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Elastic Retroreflector
The invention relates to improved production and easier use

of retroreflective elements using triple construction.

The term retroreflector should be understood to mean optical
elements that guide incident light that comes in at a
specific angle range back to the light source, independent of
the precise incidence angle. Certain deviations from the
incidence direction of the beam reflected back are possible,
in this regard, and in part are actually desirable, for
example if light source and intended recipient of the
reflected radiation are not situated in precise alignment,
viewed from the reflector (here, as an example, an automobile
headlight should be mentioned as the light source, along with
the car driver as the recipient, having a clearly elevated
position in comparison with the headlight, with reference to

the road).

Different types of retroreflectors are known. A known type of
reflective or, stated more precisely, retroreflective
elements is represented, for example, by foils having

embedded microbeads in front of a reflective layer.

US 2006/158736 Al discloses a retroreflector that can be
adapted to a curved surface. US 2011/227238 Al discloses a

heatable forming die for a retroreflector.
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Reflective elements that comprise one or more Cube Corner
elements for retroreflection generally have a clearly higher
degree of retroreflection and thereby degree of effectiveness
than such microbead-based foils. Such a Cube Corner (“cube
corner”) consists, in this regard, of three surfaces that
stand essentially perpendicular to one another, in each
instance, and is therefore also called a triple. In this
regard, a corresponding retroreflector generally comprises a
plurality of such triples. If, in this regard, the three
triple surfaces do not stand precisely perpendicular to one
another, the direction of at least part of the reflected
light will deviate, by a certain amount, from the direction
of the incident light, but this can be advantageous for
certain applications. The methods presented here also make it
possible to design triples to meet the requirements of such

applications, in custom-tailored manner.

Arrangements in which the three surfaces that are essentially
perpendicular to one another, in each instance, are
essentially square and of the same size are also very
frequent. They then form a corner (in other words three
surfaces that come together at a point) of a cube. Such a
special triple shall be referred to as a Full Cube
hereinafter. The spatial diagonal of this imaginary cube is
formed by what is called the triple axis. If the light entry
surface on which the triple is illuminated, in other words

the aperture surface, is perpendicular to the triple axis,
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then in the case of a Full Cube, ideally 100 % of the
incident light will be reflected back in the starting
direction in the case of light incidence parallel to the
triple axis, and this results in a high degree of

effectiveness of reflectors equipped with these triples.

If, up to the present, a retroreflector based on triple
mirrors was to be applied to a curved surface, the rigid
structure of the triple mirrors was a difficulty. In order to
be able to affix triple mirrors at all, significant effort
had to be made. DE 202 07 645 Ul (Applicant: IMOS Gubela
GmbH) proposes a two-part hook-and-loop tape as a force
equalization layer between a triple reflector and a cable.
Curvatures with two directions of curvature, for example
spheroid, toroidal, ellipsoidal, parabolic or hyperbolic
curvatures have not been possible up to the present using
usual retroreflectors based on triple mirrors, and also not

using reflector foils.

To solve this problem, it is proposed, according to the
invention, to cast a retroreflector composed of triple

mirrors in optical silicone.

Silicones have been gaining increasing importance as an
optical material in recent times. An example of an optical

silicone is described in DE 10 2014 223 785 Al (Applicant:
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Wacker Chemie AG). Optical silicones generally have

polydimethylsiloxane as their basic material.

Optical silicone has the advantage that it is elastic and
also permits undercuts in production using injection molding.
For example, a collimator having a bowl-type shape is known
from WO 2015145026 Al (Applicant: Gaggione Sas), which can be

removed from a mold in spite of undercuts.

In particular in lighting of motor vehicles, silicone has
been playing an ever dJgreater role as a casting material for
light-emitting diodes (LEDs). In DE 20 2014 102 938 Ul, for
example, a light is described, the conductor tracks of which
are cast in silicone. This solution has the disadvantage that
a retroreflector foil still has to be produced, in every
case, and then has to be applied separately to a lighting
apparatus for motor vehicles. Furthermore, an adhesive has to
be used to apply the retroreflective surface (see, for
example, paragraph [0048] of DE 20 2014 102 938 Ul). There is
therefore a need for the retroreflective surface to be
directly integrated into a headlight component, without a

separate foil being required.

