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IGNATIUs HAHN, OF PITTSBURG, PENNSYLVANIA. 
PAPRever ENT IN Rollie G-fate. 

specification forming part of Letters Patent No. 165s (9, dated July 20, 1875; application filed 
February 21, 1875. 

a 

To all chon it play concern: W 
Be it known that I, IGNATUs HAHN, of 

Pittsburg, in the county of Allegheny and 
State of Pennsylvania, have invented a new 
and useful improvement in Rolling-Mills; and by neans of hydraulic power for regulating 
I do hereby declare the following to be a full, the pass; sixth, in combining, with an adjusta 
clear, and exact description thereof, reference ble rol, a hydraulic piston and cylinder, aid 

increased contact between pulley and driving 
belt is obtained; fifth, in the combination of 
a feed-table and three or more rolls, adjusta 
be is relation to one another and to the table 

being had to the accompanying drawing form- a series of pipes for admitting fluid to both 
ing a part of this specification, in which- sides of the piston, so that the roll Emay be 

Figure I is an end view of a machine em- raised or lowered and held stationary by hy 
bodying my invention, partly in dotted lines. draulic power; seveuth, in combining, with 
Fig. 2 is a detached view of rolls and hydraulic the outer roll of a series, one or more trusses 
struts. Fig. 3 is a front view of rolls, housing, secured to or traveling with the roll, so as to. 
&c. Figs. 4 and 14 are sectional views of a sys. support and brace the roll at all times; eighth, 
tem of inlet and outlet valves for applying the in combining a check-valve with the line of 
hydraulic power in raising and lowering the pipes leading to that side of the pistons against 
rolls. Fig.5is a sectional view of a check-valve which the pressure is coming at the time of 
situated of the line of pipe leading to the upper rolling the bloom or pile, whereby the operat 
piston-cylinder. Figs. 6,7, and 8 are detached ing of a single valve for raising or lowering 
views, showing the preferred arrangement of the piston operates the escape or waste in the 
belting for driving, the intermediate rolls. opposite side of the piston-head; ninth, in 
Figs. 9, 10, and l are diagrams illustrating combining, with the several pistons which 
the operation of two, three, and five high operate the rolls, four pairs of inlet and out 
rolls. Figs, 12 and 13 are views of a roll let valves, all mounted in a common axial 
formed in sections. M w line, each pair secured to a common shaft and 

independent of the others, the outlet-valves .. 
- of each two pairs communicating with a corn 

Myinvention relates to the construction and moni outlet-pipe, and the inlet-valves of the 
operation of rolling - mills, more especially two intermediate pairs communicating with a 

Like letters refer to like parts wherever 

plate-nills; and it consists, first, in the com- common inlet-pipe, whereby a single Workman 

they occur. 

bination of three small work-rolls with one can operate the entire series of valves and 
large roll to the outside of, and in line with, raise and lower the rolls. m 
each of the outer work-rolls, the central roll I will now proceed to describe my invention, 
being of an equal or less diameter than its so that others 'skilled in the art may apply 
next adjoining ones; second, in conbining the same. 
with the outer brace-rolls three intermediate The invention is illustrated upon a series of 
work-rolls of less diameter, one or more of five high rolls; but the essential condition of 
the intermediate rolls being driven by belting the first combination is an independently-ad 
from the main rolls, so as to obtain uniforin justable intermediate roll and outer rolls, one 
circumferential speed of the rolls; third, in euter roll or one set of said outer rolls being 
an arrangement of the belting and a series of likewise adjustable. 
fixed and movable pulleys, over which the In the drawing, A B represent fixed tables, 
belting passes, whereby the belting will be such as are commonly employed with this 
kept tight, and will press the intermediate class of devices, a represents the top roll, 
rolls against the circumference of the next journaled in the boxes or riders g, said boxes 
outer roll, and the use of counter-weights to preferably formed with upper and lower sect 
take up the slack of the belting is avoided; tions, which may be separated by liners, that 
fourth, applying the belting around the whole can be changed to take up the wear of the 
circumference of pulley of intermediate roll, rolls. The lower sections of boxes or ridersg 
whereby the movement of the pulley is made are slotted or recessed to receive the ineck 
to take up the slaek of the belting, and an of intermediate roll b, which is held in posi 
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2 65,819 
tion up against the outer roll by straps f, the 
ends of which pass through lugs upon the 
upper section of the boxes, whereby any wear 
of the journals or rolls may be readily cor 
rected. The boxes g are secured to stems h 
of pistons i, which work in cylinders m, se 
cured to or formed by the cross-pieces in of 
the housings. O is the independent movable 
intermediate roll, journaled in boxes or riders 
p, which boxes may be made in sections, as 
above specified, and are secured to pistons rr. 
Instead of the pistons and cylinders specified, 
the intermediate movable roll may be oper. 
ated by counter-balances from below acting on 
the rider, if preferred. d and e are the lower 
intermediate, and outer rolls, provided with 
the boxes or riders q and pistons and rods h' . 
i, corresponding in detail with the upper 
pairs of rolls, excepting that the islings or 
straps f are omitted, as not necessary from 

