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30 Claims. (CI. 242-58.3) 

The present invention relates in general to apparatus 
for making "flying pasters', i.e., for splicing a running 
web drawn from an expiring roll to the web of a new 
roll. While not limited thereto, the invention finds. par 
ticularly advantageous use in web splicing apparatus for 
newspaper printing presses, where it is desirable to main 
tain high press speeds as an expiring roll of paper is re 
placed by a new roll without interrupting the travel of the 
paper web into the press. 
A continuous. paper web is drawn from a supply roll 

into a modern newspaper press at very high velocities. 
If in the use of web splicing apparatus the press attendant 
is called upon to judge the amount of paper left on an ex 
piring roll, and to actuate controls for initiating the var 
ious steps or operations necessary to accomplish the web 
Splicing, an error in timing of only a few seconds may 
result in missing the splice. That is, the tail end of the 
web from the expiring roll might run into the press with 
out picking up the web from the new roll. If this hap 
pens, the press must be shut down and rethreaded before 
printing can be continued, resulting in a delay, which is in 
tolerable in modern newspaper practice where a premium 
is placed on reducing to an absolute minimum the time 
consumed between the writing of news copy in the news 
room and the appearance of that copy in print on the city 
streets. On the other hand, if the press attendant is ex 
tremely cautious, he may initiate the splicing operation 
too early and thus leave a substantial amount of expensive 
newsprint left on the old roll. 

It is the general aim of the invention to make possible 
fully automatic web splicing operations, completely 
eliminating any control duties of an operator or attendant. 

Coordinate with that aim is an object of the invention 
to automatically control web splicing operations such that 
the changeover from an expiring roll to a new roll reliably 
takes place before the tail of the expiring roll slips by, but 
not until substantially all of the web on the expiring roll 
has been consumed. This avoids "missing splices and 
the consequent necessity of shutting down the web-con 
Suming device or press; and yet it also assures maximum 
economy in using up nearly all of the web on a roll. 

Another object of the invention is to automatically, ini 
tiate preliminary operations, such as positioning and pre 
driving the new roll and lowering predrive and paster 
carriages, a predetermined and substantially uniform time 
interval before the actual splicing must take place, thereby 
assuring that there will be sufficient time to complete such preliminary operations. 
A further object of the invention is to automatically 

effect the actual splicing operation at an instant that the 
expiring roll is reduced to a predetermined small diam 
eter, and regardless of the particular speed at which the 
press or web-consuming device is operating. 

It is a related object of the invention to effect such auto 
matic initiation of both the preliminary operations and 
the actual splicing operation in sequence, both properly 
timed in relation to the gradually diminishing diameter 
of the expiring roll, by two sensing means which are suc 
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2 
cessively brought into play and both of which employ 
substantially the same components. 

Still another object is to provide an improved and reli 
able system for sensing when a roll, upon which or from 
which a web is being wound or unwound, reaches a pre 
determined diameter, and even though the linear velocity 
at which the web travels may be varied over a wide range. 

it is a further object to provide a system for sensing and 
determining an instant in time which marks the beginning 
of a predetermined time interval before such a roll reaches 
such a predetermined diameter, and regardless of the 
velocity at which the web is traveling. 

Other objects and advantages will become apparent as 
the following description proceeds, taken in conjunction 
with the accompanying drawings, in which: 

Figure 1 is a schematic illustration of web splicing ap 
paratus utilizing the features of the present invention; 

Fig. 1A is a detail view of contact points actuated by a 
cam on a roll spindle; - 

Fig. 2 is a fragmentary, diagrammatic view of a portion 
of the roll-supporting reel, illustrating the cams, slip rings, 
and brushes associated therewith for control purposes; 

Fig. 3 is a schematic wiring diagram of means for 
Sensing and signaling when a web roll reaches a predeter 
mined diameter; 

Figs. 4 and 5 are graphic representations of voltage 
variations during the operation of the circuitry in Fig. 3 
with the press speed or linear velocity of the web at rela 
tively low and high values, respectively; 

Fig. 6 is a graphic comparison of two decaying voltages 
obtained by different circuit conditions in Fig. 3; 

Fig. 7 is a schematic wiring diagram of means for suc 
cessively sensing (a) the instant marking the beginning of 
a predetermined time interval before a roll reaches a pre 
determined diameter, and (b) the instant the roll reaches 
that diameter; 

Fig. 8 is a graphic representation of certain voltage 
variations occurring during the operation of the circuit 
illustrated by Fig. 7; and 

Figs. 9. and 9A are schematic wiring diagrams of con 
trols for accomplishing fully automatic operation of the 
Splicing apparatus illustrated in Fig. 1. 

While the invention has been shown and will be de 
scribed in some detail with reference to a particular em 
bodiment thereof, there is no intention to thus limit it to 
Such detail. On the contrary, it is intended here to cover 
all alterations, modifications, and equivalents falling within 
the Spirit and scope of the invention as defined by the ap 
pended claims. 

The environment of the invention 
Referring now to the drawings, and initially to Fig. 1, 

the invention has been illustrated by way of example as 
employed in web splicing apparatus for use with a news 
paper printing press. In order that the invention may be 
fully understood, it will be helpful to set forth one en 
vironment in which it is employed. While the invention 
may be adapted by those skilled in the art to cooperate 
With various physical forms of splicing apparatus, that 
here shown by Way of making the background clear is of 
the type disclosed in the copending U.S. application of 
Chase et al., Serial No. 502,923, filed April 21, 1955, and 
assigned to the assignee of the present application. 

In general terms, a printing press 0 (here illustrated 
Schematically in block form) is powered by variable 
Speed drive means such as an electric motor 11 connect 
ed through a suitable speed controller 2 to a voltage 
Source. By manually setting the controller 12, the speed 
of the press may be adjusted to any value within a wide 
range. When the press is in operation, it consumes a 
Web. W of paper which is drawn upwardly from an ex 
piring roll 14A, the printing cylinders around which the 
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web passes being omitted from the present illustration. 
It will be apparent, nevertheless, that the linear velocity 
of the running web W depends on the speed of the press. 
10 as determined by the setting of the speed adjusting 
means 12. 
For a purpose to be made clear below, means are 

provided to sense the linear velocity of the running web 
W, or more specifically, to create a direct voltage which 
is proportional in magnitude to the linear velocity of 
the web. Since the rotational speed of the press drive 
motor 1 and the rotary components of the press it is 
in turn proportional to the web velocity, this sensing 
means in the present instance takes the form of a D.C. 
tachometer generator 16 which is connected to be driven 
by the press motor 11 or one of the press shafts which 
is powered by that motor. 

In order to create running tension in the web W and 
assure its smooth passage upwardly into the press, an 
automatic running tensioning system is provided to re 
tard the rotation of the supply roll 14A. This system is 
preferably of the pneumatic type disclosed and claimed in 
McWhorter U.S. Patent 2,743,881, to which reference 
may be made for a more detailed description. Briefly, 
the automatic tensioning system includes stationary fric 
tion straps 18 spaced apart over the axial length of the 
supply roll 4, fixed to tension springs i9 at their lower 
ends, and extending upwardly to anchor points 20, so that 
they partially wrap and frictionally engage the periphery 
of the expiring roll 4A. The running web W passes 
between spaced rollers 21, 22 and over a floating roller 
24 carried by a depending arm 25 pivoted as at 26. As 
tension in the running web W increases or decreases, the 
arm 25 is rocked about its pivot 26, thereby shifting a 
connecting link 28 associated with a pneumatic controller 
29 illustrated in block form. The controller 29 receives 
through conduits 30, 31 a supply of pressured fluid such 
as air stored in a reservoir 32 connected with a suitable 
compressed air source. In response to shifting of link 28 
the controller 29 changes the pressure of air supplied 
through a conduit 34 to penumatic rams 35 having rollers 
36 engaged with straps 18 near their lower ends. 

If the web tension should increase or decrease, the 
resulting movement of the depending arm 25 causes the 
controller 29 to reduce or increase the pressure of air 
supplied to the rams 35, so that the roller 36 tightens 
or slackens the straps 18 to decrease or increase the re 
tarding effect on the roll 14A. In this manner, and as 
more fully explained in the above-identified McWhorter 
patent, the tension in the running web W is automatically 
maintained at a predetermined value. In order that the 
automatically maintained tension may be adjusted, the 
conduit 30 includes a manually adjustable pressure regu 
lating valve 38 which when adjusted changes the con 
trol point maintained by the controller 29. A pressure 
gauge 39 may be connected into the conduit 30 and cali 
brated to read directly in units of tension which will be 
automatically maintained. 
When the web-supplying roll 14A is about to expire, 

the running web W is spliced to the leading end of the 
web on a new roll 14B without slowing down the travel 
of the web running into the press. To bring this about, 
the web splicing apparatus includes a reel assembly 40 
made up of a main reel shaft 41 supporting at its oppo 
site ends two spiders 42 having three arms 42a, 42b, 
and 42c spaced at 120° intervals. For the purpose of 
supporting web rolls for rotation about parallel axes, the 
arms of the spiders journal spindles 44a, 44b, and 44c 
on which the rolls are suitably chucked. To move each 
of the rolls to successive positions, and particularly to 
move the new roll 48 to a position in which its periph 
ery is adjacent the running web W, a reel motor M is 
drivingly connected with the shaft 41 and energized 
through normally open contacts FORE, FOR2, and FOR3 
which are closed in response to energization of a con 
tactor coil FOR. - 

O 

4. 
Because the reel shaft 41 and spider 42 may rotate 

through 360, the rolls chucked on the respective spin 
diles 44a–44c move progressively to different positions. 
As illustrated in Fig. 1, the roll 14A may be termed 
the “expiring roll” since it is shown in the supply po 
sition with the running web W being drawn therefrom 
The rol. 14B may be termed the "new roll' since it is 
the one from which the running web will be drawn after 
the next splicing operation has been completed. The 
roll 4C may be termed “the newly-loaded roll' since it 
has just been chucked on the spindles 44c after the core 
of the previous expiring roll was removed therefrom. 

In order to determine accurately and automatically 
when the new roll 14B has been translated to a position 
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closely adjacent the running web W, a photoelectric de 
vice 47 may be mounted on the press frame and asso 
ciated with a light beam source so that the light beam 
will be broken by the periphery of the new roll, and 
the photoelectric device actuated as the new roll reaches 
the desired position. 

For a purpose to be described, means are provided to 
sense or indicate the instants at which the expiring roll 
14A passes through two different angular positions. As 
here illustrated, first and second pairs of contact points 
CPA and CP2A are carried by the spider arm 42a, and 
means such as a cam CA is associated with those points 
to open and close them as the spindle 44a passes through 
two respectively different angular positions (Fig. 1). As 
shown in more detail by Fig. 1A, cam CA is fixed to 
the spindle 44a and has a flat peripheral portion 43 
which permits arms 53 biased by springs 53a associated 
with the movable contacts m to move radially inward 
and engage stationary contacts s. The cam CA thus 
causes the contact points CPA and CP2A to open and 
close once during each revolution of the expiring roll 
14A, and at respectively different instants when the roll 
is in different angular positions. Thus, it will be clear 
that the time interval between the opening of the points 
CPA and the closing of the points CP2A is inversely 
proportional to the angular velocity () of the roll 14A. 

Because in the progress of reel rotation each of the 
spindles 44a-44c will carry an "expiring roll," the reel 
arms 42b and 42c are similarly equipped with contact 
points CP1B, CP2B and CP1C and CP2C, as well as 
cams CB and CC mounted on the spindles 44b and 44c. 
In order to connect the particular sets of contact points 
associated with the roll which at any given time is in 
the expiring position, the spider 42 carries a first slip ring 
45 (Fig. 2) which is circular in extent, and a second slip 
ring 46 made up of three arcuate segments Sa, Sb and Sc. 
The spider arms also each carry two gravity-operated 
mercury switches, MS1A and MS2A, MSB and MS2B, 
and MSC and MS2C, respectively. The switches MS1A, 
B and C are constructed and oriented to close when their 
respective arms lie within the arc between the lines I and 
II, while the switches MS2A, B and C are constructed to 
close when their respective arms lie within the arc be 
tween the lines III and II (Fig. 1). Stationary brushes 
48 and 49 ride on the slip rings 45 and 46 and cooperate 
with the mercury switches to complete selective elec 
trical connections as will be apparent from the following 
description of Fig. 9. The brushes 48 and 49, the slip 

- rings 45 and 46, and the mercury switches also serve to 
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selectively connect in a circuit the contact points CP1B 
of the spider arm supporting the new roll 14B, these con 
tacts being used to accurately time or phase the instants 
at which web deflecting and severing means are actuated, 
as will be more fully explained. 

