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UNITED STATES PATENT OFFICE 
2,479,974 

DESIGN AND CONSTRUCTION OF 
ROLLING MLS 

Tadeusz Sendzimir and John E. Eckert, Middle 
town, Ohio, assignors to Armzen Company, 
Middletown, Ohio, a corporation of Delaware 
Application May 5, 1943, Serial No. 485,750 

The present invention pertains to improvements 
in the arrangement and design of rolling mills 
of a type in which rotary elements or casters, 
acting Substantially throughout the length of the 
working rolls, transmit the roll-separating force 
from Small diameter work rolls to the housing 
beams. Such mills are shown in U. S. Patents 
2,169,711 and 2,187,250 to Sendzimir, one of the 
inventors herein. 
The housing of such mills comprises, in addi 

tion to end members, transverse beams parallel 
ing the axis of the work rolls, and the housings 
are usually though not necessarily formed in one 
piece. It is the housing itself which prevents 
deflection of the slender work rolls. The casters 
back the work rolls at many points, preferably 
along two generants, so that the work rolls can 
be fully floating, i.e., they require no other radial 
bearings to locate them. Each caster comprises 
a heavy ring of relatively narrow width in rela 
tion to its diameter, a shaft and a bearing (pref 
erably of the oil-film or roller types) and, of 
course, a support for the shaft which contacts 
the housing beam. As distinguished from con 
ventional backing rolls in the ordinary 4-high or 
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cluster mills, which have a length substantially 
equal to the work rolls and which act as support 
ing means only because of their inherent stiff 
ness and resistance to bending, the casters of the 
housing-backed mills, to which this invention is 
addressed, take up any bending movements, and 
simply transmit their share of the roll-separating 
force directly to the housing beams, since they 
are disposed at close intervals entirely across the 
metal strip being rolled. 
Our invention has for its object the provision 

of structural and operating improvements in such 
mills which have to do not only with the geom 
etry of such mills, but also with the provision of 
means whereby extraordinary variations in gauge 
or thickness of the work piece, or obstructions 
which would enforce a greater separation of the 
Work rolls, can be accommodated without danger 
to the mechanism. 
These and the more specific objects of our in 

vention, which will be set forth hereinafter or will 
be apparent to one skilled in the art upon reading 
these specifications, since they can be more clearly 
brought out in connection with the ensuing de 
Scription, we accomplish by those arrangements 
of parts and modes of operation, of which we 
shall now describe certain exemplary embodi 
ments. Reference is made to the drawings in 
which: 
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type of rolling mill of the character to which ref 
erence has already been made. 

Figure 2 is a similar partial sectional view of 
a modified mill, which is equipped with mill pres 
Sure release means. 

. Figure 3 is a diagrammatic representation of 
a mill equipped to do contour rolling. 

Figure 4 is a partial sectional view taken 
through the end of an intermediate roll and a 
drive spindle to show a thrust bearing arrange 
ment. 

Figure 5 is a diagrammatic view of a mill 
equipped with means for continuously indicating 
both the entering and leaving gauges of the piece 
being rolled, as well as the conditions to be en 
countered during rolling. 

Figure 6 is a partial plan view showing a stag 
gered arrangement of caster elements. 

Figure 7 is a partial vertical section of a mill 
showing an arrangement of operating elements, 
and an automatic screw-down release mechanism. 

Figure 8 is a partial vertical section through 
another type of mill in which staggered casters 
are journaled upon a beam member by means of 
a traveling bearing chain. 

Figure 9 is a partial plan view of a wedge as 
Sembly for screw-down purposes. 

Figure 10 is a partial plan view of one type of 
bearing chain. 

Figure 11 is a partial sectional view showing 
the relation and coaction of a certain type of 
staggered casters with the chain of Figure 10 and 
trackways on a mill beam member. 

Figure 12 is a partial plan view showing an 
5 other type of bearing chain. 

Figure 13 is a partial sectional view showing 
the coaction of another type of caster with the 
chain of Figure 12 and with a mill beam element. 

Figure 14 is a partial sectional view showing 
casters and Sealing means for lubricant. 
In Patent 2,187,250, Figures 6, 7 and 8 show a 

simple embodiment of a housing-backed mill 
having only two rows of casters for each work 
roll. Figure 8 of Patent 2,169,711 may be re 
ferred to as showing a longitudinal section 
through a shaft having a plurality of casters ro 
tatably mounted on it by means of self-aligning 
roller bearings, and a plurality of supports, one 
between each pair of casters, the supports rest 
ing directly on the housing beam. Compared 
to a conventional mill, having a somewhat simi 
lar general arrangement (the so-called cluster 
mill, where each work roll is floating on a pair 
of backing rolls), it will be seen that entirely 

Figure 1 is a partial cross-sectional view of one 55 different factors govern the design of the two 
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mills. Obviously, purely geometrical considera 
tions determine the proportion between the di 
ameter of the work rolls and their immediate 
backing elements. A proportion of 1 to 2A cann 
not be very well exceeded or else the work roll 
will not project above the backing rolls, and the 
mill will be inoperative. But in the conventional 
mill, where the backing rolls must sustain the 
roll-separating force through their inherent stiff 
ness, the backing rolls themselves must have 8 
large diameter. In general, this diameter must 
be almost equal to the maximum width of the 
strip to be rolled if they are not to deflect too 
much under rolling pressure. This determines 
the minimum diameter of the work/rolls. Thus, 
for a strip mill which is intended to roll material 
50 wide, the backing roll should have a di 
ameter of about 44', and the Smallest possible 
work roll diameter would be around 18. This 
is too great a diameter for the efficient rolling 
of light gauge strip. 
These limitations do not apply to the housing 

backed mills, since it is the housing itself that sustains the roll-separating force. The housing 
beams can be made as rigid as desired, While the 
diameter of the casters'and, hence, the diameter 
of the work rolls becomes independent of the 
width of the strip. But there is another limite 
tion peculiar to the housing-backed mill which 
has to do with the load carrying capacity of the 
bearings, for the casters. 
work rolls is made small (in view of the fact that 
the casters for geometric reasons cannot Ordi 
narily be made larger in diameter than two and 
one-half times the diameter of the Work rolls) 
the caster bearings must likewise be Small, and 
can carry only a small load each. This load beara 
ing capacity decreases more than in linear pro 
portion to the diameter. Therefore, in spite of the 
fact that with a smaller work roll diameter, the 
roll-separating force also becomes Smaller, 
casters which have less than a certain minimum 
diameter are likely to have too small a bearing 
capacity for the heavy reduction passes which 
may be desired. The tendency is, of course, to 
place the casters as close to one another, as pos 
sible along the caster shaft, while Spacing them 

If the diameter of the, 
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in Figure 10 of the same patent, where each work 
roll has two first intermediate and three Second 
intermediate rolls, and the total number of Sets 
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only as much as may be required for the sta 
tionary supports or bearing members. When 
bearing members are made with their bores hard 
ened and ground, or faced with a hard metal, 
and when the shafts are also hardened and 
ground, and preferably lapped in position (i. e., 
assuming ideal conditions), the practical limit 
is reached when the total axial length reserved 
for the casters is about 80%, leaving about 20% 
for the supports. If 20% of the axial iength of 
the force-transmitting structure is not reserved 
for the stationary supports, the unit pressure on 
those supports becomes too great. This is es 
pecially true when the shafts themselves are ec 
centric, and their axial position is changed from 
pass to pass by a suitable mechanism for Screw 
down purpoSeS. 
On the other hand, the bearing capacity of the 

casters for any given diameter of work rolls is 
effectively increased, and theoretically without 
limit, by increasing the number of sets of casters, 
by means of which the rolling force which is ef 
fective on one workroll is transmitted to its beam. 
Figure 7 of Patent 2,169,711 shows the first step in 
this direction in which each work roll has two 
intermediate rolls and three sets of casters. This 
arrangement might be called a 1-2-3-pyramid 
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of casters becomes four. This might be termed 
a 1-2-3-4 arrangement. More elaborate ar 
rangements along the same line might be made; 
but a mill with very many intermediate rolls 
is more complicated, and rapidly becomes too 
complicated for economy. But such a mill also 
has the disadvantage of becoming less rigid be 
cause the high roll-separating force produces a 
flattening of the various rolls at their respective 
lines of contact, and these flattenings are cumu 
lative in character, depending upon the number 
of the rolls. Thus, a more complicated mill Will 
be characterized by an increased deflection of the 
work rolls in spite of the rigidity of the housing 
beams. This increased deflection may be un 
evenly distributed over the length of the work 
rolls, as Will be shown. ... Y 
An undesirable consequence of a mill Over 

