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@ Improvements in or relating to feedback enhanced web fesding apperatus.

@ This invention is concerned with a web feed apparatus
Inciuding a plurality of rolls (13-16) into which a web (10} is -
fed with a differential in web tension between the infeed to
the rolis and the outfeed to the rolis and in particuiar to such
an apparatus having a feedback function between low (T1)
and high (T4) web tension. The present invention seeks to
expand the capabilities of the capstan roll, tension multiply-
ing system by enhancing the ratio of tension multiplication.
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This invention relates generally to a web feed apparatus
of the type set forth in commonly owned U.S. Patent No.
3,955,737, and more particularly to such an apparatus having
a feedback function betweeh low and high web tension.

The aforementioned commonly owned patent is specifically
incorporated herein by reference. The patent discloses a nest
of snubbing or capétan rolls located between a higher web
tension section of web operation and a lower web tension
section at web feeding and metering, for the purpose of
isolating the web tensions from each other so that the desired
metering accuracy at the lower web tension level at the web
infeed and metering meansvis maintained. This isolation or
multiplication, while effective, is nevertheless limited by
uncertainty as to the value of friction which can be depended
upon in the capstan roll nest. Hence, the total angle of wrap
of the web about the snubbing rolls must be small enough so
that a tight web may be maintained at the highest possible
friction value. This in turn limits the highest tension at
' the web operational section because the low tension side of
the snubbing roll nest must be limited to a particular value.
In other words, because of the uncertainty of tension ratio
cauéed by variation in the coefficient of friction, the total
wrap angle must be limited and hence'the maximum tension on
the high tension side of the nest must be also limited.

For example, the effect of the snubbing rolls is to
isolate the high web tension from the low web tension in
accordance with the basic capstan equation Tout/Tin = elJP
wherein Tout is the high side web tension in pounds per inch,

T, , is the low side web tension in pounds per inch, B is the
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total angle of capstan wrap in radians, and }J is the a%gaorgnztss
coefficient of friction between the web and the snubbing rolls
(capstan surface), If the low side tension is limited to

0.05 S 7. < 0.15, and the coefficient of friction is limited

in
to 0.2 2 [J%0.3, and the high side tension is limited to Tout 4
1.0, for the highest friction coefficient 1/0.05 < e0'3,% then
B £ 572° or 9.98 radians. Therefore, PP cannot be any larger
than 9.98 radians. On the other hand, if the friction co-
efficient decreases to 0.2 the value of web tension at the high
side will be limited as follows because of the maximum allowable

e0.2 (9.98)

value of Tin = 0.15; Tout/0.15 = , then To = 1.1

ut
pounds/inch. Therefore, because of the uncertainty of the
sliding coefficient of friction the tension range of Tout is
limjited to 1.1 minus 1 or 0.1 pounds per inch. It is therefore
desirable to increase this range and to maintain Tin nearly

).

constant over a wider range output tensions (TOut
If the capstan nest in accordance with the principles set
forth in the aforementioned '737 patent is likened to an
electronic or mechanical amplifier, it would be considered to be
operating open loop. That is, the value of the input web
tension (Tin) is not capable of being held approximately

constant by modifying the overall gain of the capstan nest, in

response to the value of Tin'

The present invention seeks to expand the capabilities of
the capstan roll, tension multiplying system as set forth in
U.S. Patent No. 3,955,737, by enhancing the ratio of tension

multiplication.
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It has been found desirable to close the operating loop
(referred to above) by feeding back the low web tension value
and modifying the gain of the nest of snubbing rolls by
modifying the.wrap angle value P, the coefficient of friction
value P, or both. Such is the beneficial because it allows the
usa2 of a capstan nest which has a larger angle (i.e., number
of snubbing reclls) and the closed loop will adjust the tension

ratio T /Tin to compensate for friction variation.

out
It is therefore an object of the present invention to
provide a simple and economical yet effective means for closing
the operating loop of a web feed apparatus utilizing a nest of
capstan rolls which effects isolation of high web tension from
low web tension in accordance with the basic capstan equation

Toe/Tyy = e FBby modifying the gain of the capstan nest by

Gt
modifying the B value or the M value.

