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poratmn ‘of Missouri:
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4" Claims:

T

This. invention .relates to. web. winding, and

more particularly. to.web winders of the fiiction
drom type.
"The object of..the invention is.the. provision

of a-two- drum Ariction drum, wmder ior winding

a: web.-into. a.roll- thh close.. contml gver the
hardness of:the.-roll, and. angpted to wind a roll

of. substantlally uniform hardness thloughout its

mass-from its innermost: to. its. outérmoit cori~
volution..

According to my: observations, the hardneéss. of”

2. roll of web.material wound by a friction drum

winder- is for the most part determined by the’

compressive foree exerted..upon the web along
2. line transverse.to: the léngth of the web i
the nip.. of the. web: roll- being wound and the
drum of the. winder where the web first comes’
on to the. web roll, assuming. that” the web is’
being wound. under. substantially. constant ten-
sion.. This is particularly. true of web material
that has.a-relatively. low. modulus ‘of . elasticity
in tension. T believe that the hardnees of the
roll is largely determined in the case of such
material by the compression of the'web material
Leing wound -against the drum of the winder
where. the material fitst comes on to the roll.
The. extent of..compression, of course, is de-
pendent upon the compressiVe’,force exerted on
the. weh by the.web roll. . To wind. s web roll
of uniform hardness, it.should. be substantially” .
egually compressed. throughout  its length. For
egual compression..of the web throughout 1ts
length, the compressive force exerted on the web
by the web roll should be maintained sibstantisl-
1y constant throughout the winding operation,

The invention, in.general, .involvés a friction
drum winder having a rider roll bedriiig on the
web roll being. wound, and means for applymg"
force to. the web roll ‘as the lattér is wound in
accordance with it§ increase¢ in diametér in such
manner . as to maintain the compressive “force
exerted ‘on.the web. in" the nip of ‘the web roll
and. the drum of ‘the winder where the web first
winds on .to . the roll substantially constant
throughout the winditig" operation. ‘Thig pro~
duees a web roll of ‘substantially. uniform’ hard-
ness: from . its- innermost .to its outérmost. con-
volution.

The-foree is-applied-to the web roll heing wound
by. fluid- pressure-means-acting on-the.riger roll
for- biasing-it foward. the -wep roll.and-supplied
with fiuid under pressure -through-a-line includ-
ing a pressure-control valve.- This valve: is con-
trolled .by-means-movable hy- the web:rolly. as

it-inereases-in diameter foy varying:-the pressure- 55-
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of - fluid pxess‘he means. as wmdmg progresses.

Thls means may be such’ as to. adjust the valve
in- such a-way, as to. vary- the pressure “of ﬁma
in" the fluid pressure ‘means. (and" the lesultant"
force exerted by the. web roll’ agamst the frlctlon
dgum) to - melntam the compressive, force ‘on-
the: web be eil the web roll and the tr1ct1on
drum- supst Lally constant This’ means may
be.made such” as t0 adJust the " valve in other
ways- wh,ele other than uniform ardness’ ‘of° the
web:roll is desared The winde: also has features
of constructlon whlch 1educe 1ts requlred head-

room to a minimumni and allow for tne use oI

a  single. fluid pressure ‘means Wh11e assunng

parallelism of the ride “roll and friction’ drums.

Other features will b part apparent and in
part pomtea out herejnaiter.

THe invention . acco cungly comprises the’ eles
ments and- combmatlons of ‘elements, features of
cpnstluctmn ahd arm ngements of palts whxch‘
will be exemphﬁed inthe structqres beremalueL
described, and the scopé of the apphcatlon of
which W111 be mdlcated in the following: clalms N

In the accompanying wings, in ‘which one’
of various p0551b,1e embodlments of the mventxon‘
is illustrated,

Flg 11is a v1ew 1n’ elevatxon of a frxctlon dlum

1n'ér'oss section and dia="
ting other” elements
F ilcal section taken on- 11ne e

t101 valve of - the Wl
grammat1cally fill

Pig, 4isa v
of Flg 1; and

Flg 5-is a-graph-illusirating certain force-web’
roll d1ameter characterxstlc cutves.

