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(57) ABSTRACT

A flexible medium for a scrolling color changer and method
of making thereof. The medium is made by applying an ink
using a Meyer Rod which has varying cell lengths along its
length. This leaves varying size cells of ink at different loca-
tions along the length of the medium. The ink has special
characteristics whereby its evaporation rate and viscosity are
carefully controlled. The viscosity is such that an amount of
levelling will occur will be equal to the distance between any
cells, but that cell to cell levelling will not, in general, occur.
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1
MEDIUM FOR A COLOR CHANGER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 10/782,662, filed Feb. 18, 2004 now U.S. Pat. No. 6,891,
686; which is a continuation of U.S. application Ser. No.
10/442,436, filed May 20, 2003 (now issued U.S. Pat. No.
6,696,101); which is a continuation of U.S. application Ser.
No.09/572,045, filed May 16, 2000 (now issued U.S. Pat. No.
6,565,941); which is a divisional of U.S. application Ser. No.
08/859,770, filed May 21, 1997, abandoned; which is a divi-
sional of U.S. application Ser. No. 08/790,235, filed Jan. 28,
1997 (now issued U.S. Pat. No. 6,261,636); which is a divi-
sional of U.S. application Ser. No. 08/286,969, filed Aug. 8,
1994 (now issued U.S. Pat. No. 5,633,061).

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention teaches an improved flexible
medium for a scrolling-type color changer. More specifically,
the present invention defines a color changer medium with
continuously-variable characteristics across its length.

2. Background Information

Stage lighting systems project a beam of light which has
been colored by a color filter. Different ways of coloring the
light are known.

One way of coloring the light is by using dichroic filters
such as taught in U.S. Pat. No. 4,800,474. This technique
mounts a number of dichroic filters on rotatable color wheels.
This system needs a large amount of space because the wheels
must each have room for many filters to allow enough colors,
and there must be room for the wheels to rotate.

Another way of coloring the light is by using a scrolling-
type color changer such as that shown and described in U.S.
Pat. No. 5,126,886, the disclosure of which is herewith incor-
porated by reference. Scrolling color changers move material
between two scrolls to provide a desired filtering effect within
the light path.

A problem occurs in determining how to appropriately
change the color across the length of the color media of a
scrolling changer. U.S. Pat. No. 5,126,886 demonstrates one
conventional method of changing the color saturation across
the length of the filter. A filter material is formed with a
baseline saturation. A half-tone pattern is located thereon.
This half-tone pattern provides a filtering eftect which can be
changed by adjusting the number of patterned elements per
unit area.

SUMMARY OF THE INVENTION

The present invention goes against this established teach-
ing by providing a continuously varied color media. The color
media is formed using a specially designed “Meyer Rod” to
adjust the thickness of the coating deposited on the film.

The ink solution according to this invention has special
characteristics of viscosity and evaporation rate. The viscos-
ity is controlled such that ink in at least one of the cells flows
to the next cell only, and not more than that amount, in the
amount of time it takes the ink to dry. This forms a continuous
coating that varies in thickness along a gradient axis.

Thicker coatings provide a more saturated color. The thick-
ness of the coating is allowed to vary between cells, but does
not vary across the width of the medium.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will now be
described in detail with reference to the accompany drawings,
wherein:

FIG. 1 shows the layout of the basic scrolling color cham-
ber used to hold the medium made according to the present
invention;

FIG. 2A-2H show various exemplary locations of the two
scrolls used according to the present invention to obtain the
most important colors;

FIG. 3 shows the preferred technique of applying the mate-
rial to the substrate according to the present invention;

FIG. 4 shows a cross-sectional view of the Meyer Rod of
FIG. 3 along the line 4-4;

FIG. 5 shows the interim product showing cells of ink on
the substrate after the Meyer Rod has passed but before the
cells have had time to level; and

FIG. 6 shows the final levelled product.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 shows a basic scrolling color changer according to
the present invention. More details about the operation of
such a color changer are found in U.S. Pat. No. 5,126,886.
The first media 100 of the color changer extends between roll
101 and roll 102. The second media 104 extends between rolls
105 to 106. The two rolls of either pair (101/102 and 105/106)
are commonly controlled by gears, e.g., 110, which allows
both rolls to move in synchronism. By actuating motor 112,
for example, rolls 101 and 102 can be moved to quickly locate
the color changer material to a desired location.

