“'- L}
gl - N
.
e IR .
.
'

June 7, 1955

Filed June 24, 1954

W. BAUMRUCKER, JR., ETAL 2,710,154
WEB TENSION CONTROL SYSTEM |

4 Sheets—Sheetl 1

7]

INVENTORS

WILLIAM BAUMRUCKER, Jr.
CLARENCE M.FLINT.

BY A anoted Z'ALJ _

ATTORNEY



2,710,154

4 Sheets—-Sheet 2

W. BAUMRUCKER, JR., ET AL
WEB TENSION CONTROL SYSTEM

June 7, 1955
Filed June 24, 1954

147

SN = o |
~_f - = o

bl / _ _ X

/ : | 8 < L

9. J / WTK
f J c8 O

¥ 1 =

e ._...“ “ R

-

| o

274 =

g

-

=

=

ATTORNEY

CLARENCE M.FLINT

Stnelld 7 Nt

BY

ol

L

I aupeii

¥
P E— A_-__




June 7, 1955 W. BAUMRUCKER, JR., ET AL 2,710,154
WEB TENSION CONTROL SYSTEM

Filed June 24, 1954 . - B 4 Sheets-Sheet 3
.. R

t
od

©
©

w
o — |
1 0 '(
g 8
swm— Y m— ) <=

\
| ’
e ——— -\ |
A A
P
] —
| i =
| -
VN o
. ®!5 >
! - ~ | INVENTORS
A S ' _ - WILLIAM BAUMRUCKERJA
- o  CLARENCE M.FLINT.

BY /'/wéjfxdm

ATTORNEY



June 7, 1955 W, BAUMRUCKER JR. ETAL 2,710,154
WEB TENSION CONTROL SYSTEM
Filed June 24, 1954 4 Sheets-Sheet 4

24

22

. INVENTORS
WILLIAM BAUMRUCKER, Jr.
CLARENCE M .FLINT.

BY /é/mé/7 jM

ATTORNEY




%
E

2,710,154
WEB TENSION CONTROL SYSTEM

Wiilliam Baumrucker, Jr., Reading, Mass., and Clarence
M. Flint, Chappaqua, N. Y., assignors to Research
Corporation, New York, N. Y., a corperation of New
York

Application June 24, 1954, Serial No. 439,071
6 Claims. (Cl. 242—75)

This invention relates to a web tension control system
wherein the tension in a web as it is unwound from a
roit is independent of the web tension thereafter, and
wherein the tension in the web as it is wound upon a
roll is independent of the tension in the web prior to the
winding step.

It 1s a principal object of the invention to provide web
tension control means for web processing apparatus
wherein the tension in the web as it is wound or unwound
from a roil or the like is independent of the web tension
before or after entering or leaving the web tension control
system whereby variations comprised of both low and
high frequency values of tension changes, and having a
wide degree of amplitude, wiil not be transmitted to or

from the web roll.
- A further object is to provide such a control system
wherein it is possible to maintain tension in the web
within precisely controlled limits.

A further object is to provide a web tension control
system that will substantially obviate web breaks when
running or winding out of round rolls.

Another obiect is to provide a web tension contro]
arrangement that is comparatively simple as to its parts,
mexpensive to manufacture, less complex to install and
maintain, and readily adaptable to various operating
conditions.

The system of the invention may be advantageously
- emapioyed 1n a wide variety of industries and with many

types of products, for example, textile and plastic weav-

ing, finishing and dyeing, and paper printing, finishing and
drying,

The invention will be more particularly described by

way of example with reference to a web printing machine.

vienerally, on web-fed printing presses, provision is
me<ie tor the application of tension on the web roll so
that the web or paper leaves the unwinding roll in a
taut condition, thus preventing the web of paper from
fiuttering or weaving and to provide for the conirol of
the web as it enters the printing couple. This tension is
often as high as 1 to 2 pounds per inch of width of the
web and means must be provided whereby the press oper-
ator may change the tension on the web entering the
printing press so that various webs being joined at the
folder following printing will be in page register.

