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[5 7 ] ABSTRACT 
A device for controlling the bank'of viscous material 
in front of the nip of a pair of calender rolls comprises 
a source of coherent radiation which is trained, across 
a surface of the rolling bank turned away from the nip, 
toward a receiver sensitiveto such radiation so that a - ‘ 
growth of thickness of the rolling bank obstructs the . 
receiver and produces one signal condition while ex 
cessive reduction in the size of the bank creates a sec 
ond signal ‘condition whereby the calendaring opera 
tion is regulated. The source of coherent radiation is 
preferably a laser beam while the receiver'is a photo 

a cell arrangement juxtaposed with the source which is 
oscillated to sweep the beam angularly or is recipro~ 

' cated‘at high frequency to reciprocate the beam in a 
plane generally perpendicular to the plane of the roll 
axes. ' 1 

10 Claims, 76 Drawing Figures 
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1 
CALENDER ROLL APPARATUS WITH DEVICE 
FOR CONTROLLING THE THICKNESS OF THE 

BANK OF MATERIAL IN FRONT OF THE 
> ROLLING GAP 

FIELD OF THE INVENTION 

The present invention relates to calendering appara 
‘ tusand, more-particularly, to a calender-roll arrange 
ment providedwith a device for monitoring the thick 
ness of the bank of viscous material collecting ahead of 
the nip or gap between the rolls, and feeding through 
the latter to form a foil or band. 

BACKGROUND OF THE INVENTION 

In the calendering of viscous material, e.g. in calend 
er-roll arrangements whereby viscous materials such as 
synthetic resins are-passed between the rolls through 
the nip or roll gap to form a foil or band, problems have 
been encountered because of changes in the shape or 

gap. As it is well known in the production of synthetic 
resin (thermoplastic) foils, wherein a layer of a pasty or 
doughy substance is received from a roll-type mill at a 
thickness controlled by the position of a stripper blade, 
the viscous material forms a layer, band, strip or foil as 
it‘ ispassed between two rolls or through a series of roll» 
ing nips or gaps such that the foil emerges from the 
final nip or gap at the desired thickness. Ahead of the 
nip or gap, there accumulates a mass of the viscous ma 
terials, having generally a bulbous cross-section con 
verging toward the nip, which is termed the “bank” and 
constitutes a supply of the pasty material entering the 
gap. Within the bank, the viscous material may circu 
late until it enters the gap and, when the bank is too _ 
thick, such movement often carries the viscous materi 
als away from the nip for a period sufficient to cause 
cooling. This substantially reduces the quality of the 

. final foil. 

On the other‘hand, when the bank‘ becomes too thin 
or fails altogether, the foil is disrupted and the calender 

, rolls. may come into contact with one another, thereby 
deforming or otherwise damaging the highly ?nished 
polished surfaces of the rolls. Thus, in the calendering 
of synthetic-resin materials, for example, the choice 
has generally been to risk damage to the rolls or permit 
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‘ size of the bank of material built up ahead of the nip or I 
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OBJECTS'O‘F THE INVENTION 
It is the principal object of the present invention to 

provide an improved calender-roll apparatus, espe 
cially for the calendering of viscous synthetic resin, 
whereby the aforedescribed disadvantages are obvi 
ated. ‘ A . 

Another object of the invention is ‘to provide a ca 
lender-roll apparatus with an improved system for con 
trolling the calendering operation in accordance with 
the condition of the bank of viscous materials built up 
ahead of the nip or gap. ‘ . 

Still another object of the invention is to provide a 
sensingdevice for the bank of viscous materials ahead 
of the nip of a pair of calendering rolls which will be 
less sensitive to environmental and other potentially in 
terfering in?uences associated with the calendering of 
viscous materials to produce bands or foils that has 
been thecase heretofore and which also is highly accu~ 
rate, has a short response time and does not detrimena 
tally affect the bank. ‘ ' ‘ 

SUMMARY OF THE INVENTION 

- These objects and others which will become apparent 
hereinafter are attained in accordance with the present 
invention in a system for the calendering of viscous ma- ‘ 
terials to form'bands or foils thereof which: comprises, 
in a calendering-roll apparatus in which a bank of vis 
cous materials is built up ahead of the'nip or roll gap, 
a beam of coherent nondivergent radiation (highly co 
lumnar or columnated) which is trained across the sur 
face of the bank from one end of the roller assembly to 
the otherand is intercepted by a receiver responsive to 
the coherent radiation for creating a first electrical Sig 
nalcondition in the event of excessive reduction in the ' 
size (thickness) of the bank and a second signal condi 

‘ tion in response to the maintenance of a satisfactory 

45 

the bank to remain in an excessively thick condition ‘ 
with consequent reduction in the quality of the prod 
uct. . 