The beam of light is shown through optical gate location
114, and adjusted by a combination of the two current posi-
tions of the scrolls. The color changing capability is obtained
by various combinations of the colors in a conventional way.

FIGS. 2A-2H show the various ways in which the colors
are obtained according to the present invention. Scroll 100 is
shown at the top of each of FIGS. 2A-2H, and includes
portions with varying saturations of yellow at a first end 200,
a clear portion in its center 202, and varying saturations of
magenta at a second end 204. The second scroll 104 also
includes magenta at a first end 206, is clear in its center 208,
and cyan portions at the other end 210. FIG. 2A shows the
light beam 212 passing through the two clear portions to
obtain a clear light beam 214. FIG. 2B shows how cyan and
magenta are combined to obtain blue light beam 220. FIG. 2C
shows cyan and clear being combined to obtain cyan light
beam 222. FIG. 2D shows cyan and yellow being combined to
obtain a green color light beam 224. FIG. 2E shows clear and
yellow being combined to obtain a yellow light beam 226.
FIG. 2F shows magenta and yellow being combined to obtain
red at 228. FIG. 2G shows magenta and clear being combined
to obtain magenta 230, and finally, FIG. 2H shows cyan and
magenta being combined to obtain another blue, 232. The
scrolls are appropriately positioned to obtain the desired color
light.

The actual scroll material is formed of a polycarbonate,
polyester or polypropylene film coated with a special colored
ink. The colored ink has controlled evaporation and viscosity
characteristics which allows continuous coating. For pur-
poses of'this specification, the term ink will be used to denote
the material which is spread on the polypropylene backing
sheet. Ink includes dye molecules, which form the color, in a
binder which holds the dye molecules in solution, and a
solvent. The ink binder is typically polyester. The dye mol-
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ecules in the binder gives the material its final color. The
solvent keeps the ink in a fluid state until the solvent evapo-
rates. Therefore, when the solvent evaporates, the remaining
dye molecules and binder are completely dried.

The polyester binder is in a solvent-based solution. The
solvent includes Methyl Ethel Keytone (MEX) and Toluene.
The proportion of MEX to Toluene controls the rate of evapo-
ration and levelling of the coating solution. The thickness of
the ink on the polyester film controls the saturation of color;
the thicker the coating, the more saturated the color becomes.

Any commercially available ink can be used if the viscosity
of the solution and rate of evaporation is controlled. The
preferred inks used according to the present invention are
described herein. The ink is applied in cells as described
herein, and the viscosity of the ink solution is controlled such
that the amount of ink levelling between cells which occurs in
the amount of time that it takes the ink to dry, closely matches
the distance between cells. For at least one of the cells, the
amount of ink levelling before ink drying is precisely equal to
the distance between cells.

The preferred embodiment of the present invention uses a
specially-constructed Meyer Rod to apply the ink to the sub-
strate. A prior art Meyer Rod used a stainless steel cylindrical
rod with a stainless steel wire wrapped-tightly around its
circumference from one end to the other end. The space
between adjacent wires holds ink. The amount of the coating
deposit depends on the wire diameter or gauge. Typically, the
coating is applied to the substrate by passing the substrate
through a vat of ink solution, and then using different Meyer
Rods to squeegee off all but the amount between the wires if
the Meyer rod as the film passes by it. The space between the
wire curvatures allows a specific amount of the solution to
remain, and thereby leaves cells of material on the substrate.
Different wire gauge Meyer Rods leave a different amount of
solution on the substrate. Each Meyer Rod left a different
thickness of material.

The present invention uses a Meyer Rod of a special type to
spread the ink along the substrate material in a way that it
continuously varies along a gradient axis thereof. I consid-
ered the idea of forming a Meyer Rod with varying diameter
wire. However, | determined that constructing a Meyer Rod
that used a length of wire with changing gauge would not be
practical by itself since it would produce a conical rod which
got larger as the gauge of the wire increased. I therefore
decided to machine or precision grind a rod directly from
stainless steel, simulating the changing wire curvature, but
compensating for the changing radius to end up with a cylin-
drical form. I therefore invented the Meyer Rod which is
shown in FIG. 3 with a cross-section along the line 4-4 being
shown in FIG. 4.

