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ABSTRACT: Method of making ornamental sheet material
having a moving highlight pattern, by forcing together con-
toured surfaces of two pressing members, each having an
array of relief elements in its contoured surface, all elements
of each array being of the same shape and size and arranged in
intersecting rows, with the rows of one member at an angle to
the rows of the other. At least one member is deformed in
response to the pressure between the members. A permanent
impression is made of the surface of the deformed member.
This impression may be made in one of the members itself.
This permanent impression may then be used as a master to
form an embossing roll for reproducing the pattern defined by
the deformation.
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1
METHOD OF MAKING ORNAMENTAL MATERIALS

CROSS-REFERENCE

This application is a division of my copending application
Ser. No. 592,908, filed Nov. 8, 1966, for “Many-Faceted Or-
namental Sheet Material,” now Pat. No. 3,489,640 issued Jan.
13, 1970.

This invention relates to a method of making ornamented
structures, especially sheet material structures, having relief
elements formed in one susface thereof in an array effective to
produce to an observer unique patterns of highlights. The in-
vention further relates to the making of such ornamented
structures ' by methods adaptable to mass production
techniques, especially embossing,

The embossing of sheet material is commonly carried out by
compressing the material to be embossed between two com-
pression members, typically either generally flat plates, or
they may be cylindrical rollers. One of the compression mem-
bers has formed in its surface the negative of the pattern to be
embossed in the material. The second embossing member
sometimes has a completely plain surface, and sometimes has
a positive pattern, which is the reverse of and in register with.
the negative pattern on the other embossing member.,
Whether flat plate embossing or roller embossing is used, the
plates or rollers are in contact with the material being em-
bossed for only a limited period of time. This is especially true
with roller embossing, where the two rollers are running at a
fairly rapid speed, and the material is compressed between the
two rollers for only an instant. Because of the shortness of
time during which the embossing forces are applied, the
material being embossed tends to return to its original form
after it leaves the embossing plate or roller. For example,
where the embossed material comprises a backing sheet such
as cotton duck coated on one side with thermoplastic material
such as polyvinyl chloride, the plastic material is heated. as it
approaches the embossing rolls so as to make it subject to
deformation by the rolls. The rolls themselves are cooled and
therefore tend to set the material as it passes through them.
However, the setting is not instantaneous, as is the contact
between the two rolls, so that there is some “slump” or change
in contour of the material after it leaves the embossing rolls.
Hence, in order for a pattern to be successfully reproduced by
embossing, the pattern must not be critical as to the specific
contours of the individual relief elements in the pattern, since
those elements are inexactly reproduced in the embossing
process.

Another object of the invention is to provide improved
methods of making ornamented structures of the type
described.

A further object is to provide an improved method of mak-
ing embossed material having ornamented structural surfaces
of the type described.

Another object is to provide an improved method of making
an embossed plastic coated backed sheet material having ar-
rays of relief elements of the type described.

Another object or to provide a method of making em-
bossed, thin sheet material having arrays of relief elements of
the type described.

The foregoing and other objects of the invention are at-
tained in the methods of making articles which are described
herein. Such an article comprises, in at least one area of a sur-
face, an array of knob-shaped relief elements, arranged in at
least one row. The knob-shaped relief elements may appear
either in their positive form as protuberances from the general
surface or in their negative form as recesses in the general sur-
face. Each knob-shaped relief element has at least one facet,
which is nominally a plane surface on the relief element, but
which may, as to any particular facet, depart somewhat from a
plane and consequently may be either convex or concave, but
which is without any discontinuity of surface within its boun-
dary. Along each row of relief elements, each facet of one re-
lief element differs in contour from the facets of the next ad-
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Jjacent relief elements in the row. Furthermore, each facet of a
relief element is different from all the other facets of that relief
element both as to orientation and as to tilt, The differences in
contour between facets of adjacent relief elements may ap-
pear as differences in area, tilt, shape or orientation, or in any
combination including two or more of those qualities.

In many arrays of relief elements constructed in accordance
with the invention, there is only a small change in the contour
of the facets between one relief element and the next, and the
change may be observed to vary progressively from each relief
element to the next, along the row, In other arrays of relief ele-
ments constructed in accordance with the invention, the
change in contour from one element to the next is so great that
it cannot readily be recognized as a progressive variation.
Where there is an observablé progressive variation present, it
may also be observed that there is a shift in the phase of the
progressive variation from one row to the next.