... the position, of roll d, the upper section of 
boxes g being slotted for the necks of the in 
termediate roll, which rests upon the outer 
roll e. - i. 

The rolls are mounted in suitable housings, 
which slide upon the bed plate, as shown in 
Letters Patent No. 153,239; and where. very 
long rolls are employed, (though not confined 
to that number,) yet I prefer to construct the 
housings of six separate pieces, as shown in 
the drawing-four jamb pieces, o o o'o', and 
two cross-pieces, one at the top, n, and another 
at the bottom, n-the several parts being cast 
and planed, the jambs oo o' o' with lugs. and 
recesses as seen at 0 o', Fig. 1, whereby the 
bolts and rods which secure the parts are in 
a great degree relieved from undue strain. 
By this means large housings can be readily 
cast and built up, the cross-pieces n n being 
tied by long wrought-iron or steel rods ap 
plied close to the line of strain where they 
are needed, and the jambs and cross-pieces 
may be further strengthened and secured by 
Wrought-iron or steel rods, bolts, &c. 
For raising, lowering, and adjusting the 

rolls, I provide the housings, either by bolting 
to the cross-pieces or by boring out the latter 
itself, with cylinders, provided with the usual 
pistons ir, (the piston r being a simple rod, 
the end thereof answering as a piston-head,) 
the rods of which are secured firmly to the 
boxes or riders of the several rolls. 
Water, steam, or other fluid may be ad 

mitted to the cylinders m on both sides of the 
piston by means of pipest k, and to the 
under sides of the 
the pipes lik', the flow of the fluid and its di. 
rection in the pipes being governed by a series 
of valves (clearly shown in Fig. 4) compactly 
arranged in a coin Eaon axis, and by valves on 
the respective pipes. . 

It will be seen by reference to Figs. 4 an 
4. that there are three pipes, D, K, and N, 
leading from the accumulator, and communi. 
eating through the valve-box with the pipes 

k', aid two waste-pipes, E and L, which 
likewise communicate with pipes l k i k", all 

pistons i r by means of 

of which are controlled by valves 2, 2, H, 
and J, part of said valves operated by the 
hollow stems at ac, and part by solid stems 
F.F. The pipes l and k are connected by a 
double check-valve, c, and branch pipe M, ar. 
ranged on the pipes at a point near the inlet 
valves, by which means the admission of 
water to the under side of the upper piston 
causes an equal amount to be displaced above. 

