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1 
The present invention relates to mechanisms 

for controlling the register of subsequent opera 
tions that are to be performed upon a web of 
paper or similar material with respect to an 
earlier operation that has been performed upon 
the web. More particularly, the invention relates 
to mechanisms by means of which subsequent 
printing operations upon a web may be registered 
properly with respect to an earlier operation that 
has been performed upon the web, the invention 
being concerned, particularly , with successive 
printing operations. 
In the operation of printing two or more super 

imposed impressions upon a web of paper, such 
as is accomplished in multicolor printing, it is 
of great importance that the several impres 
sions be in'proper register so that the resulting 
composite printed impression will reproduce the 
desired degree of perfection in simulating the 
subject to be printed. In printing operations 
that are now commercially used, a continuous 
web of paper is furnished to the printing press 
and, as the web travels continuously‘ through 
the press, two or more impressions are applied 
to each unit area of the web in order to produce 
the desired multicolor reproduction. Although 
devices have been provided, the object of which 
is automatically to control the proper register 
of one impression over another in the direction 
of movement of the web, no effective mechanism 
has been provided by means of which lateral 
register (that is, in a direction transversely to 
the direction of the movement of the web) may 
be accomplished. 

It is an object of the present invention to pro 
vide a mechanism by means of which two succes 
sive operations may be performed upon a con 
tinuously moving web, the location of the opera 
tions being controlled in such fashion that they 
will be in proper spaced relation with respect 
to a unit area of the web. 
A further object of the invention is to provide 

a mechanism of the above character wherein 
two successive operations are performed upon a 
web in such fashion as to control the relative 
lateral positions of the operations so that the 
operations may be superimposed upon a unit area 
of the web with each operation properly spaced 
laterally of the web, that is, transversely of the 
direction of movement of the web. 
Yet another object of the invention is to pro 

vide an improved web register control mechanism 
by means of which two or more successive print 
ing operations may be performed upon a web in 
superimposed relation with the lateral positions 
of each of the operations effectively controlled. 
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2 
Another object of the invention is to provide 

a mechanism of the above character which will 
function automatically to maintain proper lateral 
register of successive impressions. The foregoing 
and other objects are attained by utilizing an 
electronic control system which is accurately re 
sponsive to the existence of a previously printed 
register mark or indicia carried by the web. The 
invention may also utilize certain interrelations 
between the printing cylinder that is to be con 
trolled and the mechanism that is responsive to 
a previously printed impression on the web, all 
of which will be more fully understood in con 
nection with the accompanying drawings, where 
in 

Figure 1 is a schematic view, partly in vertical 
section, showing a typical printing unit, together 
with the scanning heads that are to be utilized 
in one form of the present invention; 

Figure 2 is a diagrammatic illustration of the 
electrical circuits and mechanisms utilized to ac 
complish the control of printed impressions upon 
the web in accordance with the invention; and 

Figure 3 is a plan view of a portion of the web 
upon which the successive operations are to be 
carried out in accordance with the present inven 
tion. 

Referring to the above drawings, a typical 
printing unit is illustrated as being formed of a 
base frame 1, side frame members 2 and 3, and 
a printing cylinder 4 carried by a shaft 5. A 
web of paper 6 is suitably controlled by conven 
tional drive and guide mechanisms and, by means 
of a previous printing operation, has had printed 
thereon periodically a series of successive printed 
impressions as indicated at 1. With each printed 
impression the web has also received register 
marks 8 and 9 that have been printed thereon 
and that are to serve as guides or controls in 
order to maintain subsequent operations in 
proper register with respect to the ?rst opera 
tions which, in the form of the invention here 
shown, have been printed impressions. In the 
interest of clarity, the details of the web drive 
and guiding mechanism, as well as the details 
of the printing machinery, are omitted herein, 
only the essential elements necessary to the oper 
ation of the present invention being shown. 
The printing cylinder 4 may be driven by any 