FIG. 4 shows the overall diameter 400 of the rod which
stays the same from its leftmost end 402 to its rightmost end
404. Overall diameter here refers to the diameter of the out-
ermost edge of each section 406 relative to the central axis
401. However, the diameter of the various sections 406 vary
from one end to the other. Each of the sections 406 is defined
by three coordinates: X, y, and r. The origin is, for example,
shown at point 408, in the center of the a smallest section 407.
Hence, the section 407 has x, y coordinates 0,0, and a radius
r of 0.10. The second Meyer Rod section 410 is at position
0.021, 0.001 with a radius 0.011. These values are just exem-
plary, and for a six inch rod, I would start with a radius of
0.025 inch, and increment each successive radius by 0.001
inch.

The Meyer Rod operates by allowing ink to remain only in
the interstices 412 between two successive Meyer Rod por-
tions, e.g. 410 and 414. As the portions get larger in radius, the
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4

amount of ink left by the interstices also gets larger. This
means that the portions of ink deposited by the Meyer Rod at
end 402 are smaller than the portions deposited at the end 404.
Each portion of ink left by the area between two successive
Meyer Rod sections will be referred to herein as a cell.

After the Meyer Rod has passed, the interim product is as
shown in FIG. 5. A number of cells of ink remain on substrate
520. Each successive cell is slightly different in volume than
the next cell. For example, Cell 502 has slightly more volume
than cell 500. Of course, FIG. 5 shows an exaggeration of this
phenomena.

According to the present invention, I select inks which have
a viscosity such that the amount of levelling between cells in
the time it takes the ink to dry is equal to the levelling neces-
sary for the two largest cells. More generally, however, the
viscosity must be such that the amount of levelling in the time
it takes the ink to dry is equal to the distance be tureen any t-do
desired cells Height 600 shows the finally-levelled height at
the highest end. Therefore, in the amount of time it takes the
ink to dry, levelling by an amount of distance shown as 508,
the distance between the highest level 504 and the final height
600, must occur. This may allow some cell-to-cell levelling in
the smaller portions such as 500 and 502. However, this
trade-off allows all portions to level somewhat, but still to
form a material which is thicker at end 600 than it is at 602. It
is most important that the cell-to-cell levelling be minimized
so that the thickness, and hence color saturation, varies along
the gradient axis 604. FIG. 6 shows the portions after level-
ling.

The characteristics of the ink are therefore crucial. The
viscosity of the ink material is proportional to the solid con-
tent, to the dye and to the binder. It is also proportional to a
ratio between the solids and the binder. The binder is typically
a polyester material, such as Vite]™. I have used two pre-
ferred solvents, one of which is a combination of MEK and
Toluene. The ratio between these two controls the amount of
evaporation which occurs. 1 have also used a propylacetate
solvent.

According to the present invention, the properties of the ink
are controlled such that its viscosity is controlled relative to
its evaporation time to provide a controlled amount of level-
ling. FIG. 6 shows the finally levelled product. In FIG. 6, the
discontinuous portions such as 500 and 502 have been
smoothed into a continuous portion. The height 600 is also
shown in FIG. 5. The height 504 of portion 506 must be
decreased by an amount 508 to level the final material at the
height 600. Therefore, the viscosity of the material must be
such that it can level by an amount 508 in the amount of time
it takes for the solvent to evaporate. Some example formula-
tions are described herein:

YELLOW:

The “solids™ portion of the yellow ink solution have the
following make up:

8.5%—Yellow pigment 83 (C-1. #21108)

91.5%—Binder (Polyester Resin)

The “solvents” portion of the yellow ink solution has the
following make up:

1.60%—FEthyl Alcohol

15.62%—FEthyl Acetate

21.67%—Toluene

21.97%—Isopropyl Alcohol

39.14%—Isopropyl Acetate

The “solids” and “solvents” are combined in the ratio of:

25.91%—Solids (pigment/binder)

74.09%—Solvents

This solution will have a viscosity of 57 seconds measured
with 822.
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CYAN:

The “solids” portion of the cyan ink solution has the fol-
lowing make up:

10.1%—Blue 15: 4 (C. 1. #74160)

0.1%—Violet 23 (C. 1. #51319) 5

89.8%—Binder (Polyester Resin)

The “solvents” portion of the cyan ink solution has the
following make up:

0.26%—Ethyl Alcohol

0.30%—Ethyl Acetate 10

1.73%—Isopropyl Alcohol

24.63%—Toluene

73.08% —Isopropyl Acetate

The “solids” and “solvents” are combined in the ratio of:

27.55%—Solids (pigment/binder) 15

72.45%—Solvents

This solution will have a viscosity of 37 seconds measured
with 822.