It will now be proper to describe the man 
ner of operating the rolls by means of the de 
vices already describpd, special reference there 
'for being made to Figs. 1, 2, and 4. Fig. 1 
shows the position of the rolls for pass going 
from A to B through between intermediate 
rolls b and c, at which time valves 8, t, and u, 
Fig. 1, are shut, as is also upper valve of 
double check-valve w, Figs.-1 and 5. At the 
moment the pass is complete from A to B, an 
attendant turns hollow stem ac, Fig. 4, inward 
by revolving hand-wheely, which is fastened 
to a, thereby operating the two valves 2 and 
2, which are cast in one piece with the hollow 
stem y, closing. 2 and opening 2, as seen in 
Fig. 4, thereby shutting off connunication 
with waste-pipe E, and opening communica 
tion with pipe D, leading from the accumula 
tor. Valve 8 is then opened, Fig. 1, which 
admits the fluid to the under side of pistoni, 
and forces up rider g of the lower rolls. When 
the lower rolls de have arrived at the position 
shown in Fig. 2, which can be determined by 
proper graduations or narks on the housings 
or other place off the rolls, the attendal.t shuts 
valves, confining the fluid between s and pis. 
ton. i., and the rolls d and e will be in perma 
nent position, resting on the fluid. This ac 
complished, the attendant turns solid valve 
stem F (which passes through hollow stem ac) 
outward by means of crank G, secured to the 
outer end of F, thereby operating valves H 
and J, closing H, and cutting off communica 
tion with waste-pipe E and opening J, estab 
lishing communication by means of pipe K 
between the accumulator and pipel, which 
leads to the under side of pistons r. Valvet 
is then opened, admitting the fluid through l, 
Fig. 1, to the under side of pistons r, lifting 
rider p and intermediate roll c, until the low 
estpoint of the circumference of c is as much 
above the upper surface of roll d as the de 
sired reduction for the next pass almounts to, 
which point may also be determined by the 
marks or graduations above referred to. The 
valves t and J are then closed. The upper 
rolls have been previously lifted by turning 
outward solid valve-stem F, with its valves 
2 and a, closing waste-pipe L, and opening 
communication, by means of pipe K, between 
the accumulator and the under side of piston 
i, the valve as also being opened, and the 
valves 2 and a operated by hollow stem a', so 
as to open waste-pipe L and close pipe N, lead 
ing to the accumulator. The fluid passing 
through pipe ic enters branch pipe M, and 
forces up double check-valve v, allowing the 
fluid above piston i to escape through pipesl 
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M and waste-pipe L in the same ratio as fluid W; back over 2 again, and thence to 2', so 
eiters below the piston. As soon as box or that the belting is applied around the whole 
ridergy has reached its proper place valve u is circumference of pulley 2, whereby increased 
closed, and the several rolls occupy the posi 
tion shown in Fig. 2, which is the position 
they occupy on the second or return pass from 
B to A, the bloom now passing between the 
rolls c d. The pass from B to A having been 
accomplished, intermediate roll c is lowered 
down oil roll d, and the exit-valves of pipes t 
and k' are opened to allow the escape of fluid 
from beneath pistons r r and it, as the rolls 
sink by their own weight, until the top of roll 
c is again on the level of table C, when the 
exit-valves of epipes l and k are closed. Si. 
multaneously the exit-valve of pipe k, leading 
to the under side of piston i, is opened, allow 
ing the rolls a b to descend the required dis 
tance, when the valve of pipe k is closed, and 
fluid admitted by pipel to the cylinder above 
piston i, the exit of l closed, and the rolls are 
again in the position shown in Fig. 1, ready 
for the pass from A to B. 
I will now proceed to describe the manner of 

