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This invention relates to rolling mills, and more 
particularly to that class of rolling mills known 
to the industries as four-high mills, or mills hav 
ing relatively Small diameter working rolls backed 
up or Supported by backing-up or Supporting rolls 
of relatively large diameter. 
Such mills are used to exert a tremendous pres 

sure upon the material which is being elongated 
between the working rolls, exerting such pres 
sure equally across the full width of the material 
being elongated between the working rolls and 
delivering a product which is flat and of prac 
tically equal thickness across its full width and 
for its full length. 
Such mills require that the adjustment of the 

rolls, causing then to advance towards, or re 
treat from, each other, be made by very Small 
incrementS. 
Such mills require that the Working and back 

ing-up rolls be of practically constant diameter 
throughout their entire length, except that the 
backing-up rolls may have their diameter vary 
ing by extremely small amounts, being slightly 
larger in their middle than at their ends to con 
pensate for any deflection that may take place 
in these rolls, due to the tremendous pressure that 
is exerted by them, on the working rolls. 
Such mills also require that the temperature 

of the rolls be controlled within a very close 
range and that this temperature be maintained 
for the full length of the working rolls, in order 
that the diameter of the working rolls can be 
maintained constant and also that the tempera 
ture of the material, while in contact with the 
working rolls, can be maintained practically con 
stant for its entire width and thus avoid a Warped 
and buckled product coming from the mill. 
Such mills also require that the faces of the 

rolls be lubricated with a suitable lubricant to 
prevent the material being rolled from adhering 
to the rolls and to produce a better finish on the 
rolled product. 
Such mills also require that the upper back 

ing-up roll and upper working roll be balanced 
and that such balancing means shall so support 
the rolls that there is no blow on the bearings, 
supporting the rolls, when the material enters 
or leaves the mill; also that the Working roll 
balance shall provide the means for affording 
traction between the working rolls and the back 
ing-up rolls for the purpose of driving the back 
ing-up rolls. 
Such mills also require that the means used 

for balancing the upper backing-up and Working 
rolls provide for quickly and simply affording 

(CR. 89-38) 
Working clearance for removing the backing-up 
and Working roll units, bodily, from the mill when 
it becomes necessary to change the rols. 
In the known types of rolling mills, the tre 

mendous pressure required for elongating mate 
rial between the working rolls has been furnished 
by means of screws located on the top of each 
housing. Such screws are quite long and have 
the power required to rotate them applied at 
One end, while the resistance to their turning is 
offered at practically their other end, resulting 
in considerable torsional deflection taking place 
in the Screws, which very greatly increases the 
friction between the threads on the Screw and the 
threads in the screw-box or nut, and in many 
cases Squeezes out the lubricant between the 
faces of the screw-threads and causes the screws 
to heat up and seize in the screw-boxes or nuts. 
This torsional deflection of the screws causes an 
unequal pressure to be exerted on the rolls and 
likewise on the material being elongated between 
the Working rolls, resulting in the material being 
thicker at one side than at the other, for no mat 
ter hoW Substantial the connecting shafting and 
gearing may be made, connecting the two screws 
together, this will not in any way reduce the tor 
Sional deflection in the Screws. This torsicnal 
deflection reduces the useful work done by the 
screws on the rolls, and no matter how well the 
screws are made, or how close the physical prop 
erties of the material agree, from which the two 
screWS Were made, it is not practical to assume 
that each screw will torsionally deflect the same 
amount. Unless pressure-indicating devices are 
used between the ends of the screws and the roll 
supports and means are provided for operating 
one screw independently of the other, this pres 
Sure can not be equalized. 

In the known type of rolling mills, the backing 
up rolls have been supported in anti-friction 
bearings carried in bearing casings in the hous 
ings, which has resulted in these backing-up 
rolls becoming beams of considerable span, which 
in order to reduce deflection in the body of the 
rolls to a ninimum have had to be made of ex 
tremely large diameter, making them extremely 
heavy, difficult and expensive to manufacture, 
as Well as requiring expensive equipment to 
handle then. 

In the known type of rolling mills, the control 
ling of the temperature and lubricating of the 
rolls has been accomplished by having streams 
of temperature-controlling fluid flowing over the 
faces of the rolls, with attempts made to control 
the internal temperature of the working rolls by 
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2 
passing temperature-controlling liquid in at one 
end of the rolls and out at the other end, 
An object of this invention is to provide a roll 

'ing mill in which the tremendous pressure re 
quired to elongate material between the working 
rolls of the mill can be applied, substantially 
equally, at each end of the backing-up rolls, both 
top and bottom, by means of bearing blocks of 
large area, so that the force is substantially uni 
formly distributed over the whole length of the 
backing-up rolls, and transmitted through the 
working rolls to the material being elongated be 
tween the working rolls, to produce a material 
that has had an equal pressure exerted on it over 
its entire width and length and is therefore of the 
same thickness over its entire width and length. 
Another object is to provide working and back 

ing-up rolls in which it is possible to efficiently 
control the temperature of these rolls by internal 
and external temperature-controlled zones, in 
stalling in each of these zones means whereby the 
supply of temperature-controlling fluid is thermo 
statically controlled at each zone, thus providing 
means whereby the diameter of the rolls is con 
trolled within very close limits, and as desired, 
and also providing means for maintaining a prac 
tically constant temperature across the whole 
width of the material being elongated between the 
working rolls, while in contact with said working 
rolls, thus removing the danger of the material 
being warped and buckled upon its leaving the 
mill. 
Other objects are to provide means for plac 

ing the anti-friction bearings for supporting the 
backing-up rolls inside the temperature-con 
trolled ZOnes of the rolls; to provide means for 
continuously supplying temperature-controlling 
lubricating fluid to these anti-friction bearings 
through thermostatically-controlled supply pipes 
at the zones; to provide means whereby it will not 
be possible to squeeze the lubricating fiuid out of 
these bearings when operating the screw-down 
with the rolls stationary; to reduce the unsup 
ported length of the backing-up rolls as much as 
possible, thus reducing the deflection in the rolls 
and likewise the necessity for having rolls of large 
diameter, resulting in a great Saving in weight, 
cost of manufacture and of handling the rolls; 
and to provide means whereby it will be possible 
to have the backing-up and working rolls made 
of material which may be heat-treated and 
hardened to any extent desired. 

Still other objects are to provide means whereby 
the top backing-up and top working rolls are bal 
anced so that there is no blow on the anti-fric 
tion bearings, when the material enters or leaves 
the mill; to provide means for affording ample 
working clearance for the purpose of removing 
a top backing-up roll unit or the working roll 
units bodily from the mill when desired; to pro 
vide means for keeping the Working rolls in tight 
contact with the backing-up rolls So as to fur 
nish traction for driving the backing-up rolls by 
the working rolls; to provide zone-divided means 
whereby the faces of the backing-up and work 
ing rolls may be lubricated in an efficient and 
economical manner to prevent the material being 
rolled from adhering to them and to help produce 
a better finish on the material being rolled in the 
mill. 
Other objects, features and advantages of the 

invention will appear or be pointed out as the spec 
ification proceeds. 
In the accompanying drawings, forming part 

hereof: 

2,056,438 s. 
Fig. 1 is a side elevation of a four-high mill 

made in accordance with the invention, having 
two working rolls and two backing-up rolls. 

