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This invention relates to the control of the speed of 
rolls in a strip treatment line whereby the tracking of the 
strip in passing over the rolls may be improved. 

In a strip treatment line, the strip to be treated is nor~ 
mally passed over a plurality of de?ector means through 
various treatment tanks or sections. customarily, the 
de?ector means comprise rolls which are journaled for 
rotation and over which the strip passes as it goes through 
the various treatment sections of the line. The rolls cause 
the strip to pass back and forth in generally parallel planes 
as it passes through the various tanks. Some or all of the 
de?ector rolls may be driven by power means. Nor 
mally, the power supplied to the de?ector rolls is sufficient 
only to overcome friction in the roll bearings and to ?ex 
the strip passing over the rolls. In such cases the strip 
is pulled through the line from a bridle at the end of the 
line. 

In electrolytic tin plating lines, for example, it is highly 
desirable, to insure even and regular plating along the 
edges, that the strip should track. Stated in other words, 
it is desired that each part of the strip should follow in 
the path of what has passed before without wandering 
or weaving from side to side as it passes over the rolls. 
It has been found, however, in some strip lines that the 
strip tends to weave from side to side on the rolls. 

conventionally it has been the practice to synchronize 
the speed of all of the driven de?ector rolls in a strip line 
so that their circumferential speed is equal to the speed 
of the strip. We have discovered that tracking of strip 
in a strip line can be improved by selectively regulating 
the speed of the de?ector means in the strip line relative 
to the speed of the strip over these means. We prefer 
ably employ rolls whose speed may be regulated relative 
to the speed of the strip to achieve the best tracking. It 
is conceivable that the best tracking may be achieved 
when the surfaces of the de?ector rolls are rotating slower 
than the strip passing around the rolls or when the sur 
faces of the de?ector rolls are rotating faster than the strip 
passing around the rolls. 
We provide means by which the speed of the de?ector 

rolls relative to the strip may be selectively varied, and 
means to automatically maintain the speed of the de 
?ector rolls constant relative to the speed of the strip. 
We provide means to measure the speed of the strip 

through the line, means to measure the speed of at least 
one of the de?ector rolls, means to combine signals from 
the speed measuring means, and control means to regulate 
the speed of the de?ector rolls in accordance with the 
combined signals. We preferably provide means whereby 
the signal corresponding to the speed of the strip and the 
signal corresponding to the speed of the de?ector rolls 
may be varied relative one to the other. We further 
preferably provide means for regulating the eifective sig 
nal produced by signal means associated with each de 
?ector roll. 

Other details, objects, and advantages of our invention 
will become apparent as the ‘following’ description of cer 
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2 
tain present preferred methods of practicing the inven 
tion proceed. - 

In the accompanying drawings we have illustrated cer 
tain present preferred methods’of practicing the invention 
in which 

Figure 1 is a diagrammatic illustration of the preferred 
embodiment of our apparatus; and 

Figure 2 is a diagrammatic illustration of a modi?ca 
tion thereof. 

Referring to Figure l, strip 1 is passed through a strip 
line over a plurality of idler de?ector rolls 2, a freely 
rotatable reference roll 3 and three driven de?ector rolls 
4, 5 and 6. It will be understood that the illustration 
of the strip line is purely diagrammatic and that the strip 
might be passing, for example, through a series of elec 
trolytic plating tanks, pickling tanks or cleaning tanks. It 
will be further understood that the number of de?ector 
rolls is not limited as shown in the drawing but might be 
any convenient number. Coupled to reference roll 3 is a 
generator tachometer 7 supplying direct current at a volt 
age which is proportional to the speed of reference roll 
3. One terminal of tachometer 7 is connected directly 
to terminal 8. The other terminal is connected to termi 
nal 3 through resistor 9 thus making a closed loop out 
side tachometer 7 through terminal 8 and resistor 9. A 
movable contact 10 connects any desired point on resistor 
9 to terminal 11 of ampli?er 12. Coupled to de?ector 
rolls 4, 5 and 6 are generator tachometers 13, 14 and 15, 
respectively. These are similar to tachometer 7 and each 
will produce a direct current voltage proportional to the 
speed of the coupled de?ector roll. Tachometer 13 has 
its terminals connected to points 16 and 17. Between 
one terminal and point 16 is a resistor’ 18. Point 16 is 
connected to lead 19 through resistor 20. Point 17 is 
connected to lead 21 through resistor 22. A resistor 23 
is connected between points 16 and 17. Sliding contact 
24 allows any desired portion of resistor 23 to be by 
passed. Tachometers 14- and 15 are connected by similar 
circuits to leads 19 and 21. The three tachometer-s 13, 14 
and 15 are in parallel. Lead 19 is connected to terminal 
8. Lead 21 is connected to terminal 25 of ampli?er 12. 
Ampli?er 12 is of conventional design and may be a 