It is the task of the present invention to make available a
retroreflector based on triple mirrors, which can easily be

unmolded from a die, on the one hand, but on the other hand
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can be easily affixed to curved surfaces, even after

unmolding.

This task is accomplished by means of a retroreflector
according to claim 1, as well as by an integrated optical
component according to claim 7, and a forming die according
to claim 11. Advantageous further developments can be found

in the dependent claims.

A retroreflector according to the invention comprises an
arrangement composed of a plurality of triples, each having
three side surfaces. An arrangement should be understood to
mean a regularly repeating pattern. Such a pattern can
consist, for example in a top view, of regularly disposed
hexagons or squares or tetrahedrons. However, tetrahedrons
have a degree of reflection that is less by 1/3 than that of
the other two geometries, due to the absence of reference

surfaces.

Depending on the area of application, the side surfaces can
be mirrored or based on the principle of total reflection.
Due to absorption, mirrored triple surfaces have a lower
degree of effectiveness than triple surfaces that are based
on total reflection. Furthermore, mirrored surfaces behave
differently with regard to polarized light. However, total
reflection only occurs during a transition from an optically

denser to an optical thinner material, so that the reflective
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triple surfaces are frequently affixed on a rear side, i.e. a
side facing away from the light entry surface of a

retroreflector.

In the case of an ideal retroreflector, the incident rays are
supposed to be reflected back into themselves. For this
purpose, the side surfaces of the retroreflector must stand
precisely perpendicular on one another. However, applications
for wide-angle reflectors, for example, are also conceivable,
in which a greater angle range of an incident beam must be
covered. In this case, the surfaces stand only approximately
perpendicular to one another. In other words, the surfaces
enclose an angle between 85° and 95°, in particular between
89° and 91°, preferably between 89° 58’ and 90° 2’ relative

to one another.

A retroreflector according to the invention can be produced
by means of injection molding, from a carrier material.
According to the invention, it is provided that an optical

silicone resin is used as the carrier material.

Optical silicones usually consist of at least two components
that must be brought into connection with one another so as
to vulcanize or polymerize and cure. One of the components
usually contains a platinum catalyst. In the case of
injection-molding applications, it is advantageous if a

silicone from the group of “liquid silicone rubber” (LSR) 1is
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used. Depending on the silicone that is used, a temperature
that is elevated as compared with room temperature can
accelerate curing. A suitable curing temperature is 150 °C,

for example. Pressure also accelerates curing.

Depending on the selection of the material, a retroreflector
according to the invention is temperature-resistant within a
broad working range. Within the working range, the
retroreflector retains both its optical and its mechanical
properties. In particular, the index of refraction changes
only slightly within the working range. The effects of
thermal expansion on the beam path can also be ignored within
the working range. Typical lower limits of the working range
lie between -60 °C and -40 °C. Typical upper limits of the

working range lie between 180 °C and 210 °C.

The transmission properties as a function of the wavelength
are dependent on the silicone used. For example, optical
silicone can be non-transparent at wavelengths below 220 nm,
have a transmissivity of at least 90 & in the case of
wavelengths in near ultraviolet (approximately 280 nm) at a
thickness of 2 mm, and have a transmissivity of at least 95 %

in the range of visible light as well as in the near infrared

range, at a thickness of 2 mm.

The index of refraction of optical silicones usually lies

between 1.39 and 1.51 in the range of visible light. At
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wavelengths of 400 nm, a typical value for the index of
refraction is 1.45; at wavelengths of 630 nm, it is 1.41. In
particular, the boundary angle of total reflection that is
important for retroflectors lies in the range of reflectors
usually produced from polymethyl methacrylate (PMMA) or
polycarbonate (PC), so that when using an optical silicone
for the retroreflector according to the invention, no

additional reflective coatings are required.

Optical silicones have typical hardness values between 40
Shore A and 85 Shore A in the vulcanized state. The silicones
also differ in the manner in which they are to be cured or
vulcanized. Some silicones must cure under UV-light; in the
case of others, it is sufficient to join the components
together and to increase the temperature to approximately 150
°C. A person skilled in the arts will be able to adapt the
material selection and the curing conditions to his/her
needs, and, in the case of commercially available optical

silicones, find them in the data sheets.

