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[ 5 7] ABSTRACT 
In a web-fed printing press having a plurality of sta 
tions, each for printing one of a plurality of colors, 
registration is maintained by controllingthe tension or 
elongation of the web between successive stations, in 
response to signals derived from a plurality of sensors, 
such signals being representative of registration error 
and the measured tension of the web. 

11 Claims, 12 Drawing Figures 
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METHOD AND APPARATUS FOR MAINTAINING 
REGISTRATION IN A MULTISTATION PRINTING 

PRESS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method and appa 

ratus for maintaining register in a web-fed printing 
press having multiple stations. 

2. Prior Art 
Multistation printing presses are commonly used for 

color printing, and it is necessary to provide some 
means of adjusting the position of the image printed by 
one station relative to thatprinted by another station, 
in order to correct for and eliminate misregistration of 
the various colors. A number of systems for making 
such adjustments have been developed in the prior art. 
In one system, a compensating roller is placed between 
two successive stations, and means is provided for mov 
ing the position of the compensating roller, in response 
to a detected misregistration, to effect a change in the 
length of the web extending between the two stations. 
The misregistration is corrected when necessary by 
providing a greater or lesser length of web between the 
stations, with the result that the image printed by the 
second station is shifted longitudinally relative to the 
image printed by the ?rst station. 

In other known systems, the angular displacement of 
the printing cylinder at one or the other of two succes 
sive printing stations is changed to effect a desired cor 
rection. When this is to be performed automatically, a 
sensor is employed to detect the magnitude and direc 
tion of the change which is needed. 
While the systems of the prior art have been effective 

in their purpose of correcting misregistration, the oper 
ation has been relatively slow, since only the magni 
tude and direction of misregistration have been taken 
into account in the derivation of a control function 
which restores registration to normal, and the rate at 
which misregistration is being corrected has been ig 
nored. Because of the length of web between the two 
stations, and the length of web between .the second sta 
tion and the misregistration sensor, a time lag exists be 
tween the making of a corrective adjustment, and the 
sensor‘s recognition of the adjustment. In order to 
avoid instability, the response time of the corrective 
system is extremely slow, and as the amount of misreg 
istration decreases, the rate at which it decreases 
changes exponentially so that correct registration is ap 
proached asymptotically, and reached only a relatively 
long time after the misregistration is initially detected. 

Therefore a method and apparatus for effecting a 
more rapid correction of misregistration, is extremely 
desirable. 

SUMMARY OF THE INVENTION 

It is a principal object of the present invention to pro 
vide a method and apparatus for effecting a rapid cor 
rection of misregistration in a multistation web-fed 
press. 
Another object of the present invention is to provide 

means for effecting the most rapid correction of mis 
registration possible, while avoiding breakage of the 
web by maintaining the web tension under a critical 
limit. 
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2 
A further object of the present invention is to provide 

a method and apparatus for automatically maintaining 
the tension of the web at a value which insures proper 
registration. 
Another object of the present invention is to provide 

a method and apparatus for employing the rate of cor 
rection as a factor in deriving a control function which 
restores registration to normal. 
These and other objects and advantages of the pres 

ent invention will become manifest upon a consider 
ation of the following description on the accompanying 
drawings. 

In one embodiment of the present invention there is 
provided, in a multistation web-fed press, tension re 
sponsive sensor means disposed between two succes 
sive stations for producing a signal in response to the 
tension of the web, misregistration sensor means dis 
posed downstream of the second station for producing 
a signal responsive to the magnitude and direction of a 
registration error, and means for controlling the ten 
sion of the web between the two stations in response to 
a signal derived from said tension responsive sensor 
means and from said misregistration sensor means. 
The present invention makes use of the fact that the 

error in registration which is measured downstream 
from the second station is a result not only of the rela 
tive orientation of the printing cylinders at the two sta 
tions, but also of the tension of the web extending be 
tween the two stations. Accordingly, suitable control of 
the tension of the web between the stations permits an 
optimal correction of the registration error. The appro 
priate tension for the web is calculated from the regis 
tration error detected following the second station, and 
when the tension of the web is held at the appropriate 
value, the registration error is rapidly brought to zero. 
The appropriate tension for the web is calculated by a 
computer which develops a signal in response to the ex 
isting tension on the web and the magnitude and direc 
tion of the existing misregistration error. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Reference will now be made to the accompanying 
drawings in which: ' , 