Fig. 2 is a diagrammatic view showing the rel 
ative positions of the rolls when applying the in 
vention to a five-high mill having three working 
rolls and two backing-up rolls. 

Figs, 3 and 4 are diagrammatic illustrations 
showing the use of four backing-up rolls in a 
four-high and five-high mill, respectively. 
r 5 is a sectional view on the line V. V of 

3. .. 
Fig. 6 is a fragmentary top plan view from the 

line VI-VI of Fig. 5. 
Fig. 7 is an end view, looking to the right in 

Fig. 5, the cooling rolls and casing being removed, 
and a portion of the mill being shown in section 
taken on the line VII-VII of Fig. 1. 

Fig. 8 is an enlarged sectional view through the 
working and backing-up rolls and the cooling 
rolls and casings. s 

Fig. 9 is an enlarged right-sectional view on the 
line IX-X of Fig. 8. 

Fig. 10 is an enlarged fragmentary sectional 
view, on radial planes, of a working roll and a 
Cooling roll. 

Fig. 11 is a sectional view, one-half on the line 
XI-XI and one-half on the line XIa-XIa of 
Fig. 10. - 

Fig. 12 is an enlarged detail sectional view of 
the thermostatically-controlled fluid supply noz 
zle, on the line XII-XII of Fig. 13. 

Fig. 13 is a sectional view on the line XIII 
XIII of Fig. 12. 

Fig. 14 is an enlarged vertical sectional view of 
the fluid-filled accumulator and displacement bal 
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ance cylinder for the working and backing-up 
rolls. 

Fig. 15 is a sectional view, showing a modified 
m of a part of the structure illustrated in Fig. 

4. 
A mill housing has housing supporting girders 

2 on a bed plate 3. . A drain tank 4 extends below 
the bed plate, and fluid flows from the tank 
through drain pipes . The housing is securely 
keyed to the supporting girders 2 by keys 6, and 
the girders 2 and bed plate 3 can be fastened to 
a foundation by bolts 7. The girders are keye 
to the bed plate by keys 8. 
A rotatable Screw-down equalizing shaft hous 

ing 9 has a cam face 0 in contact with a bearing 
block f. There is a similar cam face at the other 
end of the equalizing shaft housing. The por 
tions of the housing on which these cam faces 
are formed comprise "plate cams", the term being 
used in this specification to indicate a cam of the 
type in which the relative movement of the foll 
lower is at right angles to the axis of rotation of 
the cam, as compared with "cylindrical' cams in 
which the follower has all or at least a com 
ponent of its movement in a direction parallel to 
the axis of rotation of the cam. The face of a 
plate can may be as wide as desired. 
A tapered wedge block 2 extends through the 

side wall of the mill housing, and has flanges 3 
on each end to hold it in position. A tapered 
wedge 4 also extends through the side wall of 
the mill housing, and this wedge can be moved 
by a "pull' bolt 5 or "push' bolts 6 for lining up 
the rolls in case of any misalinement of the hous 
ingS. 
The housing 9 is movable vertically in side bear 

ings fl. Each of these side bearings is horizon 
tally adjustable by means of a tapered wedge . 
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keyed to the housing 9 by a key 2. 

2,056,483 
The housing 9 is held in the mill housing by 
clamps 9. 
A rotatable screw-down equalizer shaft 2 is 

The shaft 
20 turns on a bearing block 2 fa, which is Sup 
ported by a balance beam. 22. An accumulator. 
or displacement balance cylinder 23 is filled With 
mercury or other suitable fluid, and is supported 
under one end of the balance beam 22 by a lug 
24 on the side of mill housing . A similar lug 
24a supports a pivot bracket 25 under the other 
end of the balance beam .22. The function of 
the cylinder 23 and pivot bracket 25, and the op 
eration of the balance beam 22 will be explained 
hereinafter. The construction thus far described 
is the same on both sides of the mill. 
Backing-up rolls 26 of large diameter contact 

with working rolls 27, which are of relatively 
small diameter. The lower and upper Working 
rolls have housings 28 and 29, respectively, and 
tapered wedges 30 and 3A, respectively, are used 
for lining up the housings. Clamps 32 and 33 
hold the housings 28 and 29, respectively, in the 
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mill housing. An accumulator and displacement 
balance cylinder 34 is filled with mercury Or 
other suitable fiuid. This cylinder 34 is for bal 
ancing the upper backing-up roll, as will be more 
fully explained in the description of Fig. 14. 

Figs. 2 and 4 are diagrammatic views showing 
five-high mills with one and two backing-up rolls 
for the top and bottom working rolls. Fig. 3 
shows the location of the backing-up rolls. When 
using two for each working roll of a four-high 
mill. These views illustrate three of the modific 
cations which can be made in the preferred em 
bodiment of the invention, 

Fig. 5 shows top and side separators 35 and 36, 
respectively, for the mill housing. A screw 3 is 
partially enclosed by an upper screw-down hous 
ing 38 and screw-down housing cover 39. The 
screw 37 threads through a screw-box or nut 40, 
and has a guide block 40d, which slides in the 
housing cover 39. 
A worm-wheel 4 f is driven by a worm and shaft 

42. An anti-friction thrust bearing i3 is located 
between the mill end of the screw-box or nut 40 
and the worm-wheel 4, and a bushing 44 is lo 
cated between the screw-down housing 38 and 
the hub of the Worm-wheel 4. At the other 
side of the worm-wheel there is a bushing and 
thrust washer 45 between the screw-down hous 
ing cover 39 and the hub of the worm-wheel 4 f. 
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The worm and shaft 42 are driven by a Worn 
wheel 46, which is rotated by a worm, and shaft 
47. A flexible coupling 48 connects the worm and 
shaft 4 with an electric notor 49. The electric 
motor has a magnetic brake 50, which is released 
by power supplied to the motor but strong enough 
to prevent rotation of the motor when the power 
is not turned on. A bracket 5f Supports the no 
tor. The Worm reduction gearing described is 
contained in a case 52. Similar Screw-down 
mechanism is provided for the bottom backing 
up roll. 
A clevis 53, on the end of the screw 37, is con 

nected to a link 54 by a pin 55. Rollers 56 (Fig. 6) 
on opposite ends of the pin 55 run in guides 59 
which are attached to the housing 38. 
The rotatable housings 9 are securely tied to 

gether by a connecting frame 58. Keys 6 (FigS. 
7 and 9) insure permanent allinement of the 
housings 9 and connecting frame 58. 
The lower screw-down housing 6 forms a part 

of the supporting girder 2. The other parts of 
the lower screw-down mechanism are similar to 

3 
that already described for the upper backing-up 
roll and are designated by the same reference 
characters. . . : 
Temperature-controlling rollers 62 and 62a con 

tact with the backing-up rolls 26 and Working 
rolls 27, respectively. These rollers can be used 
to either heat or cool the rolls With Which they 
contact. For some rolling processes it is desir 
able to add heat to the working rolls, and for 
other rolling processes it is necessary to cool the 
Working rolls. There are tWO temperature-con 
trolling rollers 62 for the upper backing-up roll 
and two temperature-controlling rollers 62a for 
the upper working roll. All of these upper tem 
perature-controlling rollers are contained in an 
upper roller casing 63. The lower temperature 
controlling rollers are contained in a lower roller 
casing 64. Each of the roller casings is supported 
by an arm 65 slidable in a guide 66. 
Both the upper and lower links 54 are con 

nected to their respective frames 58 by pins 67. 
Referring to Fig. 7, a pipe 68 connects the tanks 

4. Bushings 69 and T are shown surrounding 
the pins 67. Bushings can also be used as bear 
ings for the pin 55 (Figs, 5 and 6). Anti-fric 
tion bearings can be substituted for these bush 
ings. Universal jaw ends cooperate with driv 
ing spindles for driving the Working rolls 27. 