elaborated for reasons set forth above is that it. 
becomes laterally unstable. This is especially 
true of mills for rolling relatively narrow strip. 
To illustrate this, assume a mill designed to roll 
strip 12' in width, which mill has a 1-2-3-4-ar 
rangement and employs casters of about 9' in di 
ameter. The effect of lateral instability would be 
clearly noticeable in such a mill. If the strip 
deviates from the center of the mill by as much 
as one-quarter of an inch, which is common in 
actual practice, this deviation throws more load 
on the side of the tall roll structure, and produces 
a slanting deflection of the Work rolls due to the 
lack of rigidity aforesaid. This, in turn, tends 
to throw the strip still more to the side, and it 
Would become difficult to hold the strip in the 
center of the mill while rolling. 
This particular condition would become less 

scritical as the width of the mill is increased, be 
cause the lateral Stability is improved with a 
larger ratio between the width of the Strip and 
the total height of the rotary elements within 
the housing. But these factors mean in practice 
that an over-elaborate type of mill is not adapted 
to the rolling of relatively narrow strip, in spite 
of its great advantages in cold reduction, arising 
through the use of very small working rolls and 
the resistance of the roll-separating forces by 
means effective along the whole length of the 
working rolls. . 
One of the objects of our invention is the pro 

vision of a solution of the difficulties hereinabove 
mentioned, in particular, of a means and mode 
of operation whereby small working rolls may 
be employed without either an over-elaboration 
and consequent lack of rigidity in the mill on 
the one hand, or too small a bearing capacity on 
the other. 

Considering first the normal arrangement of 
a 1-2-3-4 mill, as illustrated in Figure 1, where 
a Work roll is immediately backed by a pair of 
rolls 2 and 3, which in turn rest against second 
intermediate rolls 4, 5 and 6, and where casters 
7, 8, 9 and 0 through their bearings and sup 
ports transmit the rolling forces to a rigid hous 
ing beam , it will be evident that the axes of 
the work roll f, the outer intermediate rolls such 
as 3 and 6, and the Outer casters Such as O lie 
almost in a plane. The plane, however, has to 
be slightly concave, as observed from the plane 
of the work piece, since otherwise the intermedi 
ate rolls would be thrown out of the mill. But 
a very great concavity could not be tolerated for 

arrangement. The next step is that illustrated 75 geometrical reasons. 
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ft is evident that with such an arrangement, 
the two outer series of casters bear a larger pro 
portion of the roll-separating force than the 
caster series which lie between them. This dis 
proportionate division of the load makes it pos 
sible to do either one or both of two things: We 

their bearingS. 

can make the inner series of casters 8 and 9 . 
smaller (and with Smaller bearings), roughly 
corresponding to their load bearing capacity. 
Such an arrangement is illustrated in Figure 21 
of our copending application Serial No. 477,087, 
filed February 25, 1943. The chief advantage of 
such an arrangement is that it effectively in 
creases the depth and, therefore, the rigidity of 
the beam ff for a given height of the mill. 
Again, we can bring the shafts of the caster 

sets 8 and 9 closer together than their outer diam 

10 

6 
upon which the casters are mounted by means of 

Where this construction is 
adopted, screw-down is effected by rocking the 
shafts by means of a Suitable mechanical ar 
rangement, as described in Sendzimir Patent 
2,170,732. 

In mill structures embodying staggered 
Casters the greater possible width of the sup 
ports makes it possible to mount the eccentric 
shafts in them upon roll or needle bearings, in 
stead of plain bearings with hardened and ground 

5 

eters would permit, providing we stagger or inter 
digitate the casters on these shafts. A large 
number of advantages flows from this, as will 
hereinafter be set forth. One of these advantages 
is a geometrical one permitting the use of Smaller 
working rolls, as will be seen from Figure 2. Here 
a work roll 2 is immediately backed by first in 
termediate rolls 3 and 4. These, in turn, rest 
against second intermediate rolls 5, 6 and 7. 
The second intermediate rolls rest against caster 
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series 8, 9, 20 and 2 ?, which in turn are Sup 
ported by the housing beam 22. Due to the force 
distribution which has already been noted, it is 30 
possible to stagger the caster series 9 and 20, 
which mechanically means that the total of the 
operating faces of the casters in each of these 
particular series may be about 50% of the length 
of the working rolls, leaving about 50% of that 35 
length for the Supports and the bearings which 
may be employed in connection with the sup 
ports. It will be noted that the roll 6 of the 
second intermediate Series is smaller than the 
rolls 5 and 7. Thus, the first intermediate rolls 
3 and 4 are smaller in Figure 2 than the rolls 2 
and 3 in Figure 1, and finally, the work roll 2 
of Figure 2 is smaller than the work roll of Fig 
lure 1. ASSunning a diameter of 9' for the casters 
in the mills of the two figures, a minimum work 
roll size of about 14' will be found for the mill 
of Figure 1. 
this size may be reduced to about 1s'. 
The arrangement shown in Figure 2 involves 

Smaller bearings for the casters 9 and 20 on 
the shafts on which they are mounted, but this 
is tolerable, as explained, because of the force 
distribution. On the other hand, considerably 
more axial space is provided for the stationary 
SupportS by means of which the shafts are 
mounted on the mill beam. 22. This fact facili 
tates the provision of a further improvement. In 
the mills of the Sendzimir patents to which ref 
erence has been made, the casters are mouinted 
on roller bearings or the like on shafts, which 
shafts in turn are mounted on Supports in cradles 
bearing against hollows in the mill housing 
beams. For Screw-down purposes, it is possible 
to make two different provisions. The cradles 
may have arcuate Surfaces bearing against mat 
ing Surfaces in the housing beams, while the 
shafts supporting the casters may have their 
axes eccentric to the axes of the cradles. If this 
construction is adopted, Screw-down may be ef 
fected by rocking the cradles in the housing 
beams by suitable mechanical arrangements, 
such as those described in Patent 2,169,711. In 
stead of this, however, it is possible to provide 
the shafts with portions engaging the supports, 
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For the mill of Figure 2, however, . 
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contacting surfaces. Where the eccentric shafts 
are then used, in part at least, for screw-down 
purposes, this construction attains, for the first 
time in the art so far as we are aware, the as 
pects of an antifriction screw-down system, and 
opens up certain additional possibilities, as will 
hereinafter be described. 

Referring to Figure 2, we have shown an ex 
emplary structure in which there is a common 
cradle 23 for the intermediate caster series 9 
and 20. This cradle rests in an appropriate 
recess in the housing beam 22, and is provided 
With integral supports at suitable staggered in 
tervals for the shafts 24 and 25. One such sup 
port is shown at 26. Shaft 25 has an eccentric 
portion mounted in this support by means of a 
needle bearing 2, and a cover or clamp mem 
ber 28. It will be understood how similar bear 
ings are provided for each of the mounted por 
tions of shafts 24 and 25, and that these mounted 
portions are eccentric with respect to those in 
termediate portions of the same shafts upon 
which casters 9 and 20 are mounted by means 
of their roller bearings, one such being illustrated 
at 29. 
As to the caster series 8 and 2, they may 

have no provision for screw-down movement, or 
as shown, they may be mounted respectively on 
shafts 30 and 3 which are eccentrie, or again, 
their cradles 32 and 33 may be eccentrically 
mounted in the mill beam. 