rotating, electronic, or magnetic ampli?er, or any combi 
nation thereof. It will control the current in ?eld coil 26 
of direct current generator 27 in response to the voltage 
impressed across terminals 11 and 25. Generator 27 
supplies current to direct current motors 28, 29 and 30, 
coupled respectively to de?ector rolls 4, 5 and 6. The 
?eld coil 31 of motor 28 is connected between bus bar 
32 and ground. A resistor 33 is placed in the circuit in 
series. A sliding‘ contact 34 allows current to be shunted 
around any part of or all of resistor 33. The ?eld coils 
of motors 29 and 30 are similarly connected. 

Referring now to Figure 2 we have shown a modi?ca 
tion of the preferred embodiment of our apparatus. Strip 
35 passes over a freely rotatable reference roll 36 and a 
single driven de?ector roll 37. As in Figure l the strip 
and the rolls are shown only diagrammatically. A gen 
erator tachometer 38 is coupled to reference roll 36 and 
will produce a direct current voltage proportional to the 
speed of reference roll 36. One terminal of tachometer 
38 is connected to point 39. The other terminal is con 
nected to point 39 through resistor 40. A generator 
tachometer 41 is coupled to de?ector roll 37 and produces 
a direct current voltage proportional to the speed of de~ 
?ector roll 37. One terminal of tachometer 41 is coupled 
to point 39. The other terminal is connected to terminal 
42 of ampli?er 43. Amplifier 43 is of conventional de 
sign and may be a rotating, electronic, or magnetic mag 
ni?er, or a combination thereof. Terminal 44 of ampli 
?er 43 is connected to movable contact 45 which will 
make contact with resistor 40 at any given point. I 



2,797,918 
3 

Ampli?er 43 will produce a voltage on ?eld coil 46 of 
direct current generator 47 in response to the voltage 
impressed on terminals 42 and 44. Generator 47 supplies 
current to direct current motor 48 which is coupled to 
de?ector roll 37. The ?eld coil 49 of motor 48 is con 
nected between bus bar 50 and ground through resistor 
51. Sliding contact 52 allows any part of resistor 51 
to be shunted. 

In operation (referring now to Figure 1) strip 1 will 
be drawn through the line by drive means at the end of 
the line (not shown in the drawings). As it passes 
through the line it will cause reference roll 3, which is 
freely rotatable, to revolve so that the circumferential 
speed of the roll is equal to the speed of the strip. This 
will cause tachometer 7 to produce a potential proportion 
al to the speed of the strip. At the same time de?ector 
roll 4 will be rotating at the speed at which it is driven by 
motor 28. The circumferential speed of deflector roll 
4 will not necessarily be the same as the linear speed of 
the strip. Tachometer 13 will produce a signal propor 
tional to the rotative speed of de?ector roll 4. For any 
given adjustment of sliding contact 24 on resistor 23 the 
potential between points 16 and 17 will be proportional 
to the speed of de?ector roll 4. Tachometers 14 and 
15 will develop signals in a like manner. The voltages 
from each of the tachometers 13, 14 and 15 will be im 
posed on leads 19 and 21. Should tachometer 13, for 
example, be developing a lower voltage than the others 
there will be a tendency for a circulating current produced 
by tachometers 14 and 15 to pass through resistors 20, 
22 and 23 so that the standing voltage on leads 19 and 21 
will be the average of the voltages supplied to the leads 
by tachometers 13, 14 and 15. It is apparent that termi 
nal 8 and lead 19 must be at the same potential. Thus 
terminal 8 and terminal 25 of ampli?er 12 will have the 
same potential difference as leads 19 and 21. If the volt 
age drop between movable contact 10 and terminal 8 
caused by tachometer 7 is equal to, but opposed to, the 
voltage across leads 19 and 21 there will be no voltage drop 
across terminals 11 and 25 of ampli?er 12. At this point 
the system will be in balance and the ampli?er will main 
tain the existing voltage on ?eld coil 26. The result 
will be that motors 28, 29 and 30 will continue to drive 
de?ector rolls 4, 5 and 6 at the same speeds relative to 
the speed of the strip. 

