Umted States Patent [19]

(i 3,756,760

McBride (451 Sept. 4, 1973
[541 FINISHING ROLL FOR EXTRUDED 3,449,548> 6/1969 Adamek etal. .................. 29/ 132X
PLASTIC SHEET 2,034,599 - 3/1936 Van Marle.......... .. 29/132 UX
2,453,404 11/1948 Bohlmanetal...........c..... 425/363
[75] Inventor: Donald W. McBnde, Independence 4 ; o : R
~.. Mo. FOREIGN PATENTS OR APPLICATIONS
(73] ‘Assignee: Hallmark Cards lncorporated 2,526  2/1887 Great Britain ................... .eer 29/130
» K t
) ansas City, Mo. Primary Examzner—Robert L. Splcer Jr.
[22] Filed: Nov. 8, 1971 Attorney-—-—Schmxdt Johnson, Hovey & Wllhams
{21} Appl. No.: 196,465 : :
[571 : . ABSTRACT
[52] U.S. Chuweveerrieeennee 425/363, 29/132, 425/224, A molten sheet finishing roll has a rigid, metal inner -
425/362 core, a layer of resilient material about the periphery
[51] Int. Cl.ooocereeeereerinereans B29c 3/00, B29d 7/14  Of the core, and a relatively thin, hard, machinable, yet
(58] Field of Search..................... 29/132, 130, 328,  flexible, metal shell encasing the resilient layer which
29/337 425 /363, 362 224, 327; 264/175, permits the roll to compensate for deviations from uni-
, 280, 284 form thickness of the sheet material such that continu-
: ous contact is maintained between the surface of the
[56] . References Cited sheet material and the outer surface of the shell, result-
’ UNITED STATES PATENTS ing in a uniform finish being impressed into the sheet
3,264,978  8/1966  StAley ...oevvvereerecreerercesennes 29/132 X material.

2,291,005 ° - 7/1942 - Strang....c....ivenisiinienionss 29/132 X

12 Claims, 6 Drawing Figures



PATENTEDSEP 41973 3,766,760

Extrudate 16 ﬂg.ﬂ.

PN "‘\\\ = "-»=~..,\§ Nicke! 3

2 5

L
8
Rubber

0 .00 .002 003 004 d
F4g.4.
R
Fig.0.

INVENTOR.

/2 . Donald W. Me Bride
; +743g.0. By

il Qol i, W LAl

ATEORNEYS.

I&‘g. 3.



1

FINISHING ROLL FOR EXTRUDED PLASTIC
SHEET

This invention relates generally to equipment for pro-
ducing plastic sheet material frequently used by the
greeting card industry and, more particularly, to an im-
proved finishing roll which operates in conjunction
with at least one other roll to impress selected finishes
into the opposed surfaces of molten plastic material is-
suing from an extruder.

Before the molten plastic extrudate issuing from the
extruding die is allowed to cool and form clear sheet
material which may be utilized for product packaging
or greeting cards, the extrudate must normally pass be-
tween at least a pair of rolls which impart the selected
finish to the sheet. The resulting finish may be smooth
and polished, a matte surface for facilitating printing
thereon, or a tenticular surface used in cards having a
design with a three-dimensional effect. Where the lat-
ter use is to be made of the sheet material, one surface
of the extrudate receives the lenticular finish, while the
opposite surface receives a matte finish upon which the
design is printed.

A problem commonly experienced by the mdustry is
the difficulty in obtaining an extrudate having uniform
thickness across the width thereof with surfaces which
are free from abrupt rises and falls. In the past the prac-
tice has been to “iron out” such irregularities by shift-
ing excess material into those other areas lacking in
material, thereby arriving at uniform thickness, With
relatively thick material this practice is satisfactory,
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since substantial molten material is available within the

center of the cross-section of the sheet between the
chilled, outer surface portions thereof. However, it has
not proven to be entirely satisfactory where very thin
material is involved, such as on the order of 0.0075
inches thick, because there is a very limited amount of
molten material available between the chilled surfaces
to flow from high to low areas.

As a result of the irregularities and nonumformrty of
thickness, the finish is not properly imparted to the ex-
trudate. For example, where a solid steel roll is used,
thickness variations cause the roll to skip over low
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areas in the extrudate, leaving unfinished blotches and -

creases in the material. The unfinished areas are easily
discerned because of differences which result in light
diffraction and diffusion, thereby producmg a sheet of
lower overall quality and appeal. So long as the uneven
portions received an even finish along with the remain-
der of the sheet, the discrepancies would not be visually
detectable, nor would they effect the utility of the prod-
uct, especially where the sheets are used for product
packaging and the like.

Solid metal rolls also present problems where a len-
ticular finish is being impressed, instead of simply a pol-
ished finish. Because of the tendency of such rolls to

“iron out" thickness deviations, the lenses of the lentic-.

ular finish may become distorted to such an extent that
the three-dimensional effect of the final design is im-
paired.