In the past web tension has customarily been applied
by breaking the unwinding roll, for example, by provid-
ing brake drums on the web roll shaft; or through the
use ot friction straps which bear against the outside of
the roll; or through the use of a “running belt” in contact

with the periphery of the roil, the belt being driven at

a slower speed than the corresponding surface speed of
the press web as it is printed.

in all of the aforementioned web tension systems, the
web leaves the roll at substantially full operating tension
and means for maintaining uniformity of tension and
. for absorbing slight abrupt tension variations generally
comprise a floating roller, over which the web passes
prior to its enfry into the printing couple. The floating

roller must be sturdy and of heavy construction as the |
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web passing over it may be at a tension of from about
32 pounds to about 250 pounds, with a normal operating
average of about 100 pounds, thus the roller’s natural
period is long and it is generally provided with hydraulic
or the like damping mechanism. The combination of
the heavy weight and long period, plus the damping,
effectively prevents presently available floating rollers
from following rapid fluctuations in the web tension such
as those caused by out of round rolls. Thus when eccen-
tric rolls are run at high speed, the web is jerked severely
every time a change from the short to the long radius
occurs. Even when the roll is only moderately out of

- round, a jerk as above described occurring simultaneously

with the presence of a defect in the web leaving the roll,
for example, a slime hole, mill calendar cut, or the like,

- will cause the web to break.
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The web tension control system for a web processing
device of the invention may be generally described as

Jincluding a web roll, a web roll drive, drag means be-

tween the web roll and the processing device maintain-
ing a controlled tension between said drag means and
the processing device, slack gathering means between the
web roll and said drag means to smooth out short term
variations in the tension of the web and maintaining a

predetermined drag on the web at said slack gathering

means, means aciuated by variations in slack in said
web in the slack gathering means to vary the speed of
the web roll drive to maintain said slack within a pre-
determined range and independent of the web tension
between the drag means and the processing device.

In the specification and claims of the application, the
term “slack™ is used to denote variations in the length
or tension of the web. - |

The web tension control system shown in the illustra-
tive embodiments of the invention are shown for the
purposes of illustration as applied to various web roll
unwinding mechanisms including the roll unwinding mech-
anism set forth in applications Serial No. 770,440, filed
August 25, 1947, now Patent No. 2,670,907, and Serial
No. 242,199, filed August 17, 1951, by W. F. Huck.

in the drawings: -

Fig. 1 is a diagrammatic view in elevation of one form
oif the web tension control apparatus of the invention:

Fig. 2 is an enlarged plan view of the web takeup
mechanism shown in Fig. 1. |

Fig. 3 is an enlarged fragmentary view in elevation of
another web tension applying mechanism; o |

Fig. 4 is an enlarged plan view of the device shown in
Fig. 3; | | -

Fig. 5 is an enlarged diagrarnmatic view in elevation of
still another form of the web tension applying apparatus;
and |

Fig. 6 is an enlarged fragmentary diagrammatic view
in elevation of another form of the control apparatus of
the invention. | -

With reference to the drawings and in particular to Fig.
1, a web of printing material indicated by the continuous
heavy line having directional arrows, originates from a
supply roll 19. The roll is supported for rotation on a
shaft 12 suitably carried by the side frames of the mecha-
nism but not shown in the drawings for clarity of the prin-
cipal components of the invention. The roll 10 is driven

~ by at least one driving belt 14. The driving belt passes
~over a driven pulley 16 and over two idler pulleys 18 and

70

29 so that a portion of the outer face of the driving belt
14 is in contact with a portion of the periphery of the roll

1. In order to compensate for the normal change in

diameter of roll 19 as it unwinds, idler pulley 29 is sup-
ported movably in the direction of the arrows and biased
toward the roll whereby the drive belt 14 is always in con-
tact with a portion of the periphery of the roll and at con-
stant pressure.
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Pulley 16 15 drwabiy secured to a V-belt pulley 22,
and the latter is driven by a ¥-belt 24 which in turn Is
driven by a variable diameter speed changing drive pulley
26. Pulley 26 is secured to a shaft 28 of which one end
is driven by a pair oi bevel gears 20, one of said gears be-
ing secured to a veriical drive shaft 32, The drive shaft

32 is driven by a motor, ‘p_.:, shown in the drawings. It
has been found tc be advantagecus when employing the

device with srintng machines to drive the shaft 32 by the
same motor dlat drives the printing couples of the printing
machine, whereby, if the printing machine is stopped,
started, accelerated or decelerated, the shaft 32 and puliey
26 are likewise actuated.

