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UNITED STATES PATENT OFFICE. 
WALTER. R. CLARK, of BRIDGEPORT, CONNECTICUT, ASSIGNOR TO BRIDGEPORT BRASS 

COMPANY, OF BRIDGEPORT, connECTICUT, A CORPORATION OF CONNECTICUT. 

SYSTEM OF CONTROL FOR, TANDEM ROLLING-MLS AND THE LIKE. 

1,267,184. Specification of Letters Patent. Patented May 21, 1918. 
Application filed August 22, 1912. Serial No. 716,435. 

To all whom it may concern. 
Be it known that I, WALTER R. CLARK, 

a citizen of the United States, residing in 
Bridgeport, county of Fairfield, and State 
of Connecticut, have invented certain new 
and useful Improvements in Systems of 
Control for Tandem Rolling-Mills and the 
like, of which the following is a full, clear, 
and exact description. 
This invention relates to a system of con 

trolling the relative speeds of rolling mills 
or similar metal working devices arranged 
in tandem, where the bar or sheet is acted 
on by the respective devices simultaneously. 
The improved system is especially appli 
cable to tandem mills for rolling material of 
medium and heavy gage, So heavy in fact, 
that a considerable tension may be put upon 
the rolled bar, in addition to that exerted by 
a pair of rolls in rolling it, without strain 
ing it beyond its elastic limit. , 

Heretofore, in rolling sheets or bars of 
brass or other metal by means of individ 
ually driven tandem mills, it has been cus 
tomary to rely solely on manual control of 
the speed of the individual mills. For ex 
ample, if two individually driven stands of 
rolls are arranged in tandem fashion, to 
successively reduce the bar or sheet, it is 
usual merely to provide hand operated 
speed controlling devices whereby the oper 
ator may regulate individually the speed of 
the respective prime movers or motors driv 
ing the respective mills. Where this man 
ual control is the only one provided, how 
ever, considerable difficulty is encountered 
in distributing properly the total work of 
reduction of the metal between the individ 
all pairs of rolls. For instance, if one of 

the mills slows down from any external 
cause, or if it speeds up or slows down as a 
result of a change in the gage of the mate 
rial being rolled due to the expansion of the 
rolls or SE spots in the metal, or other 
causes, it is a very difficult matter, in fact 
practically impossible, to control manually 
the speed of the other mill in consonance 
with the irregular speed variations of the 
first named mill. Hence it follows, that in 
such a system of control the distribution of 
work is very uneven, the tension of the mate 
rial passing from one mill to the other fluc 
tuates considerably, and is usually either 

too great or too small to produce a uniform 
and economical rolling of the metal, and the 
results of the operation as a whole are gen 
erally unsatisfactory. 
The object of the present invention is to 

avoid the above defects and provide a sys 
tem in which the relative speeds of the mills 
or other devices are controlled automatically. 
In other words, my improved system of 
speed control provides for an automatic ad 
justment of the speed of one mill as the 
speed of the other varies, so as to compensate 
entirely for the relative speed variations of 
the mills with reference to the distribution 
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between the latter of the total work of reduc 
tion. 
each performs a certain proportion of the 
total work, the ratio of the output of the 
respective mills will be maintained auto 
matically in spite of external influences and 
in of variations in the gage of the 
metal rolled. 8 ' 
To these and other ends the invention con 

sists in the novel system of speed control to 
be hereinafter described and claimed. 

In the accompanying drawings, 
Figure 1 is a side elevation of a rolling 

mill installation embodying my invention, 
the respective stands of rolls being driven 
by electric motors, 

Fig. 2 is a top plan view of Fig. 1 
Fig. 3 is a diagram of the motor of one of 

the stands, 
Fig. 4 shows in elevation a tandem rolling mill installation in which the respective mills 

are operated by steam engines, 
Fig. 5 is a top plan view of Fig. 4, and 
Fig. 6 is a detail of the governor of one 

of the engines. 
The improved system is applicable to roll 

ing mills driven by electric motors, steam 
engines, internal combustion engines, and 
other motors or E. OWes. e general 
Fig. are the same in each case, and I 
ave only selected for illustration, embodi 

ments in which electric motors and steam 
engines, respectively, are employed for driv 
ing the mills. 