Mill screw-down mechanisms on cold strip 
mills have not only to bear enormous loads, but 
also have to be operated under such loads. 
Whether it be the conventional screw mecha 
nism of the type used on ordinary 2- and 4-high 
mills, or eccentric shafts or cradles as shown in 
the Sendzimir patents, their overall mechanical 
efficiency is low, usually ranging between 5% 
and 10%. This is because of their high fric 
tional characteristics, and the very great differ 
ence between stationary and running friction as 
encountered on all sliding bearings subjected to 
great pressures. During the operation of the 
mill, the screw-down mechanism may or may 
not remain stationary, but in any event, it has 
to be varied under a load at the end of each 
pass to bring the rolls close together for a sub 
Sequent pass on reversing mills. Where, in ad 
dition to this, the screw-down position must be 
moved in order to correct for variations in 
gauges, the screw-down has to be driven, again 
under full load, by minute amounts repeatedly 
during rolling, and such movement involves 
Overcoming the initial stationary friction. Thus, 
in an instance where a 2-horsepower motor 
would be theoretically sufficient to drive the 
Screw-down under running friction, it will be 
found that a 30-horsepower motor at least is re 
quired for operability. For this reason alone, 
Overcoming of starting friction and the elimina 
tion of running friction in a screw-down mecha 
nism is an important improvement in the struc 

which portions are eccentric to those portions 75 ture and operation of a rolling mill. 
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Again, where screw-down adjustments are to 
be made manually or automatically during the 
rolling operation, the elimination of friction 
makes possible a very much more accurate and 
rapid response to gauge variations, as Will be 
clear. 

Because of the substantial elimination of fric 
tional characteristics in a screw-down, the ec 
centricity or wedging action of the coacting 
members may be made such that the holding 
force required is small. But this need not be 
done if suitable holding means are provided. 
Further, if the holding means are of such char 
acter that their holding action can be accurately 
correlated to various pressures, then the elimi 
nation of friction in the screw-down mechanism 
as such enables us to provide in rolling mills a 
mechanism for safety release. 

It happens occasionally, especially to the less 
experienced rolling mill operators, that a strip 
may become doubled within the roll bite, an oc 
currence commonly known as a “cobble." 

0 
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20 

Again, there may be foreign bodies like bits of 
metal unintentionally caught in the roll bite. 
Yet again, at the conciusion of a paSS in a re 
versing mill operation, the operator may omit 
to stop the mill in time, so that an unrolled 
portion of the strip forces its way into the roll 
bite. These and other factors in rolling may 
sometimes suddenly double or more than double 
the roll-separating force and may cause break 
age or other damage to the casters, bearings, the 
intermediate rolls, the working rolls and other 
parts of the mill mechanism. The provision of 
a substantially frictionless screw-down mecha 
nism which is non-self-locking enables us to en 
ploy holding means which, while adequate to 
sustain the roll-separating forces during normal 

2 5 
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rolling operations, will, nevertheless, give or re 
lease if these normal working forces are much 
exceeded. 
One way of accomplishing this object is illus 

trated in Figure 2 where the eccentric shafts 2é 
and 25 at their ends are provided with keyed 
pinions, 34 and 35. A rack 36 simultaneously-en 
gages these two pinions, and the eccentricities of 

- 
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the shafts are arranged to have opposite hands, 
so that movement of the rack in one direction will 
move the work roll into the work, while move 
ment in the opposite direction will relieve the 
screw-down pressure. The rack 36 is part of or 
connected with the piston rod 36a of the piston 
37 of an hydraulic cylinder 38, by which the 
screw-down is moved and the screw-down pres 
sure exerted. 
There may be two sets of the mechanisms just 

described, one at each end of the eccentric shaft 
assembly, so as to minimize errors caused by the 
torsional deflection of the eccentric shafts. There 
may be a straight tooth rack and pinion at one 
end, and at the other spiral teeth may be emi 
ployed. The object is to provide a screw-down 
mechanism wherein the forces will tend to pro 
duce an even Screw-down across the entire width 
of the mill, - 
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The hydraulic cylinders can obtain their fluid 
Supply from a constant delivery volumetric pump 
capable of delivering a fixed volume of fluid for 
each revolution, and thus acting as the hydraulic 
equivalent of a mechanical screw-down system 
with Suitable compensation for replacing leakages 
in the system. Or a variable delivery pump may 
be employed which can be kept running at all 
times by a motor. From such a pump, the de 
livery may also be varied from zero to the amount 75 

8 
required by an appropriate mechanism in the O 
erator's pulpit. The operation is the Sane as 
with the first alternative, except that the variable 
delivery pump provides in itself a compensation 
for leakages in the system. 
The third possibility, as illustrated in Figure 

2, takes high pressure oil (at a pressure higher 
than that needed in the system) from a constant 
pressure source, e. g. an accumulator, and uses 
an hydraulic valve system with a follow-up bush 
ing and linkage, as at 40, which insures control 
of the exact position of the pistons 37 in their 
cylinders. Such an hydraulic valve 40 can be of 
the “Servo-Valve Type' as commercially known, 
for example, that valve manufactured by Wickers, 
Incorporated, Detroit. The relief feature is ac 
complished by the inclusion of a relief valve in 
the system (pressure relief valve 39), where the 
relief valve may be accurately adjusted for the 
particular relief pressure desired. By appro 
priately locating the relief valve, we may by the 
means described provide that relief occurs on ex 
ceSS pressure very rapidly because practically no 
inertial need be overcome. 

For extreme accuracy of relief pressure, the 
relief valve 39 can be kept slightly open at all 
times during operation, the escaping oil being 
compensated for, together with other leakages. 
When pressure on the work rolls is suddenly in 
creased, the flow through the relief valve 39 in 
creases, thus preventing increase of pressure in 
the system; but there is no additional pressure 
needed to lift valve 39 off its seat. 
Other types of screw-down operating means 

may be employed. But it should be noted that 
two general modes of operation are possible with 
a mill such as that described in connection with 
Figure 2. With suitable apparatus, the screw 
down may be so operated that upon adjustment, 
a fixed position of the working rolls within the 
resiliency limits of the mill will be maintained at 
all operating times, and will be relieved only if the 
roll-separating force exceeds a predetermined 
value above the normal roll-separating force. But 
it is also possible to operate an hydraulic screw 
down system, and certain mechanical counter 
parts, in such a way as to insure the maintenance 
of a desired resistance to the roll-separating force, 
irrespective of the actual position of the workrolls. 
This also embodies a safety feature in that any ob 
structions, which would normally tend to increase 
the roll-separating force, will, in this latter sys 
tem, be able to separate the rolls without im 
posing an increased stress on the operating part 
of the mill. Such a system lends itself better 
to the use of automatic means for maintaining 
an even gauge. In connection with known means 
for constantly measuring the gauge of the strip 
as it leaves the mill, we may employ means for re 
Sponsively varying the screw-down pressure. Also, 
the exertion of a constant roll pressure, irrespec 
tive of the actual roll positions, eliminates such 
gauge variations as occur when using oil film 
bearing casters because of changes in the thick 
ness of the oil film with increasing or decreasing . 
speeds of rolling. In the light of these teachings, 
the skilled worker in the art will readily realize 
that a non-self-locking, antifrictional screw 
down mechanism, such as we have described, can 
be employed for the exertion of constant roll pres 
Sure with any mechanical, electrical, or fluid pres 
Sure means capable of exerting a constant force, 
in spite of variations in the position of the ele 
ment upon which force is exerted. 
Yet again, our teachings open new fields of roll 
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ing technique by extending the application of 
our mill to procedures in which a rapid and fre 
quent movement of the Screw-down mechanism 
is necessary as, by way of example, where a strip 
of varying longitudinal section is required, as 
in taper rolling. With this type of rolling, Sev 
eral passes are usually necessary for the complete 
reduction of a blank, which initially may be 
either flat or tapered. For this purpose, it may 
be required that the work piece be moved rapidly 
back and forth between the Work rolls and 2. 
This may be accomplished, as in Figure 3, by at 
taching the work piece 4 to a carriage 42, which 
is reciprocated back and forth in Synchronism 
with the operation of the work rolls and the screw 
down pistons 38, as by an hydraulic cylinder 43, 
or other means. It is preferable so to arrange 