Also, in order to sense the angular positions of the reel 
shaft 41 and thus the positions of the rolls carried there 
by as the reel rotates, a circular cam 50 is carried by the 
spider 42 (Fig. 2). The cam 50 cooperates with three 
stationary limit switches RLS1, RLS2, and RLS4 which 
are actuated whenever their followers drop into depressed 
portions 50a, spaced at 120 intervals around the periph 
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ery of the cam. The three limit switches are so, posi. 
tioned that the switch RLS1 is actuated just at the instant. 
that the new roll 14B makes initial contact with the sta 
tionary friction straps 18, as the reel shaft 41 rotates. 
clockwise following a splicing operation. The limit switch 
RLS2 is so positioned that it is actuated when the new 
roll has become firmly engaged with the friction straps 
18 as the shaft 44 rotates still further after a splicing. 
operation has been completed. Finally, the limit switch 
RLS4 is so positioned that it will be actuated when the. 
new roll has been moved, by clockwise rotation of the 
reel assembly 40, to a normal operating position where 
it becomes the expiring roll after a splicing operation has 
completed. - -- 

Besides the reel assembly 40 which rotatably supports 
the expiring roll 14A, the new roll 14B, and the newly 
loaded roll 4C, and permits their progressive movement 
in a circular path, the web splicing apparatus further 
includes means for predriving or rotating the new roll 
of 4B prior to the splicing operation in order that its 
peripheral speed will substantially match the linear veloc 
ity of the running web. Moreover, the predriving means 
are also employed in the present instance to retard the 
new roll immediately after a splicing operation to tension. 
the web running into the press during that transition 
period required for the reel assembly to advance the new 
roll into engagement with the running tension straps 18. 
As here illustrated, the predriving and transition tension 
means include a predrive carriage 55 which is pivoted to 
swing about a shaft 56 between a raised or stowed posi 
tion clear of the path of movement of the rolls supported 
by the reel assembly 40, and a lowered position in which 
it is in operative contact with the new roll 14B. The 
carriage 55 journals pulleys 58, 59 on either end over 
which is trained an endless belt 60. When the carriage 
55 is lowered, the belt 60 engages the surface of the new 
roll 4B, and if the belt 60 is either driven or braked, 
it will serve to apply a driving or braking torque to the 
new roll i4B. For this latter purpose, the pulley 59 is 
drivingly connected with a predrive and braking motor 
PDM which is energized in a manner to properly control 
either its driving speed or its regenerative braking torque 
by an amplidyne 61 governed by a suitable control cir 
cuit 62. The control circuit 62 is responsive to a signal 
created by a tachometer generator 64 driven by a rotat 
ing part of the press 10, so that its output voltage is 
proportional in magnitude to the press speed, i.e., to the 
linear velocity of the running web W. Also, the control 
circuit 62 is responsive to a voltage created by a second 
tachometer generator 65 which is driven by a belt 66 
trained over the pulley 59, so that the output signal of 
the tachometer 65 is proportional to the linear velocity 
of the belt 68 and therefore proportional to the periph 
eral speed of the new roll 14B. The manner in which 
the control circuit at 62 functions to govern the ampli 
dyne 61 which in turn energizes the predrive motor 
PDM to create predriving or transition tensioning is more 
fully described in the above-mentioned copending appli 
cation of Chase et al. Reference may be had to that co 
pending application for further details. 

In order to move or shift the predrive carriage. 55 be 
tween its stowed and its operative positions, power means 
such as a double-acting pneumatic ram 69 is preferably 
employed. As here illustrated, the pneumatic ram at 69 
has its piston rod 70 pivotally connected to the carriage 
of 55 so that upon extension and contraction of the ram 
the carriage will be swung counterclockwise and clock 
wise, respectively, about the shaft 56. To control the 
energization of the double-acting ram 69, a four-way. 
solenoid valve 7 is interconnected between the opposite 
ends of the ram 69 and conduits leading to a fluid pres 
sure source and the atmosphere. Since the movable part 
of the valve 71 need have but two positions, it is con 
trolled by energizing or deenergizing an associated sole 
noid PRSOL. As illustrated in Fig. 1, the valve 71 is 
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6 
conditioned to extend the piston rod 70 and lower the 
predrive carriage 55 whenever the solenoid PRSOL is 
electrically energized. Conversely, when the solenoid 
is deenergized the ram 69 raises the carriage 55. 
Once the new roll 4B has been moved to a position 

adjacent the running web W by rotation of the reel as 
sembly 40, and the new roll 14B predriven so that its 
peripheral speed substantially matches the linear velocity 
of the running web W, the actual splicing of the running 
web to the leading end of the new roll web is accom 
plished by deflecting the running web against the surface. 
of the new roll. It will be understood that a pattern 
of glue or other adhesive material is previously applied 
on the leading end of the new roll web, said adhesive. 
pattern having axial discontinuities in the regions where 
the tensioning straps 18 and predrive belt 60 engage the 
new roll surface. This deflection of the running web W 
against the new roll 14B causes the leading end of the 
new roll web to adhere to the web W and start traveling 
into the press. 
For deflecting and then severing the running web W, a 

paster assembly 75 is provided which includes a car 
riage 76 pivotally supported on a shaft 78 to swing be 
tween a retracted, stowed position clear of the path of 
movement of the reel-supported rolls, and a lowered or. 
operative position adjacent the running web. W but on 
the opposite side thereof from the new roll 14B. For 
causing remotely controlled, automatic raising and lower 
ing of the paster carriage 76, power means such as a 
double-acting pneumatic ram 79 are associated with the 
carriage 76. As here shown, the ram 79 includes a 
piston rod 80 pivotally connected to the carriage 76, the 
ram being controlled by a four-way valve 81 (similar 
to the valve 75) which in turn is controlled by an elec 
tric Solenoid PASOL. When the Solenoid PASOL is 
electrically energized, the valve 81 is shifted to that one 
of its two positions which causes the ram 79 to lower 
the carriage 76 to its operative position adjacent the run 
ning web W. 
Supported by the paster carriage 76 are means for de 

flecting the running, web W. against the periphery of the 
new roll 4B in order that the running web will adhere. 
to the adhesive on the leading end of the new roll web. 
Such means are here shown as a plurality of brushes 84. 
spaced axially along the roll to clear the belts 18 and 
carried by arms fixed to a rotatable brush shaft 85. The 
shaft is cocked against the bias of torsion springs (not 
shown) to the position illustrated in Fig. 1 and held by. 
means in the form of a latch cam 86 affixed to the shaft 
85 and engaged by one arm of a bell crank 88. For 
releasing the latch and permitting the shaft 85 and 
brushes 84 to swing clockwise under the influence of 
the torsion springs, an electromagnetic brush solenoid 
BSOL is mounted on the carriage 76 so that when ener 

shift it free of the latch cam 86. To signal that the 
brushes 84, have been released and the running web. W 
deflected thereby against a new roll 4B, a brush limit 
switch BLS is mounted on the carriage 76 with its ac 
tuator engaging the latching crank 88. When the sole 
noid BSOL is energized to shift the latching crank 88 
free of cam 86, the resulting movement of the latching 
crank trips the limit switch BLS. 
Means are also provided to sever the old web drawn 

from the expiring roll 14A immediately after the brushes 
84 have deflected the web against the glue pattern on 
the new roll 14B. As here illustrated, such means take 
the form of a plurality of serrated knives 90 spaced 
axially along the roll to clear the straps 18, being fixed 
to and rotatable with a shaft 91 journaled on the carriage 
76. The shaft 91 is cocked against the bias of torsion 
springs (not shown) and held in the position shown by 
latch means such as a latching cam 92 fixed to the shaft 
9 and engaged by one arm of a latching lever 94, To 
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release the latching means and permit the knives 90 to 
swing clockwise for severing engagement with the old 
web, a knife solenoid KSOL is supported on the carriage 
76 and positioned such that when the solenoid is ener 
gized its armature will engage and deflect the latching 
lever 94 free of the cam 92. This release or actuation 
of the web-severing knives 90 is signaled by a knife limit 
switch KLS which is disposed to be actuated in response 
to unlatching movement of the lever 94. 

For sensing the position of the paster carriage 76, a 
first carriage limit switch 1CLS is mounted oin a stationary 
support and located such that its actuator will be de 
pressed by the carriage when the latter is fully elevated 
to the illustrated position. Two additional carriage limit 
switches 2CLSa and 2CLSb, here shown as mercury 
bottle switches, are mounted on the carriage so that the 
switch 2CLSa is open when the carriage is elevated and 
closed when it is lowered, and so that the Switch 2CLSb 
is closed when the carriage is elevated and opened when 
it is lowered. These switches are used for control pur 
poses as will be explained hereinafter. 

Sensing and signaling roll diameters 
In accordance with the present invention, the pre 

liminary operations of rotating the reel assembly 40 to 
position the new roll 14B, lowering the predrive and 
paster carriages 55 and 76, and predriving the new roll 
14B are all initiated and carried out sequentially when 
the expiring roll 4A reaches the first diameter, which 
at the then existing press speed leaves sufficient time for 
these preliminary operations to be completed before the 
actual splicing of the webs must take place. Further, 
the deflection of the running web W against a new roll 
14B and the severing of the expiring roll web are initiated 
and carried out sequentially when the expiring roll 4A 
reaches a second, Smaller, predetermined diameter in 
dicative of the face that substantially all of the web on 
the expiring roll has been used up. 

In order to determine when the expiring roll 4B 
has reached such first and second diameters, means are 
provided to sense the angular velocity of the expiring 
roll, to sense the linear velocity of the running web, 
and to compare the two to establish when they have 
reached a certain ratio. The angular velocity of the ex 
piring roll depends upon two things, viz., the linear ve 
locity of the running web (press speed) and the di 
ameter of the roil. The linear velocity of the web may 
be adjusted by the control means 12 (Fig. 1) to have 
any value within a wide range. 
The preliminary operations of positioning the car 

riages and predriving the new roll always require about 
the same amount of time. But the faster the web speed, 
the greater is the rate of decrease in the diameter of 
the expiring roll. So, in accordance with one feature 
of the invention, the preliminary operations are initiated 
when the expiring roll has a diameter which is at least 
approximately proportional to the adjusted web velocity 
or press speed. This means that by the time the pre 
liminary operations are completed the expiring roll has 
almost reached a certain diameter which is independent 
of the press speed. 
To so initiate the preliminary operations when the ex 

piring roll has a diameter related to the adjusted press 
speed, two signals varying as functions of the roll ve 
locity and web velocity are generated, compared, and 
utilized to start the preliminary operations when one sig 
nal exceeds the other. 
Then, after the preliminary operations are completed, 

the actual splicing is triggered when the expiring roll has 
been reduced to a certain, predetermined diameter which 
is always the same regardless of the adjusted value of 
the press speed. In keeping with one feature of the in 
vention, this is accomplished by the same signal generat 
ing apparatus mentioned above, but with one of the sig 
nal generating means being modified to have a different 
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input-output function. The two signals varying as func 
tions (one modified) are compared, and utilized to trigger 
the actual splicing operation when one signal exceeds the 
other. 

Referring now to Fig. 3, one arrangement is there il 
lustrated for electrically determining when the expiring 
roll has reached a first diameter. The sensing of the 
angular velocity of the expiring roll involves the creation 
of a recurring signal having an asymmetrical wave form 
(see 104 or 12 in Fig. 4 or 8) and a frequency which 
depends upon such angular velocity. First, it will be 
recalled that the contact points CPEA and CP2A, ap-. 
pearing in Fig. 3, are sequentially actuated at instants 
when the expiring roll passes through respectively dif 
ferent angular positions, by virtue of the fact that the 
contacts are physically disposed on opposite sides of 
the actuating cam CA carried by the expiring roll spindle 
(Fig. 1). Thus, the time period which elapses beween 
the opening of the first points CPA and closing of sec 
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ond points CP2A during each revolution of the expiring 
roll 14A is universely related to the angular velocity w at 
which the expiring roll is turning. 
To create a signal which repetitively varies substantially 

exponentially during the time period between the open 
ing the first contact points CPA and the closing of the 
second contact CP2A, a series circuit including a res'stor. 
component and a capacitor component is connected to 
a suitable direct voltage source. Such series circuit as 
here shown includes a capacitor C and a resistor R1 
connected in series with one another and across the 
conventionally represented direct voltage source E. The 
first set of contact points CPA are connected directly 
in parallel with the capacitor C so that when those 
points are closed, the capacitor will be quickly and fully 
discharged, and the full magnitude of the voltage source 
E will appear across the resistor R. However, each 
time instant the contact points CPA open, the capacitor. 
C will begin to charge exponentially, so that current 
flow through the resistor R will decay exponentially 
producing a gradually and smoothly decreasing voltage 
drop er across that resistor. Thus, the longer the time 
elapsing after opening of the first contact point CPA 
the smaller will be the voltage drop er appearing across 
the resistor R1. This shunting and discharging of the 
capacitor C followed by exponential charging of the 
capacitor C through the resistor R will repeat for each 
revolution of the expiring roll as the contact points 
CPA close and open. 

. To create a signal which is proportional in magnitude 
to the linear velocity of the running web W drawn from 
the expiring roll, the D.C. tachometer generator 6 (see 
also. Fig. 1) is employed in the circuit of Fig. 3. Pref 
erably, a resistance potentiometer 00 is connected di 
rectly across the terminals of the tachometer 15 so that 
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the voltage ey appearing between the slider 100a of 
the potentiometer and the negative terminal of the ta 
chometer may be adjusted, thus changing the propor 
tionality factor which relates the voltage e to the linear 
velocity v of the running web. 
To determine when the expiring roll 4A has reached 

a certain diameter indicating that the preliminary web 
splicing operations should be initiated, the repetitive ex 
ponential voltage variation appearing across the res'stor 
R1 is compared with the voltage ey (which is propor 
tional to the linear web velocity) at the instants that 
the second contact points CP2A close. For this pur 
pose the second contact points CP2A, a current respon 
sive signaling device here shown as the coil of a relay 
MP, a unidirectionally conductive device or diode 101, 
and the voltage ey are all connected in series across the 
resistor R1. The voltage e is poled to oppose or buck 
the varying D.C. voltage er which appears across the 
resistor R1, and the diode 101 is poled to perm't cur 
rent flow only if the voltage er exceeds the voltage e. 
when the contact points CP2A are closed. 
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It will thus be seen that if the press is operating at a 

centain speed so that the web velocity-proportional sig 
nal ey has a certain value, then as long as the expiring 
roll is rotating sufficiently slowly that the voltage across 
R1 decreases to a value less than the voltage ey before 
the contact points CP2A close, then no current can flow 
to energize the current responsive device MP. On the 
other hand, if as the expiring roll decreases in diameter 
and its angular velocity correspondingly increases for a 
given linear velocity of the running web, then the time 
interval between the opening of the contact points CPA 
and the closing of the contact points CP2A will decrease, 
so that the exponentially decreasing voltage eR appear 
ing across the resistor RE will be larger than the voltage 
ey at the instant that the contact points CP2A close. 
Under these circumstances, current will flow through the 
diode 101 and the relay coil MP. A momentary ener. 
gization of the relay coil MP causes the re'ay to pick 
up, and this signaling may be utilized, as hereinafter de 
scribed, to initiate the desired preliminary or final op 
erations of the web splicing apparatus. 