The variation in the contour of the facets may be repeated
substantially in cycles along a row, each cycle extending over
a plurality of relief elements. This cyclical repetition may ap-
pear in one extreme form as an alternation of facet contour
from one relief element to the next along the row. Where the
cycle consists of only a small number of relief elements, as in
the alternation case where the number of elements in a cycleis
two, there is no readily apparent variation. o

The number of relief elements in a cycle between substan-
tial repetitions of a particular relief element contour is a prin-
cipal factor in determining the particular pattern of highlights
produced by a given array of relief elements. It is not always
convenient, nor easy to count the number of relief elements in
a cycle. For examiple, that number may be greater than the
number of relief elements in a particular row of a pattern area.
The number of relief elements in a cycle may be measured by
measuring the angle between the centerline of the row of relief
elements and a line drawn through the centers of those facets
on adjacent rélief - elements: which are correspondingly
oriented, i.e., those facets whose variation changes least from
one relief element to the next. The relief elements are typi-
caily arranged in intersecting rows whose centerlines define an
angle n. In such an array of relief elements constructed in ac-
cordance with the invention, the angle between the centerline
of a row and the line drawn through the centers of cor-
respondingly oriented facets (hereinafter termed the facet-
row angle) is less that n/4. As that angle approaches zero, the
longest cycle of progressive variation is encountered. As the
facet-row angle increases from zero to n/4, the period of the
cycle decreases (in terms of the number of relief elements
between successive repeats of a particular contour), When the
facet-row angle is n/4, the number of relief elements in a cycle
is at a minimum, and thereafter increases as the facet-row
angle increases, as explained in greater detail below.

It has further been found that an important difference in the
patterns constructed in accordance with the invention de-
pends upon the direction of angular displacement of the line
through the centers of the facets with respect to the centerline
of the row. If a pattern in a surface has one area in which the
line through the centers of the facets is displaced clockwise
from the centerline of the row and a second area in which the
line through the centers of the facets is displaced counter-
clockwise from the centerline of the row, it will be found,
upon relative movement between two elements of the three-
element optical system consisting of a light source, the sur-
face, and the eye of an observer, that the arrays of highlights
produced in the two pattern areas appear to the observer to
move in opposite directions.

As the facet-row angle shifts between zero and n/4, the
spacing of the highlights varies from a very wide spacing, prac-
tically infinite at 0°, to a very close spacing (e.g., up to about
five relief elements), Furthermore, if two areas having dif-
ferent facet-row angles with the same sign are placed in con-
trasting positions on the surface of a material, and relative mo-
tion is introduced between any two elements of the three-ele-
ment optical system consisting of a light source, the surface
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and the eye of an observer, the highlights which are spaced
farther apart will appear to move faster than the highlights
spaced closer together.

The highlights are distributed over a large number of relief
elements in those patterns where the facet-row angle is small.
Where the facet-row angle is near its maximum, so that the re-
peated cycle consists of a small number (about five or six) of
relief elements, each highlight appears as an individual facet.
Straight rows or regularly curved rows of elements produce a
regular pattern of highlights, whereas irregularly curved rows
of elements produce an irregular pattern of highlights.

Several methods of forming a structure with a surface of re-
lief elements as described above are disclosed below. All of
those methods start with two pressing members (sheets or
cylinders) having a surface formed with a regular array of re-
lief elements, e.g., hemispherical protuberances. Preferably,
the arrays on the two pressing members have the same ar-
rangement of relief elements, all of which are of the same
diameter. At least one, and preferably both, of the two
pressing members must be of deformable material, e.g., ther-
moplastic material.

If the pressing members are sheets, they are placed with
their protuberances against each other and with the rows of
protuberances on one sheet rotated with respect to the rows
on the other, about an axis perpendicular to both sheets, so
that almost all protuberances of one sheet are misaligned with
respect to the protuberances on the other sheet. A misalign-
ment of translation may also be introduced, but it is not neces-
sary, while a misalignment of rotation is necessary. The two
sheets are then pressed together, deforming the protuberances
on the deformable sheet and a permanent impression of that
deformation is made. The pressure is then removed from the
two sheets and they are separated.

The permanent impression may be formed in one or both of
the sheets themselves, if the sheet or sheets to be so formed
are of thermoplastic material, by heating the sheets while they
are pressed together and then removing the heat, allowing the
sheets to cool while the pressure is maintained. Alternatively,
the permanent impression may be formed in a sheet of foil,
paper or other deformable material inserted between the
sheets while they are under pressure. In that event, no heat
may be necessary, depending upon the characteristics of the
thin sheet of foil or other deformable material.

If the pressing members are cylinders, they are rotated in
rolling contact with each other, with their axes parallel. The
rows of protuberances on one of the cylinders must be non-
parallel to the rows of the other cylinder, so that almost all the
protuberances on one cylinder are misaligned with respect to
the protuberances on the other cylinder. Again, a misalign-
ment of translation may be introduced. The permanent im-
pression of the deformation is usually made, in the case of
cylindrical pressing members, by passing a strip of deformable
material into the bite between the contacting cylinders.

The permanent impression formed by either of these
methods may be used to manufacture embossing plates by
known techniques. For example, an electroformed plate may
be made from any of the permanent impression described
above. This electroformed plate will have a negative impres-
sion of the deformed protuberances on it. That electroformed
plate may be used to emboss a positive impression of the
deformed protuberances on sheet material. Alternatively, the
electroformed plate with the negative impression may be used
to produce an electroformed plate with a pasitive impression
and the latter may be used to emboss sheet material with a
negative reproduction of the deformed protuberances.

The pressing members having regular arrays of protube-
rances may be formed by known techniques. One such
technique is to confine an array of balls such as are used in ball
bearings within a wall and make a plastic mold of the resulting
array of hemispheres. An electroformed plate may be then
made on this mold, this pate having a positive reproduction of
the hemisphere surface. It may be used to electroform a nega-
tive plate of the hemisphere pattern. The negative elec-
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troformed plate may then be used to mold or emboss the posi-
tive hemisphere pattern in two sheets of thermoplastic materi-
al, which may be the two sheets with which the method
described above is started.

