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1

The present invention relates to registration
control devices for web fed printing presses.
More particularly the invention relates to means
for producing registered insertion of a pre-
printed re-rolled web.

A primary object of the present invention is
to provide in a printing press an improved regis-
tering control for combining two or more webs in
which difficulties caused by short printing or
cumulative error are positively overcome and in
which accurate registration may be accomplished
at even the highest letter press speeds.

Another object of the invention is to provide
8 registration control including an adjustable
compensator roller and web speed control in
which the speed control is adjusted as an inci-
dent to approaching the limit of adjustment of
the compensator roller,

It is & further object of the invention to pro-
vide an improved registration control for asso-
ciating a pre-printed web with a main web in
which a large amount of misregistration, caused,
for example, by splicing either of the webs may be
readily corrected with a minimum number of
wasted coples, and in which danger of over-travel
and jamming of the registration control nor-
mally associated with large amounts of registry
correction is completely eliminated.

A still further object of the invention is to
provide a registration confrol device for use in
the insertion of a pre-printed web which may be
quickly and easily adapted for use with a standard
letter press and which, although having impor-
tant operating advantages over prior art devices,

is simple and straightforward in construction

and, lending itself to the use of standard electrical
and mechanical components, is considerably less
expensive to produce.

In one of its aspects an object of the inven-
tion is to produce a control for the registration
of an inserted web and a main web in which
registration data fs obtained from the inserted
web and from means rotating in unison with the
main web completely through the use of photo-
electric cells and without the necessity of using
sliding electrical contacts.

Further objects and advantages of the inven-
tion will become apparent as the following de-
scription proceeds, taken in connection with the
accompanying drawings in which:

Figure 1 is a view in elevation of means for
accomplishing registered insertion of a pre-print-
ed web in accordance with my invention as ap-
plied to a newspaper press of conventional con-
struction, ~
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Fig. 2 is a fragmentary view in elevation show-
ing the appearance of the press illustrated In
Fig. 1 as seen from the right-hand end thereof.

Fig. 3 is a fragmentary plan view of the press
illustrated in Pig. 1 showing the compensating
roller and in-feed driving roller together with
means for accomplishing the adjustment of each.

Pig. 4 is a simplified schematic diagram of the
registration control circuit showing the position
of the control relays during an assumed con-
dition of registration equilibrium.

Fig. 5 shows the circuit illustrated in PFig. 4
with the control relays in positions corresponding
to a lagging web.

Pig. 6 shows the circuit fllustrated in Fig. 4
with the control relays in positions correspond-
ing to a leading web.

Fig. 7 illustrates an alternative registration
control circuit in which a commutator and asso-
ciated sliding electrical contacts are used in lien
of photoelectric cells to detect lack of registry.

Figs. 8 and 9 are electrical diagrams showing
the manner in which the in-feed speed is con-
trolled,

While the invention is susceptible of various
modifications and alternative constructions, I
have shown in the drawings and will herein de-
scribe in detail the preferred embodiment, but it
is to be understood that I do not thereby intend to
limit the invention to the specific form disclosed,
but intend to cover all modifications and alter-~
native constructions falling within the spirit and
scope of the invention as expressed in the ap-
pended claims.

In conventional types of rotary printing
presses it is customary to feed a number of webs
of paper through the machine simultaneously and
to bring them together in registry before the
final assoclation, folding, and cutting process.
Such webs are operated upon simultaneously
throughout the process from the time they are
introduced as plain paper into one end of the
machine until they pass out in the form of com-
plete newspapers at the other end. Local adjust-
ment to secure registry during the passage of any
of these webs through the machine is commonly
hand operated. Since all of the plate cylinders
are driven by a common or synchronized driving
means, there is little or no tendency for the webs
to. get out of register once they have been ad-
justed.

In present day newspaper practice, however,
it is often desirable to insert a pre-printed web
prior to association, folding, and cutting of the
webs; for example, it may be desirable to pre-
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print a web of four-color work in a rotogravure
unit and to store it in re-rolled form for later
insertion. There are numerous difficulties in~-
volved in the insertion of a pre-printed web. In
the first place, as a practical matter it is not
possible to cause the impressions on a rotagravure
web to be spaced at exactly the same distance
apart as the impressions on the main web with
which it is to be associated. . For example, if the
rotagravure cylinders differed from a predeter-
mined diameter by only one thousandth of an
inch, the error in registration of the printed mat-
ter on the web, being rapidly cumulative, would
amount to a total of several inches for one thou-
sand sheets. Moreover, shrinkage and expansion
due to atmospheric conditions and stretching of
the web from mechanical causes all contribute
to improper registration.

In an attempt to overcome the above difficulties
some presses have been operated with the rota-
gravure unit lined up with the letter press unit
and the webs printed simultaneously. This
scheme is of extremely limited application, how-
ever, primary because of the greatly reduced
speed at which the unit as a whole must be
driven. 'This results from the fact that four-
color presses have generally not been operated
at a rate in excess of 36,000 papers per hour,
whereas letter press printing is frequently done
at 48,000 to 50,000 papers per hour. Further-
more, this arrangement practically doubles the
size of the press required in addition to requiring
a large number of extra pressmen having different
skills. Then, too, the fumes from the special
ink used in the rotagravure process are objec-
tionable. In the event of accident much more
time is required to produce a replacement rota-
gravure cylinder so that shutdowns are likely to
be longer and more costly. The problem there-
fore resolves itself to providing means for keep-
ing a pre-printed web in registration with a main
or cooperating web in spite of the above-men-
tioned causes tending to produce misregistration.