FIG. 1 is a diagrammatic illustration of a press having 
two separate printing stations; 
FIG. 2 is a functional block diagram of apparatus 

constructed in accordance with the invention for cor 
recting the tension of the web between two stations of 
the press; 
FIG. 3 is a functional block diagram of a computer 

employed in connection with the invention; 
FIG. 4 is a schematic diagram of an illustrative em 

bodiment of the present invention, employed with a 
press having two printing stations; 
FIG. 5 is a functional block diagram of an alternative 

embodiment of the present invention; 
FIGS. 6 and 7 both illustrate apparatus for imposing 

a predetermined tension on the web; 
FIG. 8 is a functional block diagram of apparatus for 

deriving the tension of the web from the rate of change 
in registration error; 
FIG. 9 is a diagramatic illustration of apparatus for 

generating a signal in response to web tension; and 
FIGS. 10, 11, and 12 are a series of graphs demon 

strating the correction of an initial registration error e0. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. I of the drawings, y represents 
the upward displacement, from a nominal position 0, 
of an idler roller 20 which roller supports the web 21 
between two successive stations 22 and 23 of a multi 
station press. The actual tension of the web between 
the two stations is T, which is greater than the normal 
web tension T0 because of the displacement of the rol 
ler 20. The value of T0 of course depends upon the par 
ticular press, and also on the physical characteristics of 
the web 21 
As illustrated in the graphs 24, 25 and 26 of FIG. 1, 

which respectively relate the registration error e, the 
displacement y and the web tension T to the length x 
of the web 21 passing through the two stations 22 and 
23, the registration error is initially en, the displacement 
is initially zero, and the tension of the web is initially 
To. The most rapid correction possible is illustrated by 
the solid line curves in the graphs 24, 25 and 26 (FIGS. 
10—12). The tension of the web is raised quickly to a 
relatively high value T by raising the position of the 
idler roller 20 by an amount y. As a result, the web is 
elongated by a length equal to 2y and the registration 
error is decreased uniformly at a rate proportional to 
the elongation of the web. The linear decrease in the 
registration error e is illustrated in the graph 24 of FIG. 
10,,and the increase in the tension of the web from To 
to T and the maintenance of the tension T is illustrated 
in the graph 26 of FIG. 12. The value T is ideally just 
below the breaking point of the web, to maximize the 
rate at which correct registration is approached. 
As the web travels through the press, the idler roller 

20 gradually changes its position so as to maintain the 
tension of the web at the desired value T. The displace 
ment y of the idler roller is increased uniformly as illus 
trated in the graph 25 of FIG. 11. ' 
When the registration error e has been reduced to 0, 

the tension of the web is immediately returned to the 
normal tension To by returning the idler roller to a posi 
tion which gives that tension. Thereafter the tension on 
the web is maintained at its rated value To, and registra 
tion is maintained. 

If the registration error should subsequently increase 
to some value, the process is repeated as described 
above. The dashed lines included in the graphs 24, 25 
and 26 illustrate, for comparative purposes, the effect 
of moving the idler roller 20 immediately to its final po 
sition to make a correction in registration error, as 
shown in the graph 25. From the graph 24, it is appar 
ent that the correction is asymptotic and therefore 
takes a considerable time to accomplish, as compared 
with the more rapid linear correction function of the 
ideal case, illustrated in solid lines in the graphs 24, 25 
and 26. The present invention, in controlling the ten 
sion of the web, approaches the ideal case much more 
closely than the systems of the prior art. 
Referring now to FIG. 2, a computer l is provided in 

the present invention for the purpose of converting 
data, sensed from the condition of the web 21, into a 
signal representative of the computed tension Tc, which 
it is the calculated optimum tension of the web between 
the successive stations, in order to bring about the cor 
rective action described above. The signal generated by 
the computer 1 is a control signal and is connected to 
the input of a regulator 2. The regulator 2 receives a 
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4 
second input a signal T,,,, which is proportional to the 
measured tension of the web between the two succes 
sive stages of the press. The regulator 2 functions to 
produce at its output a signal in response to the differ 
ence between T,,I and Tc and furnishes such signal to an 
actuator 3, which is the motive means which moves the 
position of the idler roller 20. The actuator 3 may con 
veniently be a solenoid, or a servo motor, both of which 
are well known. The movement of the idler roller 20 is 
in the direction which increasesthe existing tension of 
the web 21, if the quantity T,,l is initially less than quan 
tity Tc, in order to bring Tm into identity with Tc. Simi 
larly, the web tension is reduced, by moving the idler 
roller downwardly (as seen in FIG. 1) if the quantity T", 
is greater than TC. 
The computer 1 is illustrated in more detail in FIG. 