Inside of each backing-up roll 26 is a fluid dis 
charge trough 75 (Fig. 8), a fluid supply pipe 76, 
and fluid return pipe 77. Fluid from the pipe 76 
is supplied through a nozzle 78 on the end of the 
pipe 76. Heat-insulated fluid supply and return 
pipes 9 and 9a, respectively, extend along the 
axis of the backing-up roll 26. Other heat-in 
sulated fluid supply and return pipes 80 and 80a, 
respectively, extend along the axis of the works 
ing roll 2. 
An anti-friction thrust bearing 8 is located 

midway between the ends of the backing-up roll. 
Fluid for the outside of the temperature-con 

trolling rolls 62 and 62a is supplied through head 
ers 82. Shut-off valves 83 control the supply of 
fluid from the headier82, through individual sup 
ply lines 84, to the separate compartments of the 
roller cases. 63 and 6. 
Each of the compartments of the roller cases 

63 and 64 has laterally adjustable division baffles 
85. Spring-controlled wipers 86 have tips of felt 
or other Suitable material in contact with the 
faces of the rolls for wiping off any excess liquid 
or foreign matter. 

Referring to Fig. 9, anti-friction bearings have 
their inner races 87 securely clamped against lat 
eral movement on the shaft 20 by means of split 
collars 88 and locking nuts 89. These anti-fric 
tion bearings have rollers 90, and cages or separa 
tors 9 for separating and alining the rollers 90. 
Their outer races 92 are securely clamped to the 
backing-up roll 26 by means of end covers 93. 
Conveyer buckets 94 on the inside faces of the 

end COWerS. carry up liquid and discharge it into 
hoppers 95, from which it flows into the anti 
fiction bearings. 
A fluid supply pipe 96, having a shut-off valve 

97, connects with one end of the pipe 79. A dis 
charge head 98 at the end of the pipe 9d is lo 
cated above a funnel 99 at the entrance to a drain 
line E. W m 

A neck at each end of the working rol. 2 runs 
in an anti-friction bearing 0. The end of the 
working roll remote from the universal jaw end 

is provided with an anti-friction thrust bearing 
62. Fruid is supplied to the working roll through 

a supply line 03 and valve 04. The fluid from 
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4. 
the pipe 80a flows from a discharge head OS into 
a funnel 06 at the entrance to a drain line OT. 
An annular space 08 between the inside wall of 
the working roll and the outside of the pipe 80a is 
used for thermostatic Zone-temperature-control 
units which will be explained in describing Fig. 10. 
A threaded rod 09 extends through the division 

baffles 85, and the baffles are held in position by 
nuts to threaded on the rod. 
The temperature-controlling roller 62a has an 

annular space for thermostatic zone-tempera 
ture-control units. The ends of the roller run in 
anti-friction bearings 2, one of which is shown 
in Fig. 9. Fluid is supplied to the temperature 
controlling roller through a supply pipe 3 and 
valve 4. A discharge head 5 directs fluid 
flowing from the temperature-controlling roller 
62a into a funnel 6 at the top of a drain pipe 

. 
Figs. 10 and 11 show the pipes, which extend 

along the axes of one of the working rolls 27 and 
one of the temperature-controlling rollers 62a. 
The pipes within the other working roll and other 
temperature-controlling rollers are similar to 
those shown in these views. The fluid Supply pipe 
80 has a double wall and an insulating space 8 
between the walls. The fluid return pipe 80a has 
a double wall enclosing an insulating space 20. 
The pipes 80 and 80a communicate with the an 
nular space through ports 2 and 22, respec 
tively. 
A sleeve 23 surrounds the pipe 80a and has 

openings 2 fa and 22a in register with the ports 
2 and 22. A packing ring 24 and a packing 

backing-up ring 25 at each end of the sleeve 23 
close the space between the pipe 80a and the in 
side wall of the roll 62a. The rings 25 contact 
with spacing sleeves 26. 
A sleeve 2 has an annular mercury chamber 

28 from which extend cylindrical portions in 
which plungers slide as the mercury expands and 
contracts with changes of temperature. One Such 

: plunger 29 is shown in Fig. 10. The construction 

45 
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60 

will be more fully explained in the description of 
Figs, 12 and 13. A spring 30 urges the sleeve 27 
into a position over the ports 22a to cut off the 
flow of fluid through these ports. The plungers 
29 bear against a shoulder at the end of the 

sleeve 23, and when the mercury in the sleeve 27 
expands, it thrusts against the plungers 29 and 
forces the sleeve f27 toward the right in Fig. 10 
so that the ports 22a are opened. The degree of 
opening depends on the expansion of the mercury 
which is heated by the fluid in the annular Space 

. The piping and thermostat control in the 
working roll 27 are the same as that described for 
the temperature-controlling roll 62a. 

Figs. 12 and 13 show a thermostatically con 
trolled sleeve f3 on the lower end of one of the 
fluid supply pipes 76 similar to the thermostatic 
control means of the sleeve 27. A mercury cham 
ber 32 has cylindrical portions in which plungers . 
33 are slidable. A spring 34 is compressed be 
tween the sleeve 3 and a collar on the pipe 76. 
This spring 34 urges the sleeve f3 toward the 
nozzle 78 at the end of the pipe so that the 
plungers 33 contact with the nozzle 8. When 
the mercury in the chamber 32 expands with 
heat, it causes relative movement between the 
sleeve 3 and plungers 33. Since the plungers 
are prevented from moving by the nozzle 73, the 
sleeve is moved away from the nozzle. When the 

s 

mercury contracts, the spring f34 moves the sleeve 
toward the nozzle 78. 
The nozzle 78 has a small discharge orifice, and 

2,056,488 
there is a plurality of ports (36 around the periph 
ery of the pipe 76 above the nozzle 78. These 
ports 36 are covered by the sleeve 3 except 
when the fluid in the zone gets hot enough to 
cause the mercury to expand and move the sleeve 
3 upward until it uncovers the ports 36. When 

the invention is used to supply heat to the rolls 
and rollers, the openings uncovered by the thermo 
statically operated sleeves are located so that 
movement of the sleeves by expansion of the 
mercury closes the openings through which the 
heating fluid circulates. 