Other objects and advantages of the invention will become
apparent from a consideration of the following specification
and drawings, taken together with the accompanying claims.

In the drawings:

FIG. 1 is a plan view illustrating an apparatus used in the
first step of forming an ornamented sheet material in ac-
cordance with the invention;

FIG. 2 is a sectional view taken on the line 2—2 of FIG. 1;

FIG. 3 is a view similar to FIG. 2, illustrating the further step
in the process;

FIG. 4 is a view similar to FIG. 3, illustrating the next step in
the process;

FIG. 5.is a view similar to FIG. 4, illustrating a further step
in the process;

FIG. 6 shows a still further step in the process, in which two
sheets of deformable material formed in accordance with the
step of FIG. 5 are superimposed with a slight angular displace-
ment;

FIG. 7 is a cross-sectional view taken on the line 7—7 of
FIG. 6, showing the two sheets of FIG. 6 subjected to heat and
pressure;

FIG. 8 is a view similar to FIG. 7 showing the subsequent
step, in which heat is removed and the pressure remains effec-
tive;

FIG. 9 is a view illustrating a step subsequent to the step of
FIG. 8, in which the two sheets are separated;

FIG. 10 is a view similar to FIG. 7, illustrating a modified
process for producing a sheet material in accordance with the
invention;

FIG. 11 is a view similar to FIG. 10, illustrating a further
step in the modified process;

FIG. 12 is an elevational view showing a process similar to
FIGS. 10 and 11, using two contoured embossing rolls;

FIG. 13 is a plan view of a sheet material formed in ac-
cordance with the invention, showing diagrammatically the
movement of the highlight patterns in various portions of the
sheet material,

FIG. 14is a view on a considerably enlarged scale, showing
a small area of the sheet material in FIG. 13;

FIG. 15 is a view on an even more greatly enlarged scale,
showing an even smaller area of the sheet material in FIGS. 13
and 14,

FIG. 16 is a view similar to FIG. 14, but showing a region
where two contrasting pattern areas lie adjacent each other;

FIG. 17 is a cross-sectional view taken on the line 17—17 of
FIG. 16;

FIG. 18 is a view similar to FIG. 17, showing a sheet materi-
al bearing the negative of the pattern of FIG. 17;

FIG. 19 is a view similar to FIG. 14, showing a pattern in
which the lines through the centers of the facets extend at an
angle of 12° with respect to the centerlines of the rows of relief
elements;

FIG. 20 is a view similar to FIG. 14, in which the angular
displacement is increased to 15°%

FIG. 21 is a view similar to FIGS. 19 and 20, but on a larger
scale, showing a pattern in which the angular displacement is
increased to 30°

FIG. 22 is a cross-sectional view of a thin sheet material
made according to the methods of FIGS. 10-12;

FIG. 23 is a plan view of the material of FIG. 22;

FIG. 24 is a cross-sectional view illustrating an initial step of
making a modified form of pattern;

FIG. 25 is a cross-sectional view illustrating a subsequent
step in the method of FIG. 24,

FIG. 26 is a fragmentary plan view of the resulting pattem,
and

FIG. 27 is a cross-sectional view on the line 27—27 of FIG.
26.
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It is believed that the invention will best be understood by
first describing the presently preferred method of producing a
sheet material in accordance with the invention.

FIGS.1t09

FIG. 1 illustrates a square receptacle 1 open at the top and
having sidewalls 1a in which are arranged an array of balls 2.
The balls 2 may be, for example, steel bearing balls. Alterna-
tively, they may consist of any other suitable material as long
as their diameter is reasonably uniform. It may be seen that in
FIG. 1 the balls are arranged in what may be termed a hex-
agonal array, since each ball is surrounded by a group of six
other balls whose centers are located at the apices of a regular
hexagon. It should be understood that the entire container 1
has its bottom surface covered with the balls, which are close-
ly confined and held in contact with one another by the
sidewalls 1a. ‘

After the array of balls 2 is assembled, a layer 3 of ther-
moplastic material is poured over the balls, as illustrated in
FIG. 3 and is allowed to set. After the thermoplastic material
has set, it is stripped off the balls, and then has an appearance
such as shown in FIG. 4. Any projections of thermoplastic
material below the upper hemisphere of the balls is removed.
A plate 4 of copper or other suitable metal is then formed on
the sheet 3 by electroforming. Briefly, this consists in silvering
the pattern surface by any of the techniques commonly used in
making mirrors of the like, and then electroplating on the sil-
vered surface to build up a desired thickness of material,
thereby forming a plate such as that shown at 4 in FIG. 5. The
plate 4 may be used to. electroform a negative mold, having a
form similar to that of the sheet 3 but in stiff material, e.g.,
copper. That negative mold may then be used to form plastic
sheets having a positive contour such as that of the plate 4 in
FIG. 5. It may be noted that the contour of this sheet is an
array of hemispheres in FIG. 1.