The retroreflector according to the invention can also be an

integral part of an integrated optical component.

A suitable forming die for production of a retroreflector
according to the invention or an optical element that
contains a retroreflector according to the invention

comprises a die body. The die body is delimited by a die
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surface. The die body with its die surface is a negative of
the retroreflector according to the invention, or of the
optical element that contains the retroreflector. In other
words, the die surface, like the retroreflector according to
the invention, has a plurality of triples. Each triple has
three forming surfaces, in each instance, that border on one
another and intersect one another at an angle between 85 and
95 degrees, preferably between 89 and 91 degrees,
particularly preferably between 89 degrees 58’ and 90 degrees
2’ , wherein the forming surfaces of each triple contact one
another at a triple center, through which the axis of

symmetry of the respective triple runs.

When using an optical silicone in injection molding, measures
have to be taken to ensure that the silicone only cures in
the injection-molding die. For this purpose, the screw that
presses the components into an injection-molding die must be
kept at room temperature. If necessary, cooling might be
required. In order for the silicone to be able to cure in the
injection-molding die, it is necessary that the die body can

be heated.

The die body of a forming die according to the invention has
undercuts. This means that the die body has at least one die
element that stands perpendicular to an unmolding direction
and prevents unmolding. The unmolding direction is understood

to be the movement direction of a hydraulic element of an
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injection-molding machine. To state it differently, the tool
body has at least one element that lies behind a cavity in
the unmolding direction. This element stands in the way of
unmolding. It is actually possible that the die body has a

cavity behind a second cavity in the unmolding direction.

When using elastic materials (elastomers), for example
silicones, the components can be pulled off over the die in
spite of the undercut, since elastomer components can be
elastically deformed under tension and pressure, in a certain
parameter range, but after the forces have been terminated,
they return to their original geometry. Attention must be
paid to ensure that during unmolding, the elastic parameter
range does not depart from a hysteresis curve of the silicone
being used. It is advantageous to avoid plastic or permanent
deformations. However, there are also embodiments in which a
deformation according to the hysteresis curve remains after

unmolding, in targeted manner.

For production of a retroreflector according to the

invention, the method of procedure is as follows:

i. At least two components of an optical silicone as the
injection-molding material are separately placed into an

injection-molding machine in a volume ratio of 1:1.
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ii. The components are mixed in a screw of an injection-
molding machine and pressed into an injection-molding mold
using the forming die. The screw must be kept at a
temperature between 10 °C and 30 °C, so that no curing takes

place during transport into the mold.

iii. The components of the injection-molding material are
pressed into an injection-molding mold. During this process,
the injection-molding mold is heated to a temperature between

130 °C and 200 °cC.

iv. Due to the elevated temperature, the components cure in

the injection-molding mold.

V. Subsequently, the retroreflector can be unmolded from

the injection-molding mold.

According to an advantageous further development of a
retroreflector according to the invention, the retroreflector
is cast in a planar surface and only adapted to the curvature
of an object that is to be provided with the retroreflector
according to the invention after it has been produced. This
means that a base surface of the retroreflector assumes the
shape of a curved surface of the object. Here, the elastic
property of the material silicone is utilized. Use of a
retroreflector has the advantage, as compared with a

reflector foil composed of conventional foil material, that
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curvatures in two directions are also possible here. Thus,
for example, a spherical, ellipsoid, toroidal, hyperbolic or
parabolic-type object can be provided with a retroreflector
according to the invention. The surface of the object can
have a concave or convex curvature or even form a saddle. It
is also conceivable to configure a reflector carrier to be
very thin, and thereby make a transition to a reflector film

composed of silicone.

According to another advantageous further development of a
retroreflector according to the invention, the retroreflector
can be produced in one piece on a curved surface. The surface
can have undercuts. For some applications, it is advantageous
if the surface is curved in two directions. The surface can
be a spherical, ellipsoid, toroidal, hyperbolic or parabolic-
type surface, for example, or can represent a different
mathematical function with rotation symmetry, as a rotation
body. The surface can have a concave or convex curvature, or

can actually form a saddle.