Efforts to avoid these disadvantages have included 
continuous monitoring by operating personnel by vi 
sual observation which is not always satisfactory be 
cause the response time of the observer may be exces 
sive if it is desired to protect against elimination of the 
bank with calender rolls operating at high speed. In an 
other effort to avoid this disadvantage, the bank was 
sensed by a roll engaging the bank surface opposite the 
nip. This contact-type sensor, however, has the draw 
back that it adversely affects the bank‘and hence the 
quality of the resulting foil. . 

Systems which are incapable of preventing elimina-_ 
tion of ‘the bank. and direct contact of the calendering 
surfaces of ‘the'rolls with each other are of little value 

‘ since contact of the calendering rolls with each other 
causes such damage as requires time consuming and 
expensive repair of the surfaces. 
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thickness of the bank or an increase in the thickness be 
yond a desired level, the signal conditions operating 
control means determining the rate at which the vis 
cous materials traverses the calendering ,roll arrange 
ment and hence restoring the bank or otherwise modi 
fying the calendering operation, eg by preventing the 
rolls from coming into contact with one another. , 

In other words, the present invention makes use of a 
sensor for monitoring the size ‘or thickness of the bank 
in the form of a parallel beam of coherent radiation, 
preferably from a laser source which provides a con 
tactless detection of the thickness of the bank of vis 
cous materials and controls the regulators for the cal 
endering operation to maintain‘ an optimum bank 
thickness while preventing the rolls from coming into 
contact with one another. - 

When the beam of coherent radiation is a laser or like 
luminous beam, the receiver disposed‘at the end of the 
roll assembly opposite the‘source maybe a photodetec 
tor (photo-cell) and‘ the nondivergent or columnated 
beam is preferably trained along the surface of the 
bank turned. away'from the rolling gap or nip and gen 
erally along a path parallel to the axis of the rolls. 
The beam is either screened by the bank from the re 

ceiver so that no voltage output is derived or is permit 
ted to reach the receiver without interruption by the 
bank (as in the case of an excessively small bank thick 
ness) whereby a voltage signal is generated by the re 
ceiver. 
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Advantageously, the device for monitoring the thick 
ness of the bank is so arranged on the roll support 
stands that the beam glances along thesurface of the 
bank in its optimum thickness. A signal is thus pro 
duced when the bank thicknessfalls below the opti 
mum and no signal is produced when the bank thick 
ness exceeds the optimum. 
The signals generated by the receiver are applied to 

a controller which can increase or decrease the width 
of the nip or rolling gap and therefore the amount of 
material retained in the bank or drawn therefrom in ac 
cordance with whether the signal voltage is obtained or 
not, thereby maintaining a substantially constant thick- , 
ness of the bank. Should the signal remain over a pre 
determined time period, whose length is depended 
uponthe rolling speed, the rolls may be brought to a 
standstilllor backed away from each other to prevent 
contact. An acoustic signal or optical signal may. also 
be operated to alert responsive personnel. The time in 
terval can be determined by a time delay relay and the 
correction of the bank failure condition can be accom 
plished by modifying the thickness of the layer of vis 
cous materials delivered to the calender rollers (e.g. by 
controlling the position of a stripper blade, by control 
ling the roll adjustment devices etc.). ' 
While the system of the present invention, for moni 

toring the bank of viscous material ahead of the nip or 
gap of the calendering rolls is somewhat more complex 
with respect to irregularities in the bank, by compari~ 
son with mechanical sensing systems, it is possible to 
compensate for such local distortions of the bank by 
oscillating and/or reciprocating the source of the co-v 
herent radiation as will become apparent hereinafter. 

The use'of a beam or columnar ('nondivergent) co 
herent radiation has a signi?cant advantage in that, be 
cause of its sharp delineation and high intensity, it is 
not materially affected by the plasticizer vapors which 
form in the region of the bank of viscous materials and 
practically is transparent to the monitoring beam. in 
other words, no error or substantial signal reduction re 
sults from the presence of the cloud of plasticizer vapor 
around the bank of viscous material when a laser 
source is applied. 

