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This invention relates to improvements in rewinding
machines, and more particularly. to improvements in con-
trol means for slitting and rewinding machines.

The invention is shown, by way of illustration, as em-
bodied in a slitting and rewinding machine employing
two shafts for supporting two groups of rewound or “re-
wind” rolls, such a machine being referred to in the art
as of the duoplex type. However, certain features of-the
invention are useful in machines of other types.

In the slitting and rewinding of certain types of web
material, with particular reference to stretchy materials,
usually of plastic, substantial problems have occurred in
past apparatus of this character which are attributable to
the inability thereof adequately to control the pressures
acting on the rewind rolls. That is, the web material
which is being slit and rewound in most cases should be
subjected to -as small contact pressure and temsion as is
possible commensurate with the requirement to. slit-and
rewind same upon a rewind shaft. Consequently the
forces which act upon the web which normally would
tend to distort same, must be minimized in order to attain
a desired quality of the rewound roll.

It is, of course, important in such machines to attain a
high quality control of the rewind rolls, that is, a control
of those facters which will provide desired roll density,
internal tension and quality of roll edge.

Apparatus of this general type of the prior art have not
been capable of adequate controls of such factors, par-
ticularly with respect to stretchy materials.

Furthermore, apparatus heretofore proposed-have been
unable to slit and rewind certain types of web material
at high operating speeds, for example, up to 2000 feet per
minute.

In slitting and rewinding machines, the mill web passes
around a constant speed roll, known'as a contact drum,
or a platen drum against which the slitters or cutters op-
erate to cut the web-into a plurality. of smaller rewind
widths, although slitting may be done at other locations.
These smaller- widths pass to the rewind rolls which rest
against the driven contact drum, the several rewind rolls
being wound upon rewind shafts. Heretofore apparatus
of this class has not been able to control adequately the
pressure between the rewind rolls and such contact drum
nor have such prior art machines been adequately
equipped for the purpose of permitting an operator. so to
control the pressure between the rewind rolls and contact
drum, such pressure being herein sometimes referred to

s “roll-contact drum pressure” or “contact pressure.”

One of the objects of the present invention is to provide
novel means for controlling such centact pressure where-
by a superlor quality control of the end product is: at-
tained.

A further object is to provide apparatus of this char-
acter which can automatically maintain a minimum uni-
form rewind roll-contact drum pressure for certain types
of material, for example, light stretchy material.

A further object is to provide a sensitive and-accurate
counterbalance system for apparatus of this.type.for the
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purpose of maintaining the aforementioned ‘minjmuiii- um—
form contact pressure or rewind roll-contact ‘drum’ pres-
sure, thereby to produce smooth stra1ght-s1ded rolls of,
uniform density, the system being adjustable to provrde
a heavier contact pressure which, also can be umformly
mamtamed where needed,

Another oo;ect is to. provide a slitting and rewmdmg»
machine which, while operating at heretofore, unattajnéd’
production rates, is capable of provrdmg accurately con-
trolted and desrred roll: densrty, mternal tensron and
quahty of the srde or edge of the rolls ’

“ 8l ancther ob;ect is to. provrde a smgle apparatus of
this character, the versatrhty of which is’ such thatit i
capable of slitting and wmdmg lrght heayy, stre
relatively strff plastrcs and lammates of all types waxed
or coated papers, kraft, forl and 1mpregnated fab ics and
other materials. )

Another object is to provide-an apparatus of this char-
acter which. can provide easily and completely ‘control:
lable rewmd roll quality wherein’ there is provrde
automatrc rewind density. control means ‘which/ is” ad~
Justable ‘while the apparatus is running, and wherem the
rewind tension is positively isolated from the unwind-
sion, that is, the web tension in the region of the, un-
wrnd parent roll and thereby the unwmd web tensron is
prevented from burldmc up in the rewmd reglon of the
apparatus.

Still another. object is to provide an apparatus of this
character wherein roll densrty can be controlle ‘auto-
matically with high precision between substantial lumts
whereby. the rolls can be either, of soft or hard cons1stency

Still a further object is to provide novel: means ‘for
antematically balancing the torque. which acts ‘upon. thé
supporting arms for. the rewmd shaft, such torqiie hemg
due to the pull of the web bemg wound upon suchshaft.

Angther object is to prov1de novel counterbalan ng
means for automa*rcally counterbalancmg the” static
wewht of the web material as it bu.llds up, m the rewtnd
rolls.

And still a further object is to provrde n,ovel means
for counterbalancmv the dead or. statrc wetg

statrc werght of the rewmd shaft structure
Further ob]ects and: advantages of the 1nventlon wrll

in connectlon wrth the accompanymg draw,mgs W]

show, by way of: example the present preferred form £
the mventlon i

same reference characters 1ndlcate the same parts m the
various views:

Fig. 1 is a schematic diagram 1llustrat1ng one form
of apparatus embodying the present. invention w'
ticular reference to the interconnections for a’
system. employed thereby; A

Frg 2 is a side elevation of one form of apparatus em-
bodymg the present invention and-in partlcular '111 ¢
ing the rewind. rolls and their supportmg shafts m
association with cam control means which in turn govern
pneumatic counterbalancmg means for counterbalancmg
the static- weight of the rewind rolls as they:build- up in
dlameter

Fig. 3 is a front elevation of the rear pivot shaft to
which is secured two supporting arms for., the rear rewind
shaft, such figure illustrating certain. coil spring: means
employed for counterbalancing- the  static welghts of such
arms and rewind shaft;

Fig. 4 is a sectional view taken substantially- on ]me
4—4 of Fig. 3; .

Flg 5'is:a front.elevation of a counterbalancing: mech—
anism for the front rewind arms and front rewmd shaft
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employed in the apparatus and shows a pair of coil springs
wound about a central shaft for this purpose;

-Fig. 6 is a sectional view taken substantially on line
6—6 of Fig. 5; )

Fig. 7 is a sectional-view taken substantially along
line 7—7 of Fig. 5;

Fig. 8 is a side view of a rewind roll counterbalance
valve means employed in the invention, . including a
sliding cam device which is adjustable in terms of the
number of inches of the width of the web material wound
on the pertinent rewind shaft;

Fig. 9 is a front elevation of the parts shown in Fig. 8;

Fig. 10 is a side elevation of the novel apparatus show-
ing the latter on the opposite side thereof with respect
to that shown in Fig. 2 and in particular illustrating an
offset- drive pulley construction wherein the axis of each
of the respective drive pulleys for the respective rewind
shafts is offset with respect to the pivot axis of its re-
spective rewind arms, for the purpose of counterbalancing
the pull of the web acting upon the respective support-
ing arms; ) .

Fig. 11 is a schematic view on a somewhat enlarged
scale as compared to Fig. 10 and iilustrating in greater
detail the offset of the axis of the drive pulley for each
rewind shaft with respect to the pivot axis of the sup-
porting arms for such shaft and also illustrating sche-
matically the several moment arms and moments which
are created in the counterbalancing of the web pull;

Fig. 11a is a schematic showing of certain parts of
Fig. 11 in an intermediate position and also illustrating
schematically certain of the moments and moment arms
instantaneously occurring; and

Fig. 11b is a schematic showing in side elevation of
counterbalancing means which performs a function ana-
logous to that of the means shown in Fig. 11.

Fig. 12 is a graphical showing of the relationship of
two of the opposing moments which act about the axis
of the front rewind roll supporting arms. ’

Referring to the drawings in greater detail, there will
now be described in general and briefly the operation
and construction of the apparatus whereupon the details
of the several counterbalancing systems will be described
at greater length,

Referring to Fig. 1, the apparatus comprises a slitting
and rewind device generally designated 20 which includes
a pair of rewind shafts 21 and 22 which are respectively
the front and rear rewind shafts. The front rewind
shaft is supported by a pair of rewind arms 23 and 24
which at the inner ends thereof, that is, the lower ends

as viewed in this figure, are mounted for angular move--

ment about a fixed or primary axis, such inner ends of
the .arms thus being mounted upon a pivot shaft 25
which is journaled for angular movement in the frame
of the apparatus.

The rewind shaft 22 in tura is supported by a pair
of rewind arms 26 and 27 which, at the inner ends
thereof, are mounted upon a pivot shaft 28 which also
is mounted for angular movemment in suitable journals
‘in the frame of the apparatus whereby said rewind arms
26 and 27 also are adapted for angular movement about
a primary axis, namely, that of the shaft 28.