Should the speed of the strip be increased, tachometer 
7 will produce a greater voltage and there will be a volt 
age imposed across terminals 11 and 25. The ampli?er 
will increase the current in ?eld coil 26, causing a greater 
current to be supplied to motors 28, 29 and 30. This 
will cause the speed of the motors and coupled de?ec 
tor rolls to increase, and tachometers 28, 29 and 30 
will supply a higher voltage to the control circuit. When 
the speed of the driven de?ector rolls has again reached 
the same speed relative to the strip, the circuit will again 
balance with no voltage across terminals 11 and 25. The 
ampli?er will then maintain the current in coil 26 con 
stant. Should the strip be slowed down, then a voltage 
of reverse polarity would be imposed upon terminals 11 
and 25 and the ampli?er will reduce the current in ?eld 
coil 26 until the signal circuit is again in balance. 

In order to secure better tracking it may be desirable 
to change the circumferential speed of de?ector rolls 
4, 5 and 6 relative to the speed of the strip. The best 
tracking is not always secured when the de?ector rolls 
have their circumferential speed equal to the speed of 
the strip. It may be desired at any time to vary the rela 
tive difference in speed to secure the best tracking. This 
may be done by adjusting movable contact 19 so that the 
voltage drop between terminal 8 and movable contact 10 
is larger or smaller. This will cause a voltage, whose 
polarity will depend upon the direction in which contact 
1.0 is moved, across terminals 11 and 25 of ampli?er 12. 
The ampli?er will increase or decrease the current in 
?eld coil 26 according to the polarity of the voltage be 
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tween terminals 11 and 25. This will cause a greater or 
lesser voltage to be generated and will increase or de 
crease the current through the armatures of motors 28, 
29 and 31). As the current in coil 26 is increased or de— 
creased the motors will drive de?ector rolls 4, 5 and 6 
at a higher or a lower speed. At the same time the 
voltage generated by tachometers 13, 14 and 15 will be 
increased or decreased. At such time as the voltage be 
tween terminal 8 and terminal 25 generated by tachom 
eters 13, 14 and 15 again equals the voltage between 
terminal 8 and movable contact 10 produced by tachom 
eter 7, ampli?er 12 will again hold the current in ?eld coil 
26 constant. It will be obvious that should the strip 
exert a pull on one of the de?ector rolls, the coupled 
motor would act as a generator and brake the de?ector 
roll. 
As the line is in use over long periods of time there 

will be wear upon the rolls, and as they wear they will 
be removed and redressed. , This will cause the roll which 
has been redressed to be of somewhat smaller diameter. 
Therefore, for a given circumferential speed of the roll, 
the rotative speed will have to be slightly higher. This 
will cause the attached tachometer to produce a higher 
voltage since its voltage output is a function of its own 
speed. Adjustment of sliding contact 24 on resistor 
23 will vary the voltage across points 16 and 17. As 
more of resistor 23 is by-passed the current between 
points 16 and 17 will become greater. This will cause a 
voltage drop across resistor 18 and reduce the voltage 
across points 16 and 17. Thus, for any given speed of the 
tachometer, the effective voltage delivered to the circuit 
may be decreased. Conversely, the tachometer can be 
adjusted to deliver the same effective voltage at some 
higher speed. Since a similar circuit is provided for 
each of the tachometers coupled to a de?ector roll, com 
pensation may thus be made for a reduction in the 
diameter of any de?ector roll. The voltage imposed 
upon leads 19 and 21 by each de?ector roll tachometer 
will thus be representative of the circumferential speed 
of the coupled de?ector roll. 
To compensate for variations from one drive motor 

to another, the current through ?eld coil 31, for example, 
may be varied through use of sliding contact 34. In 
this manner the ?eld strength of the motor may be varied 
and with it the speed of the motor for a given armature 
current. Similar arrangements are provided for motors 
29 and 30. 

