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3,208,683 
AUTOMATIC CONTROL SYSTEMS FOR 

ROLLING MILLS 
Kenneth R. Thompson, Roanoke, Va., assignor to Gen 

eral Electric Company, a corporation of New York 
Filed Dec. 3, 1962, Ser. No. 241,720 

7 Claims. (Cl. 242-57) 

This invention relates to the production of material 
by rolling or drawing through multi-stand tandem mills. 
More particularly, the invention relates to automatic 
means for controlling the winding reel at the end of such 
a mill. 

In the handling of strip material, the speed of opera 
tion greatly affects the operating e?iciency of a system. 
Every time it is necessary to slow down the system to in 

' sert or extract strip material, valuable time is lost. When a 
strip of material nears the end of processing and the tail 
end approaches a winding reel, it has been the practice in 
the past to reduce the mill speed and “jog” the drive mech 
anism while visually observing the strip in order to posi 
tion the tail end of the strip as desired. The Winding reel 
is stopped so that the tail end of a strip of material is lo 
catcd at a particular position on the reel. This facilitates 
subsequent handling after the reel is stripped. 
An object of the present invention is to increase the op 

erating speed and e?iciency of rolling mills. 
Another object of the present invention is to improve 

the automation of strip rolling mills by eliminating manual 
operation under visual observation. 

Still another object of the present invention is to pro 
vide automatic means for stopping a winding reel within 
a preselected tolerance band in order to position the tail 
end of strip material as desired. 

In providing automatic means for stopping a winding 
reel, it is necessary to consider the fact that the accumulat 
ing coil has a diameter which increases in accordance with 
the amount of material stored therein. Furthermore, it is 
often the case that the mill rolls prior to the winding reel 
may be of variable diameter. . 

In accordance with the invention, a control system is 
provided for calculating the number of revolutions the 
winding reel must make in order to bring the tail end of a 
strip of material from the bite of the last mill’to a pre 
selected point on the circumference of the reel. The 
calculations include variables introduced by various diam 

' eter mill rolls, and the ever-changing diameter of the 
winding reel. This system is rendered operative a mini 
mum amount of time before actual stopping is to occur 
and permits maximum handling speed and ef?ciency. 

The illustrative embodiments disclosed hereinafter com 
prise means for accomplishing the described control op 
erations by both analog and digital techniques. The novel 
features of the invention are set forth with particularity in 
the appended claims. The invention itself, however, both 
as to its organization and method of operation, together 
with further objects and features thereof, may best be 
understood by reference to the following description taken 
in coniunction with the drawings wherein: ‘ 

1 FIGURE 1 comprises an illustrative circuit schematic of 
an analog control system in accordance with the invention; 
FIGURE 2 ‘comprises a plurality of typical waveforms 

appearing at selected points in the circuit schematic of 
FIGURE 1', and 
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FIGURE 3 comprises an illustrative logic block sche 

matic of a digital control system in accordance with the 
invention. 
The sketch appearing across the top of FIGURE 1 illus 

trates the pertinent components of a multiple stand mill of 
the nature contemplated by the present invention. As 
shown therein, a strip of ‘material 11 is handled by a 
pluralityrof mill stands represented by mill rolls 4 and 5, 
and after leaving the last stand 5, the strip is coiled upon 
a reel 10. 

It is desired to stop the reel when the tail end of the 
strip is within the tolerance band 44, illustrated in the 
?gure; Last stand 5 is considered to be separated from 
the reel 10 by a distance “L” and the tolerance band 
commences at an arc distance “A” from the point of strip 
contact with reel 10. Thus, the tolerance band may be 
de?ned as extending for a preselected angle from a pointy 

I L+A removed from last stand 5; 

3O 

35 

40 

60 

Using the de?ned distances, a knowledge of the diam 
of mill rolls 5, and the measurable rotational velocities of 
rolls 5 and reel 10, the instant of time at which the reel 
should be stopped can be calculated. 

The‘ relatoinship between the time 

“025” of the last stand is: 

=32: T 
60 o 

where d5 is the stand roll diameter. 
The relationship between time T1 

velocity “we” of the reel is: 
1rd,, Tl L— 60L wcdt 

where dc is the variable coil diameter. _ 
Time T1 may be calculated from Equation 1 and used 

in Equation 2 to determine the diameter dc. 
The distance between the last stand and the stopping 

point is: ' 

‘wait ’ (1) 

and the rotational 

(2) 

60 o (3) 

where A is represented by a friction, l/K, of the coil cir 

cumference. \In terms of the complete time “T2” required from the 
time the tail end of the strip leaves stand 5 until stopping, 
the relationship with the rotational velocity of the reel is: 

(4) 

Combining Equations 3 and 4 and simplifying yields: 

Since T2 is the only unknown quantity, it can be deter 
mined by integrating the rotational velocity of the reel 
until it equals the value appearing on the left of Equa 
tion 5. In essence, the circuits shown hereinafter perform 
the required calculations. 