MAGENTA:

The “solids” portion of the magenta ink solution has the 20
following make up:

9.6%—Rabine Red (C. I. #28620)

91.4%—Binder (Polyester Resin)

The “solvents” portion of the magenta ink solution has the
following make up: 25

0.24%—Ethyl Alcohol

0.32%—FEthyl Acetate

1.54%—Isopropyl Alcohol

23.50%—Toluene

74.40%—Isopropyl Acetate 30

The “solids” and “solvents” are combined in the ratio of:

28.30%—Solids (pigment/binder)

71.70%—Solvents

This solution will have a viscosity of 65 seconds measured
with #27. 35

Although only a few embodiments have been described in
detail above, those having ordinary skill in the art will cer-
tainly understand that many modifications are possible in the
preferred embodiment without departing from the teachings
thereof. 40

All such modifications are intended to be encompassed
within the following claims.

Although the present invention has been described using a
Meyer Rod, it should be understood that other techniques of
ink imprintation of a backing material, including but not 45
limited to a gravure cylinder and the like, could also be used
for depositing the ink, so long as the ink is applied in cells, and
allowed to level between the cells.

What is claimed is:

1. A system, comprising: 50

a housing;

a first scrolling assembly, formed of first and second roll-
ers, and a first scroll material extending between said
first and second rollers, said material having at least one
clear portion, and at least first and second other color 55
portions, said clear portion being between said first and
second color portions, so that said first color portion is
on one side of said clear portion and said second color
portion is on the other side of said clear portion, where a
saturation of color in each of said two other color por- 60
tions varies along a length of said scroll material defin-
ing a gradient axis, and where said saturation of color
changes along said gradient axis for each color portion,
said rollers being rotatable relative to said housing, said
scrolling assembly and said housing defining an area 65
between said first and second rollers that forms an opti-
cal gate through which a light beam is passed, where

6

movement of said first and second rollers changes a
position of the first scroll material in said optical gate;

a second scrolling assembly, formed of third and fourth

rollers, and a second scroll material extending between
said third and fourth rollers, said second scroll material
having at least one clear portion, and at least first and
second other color portions, said clear portion being
between said first and second color portions, so that said
first color portion is on one side of said clear portion and
said second color portion is on the other side of said clear
portion, where a saturation of color varies along a length
along a gradient axis and where said saturation of color
changes along said gradient axis, said rollers being rotat-
able relative to said housing to move a portion of said
second scroll material which passes through said optical
gate; and

a roller moving part, coupled to said housing, and com-

monly rotating said first and second rollers in synchro-
nism with one another, in order to move said first scroll
material to change a position of the first scroll material in
said optical gate, and commonly rotating said third and
fourth rollers in order to move said second scroll mate-
rial to change a position of said second scroll material in
said optical gate,

where both said scroll materials have continuously varying

non-discontinuous saturation.

2. An assembly as in claim 1, further comprising a fan,
located inside the housing, adjacent said optical gate.

3. An assembly as in claim 2, wherein said housing
includes first and second substantially parallel walls, which
are substantially perpendicular to surfaces of said scroll mate-
rial at said optical gate, and said rollers extend between said
first and second parallel walls.

4. An assembly as in claim 3, further comprising a first
motor driven moving part, on said first wall, coupled to said
first and second rollers in a way to rotate said first and second
rollers in synchronism with one another.

5. An assembly as in claim 4, further comprising a belt,
coupling between said moving part, and said first and second
rollers.

6. An assembly as in claim 5, further comprising a second
motor driven moving part, coupled to said third and fourth
rollers.

7. An assembly as in claim 3, further comprising a hole in
said one of said walls, and a fan extending through said hole
for cooling an area between said walls, including said optical
gate thereof.

8. An assembly as in claim 3, further comprising an area
between said first and second parallel walls which is substan-
tially open, to allow light to shine therethrough.

9. A color changer as in claim 1, wherein each of'said color
portions on each of said first scrolling assembly and said
second scrolling assembly are continuously variable accord-
ing to saturation and do not have a discontinuously variable
saturation.