Early attempts to solve the problem, involving
the use of punched holes at spaced intervals
along the margin of the pre-printed web and the
use of a tension control operated by contacts
actuated through the marginal holes, failed be-
cause of the cumulative errors in the positioning
of the colored impression on the pre-printed
web. Subsequently, a so-called “intersettor”
control was developed and may be found de-
scribed in British Patent No. 316,956, dated Au-
gust 1, 1929. In this device misregistration re-
sults in a simultaneous repositioning of the regis-
ter bar or roller and a change in the speed of an
in-feed roller. Although this scheme suffers to
a lesser extent from the difficulties arising be-
cause of cumulative error, only limited amounts
of such error can be tolerated. In both of the
above appreciable cumulative error results in the
running of the register bar to one or the other
of its extreme positions requiring a shutting
down of the press until the registration control
mechanism can be completely readjusted. In
addition, the electrical and mechanical com-
ponents are inherently complicated and the de-
vices, for the most part, must be completely
_custom-built, increasing the difficulties of main-
tenance and repair.

Contrasted with the above the device herein
described is such that webs having large amounts
of cumulative error may be combined with no
difficulty whatsoever, completely avoiding the
necessity of shutting down the press upon reach-
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4

ing the limit of adjustment of the compensator
bar. This is caused to a great extent by the fact
that the present control system does not depend
for its success on the maintenance of a static
positional equilibrium, but instead utilizes a state
of “dynamic” equilibrium. By the latter term
it is meant that the registration adjusting ele-
ments are normally in motion, constantly seek-
ing out the position of accurate registration.
As will later be seen, such constant adjusting
movement can be caused to take place rather
rapidly or extremely slowly as may be desired
for a particular installation. Furthermore, the
applicant’s device is such as to quickly and auto-
matically correct for large initial errors of regis-
tration which may be caused, for example, by
splicing the web.

Referring more particularly to the drawings,
Fig. 1 shows the end portion of a multiple unit
newspaper press including a final perfecting type
press unit {0 having plate cylinders i0a. The
press unit 10 is joined to a conventional over-
head frame | carrying rollers {2 for guiding
the web 13 from the press unit {0 together with
the webs {5 printed on press units (not illus-
trated) to the left of the one shown.

At the right of the frame I{ is a frame 14 of
the conventional type of folder unit for folding
and cutting the associated webs and into which
the webs are drawn by means of a main draw
roller 18. After passing from the latter the com-
bined webs are folded on a former 20 and then
fed through nipping rollers 21 and between cyl-
inders 22 and 23. Conventionally, cylinder 23
carries a knife blade for cutting the folded webs
into separate newspapers and a tucker blade to
give the newspapers a second fold. Cylinder 22
mounted on shaft (9 receives the cutting edge.
and the jaws built into cylinder 22 pass the sev-

.ered and folded papers to a delivery fly 24 and

a delivery belt 26.

Power is supplied to the printing, folding, cut-
ting and delivery mechanisms by a main hori-
zontal drive shaft 28 which extends longitudinally
below the press frame. Through the medium of
bevel gears 30 at the end of the shaft 28, power
is transmitted to a vertical drive shaft 31 which
in turn drives the folding and cutting cylinders
22, 23, the main draw roller 18 and, as will later
appear, the in-feed mechanism for drawing a
pre-printed web into the press. Since all of the
presses and the rollers in the folding and cutting
mechanism are geared to a common source of
power, it is impossible under ordinary circum-
stances for them to get out of step. Consequently
the angular position of the folding and cutting
cylinder ang its shaft {9 is an accurate indica-
tion of the positioning of the inked impression
on the main webs, which fact, as will later be
seen, is useful in maintaining registration of an
inserted pre-printed web.

The foregoing structure, however, is merely 11-
lustrative of one type of newspaper or letter
press with which my registration scheme may be
used and forms no part of the present inven-
tion. As a matter of fact, the mechanism to be
described is equally applicable to other types of
presses, for example, a magazine press and for
use with other types of forming and folding mech-
anisms. :

In the present embodiment a pre-printed or
inserted web indicated at 34 is supplied from a
storage roll 36 and is associated with the main
webs just prior to engaging the main draw roller
i8 referred to, After leaving the storage roll
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38 the pre-printed web is passed over auxiliary
and tension regulating rollers 38, thence up-
warcly over roller 40 and into the compensating
and speed controlling portion of my device
mounted at the top of the press frame and indi-
cated generally by a numeral 41. Here the web
34 is engaged first by a draw or in-feed roller
35, then passed over a compensating roller 37
and finally over an idler roller 39. The mechant-
cal components for compensation and speed con-
trol are more completely shown in Pig. 3, the
speed controlling assembly being designated gen-
erally as #2 and the compensator assembly by
the numeral 43. In the present embodiment both
of the latter are controlled jointly in a novel
manner by a photoelectric cell 44 which scans
the pre-printed web 34 and by a photoelectric
scanning arrangement 46 driven by shaft 18 from
the main press drive. Although in the present
embodiment the photoelectric cell scans the edge
of the pre-printed web 34, it will be apparent
that such scanning may take place along the
center of the web or along any other desired line
of movement. )

As a feature of primary importance my inven-
tion contemplates utilizing variations In posi-
tional phasing between indicia on the pre-printed
web and indicia associated with the main press
drive shaft as detected by the photocell devices
44, 46 and in utilizing such variations to control
the positioning of a “takeup” type of compen-
sator roller. The compensator roller in turn,
upon reaching the limits of its adjustment, varies
the speed of the in-feed mechanism in the proper
direction to remove accumulated error. Since in

my improved device the compensator correction

and feed (i e., speed) correction takes place se-
rially rather than simultaneously as in the prior
art devices discussed above, the two types of cor-
rection may be conveniently discussed under sep-
arate headings.

