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1. 
This invention relates to devices for detect 

ing breaks in a length of moving material such 
for example as paper, and it has for an object the 
provision of a simple, reliable, inexpensive and 
improved device of this character. Such devices 
are known as web break detectors. 
In certain machines having an element which 

operates on a length of material, photoelectric 
register control systems are provided for main 
taining accurate positional register between ref 
erence marks on the length of material and the 
element which operates. For example in some 
high speed rotary Web multicolor printing presses 
a photoelectric control system is provided for 
maintaining each color printing cylinder in ac 
curate register with indicia, i. e. reference marks 
Which are printed on the web. A system of this 
character is disclosed and claimed in U. S. Patent 
2,230,715 Cockrell. It comprises a photoelectric 
scanning means which responds to the indicia, on 
the paper Web to produce a Succession of positive 
voltage pulses together with a photoelectric type 
Selector Switch mechanism actuated by One of 
the printing cylinders for producing a succession 
of pulses which have a predetermined timed re 
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lationship with respect to the pulses produced by 
the reference indicia when the operating element 
is in register with the indicia. The pulses from 
the Web scanning head and those from the selec 
tor switch are amplified by separate amplifiers 
and the amplified pulses are supplied to a mixing 
valve circuit which detects any out of register 
condition and furnishes a signal of such condi 
tion to a register correcting system. This cor 
recting system usually comprises electric valve 
control circuits and a correction motor controlled 
thereby for restoring the condition of register. 
A further object of the invention is the provi 

sion of means for detecting breaks in a moving 
web on which reference indicia have been printed 
for use in a register control system. 
In rotogravure color register control systems 

it is generally a specified requirement that the 
photoelectric scanning heads shall be explosion 
proof equipment owing to the highly inflammable 
characteristic of the rapidly drying inks which 
are employed in this process. Explosion proof 
equipment of this character is very bulky and is 
also very expensive. Consequently in many in 
stallations in which a web break detector is nec 
-essary or desirable there is no available space 
for the additional explosion proof Scanner. Con 
sequently, the space factor and the expense of 
such equipment make it desirable to obtain web 
break detection and protection without the use 
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of an additional scanner. Accordingly, a further 
object of the invention is the provision of a con 
trol System which utilizes the photoelectric scan 
ning heads of the register control system for de 
tecting web breaks. 

In carrying the invention into effect in one 
form thereof, an alarm circuit is provided for a 
machine which has an element operating upon 
a length of material having register marks i. e. 
indicia printed thereon at successive intervals. 
Means responsive to the speed of the element 
which operates on the length of material are pro 
vided for preparing the alarm circuit for actu 
ation only at speeds in excess of a predetermined 
value. Photoelectric means responsive to the in 
dicia on the web complete the alarm circuit in 
response to a breakage of the web as indicated 
by a decrease in the rate of passage of the indicia 
at Speeds of the operating element in excess of 
a predetermined value. The alarm circuit may 
be utilized to give a visual or audible alarm or to 
disconnect the driving motor of the machine. 

For a better and more complete understanding 
of the invention reference should now be had to 
the following Specification and to the accom 
panying drawings of which Fig. 1 is a simple 
diagrammatic sketch of an embodiment of the 
invention in a web register control system and 
Figs. 2, 3, and 4 are characteristic curves which 
serve to illustrate the operation of the invention 
and to facilitate an understanding of its opera 
tion. 

Referring now to the drawings, a length of ma 
terial such as a web of paper having a color im 
pression 2 printed thereon by printing cylinder 3, 
travels in the direction of the arrow 4 to a suc 
ceeding element operating on the material, illus 
trated as comprising a pair of printing cylinders 
5 which print a second impression of a different 
color on the web. It is desired that this second 
color impression shall be made in exact register 
-with the first impression which is made by the 
cylinders 3. Although only two pair of color 
impression cylinders are illustrated, frequently 
as many as six pairs are used in practice. 
The printing cylinders are driven by suitable 

driving means illustrated as an electric motor 6 
which is connected to the drive shaft of cylinder 
3 by means of suitable gearing and to the drive 
shaft of cylinders 5 by means of suitable driving 
connections including the shaft 7. 
A mechanical differential device 8 is included in 

the driving connections between the motor 6 and 
the cylinders 5. The ring gear 8a of this device 
is driven by a small direct current motor 9 to 



the drive shaft to which it is connected by means 
of Worm gearing 8b. When the motor 9 is stopped 
the pairs of cylinders 3 and 5 rotate at equal 
Speed. 
The correcting motor receives power from any 

suitable source under the control of the register 
control system illustrated in the block diagram. 
of Fig. 1 which comprises the photoelectric web 
scanner fo, and the photoelectric selector switch 