Referring now to Figure 2 the output of tachometer 41 
is matched directly against the output of tachometer 38. 
The terminals of tachometer 41 are connected to the 
terminal 42 of ampli?er 43 and to terminal 39. Tachom 

V eter 38 is coupled directly against this and incorporates 

55 

65 

70 

75 

resistor 40 in its circuit. By adjustment of movable 
contact 45 the two tachometer voltages may be matched 
against one another in varying ratios. There is no 
need for an additional circuit to compensate for changes 
in the diameter of roll 37 since there is only one driv 
ing roll tachometer feeding into the circuit. When roll 
37 is decreased to a smaller diameter the result will be 
to change the position of movable contact 45 for which 
roll 37 will be synchronized with strip 35. In other 
words, the zero position of movable contact 45 will be 
altered by a change in the diameter of the de?ector roll. 
The resultant signal is placed upon terminals 42 and 44 
of ampli?er 43. Ampli?er 43 operates in regulating mo 
tor 48 identically with ampli?er 12 in regulating mo 
tors 28, 29 and 30 in that it will act to keep the current 
in ?eld coil 46 matched to the voltage across terminals 
42. and 44. The current in ?eld coil 49 is adjustable to 
provide further individual adjustment of motor 48. 

While we have shown and described certain present 
preferred embodiments of our invention, it is to be dis 
tinctly understood that the invention is not limited there 
to, but may be otherwise variously embodied within the 
scope of the following claims. 
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We claim: 
1'. A speed control system for a strip line having strip 

driven means and strip de?ector means, ?rst signal means 
responsive to the speed of said strip driven means,‘ sec 
ond signal means responsive to‘ the speed of said strip 
de?ector means, means to combine the signal from said 
?rst signal means and said second signal means into a 
single resultant signal, separate de?ector drive means, 
and control means responsive to said‘ signal to control 
said de?ector drive means. 

2. A speed control system for a strip line compris 
ing ?rst signal means producing a signal corresponding 
to the speed of the strip through the line, at least one 
de?ector member, second signal means to measure the 
speed of each de?ector member, means to combine the 
signals from said first signal means and said second sig 
nal means into a resultant signal, and means to vary 
the speed of each de?ector member in accordance with 
the resultant signal. 

3. A speed control system for a strip line having strip 
driven means and strip de?ector means, power means 
driving said de?ector means, ?rst signal means separate 
from said power means responsive to the‘ speed of said 
strip driven means, second signal means separate from 
said power means responsive to the speed of said strip 
de?ector means, means to combine the signals from said 
?rst signal means and‘ said second signal means into a 
single resultant signal, and control means responsive to 
said signal to control said power means. 

4. A speed control system for a strip line comprising 
?rst signal means producing a signal corresponding to 
the speed of the strip through the line, at‘ least one de 
?ector roll, power means driving the de?ector rolls, sec 
ond signal means separate from said power means to 
measure the speed of the de?ector rolls, means to com 
bine the first signal means and the second signal means 
into a resultant signal means to vary the strength of the 
signal from one signal means relative to the strength 
of the signal from the other signal means, and control 
means e?ective to regulate the power means in response 
to the resultant signal. 

5. A speed control system comprising a driven roll, 
a plurality of de?ector rolls, drive means driving‘ the 
de?ector rolls, a speed sensitive means coupled to said 
driven roll and to each of said de?ector rolls, said speed 
sensitive means being separate from said drive means 
each of said speed sensitive means producing a signal, 
means for combining the signals from the speed sensitive 
means into a single resultant signal, and means to vary 
the speed of said drive means in accordance with the 
resultant signal. 