driving the different rolls, referring more espe 
cially to Figs. 6, 7, and 8, as illustrating the 
arrangement of the belting whereby the ten 
sion is preserved, while at the same time the 
adjustability of the rolls is not interfered with, 
and this without the use of counter-weights 
for taking up slack. S, Fig. 3, is a pinion 
coupled to the fly-wheel shaft, gearing into 
pinion T, coupled to bottom rolle by breaking 
spindle U, thus driving the lower outer rolle 
direct. It is evident that the intermediate 
rolls may, if preferred, be driven direct by this 
or similar gearing, as illustrated in Fig. 3, 
where T and U. gear with roll c. On the end 
of rolle, Fig.6, is pulley V, driving by a belt pull 
leys VW V8 V, V being on the neck of lowerin 
termediate roll d, V, V, and V back to V, thus 
driving shafts W, W, W, and W below and 
above on the housings, as intermediate roll d. 
Of this combination, four of the pulleys, V, V, 
V, and V, are stationary, while the pulleys V 
and V move with the rolls, as do also the pulleys 
V and V, which are secured to the box or rider 
of rolls d and e, and it will thus be seen that 
any slack arising from the movement of the 
rolls in one direction must be taken up lay the 
increase in the distance between the fixed 
and movable points on the opposite side. On 
shafts W. W.", Figs. 1, 3, and 7, are pulleys aca, 
cf$nnected by belting with pulleys at a on 
shafts W. W., at a on rolls a, b, and a? and a 
loose on shafts y y. Thus the power from the 
lower driven rohl e is coinmunicated, by the 
belting which drives roll d, to the shafts WW', 
and thence transmitted, through pulleys aca, 
to upper rolls at b. This second series of pull 
leys and belting are identical it arrangenient 
and operation with that before described. The 
independently-adjustable intermediate roll 0 
is driven as follows: On the lower shaft W, 
Fig. S, is a pulley, 2', connecting by belting 
with pulley 3, loose on pin y”; 2, on neck of 
intermediate roll c, a, loose on pin f', a on 

contact between belt and pulley is obtained. 
Here, as in the previous cases, the relation of 
fixed and movable pulleys is preserved, and it 
is obvious that whatever, belting is loosened 
by the upward or downward movement of the. 
rolls is immediately taken up on the side of 
the rolls opposite to the direction of travel. 
For the purpose of tightening the belts, the 

lower shafts W and W are hung in movable 
bearings, and operated by screws U, miter 
wheels ef, shafts p, worm-wheels n”, worns M, 
and hand-wheels M', so that the weight of the 
lower shafts and pulleys assists in tightening 
the belts, while by this method of driving the 
outer intermediate rolls are always kept tight 
against the circumference of the large rolls 
next adjoining. 
As one of the main objects of the present 

invention is to use rolls of greater lengths 
than have heretofore been eloployed, and as, 
while it is practicable to obtain the small in 
termediate rolls of the required length, it is 
not at present everywhere practicable to ob 
tain the larger or outer rolls of sufficient 
length, I shall now describe sectional rolls a 
and e, the construction of which is shown in 
dotted lines, Fig. 3, and enlarged in Figs. 12 
and 13 of the drawing, and which I propose 
to use with the intermediate rolls. Said rolls 
are built up of two or more independent parts, 
and then properly secured together-as, for in 
stance, as illustrated ii lower rolle, Figs. 3 and 
12, where B is a central shaft formed in one 
piece, and provided with three shoulders, B 
B' B, turned thereon, and having three sepa 
rate rings, MM M', shrunk on shaft B, whose 
shoulders also act additionally to prevent the 
rings fron moving laterally. In the upper 
roll a, Figs. 3 and 13, the three separate 
pieces U U U are fitted together by boring or 
casting the inlier ends of U and U to match 
projections U, formed on the middle section U, 
the sections being secured together by threads 
on w, or by central rods or shafts U, extend 
ing the whole length of the parts. 
For either of the rolls at e described, a roll 

made of longitudial staves, bolted to a cen 
tral shaft and contined by shrinking bands 
thereon, may be substituted. 

In order that the diameter of central shafts 
of sectional outer rolls may be reduced, said 
shaft may be driven from both sides, as shown 
(Fig. 3) in the case of central intermediate 
roll c, when, of course, each half length of the 
shaft transmits but half of the power, and can, 
therefore, be made of A, x the full diam. 
eter of shaft required when the roli is driven 
from one side only; therefore, if in the latter 
case the shaft is sev inteen inclues, then in the 
former it would be 1; x / = 17 x 99 = 13.6, 
or, say, a shaft of fourteen inches diameter, 
which will resist all the torsional strail going 
through this sla?t or roll. The several parts 
of the sectional rolls may be made of cast 
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iron, wrought-iron, or steel, to suit circum 
stances. The same may be said. of the in 
termediate or small rolls be d, the ugh these 
latter are preferally made in one piece, of cast 
iron if short, or wrought-iron and steel if lolig, 
the latter metals being less liable to break, and 
offering greater resistance to torsional strain 
than cast-iron. . 
The trusses employed with the outer rolls, 

and which will be hereinafter described, should 
support the sectional outer rolls at the junc 
tion of the sections. 