The shafts 21 and 22 are shown in raised or spaced
‘relationship with respect to a contact drum 29, partially
-aboat which there passes the web material which is slit
and thereafter wound into rolls upon the rewind shafts
21 and 22. : ! )

The slitting devices, comprising a plurality of wheel-
-like knives for pressing against the contact drum 29, are
‘briefly described hereinafter but are not a part of this
invention. P '

- The: contact drum 29, as aforementioned, is driven at
a constant speed by any suvitable means (not shown) and
the rewind shafts 21 and 22 are driven at variable speeds,
‘which. speeds decrease as the rewind roll::diameter. in-
creases, The drive and speed control means for said
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drum 29 and shafts 21 and 22 may be similar to that
shown and described in U. S. Patent No. 2,650,039,
granted August 25, 1953, to Thomas N. Carter.

There will now be described the several counterbalanc-
ing systems which are designed respectively for counter-
balancing: the static weight of the rewind arms and shafts,
the static weight of the rewind rolls as the rewind di-
ameters build up upon the rewind shafts, and the pull of
the web upon the rewind arms or rewind shafts. The
torques effected by such weights and the web pull act
about the primary axis of each of the aforedescribed pairs
of rewind arms.

System for counterbalancing the static weight of the re-
wind shaft support arms and rewind shafts

Referring now particularly to Figs. 1 and 3-7, inclu-
sive, it will be observed that in Fig. 1 there is schematical-
1y shown a pair of coil springs 30, 31 which respectively
are coiled about the front pivot shaft 25. Such coil
springs at the inmer extremities thereof are relatively
fixed whereas the outer extremities thereof are secured
to the respective rewind shaft support arms 23, 24 in
such a manner that as such support arms shift angularly
in a counterclockwise direction towards the contact drum
29, the coils thereof are “wound up” thereby increasing
the force exerted upon the support arms 23, 24 to coun-
terbalance the static weight thereof, together with the
weight of the rewind shafts 21.

In greater detail such springs 30 and 31 are shown
in Figs. 5 and 7. However, in view of the fact that Fig. 1
is a schematic showing, the springs 30 and 31 have
been shown coiled directly about the pivot shaft 25,
whereas in Fig. 5 the springs 30 and 31 are not coiled
directly about the pivot shaft 25 but in leu thereof are
coiled about another shaft of this counterbalance mech-
anism designated 32, which in fact is situated below the
pivot. shaft 25 but is operatively connected thereto by
means of a suitable linkage whereby the torque of the
springs: 3¢ and 31 is communicated to the pivot shaft

25 and thence to the arms 23 and 24.

As is well shown in Fig. 7, an innermost extremity 30a
of the spring 30 is rigidly secured in a clamp 33 of
a spring collar 34 which, by means of a fixed but ad-
justable arm 35, is prevented from shifting angularly
thereby anchoring the aforementioned spring extremity
30a. The opposite extremity of the spring 3¢ at 360
(Fig. 5) is rigidly secured to the shaft 32 by means of
a clamp 36 which is analogous to the clamp 33.

The opposite extremities of the spring 31 are analogous-
ly secured to a spring collar, such as 37, analogous to
collar 34, and to a clamp 38 which is analogous to the
clamp 36.

The aforementioned linkage which operatively inter-
connects the shaft 32 to the pivot shaft 25 is partially
shown in Fig. 6 and comprises a lever arm 3% and a
rod 40 which is pivoted at 41 to one extremity of the
lever arm 39, the opposite extremity of the rod 49 being
pivotally secured to another lever arm (not shown) which
in turn is attached suitably to the pivot shaft 25.

Referring now to Fig. 3, the counterbalance system
for the rear shaft will be described which differs some-
what from that of Fig. 5 by virtue of the fact that the
two opposite counterbalance coil springs 42 and 43 are
associated at the inner ends thereof by means of two
spring control sleeves 44 which are similar but of op-
posite hand. The spring 42 is operatively connected-to
the system as follows: The outer extremity thereof &t
424 is secured by means of a clamp 45 to a collar 46
which is secured to the frame of the apparatus, whereas
outer extremity 42b of the spring 42 is secured by means
of a spring clamp 47 to a flange 44q of the lefthand sleeve
44. Analogously the opposite extremities of spring 43

.are secured respectively by means of spring clamps 48

and 49 to a stationary collar 48a (secured to the frame)
and a flange 44b ‘of the righthand sleeve 44 (Fig. 3).
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The two sleeves 44 can be angularly adjusted about the
pivot shaft 28 by means of an adjustable ring device
generally shown at 50 consizting of a ring pertion 51
which is rigidly secured against angnlar shifting upon the
shaft 28 by means of a pir §2 (Fig. 4). A threaded bolt
50a is pivotally secured at %9b to the ring portion 51.
By means of a threaded nut 58¢, which engages the bolt
58a, inner flanges d4c and 444, respectively secured to
said two sleeve members 44, are caused to shift angu-
larly within selected limits. This is accomplished by
means of an adjusiment lug 584 having 2 bore through
which passes the aforementioned bolt 584 and which
further is provided with trunnions 59¢ and 56f which re-
spectively engage suitable bores in the sleeve flanges 4dc
and 44d. Thus by adjustment of the nut 56¢, o suitable
adjustment of the coils 42 and 43 can be effected.

Thus as the rear rewind shaft supporting arms move
in a clockwise direction, as viewed in Fig. 1, the springs
42 and 43 will be adequately coiled to counterbalance
the moment thereon effected by gravity acting said arms
2% and 27 and the rewind shaft 22, such moment, of
course, being a varying one and a gradually increasing one
as such arms move from their raised position toward the
contact drum 29,

System for counterbalancing increasing web material
weight on the rewind rolls

Referring now to Figs. 1, 2, 8 and 9, the counterbalanc-
ing system will now be described for compensating for
or counterbalancing the increasing static weight of the
web material as it builds up on the rewind shafts 21
and 22.

We have found it desirable to counterbalance the
aforementioned gradually increasing web material weight
by means of a pneumatic pressure device which exerts
gradually increasing pressure upon the supporting arms
for the rewind rolls in response to angular movement
of such supporting arms from a selected norm position,
the latier position, of course, referring to the position of
the arms at the minimum rewind roll diameter which
occurs at the outset of the rewind operation.

Further we have found it desirable, in order to insure
that an equal counterbalancing moment is exerted upon
both of the supporting arms of each pair thereof, to
employ two pairs of pneumatic power devices, one for
each arm and in Fig. 1 it will be noted thus that four
such paneumatic power devices are employed. This
counterbalancing system will be described with respect

to the rear rewind shaft supporting arms 26, 27, it being ;

understood, of course, that an analogous apparatus is
employed for the front rewind shaft supporting arms
23, 24, .

The pair of power devices for such rear shaft, in the
form shown, comprise pneumatic power cylinders respec-
tively designated 53 and 54 which are respectively driv-
ably connected with the support arms 26 and 27. The
pneumatic devices 53 and 54 are respectively provided
with pistons 55 and 56 which are interconnected with
their supporting arms 26 and 27 by means of piston rods
57 and 58.

Fluid under pressure, preferably air, is directed to the
power cylinders 53 and 54 under the influence of a con-
trol valve 59 which in turn is under the influence of two
different factors: (a) the angular position of the arms
26 and 27; and (b) the sum in inches of the rewind roll
widths on the given rewind shaft, that is, the weight of
the rewind rolls in terms of the widths thereof.

Regarding the latter factor, it comprises a prorated
share of the weight of the parent roll which.is weund
upon the rewind shaft. That is, the total weight of a
parent roll, for example, of sixty inches in width, is
known and if the slitters are so adjusted, for exampls, to
rewind a total of thirty inches of such width of the parent

roll upon a rewind shaft, then the latter factor (b) is
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6
adjusted in such a way that it reflects the rewinding of
thirty. inches of the parent roll.

Alternatively, the total weight of the parent roll need
not be known. However, the adjustment for the factor
(b) above mentioned is made upon the apparatus, ag
will be set forth below, for both the front and the rear
rewind shafts in such a way that both adjustments reflect
the total width of the parent roll in inches (or what-
ever suitable term is desired) and consequently an ade-
quate adjustment is made for the prorated share of the
parent roll which is ultimately to be wound upon the
rewind shaft. :

Consequently, referring to Fig. 1, the valve 59, by
means of a control rod 68, is placed under the influence
of a control cam 61 which is angularly shiftable in ré-
sponse to angular movement of the support arms 26, 27,
such cam being suitably eperatively interconnected there-
to, for example, to the pertinent pivot shaft 28.