In carrying out this basic objective, a hollow perforated
roil is used as one of the snubbing rolls at the low web
tension éide of the capstan nest. This perforated roll is air
pressurized at a constant low pressure to thereby cause the web
te float off the surface of the perforated roll at low tension.
Therefore, as web tension tends to increase, the wrap angle on
the snubbing rolls will increase. This in turn will tend to
decrease the low tension value by increasing the tension ratio.

In accordance with anothér embodiment of the invention, a
perforated bar subjected to poéitive pressﬁre is utilized as a
ﬁension sensor foi the low web tension. This pressure is
employed to econtrol a vacuum transducer associated with the
perforated roll of the capstan nest. Such an arrangement like-~
wise effects a feedback of the low tension valué and modifies

the gain by modifying the friction value for a constant wrap
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BRIEF DESCRIPTION OF THE DRAWIM .&

Figure 1 is a schematic illustration of a rotary web fed
press incorporating the present invention;

Figure 2 is a sectional view of the perforated roll of
the nest of snubbing rolls taken subseqﬁentially along a line
2-2 of Figure 1; |

Figure 3 is of a view similar to Figure 2 and, in addition,
illustrates the pressurized bar and vacuum transducer provided
for the alternative embodiment; and

Figure 3A is a sectional view of the pressurized bar taken

substantially along line 3A-3A of Figure 3.

Turning now to the drawings wherein like reference charac-
ters refer to like and corresponding parts'throughOut the
several views, the present invention is described, similarly as
in U.S. Patent No. 3,955,737, in relation to an offsét pfint
couple and a tractor-fed marginally punched web. Alternative
operational units may, of course, be utilized in place of, or in
addition to, the blanket print unit as well as alternate means
of web metering and synchronization within the scope of the
present invention.

Figure 1 is similar to Figure 1 of the aforementioned '737
patent except that the supply roll, bucket, timing belt coupling,
nest of pull-up rolls and exit tractor have been omitted for the
sake of clarity. Otherwise, a Eontinuous web 10 to be printed
or otherwise operated on is drawn by conventional methods and is
fed by means of tractor 11 in the direction of the arrow as
regularly spaced pre-punched holes along a margin or margins
engage the tractor pins, of identical spacing, in the customary

manner.
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The2 tractor is designated as the primary means of registration
contrci, as determined by a conventional timing belt coupling
tarcuzh a pulley and belt system driven from a cooperating
irmprecsion cylinder roll 12, with a ratio predetermined to
provicde the metering of paper via the tractor pins. In lieu

wL a tractor infeed, a metering drum of the fixed ratio variety
may i:.stead be used as the web infeed means.

The web is further fed over a nest of snubbing or capstan
roll- 13, 14, 15 and 16, each mounted for rotation on corres-
pond:ng parallel axles 17, 18, 19 and 21, and cooperatively
gear driven by impression cylinder 12 and the snubbing rolls,
at a ratio to be hereinafter described.

The web is further led around impression cylinder 12 of
the .:int couple generally designated 22. This print couple is
shov,. as including impression cylinder 12, a blanketed cylihder
23 and a plate cylinder 24. Other rolls and press components
incl.iing the associated ink train mechanism are not illustrated
for ir: sake of clarity.

In accordance with the aforedescribed arrangement, the
relativeiy high web tension at the print couple, which is
neces:z:iry and desirable in rotary press printing operations, is
isoizted from the low web tension permitted by the combined
hol:z sztrength holding force available at the tractor feed unit.
This isolation is accomplished, in the same manner as described
in the aforementioned patent, by the action of the capstan-type
snutling roll system 17, 18, 19 and 21 located between tractor
11 and the infeed to the impression cylinder.