3, which is a functional block diagram showing the var 
ious elements of the computer 1. The input of the com 
puter l is a signal representative of the registration 
error e‘, and this is used to calculate three separate pa 
rameters which are added together in a summing ampli 
?er 8. The ?rst parameter, which is derived in the block 
4, is the error e, multiplied by a constant, K,,. The sec- - 
ond parameter, derived in the block 5, is the sum of the 
errors, beginning at some arbitrary point, multiplied by 
a different constant K,. The parameter produced by the 
block 5 is derived by adding together the registration 
errors developed at successive sensings of the registra 
tion error, which sensings occur in regular succession 
as registration marks pass under a sensing head or mis~ 
registration sensor, as well known in the art. The third 
parameter, derived in the block 6, is equal to the differ 
ence between two successive registration errors, multi 
plied by a constant I(,,. 
The parameter derived in the block 5 is limited in the 

block 7 to establish a ‘maximum for the effect that the 
sum parameter may have on the subsequent calcula 
tions. ' . 

All three parameters are summed in the summing 
amplifier 8 and then passed through a limiter 9 which 
limits the maximum signal which can be passed to the 
actuator 3, in order to establish upper and lower limits 
on the tension of the web 21. ' 
One additional input to the summing ampli?er 8 is I 

representative of the integer “ l ”, so that when the mis 
registration error is O (as well as the parameters de 
rived in the blocks 5 and 6), the output of the summing 
ampli?er is unity. 
The output of the summing ampli?er 8 corresponds 

to the ratio of the tension T, which is needed to correct 
misregistration and the nominal tension To. This output 
is furnished to one input of a multiplier 10, which re 
ceives as another input a signal representative of the 
nominal web tension To which is derived by means of 
a device 11. The device 11 is preferably manually ad 
justable, so that a correct nominal tension may be se 
lected by the operator for any particular web material 
which may be used. The product generated by the mul 
tiplier 10 is the required signal Tc. 
The function of the limiter 9 is to limit the maximum 

amount by which the web tension may be changed from 
nominal, in order to avoid breaking the web, and to 
maintain sufficient tension for proper operation of the 
printing press. 

Referring now to FIG. 4, the misregistration sensor 
12 is shown at its location downstream from the second 
station 23. It develops the error signal e‘. The sensor 12 
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is connected with the computer 1, which has been de 
scribed in connection with FIG. 3. 
The sensor 13 produces a signal in response the ten~ 

sion of the web between the two stages 22 and 23 of the 
press, and develops the T," signal which is furnished to 
the regulator 2. The computer 1 and the regulator 2, as 
well as the actuator .3, are connected as described in 
connection with FIG. 2, and function to control the po 
sition of the idler roller 20. 
Although only two stations of the multistation press 

are illustrated in FIG. 4, it is evident that a separate 
idler roller may be associated with each two successive 
stations of the press, and the equipment illustrated in 
FIG. 4 is then repeated for each pair of stations, so that 
all registration errors are avoided. 
Referring now to FIG. 5, there is shown, in functional 