, the amplifiers 2 and 3, the mixing valve cir 
cuit panel 4 and the register correcting appa 
ratus 15. The scanning head 0 includes a source 
of light 6, and a light sensitive device such 
as a photoelectric cell. This scanning head de 
tects the passage of indicia or register Inarks 8 
printed on the web f by the cylinders 3 which 
print the first color impression. It is connected 
to the electric valve amplifier 2. Both the scan 
ning head and the amplifier are standard devices 
which are obtainable on the market. Conse 
eguently, detailed descriptions of these devices are 
onnitted. It is sufficient to understand that when 
indicia 8 pass the photoelectric cell fl, positive 
voltage pulses are produced at the terminal 9 
which are represented diagrammatically in Fig. 
2 by the successive puses 2, 2, and 22. 
A second scanning head comprises a lightSource 
3 and a photoelectric cell 24. This scanning 
head observes the motion of a disc 25 which is 
mechanically coupled to the second pair of im 
pression cylinders 5. This disc has a series of 
slits cut in it. The disc has the same number of 
slits as the number of register marks 8 corre 
-sponding to one revolution of the impression cyl 
inders. For example, 6 marks and slits per rev 
folution of the disc are satisfactory for web speeds 
'of 500 to 1,000 ft. per minute. These marks and 
slits must be equally spaced to an accuracy equal 
to or better than that of the error which can be 
tolerated. A register mark .02 in. wide in the 
direction of paper travel and A2 in... long and a 
disc slit width of A in may be used. The lamp 
3 projects a beam of light through each slit in 

the disc 25 as it passes between the lamp and 
the photoelectric celk 24. 
The scanning head of the selector Switch 

and its amplifier f 3 sare º standard devices which 
3 lay be purchased on the market and accordingly 
a detailed deseription of these items is omitted. 
Et is Sufficient to understand that the chopping 
of the light beam by the slitted disc 25 produces 
positive voltage pulses at the terminal 26 which 
are represented diagrammatically in Fig. 3 by the 
pulses 27, 28, 29, etc. 

For the purpose of providing an indication of 
- a web break, an alarm circuit 30 is provided. The 
completion of this circuit is controlled by a web 
break detecting device 3 and speed indicating 
control system 32. The details of the web break 
detecting device and the speed indicating control 
system are shown within the dotted rectangles 
in Fig. 1. The web break detecting device in 
cides a magnetic control relay 33 having nor 
mally closed contacts 33a in the alarm circuit. 
As shown in the block diagran, the web register 
indicia voltage puses 20, 2, and 22, etc., at the 
terminal 'fe are Supplied to the web break de 
tector device. This break detector device main 
tains the relay 33 energized as long as register 
indicia, signals are received from the scanning 
head (). The instant a web breakage occurs reg 
*ister indicia cease to pass under the scanning 
head and thus no register mark signals are 
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4. 
two stage electric valve amplifier 34 of which both 
the first and second stage valves are preferably 
included within the same envelope. The first 
stage valve is provided with an anode 34a, a 
cathode 34b, and a control grid 34c. Similarly a 
second stage valve has an anode 34d, a cathode 
34e, and a control grid 34f. The two valves are 
supplied from a suitable source of direct voltage 
which is represented by the two supply conductors 
35 and 36. 
As shown, the anode 34a is directly connected 

to the positive supply conductor 35, and the cath 
ode 34b is connected through a resistor 3 to the 
negative supply conductor 36. Cathode follower 
operation of the first stage valve is provided by 
means of the cathode circuit resistor 37. 
The contro grid 34c of the first stage valve is 