It has been found to be advantageous, both for rapid 
response to changes in the condition of the bank of vis 
cous material ahead of the roll gap and for convenience 
in signal processing, to impart a high-frequency angular 
oscillation or high-frequency parallel reciprocation, or 
both, to the monitoring beam of coherent radiation in 
a plane which is substantially perpendicular to the 
plane of the roll axes, while the receiver, sensor or de 
tector has an elongated sensitive zone extending along 
this plane. 
The high-frequency angular oscillation thus causes 

the beam to sweep across the length of this sensitive 
zone and, when the latter comprises a plurality of pho 
tocells connected in parallel, generates a pulse train of 
constant frequency and amplitude provided that the 
beam is not intercepted by the bank of viscous mate 
rial. When this output pulse train is integrated over 
each sweep to and fro across the sensitive zone, the re 
sulting pulses have a duration and, consequently, an av 
erage voltage level which is inversely proportional to 

' the thickness of the bank. ‘in fact, the loss of signal from 
the unobstructed-path condition‘ is a precise measure 
ment of the thickness of the bank. ' 
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4 
The resulting signal, which continuously varies in ac 

cordance with the thickness of the bank, increases thev 
information available for the process controller, facili 
tates a rapid response to deviations of the bank thick 
ness from its set point value and provides, if desired, a 
digital output which can facilitate process regulation by‘ 
digital methods using conventional controlling cir 
cuitry. ' ' . 

The process controller may respond to the integrated 
‘output of the photocell arrangement, generally after 
differentiation thereof to permit differential control or 
rate control responses, to operate any of the several de 
vices associated with the calerider assembly for re 
storing the bank to its optimum condition. For exam 
ple, the material feed to the roll gap can be increased 
by adjusting the spacing of the stripper blade arrange 
ment of a roll mill ahead of the calendering roll, may 
vary the gap width of the calendering rolls, or may oth 
erwise modify the rate at which material is fed to the 
bank and through the calender gap to maintain the-op 
timum bank thickness. 
The circuitry associated with the system, according 

to the present invention, should be designed so that the 
system has two signal conditions to which thecontrol 
ler responds, namely, an output condition in whichla 
voltage is generated of a sufficient level to operate the 
controller and indicates a failure or diminution of the 
bank and a no-output condition in which the bank is of 
satisfactory width. ' ' 

When the beam is reciprocated parallel to itself in a 
plane perpendicular to the plane of the axes through 
the calendering rolls, it is possible to provide a system 
in which the output voltage is not excessively depen 
dent upon the thickness of the bank and it is also possi 
ble to avoid excessive spacing between the beam and 
the gap.'Each change in the thickness of the bank pro 
duces an output which is thus independent of the dis 
tance of the monitoring beam from the rolls at the in 
stant the output is generated. The parallel reciproca 
tion of the beam has also the advantage that a change 
in the set-point value of the bank thickness does not re 
quire a mechanical shifting of the laser source or detec 
tor, it being merely necessary to introduce an altered 
set-point signal into the circuitry which can include a 
comparator. ' 

According to a further feature of the invention, the 
oscillation of the beam can be carried out by angularly 
displacing the laser source about an axis parallel to the 
plane of the axes of the rolls or by re?ecting the beam 
from the source with an oscillatable mirror. In place of 
an oscillatable mirror, the angular oscillation of the 
beam may be effected by a rotary polygonal mirror ar 
rangement, a rotary prism or other beam-de?ecting 
means. The parallel reciprocation may make use of an 
actual mechanical displacement of the source although 
it also may employ a shiftable' beam de?ector, e.g. an 
angularly displaceable radiation-transparent refractive 
plate having parallel optical surfaces. ‘ v 
The oscillation frequency is so selected that it ex 

ceeds the possible frequency of alteration of the bank 
thickness although a lower frequency may be also used, 
it being merely necessary to provide a substantial dif 
ference between the oscillation frequency and the fre— 
quency at which the bank thickness varies. 

Since, during starting of the calender rolls, no bank 
is present at the rolling gap, it has been found to be de 
sirable to provide means for controlling the gap width 



5 
until the bank is formed, thereby preventingthe rolls 
from coming into direct contact with oneanother. To 
this end, a pair of coherent-radiation (laser) beams are 
projected through the roll gap at each end of the rolls, 
the beams being intercepted by respective receivers 
(photocells) and being connected to the process con 
troller'for regulating ‘the gap by operation of the con 
ventional roll-adjustment means or like. A switch is 
provided between these gap-monitoring devices and 
the bank-monitoring device for operation by hand or 
automatically in response to buildup of the bank, for 
cutting off the gap monitors and cutting in the bank 
monitor when the» bank has reached a satisfactory 
thickness. ' 