In order to show the advantages to be gained 
from my five-high mill, Figs. 9, 10, and 11 have 
been added to the drawings, in which Fig. 9 
shows the ordinary two-high mill; Fig. 10, a 
three-high mill, having a simall intermediate 
roll; and Fig. 11, my five-high mili, in which 
the small intermediate rolls are placed between 
larger rolls above and below. In all the fig 
ures pile 2 is shown of the same size and 
reduction given, and is also the same for every 
arrangement of rolls. 
The surface of contact between pile and rolls 

(all the large and all the small rolls considered 
to be of like diameters, respectively) divided 
into a certain number-say, for instalnce, seven 
equal divisions-and admitting these divisions 
to represent inches, there are as follows: In 
Fig. 9, seven inches of eontact of upper roll; 
in Fig. 9, seven inches of contact of lower roll; 
total, fourteen inches of contact on both sides. 
In Fig. 10, seven inclhes of contact between 
pile and outer roll; in Fig. 10, six inches of 
contact between pile and intermediate roll; 
total, thirteen inches of contact on both rolls. 
In Fig. 11, six inches of contact between pile 
and central roll; iii Fig. 11, six inches of con 
tact between pil and upper intermediate roll; 
total, twelve inches of contact between both 
rolls. - 

Now, suppose all rolls to be of equal lengths, 
say nine feet, and sheets of same width being 
rolled, as it takes five thousand pounds press 
ure per square inch to roll metal, we have, 
Fig. 9, 108 x 7 x 5'90 -- 108 x 7 x 2,500 = 
2,500 (2 x 108 x 7)3,780,000; Fig. 10, 108 x 
7 x 5'9" + 10s x 6 x 2,500 = 2,500 x 108 
(7 x 6) 3,510,000; Fig. 11, 108 x 6 x 2,500 
+ 108 x 6 x 2,500 = 2,509 x 108 (2 x 6) 
3,240,000; that is to say, we require 3,780,000 
pounds pressure at the circuluference of rolls 
in Fig. 9; 3,510,000 pounds pressure at circuin 
ference of rolls in Fig.10; and 3,240,000 pounds 
pressure in Fig. 11, clearly showing that fifteen 
per cent, less power is required in my five-high 
mill than in the ordinary two high mills, and 
eight per cent. less power than in three-high 
rolls with simall intermediate rolls, even sup 
posing that all three of my intermediate rolls 
should be of like diameters with those in Fig. 
10. But, owing to the node of attaching the 
two outer intermediate rolls, band d, to the 
large rolls a and e, I need not make them as 
large as in. Fig. 10, and therefore gain addi 
tionally in power, or else, on applying the saline 

amount of power, can use a roll so much longes, 
Where, for instance, a roll nine feet long be 
the limit in Figs. 9 and G, ny arrangement 
will permit me to use rolls of same diameters, 
ten feet long; but, as I never have less than 
two rolls below of above the pile or bloom 
while rolling it, the strength of these rolls 
must be considered from a different stand 
point. . . . . . . . . 
In Fig. 10 there is always on one side, either 

top or bottom, of the pile, a single roll which 
has to take up the strain; consequently the 
ordinary three-high mill is luo better than the 
two-high mill, as regards capacity of the rolls 
to resist breaking-strain. 

