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[57] ABSTRACT 
A web tracking system for a continuous web of material 
which is transported from a supply to a takeup means 
along a predetermined path via one or more processing 
stations and comprises aligned tracking indicia along at 
least one edge of the web. Means are provided to ob 
serve the tracking indica as the web is transported along 
the system path and produce information either indica 
tive of dimensional changes in the length and width of 
the web due to web shrinkage or expansion or indica 
tive of a particular point along the length of the web 
useful at one or more of the processing stations in the 
system. 
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WEB TRACKING SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

RELATED APPLICATION 

US. Application Ser. No. 444,144, ?led Nov. 24, 
1982 and entitled COLOR ELECTROGRAPI-IIC RE 
CORDING APPARATUS and assigned to the as 
signee herein. 

BACKGROUND OF THE INVENTION 

The present invention relates to the transport of a 
continuous web of material and more particularly to a 
system and method for tracking of the web in its path of 
movement from a supply to a takeup means. 
Many different kinds of systems have been devised to 

track the movement of a web of material in order to 
positively determine, for example, various locations 
along its length so that one or more operations may be 
performed in connection with the treatment of the web. 
In carrying out the treatment, the path of the web may 
have to be monitored to ensure that it [mantains] 
maintains a predetermined path in the system for pro 
cessing at one or more system stations. This may entail 
optical monitoring means and lateral translation of the 
web in the system path or lateral translation of the web 
supply roll to provide for misalignment correction. 

Also, the web may change in physical size, i.e., it will 
stretch or expand, or shrink or contract both laterally 
and longitudinally relative to its length. Such expansion 
or shrinkage is due to several factors. The major factors 
are environmental conditions, e.g., temperature and 
humidity, web handling in the system and the resultant 
action of the particular processes being performed in 
connection with the web, e.g., the application of a fluid 
to the surface of the web. 

In the usual case of web material, e.g., electrographic 
recording medium comprising dielectric coated paper, 
the web can stretch or shrink as much as 1 mil per foot 
and the dimensional change laterally across this type of 
material can be three times greater than the dimensional 
change along the longitudinal extent of the material. 
Web material is acceptable to such dimensional changes 
due to the manner by which it is made. For example, in 
the case of paper, the fiberous grain of the paper is such 
that it can stretch or shrink more in one orthogonal 
direction as compared to another. Web material such as 
polyester based ?lms may not stretch or shrink as much 
as paper, but are still succeptable to some stretching and 
shrinkage. 

Further, web material may neither be perfectly flat or 
straight nor are the web material edges exactly parallel 
to one another. 
These web dimensional changes and physical irregu 

larities which may occur while the web material is mov 
ing through a web processing system can contribute 
significantly to the successful application of the desired 
process. 
While one solution to this problem might be to re 

quire tighter specifications in the design and manufac 
ture of web material without these irregularities, this 
would not be desirable because of the high costs to 
provide such quality control in its manufacture, which 
would not be acceptable to web material manufacturers. 
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2 
The better approach is to create a tracking system that 
can cope with these irregularities and capable of moni 
toring and controlling the station functions without 
requiring changes to the web material. 

SUMMARY OF THE INVENTION 

According to this invention, a system and method is 
provided for monitoring tracking indica provided on 
the web material, preferrably along one or more of its 
edges, and developing signals representative of web 
dimensional changes for application at one or more web 
processing stations taking into account the changes in 
web physical parameters. 
The web tracking system of this invention is for a 

continuous web of material which is transported from a 
supply to a takeup means along a predetermined path 
via one or more processing stations comprising aligned 
tracking [indica] indicia along at least one edge of the 
web. Means is provided to observe the tracking [in 
dica] indicia as the web is transported along the system 
path and produce information indicative of dimensional 
changes in the length of the web or indicative of a par 
ticular point along the length of the web, which infor 
mation is useful at one or more of the processing sta 
tions. The aforementioned means includes optical sens 
ing of the tracking [indica] indicia provide electrical 
signals representative of the tracking indicia. 
Means associated with the transport of the web pho 

toelectrically senses the aligned tracking indicia and 
provides electrical signals representative of information 
as to the dimensional extent both laterally and longitudi 
nally of the web being handled by the system and useful, 
for example, to provide adjustment for both lateral and 
longitudinal dimension of the web through the opera 
tion of a stepper motor via a position control that pro 
cesses and interprets the electrical signals representative 
of the indicia. 
One aspect of the associated means is to provide 