In order to more succinctly set forth the circuit sche 
matics, conventional symbols have been used to represent 
various logic and circuit functions. Any number of 
speci?c circuit con?gurations may be developed by those 
skilled _in the art to perform the functions designated by 
the various symbols. The voltages supplied to operate the 

‘scam-£1921 

“T1” required to 1 

transport a length “L” of strip and the rotational velocity _ 
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circuits are, of course, dependent upon the speci?c com 
ponents employed; consequently, only the polarity of the 
voltage source is shown in the circuit schematic. In situa 
tions where it is desired to express a difference in magni 
tude between a'?rst and second volt-age of the same 
polarity, a different number of polarity symbols are used. 
For example, (+) is less than (++). These symbols 
do not convey the degree of the difference in magnitude, 
only the sense of the difference. 

In connection with the control relays, shown in FIG 
URE 1, it will be seen that the detached contact form of 
notation has been used. This type of illustration lends 
itself to increased clarity of circuit description and a 
more complete understanding of circuit operation by 
locating the contacts of a relay in the portion of a cir 
cuit drawing where their activation performs an opera 
tive function. The designation for each pair of contacts 
consists of an alphabetic pre?x identical to the designation 
of its associated relay coil and a numerical su?ix indi 
vidual thereto. In the symbols used, short parallel lines 
orthogonal to the circuit conductors represent normal-1y 
open contacts. When these parallel lines are intersected 
by a slanting line, they represent normally closed con 
tacts. 

The circuitry in FIGURE 1 is designed to perform the 
required control calculations and furnish control signals 
in response to voltage conditions wherein the voltage mag 
nitude is commensurate with strip length. In other words, 
the circuit of FIGURE 1 performs the control operation 
on an analog basis. 
The analog circuit is activated in response to a signal 

generated when the tail end of a strip leaves a preselected 
point. In the illustration, a generator 12 provides this 
signal when the strip leaves stand 4 and a relay LS4 is 
energized in response thereto. The particular means used 
for detecting this condition and operating relay LS4 is not 
germane to the invention. Upon closure of contact-s 

to energization of the relay, 
the circuit sequentially proceeds to make ‘the calcula 
tions required to determine at what instant the reel must 
be stopped. 

First, the time required for the strip to travel a distance 
L is determined by integrating the rotational velocity of 
mill roll 5. A tachometer 15, mechanically driven by 
the mill roll, generates a voltage proportional to the speed 
of the strip, having the polarity shown. This voltage is 
integrated by an integrating ampli?er circuit comprising 
inverting ampli?er 20 and capacitor 21. The limits for 
this integration are imposed by comparing the integrator 
output with a voltage magnitude commensurate to the 
length L. A potentiometer 24 interconnected between a 
positive source and ground provides means for establish 
ing this voltage under a broad range of conditions. 
The output of the inverting integrator and the preset 

voltage representing distance L are supplied via resistors 
22 and 23, respectively, to the input of an adder com 
prising inverting ampli?er 25, resistor 26, and recti?er 27. 
When the magnitude of the integrator output is equal to 
that of the preset voltage, the adder provides an output 
which is operative via a resistor 28 and ampli?er 29 to 
energize- relay LR. Thus, relay LR is operated after a 
time, as measured from the initial operation of relay LS4, 
equal to the time required for the strip material to be 
transported a distance L. ' 

During the period between operation of relays LS4 
and LR, the rotational velocity of the reel 10 is integrated 
to develop a voltage magnitude commensurate with length 
L. This electrical integration corresponds to Equation 2 
above, and is implemented by connecting the output of a 
reel tachometer 16 via normally-closed contacts LR-3, 
potentiometer 18, conductor 30, normally-closed contacts 
LR-S, operated contacts LS4»—2, and resistor 31 to an 
integrator comprising inverting ampli?er 32 and capacitor 
33. Due to the inclusion of the normally-closed contacts 
LR~5, the integrating process takes place until, relay LR 
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4 
operates upon elapse of the period of time required to 
transport a length of strip L. 