A bellcrank 34 pivotally mounted on shaft 36 has an
idier puliey 42 ﬁaapted to engage the inner surface of V-
belt 24, rotatably supperted cn arm 34" while the other
arm 34" is conuected to a drive mechanism geaerally des-
ignated 41, to be more fuily described hereinaiter.

The drive mechanism 41 is actuated by changes in the
position of the web or the amount of slack at the ioop
and cause the beilcrank 34 to rock about its pivot shaft
36. The movemenis of the belicrank 34 rock the idler
pulley 42 changing the tension of V-belt 24 with the resuit
1hat the ¥-belt 24 will run on either a larger or smaller di-

meter of the variable diameter V-belt pulley 26. This
eﬁeytwely increases or decreases the peripheral speed of
the driviﬂg beit 14 and in turn the peripheral speed of the
web of paper, thus providing the initial control of the
speed of the web. This arrangement, however, does not
cﬁectwe!y compensate for the fluctuations and jerks in the
web occasioned by out-of-rcund or distorted rolls with
the aforementioned roll drive mechanism.

As the web is unwound by the running beit, it passes
over a standard vipe roller 44 thence into a loop. The
lcop may be maintained by any of the well known meth-
ods, for example, a light spring roller or bar, or a reller or
bar held against the web by a constant air blast system, or
a soft Liast of air alone may be used. In the preferred
form of the inventicn, however, the loop is formed and
maintained by a vacuum box 46.

The vacuum box 46, as more clearly shown in Figs. 1
and 2 of the drawings, generally comprises an elongated
trough-like lower portion 48 and an elongated U-shaped
cover plate 5§ with smoothly down-curved lateral edges.
The Iength of the trough and cover plate is slightly longer
than the maximum width of the web toc be used on the
particular printing machine. In one of the side or end
walls of t*‘eugh 4% an orifice is provided into which the
vacuum conduit :*”}"J is secured. The conduit is preferably
provided with a conirel valve, such as the hand valve 56
shown in the drawings, for regulating the “pull” on the
web.

Centrally 1 isposed in the longitudinal axis of the cover
plate are 2 nlurality of orifices 58, which function to bold
the web in a lfmp when a light vacuum is applied to the
conduit 54. Fluctuations in the web feed, such as might
be caused by cut-of-round rells cause the loop formed and
nzintained by the vacuum box, t0 raise and lower thus
substantiaily eliminating web jerks beyvond this point.
Thus the web is kept from fluttering or weaving auto-
matically with substantially little tension in the web where-
by breakage in the printing material is substantially elimi-
nated at this point.

“hese fluciuations do not generally effect any change

the speed of the variable speed drive device; however,
secured to the vacuum bﬁ“" 456 are a pair of sensitive
electrical control limit switches 587 and 60, which switches
when actuated affect the m}l speed. Switch 58’ is posi-
tioned at a point cmmﬁpfmfim? to the lowest desirable
limit of the loop to be maintained and switch &9 is posi-
tioned at the uoper limit therecf. 1if the unrolling of the
web by the variable speed drive is increased or decreased
with respect to the feed of the web through the printing
mach.ine swii:ﬂh 33" or &9 will be actuated and remain
in the “on” positiocn as long as the loop is in contact there-
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with. Closing of either switch 53’ or 63 sends an electrical
signal of a particular sense and direction to the electric
solenoid 108, which actuates pressure fluid control valve
142 connected to a source of pressure fluid not shown in
the drawings, and to the upper and lower ends of pressure
fluid cylinder 184 through conduits 166 and 163, respec-
tively.

Pressme fluid directed to and from the cylinder 144
th um conduits 106 and 188 repositions the piston 119
and in turn the bellcrank 34 which is connected thereto by
piston rod 112. The change in position of the bellcrank
and its connected idler 42 brings about a change in the
tenision of the V-belt 24 and in turn a change 1n speed at
which the roll 186 is vnwound. The new position of the
bellcrank is maintained until either of the limit switches
58" or 68 is again actuated to again reestablish the neces-
sary relationship between the unwinding speed and the
press speed.

From the foregoing descrlpnon it will be sszen that
hf: o the web is unwound at substantially the same speed
as the web 1s ifed inte the printing machine, the rapid
fluctuations in the web caused by dlSLf}ftEd rolls of
printing material wiitl not mle& the speed of the web of
paper, but merely cause slight variations ian the length
ci the Isop formed by the vacuum box 4é.