The cam 61, by angularly shifting upon its axis 62, is
capable of shifting, in the direction of the arrow 63, a
ramp element 64 which is adjusted in slope in response to
the aforementioned factor (b) in accordance with the
“sum of the rewind roll widths in inches,” reference being
had for this purpose to a suitably graduated scale at 65,
the adjustment being made with the aid of a pointer 5.

The aforementioned ramp element 64 is retricted to
move in the direction of the arrow 63 by a carriage. 67
which, as is well shown in Fig. 9, is restricted in move-

ment in a vertical direction by means of guides 63 and 69
which move in vertical grooves 76 and 71, respectively,

which are formed in stationary guideposts 72 and 73, re-
spectively.

In the form shown, the carriage 67 is urged upwardly
by means of a coil spring 74 (Fig. 9) which provides the
driving power for the carriage 67 and hence for the ramp
&4, the angular moveient of the cam 61 distorting the
spring 74 in response to the angular position of the sup-
port arms 26, 27.

The ramp 64 thus can be adjusted in its angular posi-
tion about an adjustment shaft 75 thereby to control the
slope of such ramp and hence ‘to superimpose the correc-
ticn or compensating factor for the sum of the rewind roll
widths upon the correction factor for the angle of move-
ment of the support shafts 26, 27. Shaft 75 is mounted

5 for angular movement upon arms 754 of the carriage 67.

A cam follower 64a (Fig. 8) in the form of a roller
rides upen the ramp &4, such follower being mounted for
rotation upon an arm 64b which is angularly shiftable
about a fixed pivot 64c. - The roller 64a is coaxial with
shaft 75 when cam 61 is in its zero or “no correction”
position, -

The shaft 78 which supports the ramp 64 can be fric-
tionally held in a desired angular position after it has
been suitably adjusted by well known clamp means. As
is well shown in Fig. 8, the graduations 65 are formed
upon-a suitable plate 76 which may be secured to the
guidepost 73.

It will be seen that there is provided for the ramp ele-

ment 64 an. adjustment screw 77 having a lock nut 78

therefor, the screw 77 passing through a suitable threaded.
bore 79 formed in the movable carriage 67 of the ramp
element 64. :

The flnid pressure, which is under the influence of the
control valve 59, is directed to both of thé pneumatic cyl-
inders 53 and 54 in a manner to be more fully described
herebelow.

Prior to describing the interconnection of the valve 59

with the fluid conduit system for the pneumatic power

devices 53 and 54, there will be described the conduit
system for conducting fluid under pressure to such pneu-

‘matic cylinders for the purpose of raising and lowering the-

rewind shaft 22. Thereafer the interconnection of such

conduit system to-the valve 59 will be described. v
Fluid, such as- air under pressure, is obtdined from. &

main fiuid pressure line 86 which, for example, may con-
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tain air under pressure of 60 p. s. i. Such air under pres-
sure is conducted to the pneumatic cylinders 53 and 54
for the purpose of either raising or lowering the rewind
shaft 22 by means of a four-way main valve 81 which is
controlled by means of a hand lever 82, the latter being
adjustable in position to the position shown in broken
lines respectively at the right and left for “raise” and
“lower,” or alternatively to a central position, as shown
in solid lines for “run” as will appear more fully herein-
after.

The main valve 81 is interconnected to the conduit
80 by means of a conduit 824, and is respectively con-
nected to the “raise” sides of the pneumatic cylinders 53
and 54 by means of a conduit 83 which is directed to a
check valve 84, the latter having a bypass restriction.
As is schematically shown in Fig. 1, the check valve 84 is
provided with a ball check 84¢ which will permit the pas-
sage of air towards the cylinders 53 and 54 but not away
therefrom, and is also provided with a bypass restriction
84b for a purpose that will appear hereinafter. The
check valve 84, by means of a conduit 85, in turn is con-
nected to a conduit junction 86 from which emanate con-
duits 87 and 88 respectively connected to the “raise” sides
of the pneumatic cylinders 53 and 54. That is, the con-
duits 87 and 88 are connected to the cylinder chambers
which are in Fig. 1 to the right of the pistons 55 and 56
and thus on the side thereof to which fluid is directed for
the purpose of raising the support arms 28, 27.

The main valve 81 is connected to the “lower” sides of
the aforementioned cylinders 53 and 54 by an analogous
conduit system as follows:

A conduit 89 interconnects the main valve 81 to a
check valve 929 having a ball check device and a bypass
restriction therein analogous to 84a and 84b, that is, fluid
is permitted to pass toward the pneumatic cylinders, not
away therefrom, by such ball check and the bypass re-
striction is provided therein also for a purpose to appear
hereinafter,

The check valve 20 is in turn, by means of a conduit
91, connected to a conduit junction 92 which is respec-
tively connected to the pneumatic cylinders 53 and §4 by

means of conduits 93 and 94, the latter conduits being

connected to the aforementioned “lower” sides of their re-
spective cylinders.

Thus when it is desired to raise the rewind shaft 22, the |

main valve handle 82 is moved to the righthand position
(Fig. 1) which conducts fluid to the cylinders 83 and 54
by means of the following path: conduit 82a, valve 81,
conduit 83, check valve 84, conduit 85 and the conduits 87

and 88. The air under pressure thus urges the pistons .

55 and 56 to the left, as shown in Fig. 1, thereby raising
the support arms 26, 27. This pressure is prevented from
slamming the support arms 26, 27 against their limit-stops
(not shown) by means of the back pressure existing in the

lefthand chambers of said cylinders which escapes via the

following path: conduits 93, 94, conduit 91, the check
valve 90 (via the bypass restriction therein), the condnit
89 and an exhaust port in the main valve 81.

When the support arms 26 and 27 are in their raised
position and it is desired to lower same to an operating
position adjacent the contact drum 28, the handle 82 is
shifted from its righthand or raise position to its lefthand
or lower position, as shown in Fig. 1, thereby directing
air under pressure to the lefthand chambers of the cylin-
ders 53, 54 via the following path: 82q, 81, 89, 90, 91 and
93, 94. The support arms 26, 27 are again prevented
from slamming against their lower limit-stops (not shown)
by means of an analogous air cusioning which is bled from
the righthand chambers of their respective cylinders via
the bypass restriction 84b of the check valve 84 and a
suitable exhaust port in the main valve 81.

The interconnection of the cam controlled valve 59 into

- the aforementioned conduit system will now be described.
_The cam controlled valve 59 is connected to the main air
conduit 89 by means of a conduit 95 and is on the oppo-
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site side thereof connected to the conduit 85 by means of
a condnit 96, there being interpesed in the latter conduit
a pressure-operated poppet valve 97 which serves the pur-
pose of isolating the cam control valve 59 whenever the
handle 82 is moved away from the aforementioned cen-
tral or “run” position.

The conduit 96 is divided inte two portions, namely,
964, which interconnects the valve 59 to the poppet valve
87, and a portion 965 which interconnects said valve 97
to the conduit 85. When the poppet valve 97 is actuated,
it blocks off the conduit 964, thereby preventing the leak-
age of fluid via such conduit 964.

The poppet valve 97 is opened by a suitable pilot valve
98 which is responsive to the plating of the handle 82
in the central position, as shown in Fig. 1 in solid lines.

The poppet valve 97 is closed when the handle 82 is
in either the raise or lower position by virtue of fluid
under pressure conducted thereto via a conduit $9 in
which the pilot valve 98 is interposed. Thus the afore-
mentioned cam controlled valve 59 is isolated from the
fluid infeed system when the handle 82 is in said “raise”
or “lower” position.

However, when the handle 82 is placed in the center
or “run” position, the pilot valve 98 is actuated in such
a way that the pressure normally acting upon the poppet
valve 97 is bled therefrom and the fluid under pressure
from conduits 95, 26 is allowed to pass to the cylinders
53, 54 via the cam control valve 59, the poppet valve 97
then being open.

It is, of course, understood that the main valve 81
is in a closed condition when the handle 82 is in the
central position thereby insuring that the full fluid pres-
sure in conduits 95, 96 suffers no leakage and is directed
to the pistons 53, 54.