Two such deformable sheets, shown at 5 in FIG. 2, are
placed together  with their hemisphere covered faces in
abutting relationship and with the sheets angularly displaced
by an angle X. It is not necessary that the sheets themselves be
so angularly displaced, but only that the rows of hemispheres
on one sheet are so angularly displaced with respect to the
rows on the other sheet. If the rows on both sheets have the
same angular relation with respect to the sheet edges, the ef-
fect is accomplished by angularly displacing one sheet with
respect to the other. It is necessary that at least one of the
sheets be of material which is deformable under pressure. It is
presently preferred to have both the sheets of deformable
materjal, although patterns can be produced, within the
broader aspects of this invention, by using one rigid sheet and
one deformable sheet.

While there may be some translational shift between the
hemisphere patterns of the two sheets, the presence or
absence of that type of shift is not important. It is important
that there be a rotational shift between the patterns on the two
sheets, as illustrated by the angle X in FIG. 6. The two sheets 5
are then placed between the plates 6 and 7 of a press. At least
one of the plates 6 and 7 must be provided with heating ele-
ments 8. Although the press illustrated has heating elements in
both of the pressure plates, satisfactory results may be secured
with heating elements in only one plate. The sheets § are then
subjected to sufficient heat and pressure to render the materi-
al plastic. For example, using polyvinyl chloride as the plastic
material, a pressure of 5,000 p.s.i. and a temperature of 300°
F. has been found to be satisfactory. The particular tempera-
ture, pressure and duration of the time of application of the
high temperature will depend on the characteristics of the par-
ticular plastic material used. During the application of this
heat and pressure, those hemispheres which are in contact
with hemispheres on the opposite sheet are deformed by that
contact.

After the heat has been applied for a sufficient length of
time, usually of the order of 10 or 20 seconds, the sheets 5 are
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removed from between the heated plates and are placed
between a pair of unheated plates 9, as shown in FIG. 8, and
are held there under continuing pressure until the sheets 5
have cooled substantially to room temperature. The cooling of
the deformed sheets under pressure sets the deformation and
establishes a permanent impression of the deformed sheets.

The pressure plates 9 are separated, and the sheets 5 may
then be pulled apart, as shown in FIG. 9. The sheets 5§ may be
slightly adhered to each other, and force may be necessary to
pull them apart. The sheets 5 at this time have formed on their
surface a pattern in accordance with the invention, which pat-
tern is described in greater detail below in connection with
FIGS. 13 to 16.

FIGS. 10 and 11

_ These figures illustrate an alternative method of forming a
pattern in accordance with the invention. In this alternative
method, the pattern is formed in a thin sheet material illus-
trated at 19, such as paper, metal foil, or the like. Two sheets
of hemispherically formed material 5 exactly similar to the
sheets 5 of FIG. 6 are used, and are placed with their hemi-
spherical faces toward each other and the thin sheet material
10 between them. Again, it is necessary that the rows of hemi-
spheres on one of the sheets 5 be displaced angularly with
respect to the rows on the other sheet, The two plates 5, with
the thin material 10 between them, are placed between un-
heated pressure plates 9 of a press, and pressure is maintained
for a sufficient length of time to deform both the hemispheres
on the sheets 5 and the thin sheet material 10, which is com-
pressed between them.

The pressure plates 9 are then separated, at which time the
sheets 5 resiliently return to their original contours, while the
sheet 10 retains the deformed contour into which it has been
forced by the sheets 5. The general contour of the pattern
produced on the sheet 10 is essentially the same as that
produced on the sheets § in FIG. 9, except that the thin sheet
material 10 has some elasticity and so is restored slightly
toward its original flat contour. Hence, it does not follow the
variations in the contour of the deformed hemispheres as
closely as in FIG. 9, so that the angles are more rounded and
the hills and valleys in the material are hence less sharply
defined.

FIG. 12

This: figure illustrates a method of embossing thin strip
material 11 similar to the foil or paper 10 of FIGS. 10 and 11,
in a continuous process between two embossing rolls 12 and
13. The embossing roll 13 has formed on its surface a pattern
of hemispherical relief elements corresponding generally to
the pattern of the balls 2 in FIG. 1, with the rows of relief ele-
ments extending at right angles to planes passing through the
longitudinal axis of the roll. The embossing roll 12 has formed
on its surface a similar pattern, except that the rows of hemi-
spherical elements are skewed slightly with respect to planes
passing through the axis of the roll. The angle of skew cor-
responds to the angle X in FIG. 6. The relief elements on at
least one of the two rolls 12 and 13 must be of deformable
material, although it is preferred to make them both of
deformable material. A continyous strip of thin sheet material
11, running between two embossing rolls has formed in its sur-
face a pattern of relief elements (shown in FIGS. 23-26)
similar to that formed in the sheet 10 of FIGS. 10 and 11 and
distinctly different from either of the hemispherical patterns
on therolls 12 and 13.