Slmllar reference chalacters {ndicate corre:
sponding parts throughout the sevérdl views of
the drawings,

Referrmg to -the. drawmgs, a- friction” dium
wmder constlueted in ag danee Wlth th1s in-
vention is- shown to-comprise two frlctlon drums‘
f-and 3 havmg shgfis 5 a,nd 1 qurnalled at their’
ends +in-side frames 9 and’{{. The drums, as
herem 1llustrap d, are of equal dlameter and
Joumalled by- thelr.shafts m the Slde frames’

parailel,-in the same homzontal plane, and spaced
't ’suance somewhat greater than the drum
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direction (counterclockwise as viewed in Fig. 2)
and are adapted peripherally to support and drive
a web roll R (shown about half wound in phantom
in ¥Fig. 2) being wound on an arbor {3. ‘The web
being wound is designated W and eomes on to
the web roll in the nip of the web roll and the
friction drum 1 of the winder, which is herein-
after referted to as the first drum of the winder,
the drum 3 being hereinafter referred to as the
second drum of the winder. The web W, com-
ing on to the periphery of the web roll R, is com-~
pressed against the first friction drum { by the
web roll.

The compressive force to which the web is sub-
jected is represented by the force arrow or vector
F in Pigs. 2 and 3. This force is exerted down-
ward in the direction of the-line joining the
centers of the web roll and the first drum {. The

magnitude of the vector F depends upon the diam-

eter of the web roll and the downward force :

applied to the top of the web roll by a rider roll 15,
which may be positively biased downward by fluid
pressure means generally designated {1. It will
be seen that as the diameter of the web roll in-

creases in winding, the weight of the web roll

increases, the angle of the direction of vector F
with respect to the vertical changes, and the point
of application of the vector also changes. 'The
magnitude of vector F is the algebraic sum of
the resultant of the weight of the web roll (and
arbor) in the direction of the vector and the
resultant of the force applied by the rider roll in
the direction of the vector.

Referring now to Fig. 5, which is a graph in
which the horizontal coordinates represent roli
diameter in inches and the vertical coordinates
represent force in pounds, the curve A represents

20

the total vertical force which must result from .

the weight of the web roll (and arbor) and the
vertical force due to the rider roll to produce a
vector P of constant magnitude in g specific case
involving a winder wherein drums { and 3 are
10% inches in diameter with their axes spaced
apart 11% inches, and wherein the web being
wound weighs about 0.44 1b. per yard of its length.

The curve A is plotted by selecting a desired mag- °

nitude for vector P (this being about 260 lbs. for
the'curve A illustrated) and determining the total
vertical force acting directly downward in the line
of the center of the web roll necessary to establish
this vector magnitude for the various vector
angles. For example, the total vertical force
acting through the center of the web roll neces~
sary to produce a magnitude for vector F of 260
Ibs. when the diameter of the web roll is 2 inches
is about 230 1lbs.
roll is 12 inches, the total vertical force required
to produce a 260 lb. vector F is about 450 lbs.
When the diameter of the web roll is 36 inches
(full roll diameter), the total vertical force re-
quired to produce a 260 1b. vector F is about 510
lbs.

The curve B represents the dead weight of the
web roll (plus the weight of the arbor 13). - For
example, when the diameter of the web roll is 2
inches, its weight plus the arbor weight is about
10 Ibs. When the diameter of the web roll is
12 inches, its weight plus the arbor weight is
about 50 1bs. When the diameter of the web roll
is 36 inches (full roll), its weight plus the arbor
weight is about 440 lbs.

The curved C represents the combined dead
weights of the web roll, arbor, and the rider roll
(including elements which add dead weight to
the rider roll), and thus represents the total dead

When the diameter of the web -
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10 formed in the side frames 9 and {1.

- as indicated at 29.

weight contributing toward the vector F. This
curve is drawn for a rider roll dead weight of
about 70 lbs., and is plotted simply by adding 70
1bs. to the vertical coordinates of curve B. Thus,
at 2 inch roll diameter, the total dead weight
is 80 lbs., at 12 inch roll diameter the total dead
weight is 120 1bs., and at 36 inch full roll diameter
the total dead weight is 510 1bs. . ‘