Thus, when relay LR operates, a voltage is present at 
the output of integrating ampli?er 32 that has a magnitude 
commensurate with the length L. In FIGURE 2, the out 
put of integrating ampli?er 20 is shown by waveform 200 
and the output of integrating ampli?er 32 is shown by 
waveform 320. From the foregoing discussion, it will be 
apparent that the voltage magnitude “X” on waveform 
200, at which the LR relay operates, is determined by 
potentiometer 24. The circuit remains in the present 
condition until a signal is generated upon detection of the 
tail end of the strip leaving the last stand. This causes 
generator 13 to energize relay LS5 and initiate a timing 
cycle that ends in stopping the reel in the desired position. 
The voltage at the output of integrator 32 is commen 

surate with length L; by adding a value commensurate 
with the angle A, and comparing the sum with the inte 
grated rotational velocity of the reel, Equation 5 may be 
solved electrically to yield the instant of time at which 
stopping should be initiated. ‘ 
The value A is established by means of a potentiometer 

36 connected between a positive voltage source and 
ground. The voltage from the slider of this potentiometer 
is connected via normally-open contacts LR6 and resistor 
35 to the input of an adder comprising inverting ampli 
?er 39, resistor 40, and recti?er 41. Other inputs to this 
adder include the output of integrating ampli?er 32 and a 
variable voltage from a‘ potentiometer 38 used to make 
small adjustments in the stopping position. In effect, po 
tentiometer 38 serves as a Vernier adjustment. 
When the tail end of the strip leaves the last mill 

stand, operation of relay LS5 causes contacts LS5-1 to 
provide a path from reel tachometer 16 to the input of 
integrating ampli?er 32. Because relay LR is energized 
at this time, the input signal is of positive polarity and 
the output of inverting integrator 32 is, therefore, of 
negative slope. Advantageously, the mill is initially 
slowed upon operation of relay LS5 preparatory to stop— 
ping. This slowing is illustrated in the reel velocity 
waveform 100 in FIGURE 2, and explains the changing 
slope from the output of ampli?er 32 in waveform 320. 
At time Y, the integrated output from the reel tachom 

eter is commensurate with a distance L+A and relay 
AR is operated by the output of adding ampli?er 39 via 
contacts LR-6, resistor 42, and ampli?er 43. Obviously, 
energization of relay AR indicates that the tail end of 
the strip is at the commencement of the tolerance band 
44. The reel is, therefore, stopped by any desired means. 

Digital control system 
The circuit embodiment just described illustrates an, 

arrangement for reel positioning wherein analog com 
ponents and techniques are employed to establish a volt 
age level equivalent to a desired number of revolutions. 
It is also within the teaching and contemplation of this 
invention to control a reel by means of a digital tech— 
nique. In such a digital circuit, conventional bistable 
counting devices are employed in conjunction with logic 
components to develop a discrete number representative 
of the number of revolutions the reel must make after 
the tail end is detected leaving the last mill stand 5. A 
reference counter is preset with a value that is equivalent 
to the sum of L+A. Thereafter, when the tail end of 
the strip leaves the last stand, the output of a digital ta 
chometer associated with the reel is used to decrease 
the number registered in this reference counter until a 
zero is detected. At that time, stopping is initiated. 
Means for implementing this digital technique are illus 
trated in the logic circuit schematic in FIGURE 3. 

In the ‘circuit representation of FIGURE 3, standard 
components have been illustrated by appropriately la 
beled blocks. Thus, a translation counter 59 and a refer 
ence counter 66 comprising respectively a count-down 
device and reversible counting device, arevshown. It is 
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well known in the art to fabricate such devices in binary 
form wherein the number registered may be increased . 
or decreased by successively applied trigger pulses to an. 
input terminal. These devices may be preset to initially 
register any number within the capacity of the counter 
in several ways. One of these ways includes individually 
setting each stage and another involves selectively intro 
ducing‘counting pulses until the desired number is reg 
istered. Either technique would beacceptable for pre 
setting the counters in the applicationconsidered herein. 