6. A speed control system for a strip line having a 
reference roll driven by the strip, a plurality of driven 
de?ector rolls, drive means for each of said de?ector rolls, 
tachometer means coupled to the reference roll and pro 
ducing an electrical potential corresponding to the speed 
of the reference roll, tachometer means coupled to each 
of the de?ector rolls and each producing an electrical po 
tential corresponding to the speed of the associated de 
?ector roll, means to vary the effective potential produced 
by each tachometer means coupled to a de?ector roll, 
means for combining all of the potentials from the 
tachometer means coupled to the de?ector rolls into a 
single de?ector roll potential, means for combining the 
de?ector roll potential with the potential from the refer 
ence roll tachometer means into a resultant potential, 
and control means responsive to said resultant potential 
to vary the speed of the said drive means. 

7. A speed control system for a strip line having a 
reference roll driven by the strip, a plurality of driven 
de?ector rolls, drive means for each of said de?ector 
rolls, tachometer means coupled to the reference roll 
and producing an electrical potential corresponding to 
the speed of the reference roll, tachometer means cou 
pled to each of the de?ector rolls and each producing an 
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6 
electrical potential corresponding to the speed of the assoé 
ciated de?ector roll, means to vary the effective potential 
produced by each tachometer means coupled to a de?ec 
tor roll, means for combining all‘ of the potentials from 
the tachometer means coupled to' the de?ector rolls into 
a single de?ector roll potential, means for combining the 
de?ector roll' potential with the potential from the refer 
ence roll' tachometer means into a’ resultant potential, 
means to vary the amount of the potential produced by 
the reference roll tachometer means which is available 
for combining with‘ the de?ector roll potential, and con? 
trol means'responsive to said resultant potential to vary 
the speed of the said .drive means‘. 

8. A speed control ‘system for a strip line having a 
reference‘ roll driven by the strip, a plurality of de?ec 
tor rolls, drive means for each of said de?ector rolls, 
tachometer means coupled to the reference‘ roll and pro; 
ducing an electrical potential corresponding to the speed 
of the reference roll, tachometer means coupled to each 
of the de?ector rolls and each producing an electrical 
potential corresponding to the speed of the associated de 
?ector roll, means to vary the e?ective potential produced 
by each tachometer means coupled to a de?ector roll, 
means for combining all of the potentials from the 
tachometer means coupled to the de?ector rolls into a 
single de?ector roll potential, means for combining the 
de?ector roll potential with the potential from the refer 
ence roll tachometer means into a resultant potential,_ 
means to vary the strength of the two potentials combined 
into the resultant potential relative to one another, and 
control means responsive to said resultant potential to 
vary the speed of said drive means. 

9. A speed control system for a strip line having a ref 
erence roll driven by the strip, at least one de?ector roll, 
drive means for each de?ector roll, speed sensitive means 
coupled to the reference roll and producing a signal cor 
responding to the speed of the reference roll, speed sensi 
tive means separate from said drive means coupled to each 
de?ector roll and producing a signal corresponding to the 
speed of the coupled de?ector roll, means for combining 
all of said signals into a resultant signal, control means 
responsive to said resultant signal to vary the speed of 
said drivemeans, and additional speed control means 
whereby the speed of each of said drive means may be 
separately varied. 

10. Means for controlling the speed of rolls in a con 
tinuous strip line comprising a reference roll driven by 
the strip, a de?ector roll, driving means coupled to the 
de?ector roll, tachometer means coupled to the reference 
roll and producing a potential corresponding to the speed 
of the reference roll, second tachometer means coupled 
to the de?ector roll and producing a potential correspond— 
ing to the speed of the de?ector roll, means for combining 
the potential produced by the de?ector roll tachometer 
means and a selective amount of the potential produced 
by the reference roll tachometer into a resultant potential, 
and control means to vary the speed of the de?ector means 
in accordance with the resultant potential. 

11. Means for controlling the speed of rolls of a con 
tinuous strip line comprising a reference roll driven by 
the strip, a plurality of de?ector rolls, power means cou 
pled to the de?ector rolls, tachometer means coupled to 
the reference roll and producing a potential corresponding 
to the speed of the reference roll, tachometer means cou 
pled to each de?ector roll and each producing a potential 
corresponding to the speed of the associated de?ector roll, 
means for combining the potentials produced by the de 
?ector roll tachometer means with a selective amount of 
the potential produced by the reference roll tachometer 
into a resultant potential, and control means e?ective to 
regulate the speed of said drive means in accordance with 
the resultant potential. 