The curve D represents the extra downward
vertical force which must be applied to the rider
roll to augment the dead weight of the web roll,
arbor, and rider roll to produce the desired mag-
nitude of 260 lbs. for the vector F. This curve
is determined by plotting the differences between
the vertical coordinates of curves A and C. Thus
it will be seen that when the diameter of the web
roll is 2 inches, the rider roll must apply an extra
force of about 150 lbs. (the difference hetween
the 230 Ibs. and 80 lbs. vertical ordinates of
curves A and C at 2 inch roll diameter). When
the diameter of the web roll is 12 inches, the rider
roll must apply an extra force of about 330 lbs.
(the difference between the 450 lb. and 120 1b.
vertical ordinates of curves A and C at 12 inch
roll diameter). When the diameter of the web
roll is 36 inches, no extra force is required of
the rider roll, other than its own weight. The 260
Ib. magnitude for vector F is purposely selected
so that at the full roll diameter of 36 inches, no
extra force need be applied to the rider roll.

The rider roll i5 bears on the top of the web
roll and is adapted to move upward as the web
roll increases in diameter while its axis is main-
tained parailel to the axes of the first and second
friction drums and the web roll, and directly
above the axis of the web roll. For this purpose,
the rider roll is provided at its ends with trun-
nions {8 and 2{ which are journalled in bearings
23 vertically slidable in vertical guideways 25
The vertical
plane of the guideways is centered with respect
to the axes of the drums | and 3. Racks 27 ex-
tend vertically upward from the bearings 23,
being fixed at their lower ends to the bearings
The teeth of the racks face
toward the right as viewed in Fig. 2. A shaft or
torque bar 31{ is journalled at its ends in the side
frames 9 and {{ adjacent the upper ends of the
frames and has pinions 33 fixed thereon in mesh
with the racks. The axis of the bar 31 parallels
the axes of the friction drums [ and 3. The ar-
rangement is such that the ends of the rider roll
are constrained against relative vertical move-
ment, while being free to move upward (or down-
ward), so that the rider roll remains parallel to
the friction drums as the web roll R increases in
diameter and moves the rider roll upward.

The fluid pressure means |7 comprises an air
pressure cylinder 3% mounted in vertical position
on the outer side of the side frame {I. A piston
37 slides in the cylinder and a piston rod 39 ex-
tends from the piston through the upper head of
the cylinder to a connection at 4i with the upper
end of the adjacent rack 271. In Fig. 3, the con-
nection 41 is diagrammatically shown as made to
the rider roll bearing rather than to the upper
end of the rack as in Figs. 1 and 2 for simplifica~
tion of illustration. The cylinder has a pressure
supply port 43 at its upper end and a vent port 45
at its lower end. The arrangement is such that
by supplying air under pressure to the cylinder
above the piston through port 43, the piston will
tend to pull down the adjacent rack 27 and thus
tend to bias the rider roll {5 downward against
the top of the web roll R. The downward force
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éxerted’ by tHe: piston i equally -divided betweern:

the two racks dug to their beitig geaied together
by the torqe bar ¥ dnd pitiions 33, and thus‘the
downwarg forces: actmg on ‘the énds of tHe rider
roll dre equalized:” ThHus: the rider roll is main~
tained parallel to ‘theé friction drims-despite the
fact that only-ong dir éylinder at one side of the:
winder is-uSed to-exert-the downward bras‘ ort-the:
rider roll.

“The gii eylifider 35 is supphed With-air under
pressure-through 4 lihe 41 mcludmg a-religving:
typbe pressute-control valvé:
thie pressure iy thie’ cylitider ‘above-the  piston
Thie valve' 4§ herein ilvstrated s o standard
commercialiy avai
some modlﬁcatlon to adapt it-for' use ii-the

valvé 49 in: general cempnses 4+ generally’ cup-
shaped Lody b 4}

closed" by & Tésilie hiagin® 53; thé margin
of the digphrgsm: ’be1ng compressed agaifnst the
ritn of the tady by abohriet 55bolted tothe body.