block diagram form an alternative embodiment of the 
present invention. The construction and operation of 
the apparatus of FIG. 5 is the same as that which has 
been discussed above in connection with FIG. 3 except 
that the integer “1” input to the summing ampli?er 8 
is omitted, and the block 5, which derives the sum pa 
rameter, is provided with an additional input which is 
connected from the output of a differential ampli?er 
l4. The'ampli?er 14 performs the same function in the 
apparatus of FIG. 5 as the regulator 2 performs in the 
apparatus of FIG. 2, namely producing a signal repre 
sentative of the difference between two input signals. 
The function of the separate input to the block 5 in the 
apparatus of FIG. 5 is to initially set the value of the 
quantity represented by the output from the block 5 
equal to the output of the differential ampli?er 14. This 
is accomplished by initially operating the single pole 
double throw switch 27 to connect the output of the 
differential ampli?er 14 to the line 28, via the terminal 
Ma. This position of the switch 27 is referred to as the 
“manual” position, and it functions to cause the block 
5 to produce an output corresponding to the quantity 
represented by the signal T,,l produced by the sensor 
13. This is so because the'initial output of the summing 
ampli?er 8, during start up, is zero, with the result that 
the output of 'the differential ampli?er 14 is equal in 
magnitude to T,,,. With the output of the block 5 thus 
set, the output of the differential ampli?er 14 drops to 
zero. The switch 27 is then moved to its other position, 
in which the output of the ampli?er 14 is connected to 
the actuator or motor 3. This position of the switch 27 
is the “automatic” position, because the operation of 
the apparatus automatically controls the web tension. 
With the apparatus of FIG. 5, the nominal tension To 
is not required for proper operation, because the calcu 
lated tension Tc is computed directly by the summing 
ampli?er 8, rather than the tension ratio which is com 
puted in the apparatus of FIG. 3. It is necessary, how 
ever, to modify in this event the values of the constants 
K’P, K',, and K',, which are employed in deriving the 
outputs of the blocks 4, 5 and 6 of FIG. 5. 
By the use of the apparatus of FIG. 5, the initial value 

of the calculated tension Tc is equal to the actual ten 
sion T,,l at that time, and so sudden changes in the ten 
sion of the web are avoided. 

In a typical case for the computer of FIG. 3, the nom 
inal tension of the web is 50 Kg, and the tension con 
trolling apparatus functions to increase or decrease the 
actual tension 50 percent of nominal, to a value be 
tween 25 Kg. and 75 Kg. The constants for the com 
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puter of FIG. 3, and the limit values for the limiters 7 
and 9 are: 

KP 80 
. K1 20 

KB 40 
limiter 7 —0.5 to + 0.5 
limiter 9 +0.5 to + 1.5 

T0 -_ “2%”. 

For the same case, when the apparatus of FIG. 5 is 
employed, ' 

KID 20 
limiter 7 I 25 to 75 Kg. 
limiter 9 25 to 75 Kg. 

Preferably the computers of FIGS. 3 and 5 are analog 
in nature, and update their outputs approximately 5 
times per second, the rate at which registration marks 
printed by the press pass under the misregistration sen 
sor 12 when such marks are printed one per meter, and 
the web is moving at a velocity of about 300 meters per 
minute. An analog representation of the value of, the 
registration error is placed in storage at the time of pas 
sage of each registration mark, and the necessary pa- . 
rameters are produced therefrom. Except for the sum, 
which is accumulated to continuously represent the pa 
rameter produced by the block 5, it is necessary to 
store only the last previous registration error. The 'com 
putation may obviously be carried out by digital‘ means, 
instead of by analog means, if desired. ' 

In certain applications, and particularly in the case of 
webs formed of material which is easily stretched such 
as webs of synthetic material, it is dif?cult to measure 
the tension of the web directly by means of the sensor 
13. In‘ this case it is preferable to measure the tension 
inferentially, by measuring auxiliary parameters which 
depend on the tension, or to impose a calculated ten 
sion on the web by means of an open loop system, in 
which case the tension responsive sensor'13 is not re 
quired. _ > > 

When an inferential measurement of. the tension of 
the web is to be made, it is preferable to employ an on 
line computer in connection with the press, which cal 
culates a value for the computed tension Tc on the basis 
of an imperically'derived relationship and controls the 
position of the idler roller 20 accordingly. ’ 
When the tension is to bemaintained at the calcu 

lated value by means of an open loop system, an appa 
ratus which may be called a “tension source" is em 
ployed. Although such a tension source may be formed 
in a variety of ways, one preferred construction of such 
a tension source comprises a pair of rollers 29 and 30 
(FIG. 6) for causing the web to form a loop 31 therebe 
tween, with a roller 32 forced toward the end of the 
loop by a piston in a pneumatic cylinder 33. The web 
tension is then proportional to the air pressure within 
the cylinder 33, which is in turn controlled by the out 
put of the regulator 2 or the differential ampli?er 14. 