Figs. 4 and 5 are helpful in an understanding of how 
the circuitry illustrated in Fig. 3 operates to energize the 
current-responsive signaling device MP only when the 
expiring roll has been reduced to a desired diameter 
indicating that the preliminary operations of the web 
splicing equipment should be initiated. In Fig. 4, it is 
assumed that the printing press is operating at a certain 
speed S1 so that the running web W has a corresponding 
velocity. The voltage ey produced by the tachometer 6 
will therefore have a certain proportional and constant 
value represented by the line e in Fig. 4. Now if when 
the expiring roll has a greater diameter than the prede 
terminad diameter d at which it is desired to energize 
the relay coil MP, the expiring roll will have a relatively 
small angular velocity, and considerable time will elapse 
between the instants at which the contact points CPAA 
and CP2A respectively open and close. In Fig. 4 the 
time instants labeled "a' represent the instants that the 
contact points CPAA open, while the time instants marked 
"b' correspond to the instants at which the contact points 
CP2A close. It will be seen that during the intervals 
that the contact points CPSA are closed and the capacitor 
C is shunted, the voltage er appearing across the re 
sistor Ri will be equal to the full magnitude of the volt 
age source E. Then, at each instant “a” when the con 
tact points CPA open, the voltage appearing across 
the resistor R1 will decay exponentially as shown by the 
curved portions 104. As illustrated in the left portion 
of Fig. 4, if sufficient time elapses between the time 
instants “a” and "b,' the exponentially decaying voltage 
er will fall below the voltage e1 at the instants "b" 
when the contact points CP2A close. Under these cir 
cumstances, i.e., with the roll diameter greater than the 
predetermined diameter d, so that its angular velocity 
is relatively low, no current can flow through the relay 
coil MP since by the time the contact points CP2A 
close, the voltage eR has decayed to a value less than 
the voltage ev1. 
On the other hand, and as graphically illustrated in 

the right portion of Fig. 4, when the expiring roll diam 
eter is reduced to or is slightly less than the predeter 
mined diameter d, then it must rotate at a higher angu 
lar velocity (for the same linear velocity of the running 
web), and the time intervals between the instants "a" 
and "b' when the contact points CPiA and CP2A re 
spectively open and close, are considerably shortened. 
Therefore, by the time that the contact points CP2A 
close, the exponentially decaying voltage er appearing 
across the resistor R1 has not fallen below the magni 
tude of the velocity-proportional voltage ey. Under these 
circumstances, therefore, when the contact points CP2A 
close at the time instants "b,” the voltage e will exceed 
in magnitude the voltage ey and current will flow through 
the diode 101 and the relay MP, thus actuating the latter. 
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In one sense the capacitor C, contacts. CPA, resistor. 
R1 and contacts CP2A may be viewed as creating 
pulse-like signals whose amplitude is a function of the 
angular velocity of the expiring roll. That is, during 
those short time intervals that contacts CP2A are closed, 
a voltage is connected in series with the relay MP, and 
that voltage is in magnitude a non-linear function of the 
roll velocity. 

It will be apparent that the angular velocity of the 
expiring roll, and thus the time intervals between the 
instants "a' and “b' depends upon the roll diameter, as 
suming that the press speed and linear velocity of the 
running web remain constant. However, if the press 
speed is increased or decreased so that the linear velocity 
of the running web W is correspondingly increased or 
decreased, that also will increase or decrease the angular 
velocity of the expiring roll and change the time interval 
between the time instants “a” and "b" even though the 
roll diameter remains substantially constant. 

However, a change in the press speed or linear velocity 
of the running web does not adversely affect the opera 
tion of the sensing apparatus shown in Fig. 3. Referring 
to Fig. 5, the same graphic illustration of the voltage 
variations are illustrated as in Fig. 4 except that it is 
assumed that the press speed has been increased to a dif 
ferent value S2 so that the running web has a greater 
Velocity and the magnitude of the proportional voltage 
ey is increased to a value eva. Under these circumstances, 
when the expiring roll diameter is greater than the 
predetermined value d, the time intervals between the 
instants 'a' and "b" will be short as contrastingly illis 
trated by the left portions of Figs. 4 and 5. But while 
these time intervals are shortened, the voltage ea has 
been proportionally increased so that the instants “b' 
when the contact points CP2A are closed, the exponen 
tially decaying voltage er represented by the curve por 
tions 104 has fallen below the increased value of velocity 
proportional voltage eva. Thus, as illustrated in the left 
portion of Fig. 5, even through the press speed has been 
increased to a value S2, the diode 101 cannot conduct 
at the instants "b' when the contact points CP2A close, 
so that the relay MP remains deemergized. 
As illustrated in the right portion of Fig. 5, by the 

time that the diameter of the expiring roll has become 
equal to or less than the predetermined diameter d, 
the angular velocity of the expiring roll has been further 
increased, so that relatively short time intervals occur 
between the time instants “a” and “b.” Accordingly, at 
the instants "b" when the contact points CP2A close, the 
exponentially decaying voltage er will not have decreased 
below the value of the velocity-proportional voltage e. 
Thus, when the contacts CP2A close, the diode 101 will 
permit current flow through the relay coil MP and ener 
gization of this relay may be caused, as hereinafter ex 
plained, to initiate the desired operations of the web 
splicing apparatus. 
The foregoing explanation of the organization and 

operation of the circuitry illustrated by Fig. 3 may be 
made even clearer by a brief mathematical analysis. 
Since the period between the opening of the contact 
points CP1A and the closure of contact points CP2A 
is the time interval required for the expiring roll to ro 
tate through a fixed, predetermined angle, that time 
period is inversely related to the angular velocity of the 
expiring roll. This may be expressed: 

-8. 
To (1) 

where 

T=time period between instants a and b; 
w=angular velocity of expiring roll; and 
k1=proportionality constant. 
But as previously explained, the capacitor C charges 
exponentially, beginning each instant that the contact 
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points CP1A open. It is known that the exponentially 
decaying charging current as it varies with time may be 
written: 

- 

i-ER (2) 
where 

is-charging current; 
E=source voltage; 
R=resistance of Ri; 
C=capacitance of C; and 
t=time. 

Since the value of the voltage et appearing across the 
resistor R1 is simply the product of the resistance value 
and the instantaneous current value, the variation of the 
voltage e with time measured from the instant that the 
contact points CPA open may be written: 

- 

er = iR1 = Ee (3) 
But it is also readily apparent that the linear velocity of 
the running web W and the angular velocity and in 
stantaneous diameter of the expiring roll are related in 
the following manner: 

vscardo (4) 
where 

va-linear velocity of web; 
d=diameter of expiring roll; and 
cy=angular velocity of expiring roll in revolutions per 

unit time. 

Solving Equation 4 for w and substituting Equation 1, 
the following expression may be obtained: 

kard T (5) 

And substituting time T as expressed in Equation 5 for 
time t in Equation 3, the following may be written to 
express the value of er at the instants b when the con 
tact points CP2A close: 

-(E. eR Ee R.C. p. (6) 

Now it will be apparent from the previous explana 
tion of the circuitry in Fig. 3 and the operation of the 
diode 10 that current can flow through the signaling de 
vice MP only when the voltage eR1 equals or slightly ex 
ceeds the voltage ey at the instant T when the contact 
points CP2A close. Thus, the relay coil MP will be 
energized at one of the instants b only if at that instant 

(7) 
As previously explained, the velocity-proportional volt 
age e is simply directly proportional to the linear veloc 
ity of the running web, and thus may be expressed: 

e (Reev 

(8) ey=key 
where 
e-velocity-proportional voltage 
y-linear velocity of web; and 
k=proportionality constant. 
Substituting in Equation 7 the values of eRi given by 
Equation 6 and e given by Equation 8, the following ex 
pression may be written which will determine the condi 
tion which must exist before the relay coil MP is ener 
gized: 

-(E- Ee MRO V-k (9) 
Taking the logarithm of both sides of Equation 9, this 
may be rewritten: 

i) -loge (i. 
But it is well known from established mathematical prin 

kit d (9a) 
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12 
ciples dealing with logarithms that the positive logarithm 
of a number n is equal to the negative logarithm of the 
reciprocal of n, i.e., log 

n=-log 
Applying this to the value 

log () 
Equation 9a may be rewritten: 

kit d E. =logs () (9b) 
Solving for the diameter d: 

R1C E. de k1ar 2) -loge l (9c) 

Breaking the last term of Equation 9c into a summation 
of logarithms which renresents the indicated divisions, 
Equation 9c may be rewritten: 

d= ... (log E-log ka-log v) (9d) 
Since the expression 

R1C 
k17t 

is a constant, it may be represented as a composite con 
stant K1. Moreover, since E is a constant and k is a 
constant, the quantities log E-log k may be lumped and 
considered as a composite constant K. With this, 
Equation 9d may be rewritten: 

d=Kiv(Ka-logv) (9e). 
With reference to Equation 9e, the value of the term 
"log v' is made relatively small compared with the value 
of the constant K2. This is accomplished in actual prac 
tice by making the D.C. voltage E relatively high and 
the proportionality factor k relatively low. With this, 
the term log v is, for practical purposes, negligible in 
Equation 9e. Thus, that equation can be rewritten: 

dal KKa' (10) 
From Equation 10 it will be seen that the diameter d at 
which the relay coil MP is energized will be substantially 
proportional to the web velocity v, i.e., the press speed. 
The result of this is that when the press speed is rela 

tively high, the relay coil MP is energized when the roll 
diameter is relatively great, and when the press speed is 
relatively low, the relay coil MP is energized when the 
expiring roll diameter is relatively small. This gives a 
substantially uniform period of elapsed time during the 
instant that the relay coil MP is energized and the instant 
that the expiring roll reaches a second smaller predeter 
mined diameter, or completely expires. 
The foregoing explanation makes it clear how the 

signaling device MP is energized when the expiring roll 
4A reaches a certain diameter which is related to the 

press speed, and which signifies that the expiring roll has 
a certain time period to run before actual changeover to 
the new roll must take place. This time period will be 
almost constant for successive splicing operations, even 
though the press speed is different, and it insures that 
the positioning of the new roll 4B by rotation of the 
reel assembly 40, the lowering of the carriages 55 and 
76, and the predriving of the new roll 14B by the pre 
drive motor PDM and belt 6G are all accomplished in good 
time before the actual splicing and severing operations 
need occur. 

In accordance with another aspect of the invention, 
means are provided to signify, as by energizing a current 
responsive signaling device, when the expiring roll diam 
eter has been further reduced to a certain fixed value 
which is independent of press speed and at which an 
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actual changeover to the new roll web should take place, 
To accomplish this, means are provided to create a 

signal which repetitively varies in substantially hyper 
bolic relation with time from the instants that the con 
tact points CP1A open. As used herein, the term "hyper 
bolic variation" or "hyperbolic relation” refers to the 
general relation between variables x and y expressed by 
the equation xy=k, where k is a constant, or to a relation 
which is closely approximated by that equation. Since 
a high degree of precision is not vitally necessary, it has 
been found that it is possible to create a voltage varia 
tion which sufficiently approximates a hyperbolic relation 
with time by utilizing a modified resistance-capacitance. 
charging or discharging circuit. This may be done quite 
simply by employing many of the components previously 
described in connection with Fig. 3. And as here shown 
in Fig. 3, it is done simply by closing a switch Sa which 
connects the second resistor R2 directly in parallel with 
the capacitor C, thus changing the time constant of the 
circuit and increasing the steady state or limiting value 
of the voltage which appears across the series resistor R. 

Considering again Fig. 3, although as modified by the 
connection of the resistor R2 in parallel with the capacitor 
C, it will be seen that when the contact points CP1A are 
closed, both the resistor R2 and the capacitor C are 
shunted so that the capacitor is discharged and the full 
value of the voltage source E annears across the resistor 
R. When the contact points CP1A open, the capacitor 
C begins charging exponentially by current flow through 
the resistor R1, but at the same time a portion of the 
current flowing through the resistor R1 passes through the 
resistor R2 which is in parallel with the capacitor. Ac 
cordingly, the voltage variation er appearing across the 
resistor R1 due to the current flow therethrough does not 
decay in a true exponential fashion but rather decays to 
ward a steady state value equal to the source voltage E. 
multiplied by the ratio of the values of R to R2. By 
proper choice of Specific capacitance and resistance values, 
the variation in the voltage et appearing across the re 
sistance R1 from the instant that the contacts CP1A open 
may be made to approximate a hyperbolic relation with 
passing time, at least over the time intervals during which 
sensing action takes place. 