FIGS.13t0 18

FIG. 13 shows a small scale view of a sheet material 14 hav-
ing a peripheral design area 14a surrounding a central design
area 14b. The pattern in a fragment of the peripheral design
area l4a s illustrated in some detail in the enlarged FIG. 14. A
smaller fragment of that area is enlarged to an even greater ex-

tend in FIG. 15. The pattern in fragment extending across the
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boundary of the areas 14a and 14b is illustrated in the en-
larged FIG. 16.

Each of the design areas 14a and 14b are substantially
covered by an array of relief elements 15, which are seen as in-
dividual elements in enlarged FIG. 14. Seven of the elements
are shown in enlarged detail in FIG. 15. These elements are ar-
ranged in parallel rows. The base cross-sectional areas of all
the relief elements 15 are equal. The base cross-sectional area
may be defined as the cross-sectional area of the relief ele-
ment taken on a plane at the base of the element, where it
joins the general surface of the complete pattern. In the case
of cylindrical patterns, the section is taken on a curved surface
conforming to the general cylinder of the pattern, at the same
relative location on the relief element.

Each element as the form of a hemisphere which has been
flattened by the formation of one or more light reflecting
facets, as shown at 154, 15b, and 15¢ in FIG. 15. Each facet in
this particular design has the contour of a fragment of a hex-
agon. Note that the facets 154 along each row of elements 15
differs slightly in contour from the most nearly corresponding
facets of the next adjacent relief elements. As illustrated by
the shading in FIG. 15, each facet on a relief element is
oriented in a direction different from each other facet thereof.
Depending upon the nature of the pattern element used to
generate the final pattern (in the present instance, that
generating element was a hemisphere), the difference in con-
tour between the facets of adjacent relief elements may ap-
pear as a difference in area, tilt, shape or orientation, or any
combination thereof. In the relief elements illustrated in FIG.
15, the contour difference varies as to all of these qualities. By
“tilt”” is meant the angle of the plane of the facet with respect
to the general plane (or other principal geometric surface) of
the material on which the relief surface is formed. By ‘“‘orien-
tation” is meant the angular position of the centroid of the
facet in azimuth with respect to the center of the relief ele-
ment.

It may be seen that the contour difference between the
facets of adjacent relief elements varies progressively along
each row of relief elements. For example, considering the row
of relief elements 15 along the right-hand edge of FIG. 14, it
may be seen that the facets 154 nearest the right-hand edges of
the relief elements decrease progressively in area from the top
toward the bottom of the row. Beginning at the top of the row,
the right-hand facet 15a is perhaps the largest of the three
facets. Proceeding down the row, the right-hand facet
becomes progressively smaller until about the middle of the
row it has disappeared. This progressive decrease in area is ac-
companied by a corresponding change in shape. Furthermore,
as best seen in the middle vertical row of relief elements in
FIG. 15, the angle of tilt of the facet 15a with respect to the
general plane of the material becomes steeper- as the area
becomes smalier.

In that same row, there is very little change in orientation of
the facets 154, although a change in orientation of the facets
156 may be observed. Near the top of FIG. 14, the facets 155
appear at the lower left of each of the relief elements 15.
Proceeding down the row, the facets 15b gradually move
across the relief elements and near the bottom are at the lower
right-hand side of each relief element.

The progressive variation of the facets along each row is
cyclical in the patterns of FIGS. 13 to 17. This cyclical varia-
tion can be seen in the row along the left-hand side of FIG. 16,
where the facets on the relief element 16 near the top of the
row are substantially repeated on a relief element 17 about
two-thirds of the way down the figure from the top. The
number of relief elements between two elements, such as the
elements 16 and 17, which have substantially identical facets,
is hereinafter referred to as the period of the cycle of varia-
tion. In FIG. 17, there are 19 relief elements in the repeated
cycle. In the case of some relief elements, there will be sub-
stantially only one facet appearing, as in the case of the facet
18 in FIG. 14. Some of the other relief elements will have
more than three. See for example the relief element 19 in FIG.
14, which has four facets.
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The relief elements 15 in FIG. 14 are arranged side by side
so as to produce a pattern of intersecting rows whose center-
lines define an angle of 60°. For example, the centerline 20
through the row of relief elements extending vertically along
the right-hand edge of FIG. 14, makes an angle of 60° with the
centerline 21 extending through a diagonal row of relief ele-
ments. The angle between rows of relief elements, hereinafter
referred to as the angle n, is determined by the angle between
the rows of relief elements in the original generating pattern.
For example, in FIG. 1, it may be seen that the angle between
intersecting rows of the balls 2 is always 60°. These balls
define the generating pattern for the final pattern of FIG. 14.
In FIG. 6, the angular displacement between the two sheets §
is identified as the angle X. In the pattern of FIG. 14, the angle
x corresponds to the angle of 5° appearing between the center-
line 20 and a centerline 22 drawn through the centers of a row
of fragmented hexagons defined by groups of adjacent facets
on the relief elements 15.