It is also well knownin digital art, to represent certain 
_ operations as being either “AND” or “oR’i'functions. 
Both of‘these functions are employed in the embodi 
ment of FIGURE 3. In an AND operation, if all of 
the inputs are of a particular nature, there is a discrete 
output. In an OR operation, if any ofthe inputs are 
of a particular nature, there is a discrete output. The 
means for implementing these operations are well known. 
The digital circuit shown in FIGURE 3 operates in 

response to four signals. These signals correspond to 
those employed in conjunction with the analog circuit 
in FIGURE 1. Speci?cally, a ‘signal is generated when 
the tail end of the strip leaves stand 4 and anpther is gen 
erated when it leaves the last stand 5. Signal generating 
means 50 and 51 are employed to provide these signals. 
Furthermore, digital tachometers 52 and 53 are con 
nected to the last stand 5 and the reel 10, respectively, 
andi provide pulses at a repetition rate proportional to the 
rotational velocities of the associated equipment. 
The initiation signal produced by generator 50 when 

the tail end of the strip leaves stand 4, is used to preset 
translation counter 59 with a number representing the 
length L. Simultaneously, reference counter 66 is pre 
set with a number representing the angle A. This is im 
plemented by means of a gate generator 55 and AND 
gates 57 and 63. Upon leaving stand 4, generator 50 
produces a signal pulse. This pulse is applied to gate 
generator 50, the output of which is a pulse of ?xed 
duration. The number representing L is stored in a 
storage means 56 which may, for example, be in the form 
of a plurality of binary stages. When the output of 
gate generator 55 is produced, this output in conjunction 
with the number stored in means 56, is operative via 
AND gate 57 to preset the translation counter 59 with 
that number. . 

Those familiar with the art will realize that the AN 
function represented by gate 57 may in fact be performed 
by a plurality of coincidence gates which are enabled 
by the output from gate generator 55 to transfer the in 
formation from storage means 56 into the appropriate 
stages of the translation counter. However, the AND 
gate 57 may also be of simpler variety wherein a single 
input from the gate generator 55 in coincidence with 
successively appearing pulses from the storage means 56 
will be operative to increase the count of the translation 
counter 59 until a number is registered therein which 
is representative of length L. Either type of AND func 
tion circuit is acceptable in the present embodiment. 
The important result is the presetting of the translation 
counter 59. , 

A number representing angle A is similarly preset into 
the reference counter 66 by means of an AND gate 63 
and an OR gate 65. The output from gate generator 
55 in combination with the number in storage means v61 
provides a discrete output from AND 63 and this in turn 
generates an output from OR gate 65 that is applied to 
preset the reference counter 66. 

Immediately after being preset, translation counter 59 
has count-down pulses applied to the input thereof at a 
repetition rate determined by the speed of the last stand 
5. These count-down pulses are generated by the last 
stand digital tachometer 52 and are applied via a roll 
diameter compensation circuit 54 and an AND gate 58. 
The function of the roll diameter compensation circuit 
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6 
is merely to provide means for taking into account any 
possible variation in the roll diameter of the last stand. 
it a ?xed diameter roll is used, this means may be elimi 
nated. AND gate 58 is of a conventional nature and 
connects the output'of last stand digital tachometer 52 
to countdown translation counter 59 upon receipt of the 
signal ‘from generator 50 when the translation counter 
is not at zero. The latter condition is imposed by means 
of a zero detector 60 which applies an inhibiting signal 
to the input of AND 58 when the number registered in 
translation counter 59 equals zero. It will thus be appre 
ciated that translation counter 59 continuously decreases 
the number registered therein at a rate determined by 
the speed of the last stand roll until zero is attained. 

During the time that translation counter 59 is being 
counted down, reference counter 66 is counted up by 
pulses occurring at a repetition rate equivalent to the 

, speed of the reel 10. This is accomplished via an AND 

20 
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gate 67 and OR gate 69. The input to AND gate 67 
comprises a pulse train from reel digital tachometer 53; 
the signal from generator 50 that the tail end has left 
stand 4; and a signal from zero detector 60 indicating 
that the translation counter does not register zero. These 
connections are effective during the period of time that 
the translation counter is being counted down, to provide 
output pulses from AND gate 67 that are applied via OR 
gate 69 to the count input of reference counter 66. The 
reference counter increases the number registered therein 
in response to each pulse because the signal from gener 
ator 50 is also used to enable count-up input 70. 