This is lilustrated more clearly by the curves of Fig. 6 
where the curve 105 represents a true exponential varia 
tion of the voltage er which would be obtained with the 
resistor R2 in Fig. 3 disconnected. The curve 106, by 
contrast, illustrates the voltage variation appearing across 
the resistor R1 when the switch Sa in Fig. 3 is closed 
to connect the resistor R2 in parallel with the capacitor 
C. It will be seen from curve 106 in Fig. 6 that with the 
resistor R2 connected in parallel with the capacitor, the 
voltage er decays from an initial value E toward an 
asymptotic value 

R 
R2 

and thus is flattened out considerably. Even though the 
voltage variation represented by the curve 106 has a 
finite value E at the instant when time t equals 0, the 
manner in which the voltage thereafter changes with time 
may be made to sufficiently approximate the hyperbolic 
variation with time, that is, a variation which substan 
tially follows the mathematical relationship, erit=k, 
where k is a constant. 

in addition to creating a voltage signal which varies 
Substantially hyperbolically with time from each instant 
that contact points CPA open, the system illustrated in 
Fig. 3 further includes, as previously described, means 
such as the tachometer 16 and potentiometer 100 for 
creating a voltage ey which is proportional to the linear 
Velocity of the running web W. It also includes a series 
circuit made up of the contact points CP2A, the current 
responsive signaling device or relay coil MP, the unidi 
rectionally conductive device or diode 101, and the voltage 
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14 
ey connected in series and across the resistor R1. It will 
be noted that the voltages eR and ey are connected with 
opposing polarity, in that dicle 101 is connected to con 
duct only when the voltage er exceeds the voltage e at 
the time when the contacts CP2A are closed. 
AS previously indicated, the apparatus illustrated in 

Fig. 3 as modified by the closure of the switch Sa to con 
nect the resistor R2 in parallel with the capacitor C oper 
ates to energize the relay coil MP when the expiring roll 
diameter has been reduced to a predetermined value, and 
regardless of the particular speed at which the press may 
be operating. To make this more clear, a brief mathe 
matical analysis of the operation will be helpful. Re 
calling, as previously explained in connection with 
Equation 1, supra, that the time period T between the 
opening of the contacts CPSA and the closing of the con 
tacts CP2A is inversely related to the angular velocity 
of the expiring roll, the equation (1) may be reproduced 
here: 

-1 
To (1) 

But the voltage variation shown by the curve portions 104 
in Figs. 4 and 5 are not now exponential variations, but 
Sufficiently approximate a hyperbolic variation for pur 
poses of analysis. Thus, the instantaneous value of the 
voltage appearing across the resistor R at any time t 
after the opening of the contacts. CPA may be approxi 
mated by the expression: 

eR1t=ks (12) 
where 

eR1=voltage across resistor RE; 
t=time measured from instant contacts CP1A open; and 
k3=a constant. 
Substituting the value of time T from Equation 11 for 
time t in Equation 12, the following may be written to 
define the value of eri at the instants b when the con 
tacts CP2A close: 

elec) ki (13) 

The relationship between the linear velocity y of the run 
ning Web, and the angular velocity w and diameter of the 
expiring roll 14A are the same as expressed in Equation 
4, Supra, which may be reproduced here: 

(14) 
And, as expressed before in Equation 8, the value of 
the voltage ey is proportional to the linear velocity of 
the running web: 

ev=kgy (15) 
Solving Equation 14 for w and substituting that expression 
in Equation 13, the following result is obtained: 

ka 
éri 

But, as expressed before in Equation 7, current flows to 
energize the relay MP only when the voltage er appear 
ing across the resistor R1 is equal to or greater than the 
Velocity-proportional voltage ey at the time instant T that 
the contact points CP2A close. Thus, the relay MP will 
be energized if, at time T, 

(16) 

(17) 
Substituting the values of e.v and er from Equations 13 
and 16 in Equation 17, we obtain: 

eR1 =ey 

(18) 

(18a) 
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Since k2, ki, k and it are all constants, Equation 18a may 
be written in simplified form: 

where K is a composite constant. 
It will be seen from Equation 19 that the value of the 

diameter d of the expiring roll when the relay coil MP 
is energized, is, in this instance, entirely independent of 
the particular velocity of the running web or the press 
Speed which may then exist. In other words, regardless 
of the particular speed at which the press may be oper 
ating, the circuitry illustrated in Fig. 3 and as modified 
by the connection of the resistor R2 in parallel with the 
capacitor C to produce a substantially hyperbolic voltage 
variation across the resistor R1 will energize the relay 
coil MP whenever the expiring roll is reduced to a pre 
determined and preselectable diameter. This predeter 
mination of the value of the expiring roll diameter when 
energization of the relay coil occurs may be made simply 
by adjusting the values of the constants ki, ka ka in Equa 
tion 18a, and it may be most easily accomplished by 
either changing the setting of the potentiometer wiper 
109a to change the constant k2, or by changing the values 
of the resistors R1 or R2, as well as by changing the 
value of the capacitor C. This energization of the relay 
coil MP at an instant when the expiring roll has reached 
the predetermined fixed diameter, is utilized, as explained 
below, to initiate the action of the web deflecting and 
Severing means. 

Returning now to Fig. 7, there is illustrated a preferred 
arrangement for successively energizing a current-respon 
sive signaling device exemplified by the relay coil MP, 
first when the expiring roll reaches a diameter related to 
the Speed at which the press is operating, and secondly, 
for energizing that same relay coil MP when the expiring 
roll has been reduced further to a second and smaller pre 
determined diameter which is substantially always the 
Same regardless of the speed at which the press is operated. 

It will be seen that the circuit of Fig. 7 in its normal 
State with none of the relays energized, presents a series 
circuit comprising normally closed relay contacts X5, and 
the capacitor C connected in series with two resistors R1, 
Ra across a direct voltage source E. Thus, a fairly high 
value of charging resistance made up of the two resistors 
R and Ria in series is operatively connected in the cir 
cuit. The contact points CPA, as previously explained 
in connection with Fig. 3, are connected in parallel with 
the capacitor C. Two potentiometers it and 111 hav 
ing adjustable sliders 11a, Sila are connected across 
the tachometer 6, the sliders being connected alter 
natively through normally closed contacts X2 and nor 
mally open contacts X3 of a relay X to the diode 101. 
Under these circumstances, a series combination of the 

contact points CP2A, the relay coil MP, the diode 19, 
and a first voltage eye (which is proportional to the linear 
velocity of the running web) is connected directly across 
the two series-connected resistors R1 and Ra. Therefore, 
as the contact points CPIA and CP2A successively open 
and close, the voltage appearing across the two resistors 
Ri and Ria will decay exponentially as shown by the 
curves 2 in the left portion of Fig. 8. When the ex 
piring roll is reduced to the first diameter d so that its 
angular velocity increases sufficiently to shorten the time 
interval between the instants 'a' and "b" at which the 
contacts CPA and CP2A respectively open and close, 
the voltage appearing across the resistors R1 and Ra 
will exceed the voltage eva appearing across the potentiom 
eter 110 when the contact points CP2A close, so that the 
diode i01 will permit current flow through the relay MP. 
This, as previously explained, will occur when the ex 
piring roll reaches a diameter which is related to or sub 
stantially proportional to the press speed, since the capaci 
for C connected in series with the resistors R1 and Ra 
will charge exponentially. As a result, the relay coil MP 
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signifies that the expiring roll contains a sufficient quantity 
of the paper web to permit operation for a given interval 
of time, say about one and one-half minutes. 
When the coil MP is energized, the contacts controlled 

by that relay may be used, as hereinafter explained, to 
initiate the preliminary operations of the web splicing ap 
paratus. But further energization of the relay coil MP 
results in momentary closure of the normally opened con 
tacts MPa (Fig. 7), which are connected in series with 
the coil X of an auxiliary relay across the voltage source 
E. Accordingly, the relay X will be energized and sealed 
in by its own normally open contacts X1. At the same 
time the relay contacts X2 will open, and the relay con 
tacts X3 will close to disconnect the slider 110a from 
the circuit including the diode 101 and reconnect in its 
place the slider 111a. Accordingly, a different propor 
tionality factor is established for the web velocity-propor 
tional voltage and in this instance, a velocity-propor 
tional voltage et will be established. As illustrated in 
the right portion of Fig. 8, the voltage et is considerably 
greater in magnitude than the voltage eva, even though 
the press speed has remained constant at the value S1. 
Further, when the relay X is energized, its contacts X4 
close to shunt the resistance R1a, its contacts X5 open 
to isolate the capacitor C, and its contacts X6 close to 
connect the parallel combination of a resistor R2 and a 
capacitor C1 of a different value in the place of the 
original capacitor C. 

It will be apparent, therefore, that under these cir 
cumstances a smaller resistance value made up only of 
the resistance R is connected in series with the capacitor 
C1 across the voltage source E, and that a resistance R2 
is connected in parallel with the capacitor. This results 
in substantially the same circuit as represented by Fig. 
3 with the switch Sa closed, except that the relay X, 
picked up in response to momentary energization of the 
relay MP, serves to change the proportionality constant 
relating the voltage e to the linear velocity of the run 
ning web, and serves to change the value of the charging 
resistance, as well as to change the value of the capaci 
tance, and to place the resistor R2 in parallel with the ef 
fective capacitor. 
The effect of the relay X and its contacts, therefore, is 

to modify the circuit illustrated in Fig. 7 from one in 
which the voltage variation across the resistor R1 decays 
substantially exponentially with time from the instants 
that the contacts CP1A open to a circuit in which the 
voltage variation appearing across the resistance R1 de 
cays substantially hyperbolically with time. This, as made 
clear from the foregoing description with reference to Fig. 
3, will result in the relay coil MP being energized a sec 
ond time when the expiring roll reaches a smaller pre 
determined diameter d. As illustrated in the right portion 
of Fig. 8, the voltage appearing across the resistor R1 
decays substantially hyperbolically with time as rep 
resented by the curve portions 114, from the instants 
that the contact points CP1A open. When the expiring 
rol has been reduced to a predetermined diameter d, 
the instants “b' which represent the closure of the con 
tacts CP2A will occur sufficiently promptly after every 
instant "?' such that the voltage et appearing across the 
resistor R1 will at that instant exceed the web velocity 
proportional voltage e, so that the diode 101 will con 
duct and relay coil MP will be energized a second time. 

Fully automatic controls and operation 
With the foregoing in mind, reference mav now be 

had to the wiring diagram of a control system illustrated 
in Figs. 9 and 9A for a complete understanding as to how 
all of the operations necessary to splice a running web 

70 to a new web roll are carried out automatically and 
without anv attention or action on the part of an attendant. 
Throughout Figs. 9 and 9A, the electrical contacts con 
trolled by each relay or limit switch have been given the 
same reference character as the relay coil or the limit 

will be energized for the first time at an instant which 75 switch itself which controls those contacts, a distinguish 
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ing suffix being added for each set of contacts where more 
than one set is controlled by a single relay coil or limit 
switch. 
The photoelectric means 47 for sensing when the new 

roll has reached a predriving position adjacent the run 
ning web shown in Fig. 1 appear in Fig. 9 as a light 
source 120 connected for energization across A.C. volt 
age supply lines L1, L2, and positioned at one end of the 
reel assembly 40. Cooperating with that light source 
is a photocell 121 having its cathode and anode connected 
to receive the D.C. potential appearing across a filtering 
capacitor 122 charged by a rectifier 124 connected across 
the lines L1, L2. The coil of a photoelectric relay PE 
is connected in circuit with the anode and cathode of the 
photocell 121, so that when the light beam from the 
lamp 20 is broken by the periphery of the new roll, 
conduction of the photocell 121 is terminated and the 
relay PE deemergized. Thus, it will be understood that 
the relay PE is normally energized except when the new 
roll 14B is moved to a position adjacent the new web 
and thus interrupts the light beam. 
The current-responsive signaling device which is ener 

gized whenever the expiring roll reaches predetermined 
diameters as previously described in connection with Figs. 
3 and 7, is illustrated in Fig. 9A as a relay having a coil 
MP. Because it is desirable that the relay MP be actuated 
when only a very small current flows through, and even 
though that current flow exists for a very short time in 
terval, the relay MP is preferably a low inertia, fast act 
ing type of relay and one which mechanically "latches in' 
its actuated position when it is once actuated. Thus, it 
should be understood that in the preferred form illustrated 
in Fig. 9A, the relay MP is a sensitive, latching type of 
relay and that upon momentary flow of a small current 
therethrough it will be picked up. Then, even though 
that current is terminated, the relay MP remains picked 
up until a voltage of opposite polarity is applied to its 
coil which causes it to drop out or return to its original 
de-actuated condition. 

It will also be understood from Fig. 1 that since the 
reel assembly 40 turns through 120° each time that a 
complete web splicing operation takes place, each of the 
spider arms 42a-42a will in succession, carry what has 
been designated as the expiring roll 14A, the new roll 
14B, and the newly loaded roll 14C. That is, while the 
apparatus as illustrated in Fig. 1 shows the expiring roll 
14A supported on the spider arm 42a, after a splicing op 
eration has caused the running web W to be drawn from 
the new roll 14B, the latter roll will be positioned through 
rotation of the spider 42 substantially in the location 
presently shown for the expiring roll 14A. 

In order that the control circuitry will operate properly, 
regardless of which of the three spider arms is at that 
instant carrying the expiring roll, the newly loaded roll, 
and the new roll, the contact points CP1A, CP2A, 
CP1B, CP2B, CP1C and CP2C are connected in cir 
cuit with the several mercury switches MSEA-MS2C 
and the slip rings 45 as shown in Fig. 9a. With the reel 
assembly 40 in the position illustrated by Fig. 1, the 
mercury switches MSA and MS2A will be closed to 
connect the contact points CP1A and CP2A in a diam 
eter-sensing circuit for the expiring roll 14A. As shown, 
such circuit includes the slip ring segments SA and SC 
cooperating with two of the stationary brushes 49. How 
ever, if the reel assembly 40 is rotated through 120 
so that the arm 42b then supports the "expiring roll," 
the positions of the slip ring segments SA, SB and SC 
as well as the condition of the several mercury Switches 
will be changed, so that the contact points CP1B and 
CP2B will then be placed in the diameter-sensing circuit 
in lieu of the contact points CPA and CP2A. 

In a similar manner, it may be observed that with the 
reel assembly 40 in the position illustrated by Fig. 1, the 
contact points CP1B which open and close one time for 
each revolution of the new roll 14B as it is being pre 
driven, are connected in circuit through the closed mer 
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cury switch MS1B and the slip ring segment SB to a 
rush 49 connected through relay contacts PA4 and 

:: Si to the coil of a relay . The purpose of this will 
be made clear in the following detailed description, and 
it is sufficient here to note only that upon rotation of 
reel assembly 40 through 120 the contact points CP1B 
will be replaced in this circuit by the contacts CP1C 
carried by the arm 42C which will then be supporting the 
“new roll.' 