Compensator roller adjustment

The means for bodily moving the compensator
roller are shown in detail in the left-hand por-
tion of Fig. 3.- Here it is seen that the web 34
is trained over the compensator roller 37, thence
over an idler roller 39 just prior to association
with the remaining webs 13, 15. The compen-
sator roller is arranged for sidewise bodily ad-
Justment by being mounted on internally
threaded supports 48 and 50 which engage hori-
zontal lead screws 51 and 52 respectively. The
latter are rotated simultaneously from a com-
mon -adjusting drive shaft 53 through pairs of
bevel gears 54 and §56. The adjusting drive shaft
83 is, in turn, driven by means of a compen-
sator adjusting motor 58. By causing the motor
58 to rotate in a predetermined direction it will
be apparent that the length of the partial loop
of the web 84 passing over the compensator
roller 3T may be lengthened to compensate for
the condition where the pre-printed web is lead-
ing, while causing rotation of the motor 58 in
the opposite direction will shorten the loop as
necessary to compensate for a lagging web., It
will be apparent, however, that the correction
brought about by the compensator roller is only
temporary in nature and persistence of the
tendency of the pre-printed web to lead or lag
will soon cause the compensator roller to reach
one extreme or the other of its range of ad-
justment. Although normally considered a dis-
advantage, this condition is usefullv employed

=

6

in the in-feed roller speed control arrangement
to be described in the following section.

In-feed roiler speed adjustment

Referring now to the right-hand portion of
Fig. 3, it will be seen that the in-feed roller 38 is
driven from the vertical drive shaft 31 through
the in-feed roller speed control assembly 42
which is infinitely variable. Although varlous
types of infinitely variable drives may be used
without departing from my invention, the ex-
emplary embodiment includes an adjustable belt
drive 80, commonly known as a P. I. V. drive,
and a differential 6i. The differential is of a
conventional type having an input element con-
sisting of a bevel gear 62, a speed changing ele-
ment 64 and an output element consisting of
a bevel gear 83. Freely rotatable on the speed
changing element 64 are intermediate bevel
gears 86 and 68, the latter turning about an
axis which is at 90° to the axis of rotation of
the element 64. A pair of bevel gears 9 and 10
connect the output element 63 of the differential
to the in-feed roller 35. - s

Input power to the differential 61 is obtained
from two sources. The first source includes a
direct connection to the vertical drive shaft 31,
the input bevel gear 62 of the differential being
coupled to the shaft 31 by means of the meshed
gears Ti, 712. The speed changing element 64,
on the other hand, is driven via the adjustable
belt (P. I. V.) drive 60 which in turn is powered
through a pair of bevel gears 14, 71 from the
vertical drive shatft 31. The belt drive 60 includes
an adjustable sheave 85 and a sheave 71§, the
latter being drivingly interconnected by a belt
16. The sheave 18 in turn drives a worm 18, a
worm wheel 80, and the speed changing ele-
ment §4. -

As is well known in differential practice the
speed of the output element 83 is equal to the
speed of the input element 62 arithmetically
modified by twice the speed of the speed chang-
ing element 64. Since the speed of the speed
changing element 64 may be made relatively
low, adjustment of the P. I. V, drive enables very
fine control of the output speed to be achieved,
on the order of a fraction of an R. P. M, In the
present embodiment, adjustment is effected by
varying the distance between the tapered sides
of the adjustable sheave 65. The latter may be
gradually separated or brought closer together
by any desired sheave adjusting means which
may include a P. I. V. adjusting motor 81 and
associated gearing 82. The motor 81 is reversible
and may be energized by means to be described
to change the driving ratio and thus the output
speed of the speed control assembly 42. The
latter determines the in-feed speed of the pre-
printed web 34,

Coupling between compensator and in-feed
adjustment

In accordance with the invention, means are
provided for energizing the P. I. V. adjusting
motor 81 in response to the approach of the com-
pensator roller to one or the other of its limit
positions. In the present embodiment energi-
zation of the motor 8{ is controlled by limit
switches 83 and 84 respectively which are op-
erated by a limit switch cam 86 mounted to
move bodily with the compensator roller support
48. The general nature of the circuit associating
the limit switches 83, 84 with the P. I. V. 24-

76 justing motor 8{ is shown in Pigs. 8 and 9, one
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or the other of the switches being operated upon |

approach of the compensator roller to its limit-
ing positions.

Fig. 8 shows the condition existing when the
web 34 is being drawn into the press at a rate
which causes it to lead the webs 13, {§ being
printed by the press. Under such circumstances
the compensator roller 37 will be caused, by
means to be later detailed, to take up such
lead by increasing the length of the partial loop
of web 34 which occurs upon movement of the
roller 31 (Fig. 3) to the left. Such movement
generally takes place in small steps until the
limit of adjustanent in this direction is reached.
Thereupon the limit switch cam 86 will engage
the limit switch 83 closing it and causing the
P. I. V. adjusting motor to rotate in the “decrease
speed” direction. The resultant decrease of
speed brought about in the P. I. V. drive 60 will
reduce the speed in the web in-feed roller 3%,
thereby counteracting any tendency for the pre-
printed web to lead the main web. The latter
protects the compensator roller adjusting mecha-
nism from jamming and possible damage.

More importantly, since the P. 1. V. adjusting
motor 8{ will continue to turn in a ‘“decrease

speed” direction as long as the switch 83 is
" closed, the speed reduction will continue until
the web 34 is slowed to a point where it has a
tendency to lag slightly. This tendency, de-
tected by the photocell devices 44, 46, (to be de-
tailed) will cause the compensator roller 31 to
move to the right, in other words in a direction
to shorten the partial loop of webbing which is
passed around the latter, and thereby to .com-
pensate for the lagging web speed.