An alternative tension source is shown in FIG. 7, 
where the web 21 is caused to pass around a roller 34 
having a shaft 35. The shaft 35 is supported by a lever 

' arm 36, which in turn is supported at a fulcrum 37. A 
movable weight 38 is supported on the arm 36 on the 
opposite side of the fulcrum 37 from the roller 35, and 
serves to counterbalance the latter. The position of the 
weight 38 is movable along the length of the arm by 
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means of a motor 39, which responds to the output of 
the differential amplifier 14, which receives one input 
from a sensor 40 in response to the position of the 
weight 38. The tension imposed on the web 21 is pro 
portional to the distance of the weight from a balance 
point on the arm 36 so the output of the sensor 40 is 
proportional to the tension imposed on the web 21. 
One means for determining the web tension inferen 

tially from a change in the registration error is illus 
trated in FIG. 8. In FIG. 8, two successive stations of 
a printing press are illustrated, with two sensors 41 and 
42 disposed at positions following each station, respec 
tively. A third sensor 43 senses the vertical position of 
the idler roller 20, which is controlled by the motor 3, 
in the same manner which has been described. 

Inputs from the three sensors 41,42 and 43 are con 
nected to a computer block 44, which calculates a 
function for the measured tension from the three input 
signals. The sensor 43 is also connected to the com 
puter l, which has been described in connection with 
FIG. 2, and the regulator or differential ampli?er 2 en 
ergizes the motor 3 in accordance with the difference 
between the measured tension, represented by the out 
put of the block 44, and the calculated tension repre 
sented by the output from the, computer 1. 
The block 44 derives a value .which is proportional to 

the actual tension of the web 21 by making use of the 
fact that the tension of the web is directly proportional 
to its elongation. The elongation of the web is calcu 
lated by calculating the rate of change of the misregis 
tration error (by subtracting the current value of the 
error from the previous value, as in the block 6 of FIG. 
2) at the location of each of the sensors 41 and 42 in 
blocks 45 and 46, respectively, and subtracting one 
from the other in the block 47, to give a signal repre 
sentative of the net increase (or decrease) in the quan 
tity of the web which has entered the area between the 
two stations 22 and 23 (or departed from that area) 
within the period between two successive registration 
marks.’ This quantity is accumulated, by the block 48, 
so that the output of the block 48 is proportional to the 
total change, from some initial value, of the quantity of 
the web present between the two stations 22 and 23. 
This quantity is subtracted, in the block 50, from the 
output of the block 49, which is representative of twice 
the change, during the preceding period between two 
registration marks, in the height of the roller 20. The 
output of the block 50 therefore gives the change in 
elongation of the web between ‘the stations 22 and 23 
during the period between two registration marks. This 
quantity is added (or subtracted if the quantity is nega 
tive) in the block 51 to the total of the changes in elon 
gation to get the total elongation which is proportional 
to web tension. 

Referring now to FIG. 9, there is illustrated a dia 
gramatic illustration of apparatus for deriving a signal 
in proportion to the tension of the web 21, which may 
be substituted for the sensor 13 of FIG. 4. In FIG. 9, a 
roller 52 is provided to support a loop of the web 21, 
formed between rollers 53 and 54. The roller is rotat 
able about a shaft 55 and the shaft 55 is supported by 
a journal 56, which in turn is supported by a leaf spring 
57 secured to the frame 58 of the printing press. The 
spring 57 is secured to the frame 58 at one end, and the» 
journal 56 at its other end. An arm 59 extends horizon 
tally from the journal 56 and the vertical position of the 
arm 59 movesas the spring 57 is ?exed in response to 
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8 
changes in the tension of the web 21. An increase in 
tension moves the arm 59 downwardly as shown in FIG. 
9, and a decrease in tension allows the spring 57 to 
move the arm 59 upwardly. A conventional induction 
type sensor 60, employing, for example, a differential 
transformer with a movable slug disposed within the 
transformer coils, derives an electrical signal as a func 
tion of the movement of the arm 59. Although the ap 
paratus of FIG. 9 has been described as if FIG. 9 were 
an elevation view, it will be understood that the appara 
tus of FIG. 9 functions equally well in any attitude. 
From the above description, it is evident that the ap 

paratus of the present invention accomplishes the ob 
jective of permitting a rapid elimination of a registra 
tion error by controlling the tension of the web in ac 
cordance with a function derived from the existing web 
tension and the existing registration error, and for 
maintaining the web tension at a level which maintains 
proper registration. Since the signals derived by blocks 
5 and 6 of the computers of FIGS. 3 and 5 are related 
to the longitudinal dimension of the web 21, rather 
than to time, the operation of the apparatus is indepen 
dent of the velocity of the web 21. 