eferring to Figs. 1 to 8, showing the 
electric motor arrangement or embodiment, 
A and Bindicate stands of rolls to act simul 
taneously on successive portions of a bar or 
sheet of metal C passing from the mill A to 

Hence if the mills are adjusted so that 
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the mill B, as indicated by the arrows. The 
mill. A first acts on the bar or sheet and 
reduces it to a certain extent, and the re 
duced portion of the bar passes forwardly 
to be further reduced by the mill B which is 
arranged in advance of the mill A as re 
gards the direction of feed. The mill or 
stand A is driven by means of an electric 
motor 10 geared to the rolls in any suitable 
manner and the mill B is similarly driven 
by means of an electric motor 11. The speed 
of the motor 10 is controlled manually by a 
controller or rheostat 15 and the motor 11 is 
similarly controlled by a rheostat 12. 
In the embodiment illustrated, the mo 

tor 11 is intended to represent a shunt 
wound motor operating at a substantially 
constant speed under fluctuating loads. On 
the other hand, the motor 10 for driving 
the mill A is so wound, as distinguished 
from the shunt motor 11, as to decrease in 
speed and increase in torque in proportion 
to an increase in the load, and vice versa. 
In other words, the notor 11 for the mill B 
is practically a constant speed motor, while 
the motor 10 of the mill A varies in speed 
inversely in proportion to the load. In or 
der to give the motor 10 the characteristics 
above noted, I use by preference a com 
pound winding, as shown in Fig. 3, where 
the armature is indicated at 13 and the field 
at 14. The field 14 comprises a shunt wind 
ing 14 and a series winding 14, the shunt 
winding 14* being connected with the rheo 
stat 15 by means of which the speed of the 
motor 10 may be varied by the operator. I 
prefer, in actual practice, to have the nor 
mal shunt winding 14 constitute about 80 
per cent, of the total field winding, in which 
case the series winding 14 will only amount 
to about 20 per cent. By this arrangement 
the motor retains practically all of the shunt 
motor characteristics which adapt it par 
ticularly for driving a stand of rolls, and 
yet the series portion of the field is suf 
ficient to cause enough speed variation in 
proportion to the load to effect the opera 
tion now to be described. 

Supposing the bar or sheet of brass or 
other metal to be passing from the mill A to 
the mill B, so that it is successively reduced 
by the respective pairs of rolls, the mill B 
will be driven at a practically constant 
speed, which is preferably so adjusted with 
respect to the speed of the mill A, that the 
mill B pulls the sheet or bar through the 
rolls of the mill. A to a slight extent, there 
by assisting to a certain extent in the op 
eration of the mill A and relieving the mo 
tor 10 of a corresponding amount of work. 
If now the mill B be slowed down, for ex 
ample, by any external influence, or by a 
decrease in the thickness of the bar or sheet 
due to expansion of its rolls or hard spots 

5 in the metal, the pulling effect of the mill 
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B on the bar or sheet passing between the 
rolls of the mill A will be correspondingly 
decreased. This will obviously put more 
work on the motor 10 of the stand A, and 
accordingly, the influence of the Series wind 
ing 14 of said motor will be immediately 
called into play, with the result that the 
speed of the motor 10 will decrease approxi 
mately in proportion to the increase of load 
produced by the decrease of speed of the 
mill B. Hence it will be understood that 
the decrease of speed of the mill B will be 
immediately followed by a substantially cor 
responding decrease of speed of the mill A, 
the latter adapting itself automatically to 
the speed decrease of the mill B in such a 
manner as to maintain the ratio of the re 
duction done by the two mills. Supposing 
that the speed of the mill B be increased for 
any cause, the pulling effect of this mill on 
the bar or sheet passing through the mill A. 
will, of course, be correspondingly increased, 
thereby further relieving the motor 10, and 
as the load on the latter decreases the effect 
of the series winding 14 is immediately to 
produce a corresponding increase of speed 
to compensate for the increase of speed of 
the mill B. 

If at any time the mill A tends to roll the 
bar faster than the mill B can carry it, the 
former mill will tend to push the bar 
through the latter, thereby relieving the mill 
B of Some of its work until the mill A has 
slowed down on an equilibrium point. 