Rolls are to be considered as beams of equal 
strength in all directions; and as, in ordinary. 
beans, the greater the load for a certain span 
tle higher must be the bean or beams, so 
in the case of rolls (or rotating beans) the 
greater their length the greater must be their 
height, (respective diameters;) but in the lat 
ter, as well as in the former, the same laws 
exist-first, the capacity of beams carrying a 
load uniformly distributed over the whole span 
increases to the square of its height; and, sec-. 
ondly, the capacity of beams to carry a load 
uniformly distributed over the whole span de 
creases in inverse ratio to such span. Or, in 
other words, a beam of double the height car 
lies four times as much, and a beam of a given. 
height will carry but half the loat if the span 
is doubled. 
Applying these rules to rolls, there is to be 

considered that the power these rolls have to 
resist increases in the same proportion as the 
width of sheets or plates to be rolled, so that 
a sheet ten feet wide absorbs twice as much 
power as one of but five feet width. . 
Now, suppose the outer rolls to be thirty 

two inclhes in diameter, and the three interme 
diate rolls sixteen inches each, as before stated, 
without considering the resistance of the outer 
intermediate rolls, the rolls may be made ten 
feet long, where others use rolls nine feet in 
length; but as these outer intermediate rolls 
always bear tight against their next adjoining 
larger rolls, the strength of the latter is in 
creased by the square of the thus enlarged 
height-i.e., 32-inch beam -- 16-inch beam = 
1-1.5 = 2. ' 
Thus I have the ability of increasing the 

length of my rolls is 13, after making one 
half deductions for the increased strain on 
rolls by increased width of sheet to be rolled. 
Therefore 10x1.62=16-feet-loing roll, admis 
sible; and by trussing said rolls, either by sim 
ple trusses R., as shown on lower roll, Fig. 3, 
or else by hydraulic pressure. I can readily 
increase the length of my rolls, so as to make 
plates for pipes, boilers, beans, tanks, &c., all 
in one piece, which can then either be belt 
and riveted on one longitudinal line only, or 
else bent and welded, finishing, for example, 
a boiler, &c., with no riveting whatsoever, ex 
cept for putting on the heads. 
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It is now necessary to specify briefly the 
'manner of applying the trusses to the large 
rolls. . . . . 

Upon the lower roll e, Figs. 2 and 3, the 
simple form of truss is employed, secured to. 
the roll, or some object traveling with the roll 
as, for instance, the riders-while in the up 
per roll the truss is connected with pistons, 
which follow the roll. I provide for the upper 
roll a cap or clutches, D, having friction-rollers, 
dbearing against, the face of the roll, said 
caps or clutches being secured to piston-rods 
D, which terminate in pistons i is, working 
in cylinders secured to the upper cross-piece 
of the housings. The different pipe-lines ki 
and l are continued to connect with the cylin 
ders both above and below the pistons ii, as 
in the case of the cylinders ii of the housings 
proper, and the pistons i are operated in 
the manner specified for i°. For the lower 
roll, bed-pieces D, having friction-rollers d. 
bearing against the face of the lower roll, are 
provided, and these bed-pieces may be oper 
ated by extending pipes l and k to cylinders 
secured to the bed, or by other suitable de 
vices; but however operated, sufficient pro 
vision should be made, by bracing the bed 
piece or its rod D, to prevent lateral displace 
ment. - f 

Where the metal to be rolled is not so heavy 
but that it can be readily handled and lifted, 
Imake either rolls de with stationary riders, 
or make roll c permanent. In the former case 
roll c moves up and down, as do also rolls a b. 
...En the latter instance a b and d e move in 
pairs to and from central roll c, so that if, for 
example, the bar should go through between . 
colls band c, then rolls d and e must rest tight 
against the circumference of c to prevent it 
from breaking; and if the bar is passing be 
tween rolls c and d, then rolls a b must rest. 
tight against the circumference of e, and this 
for the reason that roll c is made only suffi. 
ciently strong in diameter to resist the tor 
sional strajri to which it is exposed while work. is being dgue. 

In cases where but two intermediate rolls 
are employed one pass will be between both 
intermediate tolls, while the return pass occurs 
between oue of the intermediate rolls and its 
next adjoining oater roll or rolls; and in 
such an arrangement of rolls, as well as in two 
high rolls, where a single roll is subjected to 
great strain, the rolls may be trussed with 
good effect, Where only two intermediate 
rolls are employed the rolls b and d may be 
giriyen-adirect by suitable belting or gearing. 