I claim as my invention: 
1. A method for maintaining registration in a multi 

station web-fed printing press comprising the steps of 
determining the registration error at a location down 
stream from the second station of two successive print 
ing stations, calculating a desired value for the tension 
of the web extending between said two stations as a 
function of said registration error, and controlling the 
tension of the web along the entire length between said 
two stations in accordance with said calculated value, 
so that the tension of the web between'said two stations 
is equal to said desired calculated value. 

2. The method according to claim 1, wherein said 
calculated value is derived in response to said registra 
tion error and to the rate of change of said registration 
error, relative to the longitudinal dimension of said 
web. 5 ' 

3. Apparatus for maintaining registration in a multi 
station web~fed printing press comprising misregistra 
tion sensor meansdisposed at'a location downstream 
from the second station of two successive printing sta 
tions for producing a signal representative of the regis 
tration error, computer means connected with said mis 
registration sensor means and responsive thereto for 
producing an output signal representative of a calcu 
lated value for the desired tension of the web extending 
between said two stations, and actuator means con 
nected with said computer means and responsive 
thereto for controlling the tension of the web between 
said two stations, so that the tension is equal to said de 
sired tension. 

4. Apparatus according to claim 3, wherein said com 
puter means comprises means for deriving said output 
signal‘in response to said registration error and to the 
rate of change of said error, relative to the longitudinal 
dimension of said web. 

5. Apparatus according to claim 3, wherein said com 
puter means comprises means for deriving said output 
signal as the sum of signals representative of three pa» 
rameters, one of said parameters being proportional to 
said registration error, a second of said parameters 
being ‘proportional to the rate of change in said regis 
tration error, relative to the longitudinal dimension of 
said web, and a third of said parameters being propor 
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tional to the sum of a plurality of said registration er 
rors determined for equally spaced locations along the 
longitudinal dimension of said web. 

6. Apparatus according to claim 5, including means 
for establishing predetermined limits on the value of 
said third parameter. 

7. Apparatus according to claim 3, including means 
for limiting said output signal in accordance with pre 
determined limits on the maximum and minimum val 
ues for the tension of said web. 

8. Apparatus according to claim 3, including manu 
ally operable means for producing a control signal rep 
resentative of the nominal tension of said web, and 
means connecting said computer means with said man 
ually operable means, whereby the output signal pro 
duced by said computer means is responsive to said 
control signal. 

9. A method for maintaining registration in a multi 
station web-fed printing press comprising the steps of 
determining the registration error at a location down~ 
stream from the second station of two successive print 
ing stations, calculating a value for the tension of the 
web extending between said two stations as a function 
of said registration error, controlling the tension of the 
web between said two stations in accordance with said 
calculated value, measuring the actual tension of the 
web between said two stations, comparing the mea 
sured tension with said calculated value, and changing 
the tension of the web between said stations so that said 
measured tension equals said calculated value. 

10. Apparatus for maintaining registration in a multi 
station web-fed printing press comprising misregistra 
tion sensor means disposed at a location downstream 
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10 
from the second station of two successive printing sta- I 
tions for producing a signal representative of the regis 
tration error, computer means connected with said mis 
registration sensor means and responsive thereto for 
producing an output signal representative of a calcu 
lated value for the tension of the web extending be 
tween said two stations, actuator means connected with 
said computer means and responsive thereto for con 
trolling the tension of the web between said two sta 
tions, tension responsive sensor means for producing a 
signal representative of the tension of said web between 
said two stations, and switch means for selectively con 
necting said computer means with said tension respon 
sive sensor. I 

1 1. Apparatus for maintaining registration in a multi 
station web-fed printing press comprising misregistra 
tion sensor means disposed at a location downstream 
from the second station of two successive printing sta 
tions for producing a signal representative of the regis 
tration error, computer means connected with said mis 
registration sensor means and responsive thereto for 
producing an output signal representative of a calcu 
lated value for the tension of the web extending be 
tween said two stations, actuator means connected with 
said computer means and responsive thereto for con 
trolling the tension of the web between said two sta 
tions, tension responsive sensor means for producing a 
signal representative of the actual tension of said web 
between said two stations, and means for controlling 
said actuator means in response to the difference be 
tween said output signal and the signal produced by 
said tension responsive sensor means. 

III * * * _ * 