Fig. 14 is a sectional view through the cylinder 
23 and adjacent parts. A plunger 37 extends 
through the top of the cylinder 23. A packing 
ring 38 around the plunger is held in place by a 
cover 39. The cylinder is filled with mercury 40, 
or other suitable fluid, and a displacement plunger 
4f extends through the side of the cylinder. 
A worm-wheel 42 is secured to a nut 42d, 

which fits a threaded end portion of the displace 
ment plunger 4. The worm-wheel is operated 
by a worm and shaft 43, and the shaft is turned 
by a hand-wheel 44, or an electric motor may be 
substituted for the hand-wheel. 
The worm-wheel 42 and part of the displace 

ment plunger f4 are enclosed in a housing 45 
having a cover plate 46. Bearings 47 on both 
sides of the worm-wheel 42 contact with an out 
side bearing surface on the hub of the worm 
wheel and also extend over the ends of the hub to 
Serve as thrust bearings. 
A balancing-adjusting plunger 48 is urged up 

ward by a spring 49, and the compression of this 
Spring is adjustable by an adjusting screw 50, 
which threads through a bracket 52. One end 
of the balance beam 22 (Fig. 1) is supported by 
the plunger 37. The mercury or other fluid in 
the cylinder 23 is under pressure from the spring 
49 and the plunger f37 is therefore urged up 
ward by the spring acting through the liquid and 
the plunger 37 can move downward by displac 
ing the adjusting plunger 48 against the pres 
Sure of the Spring. The cylinder 23 and its asso 
ciated elements thus provide means whereby the 
faces of all supporting members for the top back 
ing-up roll are held in close contact with one 
another and remove any danger of the anti 
friction bearings receiving a blow when the mate 
rial enters Orleaves the mill. 

Fig. 15 shows a modified construction for exert 
ing Spring pressure on a balance-adjusting plun 
ger 48a. The spring 49 shown in Fig. 14 causes 
a varying pressure to exist in cylinder 23, de 
pendent on the amount of compression of the 
spring. This variation in pressure is in some 
cases undesirable. Fig. 15 shows levers used in 
combination with spring 49a to produce a cons 
stant pressure on cylinder 23, which arrangement 
of levers compensates for the varying force 
exerted by the spring for the various working 
deflections of the spring. Instead of bearing 
directly against a screw 50a and plunger 48a, 
the spring 49a has fittings 60 at its ends, and 
these fittings are pivotally connected to the ad 
justing screw 50a and a second class lever 62 
which is fulcrumed on a bracket f 52a and con 
tacts with the bottom of the plunger f48a. 
The operation of the invention is as follows: 
Referring to Fig. 9, a temperature-controlling 

fluid of high specific heat and of a predetermined 
pressure and temperature is supplied to the roll 
27 by supply pipe 03, the flow of which fluid may 
be shut of or regulated by valve O4. The supply 
pipe 03 is connected by suitable means to central 
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2,056,488 
insulated supply pipe 36, , which extends for 
practically the full length of the interior of the 
working roll 2. The circulation of the fluid 
within the working roll is the Seine as in the cool 
ing roller 62a, which will be described. The fluid 
returns from the working rol. 27 through the 
annular space 98 and discharge head 05, to the 
funnel 66 at the top of the drain line 07. 
The interior of the working roll 27 may be 

divided into any number of temperature-con 
trolling zones, with means for thermostatically 
controlling the supply of temperature-controlling 
fluid inside each zone. For the purpose of illus 
tration, six such zones have been provided, but 
I do not limit myself to such a number. 
The drawings and specification disclose tem 

perature-controlling means for absorbing heat 
from the working and backing-up rolls. I do not, 
however, limit myself to this feature as the means 
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shown may be used for supplying heat to the 
temperature-controlling backing-up and Working 
rolls without in any way departing from the 
essential features. 
The temperature-controlling and lubricating 

of the exterior of the working rolls 2 and back 
ing-up rolls 26 will now be described. 

Referring to Fig. 8, temperature-controlling 
rollers 62a and 62 are held in contact with the 
faces of the working rolls 27 and backing-up rolls 
26, and are revolved by frictional contact with 
the rolls. V-shaped spaces 65 are formed be 
tween the rollers 62a and working rolls 27, and 
V-shaped spaces 66 are formed between lower 
backing-up rolls. 26 and rollers 62. Reservoirs 
68 are provided in the upper roll casing 63, in 

which the rollers 62 in contact with the face of 
the upper backing-up roll 26 are immersed in 
lubricant. The W-shaped spaces 65 and 66 and 
the reservoirs S8 are divided up into zones by 
means of baffles 85, which are adjustably mounted 
on rods 9 (Figs. 8 and 9) and secured in pre 

- determined positions on them by means of nuts 
dio. The baffles 85 are constructed of suitable 
material, which will not mark or scratch the 
rolls or roles. " ; 
A suitable lubricant is furnished to each zone 

of the zone-divided spaces 65, 66 and reser 
voirs 68 from the supply headers 82 by means of 
the individual supply pipes 84, which are each 
equipped with regulating and shut-off valves 83. 

Referring to Fig. 9, the temperature-controlling 
roller 62a is in the form of a thin hollow cylinder 
containing heat-insulated Supply and return 
pipes 8 and 8a, to which pipes the ends of roller 
62a is suitably attached. The ends of pipes 80 
and 8Gd, are suitably arranged for the mounting 
of the inner races of the antiafriction bearings 
A 2, while the outer races of the anti-friction 
bearings 2 are mounted in the Supporting arms 
65 of the upper and lower roller casings 63 and 64. 
The roller casings 63 and 64 to which are at 

tached the arrins 55 (Fig. 5) are slidably mounted 
in guides 66 provided on housing A. 

Referring to Figs. 10 and it, the annuiar space 
A is provided between the interior of the roller 
3.2a and the exterior of the heat-insulated return 
pipe 33a. The thermostatically-controlled tem 
perature-control units, already described, are lo 
cated in this annular space . 

Referring back to Fig. 9, a temperature-con 
trolling fluid of high Specific heat and of a pre 
determined pressure and temperature is furnished 
to the temperature-controlling 
means of the supply pipe A 3, the Supply being 
regulated or shut off by valve d6. Pipe A 3 is 

roller 62d by, 

.. 5 
suitably connected to the central heat-insulated 
Supply pipe 80. . . 
The pipe 80 has a series of Supply ports 2i are 

ranged throughout its length, and the pipe 802. 
has return ports, 22 which connect the interior 
Of the pipes 80 and 80a with the annular space 

formed between the outside of the pipe 80g 
and the interior of the roller 620. In the annule 
lar space f l are installed the sleeves 23 upon 
each end of which are arranged the packing rings 
24 backed up by backing rings 25, thus sealing 

off portions of the annular space fff into zones. 
In each sleeve 23 are a series of ports 2 a for 
the supply, and 122a for the return, of the ten 
perature-controlling fluid. Mounted on the 
sleeve 23 is a thermostatically controlled sleeve 
27, which is provided with a circular mercury 
chamber 28 and plungers 29, one end of the 
plungers 29 being in contact with the mercury in 
the chamber 28, the other end in contact with a 
flange on the end of the sleeve 23, Between the 
back of the sleeve f27 and the collar on sleeve 
23, there is a spring 30, which forces the sleeve 
27 toward the left in Fig. 10 to close the ports 
22d. 
Central Supply pipe 80, return pipe 30a, and 

annular space if f are insulated from one another 
by means of the sealed spaces 8 and 29, thus 
preventing as far as possible the transfer of heat 
between the supply and return temperature 
controlling fluid. The sleeves 23 will be pre 
vented from turning on the pipe 80a by suit. 
able means. The sleeves 23 may be separated 
in the annular space if, if desired, and spacing 
sleeves 26 or other suitable means may be used 
for the purpose of separating them. It will thus 
be seen that the temperature-controlling fluid 
entering the Zone formed by the sleeve 23 ab 
Sorbs heat from the roller 62d, expands the mer 
cury in the chamber 28, which acts on plungers 
29 and moves the sleeve 27, uncovering the re 
turn ports 22a in sleeve 23, and allowing the 
temperature-controlling fluid to pass into ports 
22a connecting annular space f f to return pipe 
80a through which the fluid flows to the discharge 
head f 5 and into open funnel 6 connected to 
drain line f. 

