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My invention relates to the rolling of bands or 
strips from ingots, billets or bars and provides 
a continuous method of hot rolling and a con 
tinuous hot strip mill by which such operations 
can be carried out more efficiently at lower costs, 
for construction and operation, than heretofore. 
In the rolling mills hitherto in use Serving for 

continuously rolling bands of different width 
Only a few rolling stations, each comprising a 
pair of rolls, in most cases 3-5 are mounted one 
directly behind the other and when the blank 
to be rolled is passing through these few rolling 
stations it is allowed to run through altogether. 
The further rolling stations required to finish 
the rolling operation are as a rule not disposed 
one behind the other but aside from the other 
and the blank is rolled out in these latter sta 
tions with the formation of loops. In other cases 
there follow behind the first group of 3-5 roll 
ing stations one or two other groups of 3-5 sta 
tions, the space between the different groups be 
ing so large as to allow the material being rolled 
to come entirely out of contact with the rolls. 
Obviously the passing through of the whole blank 
through the first stations as also the running of 
the blank in loops or through the intervening 
Spaces causes the blank or band under operation 
to cool down considerably, which is very un 
Satisfactory. Following this design it was Only 

price, more especially if ingots of great thickness possible to reduce the material from an initial 
thickness to a final thickness at a ratio of not 
more than 1:10 or 1:12. 
The rate of reduction in the single passes is 

so chosen that in each rolling station the per 
centage of reduction of thickness is such that the 
material to be rolled out can just stand it, it 
being desired to obtain the greatest possible 
reduction with the least possible number of roll 
ing stations, in consequence thereof in the first 
rolling stations of a continuous. band rolling 
mill rolls of large diameters are provided. The 
diameter of the rolls decreases from one sta 
tion to the next following one until the blank 
under operation passes through between rolls, the 
diameter of which is Small as compared with 
the diameter of the rolls in the first stations. 
This reduction of diameters is due to two circum 
stances: If an equal percentage reduction of 
the thickness of the blanks to barolled out is 
desired, there is adopted for an ingot or billet 
initially 50 mm. thick a reduction of 15 mm. 
in the first pass and of 10 mm. in the Second 
pass, so that the blank is reduced first to 35 and 
thereafter to 25 mm. But when the blank has 
been reduced to 10 mm. there is only a further 

reduction of 3 mm. In consequence thereof the 
substantially tapered portion of the blank which 
Connects the portion of the blank about to enter 
between the rolls with that portion which has 
already passed through between the rolls will 
be considerably longer during the first passes 
than during the last ones, so that in the first 
stations higher rolling pressures and in con 
Sequence thereof also stronger rolls are required. 
Furthermore the grip of the rolls on the blank 
depends upon the angle enclosed between the en 
tering portion of the blank and the inclined por 
tion connecting same with the portion leaving 
the rolls, so that in the first passes, in Order to 
obtain a secure gripping of the blank, the rolls 
must have a larger diameter, in order that this 
angle be kept sufficiently small. If for instance 
the blank to be rolled out has an initial thick 
ness of 50 mm., it is first passed through be 
tween rolls having a diameter of 420 mm. After 
the thickness has been reduced to 20 mm, the 
blank is passed through between rolls of 310 mm., 
and after the thickness of the blank has been 
reduced to 3 mm. it is passed through between 
rolls of 250 mm. in diameter. 
Obviously rolling mills constructed on this prin 

ciple involve the disadvantage of requiring a 
great number of pairs of rolls of different diam 
eters, the largest one commanding a very high 

are roled. 
In contradistinction thereto the new rolling 

mill according to the present invention is pro 
vided in most or all of the rolling stations with 
rolls having the same diameter. I prefer choos 
ing the diameter of the rolls in Such manner that 
it is especially suited as far as the mechanical 
and metallurgical properties of the raw material 
are concerned for the Smallest thickness of the 
blank leaving the rolls. 