The mechanisin herein specified may be 
varied to suit circumstances of existing na 
chinery and to utilize the same. Properly-pro 
portioned gearing may be applied to obtain 

' equal circumferential speed of outer and in 
termediate rolls. Keys, screws, or steam press. 

... ure may be employed for bracing the rolls; 
- all of which is within the present knowledge 

without departing from the spirit of my in 
velation. . . . . 

Among the many advantages of my ar 
rangement of rolls may bc cited one incident to two-liigl reversing-rolls, i.e., avoiding the 
necessity of lifting the piece to be rolled, and 
another incident to three-high rolls, viz., work 
ing iboth ways without reversing the direction 
of the rolls, both of said advantages being 
derived from such means as are always re 
quired for regulating the distance between. 
rolls for each succeeding pass of the pile or 
bloom, or for keeping the rolls at such prede 
termined distance while the bar is passing 
through the rolls. 
By making very long rolls in sections and . 

putting them together or building them up, as 
shown on roll a, Fig. 13, I am enabled to re 
move or take out the middle section inserting 
a short idler in place thereof, and to move up 
the housings, so as to reduce the size of the 
mill at such times, as the largest size plates 
are not being rolled, thus avoiding the neces 
sity of investing capital in extra rolls of dif 
ferent length. 

I am aware that three intermediate work 
rolls have been used in combinatio' with 
outer brace-rolls, one of the intermediate rolls 
being of greater diameter than the other two, 
and this do not claim. ". . 
Having thus described my invention, what 

I claim, and desire to secure by Letters Pat 
ent, is 

i. in mills for rolling metals, the coubina. 
tion of three small work-rolls, b, c, and d, with 
one large roll, to the outside of and in line 
with each of the outer intermediate rolls b d, 
the central roll c being of equal or less dian 
eter than its next adjoining ones bd, substan 
tially as and for the purpose specified. 

2. In combination with the outer brace 
rolls, three intermediate work-rolls of less 
diameter, one or more of the intermediate rolls being driven by belting, substantially 
as and for the purpose specified. 

3. In combination with two rolls which 
move together, and the belting for driving the 
same, four or more fixed pulleys, and two or 
more pulleys moving with the rolls, substan tially as and for the purpose specified. 

4. In combination with a pulley secured to 
the shaft of a driven roll, four or more fixed 
pulleys and the belt for driving the roll, the 
belt being applied to the entire circumference 
of the Ei of the driven roll, substantially 
as and for the purpose specified 

5. The combination of the adjustable rolls". 
b, c, and d, having suitable riders, with pis. 
tons working in cylinders formed in or sectared 
to the housings, tor raising and lowering the 
rolls, substantially as specified. 

6. The cumbination of a fixed feed-table 
and three or more rolls, adjustable in relation 
to one another and to the table, substaitially 
as and for the purpose specified. 

of the skilled mechanic, and may be done 7. In combination with an adjustable roll, 
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a hydraulic piston and cylinder, and a series of common shaft, and independent of the others, 
pipes for admitting fluid to both sides of the the outlet-valves of each two pairs communi 
piston, so that the roll may be raised and low- cating with a common outlet-pipe, and the in 
ered and led stationary by hydraulic power, let-valves of the two intermediate pairs com 
substantially as and for the purpose specified. municating with a common inlet-pipe. 

8. In combination with the outer rolls a, e, 11. The check-valve 0, in combination with 
the supports D D, operated by pistons work- a double line of pipes, one of said pipes lead 
ing in cylinders, substantially as specified. ing to the side of the piston against which the 

9. In combination-with the fixed table, three pressure in rolling is exerted, substantially as 
or more rolls, b c d, and the mechanism for and for the purpose specified. w 
raising and lowering the rolls, substantially In testimony whereof I, the said IGNATIUs 
as and for the purpose specified. HAHN, have here into set my hand. 

10. The combination, substantially as here- IGNATIUS HAHN. 
in described, with the several pistons, of four . Witnesses: 
pairs of inlet and outlet valves, all mounted F. W. RITTER, Jr., 
in a common axial line, each pair secured to a. i. B. KERR. 