When the fluid pressure is so directed to the cylinders
83, 54 via the cam controlled valve 59, we have found
it desirable to introduce a so-called “in-pressure,” that
is, a pressure acting counter to the fluid pressure coming
via the cam coatrolled valve 59, the purpose for this
being to provide a more positive control of the fluid pres-

_ sure counterbalancing system to provide a precision con-

trol of the aforementioned contact pressure, that is, the
pressure of the rewind roll against the contact drum 29.

Accordingly, a hand controlled “in-pressure” regu-
lating valve 100 is provided for controlling the flow of
air under pressure to the lefthand chambers of the cylin-
ders 53, 54. Such “in-pressure” is conducted to the
cylinders 53, 54 by means of a conduit 161, which inter-
connects the regulating valve 168 with the main air line
80, a conduit 102 which interconnects the valve 100 to
the aforedescribed conduit 91, there being interposed
in the latter conduit a pressure-controlled poppet valve
193 which is under the influence of the pilot valve 98,
being also connected for its control to the conduit 99,
as shown in Fig. 1. Thus the conduit 162 is also divided
into two portions, namely, a portion 102q which is inter-
posed between the valve 100 and the poppet 183, and the
portion 1026 which interconnects the poppet valve 103
with the conduit 91.

The in-pressure regulating valve 180 is provided with a
suitable manually adjustable knob 186« by which the in-
pressure or back pressure can be controlled which acts
against the fluid under pressure coming via the cam con-
trolled valve 59.

Although one of the principal objects of the present
invention is to provide novel means for maintaining a
minimum uniform contact pressure (rewind roll vs. con-
tact drum pressure) during the build-up of the rewind
roll, such pressure sometimes being referred to as “kiss”
pressure, such uniform minimum pressure is normally
applicable for the rewinding of relatively light, thin and
stretchy web material. In the case of slitting and re-
winding of substantially heavier and stiffer web material,
it may be desirable, in lieu of the minimum uniform
pressure, to substitute a relatively heavier pressure which
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should- be, however, maintained at a- uniform value
threughout the build-up of the rewind rolls. This can
be achieved by the adjustment. of the “in-pressure” valves
168 and 1665 (Fig. 1). :

The poppet valve 103 is analogous in operation to the
poppet valve 97 and blocks off or isolates the in-pressure
regulating valve 188 whenever the handle 82-is moved
away from its central or run position.

The extent of the aforementioned in-pressure controlled
by the regulating valve 100 can be determined by observ-
ing a gauge 184 which is in communication with the con-
duit 91,

We also have found it desirable to apply a pressure
axially of the rewind shafts 21 and’ 22 against the cores
upon which the rewind rolls are wound and such pressutre
may be applied by suitable fluid pressure means as shown
in the lower portion of Fig. 1 wherein it will be observed,
for example, in connection with the rewind shaft 21 that
a pressure sleeve 105 is employed ‘which is urged to the
left by means of a piston rod 186 which is under the in-
fluence of air pressure within a cylinder 107 in a well
known way. Such pressure is conducted to the sleeve
105 by means of a crank 108 which presses against a rod
109 and thence upon an infervening plate 118, Air under
pressure is conducted to the cylinder 187 by means of a
conduit 1¥1 which is in communication with the main
fluid supply cylinder 86. There is a hand-controlled pres-
sure adjusting valve 112 interposed in the conduit 111, the
pressure being adjustable by observing a gauge 113.

System for balancing web pull torque (brought about by
“center rewind torque) against belt pull torque (brought
about by the drive belt for effecting center rewind
torque), both torques acting about the support arm
pivot axis

Referring now to Figs. 1, 10 and 11, there will be de-
scribed a system for balancing:

(a) the torque which is exerted upon the rewind shaft
support arms (acting about the pivot axis thereof) which
is attributable to the pull of the web as it is wound upon
the rewind shaft under the influence of the torque applied
directly to the rewind shaft (center rewind torque); and

(b) the torque acting upon such support arms also
about the pivot shaft axis thereof, which torque is at-
tributable to the belt driving means for the rewind shaft.

A general analysis of the objectives of the system for
balancing web pull torque and center rewind torgue
against one another requires the consnieratlon of the fol-
lowing facts:

The contact drum is ‘driven, in the embodiment shown,
at a constant speed and each rewind shaft is driven at a
gradually diminishing speed, such speed control being
accomplished by means shown in the aforementioned
patent to T. N. Carter No. 2,650,039. The invention,
however, is not necessarily limited to this particular type
of speed control but we have found it to be advantageously
adapted to this invention. Furthermore, the invention is
not limited to the driving of the contact drum at a con-
stant speed with the rewind shaft being driven at a
gradually diminishing speed. - For example, it would be
possible to. drive the contact drum at a changing speed
but with the rewind shaft being driven at a speed differ-
ential (compared to the contact drum) which is analogous
to that occurring when the contact drum is driven at such
a constant speed or angular velaocity.

Thus the present apparatus employs what is known
in the art as “center rewind” and “contact rewind,” that
is the rewind torques are respectively attributable to:
a driving torque exerted on the rewind shaft per se, and
a torque occurring because of the peripheral contact
between the rewind roll and the driven contact drum.
In view of the fact that “center rewind” is employed
(that is, a direct driving of the rewind shaft), the web
inescapably is placed under a fension because of the
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torque acting upon the rewind shaft. Such tension pro-
duces: a reaction. which (in the casé of the front shaft
shown)-forms a moment kng/n as a web tension moment
and which tends to urge the rewind shaft support arms
23, 24 toward the contact drum thereby to alter the
contact pressure, that is, fo alier the pressure between
the periphery of the rewind roll and the contact drum.
It is such alteration of contact pressure which this bal-
ance system seeks to avoid. The web.tension moment,
of course, may urge the support arms in the opposite
directions, as in the case of the.rear rewind arms. How-
ever, in this particular example regarding such front
support arms 23, 24, the web tension moment tends to
increase and thus to increase the contact pressure as
rewind diameter (R) increases. However, the invention
is not limited to such an increasing web. tension moment.
Thus, it is a further object of this balance system to mini-
mize the effect of such web tension moment, whatever
its-direction or manner- of changing, or to reduce its effect
to negligible proportions by bringing ifito-play a counter-
torque: attributable. to the endless band or belt means
which. drives the. rewind shaft.

in. those cases where no center rewind torque is ex-
erted on the rewind.shaft, there is no need for counter-
balancing such web. tension moinent attributable thereto
because. the latter will not arise. Thus, such a center
rewind. torqii¢. must. exist in. order for this particular
balance- system to be brought into play. However, such
a center rewind torque is not necessary for the opera-
tion of the two static Welght counterbalancing systems
herebefore described.

In.general, we ‘Have found that an- advantageous Way
to counterbalance such web pull is to drive the respective
rewind shafts by beli means wherein an endless belt
or- band: passes. over a rewind shaft pulley, preferably
coaxial- with ‘and keyed to.the rewind shaft, and also
passes- over a drive puliey which is located near the re-
spective pivot or axis of the support arms. By offsetting
in a special way the axis of the drive pulley with respect
to the axis of the pivot shaft, we have found that an

adequate compensation. for the aforementioned web pull

can be attained, such.compensation or counterbalancing
being. effected- by a counterbalancing moment which in
turn acts against the moment which is. attributable to
web pull. That is, a counterbalancing torque is auto-
matically exerted upon the support. arms about the axis
of their pivot shaft, which counterbalancing torque differs
only to a negligible degree or not at.all with the torque
acting upon said arms attributable to the web pull.

An analysis of the procedure. whereby the direction
and.the extent, of offset of the aforementioned axis of the
drive pulley with respect to the axis of the pivot shaft
will now be set forth.

Referrmg now to Figs, 1, 10, 11 and 114, the rewind
shaft 21 is preferably dnven by means. of endless band
means, such as. an endless belt 114, which respectively
passes over: a rewind shaft pulley 115 secured to and
coaxial with the rewind shaft 21, and over a drive pulley
126. The direction and extent of offset of the axis or
pivot of the latter pulley results in the counterbalancing
of 'web- pull as-herein set forth, We have found it ad-
vamtageous, but not mandatory, for the belt 114 to be of
flexibie material, for example; of tough steel wire bonded
togethiér with- or 1mpre°nated by a rubber-like material,
the belt having formed-on the itiner- surfaces thereof a
plurality of parallel: transversely extendlno ridges 114q
(Fig. 10) which are uniformly spaced and designed for

- meshing with complementary ridges or teeth upon the

70-
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penphenes of . the pulleys 115 and 116.
thereby is- attained.