For operation markers, for example, it is advantageous i1f the
retroreflector comprises a spatial angle greater than &
steradian, particularly preferably a spatial angle greater
than or equal to 2 nm steradian. Even such reflector
geometries can still be unmolded in the case of production

from silicone.
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Geometries that are curved only in one direction, for example
cylindrical or cone-shaped surfaces, are also conceivable.
Undercuts occur starting from a polar angle greater than
135°. Particularly preferably, however, the retroreflectors
according to the invention can still be unmolded from an
injection-molding mold even at a polar angle greater than

180°.

It is a further aspect of the present invention that the
shape of the curved surface is adapted to a predetermined
first target shape, for example the shape of a headlight, but
can also be used in a second target shape that can deviate
from the first target shape. For example so as to use the
retroreflector according to the invention in a slightly
modified design, without having to produce a new injection-
molding mold right away. For this purpose, it can be
necessary to already depart from the elastic range of a
hysteresis curve slightly during unmolding, and to adapt the
retroreflector to the second target shape using an

established force.

The side surfaces of the triples can be characterized, for
example, by means of the following parameters: the enclosed
angle of the side surfaces relative to one another, the
length of the edges of the side surfaces, in particular the
ratio of the edge lengths within a triple, the size of the

triples, the angle of rotation of all the side surfaces of a
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triple about an axis that encloses the same angle relative to
all the active edges of a triple, the tilt angle of the side
surfaces of a triple, so that the axis that encloses the same
angle relative to all the active edges of a triple no longer
stands collinear to a normal line vector of a base surface of
the triple. Active edges are edges that are formed by the
intersection of two side surfaces of a triple, in each
instance. In the case of curved surfaces, in this regard, the
local normal line vector at the location of the triple is the
deciding factor. The local normal line vector of a triple can
be determined, for example, in that a plane is fitted through
the local apices of the adjacent triples, the normal line
vector of which plane corresponds to the local normal line

vector.

The effects of small deviations of the angles of the side
surfaces relative to one another from a right angle, for
example by a few arc minutes, up to approximately 2°, have
been described, for example, by P.R. Yoder Jr. in the article
“Study of Light Deviation Errors in Triple Mirrors and
Tetrahedral Prisms,” Journal of the Optical Society of
America, Vol. 48, No. 7, submitted on January 2, 1958,
published in July 1958. As described by Gubela in DE 102 16
579 Al, it can be practical for wide-angle applications to
use triple surfaces having different sizes. For applications
where illumination comes from the side, it can be practical

to rotate the triple about the axis of the triple. An example
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of such a rotation is shown in Figure 8 of DE 44 10 994 C2
(Applicant: Hans-Erich Gubela Senior). The axis passes
through the apex, in other words the tip of the triple.
Tilting of the side surfaces can be practical, for example,
for marking buttons in road traffic, which are affixed at a
slant (see, for example, DE 10 2012 022 418 Al, Applicant:
Hans-Erich Gubela Senior), or, in general, for surfaces

illuminated at a slant from above.

Usual widths across flats, in other words distances between
two tips, for retroreflectors are 1 mm to 6 mm. Frequently,
however, smaller and smaller triples are desirable. For
example, smaller widths across flats are practical for sensor
arrangements or for imaging systems in which a triple
corresponds to a pixel. Smaller triple sizes additionally
increase the elastic flexibility of a retroreflector
according to the invention, because then, the triples are

less in the way of one another.

Even injection-molding molds for widths across flats of less
than 300 um can be produced using new processes such as
microsection cutting. Thereby retroreflectors having these
widths across flats can also be produced using the injection-
molding process. If one reduces the size of a triple, then
diffraction effects can occur at small widths across flats
and thereby also at small edge lengths. It is preferred that

the retroreflector has one or more triples whose edges of the
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side faces have a length of less than 400 um, preferably less
than 300 pm but greater than 50 pm. It is further preferred
that the forming die according to the invention is
manufactured by means of microcutting or by electroforming a

microcut.

Furthermore, it is advantageous if the axis defined above
faces in the radial direction of the curved surface on which
the retroreflector is cast or that corresponds to the
curvature of the object on which the retroreflector is to be
applied. This means that the direction vector of the axis
points to the center point of a circle that touches the
curved surface, and the radius of which corresponds to the
curvature radius of the curved surface. The reflection
direction and thereby the perceived brightness adapts to the

curvature.