suitable conventional drive mechanism and, for 
the purpose of the present description, a gear I0 
is illustrated as the driving mechanism for the 
cylinder 4. The cylinder shaft 5 is provided with 
a thrust disc ll about which is mounted a hous 
ing l2 within which thrust bearings l3 and H 
are received. The housing 12 is carried upon 
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a thrust shaft l5 that is keyed at l8 to a standard _ 
I‘! carried by the base frame I._ The spline con 
nection l6 thus permits axial movement of the 
shaft |5 while preventing turning motion thereof. 
The shaft I5 is formed ‘with a threaded por 

tion I8 which carries‘ a hub | 9 havinga worm 
wheel 29. Worm wheel 2|] is engaged by a worm 
2| carried by the shaft of a reversing motor 22, 
the operation of which in either direction effects 
a corresponding axial motion of the printing 
cylinder shaft 5. In this fashion, the lateral 
position of the printing cylinder 4 with respect 
to the web 6 may be changed. 
In order to accomplish the change or adjust 

ment of the lateral position of the cylinder 4 
through the motor 22, an electronic control sys 
tem is provided and will now be described. 
Pulses of electrical "current are utilized as a 

means for operating the reversing motor 22. 
These pulses are derived from a change in the 
output of photoelectric cells which scan certain 
areas of the web as they move underneath the 
respective photoelectric cells. The system by 
means of which the foregoing is accomplished 
includes two sources of light 23 and 24, which 
are supplied with electricity from a suitable 
source 25 through electrical circuits 26. Light 
from the respective sources 23 and 24 is focused 
upon the web 6 by means of optical systems 21 
and 28, respectively, the point of focus being 
just inside the path of travel of the register marks 
8 and 9, respectively. The light thus focused 
upon the web is reflected to optical systems 29 
and 30, respectively, which direct such light upon 
photoelectric cells 3| and 32, respectively. The 
mechanism just described constitutes what may 
be termed scanning heads indicated by appropri 
ate legends in Figure 1, and these scanning heads 
may be mounted as a unit upon brackets 33 and 
34, respectively, the brackets being adjustably 
mounted upon a shaft 35. 
Shaft 35 is slidably mounted in the side walls 

2 and 3 and is secured to an arm 36 carried by 
a bushing 31 which is formed with another arm 
38. The extremity of the arm 38 is received 
within a groove 39 formed in the shaft 5, and 
bushing 31 is slidably mounted upon a stub shaft 
48 which is carried by the side frame member 
2'. The position of shaft 35 with respect to the 
arm 36 and bushing 31 may be varied by means 
of a hand wheel or similar mechanism 4|, which 
is threaded to the extremity 'of shaft 35, and 
which is carried on the arm 36 so that it may 
turn with respect to arm 36, but not move axially 
with respect thereto. For example, the wheel 4| 
is formed with a hub 4|’ having a peripheral 
groove 4|" formed therein, adapted to be en 
gaged by the yoke extremity of a plate 36' secured 
to the arm 36. 
Each of the photoelectric cells 3| and 32 is 

connected through wire 42 to a source of polariz 
ing voltage 43 which, in turn, is connected to 
point 44 that is connected to ground at 45 and 
also to load resistors 46 and 41 for the respective 
photoelectric cells 32 and 3|, wires 48 and 49 
being provided for this purpose. Resistor 46 is 
connected to wire 49 at point 46’. _ 
Triode ampli?er tubes 58 and 5| are provided 

for the respective photoelectric cells 32 and 3|. 
These tubes consist of heaters (not shown) , cath 
odes, grids, and plates, the grid of tube 58 being 
connected to wire 48 through a grid coupling 
capacitor 52, while the grid of tube 5| is con 
nected to wire 48 through a similar capacitor 53. 
Grid resistors 54 and 55 are provided for the 

I respective tubes 50 and 5|, a source 58 of‘ nega 
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tlve grid voltage being provided for'the tubes 50 
and 5|, this source 56, together with the cathodes 
of tubes 58 and 5| being grounded at 51.- ' I 
A second set of triode ampli?er tubes 58 and 

59 are connected in the output or plate circuits 
of the respective tubes 50 and 5|, the grids of 
“tubes 58 and 59 being connected to the respective 
plates of tubes 50 and 5| 'through grid blocking 
capacitors 68 and SI, respectively. 