connected through a capacitor 38 and conductor 
39 to the terminal 9 between the amplifier 2 
and the mixing valve panel 4. 
The anode 34d of the second stage valve is con 

nected through the operating coil of the relay 33 
and a resistor 40 to the positive conductor 35, 
and the control grid 34 f is connected to the cath 
ode 3&b of the first stage valve. A voltage di 
vider comprising resistors 4 and 42 is connected 
across the source 35, 36, and the cathode 34e of 
the second stage valve is connected to an inter 
nediate point Atta of the divider such that the 
Second Stage valve is normally biased to cutoff 
by the cathode bias obtained from the voltage 
divider. A grid current imiting resistor 3 is in 
cluded in the connection between the grid 34f 
and the cathode 34b of the first stage valve. 

In the Operation of the System the web break 
detector device 3 maintains the magnetic relay 
33 energized as long as register mark signals are 
received from the Scanning head fo at Sufficiently 
frequent intervais. The instant a web break oc 
Curs, the register indicia cease to pass beneath 
the scanning head and thus no register mark sig 
nals are received thereby causing the relay 33 
to beetorne deenergized. The normally closed con 
tacts 33a of the relay then open and shut down 
the web drive notor, or sound an alarn, or give 
Sorne visual indication of the break. At Zero and 
very low Speeds it is necessary to bypass the web 
break detector relay because the frequency of 
the voltage pulses produced by the reference in 
dicia is so low that the second stage valve does 
not remain continuously conducting, and conse 
quently the contacts 33a close. This operation 
-Would give a false indication of a web break when 
aOne existed. 
The bypassing of the web break detecting de 

vice at low speeds is accomplished by means of a 
pair of contacts 4a on a magnetic relay 44. 
these contacts are connected in series with the 
normally closed contacts 33a of relay 33. The 
relay 44 is controlled by means of the speed in 
dicating device 32 which is operated by the se 
lector Switch signals obtained from the terminal 
26 between the amplifier 3 and the mixing valve 
circuit 4. As illustrated in Fig. 1 the speed in 
dicating device 32 comprises a two stage electric 
valve amplifier. This amplifier is preferably a 
twin triode electric valve 45. The first stage 
valve comprises an anode 45a, a cathode 45b, a 
Control grid 45c, and the second stage valve con 
prises an anode 45d, a cathode 45e, and a control 
grid 45f. The anodes 45a and 45d are connected 
to the positive supply conductor 35 and the cath 
odes 45b and 45e are connected through resistors 
46 and 47 respectively to the negative suppy con 
ductor 36. Cathode follower operation of both 
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first and second stage valves is provided by the 
resistors 46 and 47 in the cathode circuits. In 
parallel with resistor 46 is a circuit which com 
prises a capacitor 48, a fixed resistor 49 and a 
variable resistor 50 having a slider 50a to which 
the grid 45f of the second stage is connected by 
means of conductor 5. 
The capacitor 52 is connected in parallel with 

resistor 4. The ohmic value of resistor is 
chosen very large in comparison With the plate 
resistance of the second stage valve With the 
result that the discharge time of capacitor 52 is 
Very much longer than its charging time. 

'The contro grid 45c of the first stage Valve iS 
connected by means of a conductor 60 to the 
terminal 26 between the selector switch amplifier 
5 and the mixing valve 4. The signal input to 