10 

15 

the work stroke that it goes from the thicker to 
the thinner portions, although with Suitable con 
trol mechanism, both the forward and the back 
strokes may be utilized, reversing the rotation of 
the work rolls as may be required. The operation 
of the screw-down mechanism will, of course, be 
correlated with the position of the piece during rolling. 
Such a mode of Operating a mill without an 

anti-friction screw-down would lead to prema 
ture wear of the eccentric shafts or other screw 
down mechanism and, therefore, to loss of accu 
racy of the mill. It approaches in some aspects 
the "Pilger' system of rolling as used, for ex 
ample, in seamless tubing mills. A relatively 
heavy slab can be reduced in one operation to 
light-gauge Strip by reciprocating the slab in the 
mill back and forth while the screw-down mech 
anism moves the rolls up and down during each 
stroke. At the end of each stroke, the slab is 
fed forward a small distance independently of its 
normal reciprocating motion. It has heretofore 
been impossible to operate a strip mill in this 
manner unless eccentric or cam-shaped work 
rolls are employed. 
While the geometric aspects of the mill which 

we have described in connection with Figure 2 
makes it possible for us materially to decrease the 
diameter of the work rolls without at the same 
time pyramiding the rolls too high, it should be 
noted that the use of very small work rolls pre 
sents another problem in that they may not have 
enough torsional strength to be driven in the 
conventional way. To meet this problem, we have 
developed another mode of driving the mill which 
comprises simultaneously driving all of the in 
termediate rolls of one degree (i.e., the four first 
intermediate or six second intermediate rolls, 
etc.), rather than attempting to drive the work 
rolls, or in addition to the direct drive of the 
work rolls, the latter being however, limited to 
the torque transmitting capacity of said work 
rolls. 
The method of driving rolls by friction is not 

itself new, but it is new as applied to this type 
of mill, and it offers Some Special advantages. 
First, the driving force frictionally applied to the 
surface of the work rolls is applied along two gen 
erants' corresponding to the two intermediate 
rolls, which cuts down wear and scratching, as 
compared to driving a backing rod On a 4-inch 
mill, where only one contact line transmits the 
whole torque. Second, there is a more abundant 
reserve of driving power. The efficiency of a 
frictional drive depends upon the coefficient of 
friction. Where a work roll is contacted by two 
intermediate rolls in approximately the positions 
shown in Figure 2, each work roll sustains a re 
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action force which is just about 70% of the roll 
separating force effective on the work roll. Thus, 
for each ton of roll-separating force, there are 
two reaction forces of .7 ton each each, or a 
total of 1.4 tons which, multiplied by the coeffl 
cient of friction, produces a 40% better frictional 
drive than could be obtained along a single line 
in a 4-high mill, for example. 
The use of driven intermediate rolls, however, 

is coupled with another difficulty because unless 
some way is provided for taking up the thrust 
of the intermediate rolls, the mill cannot be op 
erated. We solve this difficulty in a simple fash 
ion by providing flexible spindles which not only 
transmit the torque of driving means to the in 
termediate rolls, but take up the thrust of such 
rolls, as for example, against a pinion stand. 
These spindles also provide for Such up and down 
movement as the screw-down requires. In Fig 
lure 4, we have shown the end of an inter 
mediate roll at 44, and the end of one of our 
spindles at 45. The spindle is hollow at its end 
so as to accept a reduced portion of the inter 
mediate roll, and is provided within with teeth 
46, which mate with other teeth 47 on the inter 
mediate roll. This provides for the transmission 
of torque, irrespective of changes in the relative 
angularity of the axes of the roll and the spindle. 
The same spindle 45 is also used to transmit 

thrust from the driven roll 44 to the pinion stand 
by means of a ball and socket coupling. Ball 50 
has a shank 48 connected to Spindle 45, and takes 
thrust in either direction from driven roll 44 
through a Suitable recess in Said roll, or through 
a recess in the nut 5f. The connection between 
shank 48 and spindle 45 can be accomplished by 
any known means, such as a pin, SetScrews, etc. 
A cannon lock connection is a very serviceable 
One for this purpose, and is illustrated in Fig 
ure 4. It comprises quadrant thread teeth pro 
vided in the shank 48, engaging with similar 
quadrant thread teeth provided in the spindle A5 
and held in angular position by spring-pressed 
block 55 urged against a flat on the shank 48. 
To disengage such a cannon lock coupling, as 

when changing rolls, all it is necessary to do is 
to turn shank 48 one-quarter turn in the spindle 
45 so that the quadrant thread teeth come Out of 
engagement and the shank 48 is free to be pulled 
out axially. This is accomplished by inserting 
a toothed wrench 53 into engagement with ta 
pered teeth 52 provided on said shank 48, and 
turning the wrench 53 so as to overcome the pres 
sure of the spring 56, and rotate the shank 48 in 
the spindle 45. A similar arrangement may be 
provided on the other end of the spindle for en 
gagement with a shaft in a pinion stand. 
Other type flexible joints, like the automobile 

type universal joint, which can transmit torque 
and thrust simultaneously, can be used instead of 
the coupling shown in Figure 4, but their capacity 
for torque is usually inferior to that of the cou 
pling described. 
In a copending application, Serial No. 477,087, 

filed February 25, 1943, we have dealt with prob 
lems connected with lubricating and cooling mills 
of this general type. The teachings in this appli 
cation apply, of course, to the mills of our pres 
ent invention, and will not here be repeated. It 
may be noted, however, that where the inter 
mediate rolls are to be driven, as by spindles 
which we have just described, there may be a 
problem of sealing the general lubricant bath on 
the drive side of the mill, in view of the fact that 
the rolls move vertically for screw-down pur 
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poses. In the solving of this problem, we have 
found that it is practicable to extend the bath 
of lubricant on the one side of the mill up to the 
pinion stand by surrounding the various driving 
spindles with a housing (not shown) connected 
to the mill at one end and at the other connected 
to the pinion Stand. 
The combined effect of relieving the work rolls 

of the driving torque and at the same time back 
ing them in a floating manner adapts our mill in 
a superior way to the use of work rolls of ex 
tremely hard and abrasion-resistant material, 
such as for example sintered tungsten carbide 
(Carboloy), and some other products of the pow 
der metallurgy. Such materials have in addition 
to extreme hardness a modulus of elasticity much 
higher than that of steel, so that they are more 
eficient as work rolls. They exhibit markedly 
less elastic flattening than steel rolls, especially 
when rolling light gauges. But such materials 
are very brittle and cannot stand the torque of 
driving. They also cannot withstand any ap 
preciable bending or shearing stresses as are en 
countered in the conventional 4-high mill. In 
such a mill, even if the Work rolls were not driven, 
and the force were applied to the strip only, the 
work rolls would have to withstand bending mo 
ments in the horizontal as well as the vertical 
planes, and they would break unless their diam 
eters were made quite large. None of these dis 
advantages is encountered in the mill of our in 
vention when using such rolls. The fact that our 
mill makes possible the use of Carboloy or similar 
work rolls affords a further advantage in economy 
because of the extremely Small diameter of Our 
work rolls. In spite of the high cost of the 
material, such rolls are not relatively expensive, 
though they would be if greatly increased in di 
ameter. Even the first intermediate rolls are 
Small in our mill, and they may also be made of 
Carboloy or similar material in cases where it is 
desired to take heavy passes on light-gauge, work 
hardened stock, and where the pressure at the 
lines of contact of the Work roll with the first in 
termediate rolls might be high enough to cause 
fatigue and spalling. Where the first intermedi 
late rolls are also made of Carboloy or similar ma 
terial, the drive, of course, will preferably be ap 
plied to the second intermediate rolls. 
As we have indicated, the provision of an anti 

friction screw-down mechanism eliminates com 
pletely the vibration and jolting involved in over 
coming the initial static friction when starting a 
screw-down motor. This is especially true where 
an anti-friction screw-down is operated by a 
highly sensitive and precise hydraulic system. 
The gauge of the piece being rolled may be con 
trolled much more constantly by the operator or 
may be made responsive to an automatic gauge 
control System with Superior effects. In Figure 5, 
58 represents a mill of the type hereinafter de 
Scribed, being operated as a reversing mill with 
coilers 59 and 60 on either side. Flying microm 
eters 6 and 62 are arranged to contact the strip 
as it enters and as it leaves the mill, and these 
may be connected with electric gauge indicators 
diagrammatically shown at 63 and 64. If these 
indicators are located in the operator's pulpit, to 
gether with a control for the screw-down, the 
operator can constantly watch the gauge and cor 
rect it. 

Systems of gauge control hitherto proposed 
have (quite aside from any question of rapidity 
of response) neglected an important factor. If, 
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shows an increase, the effect has hitherto been 
to adjust the mill to decrease the gauge, irrespec 
tive of any other factor. But at the time when 
such a correction is made, the actual conditions 
in the mill may have varied or may be about to 
vary in the opposite direction, so that the actual 
effect of the correction may be the reverse of that 
desired. 