Plate load‘resistors 62 and 63 are connected 
to the plates of the respective tubes 50 and 5| and, 
through a wire 64, to a source'of plate potential 
65. Resistor 62 is connected to the plate circuit 
of tube 50 and capacitor 68 at point 82’. Grid 
resistors 66 and 61 are provided for the respective 
tubes 58 and 59, a source of negative grid po 
tential for the ampli?er tubes 58 and 59 being 
furnished at 88 through circuit 69 to the resistors 
66 and 61. Resistor 66 is connected to the grid 
circuit of tube 58 at point '86’. The cathodes 
of the tubes 58 and 59 are grounded at 78. 
The heaters for the tubes 50, 5|, 58, and 59 are 

supplied with a source of heater supply voltage 
indicated schematically at ‘H, and it is believed 
unnecessary to illustrate the conventional heater 
circuits for the four such tubes. 
The plate of tube58 is connected to the wind 

ing of a relay ‘[2 which is also connected through 
a wire ‘l3 to the, source of plate potential 85. 
The plate of tube 59 is connected to the winding 
of a relay 14, which is also connected to the cir 
cuit 13. The movable contacts 15 and 16 of relays 
‘I2 and 14, respectively, are held normally in the 
closed position by ‘means of springs ll and 18, re 
spectively. These contacts are connected to a 
source of power through a, wire 19. Stationary 
contacts 88 and 8| of the relays 12 and 14 are 
connected to the respective ?elds of reversing 
motor 22 through wires 82 and 83, respectively, the 
?elds also being connected to the source of power 
for the motor 22 through a wire 84. 
The operation of the foregoing can be described 

as follows. It is assumed that the scanning heads 
have been adjusted so that their position cor 
responds to the proper position, laterally, of the 
printing cylinder 4 with respect to the web 6. 
As the web moves past the scanning heads, light 
from the light sources is reflected uninterrupt 
edly to the respective photoelectric cells 3| and 32. 

If it be assumed that the web 6 has been dis 
placed laterally to the left as viewed in Figure 1, 
then the register mark 9 moves beneath .the point 
of focus of light from the light source 24, and 
the light falling upon the photoelectric cell 32 
is diminished. This diminution occurs periodi 
cally as the register marks move beneath the 
focusing point of the optical system 28, and thus 
periodically the photoelectric current through the 
resistor 45 is reduced. The rate and duration of 
this interruption depends upon the speed of the 
web as it travels through the press and beneath 
the scanning heads. As a result, the potential at 
46' is periodically lowered. The reduction in 
positive potential at point 48’ is equivalent to a 
negative pulse, and the negative pulse passes 
through the coupling capacitor 52 to the control 
grid of tube 59. The pulse is ampli?ed by the 
tube 58 and appears as a positive pulse across 
the resistor 62. In other words, at the point 
62', there is a positive pulse that is in time phase 
with the negative pulse at point 46’. 
The positive pulse at point 62' is transmitted to 

the control grid of tube 58 through the ca 
pacitor 68. 
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Each of tubes 58 and 59 has a steady negative 
bias applied to its control grid from the source 
58. through the resistors 56 and 51. The value 
of this grid bias is adjusted so that, in the absence 
of grid pulses, suilici'ent plate current ?ows in 
the plate circuits on tubes 58 and 58 to pull up 
the armatures ‘l5 and 16 of respective relays ‘I2 
and 14, thereby maintaining their contacts open, 
as illustrated in Figure 2. 
When the positive pulse at point 52' is applied 

to the control grid of tube 58, it overcomes the 
negative grid bias of source 88, and grid current 
will flow from the grid to the cathode of tube 58. 
When the positive pulse ceases, the charge accu 
mulated on the plate of capacitor 60 adjacent 
to point 55', which charge will be negative, will 
be added to the original bias of source 58, and 
the result will be to cut oif the plate current of 
tube 58, which has been ?owing through the wind 
ing of relay 12. when the relay ‘l2 loses its ex 
citation current, its armature will drop out due 
to its spring 11, and contacts 15 and '80 will close. 
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The interval of time during which the plate cur 
rent of tube 58 will be blocked by the accumu 
lated charge on the capacitor 50, which charge 
appears on the control grid of tube 58, is regu 
lated by the proper choice of capacity'for the ca 
pacitor “and of grid resistor 86, since this ac 