the grid 45c is, as shown in Fig. 3, a positive 
square wave voltage of which the Width or 
period varies inversely with the speed of the disc 
25 and thus inversely with the speed of the print 
ing cylinders 5. The wave shape of the ampli 
fied signals appearing at the cathode terminal 
46a is identical with that of the signals supplied 
to the control grid. The time constant of the 
circuit including capacitor 48 and resistors 49 
and 50 is selected so that the Wave form at the 
slider 50a is always the same for all speeds below 
the rated speed of the web. The form of these 
signals is illustrated in Fig. 4. Each time a posi 
tive pulse is received at the slider 50d, the capaci 
tor 52 charges up through the low plate resista 
ance of the second stage valve in a very short 
time and discharges through the high ohmic 
value resistor 47 when the pulse has passed. 
Since the number of pulses received per second 
vary directly with the speed of the selector 
switch disc 25 and likewise with the Speed of the 
web itself, the voltage across the capacitor 52 
Will increase directly with the speed of the Web 
within a predetermined range. The voltage at 
the cathode terminal 47a is filtered by a resistor 
53 and a capacitor 54 and fed into the grid of the 
first stage of a phase inverter and amplifier COn 
prising a twin triode valve 55 of which the first 
stage valve has an anode 55a, a cathode 55b, and 
a control grid 5.5c, and the second stage valve has 
an anode 55d, a cathode 55e, and a control grid 
55.f. The two cathodes 55b and 55e are con 
nected through a common cathode resistor 56 to 
the negative supply conductor 36. A voltage 
dropping resistor 57 is included in the connection 
of the anode 55a of the first stage valve and of the 
positive supply conductor 35. The voltage at the 
anode 55a is divided by a means of a voltage di- i 
vider which comprises two resistors 58 and 59 
which are connected in series between the anode 
55a, and the negative supply conductor 36. The 
control grid 55f of the second stage valve is con 
nected to an intermediate point on the Voltage 
divider such that at zero speed of the web the 
second stage valve is conducting and the relay 
44 is energized. 
With the foregoing understanding of the ele 

ments and their organization the operation of 
the system will readily be understood from the 
following detailed description. When the print 
ing cylinders and the web are at a standstill, no 
pulses are supplied to the grid 34c of the first 
stage valve of the web break detecting device 
and consequently the second stage valve is non 
conducting and the relay 33 is deemergized. In 
response to the deemergization, the contacts 33a 
of the relay are closed. Similarly no positive 
pulses are supplied to the grid 45c of the first 
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8 
stage valve of the speed indicating device. Con 
sequently the second stage valve of the phase 
inverter 55 is conducting with the result that the 
operating coil of the relay 44 is energized and the 
relay is picked up to open its normally closed 
contacts 44d. 
AS the printing cylinders and the web are 

brought up to Speed, the register indicia 8 pass 
ing the Web Scanning head O produce positive 
Woltage pulses which are Supplied to the gird 34c. 
As a result of these positive pulses the conductiv 
ity of the first stage valve is increased and the 
second stage valve is rendered conducting, and at 
a predetermined low Speed N the conduction of 
the second stage valve is insufficient to keep the 
relay 33 picked up and its normally closed con 
tacts remain closed. 
At a slightly higher speed N2, the positive 

voltage pulses supplied from the selector switch 
mechanism to the grid 45c of the first stage valve 
of the speed indicating device have sufficient fre 
quency to render the second stage valve of the 
phase inverter nonconducting thereby deemergiz 
ing the operating coil of the relay 44. In response 
to deemergization, this relay drops out and closes 
its normally closed contacts 44a thereby prepar 
ing the alam circuit for completion. 

If the Web breaks at any speed above N2, no 
Web indicia will pass the Web scanning head O 
and no positive voltage pulses will be supplied to 
the control grid 34c of the first stage valve of the 
Web break detecting device. As a result, the first 
and second stage valves become nonconducting 
and the operating coil of the relay 33 is deener 
gized. Responsively to deemergization, the relay 
33 drops out and closes its normally closed con 
tacts 33d thereby to complete the alarm circuit 
30 which Was prepared or partially completed at 
the speed N2 by the closing of the contacts 44a. 
The completion of the alarm circuit 30 causes 

either a visual or an audible alarm to be given or 
it may be utilized to disconnect the press drive 
motor from its source. 
The speed at which the speed indicating relay 

44 drops out is determined by the setting of the 
potentiometer 50. 
Although in accordance with the provisions of 

the patent Statutes this invention is described as 
embodied in concrete form and the principle 
thereof has been explained together with the 
best mode in which it is now contemplated ap 
plying that principle, it will be understood that 
the apparatus shown and described is merely 
illustrative and that the invention is not limited 
thereto since alterations and modifications will 
readily suggest themselves to persons skilled in 
the art without departing from the true spirit of 
the invention or from the scope of the following 
claims. 
What I claim as new and desire to secure by 

letters Patent of the United States is: 
1. A web detector for use on a machine having 

an element operating on a length of moving ma 
terial having a plurality of indicia distributed 
along its length comprising, a normally inactive 
alarm circuit, means responsive to speeds of said 
element greater than a predetermined speed for 
preparing said alarm circuit for actuation, and 
photoelectric means responsive to non-passage of 
said indicia, for actuating said prepared alarm 
circuit to indicate a break in said length of ma 
terial. 