Obviously in a rolling mill of this kind it will 
not be possible to attain in each rolling station 
the highest reduction admissible for the material 
under treatment, but it will be necessary to roll 
it out in a greater number of single passes, in 
order to reduce it from a predetermined initial 
thickness down to a predetermined final thick 
eSS. 
If it is desired to roll a billet with an initial 

thickness of 50 mm. down to a final thickness of 
1 or 0.8 mm., the blank should first be reduced in 
succession to 42-35-29-24 mm., so that instead 
of the two passes mentioned above four passes 
must be used in this case. However in the further 
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treatment of the blank the same number of 
passes as hitherto used Will Suffice. 
On the basis of 250 mm. for a final pass of 

3 mm. referred to above as a common practice 
and even for a final pass of 1 to 1.5 mm. assumed 
to be best Suited to the final reduction, the ratio 
of the roll diameter to the pass is somewhat less 
than 250 to 1. Assuming such a ratio for the 
present example, the rolls for the finai pass would 
have a diameter less than 250 mm. All roll 
diameters being substantially equal, the ratio of 
the roll diameter in the first stand to the initial 
thickness would be somewhat less than 5 to 1; 
generally between 5 to 1 and 3 to 1. 
The invention is illustrated in the annexed 

diagrammatic drawings in which the size and 
number of the rolls in the usual mills and in a 
mill according to the present invention are shown 
by way of comparison. 

Fig. 1 indicates the usual arrangement of a 
mill in which the billets are first stepwise re 
duced in a reversing mill provided With rolls 
having a diameter, for instance, of 22 inches by 
gradually narrowing the gap between the rolls. 
Thereafter the plates are passed, for instance, 
through two pairs of rolls having 17 inches and 
13 inches in diameter respectively, then, as the 
case may be, through two pairs having 10 inches 
and two other pairs having 8 inches in diameter. 
The next progress in developing the rolling 

mills involved the use of two continuous pairs of 
rolls with fixed gauge having a diameter of 20 
inches only, as shown in Fig. 2. 
When going over from these usual mills to mills 

having rolls of uniform diameter it would be 
obvious at first sight to employ rolls having a 
diameter corresponding to the average diameter 
of the rolls shown in Figs. 1 and 2. Thus, for 
instance, diameters of about i6 inches would be 
adopted. When employing such rolls about 11 
pairs of rolls would be needed instead of 9 as 
shown in Fig. 2. 
The rolls of the mill shown in Fig. 3 are 

accommodated to the rolling Work in the middle 
of the mill and do there the optimum rolling 
Work. For the first sets they are a little too 
small considering the fact that the reduction 
should be as high as possible in each Set. For the 
last, sets they are too large and therefore do not 
permit a reduction of thickness that would be 
sustained by the material under treatment per Se, 
and they consume more power than Smaller rolls. 
Moreover, the rolls for the last stands have an 
excessive price owing to their size. 
Now according to the present invention the 

work is done as shown in Fig. 4, that is to say 
the rolls are of uniform diameter corresponding 
to the diameter of the Smallest rolls shown in 
Figs. 1 and 2, viz. 8 inches in the present example. 
It is true that the number of Sets must be further 
increased over that shown in Fig. 3. The rolls 
are now so selected that in the last sets a strong 
reduction in thickness is obtainable, that the 
consumption of power amounts to a minimum, 
that the rolls in the last Sets are accommodated 
to that rolling pressure which is produced in the 
last SetS With the greatest admissible reduction in 
cross-section. In this case the percentile reduc 
tion in cross-section in the first sets must be 
Smaller than in rolling mills according to Figs. 
and 2, as the small rolls would not grip, that is 
to say draw in the material by friction into the 
gap betWeen the rolls, and as with decreasing 
diameter of the rolls the pressure to which these 

1,946,240 
rolls may be exposed diminishes. Consequently 
the number of stands must be increased. 

Calculation shows that in spite of the greater 
number of rolling Stations required the total 
cost of construction of a rolling mill according to 
the present invention is lower than that of a 
rolling nil. With a less number of stations, the 
first of which are provided with particularly large 
sized rolls. 
The invention further offers the advantage that 

the rolls of all stations can be exchanged so that 
Only a comparatively Small number of reserved 
rolls need be kept in stock. 
I obtain the still further advantage that the 

rolls of the last stations, after having been worn 
down, can still be used in a preceding station, 
through which a thicker blank is passing, so that 
a far better utilization of the single pairs of rolls 
is obtained than if each station or group of sta 
tions were provided with rolls of different diame 
ters. 
Furthermore all reserve housings and other 