Withuti the body; between the diaphragm: and a-

baffle plate &1, is'a ‘chamber 5% ' The bafle plate
T i held egairist 8- shoulder &4 by a-head 63 on

- & fitting 6% whicki extends through:an opentsig i

the ceénter of ‘the bafle- plate and which is
thréaged #i-its 1eft end ds viewed in-Pig. 3 iry-the
base of the body 51. Within thebody 51; between
the baffie: plate’ 5T dnd: the'base of the: body is
another chamber 61 The latter is-of smaler
diameter than the 'chamber 5§ to: provide the
shoulder &1

The-fitting: 65 has-ansaxial passage 6% which
narrows down at ity right-end as viewed inFig. 3,
and radiat ports T1 providing foy communication
Between the passage §9-and the eldmber 61, - At
lts left bnd as v1ewed m Flg 3 the ﬁttﬂnv opens
of the body 5! In uhe center ofithe: dlamph1 GEm
§8 is-a-vent 18 . This is' addpted to be closed by &
bali-end valve 17 axially sHdable iy the narrow
right end of tlie passage 69 through the fitting 65
The vdlve-has a-head T9 located in:the-ail: inlet
bassage T8. A st¥aitier- se¥een 8f-surrounds-the
head. A-spring 83¥-reacts agsiiist the head from
o plug 85-threaded i an-dbenifig in:the base of
the Body &t aligned with:the fitting 65 to biasthe
valve Tt foward seating éngagenient’ With the
vent 78 The body 51 is fofmed with-an: air outlet
passage 87 leading frofn the chamiber: 67, A sy
phon uhhe 89 m the bafﬂe pla,te 51 prov1des for

outleu passage A follower rod 9[ is shdable in
the eng of the bonnet §5. - At ity inner end this
rod: ¢arries a- spring seat 93.: A .compression
spring 9% reacts from - the-séat 93 against.s seat
97 engaging the diaphragm 53 to-bias the dia-
phragm toward the left as viewed irv Fig, 3. In
the wall of the bonnet are breather holes §9:
‘The:spring 85 normally holds the parts in the
position shown in Fig. 3 wherein -the ball érd of
the valve 17 c¢loses the vent 15; ‘The valve 17T is
held against the bias of spring 83 inithe retracted
position. llustrated in- Fig. '3 wherein: the: valve
head 19 is spaced torthe left of the adjacent end
of ths fitting §5. " Under these circiifistances; ai
may flow through the inlet: passage 13; through
the passage 89 in-the fitting. 65, through the ra-
dial ports T{ in-the fittidg to-the chamber 61
and thence through the ocutleét. passage 87 and
lirie 47 to:the cylinder 35, with a:pressure: drop
in flowing through:the valve ‘The:chamber 59
is i’ communication: with: chamber 6T through
thetube 89; so that.the diaphragt 5345 subjected

adapted to-control:

pressure ‘regulator withe 15
© As shown ih-Pig. 3 tHe'

el side of the: body is
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5 ameter of the Cweb:.roll incregses.:

tothe pressure in-thie outlet: 8T, which:isigenerally’
the same as in the cylinder 35. If thispressure.
should become high erogh: to: overcome: the
foree of spring 99 for a particular setting of this
spring, the didphragniiteves away . from the ball
end of valve 11 and:

Tl has moved to*—f}he ngm'r it Fxg 3 to:a forward
positiod wherein. the hea’ 19 on the valve closes

ng:

let pagsage- 13 Whén the pressure has ‘been suf—
fieiehtly redticed, spring:. 95 returiis. the: ports toi
heil” Fig.. 3-position. . How mwuch: pressure: the:
- 49- will hold: it thié .¢ylinder is: determined
By the:dompression: of the spring 95, and. this i
buen s deterriined: by thi€ position of the follow-
et:rod 9.

The: préssure: coitrol- valve: 49 is movnted: on:
the side frane: {1 . with:ifs" follower rod: §f: in:
position: to-be- automatlcally adJusted by w cam.»
10t fixed tothe sdjace 2T,
mdves: tipWward. with: th

der roll £5- &8 the dL—
“The ‘car:
consists. of- an elonigate: fiat: bar: formed: with a
cam:-edge -103: engaging g follower roller 105 oxn:
the: otiter end of the:-follower rod. 91, The cam
edge, as-illustrated, is of such develspraerit-and

' so-phased as. to>adjust the coritrol-valve to: ob-

tain ‘the different. aip pressures requited. in the
air.cylinder 3% at-different web roll: diameters to
supply the exira force which:niust be applied to
the rider:roll to-maintain the magnitude of force

- I at-least substantiallyconstant throughout the

winding. = The necessary development of the:cam:
edge may be determined from:the: curve D:and
the characteristics of.-the valve. . It will be: seen
that the development of the'cam is such. that it
first gradually moves-the rod § inward, thereby
gradually to-increase: the pressure held in. the
cylinder35, and ultimately permits:the:rod: 9t to:
move outward: thereby: gradually to lower: the
pressure held in-the cylinder..