The pivot- axis (or primary axis) of the front support-
mg arms- 23, 24 is indicated" by 117, whereas the prOt
axis of the drive pulley. 116 is indicated at 118 and is
offset therefrom in a. diréction and- by _an- amount-as
hereinafter set forth, .

A positive drive



2,872,126

i1

In view of the extent and direction of offset of the axis
118 with respect to axis 117, it will be seen that suitable
slack take-up means must be employed for the belt
114. Such means comprise a slack take-up roll 119
(Fig. 10) mounted upon a lever arm 12¢ which is mount-
ed for pivotal movement upon a pivot shaft 121 and
which lever arm is resiliently urged against the inner
run of the belt 114 by suitable means, such as a pneumatic
power cylinder 120a. Such slack take-up means prefer-
ably should engage the belt on the run thereof which is
opposite to the run which effects the belt tension
reaction for balancmg the web pull.

As is well shown in Fig. 10, the web of material to
be slit and rewound is first unwound from a parent roll
122, such web being designated 123, and passes over the
several rolls as shown through a tension control device
124 and thence via a roll 125 onto the contact drum 29
against which the slitting is effected by means of a plu-

rality of slitter wheels, one of which is shown at 126.
" Fach of such wheels is mounted upon suitable supporting
arms, one end of which is angularly shiftable about a fixed
pivot and the other end of which is urged toward the
contact drum by means of a pneumanc power cylinder
127 which receives air under pressure via a conduit 128,

The rear rewind shaft 22 is driven in a manner anal-
ogous to the front shaft 21, by means of an endless belt
129 of similar construction and in which the slack is
taken up by a slack take-up device 130 which is urged
against the outer run of the belt by means of a pneumatic
cylinder power device 131.

The terms and abbreviations herein employed refer,
for illustration only, to the front shaft system and are
as follows:

B=Belt moment arm about the arm pivot, i. e., the
perpendicular distance from the arm pivot axis 117
to a line tangent both to drive pulley 116 and rewind
shaft pulley 115 (such tangent following along ome
run of the belt).

W==Web tangent moment arm acting about the arm
pivot 117, i. e., the perpendicular distance from the
arm pivot axis 117 to a line tangent to the rewind
roll (contact drum) at the point of contact between
such roll and drum. Such tangents are shown at 1172
and 117b (for minimum and maximum values of re-
wind roll diameter).

T—Belt tension (pull on drive belt), acts in a given
direction about the arm pivot, i. e., acts in the direc-
-tion of the tangent described in connection with B.

P—=Web tension reaction (must produce a moment op-
posed to that of T), acts in the direction of the tangent
described in connection with W.

D=Diameter of contact drum 29.

d’=Diameter of drive pulley 116.

d=Diameter ‘of rewind shaft pulley (e. g. 4.186")

(Note:—d and d’- are equal in the form shown but
can be unequal.)

R—Rewind roll diameter. '

X=Distance between arm pivot 117 (primary axis about
which rewind shaft support arms pivot) and drive
pulley axis 118.

¢=Angle, as measured clockwise about the arm pivot
axis 117 (Fig. 11), between: (a) The center line
23¢ between the arm pivot axis 117 and the rewind
shaft axis 21 at some selected rewind roll diameter,
e. g, 314"; and (b) The line from the arm pivot
axis 117 to the drive pulley axis 118.

A=Angle between points 1’; and 1, as measured from
the center of the constant drum, that is, the angle be-
tween the two points of tangency between the rewind

~ roll and contact drum with R at its minimum and maxi-
mum values respectively.

M=The radius of the supporting arm for the rewind
shaft.
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Now referring to Fig. 11a, the following general cal-
culations and equations should be considered:

(1) Belt tension moment or torque on arm (about
arm pivot or primary axis) due to belt pull=T(B).

(2) Web tension moment or torque on arm (about
primary axis) due to web reaction=P(W}.

(3) Desired relation of such torques is

T(B)=pP(W) -

as R builds up.

(4) For convenience, the term P(W) (web tension
moment) should be obtained in terms of belt tension T,
whereby an easy companson of the two opposing mo-
ments can be made in view of the fact that belt tension
moment is also in terms of T. .

Therefore, consider an equation of the torques or
moments about the axis of rewind shaft 21 (Fig. 1la):

PR _Td
(a) 3 =%
Td
(b) =%
(¢) Web tension moment
dTw
PW=—"rn— i
(d) Since it is desired for web tension moment
dTW)
R

to counterbalance belt tension moment 1B as closely
as possible during rewind roll build-up, i. e., during
increase in R, that is, whereby:

aTWw

T'B= )

(or substantially so) the direction of offset (¢) and ex-
tent of offset (X) of the axis of the drive pulley is
selected to bring about the above equation as closely
as possible as R builds up.

That is, when:

TB is substantially balanced by

dTw

R

or
B is so balanced by

dw

R

(as R varies between its limits, e. g. 3%2" to 20”), then
X and ¢ are determined. Thus X and ¢ are selected to

'brmg about the aforementioned balance or substantial

balance as R varies.

Bearing in mind the two basic formulae to calculate
the pertinent moments due to web tension and belt ten-
sion (in terms of belt tension T), namely, web tension
moment=

Wx4.186 1 3"'
Rewind diameter

and belt tension .moment%B}(T, the following table
of moments is arrived at, assuming that the rewind
pulley diameter is, for example, 4.186" and that the
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diameters of both the rewind pulley and the drive pulley
are identical:

FRONT ARM WEB MOMINT—TORQUE MOMENT

ANALYSIS
— : -
Towards Contact Drum Away from Contact Drum
W) ‘Web Tension Belt
Rewind [Web Tangent{ Moment in Moment Belt Ten.
Dia., Mom. Arm | Terms of Belt | Arm'(B), Mom.
inches About Arm | Tension ‘T’ inches
. Pivot, inches
3% 1.08 «1.3T 1.05 —1.05T
5 1.3 «1.09T 1.0 -1.0T
7 1.48 <. 885T .95 -.95T
9 1.82 <. 848T .90 -.90T
12 2.39 <, 8357 .84 —. 84T
15 2.97 . 83T .79 —.79T
20 4.08 <, 856T .75 . 75T

From the table of moment arms and moments above
set forth, and -with particular reference to Fig. 11, it
will be seen that the belt moment arm B varies between
the respective maximum and minimum values B, and
B,, namely, from 1.05”" down to .75” and also that the
web tangent moment arm W varies between the values
W, (minimum) to W, (maximum) and that these values
respectively are 1.08 inches and 4.08 inches, Thus the
belt moment arm diminishes by  approximately 25%
whereas the web tangent moment arm increases in the
neighborhood of 400%.

We have found that there is an adequate.counter-
balancing of the web tension moment by the belt tension
moment, as shown in Fig. 12, when the values of B and
W vary, as shown in the table above set forth.

We have found it desirable to select the diameter D
of the contact drum and the location of the arm pivot
in such a way that as the rewind roll diameter R .in-
creases, the angle A'is relatively small, say, of the order
of 15° whereby the web moment arm W will vary, for
example, from about 1-to 4, as shown in Fig. 11. - There-
after; the drive pulley pivot is positioned to produce a
diminishing value ‘of B as R-increases, that is, the rewind
rell diameter increases. - Preferably, the length of arm
M (Fig. 11) is about equal to the distance between axis
1317 and the axis of drum 29.

It would be desirable to locate the arm pivot for the
front arm (Fig. 11) in such a way-that the value of W
varies between limits that are substantially the same as
those of the rewind roll diameter. For:-example, in the
present example, the rewind roll diameter varies between
3% and 20", which by ratic is from 1 to-53 approxi-
mately. Practical design considerations which limit -the
size of the apparatus, however, indicate some difficulty
to cause W:to-vary-between 1 and 5%, as aforementioned,
and 'in fact in the form shown we have found-that such
variation advantageously 145 “between 1 and about 4.
Consequently to compensate for the inability of the value
W to increase by the desired ratio (comparable to that
of the rewind roll), the location -of drive pulley pivot
axis is selected in such a way that thé value of B-dimin-
ishes, for example, by approximately 25% with respect
to the front arm system. - With respect-to the rear arm,
the decrease is, in that example, somewhat greater, the
conditions, however being somewhat different w1t‘x re-
spect'thereto.