reserved parts only a single type is required to be 
kept in Stock. If the rolls of the last passes are 
Worn down they need not be renoved from their 
housing, but the housing and the rolls can simply 
be shifted onto a preceding station. 
The rolls are preferably driven by electric 

motors, one for each station, compound wound 
So as to have a characteristic lying between that 
of a shunt motor and that of a series motor with 
Such a ratio of the shunt windings to the series 
Windings that the Speed of each motor Will be 
adjusted to occasional variations in the load on 
its stand of rolls and will avoid the looping or 
straining of the strip between the rols. 
The Speed of each roll is automatically main 

tained in such relation to the reduction to be 
made in the thickness of the strip as to exercise 
On the Strip Only Such a moderate pull as will pre 
vent looping and straining between successive 
stands, notwithstanding variations of the load 
which may occur at any stand. For example, in 
a mill installed in accordance with the invention, 
if the load on any stand of rolls is increased or 
reduced 100 per cent (by variations in the thick 
neSS of the strip entering the rolls), there will 
be a drop Or an increase in the revolutions per 
minute of the motor which is more than half as 
large as the percentage reduction (in thickness 
of the strip) to be effected by the rolls of the stand 
in question, under normal conditions. 

For a reduction of 18 per cent in thickness of 
the strip, the Speed of the motor tends to drop 
about 10 per cent. For a reduction of 35 per cent 
in thickness of the strip, the speed of the motor 
tends to drop about 20 per cent. Thus, if of ad 
jacent motors the first one has practically no 
reduction to effect on the strip, its speed would 
be increased, but, because no elongation by re 
duction of the thickness takes place, the strip is 
fed more slowly to the second one. Here the 
reduction required, may be double the normal. 
The Speed of the rolls will be reduced because of 
the increased load, and the relative speeds of both 
motors adapt themselves to each other. The 
double reduction in thickness of the strip will 
cause an increase of its exit speed sufficient to 
Compensate for the reduction of speed of the two 
Stands and to restore the normal rate for the 
following stands. Such conditions may occur 
from time to time along the entire series of 
rolls So that their average rate will be that re 
quired, and the minimum rate will in no case be 
Sufficient to permit the formation of loops be 
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1,946,240 3 
tween the stands. Each motor is independent of 
direct control from the others and is, in fact, con 
trolled by the load on it within limits which 
maintain the desired condition. No automatic 
Switches nor relays need to be used for the speed 
control. The whole control of speeds, torques 
and loads of each motor is effected by its winding 

... under the influence of its own load. When the 
load on it is reduced to practically nothing, its 
Speed will be increased to that which is sufficient 
to take up the strip. When its load is increased, 
such increase is limited to 100 per cent by the 
slowing down of the motor so that no one motor 
will get more than double its normal load. Each 
motor effects a rolling speed which adapts itself 
automatically to the speed of the preceding and 
Succeeding stands without looping or straining of 
the strip. 
Where a reduction of 20 to 1, or greater is to 

be carried out in a continuous mill of this type, 
including a comparatively large number of sin 
gle stands, each having rollers of diameters which 
are Smaller than usual, it is very important that 
the stands should be as close together as possi 
ble to prevent the strip from cooling too much. 
The motors described facilitate the reduction of 
the space between the stands. With this ar 
rangement a far greater number of stands can 
be disposed in line without substantial gaps be 
tween them than in accordance with the previous 
practice. This permits the passing of the strip 
through a greater number of stations in one heat, 
which involves a great saving of time, floor space 
and heat. 

For this reason, the strip can be passed out of 
the last stand at a comparatively high tempera 
ture so that the total consumption of power will 
be smaller than usual. It is the last stations 
which consume the greatest percentage of the 
total power of such an assembly of rolls. By 
Operating them upon a hotter blank, considerable 
power is Saved. 

In cases where it is desired to obtain a product 
with predetermined properties which require that 
it leave the rolls at a comparatively low tempera 
ture, as is for instance the case with knife blades, 
the large number and close spacing of the roll 
stands permits the entry of the billet into the first 
stand at a lower temperature than usual, because 
the loss of heat during rolling is comparatively 
low. The use of a billet of comparatively low 

' temperature also involves less waste by scaling. 
A better Worked and less overheated metal struc 
ture is also obtained, which is a great desideratum 
in the case of knife blade steel. 
Inasmuch as the drop in the number of revolu 

tions per minute of the motor depends on the re 
duction to be effected in the thickness of the strip, 
the motor characteristics cannot be illustrated in 
such a way as to apply to all cases. Fig. 5, how 
ever, is a side elevation of a pair of rolls in a stand 
A driven through a gear box B from a compound 
wound motor C; which is separately illustrated 
in sig. 6 with its two different windings. 