2. A web break detector for use on a machine 
having an element operating on a length of mov 
ing material having a plurality of indicia distrib 



?? 

uted alongits.length comprising anormally open 
alarna circuit, means responsive to speeds of:said 
element: greater than a predetermined-speed for. 
partially completing said alarm circuit, and pho 
toelectric means, responsive to non-passage of said 
indicia for completing said alarm circuit. 

3. A web break detector for use on a machine 
having an elemenat operating on a length of movi 
ing.naaterial having, a plurality of indicia distribs 
uted along its length comprising, a normally open 
alara circuit, means responsive to Speeds of Said 
elements, greater than a predetermined mainigaum 
Speed and a relay controlled thereby for partially 
completing Said; alarm.circuit, and photoelectric 
neaS responsive, to non-paSSage of said, indicia 
and as relay controlled thereby for completing 
Said alarn circuit. 

4 A), web break detector for use on a...machine 
having an element: operating on a length of 
moving material having a plurality of indicia 
distributed, along its length comprising, an 
alarm circuit, means, responsive to the speed 
of Said element for preparing said alarna circuit 
for actuation, an amplifier comprising a first Stage 
electric Valve, and a Secondi stage electric Valve 
each provided with an anode, a Cathode and a 
control grid, a resistor connected in the cathode 
circuit. Of the first Stage. Valve to provide cathode 
follower operation, a connection from the cathode 
terminal of said resistor to the grid of said second 
stage valve, photoelectric means responsive- to the 
passage. Of' Said indicia , for supplying Successive 
signal voltage impulses to the grid of Said first 
stage valve to increase the conductivity of said 
first stage valve during each of said impulses, a 
capacitors connected in paralleh with said resistor 
for varying the conduction of Said second stage 
valve during the paSSage of Said indicia, and a 
relay, responsive to the condition', of conduction 
of Said second stage valve during nonpassage of 
said indicia, for actuating Said prepared alarm 
circuit to indicate a break in Said length of ma 
terial. 

5. A web break detector for use on a machine 
having an element operating on a length of 'Inov 
ing material having a plurality : of indicia- dis 
tributed along: its length comprising, an alarm 
circuit, means respOn,Sive... to the Speed . of Said 
element for preparing Said alarm circuit for . ag 
tuation, an amplifier comprising a first Stage 
electric valve and a second Stage electric valve 
each provided with an anode, a cathode and a 
contrel grid, means supplying a biasing voltage 
to the grid. of said second stage -valve to effects a 
normal condition of non-conduction of Said Sec 
ond stage Valve When Said first Stage vaiVe iSnOn 
conducting, a resistor connected in the cathode 
circuit of said first stage valve to provide cathode 
follower operation, a connection from the cathode 
terminal of Said resistOr to the grid of Said Sec 
ond stage valve, photoelectric means - responsive 
to the passage of said indicia for supplying suc 
cessive signal voltage impulses to the grid of Said 
first stage wave to increase the conductivity of 
said first stage-valve during each of said impulses, 
a capacitor connected in parallel with said resistor 
and becoming charged in respon Se to conduction 
of said first stage valve to vary. the conduction of 
said second stage valve, and a relay responsive 
to said normal condition of non-conduction of 
said second stage valve for actuating Said prepared 
alarm circuit to indicate a break in Said length 
of material. 