Reféerring now to the rear arm of Fig. 11, it will be .

seer: that the direction of the web moments (e. g. 119
for R=20"") acting upon the rewind shaft supporting
arm act in a counterclockwise direction due to ‘the atti-
tude of the rewind roll with respect to the contact drum
and also due to the angle at which the web moves off
of the contact drum and onfo the rewind roll. - Ta view
of this, the belt ténsion reactions (e.'g. 120 for R=28"")
must be in an opposite directior and clockWISe, the web
reactions béing counterclockwise. That is, since the web
reactions with respect to the rear arm tend to move the
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arm away from the contact drum, the belt reactions must
tend to move it toward the coniact drum.

With respect to the front arm, the web reactions obvi-
ously urge the arm towards the contact drum and con-
sequently the belt reactions must urge such arm away
from the drum in order to counterbalance same.

In the determination of X and ¢, without making an
exhaustive mathematical study of the determinants there-
for, it will be seen that the principal mission is to select
X 2nd ¢ in such a way that (as R varies from its mini-
mum to its maximum value) B should equal as closely
as possible

aw

R

A study of this equation indicates that one of the initial
determinants is the quotient

d

R

which should be considered from the following points
of view:

(a) Its actual mathematlcal valie as. R changes from
minimum to maximum, and -

(3) The direction of its variation as R so changes.
In the present instance R changes from 3%2" to 20"
and consequently the upper and lower - value of the
quotient

d

R
are in this special instance (where d= 4.186"”) 1.095
and .2095. Thus the quotlent )

d

R

is a diminishing function, diminishing in the ratioc roughly
frem 5 down'to 1. -Tt‘is found,-in this particular case,
that o ’

d
B= B w
if B varies between 108 and .75 as-shown in the table
above.

Referring to the front arm of Fig. 11, one example -
of the values of X, ¢ and M are: 1.36”; 313°; 30’; and
147 respectlvely

There is thus provided a novel slitting and rewinding
apparatus which achieves superior results in the control
of roll density, internal tension and quality -of roll edge
and which meets-the most exacting quality control de-
mands at heretofore unattained production rates, the
apparatus being capable of reaching speeds up tc 2,600 -
ft. per minute depending upon the width: of the wéb and
its chardcter.. The novel apparatus provides in a single
machiné heretofore ‘unattained versatility::in that it.'is
capable of slitting -and rewinding the following types of =
web -material:- light, heavy, stretchy, rigid, laminates,
waxed and coated-ipapers, kraft; foil, impregnated fab-
rics..” Rewind rolls produced on this apparatus prov1de
the precise degree of softness or hardness which may
be required for shipping, storage and subsequent end use.
The automatic ‘rewind 'dehsity control herein described
is -adjustable whilé running; for example, by adjustment
of the in-pressure control valve 189 and/or 160, and
also by the adjustment of the indicators 66 and/or 66a
(Fig- 1). -

Furthermore, suiiable ‘means are employed for posi-
tively -isolating the “rewind tension,” that is, the tension
of the web as it leaves the contact drum, and the so-
called “unwind tension,” namely, the terision of the web
as it is unwound-from the parent roil.

The slitting of the web can be accomplished by any .
one of the several well known means, onc of which -is
shown in the aforementloned patent’ to- T ‘N. -Carter
2,650,039,
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The consistently accurate means for controlling the
aforementioned rewind roll vs. the contact drum pressure
substantially eliminates operator guesswork during the
operation of the apparatus. Also rewind rolls of unvary-
ing quality are assured. Once a satisfactory “run” for
any type of material has been achieved, the setting or
adjustments of the apparatus permit perfect reproduc-
tion of such satisfactory run and the pressure, sensitivity
and wide range of control means provides optimum run-
ning conditions for a heretofore unattained variety of
materials. By eliminating the aforementicned guesswork
heretofore incidental to hand set adjustments in prior
art apparatus in favor of highly sensitive control means,
such as the pneumatic system of Fig. 1, the novel appa-
ratus insures constant dependability on long rewind runs.

The present invention employs a combination surface
and center rewind principle, that is, the rewinding of the
rewind rolis is effected by driving the rewind shaft (center
rewind) and also by driving the contact drum, the latter
being rotated at a constant angular velocity (surface re-
wind). The rewind rolls are rewound in two separate
groups, as is well known in the art, one group being on
the front rewind shaft and the other group on the rear
rewind shaft, the individual rewind rolls being staggered
on the separate shafts and well separated, thus effecting
a positive roll separation. -

By virtue of the neutralization of the torques, hereto-
fore occurring in prior art apparatus, namely: (a) those
exerted upon the support arms of a given rewind shaft,
attributable to the static weight of the roll material as it
builds up; (b) also those attributable to the static weight
of such arms and shaft; and (¢) the torques incidental to
web pull and “center rewind,” a precisely controllable
contact pressure (rewind vs. contact drum pressure) is
attained by the differential between the pressures on op-
posite sides of the pneumatic power cylinders, e. g. 53
and 54. By the use of such pressure differential, hereto-
fore unattained accuracy of quality control is attained,
particularly with respect to roll density.

Although only a single embodiment .of the present in-
vention has been illustrated and described in detail, it is
to be expressly understood that the invention is not limited
thereto. For example, regarding the means for counter-
balancing the static weight of the support arms and re-
wind shaft, instead of the counterbalancing springs, such
as 30, 31 or 42, 43, other suitable means can be employed
in other forms of the invention, such as a counterweight
system adjusted to counterbalance the aforementioned
static weight as the support arms shift angularly. Also
regarding the system for counterbalancing the static
weight of the rewind rolis as they build up, in lieu of the
particular pneumatic counterbalancing system as shown:
in Fig. 1 employing the pneumatic cylinders (for exam-
ple, 53, 54 acting on the rear support arms), it is possible
in other forms of the invention to employ other force
exerting devices which can create a torque or moment
acting upon ‘the support arms which is counter to the
moment due to the action of gravity upon such rolls as
their diameter: increases. For example, a mechanical
counterbalancing of this type may be employed, including
a counterweight, which may be shiftable along a scale
beam by, for example, electrical means in response to the
angular movement of a given pair of support arms or to
the extent of movement of the axis of the rewind (or roll)
shaft from a norm position as in the embodiment of Fig. 1.
That is, the countermoment for counterbalancing the
static weight of the rolls can be effected in other embodi-
ments by means which can be actuated in response to
movement of the axis of the rewind shaft from some norm
and employing, of course, the density of the material as
one of the governing factors. In connection with the
counterbalancing of torque upon the support arms attrib-
utable to web pull (brought about by center rewind
““torque) in substitution for the endless belt with the drive
pulley axis offset from the support arm pivot axis herein
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shown and described, there may be employed a gear train
linkage from a suitable power source, such as a motor,
operatively connected to the rewind shaft. In Fig. 11b,
an example of such a linkage is shown designated by the
numeral 132. Only one of such linkages will be de-
scribed for one of such support arms, it being understood
that a similar gear train may be employed for the other
support arm of a given pair. A support arm 133 rotatably
supports a rewind shaft 134 at its upper extremity and
is pivotally mounted at its lower extremity 135. The re-
wind shaft has secured thereto a gear 136 which is oper-
atively connected to a motor 137 through the intermedi-
ary of the gear train shown which comprises six toothed
consecutively meshing gears 138--143, inclusive, the
pivot shafts of which are mounted upon the support arm
133. The feature of the modification of Fig. 115, which
is analogous to the offset pivot feature of Fig. 11, com-
prises a driving gear 144 (analogous to drive pulley 1186),
the axis 145 of which is offset from the pivot arm axis
135 in a manner analogous to the offsetting of the axis of
the drive pulley pivot, as shown in Fig. 11. The driving
gear 144 is drivably connected to the gear train 138—143
through the intermediary of gears 146 and 147 which are
mounted upon a lever arm 148. One extremity of the
lever arm 148 is pivotally secured to the arm 133 at 143a
lever arm 148 is pivotally secured to the arm 133 at 143aq,
comprising the axis of the gear 143, and at the opposite
extremity of the arm 148 the gear 147 is rotatably
mounted about an axis 1472 comprising the pivot axis of
the gear 147. A supplementary arm 149 is pivotally
mounted at one extremity at 147a and at the opposite
extremity at the pivot 145 and is able angularly to shift

_about the latter pivot which is fixed. The pivot 135 also

is fixed. As torque is applied to the drive gear 144, it
will exert a torque upon the support arms 133 via the
arm 148 which is analogous to the torque exerted upon
the support arm, for example 24 (Fig. 1), by the belt 114.