The first noted effect of movement of the com-
pensator roller to the right is the opening of the
limit switch 83 and the deenergization of the
P. I. V. adjusting motor 81. The in-feed roller
35, however, will confinue to turn at a rate which
is slightly lagging, and such tendency toward
lagging will continue to be overcome by move-
ment of the compensator roller 37 toward the
right. Eventually the limit switch cam 86 mov-
ing with the roller will reach the position shown
in Pig. 9, in which the limit switch 84 is closed.
The latter again causes energization of the ad-
justing motor 81, but this time in a direction to
increase the speed of the in-feed roller 35 and
to remove the tendency toward lagging. Motor
81 will, in addition, continue to rotate until the
web 34 is drawn in at a rate sufficient to cause
it to lead slightly, such lead, being detected
by the photocell apparatus, to be described, re-
sulting in movement of the compensator roller
37 to the left, opening of the limit switch 84
and a complete repetition of the above-outlined
cycle,

The above sequence of adjusting operations
will, in the present embodiment of my invention,
normally occur even in the absence of accumu-
lated error, the frequency of repetition depend-
ing primarily upon the rapidity with which the
P. 1. V. adjusting motor 81 produces a speed cor-
rection and upon the amount of lost motion or
backlash in the limit switches 83, 84. Assuming
that the speed is changed at g gradual rate and
that sensitive limit switches are used, the cor-
rective cycle can be caused to take place very
slowly.

The fact that the registration adjustment may,
and normally will, occur in cycles as described,
produces a registration control which is “dy-
namie” in nature, constantly “seeking out” the
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desired condition of registration. Such im-
proved control is contrasted with prior art con-
trols of the type which merely seek to maintain
a condition of static equilibrium.

Detection of lag or lead

The mechanical means for driving the com-
pensator roller to maintain the inserted web 34
in a position of registry with respect to the main
webs 13, {§ have been already described. For
satisfactory registration more is required than
to energize the compensator adjusting motor §8
from time to time to restore registry: means
must be provided for detecting the relative po-
sitional phasing of the pre-printed web and the
main webs and such means must act in a con-
tinuous and repetitious manner. Means for ac-
complishing such continuous detection and for
energizing the compensator adjustment motor
§8 accordingly are shown to a limited extent in
Fig. 1 and more particularly in Pigs. 4, 5 and 6.

In the present embodiment detection of the
instantaneous positioning of the web 34 is ac-
complished by means of a detecting photocell 44
(Fig. 1) which scans the edge of the web 34 and
is actuated upon the passage of spots or markings
80 printed near the edge of the web at regularly
spaced intervals. Such markings are arranged
in a predetermined position with respect to the
impression on the pre-printed web and are pref-
erably placed thereon by one of the plate cylin-
ders during the pre-printing operation. If de-
sired, the web 34 may be illuminated in the vi-
cinity of the photocell 44 by means of any suit-
able light source 81.

With regard to the means for detecting the in-
stantaneous positioning of the main webs, this
may be accomplished in any desired manner, for

_example, by the use of magnetic, electrical or
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photoelectric means for detecting the position ot
the shaft rotating in unison with the main webs.
One possible scheme which may be used is shown
near the right-hand edge of Fig. 1. - Here it will
be seen that the detector 46 includes a scanning
cylinder 82 which is rotatably coupled to the
shaft {9 which supports the folding and cutting
cylinder 22. As previously stated, the latter
cylinder is geared to the same power source which
drives the plate cylinder; thus the instantaneous
angular position of the shaft {8 is an accurate
indication of the instantaneous positioning of
the successive impressions on the main webs {3,
18.

The means provided for detecting the position
of the scanning cylinder 92 may include sliding
contacts as used in an alternate detection scheme
to be later described in connection with Fig. 7.
I prefer, however, to detect the positioning of the
cylinder 82 by means of photocells 93, 94 and 9¢
which may be supported in any desired manner,
as from a bracket 98 rigidly mounted on the
frame i4. The photocells 93, 84 and 98 cooper-
ate with light-reflecting strips or paths {00, 184
and 102 respectively which extend about the
periphery of the cylinder 92 and reflect light into
the associated photocell. Referring to Fig. 1, it
will be noted that the light path 100 has a lead-
ing edge 103 which substantially corresponds in
angular position to the traillng edge 104 of the
light path 102, and the light paths are similarly
related on the opposite side of the cylinder (not
shown). In brief, this results in the timed alter-
nate actuation of photocells 93 and 96 and is use-
ful in determining whether the pre-printed web
34 1s lagging or leading. Although the lght paths
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100, 101 and {02 have been shown as light strips
on a darkened background, it will be apparent to
one skilled in the art that only the difference in
illumination is important and that darkened
strips on a light background could also be readily
utilized for purposes of detection.

The circuit for utilizing the outputs of the
photocells for energizing the compensator adjust-
ing motor is shown in simplified schematic form
in an assumed “in register” condition in Fig, 4
and under conditions of “lag” or “lead” in Figs.
5 and 6 respectively. It will be understood, how-
ever, that my invention is not limited to the type
of circuit shown in Fig. 4, but contemplates other
arrangements which will appear to one skilled in
the art for energizing the compensator adjust-
ing motor 58 as required to bring the webs into
registration.