Thus, it will be seen that the interior of the 
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working roll may be divided up into any number 
of temperature-controlling zones with means for 
thermostatically controlling the supply of tem 
perature-controlling fluid inside each zone. 

Fluid from the drain lines fol and if T flows 
to a central treating plant, where the tempera 
ture-controlling fluid is brought back to a pre 
determined temperature and returned under a 
predetermined pressure to the supply pipes O3 
and 3. 
The control of the temperature of the backing 

up rolls will now be described. Referring to Figs. 
8, 9, 12, and 13, temperature-controlling fluid is 
Supplied by pipe 96, the fluid supply being con 
trolled or shut off by valve 97. Pipe 96 is con 
nected in a suitable manner to central supply pipe 
270 within the insulated supply pipe 79. Con 
necting to Central Supply pipe 70 is a series of 
pipes 76, which discharge into a series of zones 
as follows: Zone f3 formed by the end covers 
93 and anti-friction bearings comprising inner 
race 8, outer race 92 and alined and separated 
rollers 99; Zone 4 formed by the aforesaid anti 
friction bearings and diaphragms f6; and zones 
78 formed by the diaphragms 76 and the cen 

tral thrust plate 9 of the double-acting anti-. 
friction thrust bearing 84. 

50 

55 

60 

65 

70 

75 



6 
Each of the fluid supply pipes 76 is equipped 

at its end with a nozzie 78 having a Small dis 
charge orifice. A series of ports 36 (Figs. 12 
and 13) are provided in the periphery of the pipe 
T6, these ports being covered by the sleeve f3 
having the circular mercury chamber 32 and the 
plungers 33, one end of the plungers 33 being 
in contact with the nozzle 78 and the other end 
in contact with the mercury in the mercury 

10 chamber 32. 
A temperature-controlling fluid supply pipe 6 

with thermostatically controlled discharge ports 
36 is shown discharging fluid into each Zone 
f73, part of the fluid flowing directly into the 

15 anti-friction bearing and into Zone T4, and the 
balance of the fluid being conveyed up the side 
of the Zone 73 by means of the buckets 94 pro 
vided around the periphery of the end covers 93. 
The buckets when approaching the top of Zone 

20 T3 become inverted and discharge their contents 
into the hopper 95, which directs the fluid into 
the anti-friction bearing, keeping all parts of the 
anti-friction bearing thoroughly flooded with 
temperature-controlling fluid. Another of the 

25 fluid supply pipes 76 discharges into Zone 4, 
because the temperature of the temperature-con 
trolling fluid leaving the anti-friction bearing 
may be beyond the range of the temperature de 
sired to be maintained in this Zone, and therefore 

30 additional temperature-controlling fluid must be 
supplied to this Zone. 
Another of the temperature-controlling fluid 

supply pipes 76 discharges fluid into each of the 
zones 8. The temperature-controlling fluid is 

35 conveyed up the sides of zones T4 and 78 by 
means of the buckets 74, which, when approach 
ing the top of the zones 74 and 78, become in 
verted and discharge their contents into dis 
charge troughs 75, which are connected by pipes 

40 TT to the insulated return pipe 79a which dis 
charges the fluid through the discharge head 98 
into the open funnel 99 attached to drain pipe 
f00, from where it flows to a central temperature 
controlling fluid-treating plant, where it may be 

45 filtered, pumped, temperature-regulated and re 
turned at a predetermined temperature and a 

\ predetermined pressure to the supply pipe 96. 
At zones 78 a portion of the discharge troughs. 

15 are carried up over the top of the double-acting 
50 anti-friction thrust bearings to prevent buckets. 

74 from discharging their contents back down 
into zones 8 through the thrust bearings. 
Thus the backing-up roll is divided into a num 

ber of temperature-control zones, and the tem 
55 perature-controlling fluid is admitted to each 

Zone by thermostatically controlled means located 
in each Zone and operated as follows: The supply 
pipes 76 upon which are mounted the sleeves 3 
are submerged in temperature-controlling fluid 

60 in each Zone, to such a depth that the mercury 
chamber in sleeve. 3 is adequately covered so 
that any change in the temperature of the fluid 
Will cause the mercury to expand in the chamber 
and force sleeves 3 up, uncovering ports 36 

65 and admitting an increased volume of fluid to 
the Zone. It will also be seen that this interior 
Zone dividing of the backing-up rolls, together 
With the interior Zone-divided temperature-con 
trolling rollers 62, provides means for controlling 

to the diameter of the backing-up rolls within rea 
sonable limits, for the purpose of compensating 
for any deflection that may take place in these 
rolls. The interior zone-dividing of the working 
rolls 27, together with the interior zone-divided 

5 temperature-controlling rollers 62a, provides 
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means for controlling and maintaining a practi 
cally constant temperature and likewise a prac 
tically constant diameter of the working rolls for 
their entire length, so that the material elongated 
between the working rolls is of substantially the 
same thickness for its entire width and length. 
The temperature of the material elongated be 
tween the working rolls, when worked cold or 
comparatively cold, is practically constant over 
its entire width since any transfer of heat from 
the working rolls to the material or from the 
material to the working rolls is practically even 
over the full width of the material, So that the 
material after rolling is flat and not warped or 
buckled. When rolling material having a higher 
temperature than the temperature of the working 
rolls, any difference in the temperature of the 
material, in any part of its width, over the tem 
perature of any other part of its width, causes. 
a greater rate of heat transfer from the material 
to the working rolls at such part, so that the ma 
terial will leave the rolls at a more nearly even 
temperature, thereby reducing to a minimum the 
warping and buckling caused by uneven tem 
perature. 
The invention is not limited to the number of 

rolls or rollers shown, or to any particular num 
ber or length of temperature-controlling ZOneS, Or 
number and location in each zone of supply pipes 
76. The number and type of anti-friction bear 
ings can be changed. Separate supply pipes can 
be carried to each zone in place of the central sup 
ply pipe 70, and other changes and modifications 
may be made, and various features of the in 
vention may be used alone or in combination with 
other features, without departing from the in 
vention as defined in the claims. 

I claim: 
1. A sheet rolling mill comprising a set of work 

ing rolls through which the material passes, a Set 
of backing-up rolls for holding the working rolls 
against the material during a rolling operation, 
one set of rolls being hollow with a plurality of 
partitions spaced axially on the inside of each 
roll and dividing the roll into several tempera 
ture-controlling Zones along the length of the 
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roll behind its peripheral face, and means for . 
Supplying separate streams of fluid to the respec 
tive zones to control the temperature of the roll 
throughout its length. 