. cmnulated charge must leak oil through the re 
sistor 58. It is also important that the sensi 
tivity of the photoelectric system and the gain of 
the ampli?er 58 must be su?lcient to produce a' 
positive pulse at the point 62' of sufjilcient mag 
nitude to block the tube 58. ' 
The closing of contacts 15 and 88 is effected 

through the circuit 82 to operate the reversing 
motor 22 in the proper direction. The motor 22, 
through its worm 2 I, will rotate the collar l8, and 
through the connections previously described, 
move the cylinder 4 in the proper direction. 
In operation there will be a certain mechanical 

lag between the ?rst pulse indicating lateral mis-v 
register and the application of the necessary cor 
re'ction to the lateral position of the printing 
cylinder 4. During this lag, positive pulses con 
tinue to be applied to the control grid of 58 and, 
in this fashion, the cylinder 4 is eventually 
brought into a proper position of register. 

Misregister of the web 8 to the right, as viewed 
_ in Figure ,1, produces a corresponding corrective 
action through the photoelectric cell 3|, tubes 5i 
and 59 and relay 14, the circuits connected there 
“to, and the motor control circuit 88 which causes 
the motor 22 to rotate in the reverse direction 
from the rotation previously described. 

It will be seen that, to establish a stable con 
dition of lateral’ register, the scanning heads 
mounted on brackets,” and 54 must be moved 
with cylinder 4, so thatwhen the cylinder 4 is 
brought into proper lateral register, ‘the scan 
ning heads will be properly related to t egister 
marks on the web 8. This is accompl hed\ 
through the mechanical connection between the 
cylinder shaft 5 and the slidable shaft 85, upon 
which the scanning heads are mounted, all as 
previously described. As a result, when the cyl 
inder 4 reaches its proper position of lateral reg 
ister, the light beams from the light sources 28 
and 24 will no longer be interrupted by register 
marks, and the system will be brought into a 
condition of equilibrium. 
The proper design of the electronic control 

system requires that proper time constants for 
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the grid blocking capacitors 60 and SI and the 
grid resistors 66 and 67 be selected. It will be 
observed that, in accordance with the description 
hereinabove given, the ?rst corrective pulse re 
ceived by the system initiates corrective measures 
by the motor 22, and this corrective measure con 
tinues until correct register is accomplished. 

In its preferred form, the tubes 50, 5|, 58, and 
59 are hard (evacuated) tubes. It will be ap 
parent that soft (gas-filled) tubes may be used, 
if desired, and instead of the direct mechanical 
connection between shafts 5 and 35, the scanning 
heads could be operated by suitably designed 
electrical servo systems. Moreover, instead of 
shifting the cylinder 4 laterally to correct for 
register, mechanism could be provided for shift 
ing the web laterally with respect to the cylinder 
4, but the principle of operation of the system 
would be the same as hereinabove described. 

I claim: 
Web register control mechanism for a contin 

uous web having periodic first operations, includ 
ing register spots, formed thereon, first means 
for performing periodic second operations on the 
web in predetermined lateral relationship to the 
?rst operations, means to vary the lateral posi 

- tion of said-?rst means in either direction with 
respect to the web, electric motive means for 
driving said lateral position varying means, 
switching means for controlling the operation of 
said motive means, relay means for actuating 
said switching means, an electron tube net 
work connected to said relay means and‘ nor 
mally biased to maintain said switching means in 
the position to render said motive means inop 
erative, photosensitive web scanning means mov 
able with said ?rst means and disposed to scan . 
areas-adjacent the spots when the web is in 
proper register with respect to said ?rst means, 
electrical means connected, to said web scanning 
means for providing positive electrical pulses 
upon the occurrence of a spot on the web in op 
erative relation to said scanning means, and a 
resistance-capacitance network energized by said 
positive pulses for providing a positive voltage 
to overcome the bias on said electron tube net 
work and operate the relay means to change the 
position of said switching means to render said 
motive means operative, said resistance-capac 
itance network comprising a condenser con 
nected in series with the control grid electrode. 
of an electron tube in said electron tube network, 
and a resistor connected from said grid electrode 
to ground. 

NATHANIEL BISHOP. 
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