DESCRIPTION OF THE DRAWING 

The above and other objects, features and advan 
tages of the presentinvention will become more readily 
apparent ‘from the following description, reference 
being made to the accompanying drawing in which: 
FIG. 1 is a partial perspective view, in diagrammatic 

form with parts broken away, of a vertical calendering 
roll apparatus provided with a system for monitoring 
.bank thickness according to the invention; ’ 

FIG. 2 is a diagrammatic perspective view of a system 
for angularly oscillating the monitoring beam in accor 
dance with an embodiment of the invention; ‘ ' 

FIG. 3 is a view similar to FIG. 2 of an embodiment 
for the high-frequency parallel reciprocation of the 
beam; ‘ . 

FIG. 4 is a view similar to FIG. 2 of an embodiment 
in which other means is employed to achieve parallel ' 
reciprocation of the beam; 
FIG. 5 is a view'similar to FIG. 1 showing the gap 

monitoring means; and y' 
FIG. 6 is a block circuit diagram illustrating another 

feature of the invention. ' 

SPECIFIC DESCRIPTION 

In FIG. 1 there is shown an apparatus for the calen 
dering of synthetic-resin materials and‘ illustrated as a 
two~roll vertical calender comprising a bar of supports, 
one of which can be seen at 50 and provided at 51 and 
52 with the usual roll-bending" device‘ and gap 
adjustment means. ~ 

A coherent radiation source 1', e.g. a ruby laser, 
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ing optimal bank thickness. The set~point input is 
shown, by way of example, to be a variable resistor 2b 
in FIG. 6. - 

The controller‘ 7 for the calendering process may 
have a number of outputs including an output 7a for 
regulating roll speed, an output 7b for adjusting the roll 
position, an output 7c for controlling the roll-bending 
device, an output 7d for operating the stripper plate of 
the mill‘feeding the viscous material to the calender ap~ 
paratus andan output 7e constituting an acoustic or op 
tical alarm. ' ' - , 

The coherent radiation source also comprises, as il 
lustrated in FIG. 1, a drive 8 for angularly oscillating 
the beams 5 through an anglea at a high frequency, 
e.g. of the order of kHz whereby the oscillating plane 
is perpendicular to the plane of the axes of the rolls. 
The beam thus sweeps across the sensitive zone 6 and - 
is of band-like con?guration. When the sensitive zone 

. 6 comprises a multiplicity ‘of photocells 2avconnected 
in parallel, the detector 2 includes an integrator, the 
system generates a pulse train of constant frequency 
having a mean voltage output. This differs from the 
.case in which the beam ‘either impinges upon the re 
ceiver or is obstructed, whereby the output values are 
either zero or the maximum amplitude. The mean out 
put of the system illustrated in FIGS. 1 and 6, however, 
varies between zero with an excessively thick bank and 
a maximum corresponding to disappearance of the 
bank. The set-point value corresponds ‘to an average 
voltage level. Since the zone at which the beam en~ 
counters the receiver is substantially a point, the travel 
of this point can be used to generate a pulse train whose 
pulse duration is inversely proportional to the bank 
thickness. j ' ‘ 7 

From FIG. 2, it will be apparent, that the lasermay 
be ?xed and optical means can be employed for impart 
ing the oscillation to the beam. In this case, the optical 

- means is a .mirror 9 driven by an oscillating motor 
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whose pumping circuitry and associated apparatus has ' 
not been’ illustrated, is mounted upon the other roll 
support (‘not illustrated) while a photocell arrangement 
2, constituting the detector, is carried by the roll-' 
journaling structure represented at 3. The beam of co 
herent radiation shown at 5, is trained along the surface 
of the bank 4 of viscous material turned away from the 
rolling gap. ' ' 

The sharply columnated beam 5 from the radiation 
source 1 is trained upon the elongated sensitivity zone 
6 of the detector 2, the sensitivity zone lying generally‘ 
in a plane perpendicular to the plane of the axes of the 
roll 53 and 54, between which the bank of viscous ma 
terial feeds to formlthe synthetic-resin foil. 
The detector 2 may comprise a plurality of photocells 

connected in parallel to a control circuit_7 as repre 
sented at 2a in FIG. 6. The system 2 may also include 

> an integrator from, the output of the parallel-connected 
photocells 2a, a differentiator having the integrated sig 
nal as its input, and a comparator for comparing the de 
tected bank thickness with a'set-point value represent 
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about an axis perpendicular to the plane of oscillation. 
FIG. 3 shows a system in which the laser _1 is shifted to 
and fro with the beam parallel to itself by‘a crankdrive 
10, a similar motion of the beam being obtained by the 
use of a transparent plate 11 having planar and‘parallel 
incident and radiation surfaces. The beam is refracted 
through the plate to an extent determined by the angle 
so that angular oscillation of the plate by a motor of the 
type described in-connection with element 8 in FIG. 1, 
will generate a planar sweep of the beam parallel to it‘ 
self. . . 