2. In a rolling mill for rolling sheet material of 
any practical width up to a width substantially 
equal to the length of the body of the rolls, the 
combination of two sets of rolls consisting of up 
per and lower hollow working rolls having work 
ing faces of uniform diameter throughout their 
width, and upper and lower backing-up rolls, a 
bearing at each end of each working roll, a plu 
rality of partitions in each working roll spaced 
axially and dividing the roll into temperature 
controlling Zones, several of which are within the 
length of the working face of the roll and at least 
One of Which is located in the bearing at each end 
of the roll, and means for supplying fluid to the 
respective temperature-controlling zones to main 
tain the temperature and diameter of the roll 
Substantially constant. t 

3. In a rolling mill, a hollow roll having a body 
portion, partitions in said roll spaced axially and 
dividing the roll into several temperature-con 
trolling Zones, conduits through which fiuid flows 
to and from the respective Zones, said zones be 
ing Sufficiently numerous and sufficiently short, 
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in relation to the size of the roll, to maintain the 
temperature and diameter of the roll substantial 
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ly constant when the rolling mill is in operation. 

0. 

4. In a rolling mill, a hollow roll, partitions 
dividing the interior of the roll into several cylin 
drical axially extending temperature-controlling 
Zones, conduits for the flow of liquid to and from 
the respective zones, and means for independently 
controlling the flow of liquid through said zones, 
including a thermostat for each Zone. 

5. In a rolling mill, a hollow roll With its in 
terior divided by partitions into several axially 
extending, cylindrical chambers, conduits through 
Which Separate streams of liquid flow to and from 
the respective chambers, and means for control 
ling the late of flow through the respective cham 
bers including a thermostat for each chamber 
exposed to the heat of the liquid in that chamber. 

6. A rolling mill including a hollow roll con 
taining two axially spaced partitions, a chamber 
for temperature-controlling liquid between said 
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axially Spaced partitions, another temperature 
Controlling liquid chamber in the roll adjacent 
the chamber between said "partitions, a conduit 
for liquid extending through the adjacent cham 
ber and opening into the chamber between said 
partitions, and heat insulating means over said 
conduit to minimize heat transfer through the 
Walls of the conduit where it passes through said 
adjacent chamber. 

7. A rolling mill including a hollow roll con 
taining two axially spaced partitions, a chamber 
for temperature-controlling liquid between said 
axially Spaced partitions, another temperature 
controlling liquid chamber in the roll adjacent 
the chamber between said partitions, a conduit 
for Supplying liquid to the chamber between said 
partitions, another conduit for the flow of liq 
uid from the chamber between said partitions, 
both of said conduits extending through said 
adjacent chamber, and heat insulating means 
Over each of said conduits to minimize heat trans 
fer through the walls of said conduits, 
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8. In a rolling mill, a hollow roll divided by 
axially Spaced partitions into several tempera 
ture-controlling Zones, a pipe extending through 
the partitions and opening into each of said 
ZCies, and heat insulating means Surrounding 
the pipe to prevent any substantial transfer of 
heat between the liquid in the pipe and the tem 
perature-controlling zones through which it 
passes. 

9. In a rolling mill, a hollow roll divided by 
axially Spaced partitions into several tempera 
ture-controlling Zones, a common supply conduit 
passing through the roll and opening into each 
of Said Zones for supplying temperature-control 
ling liquid to said zones, a common discharge 
Conduit passing through the roll and opening 
into each of Said Zones, and heat insulating means 
over both of said conduits. 

10. In a rolling mill for rolling sheet material 
of various Widths, the combination of two sets 
of rolls consisting of an upper and a lower 
hollow Working roll and upper and lower back 
ing-up rolls, together with means inside of the 
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Working rolls dividing the interior of Said work 
ing rolls into several zones and controlling the 
temperature and likewise the diameter of the 
Working rolls in said Zones, including thermo 
Statically controlled means located in said zones, 
and bearings for supporting and locating said 
hollow temperature-controlled zone-divided 
Working rolls. 

11. In a rolling mill for rolling sheet material 
of various widths, the combination of two sets 
of rolls consisting of an upper and a lower 

working roll and an upper and a lower hollow 
backing-up roll, together with means inside of 
the backing-up rolls dividing the interior of said 
backing-up rolls into several Zones, thermostati 
cally controlled means located in said zones for 
controlling the temperature and likewise the di 
ameter of the backing-up rolls, within the limits 
of said zones, by means of temperature-control 
ling fluid supplied through said thermostatically 
controlled means, and means for removing said 
temperature-controlling fuid from Said Zones. 

12. In a rolling mill for rolling sheet material 
of various widths, the combination of two sets of 
rolls consisting of an upper and a lower hollow 
temperature-controlled zone-divided working 
roll, and upper aihd lower hollow temperature 
controlled zone-divided backing-up rolls, to 
gether with hollow temperature-controlled zone 
divided temperature-controlling rollers in con 
tact with the exterior of said working rolls and 
Cooperating With the Working roll internal tem 
perature control to control the temperature and 
diameter of said working roll within the limits 
of Said Zones, together with zone-divided means 
for continuously lubricating the faces of said 
working rolls. 

13. In a rolling mill for rolling sheet material 
of various widths, the combination of two sets of 
rolls consisting of an upper and a lower hollow 
temperature-controlled zone-divided working 
roll, and upper and lower hollow temperature 
controlled zone-divided backing-up rolls, together 
with hollow temperature-controlled zone-divided 
temperature-controlling rollers in contact with 
the exterior of said backing-up rolls and coop 
erating with the internal temperature-control 
of the backing-up rolls to control the tempera 
ture and diameter of said backing-up rolls with 
in the limits of said zones, together with means 
for continuously lubricating the faces of said 
backing-up rolls. 

14. In a rolling mill for rolling sheet material 
Of any practical Width up to a width substantial 
ly equal to the length of the body of the rolls, 
the combination of two sets of rolls consisting 
Of an upper and a lower hollow temperature 

- controlled Zone-divided Working roll, and upper 
and willower hollow temperature-controlled zone 
divided backing-up rolls, together with hollow 
temperature-controlled zone-divided tempera 
ture-controlling rollers in contact with said 
Working and backing-up rolls for controlling the 
temperature of the exterior of said working and 
backing-up rolls, together with means for con 
tinuously supplying suitable temperature-con 
trolling fluid to the temperature-control Zones of 
Said Working rolls, backing-up rolls and temper 
ature-controlling rollers at any predetermined 
desired pressure and temperature, and zone 
divided means for lubricating the faces of said 
Working and backing-up rolls. 

15. In a sheet rolling mill, hollow working rolls 
between which the sheets pass, means for supply. 
ing temperature-controlling fluid to a multiplic 
ity of Zones within each working roll to maintain 
the temperature and diameters of the working 
rolls uniform throughout their width, hollow 
backing-up rolls in contact with the working rolls 
for holding them against the work with great 
preSSure, bearings located in each backing-up roll 
and Spaced from the ends of the roll to reduce the 
unsupported Span of said roll so that it is sub 
ject to substantially no deflection when under 
load, and means for supplying temperature-con 
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the backing-up rolls to maintain the temperature 
and diameter of tile backing-up roll uniform 
throughout its width. 

16. In a rolling mill having working rolls, and 
hollow backing-up rolls, anti-friction bearings 
for each hollow backing-up roll, said bearings be 
ing located Within the backing-up roll behind the 
face of the roll for reducing the unsupported span 
of said backing-up roll, and means for controlling 
the temperature of each backing-up roll includ 
ing axially spaced partitions dividing the hollow 
interior of the backing-up roll into zones, and 
conduits for Supplying temperature-controlling 
liquid to Said Zones. 