It will be seen in Fig. 4 that each of the photo-
cells 44, 93 and 96 has an associated amplifier
106, 108 and [18. The output circuits of such
amplifiers include relays {if, 112 and (i3 re-
spectively to close an output circuit as the light
falling on the photocell changes in intensity. As
shown, the contacts (14 of relay {11 are in series
with the supply lead to both contacts 116 of the
relay 112 and contacts 118 of the relay (i3. By
this arrangement photocell 44 controls, by con-
tacts {14, the application of voltage to the con~
tacts 116 and {8 respectively associated with
the “lag” photocell 93 and the “lead” photocell
96. The contacts 116 and 118 serve to energize
field windings included within the compensator
adjusting motor 58 which are connected respec-
tively to input terminals 120 and 121 on the latter
motor. :

In understanding the control circuit thus far
described let it be assumed that the input side
of the contacts 14 is connected to a source of
positive voltage. Triggering of the photocell 44
caused by the passage of a registering mark 80
causes the relay {11 to close, supplying voltage to
the contacts (16 and 118. If under such condi-
tions the photocell 93 should be actuated, the
resulting closure of the contacts ({6 would cause
the compensator motor to turn in, say, a web-
loosening direction. Alternatively, actuation of
the photocell 96 by the light path 102 would cause
closure of the contacts ({8 and would cause the
motor 58 to turn in the opposite direction.

With the scanning cylinder 92 in a position
corresponding to registration between the webs
(at least for the moment), it is desirable that
the compensator adjusting motor remain motion-
less. Means are therefore provided for positively
cutting off the power to the motor when the lat-
ter condition obtains. In the present instance
this is accomplished by an auxiliary photocell 94
scanning the light path 10i. As shown in Fig. 4,
the light path 10f is continuous except for a
short gap 122 substantially alined with the edges
103, 104 of the light paths 100, 102 respectively.
The auxiliary photocell 94 feeds into an amplifier
123, the output of which energizes relay 124 hav-
ing contacts 126. With the latter contacts in the
open position as shown in Fig. 4, it will be ap-
parent that the path of current flow to the motor
is interrupted. Thus, even if relay {12 or relay
113 should. transiently close and cause chatter-
ing of the contacts 116, 1(8, the fact that the
auxiliary photocell {21 is at such time centered
within the gap 122 insures that contacts 126 will
be open and that no power is supplied to the mo-
tor 58. If desired the auxillary phototube may
be dispensed with; the important part of the
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10
circuit llustrated residing in the fact that photo-
electric means cloge electrical circuits to energize
the compensator adjusting motor 58 in a direc-
tion to restore registration,

ror the purpose of ready understanding the
compensator adjusting motor has been described
as a simple direct-current reversible motor oper-
ated directly by the relays in the plate circuits
of the amplifiers. It will be understood by one
skilled in the art, however, that contacts 116,
118 on the output relays could be employed in-
stead to energize a relatively larger electrical
contactor, the latter enabling the use of a heavy
duty A.-C. or D.-C. reversible motor as desired.
Also if desired the relays may be dispensed with
and the well known Thyratron tubes used in-
stead to obtain more rapid response. ‘It will fur-
ther be understood that the amplifiers {06, 108,
110 and 123 may be of any conventional type and
may be supplied by any convenient type of
photocell.

As stated above, the instantaneous position of
the cylinder 82, with respect to the advancement
of the web 34 and the contact positions of the
various relays as illustrated in Fig. 4 correspond
to a condition of assumed accurate registry be-
tween the webs. The conditions which exist
when the pre-printed web 34 is appreciably lag-
ging are illustrated in Fig. 5. In order to under-
stand the lagging web condition it is necessary
to define a “lagging” pre-printed web as one
which is delayed with respect to the main press
drive and the cylinder 892. Stated another way,
the cylinder 92 under “lagging” conditions has
advanced too far and leads the pre-printed web.
Thus it will be noted that the light paths 100,
101 and 102 as shown in Fig. 5 are in gdvance
of the position {llustrated in Fig. 4. Under such
conditions photocells 83 and 84 will be actuated
resulting in closure of contacts 126 and 116. At
this instant also, passage of the registering mark
£0 on the pre-printed web 34 triggers the pho-
tocell 44 causing closure of contacts 1i4. The
circuit to the compensator adjusting motor 58
is now complete and energization of the termi-
nal 120 thereon causes the motor §8 to turn in
a direction to move the compensator roller 37
(Fig. 3) to the right. This causes loosening of
the web and corrects the condition of lag.

Fig. 6 is similar to Fig. 5 except that it shows
the opposite condition in which the pre-printed
web appreciably leads the main web. Stated an-
other way, the angular position of the cylinder
§2, at the instant that the photocell 44 is trig-
gered by the passage of a registering mark 90, is
angularly retarded and lags the position which
should exist to satisfy the condition of accurate
registry. As shown in Fig. 6, the photocells 94
and 86 under such conditions are actuated by
the light paths 101 and 102 respectively, closing
contacts 26 and (18 at the outputs of their as-
sociated amplifiers. The passage of the regis-
tering mark 80 on the web 34 simultancously
causes closure of the contacts 114, As the re-
sult, voltage is applied to terminal 20 of the
compensator adjusting motor 58 causing the lat-
ter to rotate in a direction to move the com-
pencator roller 37 (Fig. 3) to the left thereby
tightening the web and, at least temporarily,
correcting the condition of leading web.

In the above description and in the drawings
the light paths 100, (0f and 102 have been shown
applied to a cylinder. It will be readily appre-
ciated, however, that such light paths could also
be placed instead on a flat disk mounted on the
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shatt {8 or, as & matter of fact, on any of the
shafts in the press to which shaft (9 is posi-
tively geared. Mounting the rotating element
82 on the shaft 19 does, however, have the ad-
vantage that difficulties arising from backlash in
the gears of the press are to a great extent
minimized.