In the system diagrammatically indicated in 
Figure 5, two recording gauges or indicators, 63 
and 64, are connected respectively with the two 
flying micrometers. The one recording indicator 
draws a curve representative of the strip gauge 
on the exit side of the mill, while the other indi 
cator is for the moment inoperative. When the 
mill is reversed, the last mentioned indicator is 
placed in operation, and the first rendered inop 
erative. But the charts of both indicators are ad 
vanced by Suitable feeding mechanism, which 
causes them at all times to follow the movement 
of the strip through the mill. Consequently, the 
curve on the presently inoperative indicator will 
represent the gauges produced by the mill on the 
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preceding pass, and since the chart is moving, the 
operator can tell from it the entering gauge of 
the material and the gauge trend of the material 
about to enter the mill. The operating indicator 
gives him a picture of the gauge actually being 
produced by the mill on the present pass. The 
operator is informed not only of any gauge varia 
tions currently being produced in the mill, but 
also of the starting gauges which the mill is en 
countering on the present pass. The operator 
will, therefore, operate his screw-down knowing 
exactly what variation he has to compensate for, 
knowing how thick the strip is, and how much 
material of that thickness is approaching the mill. 
The presently inoperative indicator also cur 

rently informs the operator how much more strip 
there is on the pay-off coller, so that he knows 
exactly when to stop the mill. This eliminates 
the necessity of wrap counters which are a com 
plication in the already complicated operator's 
pulpit. 
The gauge correction system which we have 

just described lends itself to fully automatic op 
eration. Means for automatically operating the 

Screw-down can be connected to 
means for following both charts in Such a way as 
to be acted upon by the differential of the observa 
tions of each chart follower. There are various 
ways both electrical and mechanical in which the 
charts or other records can be followed. For 
example, electric eye devices may be employed 
for this purpose. Using such devices as ex 
emplary, it is better to use two electric eyes at 
each side of the mill, one of them responsive to 
the spot on the chart corresponding to the strip 
as it enters or leaves the mill, while the other is 
responsive to a spot on the chart a certain dis 
tance behind or ahead of the first mentioned 
Spots, as the case may be. The actual screw-down 
corrections may then be obtained through the 
combined action of all of these electric eyes, so 
as to dampen oscillations and produce a very ac 
curate response to the actual and expected condi 
tions encountered in the mill. 

It may be noted, however, that through the use 
of our frictionless screw-down mechanism with 
any type of automatic or manual gauge control, 
a Superior result is achieved because of the ex 
treme sensitiveness and smoothness of operation 
of Our Screw-down. 

In the type of mill under discussion, some slight 
for example, the gauge of a strip being rolled 75 deflection of the housing beams is, of course, en 
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countered, and while that deflection is very much 
less than the roll deflection in 2-high or 4-high 
mills, it can be compensated for exactly so that 
the flatness and uniformity of the strip do not 
vary across the strip with varying roll pressure 
once the mill has been properly calibrated. Modes 
of accomplishing this are set forth in the patent 
to Sendzimir, No. 2,187,250. In combination with 
the characteristic features of the present inven 
tion, this feature of automatic compensation may 
take on certain new forms. It consists in balanc 
ing off any deflection of the housing beams by an 
opposite deflection of another member or mem 
bers, which will be equivalent for the Same pres 
sure. The several shaft supports formed On one 
cradle in our present mill will compreSS elastically 
under the influence of the roll pressure by a very 
small amount, but substantially uniformly for all 
supports, since the loads they bear are uniform. 
Deflection of the housing beam will be greater at 
the center of the bean than at the ends. It can be 
compensated for if the compressibility of the 
cradle supports is made non-uniform by varying 
in the opposite direction, i.e., if the supports are 
made least compressible near the center of the 
mill, and most compressible near the sides of the 
mill. This may be accomplished by reducing the 
section of the supports on the cradles progres 
sively from the center toward the ends. Again, a 
varying number of holes in a uniform pattern may 
be drilled through such supports, or Some of them, 
since this is equivalent to increasing the elasticity 
of the web portions so drilled, but does not di 
minish their stability in the other direction in 
their action as plates. 
This feature of compensation should not be con 

fused with means for deliberately varying the 
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cross-sectional contour of the piece being rolled. 
In Patent 2,169,711, Sendzimir has described the 
use of cradles which are essentially separate for 
each support, which are eccentrically mounted in 
arcuate recesses in the housing beams, and which 
are provided with independent control means, 
whereby the several cradles may be moved with 
respect to each other. This may also be done in 
the mills of the present invention, as will be 
evident. 

Hereinabove we have indicated that we are not 
restricted to the use of frictionless Screw-down 
means employing hydraulic elements. Purely 
mechanical relief mechanism may be employed. 
Nor again, are we restricted to the particular ar 
rangement of staggered or interdigitated casters 
which we have described in connection with 
Figure 2. The features of our mill may be widely 
varied without departing from the Spirit of Our 
invention. By way of example, another arrange 
ment is shown in Figures 6 and 7. The work roll 
65 rests upon two intermediate rolls, 66 and 6, 
which in turn rest upon three sets of staggered 
casters indicated at 68, 69 and 70. These casters 
are rotatably mounted on shafts 7, 2 and 73, 
which are mounted in supports on a single cradle 

. 
The load on the center series of casters 69 in 

this mill is less than one-quarter of the load in 
posed upon the two outer sets of casters So that, 
especially when using self-aligning roller bearings 
for the casters, it is possible to provide more bear 
ing area for the outer caster series than for the 
central one. Thus, the outer casters, 68 and 70, 
may be arranged in groups of two each, while the 
inner casters, 69, are individually interdigitated 
between the groups of two outer casters, as clearly 
shown in Figure 6. . . . . 
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The cradle T4 has a cylindrical outer surface 

eccentric, however, to the axis of the work roll 
65. It is rotatably journaled in a semi-cylindrical 
recess in the mill beam 75, and it may be given 
an anti-frictional mounting by means of a series 
of roller bearing members 76. At one side of the 
beam, we provide a fixed stop 77, while at the 
other side we pivot a lever or series of levers, 78, 
On ears 79 affixed to the mill beam. One end of 
the lever or levers engages a slot or depression 
formed in the cradle 74 as illustrated, while at 
the other end of the lever or levers, we provide 
some constant force means, such as compression 
springs 80 engaged between the levers and sockets 
8 on adjusting screws 82, threaded into ears 83 
on the beam. The effect of the springs is to 
force the cradle 74 in a clockwise direction 
against the stop TT, and the force exerted by the 
Springs is adjusted to counteract the expected or 
desired rolling pressures. It will be understood, 
of course, that the eccentric arrangement greatly 
diminishes the necessary value of the counter 
balancing force. The upper part of the mill, 
which is not illustrated excepting for the upper 
working roll, may have a similar construction. 
For screw-down purposes in this mill, we may 

provide one or more of the shafts f, 72 and 73 
with eccentric portions and obtain screw-down 
adjustment by rocking these shafts, as will be 
understood from the description above, 
Or else, instead of a fixed block TT, an adjust 

able (e. g., by screws) stop may be provided so 
that cradle 74 itself can be oscillated for screw 
down purposes. Instead of the lever 8 and spring 
8), it would be preferable in this case to employ an 
air cylinder or similar known means for main 
taining the same pressure regardless of posi 
tion. 
So long as the roll-Separating force does not 

exceed a given value as determined by the adjust 
ment of springs 80, the mill will act as a rigid 
mill. But when the Working rolls encounter an 
obstruction and the roll-separating force issud 
denly increased beyond the predetermined value, 
the cradle 74 will rock in a counter-clockwise 
direction against the force exerted by the Springs. 
This is because of the eccentricity of the cradle 
with respect to the axis of the work roll; and this 
eccentricity permits a separation of the working 
rolls when the cradle rocks as aforesaid, so that 
the obstruction can pass through without damage 
to the rolls. In Figure 7, the strip being rolled 
is indicated at 84. 
A similar effect might be obtained by providing 