¥t will also be evident that cther lecop forming means
imay be em:ﬂcyﬁd in the syste "‘i‘l, SUcCit as a contrnuous

tast of air, and the switches 58" and 62 may be replaced
with vhoicelectric celis for sensing the position of the
1COD SO a;med.

The web after leaving the loop forming device passes
under "'r‘i over standard pipe rollers &2 and 64 thence
to a pair of 1n-ieced roilers 5 which gra agP the web of
newsprint. The in-feed rolieis 6% arve drivea by a vari-
able speed motor 68 under the conirc: of the press f‘ﬂ-

rator, whereby the infeed rollers may ve regulate
iun at a siighily siower sg eed than the weo in the prmr
ing couples, thereby ingc ing the drag on the web to
pmwdn correct prmﬂnﬁ register.

in the form of the inventicn shown in rigs. 3 and 4 Gi
the illustrative embodiments of the invention the drag
means whereby the web is placed under any desirzd ten-
sion within wide limits, for example, to the correct ten-
sion tC insure accurate printing register, and correct
nage register at the folder following the orinting couple,
wien the web tension camml system is employed on a
web orinting machine 13 in the formi of a suction DoxX
74, Sucticn box 74 generailly comprises an elcungated
trough-like lower portion 76 and an elongated cover
piate 78 with smoothly down-curved 1_%“1*&1 ezlges ine
length of the trough and cover plate is siighily l(::nger
than the maximum width of the web m be used on the
printing machine. in one of the side or end walls of the
trough 76 an {}rzﬁce is provided into which the vacuum
conduit 82 is secured. The vacuum conduit is provided
with a control valve such as shown at €4 wheireby the
press operator may change the sucticn in the vacuum
box to control the drag on the web between the suc-
t:on box end the printing couple

The cover plate is provided with a polished upper
surface to reduce f{rictional drag between the web aad
the box. In the cover plaie one or more narrow slots
86 in the shape of V’s are pm*rzmh, the apex of the slot
being ditected opposite to the direction of weo travel as
shown by the arrows on Fig. 4 with the legs of the slot

extending substantiaily the entire width of the suciion
box.

As the web is drawn over roller 64, under roller 85
and across this suciion box by the priniing couple of

the pri 'ltluc, press, ths afmmpnarw pwasme tends to held
the web to the upner surface of the cover plate 734 and
creates a tension in the web proportional to ihe suction
anplied to the box 74. The V-shaped opening in the
cover piate, in addition to tensioning the web, teads to
held or streich the web md»ways smocthing it prior to

P
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its entry into the printing couple. It will be evident
that other shaped openings may be used in the cover
plate, either alone or in comjunction with the V-slot 86
without substantially altering the primary function of
the suction box 74.

In Fig. 5 of the drawings another form of drag means
is shown, comprising a flat plate 88 of metal or the hike
having a length slightly greater than the width of the
web, suitably supported adjacent a standard pipe roller
01. Positioned above the plate 88 are one or more con-
duits 99 positioned across the width of the plate 88. Each
of the conduits 9§ is supplied with compressed air or the
like through conduits 94, which in turn are connected
to a suitable source of compressed air or other pressure
fluzd.

A plurality of pressure fluid outlets €6 are provided
in the conduits @8 adjacent the upper surface oi plate 88
through which jets or streams of air issue. The force of
the air streams causes a friction drag between the trav-
elling web and the upper surface of the plate 83.

The amount of tension to be applied fo the web is
dependent on the magnitude of the pressure applied by
the air stream and the surface texture of the plate &8.
A manual or automatic valve 98 may be provided in
each conduit 94 whereby control of the drag means may
be readily had.

In Fig. 6, a modified form of the invention is shown
wherein the means for rocking the bellcrank 34 comprises
a motor driven lead screw. The web roll 19 is driven by
at least one driving belt 14 which passes over driven pul-
ley 16. The pulley 16 is drivably secured to a V-belt
pulley 22, which in turn is driven by V-belt 24 con-

nected to a variable diameter speed changing drive pul-

ley as described and shown in reference to Fig. 1. The
bellcrank 34, which is pivotally mounted on shaft 36 ro-
tatably carries an idler pulley 42 at one end of arm 34’
adapted to engage the inner surface of V-belt 24. The
other arm 34’ of the bell crank is pivotally connected to
a drive mechanism 41°.