17. In a sheet rolling mill, hollow rolls, means 
for circulating fluid through said rolls to control 
their temperature, and other means for control 
ling the temperature of said rolls including tem 
perature-controlling rollers in contact with the 
peripheral surfaces of said hollow rolls. 

18. A sheet rolling mill comprising working 
rolls between which the sheet passes, backing-up 
rolls in contact with the working rolls for holding 
them against the sheet with great pressure, means 
for circulating fluid through the working rolls to 
control their temperature, and other means for 
controlling the temperature of Said working rolls 
including temperature-controlling rollers in con 
tact with the peripheral surfaces of the working 
rolls. 

19. A sheet rolling mill comprising hollow 
working rolls between which the sheet passes, 
means for circulating fluid through the working 
rolls for controlling their tempetrature, hollow 
backing-up rolls in contact with the working 
rolls for holding them against the sheet with 
great pressure, means for circulating fluid 
through the backing-up rolls for controlling their 
temperature, and auxiliary temperature control 
ling means for the working rolls and backing-up 
rolls, said 
means including rollers in contact with the pe 
ripheral surfaces of the working rolls and back 
ing-up rolls. 

20. In a rolling mill, working rolls, hollow 
backing-up rolls with axially spaced partitions 
dividing the hollow interior of each backing-up 
roll into temperature-controlling Zones, means 
for circulating liquid through said Zones, 
bearings for the backing-up rolls including anti 
friction members located in certain of the tem 
perature-controlling zones. 
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21. A temperature-controlling roller compris 
ing a hollow body portion, axially Spaced parti 
tions dividing the interior of the roller into Sey 
eral chambers for the circulation of temperature 
controlling liquid behind the face of Said roller, 
and conduit means within Said roller for the Sup 
ply and discharge of the temperature-controlling 
liquid to and from the respective chambers in 
proportion to the amount of heat transferred 
through the portion of the roll face overlying Said 
chamber. - 

22. A temperature-controlled roll having a hol 
low body portion, partitions in the roll spaced 
axially and dividing the roll into several temper 
ature-controlling zones, conduits through which 
fluid flows to and from the respective Zones, said 
zones being sufficiently numerous and Sufficiently 
short, in relation to the size of the roll, to main 
tain the temperature of the roll Substantially 
constant across its width when the face of the 
roll is rolling on a surface which exposes the roll 
to different temperatures across its width. 

23. In a rolling mill having a Working roll and 

auxiliary temperature-controlling 

and 
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a hollow backing-up roll, bearings located within 
the backing-up roll and behind the face of the 
roll to reduce the unsupported Span of Said back 
ing-up roll, and means for controlling the tem 
perature of the backing-up roll including axially 
spaced partitions dividing the hollow interior of 
the backing-up roll into temperature-control 
ZOnes With the bearings in Separate Zones, and 
conduits. for Supplying temperature-controlling 
liquid to the respective Zones. 

24. In a rolling mill having a Working roll and 
a hollow backing-up roll, axially spaced partitions 
dividing the hollow interior of the backing-up roll 
into temperature-controlling zones, means for 
circulating liquid through said Zones, and bear 
ings for the backing-up roll located in certain of 
the temperature-controlling Zones. 

25. The combination with a rolling mill having 
working rolls for rolling sheets, and backing-up 
rolls for holding the working rolls against the 
work with great pressure, of mechanism for con 
trolling the pressure of the rolls including rotary 
plate cams located near opposite ends of a back 
ing-up roll, supporting means on which each cam 
turns in a fixed plane of rotation, mechanism for 
rotating both of the cams in unison SO that both 
ends of the backing-up roll move an equal dis 
tance, and means within the rolls for maintaining 
a substantially uniform temperature across the 
width of the rolls, so that the diameter of the 
rolls and the pressure on the working rolls on 
the work is maintained equal across the entire 
width of the Work. 

26. In a rolling mill for rolling sheet material 
of any practical width up to a width substantial 
ly equal to the length of the body of the rolls, the 
combination of two sets of rolls including an 
upper and a lower working roll and an upper and 
a lower hollow backing-up roll, each of which is 
divided internally into several zones acroSS its 
width for temperature-controlling fluid, means 
for bringing the rolls together by an equal amount 
from end to end to regulate the pressure against 
the work, said means comprising an equalizing 
shaft extending through and projecting beyond 
the end of each backing-up roll, a can rigidly 
connected to each end of the equalizing shaft, a 
connecting frame joining both cams, and mecha 
nism connecting with said frame for moving it 
and the cams and equalizing shaft in unison. 

27. In a rolling mill for rolling sheet material 
of various widths, the combination of two Sets 
of rolls consisting of an upper and a lower work 
ing roll and an upper and a lower temperature 
controlled zone-divided hollow backing-up roll, 
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together with means including rotatable equaliz 
ing shafts for bringing the rolls together by an 
equal amount from end to end SO that Said rolls 
offer substantially the same resistance for their 
whole length to the material being rolled, inner 
races on said rotatable equalizing shafts, outer 
races in said temperature-controlled Zone-divided 
hollow backing-up rolls, separated and alined 
continuously-lubricated rollers between said inner 
and outer races, means for continuously supply 
ing temperature-controlled lubricant to said roll 
ers and said inner and Outer races, and means 
for removing, said lubricant. 

28. In a rolling mill of the class having work 
ing rolls held against the work by backing-up 
rolls, the combination with at least one of the 
backing-up rolls of an equalizer shaft extending 
through said backing-up roll, cam means secured 
to the equalizer shaft, means for moving the shaft 
and Cam means in unison, several temperature 
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controlling zones in the backing-up roll, and con 
duits for the flow of fluid to and from said Zones. 

29. In a rolling mill for rolling sheet material 
extending practically the full width of the mill, 
the combination of an upper and a lower Work 
ing roll and an upper and a lower backing-up 
roll, together with operating mechanism for 
bringing the rolls together, said operating mech 
anism including rigid plate cams constructed and 
arranged so that the rolls are brought together 
at both ends by exactly the same amount, and 
means within the rolls for maintaining the ten 
perature uniform across the faces of the rolls and 
the diameter of the rolls uniform so that they 
offer the same resistance throughout their width 
to the material being rolled in the mill. 

30. A sheet rolling mill comprising relatively 
small-diameter working rolls between which the 
material passes, relatively large-diameter back 
ing-up rolls in contact with the working rolls, 
and means for holding the backing-up rolls 
against the working rolls including members ad 
jacent opposite ends of the backing-up rolls for 
regulating the pressure of the backing-up rolls 
against the working rolls, and mechanism for 
moving the members at the opposite end of each 
backing-up roll in unison and in Such a manner 
that every point of said members moves in a. 
plane, said members comprising plate cams SO 
constructed and arranged that their movement 
causes an increase or decrease in the pressure 
of the backing-up rolls against the working rolls 
depending on the direction of movement of Said 
plate cams. 