In this manner it is not only possible to obtain a 
stretching of the material to be rolled in a pro 
portion from 1:10 to 1:12 within a single group of 
rolling stations, as was hitherto the case, but 
it is even possible to obtain a stretching of the 

s 

blank of 1:30 and even 1:50 with one group of 
rolling stations, which are only slightly spaced 
from each other and without any intermediate 
discharge spaces or spaces for forming loops. 
Warious changes may be made in the details dis 

closed in the foregoing specification without de 

parting from the invention or sacrificing the ad 
Vantages thereof. 

In the claims affixed to this specification nose 
lection of any particular modification of the in 
vention is intended to the exclusion of other mod 
ifications thereof and the right to subsequently 
make claim to any modification not covered by 
these claims is expressly reserved. 

I claim:- 
1. The method of rolling a steel strip from a 

hot billet or the like which includes passing the 
blank continuously without re-heating through 
a comparatively large number of successive 
stands of rolls in alinement and close together so 
as to conserve the heat in the blank, maintaining 
wholly or chiefly, by the rolls the necessary ten 
Sion to prevent looping between stands, using 

... rolls which are of the same comparatively small 
diameter best suited to the permissible reduction 
at the temperature of the blank in the last pass, 
effecting in each of the first passes a much less 
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reduction than is permissible at the temperature 
of the blank and compensating for the slight re 
duction per pass by an increased number of 
paSSes. 
2. The method of rolling a steel strip from a 

hot billet or the like which includes passing the 
blank continuously without re-heating through a 
comparatively large number of successive stands 
of rolls in allinement and close together so as to 
conserve the heat in the blank producing and, 
maintaining wholly or chiefly by the rolls the 
necessary tension to prevent looping between 
stands, using rolls throughout the mill which are 
of the same comparatively small diameter best 
suited to the permissible reduction at the temper 
ature of the blank in the last pass, effecting in 
each of the first passes a much less reduction 
than is permissible at the temperature of the 
blank and compensating for the slight reduction 
per pass in the first stands by an increased num 
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ber of passes, driving each pair of rolls by an in 
dependent motor and automatically controlling 
the speed of each motor by variations in its own 
load only and within limits which prevent loop 
ing or excessive-tensioning of the blank. 

3. The method of rolling a steel strip from a 
hot billet or the like which includes passing the 
blank continuously without re-heating through a 
comparatively large number of successive stands 
of rolls in allinement and close together so as to 
conserve the heat in the blank producing and, 
maintaining wholly or chiefly by the rolls the 
necessary tension to prevent looping between 
stands, reducing, the thickness in the last pass 
to less than One-twelfth of the initial thickness 
of the billet, using rolls throughout the mill 
which are of the same comparatively small diam 
eter best suited to the permissible reduction at 
the temperature of the blank in the last pass, 
effecting in each of the first passes a much less 
percentile reduction than is permissible at the 
temperature of the blank and compensating for 
the slight reduction per pass in the first stands 
by an increased number of passes. 

4. The method of claim 3 using a ratio of roll 
diameter to the last pass which is less than 250 
to 1 and a ratio of roll diameter to the first pass 
which is less than 5 to 1. 

5. The method of rolling a steel strip from a 
hot billet or the like which includes passing the 
blank continuously without re-heating through 
a comparatively large number of Successive 
stands of rolls of the two-high self-supporting 
type in alinement and close together so as to 
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conserve the heat in the blank producing and, perature of the blank in the last pass, effecting 
maintaining wholly or chiefly by the rolls the in each of the first passes a much less reduction 
necessary tension to prevent looping between than is permissible at the temperature of the 
stands, reducing the thickness in the last pass blank and compensating for the slight reduction 
to less than one-twelfth of the thickness of the per pass in the first stands by an increased num 
billet, using rolls throughout the mill which are ber of passes. 
of the same comparatively small diameter best WILHELMI ROHN. 
suited to the permissible reduction at the tem 
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