a corresponding spring and lever arrangement 
in connection with one of the eccentric shafts 
of the mill (one that is not used for screw-down). 
Such a pressure relief system would be less ac 
curate and effective, however, because of the 
static friction in the shaft journals. 
The mill of Figures 6 and 7 is suitable for rela 

tively light rolling pressures, yet it has an ar 
rangement in which it is possible to mount 1''' 
work rolls upon 9' diameter casters in a simple 
1-2-3 pyramid, so that for all rolling applica 
tions where the bearing capacity thus obtained is 
adequate, this mill has the advantage of greater 
simplicity, combined with more lateral stability. 
As we have explained, the use of staggered 

casters cuts down the effective total width of 
each of the staggered sets across the face of the 
strip being rolled, and by the same token, cuts 
down the width of the bearings for the casters 
on the shafts on which they are mounted, al 
though at the same time, it increases the width 
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of the bearings of the shafts on the supports. 
But where screw-down is otherwise provided for, 
it is possible to eliminate interior caster bear 
ings and provide bearings for the casters di 
rectly upon the mill housing beam. Further 
simplification of a mill made in this fashion is 
possible because the caster shafts can in this 
embodiment be employed only for aligning and 
maintaining the casters in position and, there-'. 
fore, can be made quite thin. The interdigitation 
of the casters can thus be increased, and it is 
possible to support very thin Working rolls di 
rectly upon large casters. 

Perhaps the simplest mill embodying features 
of the present invention is that shown in Figures 
8 to 13, inclusive. Figure 8 is a cross-sectional 
view of the lower half of such a mill. It Com 
prises a lower housing beam 85, upon which is 
supported a movable section 86, upon a Screw 
down mechanism presently to be described. In 
terdigitated caster sets, 8 and 88, are journaled 
upon a configured upper surface of the movable 
beam section 86, and a work roll 89 is shown as 
resting directly upon the caster sets. The casters 
themselves are connected by thin Shafts, indi 
cated at 90 in Figures 11 and 13. The Outer 
surfaces of the casters in the caster sets 8 and 
88 rest upon rollers 9 interposed between them 
and the movable beam section 86. These rollers 
are bearing members; but they also are preferably 
interconnected to form a chain, 9a, which passes 
over sprockets 92 and 93 and returns beneath the 
beam 85 on a larger sprocket 94. In a mill of this 
type, the driving force may be applied to the chain 
9 fa, as by means of the sprocket 94, or by one 
of the two sprockets 92, 93, depending on the 
direction of rolling, and where this is done, no 
other driving means need be supplied. How 
ever, the mill may be otherwise driven, if de 
sired. 
The movable beam section 86 rests upon the 

fixed beam 85 through wedges 95 and 96. The 
under surface of the movable section 86 may 
be flat, as shown, excepting for a depending rib 
9, while the upper surface of the fixed beam 
8 may be formed of two slanting surfaces in 
clined toward each other and meeting at the 
center of the beam. It will be clear that by mov 
ing the Wedges 95 and 96 toward and away from 
each other, the movable section 86 is respectively 
lowered and raised on the fixed beam 85. This 
movement is employed for a screw-down. Seg 
ment plates 98, 99, OO and of are mounted in 
arcuate hollows in the wedges 95 and 96, and 
these segment plates are, in turn, engaged by in 
ternal wedges O2 and iO3 which are grooved as 
shown and are guided by the rib 9 on the mov 
able part 86. 
The wedges 02 and 03 may be interconnected 

and moved by suitable mechanism such as screws, 
hydraulic cylinders, or other means. When the 
wedges are moved symmetrically away from each 
other, the movable portion 86 is raised with re 
spect to the stationary housing beam 85, and the 
gauge of the rolled strip is uniformly decreased. 
If, on the other hand, the wedges 02 and 03 are 
not moved symmetrically, but one is moved a 
greater distance than the other, the portion 86 
becomes tilted with respect to the beam 85 and 
a non-parallel screw-down movement may thus 
be achieved. 

For obtaining the maximum backing capacity 
from the chain 9a, its type may be that illus 
trated in Figures 12 and 13. The rollers 04 are 
mounted upon shafts iO5, and the shafts are in 
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terconnected with relatively thin staggered links 
06, so that the links need not be doubled, and 

the minimum spacing between the rollers 04 is 
achieved. With such a chain, the width of the 
casters 87 and 88 can be almost as much as the 
distance between casters in any given set, leav 
ing only a small clearance between them, and 
thus practically filling the whole length of the 

0. 
work rol. w 

If the centers of the casters permit this, then 
a set of casters and its shaft can be turned from 
one piece of metal, or the casters can be snugly 
fitted to a shaft otherwise made. Where shafts 
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may be employed as illustrated, no further sup 
port or bearing members for the caster assem 
blies need be employed; but where the inter 
digitation of the casters is such as to leave no 
room for shafts, then the spaces between the 
Casters will be filled in with Suitable guide means 
so as to maintain the casters in an upright posi 
tion, to keep them accurately spaced, and to pre 
vent tilting. 

In many instances, when it is not essential that 
the additive widths of the casters in the caster 
sets 87 and 88 be so nearly equal to the length of 
the work roll 89, then the operating faces of 
the casters may be made narrower and a reg 
ular 'roller' type chain employed, as illustrated 
in Figures 10 and 11. The rollers O may be 
mounted upon shafts foe, and we may employ 
roller chain type links 09 which encircle the 
rollers 07 and are double. Such a chain can 
stand a considerably greater pulling force, and 
this construction is of advantage where, as here 
inabove mentioned, the drive is applied through 
the chain 9 a. The contact area between the 
casters 8a and 88a and the chain rollers 07 will 
necessarily be reduced, as will the axial length 
of the contact between any individual caster and 
the work roll, so that a lesser roll-separating force 
must be contemplated. Also, since the ends of 
the links themselves are of greater diameter than 
the rollers to which they embrace, it will be 
necessary to provide the movable beam portion 
86 with spaced trackways 0 (Figure 11), be 
tween which are grooves in which the links may 
ride. This construction also prevents sidewise 
displacement of the chains. 

In cases where a Work roll is to be Supported 
directly on casters, the total width of the faces 
of which is substantially less than the length of 
the work roll, grooving of the work roll can be 
eliminated or minimized by slightly relieving the 
edges of the casters. We have found, however, 
that adequate support for a work roll can be pro 
vided by spaced elements, such as the Operat 
ing surfaces of the casters 87a and 88a in Figure 
11, providing the spaces between the operating 
surfaces are not substantially greater than the 
diameter of the work roll. In a mill where on 
either side of the strip being rolled there are but 
two sets of casters, it will be evident that the 
work roll must be supported directly on the 
casters. This makes for simplicity of mill Con 
struction, but in the embodiment shown, gives 
us a mill which is not capable of withstanding 
as great a roll-separating force as some of the 
other embodiments herein disclosed. It will be 
evident, however, that the structure described in 
connection with Figures 8 to 13, inclusive, can be 
modified (with suitable reshaping of the operat 
ing face of the movable beam portion 86 and 
suitable reshaping of the elements), to accom 
modate three or more sets of casters, in which 

5 event intermediate rolls may be employed, e. g., 
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in such an arrangement as is illustrated in Figure 
7. While Figure 8 shows the lower half of a mill, 
it will be understood that the upper half may have 
a similar construction, or some other construc 
tion as may be desired. By providing suitable 
gauging means, the entire operating instrumen 
talities may be immersed-in a bath of circulating 
oil. 

In the above-mentioned copending application 
we have gone into the matter of lubricating and 
cooling beam backed mills. These teachings ap 
ply to the mills of our present invention. Good 
lubrication and cooling are essential; and espe 
cially in the case of those casters which sustain 
the greater loads, a separate lubrication system 
may be desirable. This of course, involves sealing. 
Figure 14 shows a cross section in part of two 

adjacent backing casters and 2 mounted on 
eccentric shaft 3 and the top cap 4 of the 
corresponding support or "bearing member." The 
cap 4 must have a small clearance where it 
faces the casters, or dangerous rubbing would 
occur. To prevent oil leakage through said clear 
ance and also to prevent dirt and foreign matter 
from entering the inside of roller or other bear 
ings 5 and 6 on which the casters rotate, spe 
cial sealing rings and f 8 are provided. 
These are split elastic rings, preferably metallic, 

with the outer or inner face tapering so that they 
have a tendency to slide in a suitable taper Sur 
face provided in the saddle and its cap, towards 
the side faces of the casters, but only with a 
small force, compared to the radial pressure they 
exert on said taper surface in the Saddle, Owing 
to the angle of the taper. 
Small oil channels, straight or spiral, may be 

provided on the sealing rings to insure complete 
lubrication of the interface with the casters, the 
faces of which are preferably polished after grind 
ing. Oil leakage through such lubrication chan 
nels and also through the slot in the ring itself is 
immaterial, as oil is steadily supplied and circu 
lated under pressure. 