Previously, attempts have been made to solve these
problems through the use-of solid rubber rolls which
deflect when thickness deviations are encountered,
thereby applying uniform finish to the extrudate. How-
ever, rubber rolls also have certain drawbacks, such as
their inability to produce fine texture matte finished in
the extrudate, the inherently poor wearing qualities of
rubber, and the tendency of the extrudate to-adhere to
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the surface of the rubber during finishing. This is espe-
cially significant where the lenticular finish is being im-
parted by a solid metal roll with the rubber roll in a
back-up capacity, since it is important that firm contact
be maintained at all times between the extrudate and
the lentlcle-formmg roll.

Accordingly, it is an important object of the present
invention to provide a finishing roll which incorporates
the ability of a rubber roll to compensate for thickness
deviations in the molten extrudate as it passes between
the finishing rolls, yet which retains the favorable quali-
ties of a metal roll, enabling the new roll to produce a
uniform polished surface or fine texture matte finish
without rapid wearing of the roll. Basically, this is ac-
complished by providing a solid metal core for the roll,
preferably ducted for the circulation of coolant, bond-
ing a layer of a suitable elastomer to the periphery of
the core, and encasing the resilient layer in a thin, hard
metal shell to present a machinable outer surface for
the roll. The thinness of the metal shell enables the lat-
ter to flex in unison with the resilient layer therebe-
neath when thickness deviations are encountered,
while the hard surface of the shell 1mparts the desired
finish to the extrudate with minimal wearmg of the roll.

A further object of the instant invention is the estab-
lishment of a preferred range and set of values for de-
sign parameters relating to the construction of the fin-
ishing roll, such values presenting a roll which is consis-
tent with the principles of the invention. '

In the. drawmg

FIG. 1.is a schematic.view: of equipment. for produc~
ing ‘extruded finished sheets. utilizing a finishing roll
constructed in accordance ‘with the teachmgs of the
present invention;

FIG. 2 is an enlarged, vertlcal cross-sectlonal view of
the finishing roll of FIG. 1,

FIG. 3 is a fragmentary, elevational view of the finish-
ing equipment enlarged still further, illustrating the de-
flection of the novel roll when thickness deviations of
the extrudate are encountered, the resilient layer-and
outer shell of the roll being shown in cross-section for
purposes of clarity; -

FIG. 4 is a plot of roll deflection as a function of shell

thickness for a constant set of preferred design parame-
ters; and.

FIG. 5 and 6 are enlarged fragmentary, vertical,
cross-sectional views taken transversely of the extrud-
ate illustrating two forms of deviations from uniform
thickness often found in the extrudate. ,

The equipment in FIG. 1 includes an extruding dle 10
from which the extrudate 12 is continuously drawn by
the vertical stack of rolls 14, 16 and 18, the lowermost
roll 18 bemg utilized as a backup finishing roll con-
structed in accordance with the present invention, the
roll 16 preferably being a solid metal roil for imparting
either a polished or lenticular finish. to one surface of

- extrudate 12, and the uppermost roll 14 preferably
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being a cooling roll. Roll 18 has a central shaft 20 sur-
rounded by a solid metal core 22 having a helical, lon-

'gltudmally extending, coolant-receiving duct 24 in its

outer surface which is enclosed by a thin-walled cylin-
der 26, a layer 28 of resilient material such as rubber,
completely. incompassing the outer periphery of cylin-
der 26 and bonded thereto, and a relatively thin, hard
shell 30 of metal such as nickel encasing the rubber
layer 28 for flexure therewith. It has been found that

“shell 30 is most easily produced by an electro-forming
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process. When deviations in uniform thickness of ex-
trudate 12, such as those in FIGS. § and 6, are encoun-
tered by the roll 18 during operation, instead of tending
to “iron out’ the deviations or skip over low spots adja-
cent higher peaks, the shell 30 and rubber layer 28 de-
flect as a unit at the points of deviation as shown in
FIG. 3 to remain in continuous contact with extrudate
12 within the nip area of rolls 16 and 18. Therefore,
rather than having unfinished areas or welts and other
surface irregularities, the extrudate 12 acquires a uni-
form finish over its entire surface area. Manifestly, the
quality and appearance of the finished sheet is greatly
improved, and lenticle distortion is avoided.

It has been mathematically determined that the
thickness of shell 30 may be calculated in accordance
with the following equation:

G

where T equals the thickness of shell 30; d equals the
deflection of the roll 18; F equals nip pressure in
pounds per lineal inch; d,,, equals the average deflec-
tion of the resilient layer 28 over the nip area; E, equals
the modulus of elasticity of the material of layer 28; T,
equals the thickness of layer 28; b equals a unit lineal
length of shell 30; R equals the total radius of roll 18;
and Sg equals the stress in shell 30. Reference may also
be made to FIG. 3 which shows certain of the above de-
sign parameters with reference to roll 18.

In practice, the preferred values for the design pa-
rameters are as follows:

Ts equals 0.0137 inches; d equals 0.002 inches; F
equals 167 pounds per lineal inch; d.,y equals 0.001
inches; E, equals 5,000 p.s.i.,, T, equals 0.20 inches; b
equals 1.0 inch; R equals 6.25 inches; and S5 equals
95,000 p.s.i.