The centerline 23 in FIG. 14 is drawn through the centroids
(centers of figure) of a row of correspondingly oriented facets
on the relief elements 15. In order to construct the centerline
23, first select a particular facet on a particular relief element
chosen at random, and determine its centroid. Then, moving
along one of those rows of relief elements which intersect at
the chosen relief element, select the most nearly cor-
respondingly oriented facet on the next adjacent relief ele-
ment, and determine its centroid. A line drawn through those
two centroids will intersect the centerline of the row of relief
elements at an angle Y—(X/2). If this line is extended, it will
pass through the centroids of substantially all the facets which
it crosses. This angle, termed the facet-row angle and
identified as the angle Y, is always one-half of the angle of dis-
placement X of the two generating patterns. In the case of
FIG. 14, this angle is 2%£°, being one-half of the angle of dis-
placement X, which is 5° in the pattern of FIG. 14.

In order to define the highlight producing structures of the
invention by reférence to the structures themselves, rather
than by the method of creating them, the effect is described
and claimed herein not in terms of the angle of displacement
X of FIG. 6, which is a characteristic of the method of
reproduction, but rather by the facet-row angle Y of FIG. 14,
which may be measured from the material itself and is not re-
lated to the manner by which the pattern was produced.

As the angle X is increased from zero, shifting the centerline
22 counterclockwise with respect to the centerline 20, the
length of the periods of cyclical variation of the facets along
the rows of relief elements changes from infinity when X=0° to
a minimum of approximately four or five when X=30° and
Y=15° A pattern in which X=30° and Y=15° is shown in FIG.
21.

When any pattern produced in accordance with the inven-
tion is observed, the observer sees an array of highlights whose
position depends upon the location of the observer’s eye and
the location of the source of illumination. The area of each
highlight and the spacing between the highlights is determined
by the length of the period of cyclical variation. When X==30°,
and the period of cyclical variation is a minimum number of
relief elements, each highlight consists of an individual facet,
and the highlights appear to jump intermittently from one re-
lief element to the next upon any relative motion in the three-
element optical system consisting of a light source, the pattern
and the observer’s eye. If the patten is chosen so that the
period of cyclical repetition is greater, then the highlights
spread over facets on a large number of adjacent relief ele-
ments, the number of facets observed in any one highlight in-
creasing as the period of cyclical repetition increases. Further-
more, the spacing between these larger highlights also in-
crease in the same manner. These larger highlights move
smoothly, rather than jumping, as the pattern moves with
respect to the observer’s eye. For a given speed of relative
movement of the pattern, larger highlights move slower than
smaller highlights. Advantage may be taken of this effect to
produce an ornamental pattern consisting of adjacent areas,
one of which has small, fast moving highlights and the other
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has large, slow moving highlights. Thus, a substantial contrast
can be produced between the appearances of the two areas,
without the observer being aware of the mechanism which
creates this contrast. ’

FIG. 16 illustrates a different and more startling form of
contrast which may be secured through the use of the present
invention. As explained in connection with FIG. 13; the pat-
tern illustrated in the left-hand half of FIG. 16 is part of the
pattern area 14a of FIG. 13, and is thus similar in every way to
the pattern of FIG. 14. The right-hand half of FIG. 16'is-a por-
tion of the pattern area 145 of FIG. 13. This pattern area dif-
fers from the pattern area 144 in that the rows of the superim-
posed hexagons, resulting from the hemispheres of the su-
perimposed pressure sheet, are shifted clockwise with respect
to the rows of relief elements on the underlying pattern rather
than being shifted counterclockwise, as in the case of FIG. 14
and the left-hand half of the pattern area. In each of these pat-
tern areas 14a and 14b, there is produced an array of
highlights, two of which may be seen at 24 and 25 in FIG. 16.
The particular distinctive contrast that is produced by the jux-
taposition of the two pattern areas 14a and 14b derives from
the fact that upon any relative motion between the pattern
area and either the observer’s eye or the source of-illumina-
tion, the highlights will move in one direction in the pattern
area 14a and in the opposite direction in the pattern area 14b.

An exact optical theory to account for this opposite
direction of movement of the highlights -has not been deter-
mined. It is known, however, that it does derive from the angle
of displacement of the two cooperating generating patterns,
and that the direction of movement is determined by the
direction of that angular displacement. The direction of move-
ment of the highlights does no change with a 'change in the
orientation of the pattern area with respect to the observer’s
eye. Furthermore, considering the‘two sheets of material 5, in’
FIGS. 6 to 9, the direction of movement of the highlights is:the
same in both of the two sheets of material 5. The only way that
the opposite direction of movement of the highlights can be
secured is by shifting the superimposed sheet in the opposite

angular direction with respect to the underlying sheet. This:

opposite direction of movement is scarcely observable when
the angle X between the two generating patterns is near 30°
(or one-half of the angle between he centerlines of intersect-
ing rows of relief elements). It quickly becomes prominent,
however, as the angle X is changed away from 30° and is quite
pronounced until the angle X becomes very small, ap-
proaching zero. Whatever the angle n between intersecting
rows of relief elements, the angle of displacement X can never
be greater than n/2. In the present instance, where n=60° X
cannot be greater than 30° If the displacement in one
direction, e.g., counterclockwise, is greater than 30° it
becomes equivalent to a clockwise displacement of less than
30° in the opposite direction. For example, a displacement in
the counterclockwise direction of 35° is equivalent to a
clockwise movement of 25°.