It is not necessary in all cases that the. 
mill B be driven by an electric motor, as it 
might be driven by other means while still 
retaining the electric drive of the mill A. 
On the other hand, it is not always essential 
that the variable speed characteristics men 
tioned above in reference to the mill A be 
limited to said mill, as obviously an inter 
change of the driving motors 10 and 11 as 
between the mills A and B would be with 
in the broad aspects of my invention. In 
other words, it might be practicable in some 
cases to have the mill A driven by a con 
stant speed motor and to have the mill B 
driven by a variable speed motor. 
In Figs. 4 to 6 E. the relative ar 

rangement of the mills A and B is substan 
tially the same as that previously described, 
but the mill A is driven by a steam engine 
16 and the mill B by a steam engine 17. The 
engine I, is provided with a governor 18 
Ed Wii. tha throttle valve 19 (or 

otherwise arranged) so as to maint in a 
practically constant speed of the engine 17 
and mill B under varying conditions of 
load. This means of speed control by means of a fly-ball governor is a very common 
one, and hence need not be described in de 
tail. In order to provide for the variable 
speed characteristics of the engine 16 the 
action of the ball governor 20, thereof (con 
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nected with the throttle valve 21 by means 
of the link 22) is opposed by a spring 23 
which prevents the governor from operating 
the throttle valve sufficiently to compensate 
for variations of load, so that the speed of 
the engine 16 will decrease as the load in 
creases, and vice versa. In the embodiment 
shown, the governor 20 comprises the usual 
centrifugally acting balls 24 acting on the 
usual sliding sleeve 25 to which is connected 
one end of a bell crank lever 26 pivoted to 
a fixed part 27 and suitably connected with 
the throttle controlling link or rod 22. As 
the balls are lowered by a decrease of speed 
(due to an increase of load) they tend to 
carry downward the collar 25 and to so actu 
ate the valve rod 22 as to bring the speed 
again up to the normal, but this tendency 
of the fly-balls 24 is opposed by the sprin 
22, interposed between the standard 28 E. 
the free extremity of the bell crank lever 
26, so that the compensating effect of the 
governor is offset to a degree, with the re 
sult that changes of load will cause corre 
sponding but inverse changes of speed. 
As the speed characteristics of the engines 

16 and 17 are substantially the same as those 
of the motors 10 and 11 heretofore de 
scribed, it will be obvious that the operation 
of the installation now being described, will 
be substantially the same as that of the first 
installation. Moreover, it will be manifest 
that the invention can be carried out in sub 
stantially the same manner with gas en gines or other prime movers having the 
characteristics above described. It is not 
necessary, in all cases, that the prime mov 
ers or motors of the respective mills or other 
metal working devices have different speed 
and torque characteristics, so long as at 
least one of the motors changes its speed au 
tomatically with a change of load. 
Of course, I do not wish to limit myself 

in all of the various aspects of my invention, 
to the application of the present system to 
the tandem rolling of sheets or bars. I 
have used the term "rolling mill' in a broad 
sense intending to cover such an equivalent 
device as a wire drawing block or other ap 
paratus. It is, moreover, evident that the 
invention is not limited to the use of two 
metal working devices arranged in tandem, 
as a larger number may be grouped together 
in some cases. Various changes in these and 
other respects may be adopted within the 
scope of the appended claims. 
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hat I claim is: 
1. In a tandem rolling mill installation 

the combination with the respective mills, of 
a separate prime mover for driving each of 
the same, and means controlled directly by 
variations of tension in the stock between 
the mills, independently of variations of 

65 length incident to such tension changes, for automatically varying the speed of the 

prime mover of one mill, to compensate for 
speed variations of the other mill, substan tially as described. 
2.The combination of metal working de 

vices arranged in tandem for simultaneous 
operation on a length of stock fed by one 
of said devices to the other, separate prime 
movers for said devices, and means con 
trolled by the direct action of the stock on one of said devices due to variations of ten 
sion in that portion of the stock between 
said devices, and independently of changes 
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of length in such portion incident to such 
tension changes, for automatically and di 
rectly varying the speed of one of said de 
vices to compensate for the speed changes 
of the other. 