According to a further aspect of the present invention, the
retroreflector has at least two different regions. At least
one triple can be assigned to each region. It is advantageous
that a plurality of triples can be assigned to each region.
Fach region represents an arrangement of triples. The triples
of the first region differ from the triples of the second
region in at least one of the following parameters: the angle
enclosed by the side surfaces relative to one another, the
length of the edges of the side surfaces, in particular the

ratio of the edge lengths within a triple, the size of the
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triples, the angle of rotation of all the side surfaces of a
triple about the axis, the tilt angle of the side surfaces of
a triple. This parameter can follow a predetermined
mathematical function in one of the regions, for example,
which function can depend on the curvature radius, a polar
angle and/or an azimuth angle of the curved surface. Aside
from interesting visual effects, use in safety elements, for
example, or for marking curved objects or for marking objects
for representation in “wvirtual realities” would be
conceivable. The function can be calculated using a computer,

in accordance with these requirements.

A preferred geometry, in particular in the case of variable
parameters, 1is the strand geometry as described, for example,
in DE 44 10 994 C2 (Applicant: Hans-Erich Gubela Senior).
Using this geometry, 1t is possible to exert a direct
influence on the production-technology structuring of the
parameters, by way of the intersection angle. In this regard,
it is preferred that the retroreflector is constructed from a
plurality of reflector elements, each reflector element
having, at least in sections, the shape of a strand which is
formed starting from a strand body having a rectangular cross
section, from which a section of triangular cross-section is
removed, forming a slope starting in the center of the strand
body and extending in the longitudinal direction of the
strand, and which is provided transversely to the

longitudinal direction with notches starting from the slope,
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so that the surfaces bounding the notches together with the

slope form the triples of a row.

It is advantageous 1f an integrated optical component having
a retroreflector according to the invention is produced from
a casting. This means it does not need to be welded, fused or
connected in some other manner. Therefore no seams are
present, either, which can worsen the optical properties of

the component.

Such an integrated optical component can be, for example, a
headlight element, in particular a headlight element for
motor vehicles. It would then be unnecessary to additionally
equip a headlight element with a retroreflective foil, for
example. Instead, the triple is also produced during casting
of a lighting means, such as an LED or a halogen lamp. A
headlight element usually has a light exit surface. At the
light exit surface, the light produced in the headlight exits
into the surroundings. A surface that lies opposite the light
exit surface can be referred to as the rear side. It is
advantageous if a retroreflector according to the invention
is situated on the rear side of the headlight element.
Therefore light that falls into the headlight element can be
reflected, and also light produced can be guided in a desired
direction. The triples can simultaneously increase the size
of the surface if designed suitably, and thereby serve as

cooling air channels for LEDs. In this regard, attention must



DK/EP 3514582 T3

19

be paid to ensure that cooling air channels are provided with
a heat-conductive layer, since silicone, as a heat insulator,
is not able to conduct heat away. At the surfaces that are
not required for conducting heat, it is possible to do
without mirroring, and the triples reflect on the basis of

the internal total reflection.

Another example of an integrated optical component is an
operation marker, for example. Before an operation, a
physician can affix markers on the body part on which the
operation is to take place, for example, and on instruments,
so as to be able to precisely localize the position of

his/her instruments on a monitor during the operation.

The retroreflector according to the invention can
advantageously be used to retroflect ultraviolet light
emitted by a light source, in particular having a wavelength
of approximately 300 nm (near UV range) in a sensor
apparatus, to a light recipient. Such sensor apparatuses can
be used, in particular, for detection of crystal-clear

objects in the visible range in the beam path.

The following figures are supposed to illustrate the

invention. They show:

Figure 1 a usual retroreflector geometry,
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Figure 2 an individual triple, to explain an undercut,

Figure 3 an exemplary retroreflection on curved surfaces,

Figure 4 an example of a retroreflective hemisphere,

Figure 5 a mold insert for a hemisphere according to Figure

4 in the closed state,

Figure 6 a mold insert for a hemisphere according to Figure

4 in a view at a slant from the front,

Figure 7 typical angle distributions for triples on a level

surface or a curved surface,

Figure 8 application of an elastic reflector to a curved

surface,

Figure 9 a schematic representation of a retroreflector.