31. The combination with a rolling mill having 
working rolls for rolling sheets, and backing-up 
rols for holding the Working rolls against the 
work with great pressure, of can means for nov 
ing the backing-up rolls to bring the working 
rolls closer together, said can means including 
a rotary; cam at each end of each backing-up 
roll, means supporting the cams for each backing 
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up roll for rotation in parallel planes, said cams 
being so shaped and in such relation to the 
backing-up roll that their rotation causes move 
ment of the backing-up roll in a direction parallel 
to the planes of rotation of the cams, and mech 
anism for operating Said cans in unison, '. 

32. The combination with a rolling mill hav 
ing working rolls for rolling sheets, and backing 
up rolls for holding the Working rolls against 
the work with great preSSure, of screw-down 
mechanism including plate cams located at the 
opposite ends of a backing-up roll, means Sup 
porting each can for rotation in a fixed plane, 
and common mechanism for rotating both of the 
cams in unison so that both ends of the backing 
up roll move an equal distance and the pressure 
on the working rolls and work is maintained equal 
across the entire width of the work. 

33. In a sheet rolling Zil, working rolls through 
which the sheets p2.SS, backing-up rolls in con 
tact with the working rolls for holding them 
against the Work with great pressure, a shaft 
extending through One of the backing-up rolls, 
anti-friction bearings between the shaft and the 
backing-up roll, said bearings being located with 
in the roll and Spaced from the ends of the roll 
to reduce the unsupported Span of Said rol, plate 
cams rigidly connected with opposite ends of the 
equalizing shaft, and means for rotating the shaft 
and both of the plate cams as a unit to change 
the position of the backing-up roll. . . 

34. In a rolling mill for rolling sheet material 
of any practical width up to a width substantially 
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equal to the length of the body of the rolls, the 
combination of two sets of rolls including an upper 
and a lower working roll and an upper and a 
lower hollow backing-up roll, means for bringing 
the rolls together by an equal amount from end 
to end to regulate the pressure against the work, 
Said means comprising an equalizing shaft ex 
tending through and projecting beyond the end 
of each backing-up roll, a cam rigidly connected 
to each end of the equalizing shaft, a connecting 
frame joining both cams, and mechanism con 
necting with Said frame for moving it and the 
CanS and equalizing shaft in unison. 

35. In a rolling mill for rolling sheet mate 
rial of any practical width up to a width sub 
stantially equal to the length of the body of the 
rolls, the combination of two sets of rolls 
Comprising an upper and a lower Working roll 
and upper and lower backing-up rolls, together 
With means including rotatable equalizer shafts 
mounted in and securely keyed to rotatable hous 
ings, together with bearings for said rotatable 
housings, can faces on said rotatable housings 
and can bearing blocks cooperating therewith, 
means securely tying together the rotatable hous 
ings, and electric motor-operated means coop 
erating With a Screw connected to the rotatable 
housing for causing said housings to rotate in 
either direction. So that said Working rolls and 
backing-up rolls advance towards each other or 
retreat from each other by an equal amount 
from end to end and cause said rolls to offer 
Substantially the same resistance for their. Whole 
length to the material being rolled, together with 
fluid-filled accumulator means, displacement 
balance cylinders and means cooperating there 
With for balancing Said upper backing-up roll, 
rotatable equalizing shaft, rotatable housings 
and cam bearing blocks and keeping them in 
tight contact with seats in the mill housings, 
together with fluid-filled accumulator, displace 
ment balance cylinders, and means cooperating 
therewith for balancing said upper Working roll, 
and working roll housings and for keeping both 
the upper and lower working rolls in firm con 
tact with the upper and lower backing-up rolls 
to provide traction for driving the backing-up 
rolls, together with wedge means between mill 
housings and the can bearing blocks for alining 
said working and backing-up rolls in the house 
ings. 

36. In a four-high rolling mill for rolling sheet 
material extending practically the full width of 
the mill, the combination of an upper and a? 
lower working roll and an upper and a lower 
backing-up roll, together with operating mech 
anism for bringing the rolls together, said op 
erating mechanism being constructed and ar 
ranged so that each end of each pair of rolls is 
brought together by exactly the same amount 
and offer the same resistance to material be 
ing rolled in the mill, said Operating mechanism 
being rotatably Olinted in housings and in 
cluding an equalizing shaft rotatably mounted 
in anti-friction bearings in the backing-up rolls, 
the rollers in said anti-friction bearings mov 
ing between inner and Outer races of said anti 
friction bearings upon any movement of said op 
erating mechanism. 

37. The combination with a rolling mill hav 
ing Working rolls for rolling sheets, and back 
ing-up rolls for holding the working rolls against 
the work with great pressure, of means for hod 
ing each backing-up roll against a Working rol 
and for regulating the pressure of the backing 
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up roll against the working roll, including cam 
means comprising a screw threading through 
a screw box or nut, supporting means extend 
ing from each end of the backing-up roll, plate 
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cam means at each end of the backing-up roll 
and into which said supporting means extend, 
and motion-transmitting connecticins through 
which the cam means at each end of the back 
inge-up roll are operated as a unit by relative 
movement of said screw and Screw box. 

38. In a rolling mill, working rols, backing-up 
rolls for holding the working rolls against the 
work with great pressure, mechanism for chang 
ing the position of at least one of the backing 
up rolls to regulate the pressure of the working 
rolls against the work, said mechanism com 
prising a shaft on which the backing-up roll ro 
tates, cams into which the opposite ends of said 
shaft extend, a rigid connection between the 
cams making them parts of a common rigid 
structural unit, and an operating device for 
moving said unit to change the position of the 
backing-up roll. - 

39. In a rolling mill having a plurality of rolls, 
mechanism for changing the position of at least 
one of the rolls to regulate the pressure of the 
mill against the work, said mechanism Com 
prising a shaft on which the pressure-regulating 
roll rotates, cams into which the opposite ends 
of said shaft extend, a rigid connection between 
the cams making them parts of a common rigid 
structural unit, and an operating device for mov 
ing said unit to change the position of the ures 
sure-regulating roll. 

40. In a rolling mill of the class having work 
ing rolls held against the work by backing-up 
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rolls, the combination with at least one of tie 
backing-up rolls of an equalizer shaft extend 
ing through said backing-up roll, cam means 
secured to the equalizer shaft to form a unitary 
structure with said shaft, said means having a 
can surface through which is transmitted the 
thrust that holds the backing-up roll against the 
working roll, and apparatus for moving the shaft 
and cam means as a unit to adjust the roll pres 
Sure. 

41. A rolling mill including working rolls, 
backing-up rolls, and means for shifting the po 
sition of at least one of the backing-up rolls to 
regulate the pressure of the Working rollis against 
the work, said means comprising rigid plate 
cams adjacent each end of the backing-up roll, 
roll supporting means extending from opposite 
ends of the backing-up roll and into said cams 
in such relation that rotation of the cams shifts 
the backing-up roll toward or from the work 
ing rolls, and a connection securely fastened to 
the plate cams at both ends of said backing-up 
roll for moving both plate cams as a unit to 
shift both ends of the backing-up roll by pre 
cisely the same amount. 

42. In or for a rolling mill, a hollow roll and 
temperature-controlling apparatus within the 
roll including means for cooling several differ 
ent longitudinal portions of the roll to substan 
tially the same temperature in order to main 
tain the diameter and the pressure of the roll 
against one or more cooperating rolls substan 
tially constant across the entire width of the face 
of said roll when the roll is operated in a roll 

sing mill. 
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