In FIG. 5, there is shown‘ the vertical calender ar 
rangement of FIG. 1 with the bank monitor omitted to 
enable the positions of the gap~monitoring system to be 
seen with greater clarity. This system comprises a pair 
of coherent radiation sources‘ 12, e.g. lasers, mounted 
adjacent opposite ends of the rolls and ‘projecting co 
herent beams 14 through the gap between‘the rolls. 
The cross~section of the beams 14' is so selected that 
during movement of the rolls together during starting ' 
of the calender, ‘a continuously diminishing signal volt 
age is obtained at detectors or photocells 13 on the op» 
posite side of the gap. These voltages are applied 
through a switch 15 to the process regulator 7. 
The changeover switch 15 (FIG. 6) has. a pair of 

contacts 15a, 15b connecting the outputs of the photo 
cells 13 to the controller 7 so that the latter allows the 
rolls to close and a bank to build up behind the gap. 
Should the rolls approach too closely, controller 7 re 
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sponds to terminate advance of the rolls. The switch 15 
has a further contact 150 which connects the detector 
2 with a-sw'itch operator l6 responding to the buildup 
of the bank to operate the switch and close the contacts 
15d which applies the output of detector 2 to the con 
troller 7 as already described. The switch may also be 
operated by hand. 
We claim: 
1. A calendering apparatus comprising at least two 

closely juxtaposed calendering rolls having a nip de?n 
ing a gap between them and rotatable to produce a 
band from viscous material forming a bank thereof 
ahead of said gap; and a device for monitoring the 
thickness of said bank in a plane substantially perpen 

, dicular to the plane of the axes of the rolls, said device 
comprising a coherent-radiation source projecting a 
collimated beam of radiation substantially along but 
adjacent to said gap and interceptable by said bank and 
a detector disposed opposite said source and respon 
sive to variations in a radiation in a plane substantially 
perpendicular to the plane of the axes of the rolls for 
producing an output representing the condition of said 
bank. ‘ 

2. The apparatus de?ned in claim 1 wherein said 
source is a laser disposed at one end of said rolls and 
said detector includes photocell means disposed at the 

‘ opposite ends of said rolls along said gap whereby said 
beam extends substantially parallel to the axes of said 
rolls along the surface of said bank away from said gap. 

3. The apparatus de?ned in claim 2, further compris 
ing means for oscillating said beam angularly in a plane 
substantially perpendicular to the plane of the axes of 
said rolls, said detector having an elongated sensitive 
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8 
zone lying in said plane of oscillation. 

4. The apparatus de?ned in claim 3 wherein said 
beam is oscillated by re?ecting it from a surface and 
angularly oscillating said surface. ' ' 

5. The apparaus de?ned in claim 2, further compris- _ 
ing means for reciprocating said beam parallel to itself 
in a plane perpendicular to the plane of the axes of said 
rolls, said detector having an elongated sensitive zone 
lying in the plane .of reciprocation of said beam. 

6. The apparatus de?ned in claim 5 wherein said 
means for reciprocating said beam includes a radiation 
transparent plate having planar mutually parallel inci~ 
dent and refraction surfaces. , 

7. The apparatus defined in claim 2, further compris 
ing gap-monitoring means respective to the separation 
between said rolls, a calendering-process controller 
and switch means for selectively connecting said detec 
tor and said gap-monitoring means to said controller. 

8. The apparatus de?ned in-claim 7 wherein said gap 
monitoring means includes a source of coherent radia 
tion at each end of said rolls training respective beams 
through said gap and respective photocells' arrnage 
ments intercepting the last-mentioned beams on the 
opposite sides of said gap. _ 

9. The apparatus de?ned in claim 8, further compris 
ing means responsive tosaid detector for automatically 
operating said switch upon buildup of said bank. 

10. The apparatus de?ned in claim 9,>further com 
prising means for‘ switching said laser beam in a plane _. 
perpendicular to the plane of the axes of said rolls, said 
detector having an elongated sensitive zone lying in the 
plane of said beam. 

* * * * * 