Figure 1 shows a usual geometry of a retroreflector 1 as
described in DE 102 16 579 Al, for example. The
retroreflector 1 is formed by a regular arrangement of
individual triples 3. Each triple 3 has three optically
active boundary surfaces, at which a transition from an
optically denser medium, in other words a material having a

higher index of refraction, to an optically thinner medium,
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in other words a material having a lower index of refraction,
or the opposite transition can take place. These boundary
surfaces can also be referred to as side surfaces 5, 7, 9. In
a usual geometry, light enters into the optically denser
medium at a light entry surface that lies opposite the
reflector side, and impacts the triples 3 at an angle at
which total reflection takes place. The light beam is
reflected once at each of the side surfaces 5, 7, 9. During
each reflection, a component of the dispersion vector changes
its sign. After triple reflection, the light beam 29 leaves
the retroreflector 1 again, parallel to the direction of the

incident beam 27.

In this regard, the surfaces 5, 7, and 9 enclose a right
angle with one another. In the example of Figure 1, the
surfaces 5 and 7 intersect at the edge 11 having the edge
length a, the surfaces 5 and 9 intersect at the edge 13
having the edge length b, and the surfaces 7 and 9 intersect
at the edge 15 having the edge length c¢. The intersection
point of all three surfaces 5, 7, 9 forms the apex 17. An
axis of symmetry 19 can be laid through the apex 17, which
axis encloses the same angle with regard to all the side
surfaces 5, 7, 9. As can be seen in Figure 1, the triples 3
stand at a slight slant. In other words a tilt 23 is present.
The axis 19 of the triples 3 is not parallel to a normal line

vector of a plane 25 in which the triples are disposed.
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Figure 2 shows a top view of an individual triple 3 of a
retroreflector 1 as in Figure 1. In Figure 2 a), a triple
without a tilt is shown. The axis of symmetry 19 is collinear
with a normal line vector of a plane 25 of the triple
according to Figure 1. A possible rotation 21 of the triple 3
about the axis 19 is indicated by an arrow having the
reference symbol of the angle of rotation ®. The angle o of
the first side surface 5 relative to the axis of symmetry 19
of the triple 3 amounts to 35.26°. The angle B of the second
side surface 5 relative to the axis of symmetry 19 of the
triple 3 corresponds to the angle of the diagonal of a cube
and amounts to 54.74°. The sum of o and B and thereby the
intersection angle of the first side surface 5 with the
second side surface 7 amounts to precisely 90°. The third
side surface 9 lies in the plane of the drawing here and also

encloses a right angle with the two other side surfaces 5, 7.

Figures 2 b) to d) show the triple with three different tilt
angles ©. In Figure 2 b) the tilt angle ® is less than
54,74°; in Figure 2 ¢ the tilt angle ©® amounts to precisely
54.74°. In other words, the first side surface 5 lies
coplanar to the plane 25 of the triple. In Figure 2 d), the
tilt angle © is greater than 54.74°. It is understood that
the triples can also be rotated 21 and tilted 23 in combined

manner.
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The triples 3 shown in Figures 2 b) and 2 ¢) can be unmolded
from an imaginary die in an unmolding direction 31, without
undercut. The triple 3 shown in Figure 2 d) has an undercut
33. The region indicated with 33 is perpendicular to the
unmolding direction 31, counter to unmolding. The triple
shown in Figure 2 d) can therefore only be unmolded if it
consists, according to the invention, of an elastic material,

for example silicone.

Figure 3 shows, as an example, retroreflection at a curved
surface 135. In the view of Figure 3, only two of the side
surfaces 105, 107 of the triples 103 are shown. Incident
light 127 first impacts the side surface 105, is reflected
there, and then impacts the side surface 107 and is reflected
there. Reflection at the side surface 109 is not shown. The
sequence of impact of the incident light beam 127 on the side
surfaces 105, 107, 109 can be permuted as desired. In Figure
3, the region of the light entry surface that precisely
illuminates one triple 103 is indicated with an arrow as
aperture 143. Because the surface 135 is curved, the aperture
143 is also curved. In order for the offset not to bring
about a change in direction of the reflected beam 129
relative to the incident beam 127 during retroreflection of
the light beam, the radius of the sphere or, in general, the
local radius of curvature of the curved surface 135 must be
greater than the greatest edge length of the triple at least

by a factor of 10, preferably at least by a factor of 50,



DK/EP 3514582 T3

24

particularly preferably at least by a factor of 100.
Furthermore, it is shown, as an example, that the axis 119 of

the triple 103 points in the radial direction R.