12. Means for controlling the speed of rolls in a con 
tinuous strip line comprising a reference roll driven by 
the strip, a plurality of de?ector rolls, power means driv 
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ing each of the de?ector rolls, signal means connected 
to the reference roll and producing a reference roll signal 
corresponding to the speed of the reference roll, signal 
means separate from‘said power means connected to each 
of the de?ector rolls and producing a signal corresponding 
to the speed of the de?ector roll, means to combine all 
of the signals from the de?ector roll signal means into 
a single de?ector roll signal, means to combine the de?ec 
tor roll signal and the reference roll signal into a result 
ant signal, means to vary the reference roll signal e?ec 
tive for combination with the de?ector roll signal, and 
control means effective to regulate the speed of the power 
means in accordance with the resultant signal. 

13. Means for controlling thelspeed of rolls in a con 
tinuous strip line comprising a reference roll driven by 
the strip, a plurality of de?ector rolls, power means driv 
ing each of the de?ector rolls, signal means connected 
to the reference roll and producing a reference roll signal 
corresponding to the speed of the reference roll, signal 
means separate from said power means connected to each 
de?ector roll and producing a signal corresponding to the 
speed of the de?ector roll, means to combine all of the 
signals from the de?ector roll signal means into a single 
de?ector roll signal, means to vary the signal from 
each de?ector roll signal means effective for combina 
tion into the de?ector roll signal, means to combine the 
de?ector roll signal and the reference roll signal into a 
resultant signal, means to vary the reference roll signal 
e?ective for combination With the de?ector roll signal, and 
control means effective to regulate the speed of the power 
means in accordance with the resultant signal. 

14. Means for controlling the speed of rolls in a con 
tinuous strip line comprising a reference roll driven by 
the strip, a plurality of de?ector rolls, power means driv 
ing each of the de?ector rolls, signal means connected 
to the reference roll and producing a reference roll signal 
corresponding to the speed of the reference roll, signal 
means separate from said power means connected to each 
of the de?ector rolls and producing a signal corresponding 
to the speed of the de?ector roll, means to combine all of 
the signals from the de?ector roll signal means into a 
single de?ector roll signal, means to vary the signal from 
each de?ector roll signal e?ective for combination into 
the de?ector roll signal, means to combine the de?ector 
roll signal and the reference roll signal into a resultant 
signal, means to vary the reference roll signal effective 
for combination with the de?ector roll signal, control 
means effective to regulate the speed of the power means 
in accordance with the resultant signal, and means to 
separately regulate the speed of each power means. 

15. The method of regulating the tracking of strip in 
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a line which comprises measuring the speed of the strip 
through the line, passing the strip over at least one de?ec 
tor roll in the line, and selectively regulating the speed of 
the de?ector rolls to maintain a differential between the 
speed of the strip and the peripheral speed of the de 
?ector rolls. ' ' 

16. The method of improving the tracking of strip 
in a line which comprises measuring the speed of the 
strip through the line, passing the strip over a plurality of 
de?ector rolls in the line, and selectively regulating the 
circumferential speed of the de?ector rolls relative to the 
speed of the strip maintaining a selected differential be 
tween the circumferential speed of the rolls and the speed 
of the strip. 

17. In a strip line, speed control means comprising 
signal means producing an electric signal corresponding 
to the strip speed through the line, at least one strip 
de?ector roll, drive means for each such de?ector roll, 
separate signal means producing an electric signal cor 
responding to the speed of each such de?ector roll, means 
to combine all of said signals into a single resultant signal, 
and means to control said drive means according to the 
resultant signal. 

18. In a continuous strip line, speed control means com 
prising signal means producing an electric signal corre 
sponding to the strip speed through the line, at least one 
strip de?ector roll, a drive motor for each such de?ector 
r011, separate signal means producing an electric signal 
corresponding to the speed of each such de?ector roll, 
means to combine all of said signals into a resultant signal, 
and means to control each said drive motor in accordance 
with the resultant signal. 

19. The method of controlling the tracking of strip in a 
strip line which comprises measuring the speed of the strip 
through the line, passing the strip over at least one de?ec 
tor roll in the line, and maintaining the peripheral speed 
of each said de?ector roll at a speed di?erent from the 
speed of the strip through the line. 
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