The tension T consideration and the surface paper feed S
concsideration are illustrated in Figure 1. The snubbing rolls

are sized to rotate at such & razi: ey o sligiilly underfeed the
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web from fed tractor 11. For stabiliiy »na ‘~nsion control,
surface feed S3 at the impression cylinder-tou-lanket cylinder

nip should not be less than surface feed Sl at tractor 11, as

sized for the thinnest web necessary to print. Accordingly,

the web tension successively must build incrementally to T4

{the same as Tout) from  the infeed tension T, (the same as

1

Tin) at the exit of the tractor pins. This is accomplished by
the action of the snubbing rolls which have a surface feed S2,

which is less than surface feed Sl or S3. The snubbing rolls

can be driven at any surface feed under Sl or S3, or can be
even made stationary.

The snubbing rolls can be likewise viewed as exit control
or pull-up rolls, which overfeed the web by appropriate means,
so as to serve the opposite effect as the snubbing rolls on the
infeed side. The web would then, of course, be travelling in a
direction opposite the arrows as shown. The same slip, offset
and tension release conditions apply in reverse and tension

from T4 back down to exit tension T, is accomplished.

1
In order to expand the capabilities of the capstan roll

tension multiplying system of the aforedescribed arrangement, at

least one of the rolls such as 13 is, according to the invention,

provided as a hollow perforated roll as part of the low web
tension side of the capstan nest. Figure 2 clearly illustrates
such a roll as having a number of perforations 25 in its
cylindrical wall, with its turning axle 17 having a rotary
union 26 thereon of any conventional type for connecting a
pressure line 27 to turning akle 17. The pressure line com-
municates with the hollow interior of roll 13 through axle 17
and union 26 in any normal manner and pressurized air from a

source (not shown) is introduced into the interior of roll 13
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ait & ivw constanc przgsure of,; for example, 1.0 psig. The
effect of this pressurization is to cause web 10 to float off
inhe siriace, as shown in Figure 2, of pressurized roll 13 at
i¢w zension. Actually, the value of pressure could be con-
sisered as determining the low web tension value which is a
fun:rzion of the total wrap angle which has now been dimished
by the effect of the pressurized perforated roll.

In accordance with the aforedescribed arrangement, as web
ter:ion tends to increase, the total wrap angle on the rolls
wi i likewise increase. Such, in turn, will tend to decrease
ths low web tension value by increasing the tension ratio T4/Tl.
As described earlier, this effects an intrinsic closed loop or
feadback system with the input web tension as the controlled
gt.-2tity. Hence, the system adjusts its capstan wrap for
widsly varying friction coﬁditions and automatically selects
tlLe appropriate value of wrap angle H. By simply varying the
tc.i 1 wrap angle value in accordance with the aforedescribed,
ti.. input web tension Tl is maintained within an appropriate
ra:-.# desired by the tractor infeed unit. This range is
de*ewrmined by the holding strength and the elastic elongation
e€::L: range of the tractor infeed unit on the high end of the
rause, and by the permissible slack in the weﬁ at Tl at the low
e*i «f the range.

Irn accordance with another embodiment of the invention,
t:. feedback of the low web tension T, is effected likewise with

1

+}e use of a hollow perforated snubbing roll designated 13' in

Fiuyure 3. This perforated roll is identical to the one described
with refevence to Figure 2, and like parts are indentified by «

Y ighes L]
s e -

[
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By contract, however, a perforated heo'iwy - 2r 28 is provided as
a tension sensor for the low web tension Tl' The bar has an
upper crowned portion 29 as shown in Figure 3A which is per-
forated as at 31. The bar is fixedly mounted in pléce and is
disposed with its crown portion in contact with the underside of
web 10 between tractor 11 and roll 13' so as to function as a
Ty
hollow bar 28 is subjected through its pressure line 32 to

tension sensor for the low web tension T The interior of

positive pressure from a suitable source as indicated schematic~
ally in Figure 3. Pressure line 32 is interrupted by a pressure-
to-vacuum proportional transducer 33 which is interconnected
with a suitable source of vacuum pressure directed through
pressure line 32a for subjecting the interior of roll 13' to
such vacuum pressure. The transducer is of a common well known
variety familiar to those having ordinary skill in the art,

operating as schematically shown in Figure 13, so that a detailed

G

description thereof is believed unnecessary.