3. The combination with metal reduction 
devices arranged in tandem for simultaneous 
action on successive portions of a length of 
stock, of individual prime movers to drive 
the ity devices, one of said prime 
movers being adapted to so operate the cor 
responding metal reducing device that it 
will, pull the stock through the other metal working device, and at least one of said 
prime movers being constructed to decrease 
in speed with an increase of load caused di 
rectly by a change of tension in that portion 
of the stock in the interval between said re 
duction devices, said prime mover being 
constructed to vary its speed independently 
of variations of length of that portion of the 
stock in the interval between said devices in 
cident to the aforesaid tension changes. 

4. The combination with metal reduction 
devices arranged in tandem for simultane 
ous action on successive portions of a length 
of stock fed from one of said devices to the 
other, of prime movers for driving the re spective devices individually, one of said de 
vices being so driven as to pull the stock 
through the other to a certain extent, where 
by the tension in the material between the 
two devices acts to transfer work from one 
of the prime movers to that of the other de 
vice, the prime mover of such following de 
vice being constructed and arranged to de 
crease in speed with an increase of load in 
dependently of changes in the length of the 
stock incident to an increase of load, sub 
stantially as described. 

5. The combination of rolling mills ar 
ranged in tandem, means to drive one of said 
mills at a substantially constant speed, and 
an electric motor for driving the other mill, having a compound winding, whereby said 
motor varies in speed with a variation of 
load to compensate for speed variations of 
the first mill; substantially as described. 

6. The combination of rolling mills ar 
Ef in tandem, of means to drive one of said mills at a substantially constant speed, 
and an electric motor for driving the other 
mill, having a relatively large shunt field 
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winding, and a relatively small series field 
winding, whereby the speed of such last 
mentioned mill is automatically varied to 
compensate for speed changes of the first 
mill; substantially as describe. 

7. The combination of metal working de 
vices arranged in tandem for simultaneous 
operation on a length of stock which passes 
from one of said devices to the other, means 
for driving the second device at practically 
a constant speed, and a motor for driving 
the first device which varies in speed with 
a variation of load and is directly controlled 
by the variable tension on the stock, inde 
pendently of changes in the length of the 
stock incident to the tension changes; sub 
stantially as described. 

8. The combination of metal working de 
vices arranged in tandem for simultaneous 
operation on a length of stock fed from one 
of said devices to the other, means for driv 
ing the second device at a practically con 
stant speed, and an electric motor for driv 
ing the first device, having a series field 
winding whereby it is adapted to decrease 
in speed with an increase of load; substan 
tially as described. 

9, Apparatus for operating on material 
of the kind described, comprising a plurality 
of elements having passes to simultaneously 
act on several different parts of the same 
piece of material, and means to feed the ma 
terial through the passes, comprising an 
electric motor for each pass, at least one of 
said motors being so wound as to decrease 
in speed with an increase of load whereby 
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the tension of the material being operated 
on directly and automatically controls the 
speed of the motors. 

10. The combination of metal reducing de 
vices arranged in tandem for simultaneous 
action on successive portions of a length 
of stock fed by one of said devices to the 
other, and separate prime movers for driv 
ing the respective devices independently, at 
least one of said prime movers constituted 
by an electric motor which is wound to vary its speed directly and automatically as a 
result of variations in the tension of the 
stock in the interval between said reducing 
devices, whereby said electric motor varies 
the speed of its reducing device to correspond 
with speed variations of the other reducing 
device; substantially as described. 

11. The combination of metal working de 
vices arranged in tandem for simultaneous 
operation on a length of stock fed by one of 
said devices to the other, a prime mover for 
driving one of said devices, an electric mo 
tor for driving the other device, and adjust 
able means for controlling the speed of said 
electric motor, said motor so wound as to 

65 

decrease in speed with an increase of load on its reducing device without actuation of said 
speed controlling means, whereby the speeds 

1,267,184. 

of the reducing devices are directly and au 
tomatically controlled by variation of the 
tension of the stock; substantially as de 
scribed. 

12. The combination of metal reducing 
devices arranged in tandem for simulta 
neous action on successive portions of a 
length of stock fed by one of such devices 
to the other, and electric motors for driving 
the respective devices individually, so wound 
as to maintain automatically a predeter 
mined speed ratio between said devices by 
the tension in the stock; substantially as 
described. 