FIG. 17 shows a cross-sectional view along the line 17—17
of FIG. 16, and illustrates the profile of that pattern. FIG. 18
illustrates the negative profile of that same pattern, i.e., the
profile of the embossing plate which produced it. It might be
desired to make an embossing plate with the profile .of FIG.
17, in° which case the ornamented surface would have the
profile of FIG. 18. However, the small projections in the
profile of FIG. 18 are structurally weak and likely to be
damaged by wear and impact, so that an ornamental surface
which might be subject to wear and impact would not nor-
mally be constructed with the profile of FIG. 18.

The master surface for making an embossing tool for
reproducing the pattern of FIG. 13 having the contrasting
design areas 14a and 14b may be constructed by first making
separate reproductions of patterns corresponding to the areas
14a and 14b. These reproductions are preferably made in un-
supported plastic materials such as the plastic sheets 5 of FIG.
9, and are conveniently made in separate pieces. Next, one of
“the pieces is cut into a design area shaped like the area 14a
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and the other piece is cut into a design area shaped like the
area 14b. The two sections are then assembled and are bonded
together at their edges. Care must be taken in the cutting and
bonding operations that the sections fit snugly together
without interstices and that the bondmg operation does not
mar the pattern.

The solid line arrows 29 in FIG. 13 show the direction in
which the highlights in the two pattern areas move when the
sheet is moved in one direction with respect to the eye of an
observer, or when a specific directional displacement takes
place iin the optical system including the observer’s eye, the
pattern, and the light source. The dotted line arrows 30 ilfus-
trate the direction in which the name highlights move when
the opposite directional displacement takes place between any
two elements of that optical system, Note that the highlights in
area- 14a-always.appear to move in the ‘opposite dxrectlon to
those in area 14b,

FIGS. 1910 21

FIG. 19 illustrates a pattern similar to that of FIG. 14, ex-
cept that the angle X=12° and Y=6°. FIG. 20 illustrates a pat-
tern similar to FIGS. 19, except that the angle X=15° and
Y=7.5°

FIG. 21 illustrates a pattern similar to that of FIG. 14 except
that the angle of displacement X is 30°, and the facet-row
angle’Y is 15° Note that the centerline 20 along one row of re-
lief- elements' intersects at an angle of 60° the centerline 30
along an intersecting.row .of relief elements, the common re-
lief element in both rows:being element 31. The angle of dis-
placement X may ‘be measured counterclockwise from the
centerline 20-to ‘the: centerline 32, or it may be measured
clockwise from the centerline 30 to the centerline 32. The

facet-row angle Y in each case is one-half of the angle of dis-

placement X, as shown in the drawing. Thus, the facet-row
angle Y may be either the angle between the centerlme 20 and
33 or between the centerlines 30 and 34.

In order to measure the facet-row angle in FIG. 21, one first
selects a particular relief element, such as-element 35 and a
particular facet on that element, such as element 354. The
centroid of the facet 35a is located, as at 35b. Then, proceed-
ing along the vertical row of relief elements including the ele-
ment 35, the next adjacent relief element is the element 36.
The facet of relief element 36 whose orientation most nearly
corresponds to that of facet 354 is the facet 36a which has a
centroid located at'36b. The centroids 35b and 365 define the
centerline 33. That line, together with the centerline 37
through-the vertical-row of relief elements defines the facet-
rowangle Y.-

If, instead of proceeding downwardly from relief element 35
to relief element 36, one proceeded upwardly to relief element
55, it would appear that the facet of that relief element whose
orientation most nearly corresponded to that of facet 35a, is
the facet 55a. Facet 55a has a centroid 55b. A line 56 drawn
through centroids 55b and 35b intersects the centerline 37 at
an angle Y. Line 56 is displaced clockwise from centerline 37,
whereas line 33 is'displaced counterclockwise. This double set
of facet-row centetlines is typical of patterns constructed in
accordance with'the invention where angle X=30°, or nearly
30°. As the angle’X departs from 30°, one of the sets of facet-
row centerlines becomes very difficult to observe, while the
other set stands out predominantly, as in FIG. 14.

FIGS. 221026

FIG: 22 illustrates a cross-sectional view of material formed
either according to the method of FIGS. 10 and 11 or with the
embossing rolls of FIG. 12. In other words, FIG. 22 shows an
embossed sheet 26 which may correspond either to the em-
bossed sheet 10'0f FIG. 11 or the sheet 11 which is being em-
bosses in FIG. 12: The upper surface of the embossed sheet 26
is similar to the embossed surface of the material in FIG. 17.
The lower surface of the sheet 26 is similar to the embossed
surface of the sheet material shown in FIG. 18. It may be ob-
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served that the pattern of FIG. 22 differs from that in the pat-
terns of FIGS. 17 and 18, in that the angles are less sharp. The
thin sheet material 26 has a substantial elasticity which tends
to restore it to the form of a thin flat sheet after the embossing
is over. While this restoring action is not complete, neverthe-
less, it has the effect of softening all the angles in the pattern
and making them more-or-less curved. -

FIG. 23 shows in plan view the pattern of the thin sheet
material 26 in FIG. 22. It may be observed that the circles
which define the separate relief elements in the patterns of
FIGS. 14 to 21 have substantially disappeared, and that the in-
dividual relief elements are defined instead by generally hex-
agonal figures.