Since A was initially preset into reference counter 66, 
the pulses applied during this period are added thereto and 
the ?nal number registered will. equal the number of 
pulses‘ produced by the reel tachometer 53 while a length 
of strip L+A is being transported past a ?xed point. 
The control system resides in this state until the tail end 
is detected leaving the last stand. 
When the tail end of the strip leaves stand 5, a signal 

is generated by generator 51 which is applied to the count 
down input 71 of reference counter 66. Simultaneously, 
the output from reel digital tachometer 53 is applied to 
the count input via AND gate 68 and OR gate 69. In re 
sponse to these counting pulses, the reference counter 
decreases the number registered therein and when a zero 
is detected by the tolerance band detector 72, a signal 
is applied to the reel drive circuits 73 to stop the equip 
ment. Obviously, for this phase of the operation, the 
tolerance band detector may take the form of a simple 
zero detector operative when the reference counter regis 
ters a zero. - , 

If the reel drive circuits 73 are unable to stop the reel 
within a preselected tolerance band, means are provided _ - 
to permit the reel to make another revolution and stop 
within the band on the second attempt. These means 
include a storage means '62 and an upper limit on toler 
ance band detector 72. In accordance with this feature, 
the reference counter is permitted to continue counting 
down to a number equivalent to the number of pulses 
generated by the reel tachometer 51 while the reel tra’ 
verses the tolerance band. When this number is detected, 
a gate generator 74 is energized to produce an output 
which operates in conjunction with storage means 62 to 
preset the reference counter to a number equal to the 
number of pulses that would be generated by the reel 
tachometer during rotation from the end of the tolerance . 
band to the commencement of the band. In other words, 
a number is preset into the reference counter which equals 
the difference between the tolerance band and a complete 
revolution. This number is a ?xed value and has been 
designated W. The means for presctting it into the ref 
erence counter include AND gate 64 and OR gate 65. 
Once preset, the reference counter again controls the 
reel drive circuits 73 via tolerance band detector 72 and 
due to the now decreased speed of the reel, insures stop 
ping within the band 44. 
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The above described circuits constitute particular cm-i 
hodimcnts ol' the invention. It will, of course, be under 
stood that it is not wished to‘ be limited thcrcto since 
modifications can be made both in the circuit arrange 
ments and in the instrumentalitics employed. It is con 
templated in the appended claims to cover any such. modi 
?cations as fall within the true spirit and scope of the 
invention. . i 

’ What is claimed as new and desired to‘ be [secured by 
Letters Patent of the United States is: ‘ 

1. A system for coiling strip material on a reel includ 
ing means [or stopping said reel to selectively position the 
end ofsaid strip material in a predetermined spatial loca 
tion, comprising a source of'a signal, ?rst means operative 
in response to said signal to produce a ?rst control signal 
when a preselected length of material passes a point, 
control means operative during the interval between said 
signal'and said ?rst control signal to discretely identify 
the number of revolutions made by said reel, second means 
operative to produce a second control signal when the end 
of said material passes a point that is said preselected 
length distant from said reel, and means controlled by said 
control means and operative in response to said second 
control signal to stop said reel after said identi?ed num 

' ber of revolutions plus a preselected fraction of a revo 
lution. 

2. A system for coiling strip material on a reel including 
means for stopping said reel to selectively position the 
end of said strip material in a predetermined spatial loca 
tion, comprising rotating means located a known distance 
from said reel and coupled to said material to rotate at a 
velocity proportional to the velocity thereof, a source of 
a signal, means operative‘ in response tosaid signal and 
controlled in accordance with the velocity of said rotating 
means to produce a ?rst control signal when a length 
of material equal to said known distance passes a point, 
control means operative during the interval between said 
signal and said ?rst control signal to discretely identify 
the number of revolutions made by said reel, means opera 
tive to produce a second control signal when the end of 

10 
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said material leaves said rotating means, and means con- ' 
trolled by said control means and operative in response to 
said second control signal to stop said reel after said 
identi?ed number of revolutions plus a preselected frac 
tion of a revolution. 

3. A system for coiling strip material on a reel in 
cluding means for stopping said reel to selectively posi~ 
tion the end of said strip material in a predetermined 
spatial location, comprising rotating means located a 
known distance from said reel and coupled to said ma 
terial to rotate at a velocity proportional to the velocity 
thereof, a source of a signal, ?rst means operative in 
response to said signal and controlled in accordance with 
the velocity of ‘said rotating means to generate an out 
put discretely respresentative of the length of material 
passing a preselected point, second means for generating 
an output having a characteristic discretely representa 
tive of said distance, third means controlled by said ?rst 
and second means to produce a ?rst control signal when 
a length of material equal to said distance passes said 
point, control means operative during the interval be 
tween said signal and said ?rst control signal to discretely 
identify the number of revolutions made by said reel, 
means operative to produce a second control signal when 
the end of said material leaves said rotating means, and 
means controlled by said control means and operative in 
response to said second control signal to stop said reel 
after said identi?ed number of revolutions plus a prese 
lectcd fraction of a revolution. 