6. As web break-detector for vºuse. Ora av m&ehine 
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8. 
ing material : having a plurality of, indicia, disa 
tributed along its length comprising, an alarm 
circuit; means responsive to the speed of" said 
element for preparing said alarm circuit for ace 
tuation an amplifier comprising: a first. Stage 
elec:bric valve and a secondi stage electric:valve 
each provided with an anode, al. Cathode and a 
control. grid, means biasing said second stage 
valve to cutoff when said first stage valve is: non 
conducting, a resistori connected in the cathode 
circuit of said finrst stage valve to provide cathode 
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follower operation, a connection from the cathode. 
terminal of Said resistor to the grid of Said Seca. 
ond stage valve, photoelectric means responsive to 
the passage of said indicia for Supplying Succes 
sive signal voltage impulses to the grid of Said 
first stage valve to render, said first stage, valve 
conducting during each . of Said impulses, a ca. 
pacitor connected in parallel with said resistor 
and becoming charged in response to condection 
off said first stage valve. to render said. Second 
stage-valve conducting, and a relay responsive to 
the cutoff condition of Said second stage valve for 
actuating said prepared alarm circuit. to indicate 
a break in said length of material. 

7. A web detector for use on a machine having 
an element operating on a length of moving ma 
terial having a plurality of indicia distributed 
along its length comprising, an alarm circuit, 
means for partially completing said alarm circuit 
at a predetermined speed of said element com 
prising means responsive to the speed of said 
element for producing voltage pulses having a fre 
quency proportioned to the Speed of Said element, 
a capacitor, electric valve means responsive to 
said voltage pulses for charging said capacitor, a 
discharge, circuit for said capacitor having a ree 
sistance that is relatively high with respect to the 
resistance of the charging circuit to effect a 
charge on said capacitor proportional to the fre 
quency of said pulses, a relay and an electric 
valve phase inverter responsive to the charge on 
Said capacitor for effecting Operation of Said relay 
at a predetermined speed of said element, and 
photoelectric means responsive- to the non-pass 
sage of said indicia for actuating said prepared 
alarm circuit to indicate a break in said length 
of material. 

8. A web detector for use on a machine have 
ing an element operating on a length of Inoving 
material having a plurality of indicia distributed 
along its length comprising, an alarm circuit, 
means for partially completing said alarm cir-a 
cuit at a. predetermined Speed of Said element 
comprising means responsive to the speed of Said 
element for producing voltage pulses having a fre 
quency. proportioned to the speed of said element, 
a capacitor, electric valve means responsive to 
said voltage: pulses for charging said capacitor, a 
discharge, circuit for said capacitor: having a re 
sistance that is relatively high with respect to the 
resistance of the charging circuit to effect: a 
charge on said capacitor proportional to the fre 
quency of said pulses, a relay: having normally 
closed contacts and an electric valve phase in 
verter responsive to the charge on said capacitor 
for deenergizing said relay at a predetermined 
Speed of Said element, and photoelectric means re 
Sponsive to the non-paSSage. of Said indicia for ac 
tuating said prepared alarm circuit to indicate a 
break in said length of material. 

9. Foruse ona machine having a driving motor 
and an element operating on a length of material 
provided with a plurality of 'indicia distributed 

having an element operating on a length of mov. 75 along its length comprising an alarm- circuit, 
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means responsive only to speeds of said element 
greater than a predetermined minimum Speed for 
preparing said alarm circuit for actuation, photo 
electric means responsive to non-passage of said 
indicia for actuating said prepared alarm circuit 
and means responsive to actuation of said alarm 
circuit for deenergizing said driving motor. 

10. For use on a machine having a driving mo 
tOr and an element operating on a length of mov 
ing material having a plurality of indicia dis 
tributed along its length comprising a normally 
Open alarm circuit, means responsive only to 
speeds of said element greater than a predeter 
mined minimum speed for partially completing 
Said alarm circuit at a predetermined speed of 
said element, photoelectric means responsive to 

0. 

5 

10 
non-passage of said indicia for completing said 
alarm circuit, and means responsive to the com 
pletion of said circuit for deenergizing said drive 
ing motor. 

GEORGE B. DUNN. 

REFERENCES C TED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Number Name Date 
2,150,467 Stain -------------- Mar. 14, 1939 
2,351,229 Potts -------------- June 13, 1944 
2,430,305 Sheets -------------- Nov. 4, 1947 