The frietion drums:.I'and 3 -and-the rider roil
15 .are: all positively driven in: counterclockwise
direction by gearing illustrated in Figs. I and 4.
Asshown; this-gearirig. comprises: g horizonial
shaft 107 journalled in the side frames:9.and:il.
Fixed on:this shaff outward of the:side framie §
is:z.gear 10§ in mesh with:gears {4{:and {18 on
drum shafts 5 and 1, respéctively. ~Shaft 101
has a pulléy 115 fixed on.its outer-end driven
through: g belt drive from a. suitable source of
power (not-shown). A rider:roll drive shaft {7
is-mounted: in: veértical position on the: outside of
side frame: 9 by means of upper ard lower bear-
ings t19 and t2{. . This shaft (11 extends gen-
erally the:full ‘height of the-side frafne With its
axis. interseeting: thie-axis of the ‘rideir roll. A
bevel-gear-{23 on‘the horizéntal shafé {07 -meshes
with a bevel gear 124 on: the Tower end of the
shaft ‘1t to drive-the-latter. " The trunnion’ 1§
of the rider roll 15 extends out of its bearing 23
and has o bevel gedr {25 fiked on ifs outer end.
This meshes with a bevel géal 121 whieh rotates
with the shaft (1T but which is axially slidable
thereon. The gear 127 is carried by a ycke 123
fixed to the bearing 23 for the rider.roll trun-
nion: 19; It is keyed to rotate with-the-shaft {171
while being axially slidable thereon by providing
it witha - key slidable in a spline: (31 in the shaft
{17. At 133 are shown bearings for engaging
the ends of‘the shaft-135. of -the arbor. . These
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bearings are slidable in the guideways 25 below
the bearings 23.

Operation is as follows:

Air is supplied to the air inlet of the pressure
control valve 49 at a pressure high enough to ac-
commodate the highest pressure needed in the
cylinder 35, taking into account the pressure drop
in the valve. At the start of winding, the rider
roll {5 is in its lowermost position bearing down
on the arbor 13 and wedging it between the first
and second friction drums { and 3. Racks 21,
cam (81 and the piston 37 are in their lowermost
position. The cam 191 under these circumstances
holds the follower rod 9 in such position that
the valve 48 regulates the pressure in cylinder 35
to such value as to exert the necessary extra force
on the rider roll 15 to make force F equal the
desired value (260 1bs. for example). Referring
to Fig. 5, it will be seen that for a 2 inch roll di-
ameter in the particular case illustrated, this
extra force would be 150 lbs., and the cam is so
developed and phased as, in its position corre-
sponding to 2 inch roll diameter, to set the valve
to establish such a value of pressure in the cyl-
inder 35 as to produce 150 1bs. force.

As winding proceeds, the web roll R, increas-
ing in diameter, moves the rider roll 15, racks 21
and cam (01 upward. As the cam moves upward
from starting position, it moves the follower rod
91 inward, thus gradually increasing the pressure
in the cylinder 35 to increase the extra force ex-
erted by the rider roll on the web roll in accord-
ance with the requirements as dictated by the
curve D of Fig. 5. For example, when the di-
ameter of the web roll has increased to 12 inches,
the cam 10f has moved the follower rod 91 to
a position wherein valve 49 establishes such pres-
sure in the cylinder 35 as to cause an extra force
of 330 lbs. to be applied by the rider roll to the
web roll. From this point on, however, the fol-
lower rod 81 moves outward, thereby gradually
decreasing the pressure in the cylinder 35 to
decrease the extra force exerted by the rider
roll on the web roll in accordance with the re-
quirements dictated by the curve D of Fig. 5.
For example, when the diameter of the web
roll has increased to 36 inches, the cam mean-
while has permitted the follower to move out-
ward completely to relieve the spring 9§, so
that the space in cylinder 35 above the piston
37 is fully vented, with the result that no extra
force is applied by the rider roll.