Modification of detector ulilizing commutating
contacts

Rather than using photocells 83, 94 and 96 to
detect the angular position of the folding and
cutting cylinder 22, it is possible to use sliding

- electrical contacts for this purpose. The latter.

arrangement is shown in Fig. 7. In this em-
bodiment a cylinder 82a carries three electri-
cally interconnected conducting strips 100a,
10f{g and 102a. The conducting strips 100a and
102 are arranged on the cylinder in a manner
completely analogous to the light paths 100 and
102 referred to in connection with the previous
embodiment. The strip 18la extends continu-
ously around the cylinder serving as a source of
voltage for the strips (80a and 102a. Stationary
contacts 93a and 96 bear upon the latter strips
and supply voltage to terminals 120 and 121 on
the compensator adjusting motor 58.

In order to produce a positive removal of elec-
trical power from the motor when the cylinder
82q is in a proper relative position of registry, a
cam switch 130 is used which may be coupled
to the shaft 19, the latter taking the place of
photocell 94 and its associated circuit. For the
greater part of the revolution contacts i13{ on
the cam switch (30 remain closed; they are
opened only during the short interval in which
the cylinder 92a is at an angular position cor-
responding to the position of registry. The
means for detecting the passage of a registering
mark 80 on the pre-printed web 34 and for ap-
plying voltage to the motor supply circuit is ex-
actly the same gs that which has already been
discussed in connection with Figs. 4, 5 and 6.

With regard to the operation of the device
shown in Fig. 7, passage of a registering mark 90
will cause closure of contacts {14. With the eyl-
inder 92¢ in a temporary position of accurate
registry as shown, the contacts {31 will be open
and the compensator adjusting motor 58 will
therefore remain stationary. Should the web 34
be out of registry even slightly, closure of the
contacts {14 would occur during a time when
contacts 13! were closed and while one or the
other of the stationary contacts 93a, 86a were in
contact with one of the conducting strips 100a,
102a. Under such circumstances one or the other
of the two terminals 120, 121 would be momen-
tarily energized and the motor 58 would rotate
to drive the compensator roller 37 either to the
right or to the left, depending upon the sense
of the correction required. For further details
of a detector arrangement of the latter type, ref-
erence is made to United States Letters Patent
No. 2,105,185, issued January 11, 1938,

Summary of operation

Although the operation of the registration con-
trol system (using the circuit of Fig. 4) will be
apparent from the foregoing, it may be sum-
marized briefly as follows:

It will be recalled that the system has been
characterized as “dynamic”, that is, the nature of
the control is such that it does not normally oc-
cupy a position of static equilibrium. This re-
sults from the fact that a given one of the limit
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switches 83, 84 causing a corrective ¢change In
speed is deenergized only after the speed has
been over-corrected. The latter produces fre-
quent, step by step, energization of the compen-
sator roller adjusting motor 58 to move the roller
31 in the direction of its other limit position.
The positions of the contro] relay contacts dur-
ing the condition of perfect registry (and be-
tween corrective steps of energization of the mo-
tor 58) is shown in Fig. 4, Here it is assumed
that the photocell 44 is being triggered by one of
the registering marks 86 which are spaced along
the edge of the web 34 and that the contacts 14
of the associated relay are momentarily closed.
It is also to be noted that the light path 18
is in an off or “null” position with respect to

_bhotocell 94. Contacts 126 on relay {24 therefore

will be open at the instant that contacts |14 are
closed, and under such circumstances no voltage
can appear at the compensator adjusting motor
68 to change the adjustment of the compensator
roller 31, the latter momentarily remaining sta-
tionary. :

If, regardless of the reason, the pre-printed
web tends to lag the position of registry, closure
of the relay contacts {14 will occur at an in-
stant when contacts i26 and contacts 116 are
also closed (see Fig. 5). The latter will cause
the compensator adjusting motor 58 to be ener-
gized for rotation to slacken the web 34 as neces-
sary to temporarily reestablish the condition of
registry. Likewise, if the web for any reason
tends to lead the position of registry, photocells $4
and 96 will cause closure of contacts 126 and 118
respectively energizing the adjusting motor 58
to tighten the web to compensate temporarily for
the lead. The latter condition is illustrated in
Fig. 6.

Cumulative error, caused by short printing or
the like, merely results in cumulative movement
of the compensator rcller. As the limit of move-
ment is reached, the limit switch cam 86, which
moves with the compensator roller 37 in its path
of adjustment, causes operation of limit switch 83.
As shown in Fig. 8 the latter energizes the P. I, V.
adjusting motor 81 for rotation in a direction to
decrease the speed of the in-feed roller 35. Speed
reduction will continue at a slow rate until the
photocells and associated circuits detect the fact
that the web 34 is tending to lag to a slight ex-
tent rather than to lead. Even a small amount
of lag will be reflected in energization of the com-
pensator adjusting motor 58 in a direction to
move the compensator roller 81 to the right and
therefore out of contact with the limit switch 83.
Thereafter further bodily movement of the com-
pensator roller will take place either to the right
or to the left as necessary to compensate for
small amounts of lead or lag of the pre-printed
web and in a manner completely unaffected by
accumulation of the error.

In the event that a large initial amount of mis-
registration exists upon starting of the press or as
the result of splicing the web, this will merely re-
sult in energization of the compensator motor to
rotate in one direction or the other until the mis-
registration has been completely corrected. Ac-
cordingly, it is desirable that the range of ad-
justment of the compensator roller 37 be approxi-
mately the cyclic length of one printed impres-
sion thereon. Since the light paths 180, 102 each
extend only one-half the distance around the cyl-
inder 82, movement of the compensator roller will
always take place in a direction in which regis-
tration can be established with a minimum
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amount of adjusting movement. It {s impossible
for the registration control which has been de-
scribed to become “lost” regardless of the magni-
tude of the misregistration which may exist.