10. A method, comprising:

moving a first rolled media to one of a plurality of different

areas, where a first area on the rolled media is substan-
tially clear, and a second area on the rolled media
includes color of a continuously varying and non-dis-
continuous saturation, said moving comprising moving
said rolled media to an area such that a portion of said
rolled media, located in an optical gate area, is a speci-
fied desired portion;

placing a second rolled media optically in series with said

first rolled media, where said second rolled media are
also has a first area on the rolled media which is substan-
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tially clear, and a second area on the rolled media
includes color of a continuously varying non-discon-
tinuous saturation, moving said second rolled media to a
desired locations so that one of a color of said first rolled
media is used by itself, in which case said second rolled
media is moved to place said clear location in said opti-
cal gate, or a color combination between a color of said
first rolled media and a color of said second rolled media
is made, in which a second color portion of said second
rolled media is placed in said optical gate.

11. A method as in claim 10, further comprising cooling an
area of said first rolled media and said second rolled media
adjacent said optical gate.

12. A method as in claim 11, wherein said cooling com-
prises extending a fan into a housing that holds said first rolled
media to and said second rolled media.

13. A method as in claim 12, wherein said cooling com-
prises cooling a surface of said first rolled media and said
second rolled media.

14. A method as in claim 10, wherein said moving said
rolled media comprises rotating a first cylindrical color
changing holder and a second cylindrical color changing
holder in synchronism with one another, to move an area of a
color changing medium which is in the optical light gate.

15. A method as in claim 14, wherein said moving com-
prises maintaining an area of a rolled media which is used for
color changing always substantially perpendicular to said
optical gate.

16. A method of changing color, comprising:

extending a first scroll of color changing material between

first and second rollers;

rotating said first and second rollers to a first rotational

orientation where a first portion thereof is in an optical
gate through which light is adapted to be projected,
which first rotational orientation allowing the first color
changing material to be in a location that is clear that is
dependent on a rotational orientation thereof;

rotating said first and second rollers in a first direction to a

second rotational orientation where a first color portion
thereof is in an optical gate through which light is
adapted to be projected, which first rotational orienta-
tion positioning the first color changing material to color
the light;

rotating said first and second rollers in a second direction to

a third rotational orientation where a second color por-
tion thereof is in an optical gate through which light is
adapted to be projected, which second rotational orien-
tation positioning the first color changing material to
color the light;

extending a second scroll of color changing material

between third and fourth rollers; and

rotating said third and fourth rollers to a fourth rotational

orientation where a second portion of said second color
changing material is in said optical gate, which second
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rotational orientation allows the color changing material
to have a color that is dependent on a rotational orienta-
tion thereof, which second rotational orientation is one
of a clear position, when a light color is intended to be
obtained from the first color changing roller alone, or is
a colored position when the color is intended to be
obtained from a combination of colors from said first
color changing material and said second color changing
material, wherein said fourth rotational orientation is in
a location that is clear;

rotating said third and fourth rollers in a first direction to a
fifth rotational orientation where a third color portion
thereof is in an optical gate through which light is
adapted to be projected, which fifth rotational orienta-
tion positioning the first color changing material to color
the light;

rotating said third and fourth rollers in a second direction to

a sixth rotational orientation where a second color por-
tion thereof is in an optical gate through which light is
adapted to be projected, which second rotational orien-
tation positioning the first color changing material to
color the light;

where both said color changing materials have continu-

ously varying non-discontinuous saturation.

17. A method as in claim 16, wherein said portions between
said first and second rollers have optical gate surfaces which
are substantially parallel to one another.

18. A method as in claim 16, further comprising cooling an
optical gate surface between said first and second rollers.

19. A color changing material, comprising:

a substantially clear material that is bent, rolled and

unrolled; and

acolored ink coating on said substantially clear material, in

different amounts on said material, such that a saturation
of color caused by said color ink continuously varies
along a gradient axis thereof, said color ink being
located only on a portion of said substantially clear film,
and a portion of said substantially clear film being sub-
stantially without ink and therefore clear, where an
amount and thickness of ink at one portion of the mate-
rial is substantially different than a thickness of ink on
another portion of the material, and where a thicker
portion of ink provides a more saturated color,

where ink coating forms a continuously varying non-dis-

continuous saturation.

20. A color changer as in claim 19, wherein said material is
formed of one of polycarbonate, polyester, or polypropylene
film.

21. A color changer as in claim 19, wherein the ink includes
dye molecules and binder.

22. A color changer as in claim 19, further comprising first
and second scrolls, and wherein said material extends
between said first and second scrolls.
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