Figure 4 shows the view of the retroreflector 101 in the form
of a hemisphere 141. The curved surface 135 therefore has a
spherical shape. The curved surface 135 can consequently be
represented by a sphere coordinate system having a radial
vector R (see Figure 3), a polar angle ¢, and an azimuth
angle 6. Therefore two curvature directions are present. In
this view, all the side surfaces 105, 107, 109 of a triple
103 as well as the edges 111, 113, 115 can be seen. The edges
111, 113, 115 intersect in the apex 117. The triples 103 are
clearly shown too large in the drawing, in relation to the
hemisphere radius, for reasons of recognizability. If one
puts two such components together at the circumference, a
reflective full sphere occurs, which reflects approximately
at the spatial angle 4u. Such spheres, having a suitable

diameter, can also be used as operation markers, for example.

Figures 5 and 6 show a mold having a mold insert 151 for the
production of a retroreflector 101 from Figure 4. The first
forming surface 155 of a triple 153 of the mold insert 151
corresponds to the first side surface 105 of a triple 103 of
the retroreflector 101. The reference symbols of the mold
insert 151 differ from the reference symbols of the

retroreflector 101 by 50, in each instance. The same holds
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true analogously for the surfaces 157 and 159, the edges 161,
163, 165, the triple center 167, and the axis of symmetry 169

of the triple 153.

In Figure 5, the mold is shown in a closed state. An
unmolding direction 131 is perpendicular to the flat base
surface of the mold die. Undercuts 133 can be clearly seen in
the lower region, close to the base plate of the mold die.
For reasons of clarity, a heating system for the mold, which
is required for curing the silicone, was left out of the

drawing.

Figure 6 shows the mold insert in the open state.

In Figure 7, an intensity distribution I is plotted above an
observation angle y in arbitrary units. Figure 7 a) shows the
angle distribution of the retroreflected light in the case of
an ideal triple and a flat aperture surface. The peak width
at half height is zero, except for any resolution due to the
representation. Figure 7 b) shows the angle distribution for
the same ideal triple but with a curved aperture surface 143
(see Figure 3). Here, the curvature radius is selected in
such a manner that approximately a peak width at half height

of the angle distribution of 0.5° is obtained.

Figure 8 symbolically shows adaptation of an elastic

retroreflector 201, shown in two dimensions, and injection-
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molded in a flat plane, to a curved surface 235 of an object
237. Figure 8 a) shows the retroreflector 201, in this
regard, before it is applied to the object 237. Figure 8 b)
shows the retroreflector 201 and the object 237 after
application of the retroreflector. In Figure 8, in
particular, the sizes of the triples 203 are shown with great
exaggeration. As a result, the deformations, in particular of
the triples 203, are shown with great exaggeration in Figure
8 b). In reality, a local curvature radius of the curved
surface 235 is greater than the edge lengths or the widths
across flats of the triples 203 by at least a factor of 50,

even better by at least a factor of 100.

In Figure 8, due to the symbolic two-dimensional
representation, only two side surfaces 205, 207 or two edges
211, 213 of a triple 203 are shown in the drawing, in each
instance. The edges intersect at the apex 217. The axis of
symmetry 219, which passes through the apex 217 and encloses
the same angle with the side surfaces 205, 207, lies parallel
to the normal line vector of a plane 225 in Figure 8 a), in
other words before the elastic retroreflector 201 is affixed
to the object 237. The plane 225 corresponds to a flat wall
in an injection-molding mold, not shown. After application,
the axis of symmetry 219 follows the curved surface 235 of
the object 237 in the example of Figure 8 b). The elastic
deformations of the retroreflector 201, shown in exaggerated

manner in Figure 8 b), can have a negative effect on the
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reflection behavior of the reflector, on the one hand, but on
the other hand can also be used to achieve a desired angle

distribution, for example.