It will be apparent to one skilled in the art that
the invention is not limited to a case where a
single speed motor is used for adjusting the com-
pensator roller 37 but obviously includes ar-
rangements in which motors having higher speads
may be used in order to achieve registration in a
minimum amount of time. The latter is particu-

larly advantageous where it is desired to correct

large amounts of initial misregistration with a
minimum of wasted copies.

Although the invention has been described only
in connection with one inserted web, it will be
apparent that the teachings herein are not so
limited. By using another set of apparatus a
second web may be inserted simultaneously with
the same speed and accuracy. Further, any of
the inserted webs may be entered at any desired
point in the main press and not necessarily im-
mediately prior to the main draw roller as illus-
trated.

As a further refinement the pre-printed web
' may be printed to have a cyclic length very slight-
ly longer than the main webs, enabling the web to
be fed under reduced average tension and the
chances of web breakage minimized.

In the following claims, the term “compensator
roller” will be interpreted as including non-ro-
tatable polished bars as well as rotatable rollers
for lengthening or shortening the web loop.

I claim as my invention:

1. In a web feed printing press, the combina-
tion of a folder having a rotary cut-off device,
means for leading a web from a printing unit to
sald folder, means including an in-feed roller driv-
en by a variable speed drive mechanism for sup-
plying a pre-printed re-rolled web having spaced
marks thereon to associate with the first men-
tioned web preparatory to entering said folder, a
compensator roller over which the pre-printed web
is led prior to its association with said first men-
tioned web, means supporting said compensator
roller for bodily adjustment between alternate
1imit positions, means operable in response to var-
- lations in relative positional phase of the marks
on said pre-printed web and of said rotary cut-
off device for correctively adjusting the posi-
tion of said compensator roller, and means re-
sponsive to approach of said compensator roller
to one of its alternate limit positions for cor-
rectively varying the speed of said variable speed
drive mechanism for sald in-feed roller.

2. In a web feed printing press, means for com-
bining & first web having spaced registering
markings thereon with a second web in a position
of registry with successive impressions on the
latter, said means comprising an in-feed roller
for supplying said first web, variable feed drive
mechanism for driving said in-feed roller, a com-
pensator roller over which said first web is led
prior to its association with said second web,
means for effecting transverse bodily adjustment
of said compensator rolier between two extreme
positions, means operable in response to varia-
tions in the relative positional phase of successive
marks on said first web and of the impressions
on said second web for correctively adjusting said
compensator roller, and means responsive to the
approach of said compensator roller to one of its
alternate 1imit positions for correctively varying
the speed of said variable speed drive mechanism.

3. In a device for maintaining registry between
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a first web and a second web, means including a
compensator roller associated with at least one
of sald webs and having alternate limits of travel,
in-feed means associated with at least one of said
webs for varying the speed thereof, detecting
means responsive to variations in the relative po-
sitional phasing of said webs for correctively ad-
justing said compensator roller in a direction to
produce registry of said webs, means actuated
by said compensator roller means a3 an incident
to the latter’s approaching one of its alternate .
limits of travel for initiating a change in the
speed of said in-feed means which is sufficient
in magnitude and of proper direction to cause
movement of said compensator roller away from
the said one of its limits of travel and toward
said other limit of travel.

4. In a device for maintaining registry between
a first web and a second web, means for combin-
Ing said webs in face-to-face contact, means in-
cluding a compensator roller associated with at
least one of said webs for forming a loop in one
of said webs ahead of said combining means and
having alternate limits of travel, means associ-
ated with at least one of said webs for varying
the speed thereof, detecting means responsive
to variations in relat've positional phasing of said
webs, means actuated by said detecting means for
correctively adjusting said compensator roller in
a direction to produce registry of said webs, and
means controlled by said compensator roller
initiating a corrective adjustment in said speed
varying means as an incident to said compen-
sator roller approaching one of its alternate
Iimits of travel.

5. In a web feed printing press, the combina-
tion of a folder having a rotary cut-off device,
means for leading a web from a printing unit to
said folder, means including an in-feed roller
driven by a variable speed drive mechanism for
supplying a pre-printed re-rolled web having
spaced registering marks thereon to assoclate
with the first mentioned web preparatory to
entering said folder, a compensator roller over
which the pre-printed web is led prior to its
association with the first mentioned web, means
supporting said compensator roller for bodily ad-
justment between alternate limit positions, means
including a photocell operable in response to
variations in relative positional phase of the
marks on said pre-printed web and of said ro-
tary cut-off device for correctively adjusting the
position of said compensator roller, and means
responsive to approach of said compensator roller
to one of its alternate limit positions for cor-
rectively varying the speed of said variable speed
drive mechanism for said in-feed roller.

6. In a web feed printing press, the combina-
tion of a folder having a rotary cut-off device,
means for leading a web from a printing unit
to said folder, means including an in-feed roller
driven by a variable speed -drive mechanism for
supplying a pre-printed re-rolled web having
spaced marks thereon to associate with the first
mentioned web preparatory to entering said
folder, a compensator roller over which the pre-
printed ‘web is led prior to its association with
said first mentioned web, means supporting said
compensator roller for bodily adjustment be-
tween alternate limit positions, means operable
in response to variations in relative positional
phase of the marks on sald pre-printed web and
of said rotary cut-off device for correctively ad-
}usting the position of said compensator roller,
and means including limit switches operated as
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an incident to the approach of said compensator
roller to one of its alternate limit positions re-
spectively for correctively varying the speed of
said variable speed drive mechanism for said in-
feed roller.