In a separate and non-equivalent embodiment of the
invention, in lieu of mounting the rewind shaft upon sup-
port arms, such as 23, 24, such arms may be dispensed
with and the opposite extremities of the rewind shaft,
e. g. 21, can be supported in suitable tracks formed, for
example, in either straight or curved paralle] slotted or
grooved members, suitable means being provided, of
course, to prevent the rewind shaft from becoming askew
or canted with respect to such slotted members. Such
members are provided with said tracks for receiving the
opposite extremities of such a rewind shaft and for guid-
ing same, for example, in substantially the same curved
path as shown in Fig. 11 although such curved path may
be straight.

What is claimed is:

1. In a winding machine, the combipation of: a pair
of rewind arms, a rewind shaft, means for pivotally sup-
porting said arms at their inner ends for angular move-
ment about a primary axis, said arms being adapted to
support said rewind shaft at their outer ends on which
shaft a web. of sheet material is to be rewound into a
rewind roll,- a driven comtact drum with which such
roll is in engagement during the rewinding thereof, a
driven ‘pulley mounted for rotation near the outer end
of one of said arms and drivably connected to said re-
wind shaft, a drivé pulley mounted near the opposite
extremity of said arm for rotation about a secondary
axis, and an endless belt interconnecting said pulleys for
communicating torque to said rewind shaft. to wind
such web thereon, means for mounting said drive pulley

" with its axis of rotation comprising such secondary axis

spaced from said primary axis by a selected distance
in a selected direction for achieving a balance between
the moments acting upon such arms attributable to the
tension of such belt and the moments acting upon said
arms attributable to the reaction of such web as it is
wound upon such shaft while the diameter of such re-
wind roll increases.
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2. In a winding machine, the combination of: rewind
arm means, a rewind shaft, means for pivotally support-
ing said arms at one end thercof for angular move-
ment about a primary axis, said arms being adapted to
support said rewind shaft at the other end thereof for
angular movement therewith about such axis, and on
which shaft web material is to be wound into one or more
rewind rolls, a contact drum mounted for rotation in
 the path of such angular movement of such rewind shaft,
such movement occurring about such primary axis, a
drive puliey mounted for rotation -about a secondary
axis near to but spaced from such primary axis, a driven
pulley mounted near such other end of said rewind arm
means and operatively connected to said shaft for driv-
ing same, endless belt means interconnecting said two
pulleys, such web being fed to said rewind shaft for
being wound thereupon, and passing partly around said
drum thereby to create web temsion moments acting
on said arm means in one direction about said primary
axis in response to driving such rewind shaft, said end-
less belt means creating belt tension moments acting on
said arm means about such axis in response to driving
said drive pulley, means for mounting said drive pulley
with the axis of rotation thereof comprising said sec-
ondary axis parallel to but spaced from said primary axis
by a selected distance and in a selected direction for
creating such web tension moments in an opposite direc-

1(
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tion about said primary axis substantially to balance -

said belt tension moments while said rewind roll in-
creases in diameter.

3. Apparatus in accordance with claim 2 wherein
said belt tension moment==BT and said web tension mo-
ment )

wdT

R
and further where

WwdT

B—T

substantially, where: B is the perpendicular distance
from the arm pivot to a line tangent both to the drive
pulley and to the rewind shaft pulley as the rewind roll
builds up; W is the perpendicular distance from such
arm pivot to a line tangent to the rewind roll at the
point of contact between the latter and the contact drun;
and T is the belt tension or the tension on the drive belt;
d is the diameter of the drive pulley; and R is rewind
diamester.

4. In a winding machine, rewind arm means ‘piv-
otally supported at one end thereof for angular move-
ment about a primary axis, and adapted to support a re-
wind shaft at the other end thereof, on which shaft web
material is to be wound into one or more rewind rolls,
a contact drum mounted for rotation about a stationary
axis and positioned in the path of movement of the axis
of rotation of said first-mentioned shaft, such angular
movement occurring about the aforementioned primary
axis, whereby web material passing at least partly around
said contact drum is wound upon such rewind shaft,
power means operatively connected to such rewind shaft
for winding such web of sheet material thereupon, there-
by to create the aforementioned rewind rolls, the wind-
ing of such rolls upon such rewind shaft creating web
tension moments about the aforementioned primary axis,
means for operatively interconnecting said rewind shaft
with a power source for driving same, means for mount-
ing such operative interconnection ‘with respect to the
aforementioned primary axis for creating a substantially
equal and oppesite moment about ‘the primary axis :sub-
stantially balancing the web tension moment as the re-
wind roll increases in diameter.

5. In a winding machine, rewind arm means pivotally
supported at one end thereof for angular movement
about a primary axis, and adapted to support .a rewind
shaft at the other end thereof, which shaft is adapted
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in turn for the winding thereupon of web material in
:one -or more rewind rolls; a contact drum mounted for
rotation about a stationary axis parallel to the afore-
mentioned primary axis and to the axis of rotation of
said rewind shaft; spring means operatively connected
with said arm means for counterbalancing the static
weight of said arm means including that of said rewind
-shaft; means responsive to angular movement of said
arm -means from a norm position for exerting a torque
on said arm means as a function of such angular move-
ment thereby to counterbalance the static weight of
the ‘web material wound upon said rewind shaft, said
arm means angularly moving in response to the build
up of web material upon said rewind shaft; driving
means for said rewind shaft comprising an endless band
passing over a rewind shaft pulley connected to said
rewind ‘shaft and positioned near the outer end of said
arm means, said band also passing over a drive pulley,
the axis of rotation of the latter pulley being positioned
near to but offset from said primary axis by a selected
distance in a selected direction therefrom respousive to
the variation of B as compared to the variation of

aw
=

where: B is the belt moment arm about the afore-
mentioned primary axis, that is, the perpendicular dis-
‘tance from-such axis to a line tangent both to the drive
pulley and the rewind shaft pulley; d is the diameter
of ‘the rewind shaft pulley; W is the web tangent mo-
ment arm about such primary axis, that is, the per-
pendicular distance from the primary axis to a line
tangent to the rewind roll and contact drum at the point
-of contact between such foll and drum; and R is the
rewind roll diameter; and such distance and direction
‘being selected whereby the differences between B and
’ aw

F3

as R is increased, are of negligible amount.

6. In a winding machine, rewind arm means pivotally
-supported at one end thereof for angular movement about
a primary -axis, and adapted to support a rewind shaft
-at the other end thereof, which shaft is adapted in turn
for the winding thereupon of web material in one or
‘more rewind rolls; a contact drum mounted for rotation
dbout an axis parallel to the aforementioned primary
axis and to the axis of rotation of said rewind shaft; driv-
ing means for said rewind shaft comprising an endless
band -passing .over a rewind shaft pulley connected to
said rewind shaft and positioned near the outer end of
said arm means, said band also passing over a drive
pulley, the axis of rotation of the latter pulley being
positioned near to but offset from said primary axis by
a selected distance in a selected direction therefrom re-
sponsive to the variation of B as compared to the vari-
ation -of

aw
R

where: B is the belt moment arm about the aforemen-
tioned primary axis, that is, the perpendicular distance
from such axis to a line tangent both to the drive pulley
and the rewind shaft pulley; d is the diameter of the
rewind shaft pulley; W is the web tangent moment arm
about such primary axis, that is, the perpendicular dis-
tance from the primary axis to a line tangent to the
yewind roll and contact' drum at the point of contact
between such roll and drum; and R is the rewind roll
diameter; and such distance and direction being selected
whereby the differences between B and

aw
N —R- -
-as R is increased, .are of negligible amount.
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7. In a winding machine, rewind arm means pivotally
supported at one end thereof for angular movement about
‘a primary axis; a rewind shaft supported at the other
end of such arm means for rotation about an axis which
is paralle] to said primary axis, said rewind shaft being
adapted for the winding of web material -therearound
in one or more rewind rolls; a contact drum- mounted
for rotation about an axis parallel to the aforementioned
primary axis and to the axis of rotation of said rewind
shaft, said rewind rolls and drum being in peripheral
contact when the machine is in operation; and means
for selectively controlling the pressure of such contact
independent of the static’ weight of such arm means,
shaft, rolls, and of a web reaction torque set forth be-
low, such means including: means operatively connected
with .said arm means for counterbalancing the static
weight thereof including the static weight of said rewind
shaft, means responsive to the extent of angular move-
ment of said arm means about said primary axis for
exerting a torque upon said arm means acting about
said primary axis, such torque being a function of the
extent of such angular movement thereby to counter-
balance the static weight-of such web material wound
upon said rewind shaft as such weight increases, means
for driving said rewind shaft thereby to rewind said web
material thereon, the driving of said shaft producing a
web reaction torque acting on -said arm means, means
-for mounting said driving means for producing a torque
which substantially counterbalances said web reaction
torque; and adjustable means for exerting force for urging
relative movement of said drum and shaft.