relative translation between the web and a processing 
station on-the-fly as the web is being processed at the 
station. This may be possibly exempli?ed in several 
ways. First, the supply roll from which the web is paid 
out into the system may be laterally translated relative 
to the web path through the system and the system 
work stations. Secondly, a processing station may be 
laterally translated relative to the web. Third, the pro 
cessing station or component at the station may be ro 
tated relative to the path of the web through the system. 
Another aspect of the associated mean is to control 

the rate of movement of the web along its path based 
upon the sensed information relative to the tracking 
indicia. 
The tracking indicia may comprise an aligned series 

of registration marks having the same dimensional spac 
ing and width adjacent one edge or adjacent both edges 
of the web. The registration marks may be preceeded by 
a plurality of aligned initializing marks for which have 
a different geometric shape compared to the registra 
tion marks, e.g., a different mark width. The point of 
change from the last narrower initializing mark to the 
first wider registration mark can be indicative of the 
starting point on the web for a particular treatment to be 
applied at a selected processing station. 

Lateral and longitudinal dimensional changes in the 
web drived from observation of an aligned row of regis 
tration marks is indicative of changes in length, either 
expansion or shrinkage, of the web under observation. 
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In this regard, it should be noted that coarse correction 
for lateral alignment of the web relative to a processing 
station due to web shifting in the system path can be 
accomplished by the lateral translation of the web sup 
ply roll while ?ne correction for lateral alignment clue 
to web expansion or shrinkage can be accomplished by 
the lateral translation of a processing station or a com 
ponent at the station to recenter the station relative to 
the web. 

Alternatively, a tracking line adjacent to and parallel 
with the aligned row of registration marks at both edges 
of the web may be employed for lateral station transla 
tion. 
Other objects and attainments together with a fuller 

understanding of the invention will become apparent 
and appreciated by referring to the following descrip 
tion and claims taken in conjunction with the accompa 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram showing a web track 
ing system according to this invention. 
FIG. 2 is a schematic diagram showing a plan view of 

a portion of the system shown in FIG. 1. 
FIG. 3 is a schematic diagram of the means for lateral 

translation of the web supply roll in the system of FIG. 
1. 
FIG. 4 is a section taken along the line of 4-4 of 

FIG. 3 showing a side view of the web edge detector 
used with the lateral translation means of FIG. 3. 
FIG. 5 is a plan view of portion of a web section 

illustrating tracking indicia of this invention. 
FIG. 6 is a plan of one embodiment of tracking indi 

cia as applied to the web and as arranged with X and Y 
photosensors. 
FIG. 7 is a plan view of another embodiment of track 

ing indicia as applied to the web. 
- FIG. 8 is a plan view of the same embodiment of 
tracking indicia as disclosed in FIG. 7 but with a differ 
ent X and Y photosensor arrangement. 
FIGS. 9A and 9B are circuit diagrams for the devel 

opment of electrical signals representative of the output 
from the Y photosensors. 
FIG. 10 is a circuit logic diagram for the develop 

ment of electrical signals representative of the X photo 
sensors. 

FIG. 11 is a circuit diagram for use in the determina 
tion of the beginning point for web processing at a 
processing station. 

FIG. 12 is a circuit diagram for the web guide servo 
control in FIG. 1 to provide latent translation of the 
web supply roll. 
FIGS. 13A and 13B are circuit diagrams for any one 

of the position controls shown in FIG. 1 to provide 
stepped correction signals based upon tracking indicia 
information to a servo drive motor. 

FIG. 14 is a circuit diagram for any one of the posi 
tion controls shown in FIG. 1 to provide stepped cor 
rection signals based upon tracking indicia information 
that have been adjusted for signal noise. 
FIG. 15 is another circuit diagram for any one of the 

position controls shown in FIG. 1 to provide stepped 
correction signals based upon tracking indicia informa 
tion that have been adjusted for signal noise. 
FIG. 16 is a detailed schematic diagram of an embodi 

ment for the tension servo control shown in FIG. 1. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

Referring to FIGS. 1 and 2 there is diagrammatically 
shown system 10 of this invention. System 10 comprises 
[a] one or more processing stations 12, l4 16. Stations 
12-16 are aligned in the path of web 18. Web 18 is 
drawn from supply roll 20 in the X direction over a 
series of rolls in the bed of system 10, by means of drive 
roll 22 driven by drive motor 24. These rolls are shown 
at 26 and 28. A series of rollers 30 are provided to ride 
against drive roll 22 in order to provide a firm grip on 
the web 18. The web 18 is taken up on take-up roll 32 
driven by take-up motor 34. 