In case of poor lubrication on said interface 
between casters and the sealing rings, so called 
'rubbing cracks' would develop in the casters, 
causing their premature failure. To make the 
danger from this source still more remote, it is 
preferable so to dispose the sealing rings that 
they contact the casters in the middle, i.e., close 
to the neutral axis of their section, where stresses 
due to bending moments are small. 

Modifications of our invention may be made 
without departing from the spirit of it. Having 
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ter construction including at least two sets of 
casters, the casters of one set being interdigi 
tated with the casters of another set, there being 
for one beam two sets of casters interdigitated 
with each other, said beam configured to form a 
Supporting surface for the operating faces of said 
casters, and a movable chain of bearing rollers 
interposed between said beam and said faces of 
the said casters. 

3. In a rolling mill having work rolls and mill 
housing beams extending in the direction of the 
work roll axes, to which beams the roll-separating 
force is transmitted substantially uniformly 
throughout the length of the work rolls by means 
including casters supported on the beams, a caster 
construction including at least two sets of casters, 
the casters of one set being interdigitated with 
the casters of another set, there being for one 
beam two sets of casters interdigitated with each 
other, said beam configured to form a supporting, 
surface for the Operating faces of said casters, and 
a movable chain of bearing rollers interposed be 
tween said beam and said faces of the said cast 
ers, said chain being an endless chain, and 
sprockets over which said chain moves in a con 
tinuous path surrounding said beam. 

4. In a rolling mill having work rolls and mill 
housing beams extending in the direction of the 
work roll axes, to which beams the roll-separating 
force is transmitted substantially uniformly 
throughout the length of the work rolls by means 
including casters supported on the beams, a caster 
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construction including at least two sets of cast 
ers, the casters of one set being interdigitated 
with the casters of another Set, there being for 
one beam two sets of casters interdigitated with 
each other, said beam configured to form a sup 
porting surface for the operating faces of said 
casters, and a movable chain of bearing rollers 
interposed between said beam and said faces of 
the said casters, said chain being an endless chain, 
and sprockets over which said chain moves in a 
continuous path surrounding said beam, one at 
east of said sprockets being capable of being 

45 driven whereby to supply power to said casters 
and through said casters to a work roll supported 
thereon. - 

5. The structure claimed in claim 4 wherein 
the operating faces of all of said casters are of 

50 less total width than the length of said work roll, 
in which said chain comprises links for said 
rollers having portions of greater diameter than 
said rollers, and in which the beam is grooved to 
provide trackways for the roller portions of said 

thus described our invention, what we claim as 55 chain lying between said links. 
new and desire to secure by Letters Patent is: 

i. In a rolling mill having small diameter work 
rolls and mill housing beams extending in the 
direction of the work roll axes, to which beams 
the roll-separating force is transmitted substan 
tially uniformly throughout the length of the 
work rolls by means including casters supported 
on the beams, a caster construction including at 

6. The structure claimed in claim 4 wherein 
said beam is divided into two parts, one part con 
stituting a fixed portion of the mill housing and 
a second part movable with respect to the first 

60 and mounted thereon by means of opposed wedges 

east two sets of casters, the casters of one set 
being interdigitated with the casters of another 5 housing beams extending in the direction of the 
set, whereby to support a roll substantially smaller 
in diameter than the casters in a position in 
which a portion of said roll extends beyond the 
tangent to the casters. 

2. In a rolling mill having work rolls and mill 
housing beams extending in the direction of the 
workroll axes, to which beams the roll-separating 
force is transmitted substantially uniformly 
throughout the length of the work rolls by means 

whereby said second part may be moved for 
screw-down purposes by movement of said 
wedges. 

7. In a rolling mill having work rolls and mill 

work roll axes, to which beams the roll-Separat 
ing force is transmitted substantially uniformly 
throughout the length of the work rolls by means 
including casters Supported on the beams, a 

70 caster construction including at least two sets 
of casters, the casters of one set being interdigi 
tated with the casters of another Set, there being 
as to one of Said mill beams at least two sets of 
casters in interdigitated relationship and two out 

including casters supported on the beams, a cas- 75 lying sets of non-interdigitated casters, inter 
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mediate roll sets interposed between said casters 
and a work roll, one of said sets of intermediate 
rolls comprising three rolls of which the center 
one is smaller than the outlying ones, whereby 
a geometrical advantage is obtained in said mill 
permitting the use of a smaller diameter work 
roll with casters of a given diameter. 

8. In a rolling mill having work rolls and mill 
housing beams extending in the direction of the 
work roll axes, to which beams the roll-separat 
ing force is transmitted substantially uniformly 
throughout the length of the work rolls by means 
including casters supported on the beams, a 
caster construction including at least two sets of 
casters, the casters of one set being interdigi 
tated with the casters of another set, there be 
ing as to one of said mill beams at least two sets 
of casters in interdigitated relationship and two 
outlying sets of non-interdigitated casters, inter 
mediate roll sets interposed between said casters 

... and a work roll, one of said Sets of intermediate 
rolls comprising three rolls of which the center 
one is smaller than the outlying ones, whereby a 
geometrical advantage is obtained in said mill 
permitting the use of a Smaller diameter work 
roll with casters of a given diameter, said smaller 
intermediate roll of the set of three resting con 
currently on the certain interdigitated casters, the 
arrangement being Such that the greater part of 
the effective roll-separating force is sustained by 
the outlying sets of non-interdigitated casters, 
said casters having greater bearing capacity than 
the interdigitated casters. 

9. The structure claimed in claim 8 including 
means for applying a driving force to one of the 
sets of intermediate rolls. 

10. The structure claimed in claim 8 including 
means for applying a driving force to one of the 
sets of intermediate rolls, said means comprising 
drive spindles having both a universal joint ac 
tion to permit drive in spite of screw-down move 
ment and a thrust bearing action for preventing 
axial movement of the driven intermediate rolls. 

11. The structure claimed in claim 8 wherein 
the casters of each intermediate set have a total 
width approximately equal to half the length of 
the working roll with allowance for clearance, 
providing substantially equivalent bearing space 
between casters, said casters being mounted by 
means of anti-friction bearings on shafts having 
eccentric portions, said shafts also being mounted 
on anti-friction bearings on supports on said 
housing beam whereby said shafts may be em 
ployed as an anti-friction screw-down mecha 
nism, and means for rocking said shafts for 
screw-down purposes. 

12. The structure claimed in claim 8 wherein 
the casters of each intermediate set have a total 
width approximately equal to half the length of 
the working roll with allowance for clearance, 
providing substantially equivalent bearing space 
between casters, said casters being mounted by 
means of anti-friction bearings on shafts having 
eccentric portions, said shafts also being mounted 
on anti-friction bearings on supports on said 
housing beam whereby said shafts may be em 
ployed as an anti-friction screw-down mecha 
nism, and means for rocking said shafts for screw 
down purposes, said last mentioned means com 
prising a release mechanism operative to permit 
rocking of said shafts under the roll-separating 
force when the roll-separating force exceeds a 
predetermined maximum. 

13. The structure claimed in claim 8 wherein 
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width approximately equal to half the length of 
the working roll with allowance for clearance, 
providing substantially equivalent bearing space 
between casters, said casters being mounted by 
means of anti-friction bearings on shafts having 
eccentric portions, said shafts also being mounted 
on anti-friction bearings on supports on said 
housing beam whereby said shafts may be em 
ployed as an anti-friction screw-down mecha 
nism, and means for rocking said shafts for 
Screw-down purposes, said last mentioned means 
comprising a release mechanism operative to per 
mit rocking of said shafts under the roll-separat 
ing force when the roll-separating force exceeds 
a predetermined maximum, said screw-down 
mechanism comprising an hydraulic cylinder and 
automatically acting pressure release means in 
connection with said hydraulic cylinder. 