In summary, the slip rings 45 and 46 together with 
the mercury switches as illustrated in Figs. 1, 2 and 9A, 
serve to permit successive identical operation to be per 
formed on the expiring new and newly loaded rolls by 
establishing different circuit connections to the several 
contact points indicative of which particular contact points 
are at any time, according to the angular position of the 
reel assembly, associated with the expiring roll, the new 
roll, or the newly loaded roll. 
The organization and operation of the automatic con 

trol circuitry illustrated in Figs. 9 and 9A may be made 
clear by describing one complete functional cycle. It 
will be helpful, however, to briefly set forth the initial 
conditions which prevail before the beginning of that 
operational cycle. Assume, first, that the press is running 
normally at a speed which has been determined by 
setting of the speed adjusting means 12 in Fig. 1. The 
expiring roll 14A will be in its regular supply position, 
i.e., with the spider arm 42A extending substantially 
horizontally. The new roll 14B will, therefore, not yet 
be positioned adjacent the running web. And the pre 
drive carriage 55 and the paster carriage 76 will both 
be in their raised or retracted positions. 

Correspondingly, the following initial conditions will 
prevail in the control circuitry illustrated by Figs. 9 and 
9A. The coil of a relay MPR (at the bottom of Fig. 9) 
will be energized and that relay picked up since it is 
connected directly across the voltage lines L1, L2, by 
the normally closed relay contacts POS1. Thus, the 
relay contacts MPR1 and MPR2 (adjacent the relay coil 
MP, Fig. 9A) will be closed, and the normally closed 
contacts MPR3 and MPR4 will be open. Since the 
mercury switches MS1A and MS2A are closed owing to 
the angular position of the spider 42, the relay coil MP 
will be connected through the diode 101, normally closed 
relay contacts CRY, and the slider 110A of a first 
adjustable potentiometer 110, to one side of the series 
connected resistors R1, R1a. Similarly, the relay coil 
MP will be connected through the contacts MPR1, the 
slip ring segment SC, the closed mercury switch contacts 
MS2A through the contact points CP2A and the mer 
cury switch 1A, thence through the slip ring segment SA 
and the associated brush 49 to the opposite end of the 
series connected resistors R1, Ria. There is thus pro 
vided the series circuit which includes the signaling relay 
coil MP and which is very similar to that previously 
described in connection with Fig. 7. 

Also, it will be observed that a capacitor C is con 
nected through normally closed relay contacts CRY3 
and in series with the resistors R1, R1a, directly across 
the D.C. voltage source represented by the battery E. 
Thus, there is established an R-C charging circuit similar 
to that described in connection with Fig. 7. Further, the 
contacts CP1A are connected in parallel with the ca 
pacitor C through the slip ring 45 and the associated 
brush 48, as well as through the closed mercury Switch 
contacts MS1A, the slip ring segment SA and the asso 
ciated brush 49. Under these circumstances, therefore, 
substantially identical circuit connections, such as those 
shown in Fig. 7 before the initial energization of the relay 
MP are established by the mercury switches and the 
slip rings. 

in operation, therefore, as the expiring roll 14A (Fig. 
1) makes each revolution and the contact points CPA 
and CP2A open and close, the capacitor C will be dis 
charged each time that the contacts CP1A are closed by 
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current flow over the path shown by the dot-dash line 
in Fig. 9A. Each time that the contact points CP1A 
open, the capacitor C will charge from the battery E 
through the series-connected resistors R1 and R1a by 
current flow over the path indicated by the double-dot 
dash line in Fig. 9A. Since it is assumed that the diam 
eter of the expiring roll is at this time fairly large, i.e., 
the roll is not appreciably used up, each time that the 
contact points CP2A close after a relatively great time 
period has elapsed since the contact points CPA opened, 
the exponentially decaying voltage appearing across the 
resistors R1, R1a, will have decreased to a value below 
the magnitude of the voltage eva appearing at the slider 
10a of the resistance potentiometer 110, so that the diode 
101 will not permit current to flow through the relay 
coil MP. 
The capacitor C thus continues to be charged and 

discharged each time that the expiring roll makes one 
revolution. When the expiring roll 14A reaches a cer 
tain diameter related to the speed at which the press 
is operating, the value of the exponentially decaying 
voltage appearing across the resistors R1, R1a, will ex 
ceed the magnitude of the voltage eya appearing across 
the potentiometer 110 and which is proportional to the 
press speed, when the contact points CP2A close. There 
fore, the diode 101 will permit the current flow mo 
mentarily through the relay coil MP, such current fol 
lowing a path as indicated by the arrows on the dotted 
line in Fig. 9A. This will occur, as previously explained, 
when the diameter of the roll has reached a certain 
value determined by the adjustment of the constants in 
Equation 9b, supra; and as previously explained with 
reference to Equation 10, if the press speed is relatively 
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high or low, this critical diameter at which energization 
of the relay MP occurs, will be relatively greater or 
lesser. 
When the relay MP is momentarily energized, this 

signifies that the time has arrived for the preliminary 
operations of the web splicing apparatus to begin. Such 
momentary energization of the relay MP latches it in an 
actuated position. Thus, the relay contacts MP in the 
upper portion of Fig. 9 close and remain closed to en 
ergize through the normaliy closed relay contacts POS4, 
the coil of a time delay relay TR. 

Closure of the contacts MP1 also energizes an audible 
signal device connected in parallel with the time delay 
relay coil TR. This audible signal may serve to warn 
personnel at various locations, such as at the folder, of 
the printing press that a splicing operation is about to 
take place. 

After a predetermined delay, on the order of two sec 
onds, from the instant that the relay coil TR is en 
ergized, its contacts TR will close, thus energizing the 
coil of a relay CRX. Pick-up of this latter relay closes 
its normally open contacts CRX1 so that the contactor 
coil FOR is energized through the normally closed con 
tacts 1CLS-b and the photoelectric relay contacts PE1 
(which will be closed since the light beam from the 
lamp 120 will be uninterrupted). It will be observed 
that closure of the CRX1 contacts cannot energize the 
relay coil POS since the photoelectric relay contacts 
PE-2 will at this time be open. Moreover, closure of 
the normally opened contact CRX2 (in the middle 
portion of Fig. 9) cannot result in energization of a 
relay coil PA, since the auxiliary line L4 will be isolated 
from the line L1 by the open contacts POS2, 20LSa 
and PD1. 

In response to the energization of the contactor coil 
FOR, the contacts FOR1-FOR3 in Fig. 1 will close, 
thereby energizing the reel motor M and turning the 
reel assembly 40 in a clockwise direction. When the 
new roll 14B reaches its predrive position adjacent the 
running web W, its periphery interrupts the light beam 
from the lamp 120 (Fig. 9) thereby deemergizing the 
photoelectric relay PE. As a result, the contacts PE1 

40 

45 

50 

55 

60 

65 

70 

75, 

20 
open to deenergize the contactor coil FOR and termi 
nate reel rotation, while the contacts PE2 close to en 
ergize the relay coil POS. 

Several things happen in response to this energiza 
tion of the relay coil POS. First, the normally open 
contacts POS2 close to seal in the POS relay through 
the normally closed limit switch RLS4. This places an 
auxiliary line L3 at the same potential as the line L. 

Secondly, the normally open POS3 contacts (in the 
upper portion of Fig. 9) close to prepare an energiza 
tion path for the relay coil CRX. 

Thirdly, the normally closed POS4 contacts open to 
drop out the time delay relay TR and to deenergize 
the audible signal, the contacts TR1 thus opening al 
though the relay CRX remains energized through the 
now closed contacts MP1 and POS3. 

Fourthly, the normally closed POS1 contacts (at the 
bottom of Fig. 9) open to deemergize the relay MPR. 
In response, the MPR1 and MPR2 contacts in Fig. 9A 
open, while the MPR3 and MPR4 contacts close, the 
latter contacts placing a reversed polarity voltage on the 
relay MP in order to cause the latter to unlatch and drop 
out. With the relay MP deactuated, the contacts MP1 
(in the upper portion of Fig. 9) open, thus deemergizing 
the relay coil CRX. For so long as the relay MPR is 
deenergized and the contacts MPR-4 in Fig. 9a thus 
placed in their normal states, no energization of the re 
lay MP can occur in response to closure of the CPA 
and CP2A contact points. 

Fifthly, the POS6 contacts in Fig. 9A close to short 
out the resistance RAA, thereby reducing the effective 
value of resistance contained in the R-C charging and 
discharging circuit in a similar manner to that explained 
above in connection with the X4 contacts in Fig. 7. This 
in effect changes or reduces the time constant of the 
charging or of the R-C charging and discharging circuit. 

Sixthly, the POSS contacts in Fig. 9 close to create an 
energization path through the normally closed contacts 
PDSX1 and FOR4 for the paster carriage solenoid 
PASOL. In response to this latter energization, the 
valve 81 (Fig. 1) is shifted to cause the pneumatic ram 
79 to lower the paster carriage 76 toward its operative 
position adjacent one side of the running web W. As 
the paster carriage begins to lower, the limit switch CLS 
is released so that its normally closed contacts CLSb 
in Fig. 9 are opened and the normally open contacts 
iCLSa are closed. Thus, as soon as the paster car 
riage 76 begins to lower, the contacts CLSa in Fig. 9 
close to energize a relay coil. CRY, and also to energize 
the predrive carriage solenoid PRSOL through the now 
closed relay contacts POS7 and the normally closed con 
tacts PA1. 

In response to the energization of the relay CRY, its 
normally closed contacts CRYi (Fig. 9A) open to dis 
connect the diode 0 a from the potentiometer 110; while 
the contacts CRY2 close to reconnect the diode 10 to 
the slider 111a of the potentiometer 111. In this man 
ner, the proportionality constant which relates a voltage 
taken from the tachometer 16 to the speed of the run 
ning web W is automatically changed after the first pre 
determined diameter has been sensed by the initial ener 
gization of the relay MP. 

It will also be seen that pick-up of the relay CRY 
results in opening of the contacts CRY3 and closure of 
the contacts CRY4 (Fig. 9A), so that the capacitor C 
is replaced in the R-C charging and discharging circuit 
by the parallel combination of a second capacitor C 
and a parallel-connected resistor R2. The purpose and 
effect of this are the same as previously described in con 
nection with Figs. 3 and 7, creating a charging and dis 
charging circuit which will produce a repetitively vary 
ing voltage across the resistor Ri which decays Substan 
tially hyperbolically with time from the instants that 
the contact points CPSA open. 
As noted above, closure of the contacts CLSa ener 
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gized the solenoid PRSOL. When this occurs, the valve 
71 (Fig. 1) is shifted to cause the pneumatic ram 69 to 
lower the predrive carriage 55 until the belt 60 rests 
against the peripheral surface of the new roll 4B. At 
about this time, therefore, both the paster carriage 76 
and the predrive carriage 55 are lowered. As the paster 
carriage 76 reaches its fully lowered position, the car 
riage limit Switches 2CLSa and 2CLSb are actuated. 
As seen in Fig. 9, closure of the switch 2CLSa results in 
energization of a relay coil PD through the normally 
closed limit switch contacts RLS2, and also results in 
energization of the relay coil PDX through the normally 
closed reel limit switch contacts RLS1. As a result, the 
normally open contacts PD2 close to seal in the predrive 
carriage solenoid PRSOL, and the normally open con 
tacts PD1 close to seal in both the relays PD and PDX. 
The energization of the relays PD and PDX causes 

the control circuit 52 (illustrated in block form in Fig. 
1) to so energize the amplidyne 61 that the predrive mo 
tor PDM is effective to rotate the pulley 59 and drive 
the belt 60. As a result of its frictional contact with the 
surface of the new roll 14B, the belt 60 positively drives 
the new roll in a counterclockwise direction, and the 
control circuit 62 together with the amplidyne 6 are ef 
fective to bring the speed of the new roll to a point at 
which its peripheral velocity substantially matches that 
of the running web. This is termed the “predriving 
operation and assures that there will be no abrupt pull 
on the running web which might rupture it when it is 
deflected against and adheres to the glue pattern on the 
leading end of the new roll web. Since the details of 
the organization and operation of the control circuit 62 
and the predriving amplidyne 61 controlling the predriv 
ing motor PDM form no part of the present invention, 
they will not be here described. However, a better un 
derstanding may be had by a reference to the copending 
application of Chase et al., Serial No. 502,923, filed 
April 21, 1955, and assigned to the assignee of the pres 
ent invention. 

Returning now to the circuitry of Fig. 9, it will be 
Seen that as predriving begins in response to closure of 
the contacts 2CLSa and energization of the relay PD 
after the paster carriage is fully lowered, the relay coil 
PDS will also be energized in response to closure of the 
contacts of the carriage limit switch contacts 2CLSa by 
current flow through the normally closed contacts 
PDSX2. Pick-up of the relay PDS first causes closure 
of the contacts PDS (Fig. 9A) to partially complete an 
energization path for a relay coil F. Also, energization 
of the relay PDS results in closure of the contacts PDS2 
(at the bottom of Fig. 9) so that the relay MPR is again energized. 