7. In a web feed printing press, the combina-
tion of a folder having a rotary cut-off device,
means for leading a web from a printing unit
to said folder, means including an in-feed roller
driven by a variable speed drive mechanism for
supplying a pre-printed re-rolled web having
spaced registering marks thereon to associate
with the first mentioned web preparatory to en-
tering said folder, a compensator roller over
which the pre-printed web is led prior to its as-
sociation with the first mentioned web, means
supporting said compensator roller for bodily ad-
justment between alternate limit positions, de-
tecting means including a photocell successively
triggered by the passage of said marks, means op-
erating in timed relation with said cut-off cyl-
inder and actuated by said mark detecting means
for producing an output signal in accordance
with the lag or lead of successive ones of said
marks with respect to the position of said cut-off
cylinder, means responsive to said output signal
for bodily adjusting the compensator roller in a
direction to correct said lead or lag, and means
responsive to the approach of said compensator
roller to one of its alternate limit positions for
correctively varying the speed of said variable
speed drive mechanism for said in-feed roller.

8. In a web feed printing press, the combina-
tion of a folder having a rotary cui-off device,
means for leading a web from a printing unit to
said folder, means including an in-feed roller
driven by a variable speed drive mechanism for
supplying a pre-printed re-rolled web having
spaced registering marks thereon to associate
with the first mentioned web preparatory to en-
tering said folder, & compensator roller over
which the pre-printed web is led prior to its as-
sociation with said first mentioned web, means
supporting said compensator roller for bodily ad-
justment between alternate limit positions, mark
detecting means including a photocell successively
actuated by the passage of said marks, means ro-
tating in unison with said cut-off cylinder and
having alternate light paths thereon, means in-
cluding lead and lag photocells for scanning said
light paths respectively, means responsive to the
simultaneous actuation of said mark detecting
photocells and one of said lead and lag photocells
for correctively adjusting the position of said
compensator roller, and means actuated upon the
approach of the compensator roller to one of its
alternate limit positions for initiating & correc-
tive change in speed of said variable speed drive.

9. In 2 web feed printing press, the combina-
tion of a folder having a rotary cut-off device,
means for leading a web from a plate cylinder to
said folder, means including an in-feed roller
driven by a variable speed drive mechanism for
supplying a pre-printed re-rolled web having
spaced registering marks thereon to associate
with the first mentioned web preparatory to en-
tering said folder, a compensator roller over which
the pre-printed web is led prior to its association
with said first mentioned web, means supporting
said compensator roller for bodily adjustment
between alternate limit positions, mark detect-
ing means including a photocell successively ac-
tuated by the passage of said marks, means ro-
tating in unison with said cut-off cylinder and
having alternate light paths thereon, means in-
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cluding lead and lag photocells for scanning sald
light paths respectlvely and for alternate actua-
tion thereby, means responsive to the simultane-
ous actuation of said mark detecting photocell
and one of said lead and lag photocells for cor-
rectively adjusting the position of said compen-
sator roller, and means responsive to the ap-
proach of said compensator roller to one of its
alternate limit positions for correctively varying

- the speed of sald variable speed drive mechanism

for said in-feed roller.

10. In a web feed printing press, means for
combining a first web having spaced registering
markings thereon with a second web in a position
of registry with successive impressions on the lat-
ter, said means comprising” an in-feed roller
driven by a variable speed drive mechanism for
supplying said first web, variable feed drive
mechanism for driving said in-feed roller, a
compensator roller over which said first web is
led prior to its association with said second web,
means supporting sald compensator roller for
bodily adjustment between alternate limit posi-
tions, mark detecting means including a photo-
cell successively actuated by the passage of said

: markings, means rotating in step with the im-

pressions on said second web and having alter-
nate light paths thereon, means including lead
and lag photocells for scanning said light paths
respectively and for alternate actuation thereby,
means responsive to the simultaneous actuation
of said mark detecting photocell and one of said
lead and lag photocells for correctively adjust-
ing the position of said compensator roller, and
means responsive to the approach of said com-
pensator roller to one of its alternate imit posi-
tions for correctively varying the speed of said
variable speed drive mechanism for said in-feed
roller.

11. In a device for maintaining registry be-
tween a first web and a second web, means for
combining said webs in face-to-face contact,
means associated with said first web for produc-
ing a normal running tension therein on the in-
take side of said combining means, means in
contact with said second web for varying the ten-
sion therein on the intake side of said combining
means and having alternate limits of adjustment,
means associated with at least one of said webs
for varying the in-feed speed thereof, detecting
means responsive to variations in relative posi-
tional phasing of said webs, means actuated by
said detecting means for correctively adjusting
sald tension varying means to make the tension
in said second web either greater or less than
the tension in said first web thereby to produce
registry of said webs, and means initiated by
sald tension varying means approaching one of
its limits of adjustment for correctively adjust-
ing said speed varying means.

12. In a device for maintaining registry be-
tween a pre-printed web and a group of conven-
tional webs in a printing press comprising, in
combination, a set of combining rollers for com-
bining all of the webs in face-to-face contact, a
pair of in-feed rollers for said pre-printed web
and spaced from said combining rollers to de-
fine a loop of pre-printed web, compensator
means for pressing outwardly on said loop of
web to place said loop under tension and thereby
slightly elongate the same, detector means co-
operating with said pre-printed web at a point
ahead of said combining rollers for detecting the
phasing of the impression on the pre-printed web
relative to the remainder of said webs, means
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actuated by said detecting means for correctively
adjusting said compensator means for varying
the tension and therefore the length of said loop
In a direction to produce registry of sald pre-
printed web, and means initiated by the approach
of sald compensator means to one of its limits
of adjustment for correctively changing the speed

of sald in-feed rollers relative to the speed of '

the combining roliers to maintain a condition of
register.
CURTIS 8. CRAFIS.
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