14. The structure claimed in claim 8 wherein 
the casters of each intermediate set have a total 
width approximately equal to half the length of 
the working roll with allowance for clearance, 
providing. Substantially equivalent bearing space 
between casters, said casters being mounted by 
means of anti-friction bearings on shafts hav 
ing eccentric portions, said shafts also being 
mounted on anti-friction bearings on supports on 
Said housing beam whereby said shafts may be 
employed as an anti-friction screw-down mecha 
nism, and means for rocking said shafts for 
Screw-down purposes, said last mentioned means 
comprising a release mechanism operative to per 
mit rocking of said shafts under the roll-sepa 
rating force when the roll-separating force ex 
ceeds a predetermined maximum, said screw 
down mechanism comprising an hydraulic cylin 
der and automatically acting pressure release 
means in connection with said hydraulic cylin 
der, means for supplying fluid under pressure to 
said cylinder, and means in connection with said 
fluid means for controlling the operation of a 
piston in said cylinder so as to determine by fluid 
pressure means the position of said piston there 
in. 

15. In a mill having a housing beam and a 
Work roll and in which the roll-separating force 
is transmitted from said work roll to said hous 
ing beam throughout the length of said work roll 
by means of casters, three sets of interdigitated 
casters in which the Outer sets of casters have 
substantially twice as much effective face width 
as the inner set of casters, and a pair of inter 
mediate rolls supporting said work roll on said 
Casters in Such manner that the work roll is from 
approximately 4 to is the diameter of the cast 
ers, the arrangement being Such that the outer 
caster sets which have a larger bearing capacity 
Sustain the greater part of the effective roll-sepa 
rating force. 

16. In a mill having a housing beam and a 
Work roll and in which the roll-separating force 
is transmitted from said work roll to said hous 
ing beam throughout the length of said work roll 
by means of casters, three sets of interdigitated 
casters in which the outer sets of casters have 
Substantially twice as much effective face width 
as the inner set of casters, and a pair of inter 
mediate rolls Supporting said work roll on said 
casters in Such manner that the work roll is from 
approximately 4 to to the diameter of the cast 
ers, the arrangement being such that the outer 
caster sets which have a larger bearing capacity 
Sustain the greater part of the effective roll-sepa 
rating force, said caster sets being rotatably jour 

the casters of each intermediate set have a total 75 naled on shafts which in turn are mounted on 
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a common cradle having an arcuate outer sur 
face engaged in an arcuate depression in the 
mill housing beam with anti-friction means in 
terposed therebetween, the said arcuate surfaces 
having an axis displaced from the axis of the 
work roll whereby the roll-separating force will 
tend to rock said cradle in said beam to effect 
a movement of the work roll away from the 
center plane df the piece being rolled, and re 
silient means for urging said cradle in the op 
posite rotative direction. 

17. In a mill having a housing beam and a 
work roll and in which the roll-separating force 
is transmitted from said work roll to said hous 
ing beam throughout the length of said work roll 
by means of casters, three sets of interdigitated 
casters in which the outer sets of casters have 
substantially twice as much effective face width 
as the inner set of casters, and a pair of inter 
mediate rolls supporting said work roll on said 
casters in such manner that the work roll is from 
approximately 4 to is the diameter of the cast 
ers, the arrangement being such that the Outer 
caster sets which have a larger bearing capacity 
sustain the greater part of the effective roll 
separating force, said caster sets being rotatably 
journaled on shafts which in turn are mounted 
on a common cradle having an arcuate outer sur 
face engaged in an arcuate depression in the 
mill housing beam with anti-friction means in 
terposed therebetween, the said arcuate surfaces 
having an axis displaced from the axis of the 
work roll whereby the roll-separating force will. 
tend to rock said cradle in said beam to effect a 
movement of the work roll away from the center 
plane of the piece being rolled, and resilient 
means for urging said cradle in the opposite role 
tative direction, there being a stop on said bean 
to limit the rocking of said cradle in said oppo 
site direction and said urging means comprising 
a leverage and means for applying force to said 
leverage in a resilient manner. 

18. The structure claimed in claim 17 in which 
said stop means is adjustable as to position for 
screw-down purposes, and in which said means 
for applying force is a means for applying a 
constant force irrespective of the position of said 
cradle. 

19. In a mill, work rolls, a housing having end 
members and rigid, non-rotative beams extend 
ing axially of the work rolls and between said 
end members, means for transmitting the roll 
separating force from said work rolls to said 
beams, said means including sets of intermediate 
rolls of substantially the same length as Said work 
rolls and casters of substantially lesser length ro 
tatably journaled on supports in connection with 
said beams and acting in groups to support said 
intermediate rolls, and means for driving said 
mill comprising means for transmitting torque 
to a set of intermediate rolls for each of said 
work rolls, said means for transmitting torque 
comprising spindles having both a universal con 
nection with said intermediate rolls to permit 
roll separation and an end thrust Connection 
therewith. 

20. In a mill, work rolls, a housing having rigid 
beams extending axially of the work rolls, means 
for transmitting the roll-separating force from 
said work rolls to said beams, said means includ 
ing sets of intermediate rolls and casters rotat 
ably journaled on supports in connection with 
said beams and acting to support Said interme 
diate rolls, and means for driving said mill con 
prising means for transmitting torque to a set 
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of hollow character, said spindles having a rock 
able toothed engagement with portions of said 
intermediate rolls, said spindles within their hol 
lows carrying balls on the ends of arms, said balls 
resting within sockets in the ends of said rolls 
and held therein by means of threaded collars, 
so that said spindles are capable of preventing 
endwise movement of said intermediate rolls, said 
balls and arms being mounted upon threaded 
members in the hollows of said spindles whereby 
said members may be both adjusted and disen 
gaged for disassembly. 

21. In combination, a reversible rolling mill 
having work rolls and a screw-down, collers on 
each side of the mill, means on each side of said 
mill for measuring the gauge of a work piece as 
it leaves said mill, means in connection with said 
last mentioned means for making a continuous 
record of said gauges and including record strips, 
and means for moving said record strips at all 
times in accordance with the movements of the 
work piece being rolled, whereby an indication 
is presented not only of the gauge of the work 
piece as it leaves the mill on each pass, but of 
the gauges of the work piece as it approaches 
the mill during said pass, and means for oper 
ating said screw-down so that gauge corrections 
may be made during rolling not only in accord 
ance with the gauge being produced by the mill, 
but also in accordance with the known variations 
of gauge of the material as it approaches said 
mill. 
22. In combination, a reversible rolling mill 

having work rolls and a screw-down, coilers on 
each side of the mill, means on each side of said 
mill for measuring the gauge of a work piece as 
it leaves said mill, means in connection with said 
last mentioned means for making a continuous 
record of Said gauges and including record strips, 
and means for moving said record strips at all 
times in accordance with the movements of the 
work piece being rolled, whereby an indication 
is presented not only of the gauge of the work 
piece as it leaves the mill on each pass, but of 
the gauges of the work piece as it approaches 
the mill during said pass, and means for oper 
ating said screw-down so that gauge corrections 
may be made during rolling not only in accord 

... ance with the gauge being produced by the mill, 
but also in accordance with the known variations 
of gauge of the material as it approaches said 
mill, Said screw-down being an anti-frictional, 
non-Self-locking screw-down, and said means for 
operating it including means for applying to it 
a controlled force which may be varied as desired. 

23. In a beam backed mill having work rolls 
and means for transmitting the roll-separating 
force from the working rolls to beams extending 
axially thereof, casters forming part of said force 
transmitting means, said casters being mounted 
on self-aligning bearings on a shaft, said shaft 
in turn being mounted in supports on one of 
said beams, said supports extending between 
said casters, and means for isolating lubricant 
in said bearings comprising sealing rings mount 
ed in annular recesses in Said supports, Said seal 
ing rings having an annular tapered face mating 
with a similarly tapered face in said supports, 
said rings so constructed as to provide resilient 
pressure against the tapered faces of said grooves 
whereby said sealing rings tend to move upwardly 
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in said grooves until they bear against aid Number 
casters. 1,614.425 
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