4. A system for coiling strip material on a reel in 
cluding means for stopping said reel to selectively posi 
tion the end of said strip material in a predetermined 
spatial location, comprising rotating means located a 
known distance from said reel and coupled to said material 
to rotate at a velocity proportional to the velocity thereof, 

60 

8 
a source of a signal, ?rst means operative in response to 
said signal and vcontrolled in accordance with the velocity 
of said rotating means to generate an output discretely 
‘representative of the length of material passing a pre 
selected point, second means for generating an output 
having a characteristic discretely representative of said 
distance, third means controlled by said ?rst and sec 
ond means to produce a ?rst control signal when a length 
of material equal to said distance passes said point, con 
trol means operative during the interval between said sig 
nal and said ?rst control signal and controlled in accord 
ance with the velocity of said reel to generate an output 
having a characteristic discretely identifying the number 
of revolutions made by said reel, fourth means for gen 
erating an output having a characteristic discretely rep 
resentative of a preselected amount of rotation of said 
reel, means operative to produce a second control signal 
when the end of said material leaves said rotating means, 
and means controlled by said control means and said 
fourth means and operative in response to said second 
control signal to stop said reel after said identi?ed num 
ber of revolutions plus said preselected amount of rota 
tion. ,, 

5. A system for coiling strip material on a reel in 
cluding means for stopping said reel to selectively posi 
tion the end of said strip material in a predetermined ,f 
spatial location, comprising rotating means located a/ 
known distance from said reel and coupled to saidrma 
terial to rotate at a velocity proportional to the velocity 
thereof, a source of a signal, ?rst means coupled to said 
rotating means and operative in response to said signal 
for generating a voltage having a magnitude proportional 
to the number of rotations thereof, second means for 
generating an output having a voltage magnitude propor 
tional to the number of rotations of said rotating means 
during passage of material having a length equal to said 
distance, third means controlled by said ?rst and sec 
ond means to produce a ?rst control signal when a length 
of material equal to said distance passes a point, fourth 
means coupled to said reel for generating a voltage hav-v 
ing a magnitude proportional to the number of rota 
tions thereof, control means responsive to the output of 
said fourth means and operative during the‘ interval be 
tween said signal and said ?rst control signal to generate 
an output having a voltage magnitude discretely identify 
ing the number of rotations of said reel, means opera 
tive to produce a second control signal when the end 
of said material leaves said rotating means, and means 
controlled by said control means and operative in re 
sponse to said second control signal to stop said reel after 
said identi?ed number of revolutions plus a preselected 
fraction of a revolution. 

6. A system for coiling strip material on a reel includ 
ing means for stopping said reel to selectively position 
the end of strip material in a predetermined spatial lo 
cation, comprising rotating means located a known dis 
tance from said reel and coupled to said material to ro 
tate at a velocity proportional to the velocity thereof, a 
source of a signal, ?rst means coupled to said rotating 
means and operative in response to said signal to gen 
erate a number of pulses proportional to the number of 
rotations thereof, second means for storing a ?rst num 
ber equal to the number of pulses produced by said ?rst 
means during passage of material having a length-equal 
to said distance, a ?rst counting means preset with said 
?rst number in response to said signal and operative to 
modify said ?rst number in response to each pulse gen 
erated by said ?rst means until a preselected number is 
registered therein, third means coupled to said reel and 
operative to generate a number of pulses proportional to 
the number of rotations thereof, a second counting means, 
means coupling said third means to said second count 
ing means during‘ the interval between said signal and 
registration of said preselected number in said ?rst count 
ing means to register a number therein proportional to 
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the number of rotations of said reel during passage of 
material having a length equal to said distance, means 
operative to produce a second control signal when the 
end of said material leaves said rotating means, means 
operative in response to said second control signal to ap 
ply pulses from said third means to said second count 
ing means to decrease the number registered therein until 
a second preselected‘number is registered, andrneans op 
erative in response -to1said» second preselected number to 
stop said reel, , 

7.‘A systemwi‘as de?ned iiri,clai'm 61 in combination» with 
additional meansfor initially prese'ttingsaid second count 

10 
ting means with a number equal to a preselected fraction 
of a rotation of said reel. 
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