FIGS. 24 t0 27

These figures illustrate patterns formed in accordance with
a modification of the invention and the process by which these
modified patterns are produced.

Referring to FIG. 24, there is shown a pair of pressing plates
50 and 51 carrying respective ones of a pair of embossing
plates 52 and 53. The embossing plates 52 and 53 are similar
to the embossing plates 5 of FIG. 11, except that the patterns
formed on the surfaces of plates 52 and 53 are defined by rows
of hemispherical recesses 52a and 53a. The rows of recess 53a
in the plate 53 are skewed with respect to the plane of the
paper, so that the recesses do not all appear to be of the same
diameter in the figure. Compare the lower embossing plate §
in FIG. 11.

A thin sheet 54 of material to be embossed is inserted
between the plates 52 and 53. The two pressing plates 50 and
51 are then moved toward one another, squeezing the sheet 54
between the plates 52 and 53. Note that the plates 52 and 53
forcibly engage the sheet 54 only at spaced points,
represented by the crossing points of the ridges between the
hemispherical recesses 52a and 53a. Thus, the sheet material
54 is stretched across a succession of ridges, some above and
some below the plate, and is only occasionally squeezed
forcibly between abutting surfaces located directly opposite
each other above and below the sheet material. The resulting
pattern formed in the sheet material 54 is shown in plan view
in FIG. 26, and in cross-sectional view in.FIG. 27. The materi-
al so formed has all the characteristics of other materials con-
structed in accordance with the the invention, including the
arrays of moving highlights described above.

Any of the patterns disclosed herein, whether formed in
relatively thick material, backed or unbacked, having only one
surface embossed, as in the case of FIGS. 17 and 18, or
whether formed in thin material having both surfaces em-
bossed, as in the case of the materials of FIGS. 22 and 24 to
27, may be reproduced by electroforming from an original im-
pression of the pattern. Thus, once a pattern has been
originated by the methods illustrated above, it can be
reproduced by an electroforming process well known in the
art, without using the pattern generating methods described
above.

When an embossing tool carrying such a pattern has been
made, by electroforming or otherwise, the Pattern then can be
reproduced in any suitable material. For example, one of the
patterns generated in a thin sheet above could be reproduced
in a thick vinyl plastic layer supported on cotton duck, or vice
versa,

In the foregoing description, certain visual effects as to the
movement of highlights are mentioned as taking place upon
relative movement between any two ¢lements of the three-ele-
ment optical system consisting of a light source, the orna-
mented surface, and the eye of an observer. In order to simpli-
fy the claims, it is stated therein that such a visual effect takes
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place upon relative movement between the surface and the
eye of the observer. Note that this positive statement that the
effect takes place upon this particular relative movement does
not contradict the statement that the effect also takes place
upon certain other relative movements, as mentioned in the

specification.
While I have shown and described certain preferred em-

bodiments of my invention, other modifications thereof will
readily occur to those skilled in the art, and I therefore intend
my invention to be limited only by the appended claims.

1. A method of making a material having a surface area
thereof substantially covered by rows of relief elements, com-
prising the steps of:

a. preparing two pressing members, each having an array of
relief elements formed in one surface thereof, all said re-
lief elements being of substantially the same shape and
size, said relief elements being arranged in intersecting
rows, and at least one of said pressing members being of
deformable material;

b. placing one of said pressing members in force trans-
mitting relation to the other with at least portions of their
arrays of relief elements facing;

c. pressing the two members toward each other to cause
deformation of the relief elements on at least said
deformable member at the localities where they engage in
force-transmitting relation with the relief elements on the
other member;

d. making a permanent impression of the deformed relief
elements while said elements are pressed toward each
other;

e. removing the pressure and separating the two members;
wherein the improvement comprises:

f. during said placing step, the members are placed in force
transmitting relation with the rows of relief elements on
one of the members extending at an angle to the rows on
the other, so that most of the relief elements on said one
member are misaligned with respect to the relief elements
on the other member; and

g. during said pressing step, the relief elements are
deformed so that substantially all of said elements have at
least one facet, each facet of each relief element differing
in contour from every facet of every facet of every next
adjacent relief element, said contour difference vary
progressively and cyclically along each row of elements,
and said permanent impression has a corresponding array
of light-reflecting relief elements contoured so that upon
relative movement between the permanent impressions
and an observer,an array of highlights appears to the ob-
server to move progressively along the row.

2. The method as defined in claim 1, in which:

a. said two elements are sheets of thermoplastic material;

b. said pressing step comprises bringing the two sheets into
direct contact with each other; and

c. said step of making a permanent impression comprises
heating said sheets while said contact is maintained,
removing the heat and allowing the thermoplasitc sheets
to set under pressure, said permanent impression being
made in the sheets themselves.

3. The method as defined in claim 1, in which said step of
making a permanent impression includes the placing of a sheet
of deformable material between two members during said
pressing step, so that the permanent impression is made in the
sheet of deformable material.

4. The method as defined in ¢claim 3, in which said members
are cylinder, which are rolled together with the sheet of
deformable material between them.