Depending on the web tension at T some or all of apertures

1’
31 will be closed by the overlying web so as to theféby produce a
reduced back pressure in line 32. Transducer 33 thereupon senses
this reduced positive pressure and accordingly opens line 32a
from the wvacuum source in proportion thereto so as to permit the
interior of roll 13' to be subjected to a corresponding increase
in vacuum pressure through line 32a. The gain produced by the
nest of snubbing rolls is therefore modified as the effective
value of coefficient of friction i is increased for a constant
wrap angle by reason of the suction applied to the web through
perforations 25' of roll 13°'. The degree of this suction will

depend upon the pressure drop through line 32 as perforations 31

of bar 28 are closed off with an increasing low web tension T,.

-
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In view of the foregocing, it can be seen that the

rciacively high web tension at an operating section of the
ws. such as at 22 can be isolated from the low web tension
ot red at the infeed by using an underfed set of tension

snuruing rolls.between the infeed means and the high web
té}:ion system, and that the gain offered by the snubbing
ro} s can be modified by modifying the E value or the
value so as to, in effect, feed back the low tension value

of the web tension system. This feedback is automatic and’
me..~tains an acceptable range for the low web tension Tl

sice of the capstan nest while at the same time permits a
wider variance in the high web tension T4 side of the capstan
ne: depending on the particular tension requirements of or
bu ¢ up at the web operation section.

Obviously, many other modifications and variations of
th~ invention are made possible in the light of the above
te:-.aings. It is therefore to be understood that within the
sc .- of the appended claimé the invention may be practiced

ot zzwise than as specifically described.
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What is claimed is:

1. In an épparatus operative on a continuous wel,
including web infeed and metering means for forwardly feeding
and metering said web at a predetermined displacement rate,
and web operational means located posterior to said web
infeed and metering means which is capable of effecting a
feeding of said web, wherein differential in web tension
anterior and posterior to said operational means can exceed
the holding streﬁgth and elastic elongation error range
desired by said web infeed and metering méans, said web
infeed and metering feeding at a first er surface feed rate and
at a first web tension level (Tin), said web operational means
feeding said web at a second web surface feed rate not less
than said first web surface feed rate and at any common
reference tension level (Tout)’ web snubbing rolls located
between said web infeed and metering means and said web oper-
ational means for controlling said web at a third roll surtace
feed rate which is less than said first or said second feed
rates and at any said common feference tension level, the webh
tension thereby increasing incrementally from said web infeed
and metering means to said web operational means, said snubbing
rolls effecting an isolation of said first web tension at said
web infeed and metering means from the web tension present
anterior to said web operational means so that desired metering
accuracy at said first web tension level at said web infeed and
metering means is maintained, the isolation being effected in
accordance with the equation Tout/Tln = ef”3wheze F'is tha

apparent coefficient of friction between said w % anc sa.d
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snubbing rolls, and [ is the total wrap angle of said web about
said snubbing rolls, the improvement comprising means for con-
trolling said desired metering accuracy at said first web
tensioh level regardless of a variation of web tension from
said common reference tension level, one of said snubbing rolls
adjacent said web comprising a hollow perforatea roll, and said
control means including means for pressurizing the interior of
said perforated roll for regulating one of the said total wrap
angle of the value of said coefficient of friction,whereby as
web tension tends to increase above said common reference
tension level, said total wrap angle or the value of friction
and the tension ratio Tout/Tin will correspondingly increase.
2. The apparatus according to claim 1, wherein said
pressurizing means comprises positive pressure means for
regulating séid total wrap angle by causing said web to be

floated off said perforated roll.

3. The apparatus according to claim 1, wherein said
control means further includes a hollow perforated bar for
sensing said first web tension level and underlying said web
between said web infeed and metering means and said perforated
roll, said bar being subjected to positive pressure and said
perforated roll being subjected to negative pressure, a common
pressure line provided for said bar and said perforated roll
and a pressure-to-vacuum proportional transducer being located
in said line, whereby the value of friction is regulated upon’

suctioning the web on to said perforated roll in proportion to
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a decrease in pressure through said bar as pezforstions thereof
are covered when sensing an increase in said first tension

level.

4. The apparatus according to claim 1, wherein said

infeed means comprises a web pin feed unit.
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