It will be understood that instead of main-
taining the force P substantially constant to wind
rolls of uniform hardness, the force might be
varied as desired by changing the development
of the cam 10i. Or a particular cam might
be retained and the entire curve D shifted up
or down as by changing the length of the rod
9i. Thus, the winder of this invention is useful
not only to carry out the method of this invention
for producing rolls of uniform hardness but also
to control the roll hardness in any manner de-
sired.

The winder construction involving the gear-
ing together of the racks 2T by the torque bar
31 and pinions 33 thereon and the use of only
one air cylinder is advantageous in that it as-
sures parallelism of the rider roll 1§ to the fric-
tion drums | and 3 throughout the winding even
though only one air cylinder at one side of the
winder is used without requiring the use of spe-
cial anti-backlash gears and racks to eliminate
play.

In view of the above, it will be seen that the
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several objects of the invention are achieved and
other advantageous results attained.

As many changes could be made in the above
constructions without departing from the scope
of the invention, it is intended that all matter
contained in the above description or shown in
the accompanying drawings shall be interpreted
as illustrative and not in a limiting sense.

I claim:

1. A friction drum winder comprising two
friction drums journalled at their ends in side
frames near the bottom of the frames, a rider
roll journalled at its ends in bearings which are
vertically slidable in vertical guideways in the
side frames, the rider roll being adapted to bear
on the top of a web roll being wound and to
he moved upward by the web roll as the latter in-
creases in diameter, racks extending vertically
upward from the rider roll bearings, a torque har
journalled at its ends in the side frames near
the top of the frames and carrying pinions in
mesh with the racks, a fluid pressure cylinder
mounted in vertical position on one of the side
frames having an inlet port at its upper end
and a vent at its lower end, a piston recip-
rocable in the cylinder, and a piston rod ex-
tending from the piston through the upper end
of the cylinder and fixed to the upper end of
the adjacent rack.

2. A friction drum winder comprising two
friction drums journalled at their ends in side
frames near the bottom of the frames, a rider roll
journalled at its ends in bearings which are ver-
tically slidable in vertical guideways in the side
frames, the rider roll being adapted to bear on
the top of 2 web roll being wound and to he
moved upward by the web roll as the latter in-
creases in diameter, racks extending vertically
upward from the rider roll bearings, a torque bar
journalled at its ends in the side frames near
the top of the frames and carrying pinions in
mesh with the racks, a fluid pressure cylinder
mounted in vertical position on one of the side
frames having an inlet port at its upper end and
a vent at its lower end, a piston reciprocable in
the cylinder, a piston rod extending from the
piston through the upper end of the cylinder and
fixed to the upper end of the adjacent rack,
means for supplying fluid under pressure to the
inlet port of the cylinder including a pressure
control valve for variably controlling the pres-
sure of fluid in the cylinder above the piston,
and means movable with the rider roll for con-
trolling the valve.

3. A friction drum winder comprising two fric-
tion drums journalled at their ends in side frames
neayr the bottom of the frames, a rider roll jour-
nalled at its ends in bearings which are vertically
slidable in vertical guideways in the side frames,
the rider roll being adapted to bear on the top of
a web roll being wound and to be moved upward
by the web roll as the latter increases in diam-
eter, racks extending vertically upward from the
rider roll bearings, a torque bar journalled at its
ends in the side frames near the top of the frames
and carrying pinions in mesh with the racks,
a fuid pressure cylinder mounted in vertical
position on one of the side frames having an
inlet port at its upper end and a vent at its lower
end, a piston reciprocable in the cylinder, and
a piston rod extending from the piston through
the upper end of the cylinder and fixed to the
upper end of the adjacent rack, means for sup-
plying fluid under pressure to the inlet port of
the cylinder including & pressure control valve
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for variably controlling the pressure of fluid in
the cylinder above the piston, said valve being
mounted on one of said side frames and having
a movable pressure-setting element, and a cam
mounted on the adjacent rack and acting on the
pressure-setting element of the valve for varying
the pressure of fluid in the cylinder above the
piston as winding progresses.

4. A friction drum winder as set forth in claim
3 wherein the cam is formed gradually to increase
the pressure of fluid in the winder above the

3

10

piston from the start of winding to a maxzimum,
and then gradually to decrease the pressure to
a2 minimum.
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