Energization of the relay MPR results in opening of 
the contacts MPR3, 4 and closing of the contacts MPR1, 
2. As a result, the sensitive current relay MP is placed 
in series with the contact points CP2A, the diode 101. 
and the potentiometer 111 across the charging resistor 
R1. The sensing circuit is thus now ready to detect 
when the expiring roll reaches a second predetermined 
Smaller diameter. The R-C charging circuit now con 
sists of the resistor R1 alone in series with the capacitor 
C1 across the voltage source E, the resistor R2 being 
connected in parallel with the capacitor C1. As a re 
sult, the voltage variation across the resistor R1 decays 
Substantially hyperbolically with time from each instant 
that the contacts CPA open. 
As the contacts CP1A open and the contacts CP2A 

close, each time that the expiring roll makes one rev 
olution, the sensitive relay MP will not be energized if 
a sufficient time elapses such that the voltage appearing 
across the resistor R1 is less in magnitude than the volt 
age eyb appearing on the potentiometer slider 111a at 
the instant that the second contact points CP2A close. 
However, when the expiring roll reaches a predetermined 
small diameter indicating that there is substantially no 

0 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

22 
remaining web thereon, then the expiring roll will have 
Such a high angular velocity in relation to the press speed 
that the contact points CP2A will close very shortly after 
the contact points CP1A open, and a time when the 
hyperbolically decaying voltage across the resistance R1 
exceeds the voltage eyb appearing at the potentiometer 
slider 111a. When this happens, indicating that the sec 
ond predetermined diameter has been reached, current 
will flow through the diode 101 and thus energize the 
sensitive relay MP which will pick-up and latch in. 

In response to this pick-up of the relay MP, the con 
tacts MP1 (in the upper portion of Fig. 9) will again 
close. This will not result in energization of the time 
delay relay TR since the POS4 contacts are now open. 
However, closure of the contacts MP1 will result in 
energization of the relay coil CRX through the now 
closed contacts POS3. When the relay CRX is energized 
the second time, closure of its contacts CRX1 will have 
no effect, because the carriage limit switch iCLSb is 
now open. However, closure of the contacts CRX2 
will result in energization of a relay coil PA which seals 
in to the auxiliary line L3 through its own normally 
open contacts PA2. Pick-up of the relay PA also closes 
the normally open contacts PA4 in series with the relay 
coil F, so that the latter is now connected across the 
voltage source E through the slip ring 45, the contacts 
CPB associated with the new roll 14B, the closed mer 
cury switch MSB, the slip ring segment S, the con 
tacts PA4 and the contacts PDS. 
Thus, the next time that the contacts CP1B close, to 

indicate that the glue pattern on the new roll 14B is in 
a certain angular position relative to the running web W, 
the relay F will be energized. As a result, the contacts 
F1 (Fig. 9) close to energize the relay coil D which seals 
in to the auxiliary line L3 through the now closed con 
tacts PA2 and its own normally open contacts D1, En 
ergization of the relay F does not energize the brush 
solenoid BSOL since the normally closed contacts F2 
open at the same instant that the contacts F1 close. 
Then, when the contact points CP1B again open as 

the predriven new roll 14B rotates further, the relay F 
will be deemergized, thereby causing the contacts F2 in 
Fig. 9 to reclose and create an energization path through 
the now closed contacts D1 for the brush solenoid BSOL. 
Energization of this solenoid, as previously noted in con 
nection with Fig. 1, will result in release of the latch 
for the spring-biased brush shaft 85, so that the brushes 
84 will deflect the web W against the periphery of the 
new roll 14.B. As the glue pattern on the leading end 
of the new roll web passes into contact with the de 
flected running web W, the two will adhere so that the 
web from the new roll thus passes upwardly into the 
printing press. It will also be observed from Fig. 1 that 
when the brush shaft latch is released, the limit switch 
BLS is actuated. 

Actuation of the limit switch BLS results in closure of 
the contacts BLS1 and BLS2 shown in Fig. 9. This will 
not result in energization of the solenoid KSOL or the 
relay PDSX, since at this instant the relay F is deen 
ergized and its contacts F4 are open. However, as soon 
as the spindle supporting the new roll 14B completes one 
revolution and the contacts CP1B again close, the relay 
F will be energized a second time. Accordingly, the 
contacts F4 will close and result in simultaneous energi 
zation of the solenoid KSOL and the relay coil PDSX 
through the now closed contacts BLS2 and BLS1. 

Energization of the knife solenoid KSOL releases the 
latch lever 94 shown on the paster carriage in Fig. 1, so 
that the shaft 9 turns under the influence of biasing 
springs and deflects the knives 90 into severing engage 
ment with the web being drawn from the expiring roll. 
The expiring roll web is thus severed so that thereafter 
the running web W is taken from the new roll 14B, 
Upon energization of the relay coil PDSX, it is sealed 

in through its own normally opened contacts PDSX4 
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and the now closed contacts PA2. Also, energization 
of the relay coil PDSX affects the control circuit 62 
diagrammatically shown in Fig. 1 so that the amplidyne 
6 now serves to constitute motor PDM as a regenerative 
braking device, as explained in the above-identified Chase 
et al. application. Thus, the motor PDM exerts a re 
tarding force on the predrive belt 60 so that the latter 
resists rotation of the new roll 14B and creates transition 
tension in the running web. 
Upon energization of the relay PDSX, its contacts 

PDSX3 in Fig. 9A close to seal in the relay F so that 
the latter is not picked up and dropped out in response to 
further opening and closing of the contacts CP1B as the 
new roll 14B rotates. Also, the normally closed con 
tacts PDSX2 open at this time to deemergize the relay 
PDS which has a further effect in the control circuit 62 
(Fig. 1) to cause transition tensioning of the web drawn 
from the new roll. 

Drop out of the relay PDS also causes its contacts 
PDS2 (at the bottom of Fig. 9) to open, so that the relay 
MPR is again deemergized. Accordingly, the contacts 
MPR, 2 (Fig. 9A) reopen to isolate the sensitive relay 
MP from the series circuit connected across the resistor 
R1; while the contacts MPR3, 4, close to apply a reversed 
polarity voltage to the sensitive-latching relay MP, thus 
causing the latter to be released and deactuated. Drop 
out of the sensitive relay MP results in opening of the 
contacts MP in the upper portion of Fig. 9 and this 
results in deemergization of the relay CRX so that its 
contacts CRX1 and CRX2 are open for the rest of the 
operational cycle. 

Still further, the previous energization of the relay 
PDSX causes the normally closed contacts PDSX, so 
that the solenoid PASOL in series therewith is deener 
gized. The paster carriage solenoid valve 81 (Fig. 1) is 
returned to its normal position, causing the pneumatic 
ram '79 to retract the paster carriage 76 upwardly toward 
its stowed position. 
As the paster carriage 76 starts to retract, the carriage 

limit switch contacts 2CLSa (Fig. 9) reopen, but the 
now closed contacts PD1 maintain the predrive solenoid 
PRSOL emergized. Moreover, as the paster carriage 76 
starts to retract, the limit switch contacts 2CLSb in the 
upper portion of Fig. 9 reclose to energize the contactor 
coil. FOR through the now closed contacts PA3. Thus, 
the contacts FOR1-3 (Fig. 1) are closed to energize the 
reel motor M so that the spider 42 rotates clockwise to 
advance the new roll 14B toward the tensioning straps 
18. This advances the new roll 4B toward the regular 
supply position in which it will then become the expiring 
roll, and moves the spider arm 42a toward the position 
illustrated for the arm 42c, where the core of the expired 
roll may be removed and replaced by a newly loaded 
rol. 
As the reel assembly rotates clockwise, just as the new 

roll makes initial contact with the tensioning straps 8, 
the cam 50 will cause actuation of the reel limit switch 
RLS1 (Fig. 2) so that its normally closed contacts (Fig. 
9) will open to drop out the relay PDX. This, as ex 
plained in more detail in the above-mentioned Chase et al. 
application causes the control circuit 62 shown in Fig. 1 
to so control the amplidyne 61 that the transitional brak 
ing effort created by the motor PDM and transferred to 
the new roll through the belt 60 is gradually reduced as 
the new roll moves into the regular tensioning straps 13. 
As the reel assembly 40 continues to rotate in a clock 

wise direction and when the new roll 14B has moved to 
a firm engagement with the tensioning straps 18, the can 
50 actuates the reel limit switch RLS2 (Fig. 2). As seen 
in Fig. 9, actuation of the switch RLS2 to open its nor 
mally closed contacts results in deemergization of the 
relay PD. Thus, the relay contacts PD2 open to de 
energize the solenoid PRSOL. As a result, the valve 71 
is restored to its original condition and the pneumatic 
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ram 69 swings the predrive carriage 55 upwardly to its 
stowed position. 
Then, as the paster carriage 76 reaches its fully re 

tracted position, and engages the actuator of the first car 
riage limit switch 1CLS (Fig. 1), the contacts 1CLSa are 
restored to their original condition, i.e., opened, so that 
the relay CRY is deenergized. This restores the four re 
lay contacts CRY1-CRY4 to their original condition, so 
that the capacitor C is replaced in the R-C charging and 
discharging circuit, and the diode 101 reconnected to the 
slider 113a of the potentiometer 110. 
As the reel spider 42 rotates further in a clockwise di 

rection to locate the new roll 14B in a normal operating 
position, the cam 50 causes the reel limit switch RLS4 
(Fig. 2) to be actuated, so that its normally closed 
contacts (Fig. 9) open, thereby deenergizing the relay 
POS. When this occurs, the contacts POS2 open, thus 
disconnecting the auxiliary lines L3 from the main voltage 
supply line L1, so that all of the relays shown beneath 
the POS relay in Fig. 9 (with the exception of the relay 
MPR) are deemergized and restored to their original 
condition. Also, deenergization of the POS relay results 
in the closure of the normally closed POS1 contacts so 
that the relay MPR is again energized, closing the con 
tacts MPR1, 2, and opening the contacts MPR3, 4. This 
restores the diameter-sensing circuit to its original state, 
ready for another cycle of operation. When relay PA is 
deenergized, its contacts PA3 reopen, thereby breaking 
the energization path for the contactor coil FOR, opening 
the contacts FOR1-3 (Fig. 1), and deemergizing the motor 
M so that the reel ceases rotation. 

It will thus be seen from the foregoing description 
that the apparatus and controls of the present invention 
have operated, first, to sense a given diameter of the 
expiring roll 14A and to initiate all of the preliminary 
operations required of the web splicing apparatus, name 
ly, the initial rotation of the reel assembly to position 
the new roll 14B adjacent the running web W, the lower 
ing of the predrive and paster carriages 55 and 76, and 
the initiation of predriving of the new roll from the pre 
drive motor PDM through the belt 60. Then, in re 
sponse to the expiring roll 14A reaching a second, smaller 
predetermined diameter, the brushes 74 were automati 
cally caused to deflect the running web W against the 
adhesive on the leading end of the new roll web, and the 
knives 90 were caused to engage and sever the web 
drawn from the expiring roll 14A. Following that the 
new roll 4B is braked to create transition tension in 
the new web, the reel assembly 40 rotated clockwise to 
place the new roll 4B in the normal operating position, 
and the predrive and paster carriages 55 and 76 raised 
to their stowed positions. 

With the rotation of the reel assembly to place the 
new roll 14B in the regular supply position, the slip rings 
45 and 46 together with the mercury switches carried 
by the spider 42 connect the contact points CPB and 
CP2B into the diameter-sensing circuits, and connect the 
contact points CP1C into the energization circuit for 
the relay F. Thus, the circuitry shown in Fig. 9 is ready 
to begin automatically another cycle of operation such 
as that previously described whenever the roll 14B, which 
is now in the position in which it is designated "the ex 
piring roll," reaches certain small diameters. All that 
the operator need do is to remove the core of the ex 
pired roll 4A which has now been shifted to the posi 
tion illustrated for the newly loaded roll 14C in Fig. 1 
and to place a new roll of paper on the spindles 44a 
journaled in the arms 42a. 
Whenever it is necessary to initiate and complete an 

automatic splicing operation, the apparatus as described 
above will carry that operation through completely auto 
matically, without any attention or critical judgments on 
the part of the attendant and even though the press may 
be running at various speeds. 
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We claim as our invention: 
1. In web splicing apparatus for splicing a running 

web drawn from an expiring roll to the web of a new 
roll, said apparatus having first components providing for 
effecting preliminary operations to make ready for splic 
ing and having second components for effecting the splic 
ing operation, the combination comprising means for 
sensing the angular velocity of the expiring roll and pro 
ducing a first, recurring signal which has an asymmetri 
cal wave form and a frequency which depends on said 
angular velocity, means for sensing the linear velocity of 
the running web and producing a second signal related 
thereto, means for comparing said signals at a time in 
stant intermediate the beginning and ending of each wave 
form, means controlled by said comparing means for 
initiating the preliminary operations by said first com 
ponents when the expiring roll is reduced to a first di 
ameter, and means controlled by said comparing means 
for initiating the splicing operation by said second com 
ponents when the expiring roll is reduced to a second, 
smaller diameter. 

2. Apparatus for automatically splicing a running web 
drawn from an expiring roll to adhesive on the leading 
end of the web of a new roll, said apparatus comprising, 
in combination, means for predriving said new roll, means 
for deflecting said running web against said new roll 
and severing that web, means for positioning the new roll 
adjacent the running web, means for positioning said pre 
drive means adjacent the new roll, means for positioning 
said deflecting and severing means adjacent the running 
web, means for sensing the angular velocity of the ex 
piring roll and producing a first, recurring signal which 
has an asymmetrical wave form and a frequency which 
depends on said angular velocity, means for sensing the 
linear velocity of the running web and producing a sec 
ond signal related thereto, means for comparing said sig 
nals at a time instant intermediate the beginning and end 
ing of each waveform, means responsive to said compar 
ing means for actuating said three positioning means and 
said predriving means when the expiring roll is reduced 
to a first diameter, and means responsive to said sensing 
means for actuating said deflecting and severing means 
when the expiring roll is subsequently reduced to a sec 
ond, smaller diameter. 