13. The combination of metal reducing de 
vices arranged in tandem for simultaneous 
action on a length of stock, electric motors 
for driving the respective devices individ 
ually, so wound as to maintain automatically 
a predetermined speed ratio between said 
devices, and manually adjustable resistance 
means for controlling the speed of said 
motors; substantially as described. 14. The combination of metal reducing 
devices arranged in tandem for simulta 
neous action on a length of stock, prime 
movers for the respective devices, one of 
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said prime movers being adapted to drive 
its reducing device at such speed as to pull 
the stock through the other device and 
thereby tension the stock to a certain ex 
tent, the prime mover of such other device 
being constituted by an electric motor hav 
ing a compound winding whereby it is 
adapted to decrease its speed automatically 
with an increase of load due to a decrease 
of such tension of the stock, and variable 
resistance means for varying the speed of 
said compound wound motor; substantially 
as described. 

15. The combination of metal reducing 
devices arranged in tandem for simultane 
ous action on successive portions of a length 
of stock, said devices having rotary parts 
adapted to feed the metal forward during 
the reduction thereof, separate prime movers 
for driving said rotary of the respec 
tive devices, and means for operatively con 
necting each prime mover with its reducing 
device, at least one of said prime movers be ing geared directly to its reducing device 
and said prime mover being so constructed 
and arranged as to vary the speed of said re 
ducing device automatially by alteration of 
tension in the stock transmitted directly to 
said prime mover through such geared con 
nection, whereby the speed of one of said de 
vices is automatically changed to compensate 
for speed changes of the other. 

16. The combination of metal reducing 
devices arranged in tandem for simultane 
ous operation on a length of stock fed by one 
of said devices to the other, a prime mover 
for driving one of said devices, a prime 
mover for driving the other device, gearing 
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ins of the devices with its prime mover so that the former is positively driven, 

bd and ar ranged to vary its speed, directly and auto 
matically by a variation in load transmitted by said gearing to said prime mover when 
the stock undergoes a change of tension, in dependently of a change of length in the 
length of the stock incident to such tension change, and separate manually operable 
means for directly controlling the speed of 
such prime movers independently of the ten sion in the stock. n - 

17. The combination of metal reducing de 
vices arranged in tandem for simultaneous operation on a length of stock fed by one of 
said devices to the other, a prime mover for driving one of said devices, a prime mover for driving the other device, gearing con necting one of the devices with its prime 
mover so that the former is positively driven, 
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change, and separate manual 

said prime mover being constru and ar 
ranged to vary its speed directly and auto 
matically by a variation in load transmitted 
by said gearing to said prime mover when 
the stock undergoes a change of tension, in 
dependently of a change of length in the 
length of stock incident to such tension 

operable means for directly controlling 
sion in the stock while the automatic con trolling means is in operation. . . . 

18. The combination of ". devices arranged in tandem for the simu 
taneous operation on a length of stock, a 
prime mover for driving one of said devices, 
a prime mover for the other device, trans mission mechanism for positively driving 

action on a length of stock 

e speed of such prime moversindependently of the ten- imatic control being adapted 

said other device from its prime mover, and manually operable means for directly con 
trolling the speed of said prime movers, said 
last-named prime mover being constructed and arranged to vary its directly and 
automatically by variations of tension in the 
stock transmitted to it through said trans 
mission mechanism, and independently of said manually operable controlli 
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means and of changes in length of the stock incident to tension changes. 
19. The combination of metal reducing 

devices arranged in tandem for simultaneous 
a prime mover for driving one of said devices, a prime 

mover for the other device consisting of an electric motor, gearing for positively driving 
such other device from said electric motor, and adjustable means for directly control 
ling the speed of said prime movers, said elec 
tric motor being constructed and arranged 
to decrease its speed with an increase of load imposed thereon through said 
riation of tension in the stockindependently of said adjustable speed controlling means 
and of variations of lengths incident to ten 

ofone of said devices is automatically changed to compen 
sate for speed changes of the other, said ad 
sion changes, whereby the speed 

justable controlling means and said auto 
for simultane ous operation. . . . . 

In witness whereof, I have hereunto set my hand on the 20th day of August, 1919. 
wArtERR. CLARK, 

with " . 

M. Orrve Wnt Ans. 
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