subject to a varying force, 

force applicator means for developing a force of a 
magnitude greater than the separating force and in 
a direction opposing the separating force, being con 
Structed and arranged to move at ieast one of the 
rolls of the mill to vary the gap thereof, 
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8 
means for producing a second signal representative of 

the proportionality of the moduli of said first and 
second groups of mill parts, 

means for receiving said first and second signal and 
producing a third signal representative of the change 
in the roll gap by reason of the changes in the 
effective lengths of the said two groups of mill parts 
which, in turn, represents the said force necessary 
to vary the effective length of the second group of 
mill parts to compensate for the change in effective 
length of the first group of mill parts, thereby to 
maintain the roll gap of the mill substantially con 
stant, and 

means for receiving said third signal and adapted to 
control the operation of said force applicator means. 

4. In a control for establishing a gap between two co 
operative working rolls according to claim 3, comprising: 

a fourth signal generating means adapted to produce 
a signal representing the modulus of the first group 
of mill parts, 

a fifth signal generating means for producing a signal 
representing the modulus of the second group of 
mill parts, 

said means for producing said second signal including 
means for establishing a ratio between said fourth 
and fifth signals, and producing said third signal, 

means for amplifying said third signal by a multiplier 
of at least one unit, and 

means for multiplying said first signal representing the 
Separating force and said third signal to produce the 
control signal. 

5. In a control for establishing a gap between two 
cooperative working rolls according to claim 4, includ 
ing means for generating a substitutionary signal for the 
first signal representing the separating force. 

6. In a rolling mill according to claim 1, including 
means Separate from the means associated with one of 
Said rolls for setting an initial gap between the rolls. 

7. In a rolling mill according to claim 1, wherein said 
Second group of mili parts includes force transmission 
bars engageable with a first chock assembly of a roll on 
the end of the mill on which the force applicator means 
is located, said bars being unconnected with a secondary 
chock assembly of a roll on the opposite end of the mill, 
and engageable with said housing on that end and adapted 
to resist the prestressing force. 

8. In a rolling mill according to claim 1, wherein said 
mill is a 4-high mill having windows for receiving the 
four roll assemblies, 

said second group of mill parts including the lower 
backup roll chocks, 

force transmission bars engageable with said lower 
backup roll chocks, 

said bars being unconnected with the upper backup 
roll chocks and engageable with the upper portion 
of said housing, and 

said means responsive to a change in the separating 
force being arranged between the upper backup 
chocks and the housings. 

9. In a rolling mill according to claim 1, wherein said 
Second group of mill parts includes a readily yieldable 
means, whereby said second group is characterized by a 
low modulus or spring coefficient as compared to the first 
group of mill parts. 

10. In a rolling mill according to claim 7, wherein said 
Second group of mill parts includes a readily yieldable 
means arranged to engage said transmission bars and to 
be subject to force transmitted thereby. 

11. In a rolling mill according to claim 7, including 
four parallel Screws arranged to engage a like number 
of transmission bars, the lower portion of said bars en 
gaging the first chock assembly and said screws being ar 
ranged in the upper part of said mill, means for rotating 
Said Screws to displace said bars thereby changing the 
gap of the mill. 
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12. In a rolling mill according to claim 1, wherein the References Cited 
moduli of said first and second group of mill parts has UNITED STATES PATENTS 
a predetermined relationship, said second group of mill 
parts being proportioned to have a substantially lower 3,124,982 3/1964 Neumann ------------- 72-21 
modulus than the modulus of the first group of mill parts. 3,247,697 4/1966 Cozzo -------------- 72-240 

o 3,327,508 6/1967 Brown ---------------- ma 13. In a rolling mill according to claim 12, wherein 5 3 : : 6/1967 Brown 72-6 
1/1968 Scott --------------- 2 the modulus of said second group of mill parts is .25 of CO 72-245 

the modulus of the first group of mill parts. FOREIGN PATENTS 
14. In a rolling mill according to claim 12, including 955,164 4/1964 Great Britain. 

a mill housing and wherein the housing is excluded from 10 
either group of mill parts, MILTON S. MEHR, Primary Examiner 

said force applicator means being arranged to maintain U.S. C. X.R. 
the stretch of the housing constant. 72-21, 240, 245 