3. Apparatus for automatically splicing a running web 
drawn from an expiring roll to adhesive on the leading 
end of the web of a new roll, said apparatus comprising, 
in combination, means for supporting said rolls for rota 
tion about parallel axes, means for bodily moving said 
supporting means to bring said new roll to a position 
adjacent the running web, a predrive carriage having 
means thereon for rotating said new roll, means for mov 
ing said predrive carriage from a stowed position clear 
of the path of movement of said rolls to a position adja 
cent said new roll, a paster carriage having web deflect 
ing means and web severing means thereon, means for 
moving said paster carriage from a stowed position clear 
of the path of movement of said rolls to a position adja 
cent said running web on the opposite side thereof from 
said new roll, first and second pairs of contact points, 
means for opening and closing said first and second pairs 
of points at instants when the expiring roll passes through 
respectively different angular positions so that the period 
between the opening of said first points and the closing 
of said second points is inversely related to the angular 
velocity of the expiring roll, means for creating a voltage 
which repetitively decays substantially exponentially, 
with time from the instants that said first points open, 
means for creating a voltage proportional in magnitude 
to the linear velocity of said running web, means for 
comparing said exponential and proportional voltages at 
the instants when said second contacts close, means con 
trolled by said comparing means for actuating (a) said 
roll-support moving means, (b) said predrive carriage 
moving means, (c) said paster carriage moving means, 
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and (d) said new roll rotating means when said expo 
nonetial voltage exceeds said proportional voltage at an 
instant when said second contacts close, means for then 
creating a voltage which repetitively decays substantially 
hyperbolically with time from the instants said first con 
tacts close, means for then increasing the proportionally 
constant relating said proportional voltage to said run 
ning web velocity, means comparing said hyperbolic and 
increased proportional voltages at the instances said sec 
ond contacts close, means controlled by said last-named 
comparing means for sequentially actuating said web-de 
flecting and web-severing means when said hyperbolic 
voltage exceeds said increased proportional voltage at the 
instant said second contacts close. 

4. Apparatus for automatically splicing a running web 
drawn at any velocity within a range of velocities from 
an expiring roll to adhesive on the leading end of the 
web of a new roll, said apparatus comprising, in combina 
tion, means for rotatably supporting said rolls, means 
for bodily moving said rolls to bring said new roll to a 
position adjacent said running web, a predrive carriage 
and means for moving it from a stowed position clear 
of the path of movement of said rolls and a position 
adjacent the periphery of said new roll, means on said 
predrive carriage for rotationally driving said new roll, a 
paster carriage and means for moving it from a stowed 
position clear of the path of movement of said rolls and 
a position adjacent said running web, means on said 
paster carriage for deflecting the running web against the 
periphery of the new roll, means on said predrive car 
riage for severing the web drawn from the expiring roll, 
means for sensing the linear velocity of said running web, 
means for sensing the angular velocity of said expiring 
roll, means responsive to said two sensing means for ac 
tuating said roll-moving means, both said carriage-mov 
ing means, and said new roll driving means when said 
expiring roll is reduced to a first diameter which is sub 
stantially proportional to said web velocity, means re 
sponsive to said last-named means for modifying the 
input-output function of said angular velocity sensing 
means, and means responsive to said modified sensing 
means for causing said web deflecting and severing means 
to be actuated in sequence when said expiring roll reaches 
a second, smaller diameter which is independent of said 
web velocity. 

5. In apparatus for splicing a running web drawn at 
different adjusted velocities from an expiring roll into a 
Web-consuming device to an adjacent rotating new roll 
which has adhesive on the leading edge of its web, the 
combination comprising means for deflecting the running 
web against the surface of the new roll, means responsive 
to the actuation of said deflecting means for severing the 
web drawn from the expiring roll, means for sensing the 
angular velocity of said expiring roll and producing a 
recurring signal having an asymmetrical waveform and 
a frequency which depends on said angular velocity, 
means for sensing the linear velocity of said running 
Web and producing a second signal related thereto, means 
for comparing said signals at a time instant intermediate 
the beginning and ending of each waveform, and means 
responsive to the comparing means for actuating said 
deflecting means when said expiring roll is reduced to a 
predetermined diameter which is independent of the ad 
justed web velocity. : 

6. In apparatus for Splicing a running web drawn from 
an expiring roll into a Web-consuming device to adhesive 
on the leading edge of the web of a rotating new roll 
which is adjacent the running web, the combination com 
prising means for deflecting the running web against the 
surface of the new roll, means responsive to actuation of 
said deflecting means for severing the web drawn from 
the expiring roll, first and second pairs of contact points, 
means for opening and closing said first and second 
points at instants when the expiring roll passes through 
first and second angular positions, respectively, means 
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for creating a first voltage which repetitively decays from 
a fixed value substantially hyperbolically with time from 
the instants that said first contact points open, means for 
creating a second direct voltage proportional in magni 
tude to the linear velocity of said running web, and 
means for actuating said deflecting means when said first 
voltage exceeds said second voltage at the instant that 
said second contact points close, so that the deflecting 
and severing actions occur automatically when said expir 
ing roll has been reduced to a predetermined diameter. 

7. In apparatus for splicing a running web drawn from 
an expiring roll into a web-consuming device to adhesive 
on the leading edge of the web of a rotating new roll 
which is adjacent the running web, the combination com 
prising means for deflecting the running web against the 
surface of the new roll, means responsive to actuation of 
said deflecting means for severing the web drawn from 
the expiring roll, first and second pairs of contact points, 
means for opening and closing said pairs of points at 
instants when the expiring roll passes through respec 
tively different angular positions so that the period be 
tween the opening of the first points and the closing of the 
second points is inversely related to the angular velocity 
of the new roll, means for creating a signal which repeti 
tively varies substantially hyperbolically with time dur 
ing the periods between the opening of said first points 
and the closing of said second points, said last-named 
means including series-connected capacitor and resistor 
components adapted for connection to a direct voltage 
source, and means connecting said first points directly in 
parallel with said capacitor component, means for cre 
ating a direct voltage proportional in magnitude to the 
linear velocity of said running web, a current-responsive 
signaling device, a unidirectionally conductive device and 
means connecting said proportional voltage means, said 
signaling device, said unidirectionally conductive device, 
and said second points all in series across one of said 
components with said proportional voltage opposed in 
polarity to the voltage developed across said one com 
ponent, and means responsive to actuation of said sig 
naling device for actuating said web deflecting means. 

8. in apparatus for splicing a running web drawn at 
an adjustable linear velocity from an expiring roll into 
a web-consuming device to a new roll which has ad 
hesive on the leading edge of its web, the combination 
comprising means for moving the new roll to a posi 
tion adjacent the running web, a predrive carriage and 
a paster carriage both shiftable between stowed and 
effective positions, means for sensing the angular ve 
locity of said expiring roll and producing a recurring 
signal having an asymmetrical waveform and a fre 
quency which depends on said angular velocity, means 
for sensing the linear velocity of said running web and 
producing a second signal related thereto, means for com 
paring said signals at a time instant intermediate the 
beginning and ending of each waveform, and means re 
sponsive to said comparing means for actuating said 
roll-moving means and shifting said carriages to their 
effective positions when said expiring roll is reduced to a 
diameter which is dependent on the adjusted linear ve 
locity of the web. 

9. In apparatus for splicing a running web drawn from 
an expiring roll into a web-consuming device to adhesive 
on the leading edge of the web of a new roll, the com 
bination comprising means for rotatably supporting said 
rolls, means for bodily moving said rolls to bring said 
new roll to a position adjacent the running web, a pre 
drive carriage and means for moving it from a stowed 
position clear of the path of movement of said rolls and 
a position adjacent the periphery of said new roll, means 
on said predrive carriage for rotationally driving said new 
roll, a paster carriage and means for moving it from a 
stowed position clear of the path of movement of said 
rolls and a position adjacent the running web, first and 
second pairs of contact points, means for opening and 
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closing said first and second points at instants when the 
expiring roll passes through first and second angular 
positions, respectively, means for creating a first volt 
age which repetitively decays from a fixed value substan 
tially exponentially with time from the instants that 
said first contact points open, means for creating a sec 
ond direct voltage proportional in magnitude to the linear 
velocity of said running web, and means for actuating 
said roll-moving means and both said carriage-moving 
means when said first voltage exceeds said second voltage 
at the instant that said second contact points close, so 
that the apparatus is readied for a splicing operation auto 
matically when said expiring roll has been reduced to a 
diameter related in predetermined fashion to the linear 
velocity of the running web. 

10. In apparatus for splicing a running web drawn 
from an expiring roll into a web-consuming device to 
adhesive on the leading edge of the web of a rotating 
new roll, the combination comprising means for rotat 
ably supporting said rolls, means for bodily moving said 
rolls to bring said new roll to a position adjacent the run 
ning web, a predrive carriage and means for moving it 
from a stowed position clear of the path of movement 
of said rolls to a position adjacent the periphery of said 
new roll, means on said predrive carriage for rotationally 
driving said new roll, a paster carriage and means for 
moving it from a stowed position to a position adjacent 
the running web, means on said paster carriage for de 
flecting the running web against the surface of said new 
roll and then severing the expiring roll web, first and sec 
ond pairs of contact points, means for opening and clos 
ing said pairs of points at instants when the expiring 
roll passes through respectively different angular posi 
tions so that the period between the opening of the first 
points and the closing of the second points is inversely 
proportional to the angular velocity of the new roll, 
means for creating a signal which repetitively varies sub 
stantially exponentially with time during the periods be 
tween the opening of said first points and the closing of 
said second points, said last-named means including a se 
ries-connected capacitor component and resistor com 
ponent adapted for connection to a direct voltage source 
and means connecting said first points directly in parallel 
with said capacitor component, means for creating a di 
rect voltage proportional in magnitude to the linear ve 
locity of said running web, a current-responsive signaling 
device, a unidirectionally conductive device and means 
connecting said proportional voltage means, said sig 
naling device, said unidirectionally conductive device, 
and said second points all in series across one of said 
components with said proportional voltage poled op 
positely to the voltage developed across said one com 
ponent, means responsive to the energization of said sig 
naling device for actuating (a) said roll-moving means, 
(b) said predrive carriage moving means, (c) said paster 
carriage moving means, and (d) said new roll driving 
means, so that said apparatus is readied for operation 
of said deflecting and severing means whenever the ex 
piring roll reaches a diameter which is substantially pro 
portional to the linear velocity of the running web. 

11. For use with a rotating web roll onto which or 
from which a web is being wound or unwound, the com 
bination comprising first and second pairs of contact 
points, means for opening said first and second points at 
instants when the roll passes through first and second 
angular positions, respectively, means for creating a first 
voltage which repetitively varies substantially expo 
nentially with time from the instants that said first points 
open, means for creating a second voltage which is pro 
portional in magnitude to the linear velocity of said web, 
a signaling device, means for first actuating said signaling 
device only if a certain one of said two voltages exceeds 
the other at an instant when said Second contact points 
are closed thereby indicating that the roll has reached 
a first diameter, and means responsive to said actuation 



- 

s 

2,963,235 
29 

of said signaling device for modifying said first voltage 
creating means such that said first voltage thereafter 
repetitively varies, substantially hyperbolically with time 
from the instants that said first contact points open, where 
by said signaling device will be actuated a second time by 
said actuating means when the roll reaches a second, pre 
determined diameter. 

12. For use with a rotating web roll from which a web 
is unwound at any one of a plurality of linear velocities, 
apparatus for sequentially signaling when the roll has 
reached (a) a first diameter related in predetermined 
fashion to the web velocity and (b) a second predeter 
mined diameter independent of the web velocity, said 
apparatus comprising, in combination, first and second 
pairs of breaker points, means for opening and closing 
said first and second points at instants when the roll 
passes through first and second angular positions, respec 
tively, a first resistor and a capacitor connected in series 
and adapted for connection to a direct voltage source, 
means connecting said first contacts in parallel with said 
capacitor, means for creating a direct voltage proportional 
in magnitude to the linear velocity of said web, a unidi 
rectionally conductive device, a current-responsive signal 
ing device, means connecting said proportional voltage, 
said unidirectionally conductive device, said second con 
tact points, and said signaling device in series and the 
series combination across said first resistor with the 
proportional voltage opposed in polarity to the voltage 
developed across said first resistor and the unidirectional 
ly conductive device poled to conduct only when the 
voltage across said first resistor exceeds said proportional 
voltage, a second resistor, means responsive to the first 
energization of said signaling device for changing the 
time constant of said resistor-capacitor series combination 
and for connecting said second resistor in parallel with 
Said capacitor so that the voltage across said first resistor 
decays substantially hyperbolically with time from each 
instant that said first contacts open, and means responsive 
to the first energization of said signaling device for 
changing the proportionality factor of said velocity 
proportional voltage. 

13. Apparatus for signaling when a rotating roll upon 
which or from which a web is being wound or unwound 
has reached a predetermined diameter, said apparatus 
comprising, in combination, first and second pairs of con 
tact points, means for opening and closing said first and 
second pairs of points at instants when the roll passes 
through respectively different angular positions so that 
the period between the opening of the first points and the 
closure of said second points is inversely related to the 
angular velocity of the roll, means for creating a voltage 
which repetitively varies in magnitude substantially hy 
perbolically with time from the instants that said first 
points open, means for creating a voltage proportional in 
magnitude to the linear velocity of said web, a signaling 
device, and means for actuating said signaling device when 
a particular one of said two voltages exceeds the other 
at the instants that said second contact points close. 

14. Apparatus for signaling when a rotating roll upon 
which or from which a web is being wound or unwound 
has reached a predetermined diameter, said apparatus 
comprising, in combination, first and second pairs of con 
tact points, means for opening and closing said first and 
second pairs of points at instants when the roll passes 
through respectively different angular positions so that the 
period between the opening of the first points and the 
closure of said second points is inversely related to the 
angular velocity of the roll, means for creating a voltage 
which repetitively varies in magnitude substantially hy 
perbolically with time from the instants that said first 
points open, means for creating a voltage proportional 
in magnitude to the linear velocity of said web, a current 
responsive signaling device, a unidirectionally conductive 
device, and means connecting in series relation said hy 
perbolically varying voltage, said proportional voltage, 
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said unidirectionally conductive device, and said signaling 
device, the said two voltages being oppositely poled. 