It is to be appreciated, however, that while the values
above set forth represent preferred values, it has been
found that the following range of values may be utilized
to obtain satisfactory resulits:

T is within the range of 0.005 to 0.100 inches; d is
within the range of 0.0003 to 0.004 inches; F is within
the range of 5 to 500 pounds per lineal inch; E, is
within the range of 1,500 to 40,000 p.s.i.; T}, is within
the range of 0.010 to 20.0 inches; R is within the range
of 1.5 to 25.0 inches; and S§g is within the range of
20,000 to 120,000 p.s.i.

- The plot in FIG. 4 of shell thickness versus roil de-
flection is determined by inserting the preferred values
of the design parameters above set forth, except for T
and d, into the equation, and then solving for T, where
d is within 0.0003 to 0.004 inches. Inasmuch as ideally
the amount of shell deflection will correspond precisely
to the amount of deviation from uniform thickness in
extrudate 12, inserting a range of values for d into the
equation corresponding to possible values in the thick-
ness deviations in the extrudate 12 will furnish a set of
values for the shell thickness which, in each case, is the
proper shell thickness to use for the selected amount of
deflection. From a practical standpoint, results beyond
the range of 0.003 to 0.004 for d on the curve are
meaningless.

By utilizing the deflectable roil 18 instead of either-a
solid metal or solid rubber roll, it is possible to obtain
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a more uniform finish than has heretofore been possi-
ble. Because of the relative thinness of the shell 30, a
roll is obtained which has substantially the same
amount of resilience as a solid rubber roll, yet which
eliminates the shortcomings of such rolls. The hard sur-
face of shell 30 facilitates machining thereof for im-
parting a polished finish to the extrudate, while also
being receptive to sandblasting to present a proper sur-
face for fine texture matte finishes if such is desired.

Having thus described the invention, what is claimed
as new and desired to be secured by Letter Patent is:

1. An improved sheet-finishing roll for impressing a
finish into a surface of sheet material during relative
movement between the roll and the sheet, wherein the
improvement comprises:

a rigid central core for the roll;

a layer of resilient material of substantially uniform
thickness about the periphery of said core, said
layer being capable of providing uniformly distrib-
uted resilient support over the entire surface area
thereof; and

a relatively thin structurally. distinct, flexible, finish-
impressing shell of machineable, hard material en-
casing said resilient layer and capable of deflecting
in unison with the layer therebeneath to compen-
sate for deviations from uniform thickness of the
sheet to such an extent that continuous contact of
the sheet with the shell over the length of the lat-
teris maintained to impart a uniform finish to said
surface of the sheet. latter is

2. The invention as claimed in claim 1, wherein the
deflection of said shell is within the range of 0.0003 to
0.004 inches.

3. The invention as claimed in claim 1, wherein the
thickness of said shell is within the range of 0.005 to
0.100 inches.

4. The invention as claimed in claim 1, wherein the
deflection of said shell is within the range of 0.0003 to
0.004 inches and wherein the thickness of the shell is
within the range of 0.005 to 0.100 inches.

8. The invention as claimed in claim 1, wherein said
shell is constructed from nickel.

6. An improved sheet-finishing roll for impressing a
finish into a surface of sheet material during relative
movement between the roll and the sheet, wherein the
improvement comprises:

a rigid central core for the roll;

‘a layer of resilient material of substantlally uniform

thickness about the. periphery of said core; and

a relatively thin, flexible, finish-impressing shell of
hard material encasing said resilient layer and ca-
pable of deflecting in unison with the layer therebe-
neath to compensate for deviations from uniform
thickness of the sheet to such an extent that contin-
uous contact of the sheet with the shell over the
length of the latter is maintained to impart a uni-
form finish to said surface of the sheet,

said shell having a thickness calculated in accordance
with the equation:

dravPy

o) ()

where Ts equals shell thickness within the range of
0.005 inches to 0.100 inches; d equals shell deflection
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within the range of 0.0003 to 0.004 inches; F equals nip
pressure against the sheet; d;4, equals the average layer
material deflection over the nip area, E, equals the
modulus of elasticity of the layer material; T, equals the
layer material thickness; b equals a unit lineal length-of
the shell; R equals the total radius of the roll; and Sg
equals the stress in the shell.

7. The invention as claimed in claim 6, wherein F is
within the range of 5 to 500 pounds per lineal inch.

8. The invention as claimed in claim 6, wherein E, is
within the range of 1,5000 to 40,000 p.s.i.

9. The invention as claimed in claim 6, wherein T} is
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within the range of 0.010 to 20.0 inches.

10. The invention as claimed in claim 6, wherein R
is within the range of 1.5 to 24.0 inches.

11. The invention as claimed in claim 6, wherein S is
within the range of from 20,000 to 120,000 p.s.i.

12. The invention as claimed in claim 6, wherein T
equals 0.0137 inches; d equals 0.002 inches; F equals
167 pounds per lineal inch; d;.,y equals 0.001 inches; E,
equals 5,000 pounds per square inch; T, equals 0.20
inches; b equals 1 inch; R equals 6.25 inches; and Sg
equals 95,000 p.s.i. o
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