8. In a winding machine, arm means pivotally sup-
ported at one end thercof for angular movement about
a primary axis, a driven shaft supported at the other end
of such arm- means for rotation about an axis. which is
parallel to said primary axis, said shaft being adapted
for the winding of web material therearound in one or
more rolls; the driving of said shaft producing a web
reaction torque acting on said arm means, and means
for balancing said web reaction torque.

9. In a winding machine, a rewind arm device pivot-
ally supported at one end thereof for angular movement
about a primary axis; a rewind shaft mounted for rota-
tion at the other end of such rewind arm device, such
rewind shaft being driven and being positioned for ro-
tation about an axis parallel to such primary axis and
being adapted for the winding of web material thereon
in one or more rewind rolls; a contact drum mounted
for rotation about an axis parallel to the aforementioned
axes, said rewind rolls and drum being in peripheral con-
tact when the machine is in operation; and means for
making the pressure of such contact independent of the
static weight of such rewind arm device, rewind shaft,
rewind rolls and of a web reaction torque set forth be-
low, such means including: means operatively connected
with said arm device for counterbalancing the static
weight thereof including the static weight of the rewind
shaft mounted thereupon; power means for exerting
torque upon said arm device, and means for controlling
said power means in response to the angular displace-
‘ment of said arm device from a selected norm position,
such angular displacement being in turn responsive to
change in diameter of such rolls whereby the static weight
of web material wound upon said rewind shaft is counter-
balanced, the aforementioned web material passing at
least partially around said contact drum and thence be-
ing wound upon said rewind shaft and exerting a torque
upon said arm device about said primary axis attributable
to web tension reaction resulting from such shaft being
driven as aforesaid; driving meanis for driving same as
aforementioned and thus for said rewind shaft for ap-
plying a driving torque thereto, and means for mounting
said driving means for producing a torque for substan-
tially counterbalancing said web reaction torque.

10. In a winding machine, a rewind arm device: pivot-
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ally supported at one end thereof for angular movement
about a primary-axis, a rewind shaft mounted for rota-

tion in "the other end of said rewind arm device about

‘an axis which is parallel to said primary axis, said re-

‘wind shaft having a torque directly applied thereto for

the winding of web material thereupon in one or more
rewind rolls cut from a parent roll; a contact drum
mounted for rotation about an axis parallel to the afore-

-mentioned axes, said rewind rolls and drum being in

peripheral -contact when the machine is in operation;
primary counterbalancing means operatively connected
with said arm device for counierbalancing the static
weight thereof including the weight of the rewind shaft
mounted thereupon; said primary counterbalancing means
comprising spring means operatively connected with said
arm device for deformation in response to angular move-
ment of said arm device from a selected norm position

‘whereby the. aforementioned counterbalancing of such

static weight is effected; secondary counterbalancing
means for counterbalancing the static weight of the web
material as it is wound up upon said rewind shaft and
comprising means for exerting a torque upon said arm
device in response to the angular movement of said arm

-device from a selected norm position as the diameter

of the rewind roll thereupon builds up; said web ma-
terial being wound upon said primary shaft creating a
web tension moment about the aforementioned primary
axis responsive to the driving of said rewind shaft which
moment varies as such rewind roll diameter builds up;
and tertiary counterbalancing means for substantially
fully  counterbalancing the -aforementioned web tension

-moment as the latter varies in response to the build-up

of rewind roll diameter.

11, In a winding machine, the combination including:
a pair of rewind arms pivotally supported at one end
thereof for angular movement about a primary axis, a
rewind shaft mounted upon the other ends of said rewind
arms and positioned there for rotation about an axis
which is parallel to said primary axis, said rewind shaft
being adapted for the winding thereupon of web ma-
terial in one or more rewind rolls; a contact drum mount-
ed for rotation about an axis paralle]l to the aforemen-
tioned axes, said web material passing at least partially
around said contact drum and onto said rewind rolls
upon said rewind shaft, said rewind rolls and drum be-
ing in peripheral contact; the static weight of said rewind
shaft and rewind arms exerting a moment about the
aforementioned primary axis, primary counterbalancing
means for exerting a primary torque upon said rewind
arms thereby to counterbalance the aforementioned static
weight, such primary torque being a function of the ex-
tent of angular movement of said rewind arms from a
selected primary norm position; a further torque being
exerted upon said rewind arms about the aforementioned
primary axis as a result of the static weight of the web
material wound thereupon in said rewind roll or rolls,
said torque varying in response to the build up of the
diameter of said roll, secondary counterbalancing means
for exerting a secondary counterbalancing torque upon
said rewind arms for counterbalancing the aforemen-
tioned further torque due to rewind roll static weight,
said secondary forque exerting means being responsive
to the angular movement of said rewind arms from a
secondary norm position as rewind roll diameter in-
creases; the aforementioned web material passing at least
partially about said contact drum exerting a web tension
moment upon said rewind arms respousive to the driving
of such rewind shaft, such moment acting about the
aforementioned primary axis, and tertiary counterbalanc-
ing means for exerting a tertiary counterbalancing torque
upon said rewind arms thereby to counterbalance the
aforementioned web tension moment as the latter varies
in response to the building up of rewind rcil diameter.

'12. In a winding machine, the combination of: a con~
tact drum, a roll :shaft on which sheet material is to
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be wound in one or moie rolls, drive means connected
to said roll shaft for rotating same thereby to wind such
sheet material thereupon, the axes of said roll shaft and
contact drum being so disposed with the web of sheet
material being wound upon the roll shaft under tension
and exerting a force upon such roll shaft tending to cause
relative movement of the axis of such shaft with respect
to that of the contact drum, and means for counterbalanc-
ing such force.

13. In a winding machine, a driven roll shaft adapted
for the winding thereon of web material in the form
of a roll, a contact drum, the force of gravity acting
upon said roll shaft due to the mass thereof, such force
of gravity also acting upon the sheet material wound
thereupon in the form of such roll, a further force acting
upon said rewind shaft attributable to the tension of the
sheet material as it is wound upon the roli shaft by virtue
of the fact that such shaft is driven as aforementioned,
such forces tending to cause relative movement of the
axis of such roll shaft and the axis of such contact drum,
such contact drum and material rolled upon the roll
shaft being peripherally in engagement during the wind-
ing of the web material thereon, and means for respec-
tively neutralizing such forces during the driving of such
roll shaft and thus as the distance changes between the
axis of said contact drum and the axis of said roll shaft.

14. In a winding machine, a roll shaft adapted for
the winding thereon of web material in the form of a
roll, a contact drum, power means connected to said
shait for exerting a driving torque thereon for driving
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same and thereby winding such material thereon, the
force of gravity acting -upon said roll shaft due to the
mass thereof, such force of gravity also acting upon the
sheet material wound thereupon in the form of such roll,
a further force acting upon said rewind shaft attributable
to the tension of the sheet material as it is wound upon
such roll shaft by virtue of the fact that such shaft is
driven as aforementioned, such forces tending to move
the axis of such roll shaft with respect to the axis of such
contact drum, means for respectively neutralizing such
forces during the driving of such roll shaft and thus as
the distance changes between the axis of said contact
drum and the axis of said roll shaft, such contact drum
and material rolled upon the roll shaft being peripherally
in engagement, and means for exerting a controlled force
for urging said axes toward one another.
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