Supply roll 20 is also provided with a drive motor 19 
to rewind the paid out web 18 back onto supply roll 20 
for further processing by system stations 12-16. The 
drive motor circuitry for rolls 20 and 32 is not shown, as 
such web handling is conventional in the continuous 
web handling art involving the manufacturing, coating, 
utilizing (e.g., reel to reel recording tape transport) and 
other processing of continuous web material. Basically. 
supply roll motor 19 is continuously applying a driving 
force in the direction of arrow 20' while take up motor 
34 is continuously applying drive in the direction of 
arrow 32'. These oppositely opposed drives maintain 
web 18 in a state of equilibrium until drive motor 24 is 
enabled in either direction, as indicated by arrow 24’. 
either to drive the web 18 forward at a relatively slow 
rate for processing by system 10 or to drive the web 18 
reward at a relatively fast rate to wind the web 18 back 
onto supply roll 20. Drive servo control 48 drives and 
controls the speed and direction of drive motor 24 via 
line 50. Control 48 maintains selected motor speed by 
utilizing a speed servo loop including tachometer 52, 
the output of which is connected to control 48 via line 
54. This type of control is conventional in the web 
handling art. 
Encoder 36, backed by roller 38, is adapted to run 

with the moving web 18 and may be positioned at any 
convenient location along the web path through system 
10. The output of encoder 36 is supplied to each of the 
position control circuits 42 and 44 and to a control 
circuit 46 via line 40. Encoder 36 provides a series of 
pulses per revolution, each pulse representative of an 
incremental distance of web movement. 
The position control circuits 42 and 44 provide direc 

tion and correction pulses on respective line 56 and 58 
to respective servo stepper motors 62 and 64 and con 
trol circuit 46 provides correction pulses on line 60 to 
processing station 16 to provide a desired correcting 
function. Servo stepper motors 62 and 64 in turn pro 
vide a desired servo function at respective stations 12 
and 14. 
As shown in FIGS. 1 and 2, pairs of photosensors X. 

Y, X’, and Y’ are positioned adjacent to the web 18 and 
preceeding the stations 12-14. These photosensors are 
actually pairs of photodiodes coupled at their cathode 
to a source of positive bias. Photosensor X comprises 
photodiodes IX and 2X, photosensor X’ comprises pho 
todiodes IX’ and 2X’, photosensor Y comprises photo 
diodes lY and 2Y and photosensor Y’ comprises photo 
diodes lY' and 2Y'. These photosensors need not be 
positioned between the encoder 36 and the first stata 
tion 12. They may also be positioned in other locations 
along the path length of system 10 such as, for example, 
between stations 14 and 16. However, it is preferred 
that they be positioned in relatively close proximity to 
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stations 12-16 since their detection capabilities relative 
to web 18 will be put to utilization at one or more of the 
stations. 

Phototsensors X, X’, Y and Y’ also each include their 
own light source directed toward the web surface 17, 
which light sources are not depicted in the Figures. 
As shown in FIG, 2 the photosensors X, Y, X’ and Y’ 

are physically mounted beneath the surface 17 of web 
18 in a manner to be substantially aligned with the 
tracking indicia 70 which comprises a series of edge 
tracking marks 72 and 74 and two tracking lines 76 and 
78. Sensor X is in a position to sense tracking marks 72. 
Sensor Y is in a position to sense tracking line 76, sensor 
X’ is in a position to sense tracking marks 74 and sensor 
Y' is in a position to sense tacking line 78. As the surface 
17 of web is drawn through the processing stations, the 
sensors X, X’, Y and Y’ and connected signal processing 
circuitry can monitor the indicia and utilize the infor 
mation for various station functions. 
As shown in FIG. 1, sensors Y and Y’ have their 

respective outputs 80 and 82 connected to control cir 
cuits 42, 44 and 46. Sensors X and X’ have their respec 
tive outputs 84 and 86 also connected to control circuits 
42, 44 and 46. 

Adjacent to the payout of web 18 from supply roll 20 
is dancer roll 90, which is supported in a conventional 
manner to provide predetermined level of bias on web 
18 indicated by arrow 92. Means 94 is provided to moni 
tor the applied predetermined tension by dancer roll 90. 
Means 94 may be an optical sensor positioned to deter 
mine relative vertical movement of dancer roll 90. On 
the other hand, means 94 may be an electrical sensor to 
determine such movement. Such an embodiment is illus 
trated in FIG. 16, which will be discussed later. Means 
94 is connected by line 96 to tension servo control 98. 
Control 98, which includes a motor drive control, is 
coupled via line 100 to supply roll motor 19. 
The function of dancer roll 90 is to ensure that a 

predetermined amount of tension is applied to web 18 as 
it is paid off of supply roll 20._The servo control 98 can 
monitor changes in the desired tension and either in 
crease or decrease the back torque on motor 19, as the 
case may be, for correcting to the desired level of web 
tension. 
Y adjustment for web 18, i.e., lateral adjustment of 

web position relative to processing stations 12-16, is 
achieved by a supply roll position actuator 102 shown in 
further detail in FIGS. 3 and 12. The actuator 102 in 
cludes step servo motor which receives input from the 
web guide servo control 106 via supply lines 104 to 
move the supply roll 20 laterally in either Y direction. 
An optical edge sensor 110 monitors the edge of web 18 
and supplies an input via line 108 to web guide servo 
control 106 indicative of which direction the supply roll 
should be laterally moved for desired Y web alignment. 