15. Apparatus for signaling when a rotating roll upon 
which or from which a web is being wound or unwound 
has reached a predetermined diameter regardless of the 
web velocity; said apparatus comprising, in combination, 
first and second pairs of contact points, means for open 
ing and closing said pairs of points at instants when the 
roll passes through respectively different angular positions 
so that the period between the opening of the first pair 
of points and the closing of the second pair of points is 
inversely related to the angular velocity of the roll; 
means for creating a voltage which varies substantially 
hyperbolically with time during the periods between the 
opening of said first pair of contacts and the closing of 
said second pair of contacts; said last-named means in 
cluding a series-connected capacitor component and a 
resistor component adapted for connection to a direct 
voltage source, and means connecting said first pair of 
points directly in parallel with said capacitor component 
so that said hyperbolically varying voltage is developed 
across one of said components, means for creating a direct 
voltage proportional in magnitude to the linear velocity 
of said web, a current-responsive signaling device, a 
unidirectionally conductive device, and means connecting 
said proportional voltage means, said unidirectionally 
conductive device, said signaling device, and said second 
contacts all in series across said one component with said 
proportional voltage poled oppositely to the voltage de 
veloped across said one component. 

16. Apparatus for signaling when a rotating roll from 
which a web is being unwound reaches a predetermined 
diameter regardless of the linear speed of the web, said 
apparatus comprising, in combination, first and second 
pairs of contact points, means for opening and closing 
said pairs of points at instants when the roll passes 
through respectively different angular positions so that 
the period between the opening of said first points and 
the closing of said second points is inversely related to 
the angular velocity of the roll, means for creating a 
voltage which repetitively decays from a predetermined 
value in substantially hyperbolic relation with time from 
the instants that said first points open, means for creating 
a voltage proportional in magnitude to the linear Velocity 
of said web, a signaling device, and means for actuating 
said signaling device when said hyperbolic voltage ex 
ceeds said proportional voltage at the instant said second 
contact points close. 

17. Apparatus for signaling the reduction of an ex 
piring web roll to a predetermined diameter, said roll 
being rotated as the web is drawn therefrom, said appa 
ratus comprising, in combination, first and second pairs 
of contact points, means for closing and opening said 
pairs of points as the roll passes through respectively dif 
ferent angular positions during each revolution of said 
roll, means for creating a voltage which varies substan 
tially hyperbolically with time during the periods be 
tween the opening of said first pair of contacts and the 
closing of said second pair of contacts; said last-named 
means including a circuit including a capacitor com 
ponent and a resistor component in series and adapted for 
connection to a direct voltage source, and means con 
necting said first pair of points in parallel with said 
capacitor component so that said hyperbolically varying 
Voltage appears across one of said components, means 
creating a direct voltage which is proportional to the 
linear velocity of the web, a current-responsive signaling 
device, a unidirectionally conductive device, and means 
for connecting said signaling device, said unidirectionally 
conductive device, said proportional voltage and said sec 
ond pair of contacts in series across said one component 
with said proportional voltage poled oppositely to the 
voltage developed across said one component. 

18. Apparatus for signaling the reduction of an expir 
ing web roll to a predetermined diameter, said roll being 
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rotated as the web is drawn therefrom; said apparatus 
comprising, in combination, first and second pairs of con 
tact points, means for closing and opening said pairs of 
points as the roll passes through respectively different 
angular positions during each revolution of said roll, 
means for creating a voltage which varies Substantially 
hyperbolically with time during the periods between the 
opening of said first pair of contacts and the closing of 
said second pair of contacts, said last-named means in 
cluding a circuit including a capacitor and a first resistor 
in series and adapted for connection to a direct volt 
age source, and a second resistor connected in parallel 
with said capacitor; means connecting said first pair of 
points in parallel with said capacitor component, means 
creating a direct voltage which is proportional to the 
linear velocity of the web, a current-responsive signaling 
device, a unidirectionally conductive device, and means 
for connecting said signaling device, said unidirectionally 
conductive device, said proportional voltage and said sec 
ond pair of contacts in series across said first resistor 
with said proportional voltage opposed in polarity to the 
voltage developed across said first resistor, and said uni 
directionally conductive device poled to conduct only 
when the voltage across said first resistor exceeds said 
proportional voltage. 

19. Apparatus for signaling when a rotating roll upon 
which or from which a web is being wound or unwound 
has reached a diameter that is related in a predetermined 
manner to the linear velocity of the web, said apparatus 
comprising, in combination, first and second pairs of 
contact points, means for opening and closing said pairs 
of points at instants when the roll passes through re 
spectively different angular positions so that the period 
between the opening of the first points and the closure of 
the second points is inversely related to the angular ve 
locity of the roll, means for creating a first voltage which 
repetitively varies in magnitude substantially exponenti 
ally with time from the instant that said first points open, 
means for creating a second voltage proportional in 
magnitude to the linear velocity of said web, a signaling 
device, and means for actuating said signaling device 
when a particular one of said two voltages exceeds the 
other at the instant said second contact points close. 

20. Apparatus for signaling when a rotating roll upon 
which or from which a web is being wound or unwound 
has reached a diameter substantially proportional to the 
linear velocity of the web, said apparatus comprising, in 
combination, first and second pairs of contact points, 
means for opening and closing said first and second pairs 
of points at instants when the roll passes through respec 
tively different angular positions so that the period be 
tween the opening of the first points and the closure of 
Said second points is inversely related to the angular ve 
locity of the roll, means for creating a voltage which 
repetitively varies in magnitude substantially exponenti 
ally with time from the instants that said first points open, 
means for creating a voltage proportional in magnitude 
to the linear velocity of said web, a current-responsive 
signaling device, a unidirectionally conductive device, and 
means connecting in series relation said exponentially 
varying voltage, said proportional voltage, said unidirec 
tionally conductive device, and said signaling device, the 
said two voltages being oppositely poled. 

21. Apparatus for signaling when a rotating roll upon 
which or from which a web is being wound or unwound 
has reached a diameter substantially proportional to the 
linear velocity of the web, said apparatus comprising, in 
combination, first and second pairs of contact points, 
means for opening and closing said pairs of points at in 
stants when the roll passes through respectively different 
angular positions so that the period between the opening 
of the first pair of points and the closing of the second 
pair of points is inversely related to the angular velocity 
of the roll, means for creating a voltage which varies sub 
stantially exponentially with time during the periods be 
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tween the opening of said first pair of contacts and the 
closing of said second pair of contacts, said last-named 
means including a series-connected capacitor component 
and a resistor component adapted for connection to a 
direct voltage source, and means connecting said first pair 
of points directly in parallel with said capacitor compo 
nent so that said exponentially varying voltage is de 
veloped across one of said components, means for creat 
ing a direct voltage proportional in magnitude to the linear 
velocity of said web, a current-responsive signaling device, 
a unidirectional conductive device, and means connect 
ing said proportional voltage means, said unidirectionally 
conductive device, said signaling device and said Second 
contacts all in series across said one component with said 
proportional voltage poled oppositely to the voltage de 
veloped across said one component. 

22. Apparatus for signaling when a rotating roll from 
which a web is being unwound reaches a diameter directly 
related in a predetermined fashion to the linear velocity 
of the web, said apparatus comprising, in combination, 
first and second pairs of contact points, means for opening 
and closing said pairs of points at instants when the roll 
passes through respectively different angular positions so 
that the period between the opening of said first points 
and the closing of said second points is inversely related 
to the angular velocity of the roll, means for creating a 
voltage which repetitively decays from a predetermined 
value in substantially exponential relation with time from 
the instants that said first points open, means for creating 
a voltage proportional in magnitude to the linear velocity 
of said web, a signaling device, and means for actuating 
said signaling device when said exponential voltage ex 
ceeds said proportional voltage at the instant said second 
contact points close. 

23. Apparatus for signaling the reduction of an expiring 
web roll to a diameter related in predetermined fashion to 
the linear velocity of the web, said roll being rotated as 
the web is drawn therefrom, said apparatus comprising, in 
combination, first and second pairs of contact points, 
means for closing and opening said pairs of points as the 
roll passes through respectively different angular positions 
during each revolution of said roll, means for creating a 
voltage which repetitively varies substantially exponential 
ly with time during the periods between the opening of 
said first pair of contacts and the closing of said second 
pair of contacts, said last-named means including a cir 
cuit including a capacitor component and a resistor com 
ponent in series and adapted for connection to a direct 
voltage source, and means connecting said first pair of 
points in parallel with said capacitor component so that 
said exponentially varying voltage appears across one of 
said components, means creating a direct voltage which is 
proportional to the linear velocity of the web, a current 
responsive signaling device, a unidirectionally conductive 
device, and means for connecting said signaling device, 
said unidirectionally conductive device, said proportional 
voltage and said second pair of contacts in series across 
said one component with said proportional voltage poled 
oppositely to the voltage developed across said one com 
ponent. 

24. Apparatus for signaling the reduction of an expiring 
web roll to a diameter which is substantially proportional 
to the linear velocity of the web, said roll being rotated 
as the web is drawn therefrom, said apparatus comprising, 
in combination, first and second pairs of contact points, 
means for closing and opening said pairs of points as the 
roll passes through respectively different angular positions 
during each revolution of said roll, means for creating a 
voltage which varies substantially exponentially with time 
during the periods between the opening of said first pair 
of contacts and the closing of said second pair of contacts, 
said last-named means including a circuit including a 
capacitor and resistor in series and adapted for connection 
to a direct voltage source, and means connecting said 
first pair of points in parallel with said capacitor compo 
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nent so that said exponentially varying voltage is de 
veloped across said resistor, means creating a direct volt 
age which is proportional to the linear velocity of the web, 
a current-responsive signaling device, a unidirectionally 
conductive device, and means for connecting said signal 
ing device, said unidirectionally conductive device, said 
proportional voltage and said second pair of contacts in 
series across said resistor with said proportional voltage 
opposed in polarity to the voltage developed across said 
resistor, and said unidirectionally conductive device poled 
to conduct only when the voltage across said resistor ex 
ceeds said proportional voltage. 

25. Apparatus for signaling when a rotating roll upon 
which or from which a web is being wound or unwound 
has reached a certain diameter comprising, in combina 
tion, means for repetitively measuring off time periods 
which are related in duration to the angular velocity of 
said roll, means for repetitively creating a signal which 
varies from a starting value in a predetermined fashion 
during each of said periods, means for creating a reference 
signal, a signaling device, and means for actuating said 
signaling device when a particular one of said signals ex 
ceeds the other at the end of one of said time periods. 

26. The combination set forth in claim 25 further char 
acterized in that said reference signal-creating means com 
prises means for making said reference signal substantially 
proportional to the linear velocity of said web. 

27. Apparatus for signaling when a rotating roll upon 
which or from which a running web is being wound or un 
Wound has reached a certain diameter proportional to 
the linear velocity of said web, said apparatus comprising, 
in combination, means for measuring off during each rev 
olution of the roll a time period related in duration to 
the angular velocity of the roll, means for creating a sig 
nal which repetitively varies from a starting value in ex 
ponential relation with time during each such time period, 
means for creating a signal which is proportional to the 
linear velocity of said web, a signaling device, and means 
for actuating said signaling device when a particular one 
of Said signals exceeds the other at the end of any one 
of said time periods. 

28. Apparatus for signalling when a rotating roll upon 
which or from which a running web is being wound or 
unwound has reached a predetermined diameter which is 
independent of the linear velocity of said web, said ap 
paratus comprising, in combination, means for measuring 
off during each revolution of said roll a time period which 
is related in duration to the angular velocity of the roll, 
means for creating a signal which varies from a starting 
value in hyperbolic relation with time during each such 
time period, means for creating a signal which is propor 
tional to the linear velocity of said web, a signaling de 
vice, and means for actuating said signaling device when 
a particular one of said signals exceeds the other at the 
end of any one of said time periods. 
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34. 
29. In apparatus for splicing a running web drawn 

at an adjustable velocity from an expiring roll to adhesive 
oa the leading end of the web of a new roll, the combina 
tion comprising means for creating two signals which 
vary respectively as functions of the angular velocity of 
said expiring roll and the linear velocity of said running 
web, means for comparing said two signals, means con 
trolled by said comparing means for initiating prelimi 
nary operations of the apparatus when the expiring roll 
reaches a diameter dependent on said linear velocity, 
means for then modifying the input-output function of 
one of said signal-creating means, and means controlled 
by said comparing means for then initiating the actual 
splicing operation of said apparatus when said expiring 
roll is reduced to a diameter which is substantially inde 
pendent of said linear velocity. 

30. In Web splicing apparatus for splicing a running 
Web drawn at an adjustable velocity from an expiring roll 
to the web of a new roll, said apparatus having first com 
ponents providing for effecting preliminary operations to 
make ready for splicing and having second components 
for effecting the splicing operation, the combination com 
prising means for creating two signals which vary re 
spectively as functions of the angular velocity of said ex 
piring roll and the linear velocity of said running web, 
means for comparing said signals and actuated when a 
particular one exceeds the other, means responsive to said 
comparing means for initiating the preliminary operations 
by said first components when the expiring roll is reduced 
to a first diameter which is approximately proportional 
to said linear velocity, means actuated by said responsive 
means for changing the input-output function of one of 
said signal-creating means, and second means then respon 
sive to said comparing means for initiating the splicing 
operation by said second components when the expiring 
roll is reduced to a second, smaller diameter which is 
Substantially independent of said linear velocity. 
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