The drive mechanism 41’ generally comprises a lead
screw 120, screw follower 122 pivotally connected to
arm 34", reduction gear unit 124 drivably connected to
the lead screw, reversible motor 126, and an electrically
operated motor selector switch 128.

Within the vacuum box 46 are sensitive limit switches
60 and 58’. Switch 58" is positioned at a point corre-
sponding to the lowest desirable limit of the lcop to be
maintained and switch 69 i1s positioned at the upper
limit thereof. If the unrolling of the web by the variable
spaced drive is increased or decreased with respect to
the feed of the web through the printing machine, switch
88" or 60 will be actuated and remain in the “on” po-
sition as long as the loop is in contact therewith. Clos-
ing of either switch 58 or 60 sends an electrical signal
to the selector switch 128 which energizes the reversiblc
motor 126 and the pulley 42 is rocked through bell-
crank 34, lead screw 120 and reduction gear umt 124
to bring about a change in the tension of the V-belt 24
and in turn a change in speed at which the roll 19 1s
unwound. The new position of the bellcrank i1s main-
tained until either of the limit switches 58’ or 60 is again
actuated to again re-establish the necessary relationship
~between the unwinding speed and the press speed.

While switches 58’ and 60 have been described as being
contact switches which are actuated to the “on” position
only as long as the loop of the web is in contact there-
with, it is apparent that the switches may be of the type
which when actuated remain in the “on” position until the
loop has reached a new predetermined position. For
example, when switches of the latter type are employed
in the control system, a third switch positioned approxi-
mately midway between the upper and lower switches
could be employed to de-energize the reversible motor

126 when the loop reaches the approximate mid-point

between the two limit switches at which time the driving

6

lead screw would be stopped until such time as the web

~again moved to either of the extreme positions whence it
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“would be once again adjusted to the middle position.
‘Such a switch is shown in Fig. 6 at 130 in phantom lines.

It will be evident that while the present invention has
been described in reference to web roll unwinding appa-

ratus, it will be apparent the objects and advantages of the
system may be fully realized on web roll winding
machines. |

This application is a continuation-in-part of our appli-
cation Serial No. 290,668, filed May 29, 1952, now
abandoned, and related subject matter is disclosed and
claimed in our application Serial No. 415,508, filed
March 11, 1954. |

We claim:

1. A web tension control system for a web processing
device including a web roll, and web roll drive, comprising
drag means between the web roll and the processing
device mainfaining a controlled tension between said drag
means and the processing device, slack gathering means
between the web roll and said drag means to smooth out
short term variations in the tension of the web and main-
taining a predetermined drag on the web at said slack
gathering means, means actuated by variations in slack
in said web in the slack gathering means to vary the speed
of the web roll drive to maintain said slack within a pre-
determined range and independent of the web tension
between the drag means and the processing device.

2. A web tension control system for a web processing
device mcluding a web roll, and web roll drive, compris-
ing drag means between the web roll and the processing
device maintaining a controlled tension between said drag
means and the processing device, slack gathering means
between the web roll and said drag means to smooth out
short term variations in the tension of the web and main-
taining a predetermined drag on the web at said slack
gathering means, said slack gathering means comprising
a suction box, means for applying a negative pressure to
said box, a concave cover plate secured to said box having
openings therein communicating with the interior of the
box, said concave cover plate being positioned adjacent
one face of the web with the longitudinal axis parallel
to the lateral axis of the web, means actuated by varia-
tions in slack in said web in the slack gathering means to
vary the speed of the web roll drive to maintain said slack
within a predetermined range and independent of the web
tension between the drag means and the processing device.

3. The invention defined in claim 2 wherein the drag

- means comprises a second suction box positioned adjacent

one face of the web, means for applying a negative pres-
sure to said second suction box, and a substantially flat
cover plate secured to the top of said second suction box

having openings therein communicating with its interior.

4. The invention as defined in claim 3 wherein the
openings in the cover of the second suction box are
v-shaped with the apex of the V-shaped openings being
directed opposite to the direction of web travel.

5. The invention defined in claim 2 wherein the drag
means comprises opposed in-feed rollers. -

6. The invention defined in claim 2 wherein the drag
means comprises a plate positioned adjacent one face of
the web, conduit means connected to a source of pressure
fluid positioned above said plate and web, and a plurality
of downwardly directed pressure fluid outlets connected
to said conduit means.
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