Reference is now made to FIGS. 3 and 4 to explain in 
further detail the Y direction supply roll alignment. 
Supply roll 20 is rotatably supported in side frames 140 
and 142 on a structure comprising roll tube 180 having 
end roll stops 181 and 182. Stops 181 and 182 support 
roll 18 on tube 180 with the aid of a roll spacer 183. Roll 
stop 181 is secured to tube 180 while stop 182 is remov 
able. An externally threaded collar 184 is secured to the 
end of tube 180 opposite to stop 181. Once roll 18 is 
slipped over tube 180 and guide 183 with its end in 
engagement with stop 181, the removable stop 182 is 
slipped over collar 184 and held in position by means of 
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roll nut 185 threaded upon collar 184. In this manner, 
supply roll 18 is held secured onto tube 180. 

Left and right ends of roll tube 180 are provided with 
a respective bearing support members 186 and 187. 
Member 186 has a cylindrical passage 189 within which 
is slidably mounted the roll thrust plunger 188. The 
rearward extent of plunger 188 is provided with a circu 
lar projection 190. 
Mounted internally within tube 180 is a plunger 

spring stop 191. Stop 191 is provided with a circular 
detent 192. Compression spring 193 is mounted between 
plunger projection 190 and stop detent 192 to urge 
plunger 188 out of passage 189. However, plunger 188 
is held within passage 189 by means of stop ring 186A. 
The forward end of plunger 188 is provided with a 

pointed projection 194 that contacts the end extension 
195A of motor drive shaft 195. Shaft 195 is driven by 
supply roll motor 19. 

Secured to the end of drive shaft 195 is a drive torque 
coupler 196. Formed on the outer end of bearing sup 
port member 186 is a roll coupler 197. Couplers 196 and 
197 each have respectively one or more extensions 196' 
or 197' that will come into engagement with a corre 
sponding complement extension on the other when 
rotational movement is applied in either direction to 
shaft 195. Thus, upon rotation of drive shaft 195, a cou 
pler extension 196' of coupler 196 will come into 
contact with a corresponding extension 197' on roll 
coupler 197 so that roll tube 180 will be rotatably driven 
by shaft 195. Biased plunger 188 functions to maintain 
the couplers 196 and 197 in firm engagement with one 
another without interfering with the rotary operation of 
roll tube 180. 

Bearing support member 186 is supported in roll 
sleeve bearing 198, which is supported in mount 190 
which is part of side frame 142. Bearing support mem 
ber 187 is supported at the other end of roll tube 180 in 
roll sleeve bearing 198A, which is supported in mount 
202 which is part of side frame 140. 
The end of bearing support member 187 is provided 

with a plug member 203 having a spherical end surface 

It should be noted that the bearing support members 
186 and 187 may be supported in U-shaped or open 
ended bearings 198 and 198A. In this manner, the entire 
supply roll tube 180 may be easily inserted with its 
coupler end positioned (intercoupling of couplers 196 
and 197) into place on bearing 198 followed by insertion 
of the other end of roll tube 180 at support 187 on bear 
ing 198A. Spherical end surface 204 will ride smoothly 
over the forward end of threaded screw 208 due to the 
bias action of plunger 188. This action eliminates any 
damages that might be caused to the actuactor 102 upon 
insertion of the roll tube 180 onto bearings 198 and 
198A. 

Position actuator 102 comprises stepper motor 205 
which is mounted on a frame plate 206 via bolts 213. 
The output shaft 207 of motor 205 secured to threaded 
roll drive screw 208. Screw 208 is provided with an 
external thread of predetermined pitch. An opening 210 
is provided in side frame 140 into which is mounted an 
internally threaded bushing 211 and is secured to frame 
140 by means of fasteners 212. Threaded bushing 211 
has the same thread pitch as drive screw 208 so that 
upon rotational movement of motor shaft 207, the drive 
screw 208 will move laterally away from or against plug 
member 203 depending on the direction of rotation of 
shaft 207. In order to provide for this translatory mo 






