Figure 9 shows a schematic 2D representation of a
retroreflector 301 according to the invention, which is
intended for use in a sensor device, in which ultraviolet
light emitted from a light source, not shown, in other words
an incident beam 327, for example having a wavelength of 280
nm, is guided to a light recipient, not shown, as a
retroflected beam 329. The retroreflector 301 has an
arrangement of triples 303, each having three side surfaces
that stand almost perpendicular on one another, of which a
first side surface 305 and a second side surface 307 are

shown.

The retroreflector 301 in Figure 9 is not curved, in other
words 1t is configured to be flat. Nevertheless, the elastic
property of silicone can be utilized so as to press an
undercut 333 of the retroreflector 301 or preferably a
groove, into a holder 339, preferably a rigid holder 339, or

to place it over the holder.

At the location of the undercut 333 or the groove, the
retroreflector 301 can be attached to the holder. Thanks to

the elastic material of the silicone, a closed rear surface
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can be created in this way. It is therefore possible to do

without welding.
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Reference Symbol List:

DK/EP 3514582 T3

1, 101, retroreflector
201, 301

3, 103, triple

203, 303

5, 105, first side surface
205, 305

7, 107, second side surface
207, 307

9, 109 third side surface
11, 111, first edge

211

13, 113, second edge

213

15, 115 third edge

17, 117, apex

217

19, 119, axis

219

21 rotation

23 tilt

25, 225 plane

27, 127, incident light

327

29, 129, reflected beam
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329
31, 131 unmolding direction
33, 133, undercut
333
135, 235 curved surface
237 object
339 holder
141 retroreflective hemisphere
143 aperture surface of a triple
151 mold insert
153 triple
155 first forming surface
157 second forming surface
159 third forming surface
161 first edge
163 second edge
165 third edge
167 triple center
169 axis of symmetry
a, b, c edge length of the first, second, and third edge
I intensity of the reflected radiation in arbitrary
units
R radial vector of a retroreflective hemisphere
o, B angle of the edges in the die
Y observation angle
d angle of rotation of the triples
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tilt angle of the triples

polar angle of the curved surface

azimuth angle of the curved surface
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Patentkrav

1. Retroreflektor (1, 101, 201, 301) omfattende en anordning af en flerhed af
totalreflekterende tripler (3, 103, 203) med hver iseer tre sideflader (5, 7, 9,
105, 107, 109, 205, 207),

hvor sidefladerne (5, 7, 9, 105, 107, 109, 205, 207) er anbragt terninghjerne-
lignende og udger en vinkel pa mellem 85° og 95° i forhold til hinanden,

hvor retroreflektoren (1, 101, 201, 301) er fremstillet ved hjeelp af sprajtestab-
ning af et baerermateriale, og hvor baerermaterialet er en optisk transparent
silikoneharpiks, fortrinsvis en silikoneharpiks baseret pa polydimethylsiloxan,
der i omradet af det synlige lys og i det naere infrarede omrade ved 2 mm
tykkelse har en transmissivitet pa mindst 95 %,

hvor retroreflektoren (101) pa en krum flade (135), nemlig en sfeerisk, ellipse-
formet, toroideformet, hyperbolisk eller paraboloidlignende flade (135), der har
en rumvinkel, der er starre end 1T steradian, fortrinsvis en rumvinkel, der er
starre end eller lig med 2 11 steradian, eller en cylinder- eller kegleformet flade,
fortrinsvis med en polvinkel, der er starre end 180°, er fremstillet af et stykke,
hvor fladen har underskeeringer (133), og hvor retroreflektoren (101) stadig
kan frigives fra en sprgjtestabningsform, der anvendes til fremstilling af denne.

2. Retroreflektor (101) ifelge krav 1, kendetegnet ved, at den krumme flades
(135) form er tilpasset til en forudbestemt ferste malform, f.eks. formen af en
billygte, men ogsa kan anvendes i en anden malform, der kan afvige fra den
forste malform.

3. Retroreflektor (1, 101, 201, 301) ifelge et af kravene 1 til 2, kendetegnet
ved, at skeeringspunktet af to sideflader (5, 7, 9, 105, 107, 109, 205, 207) hver
isger danner en kant (11, 13, 15, 111, 113, 115, 211, 213, 215) med en kant-
lzengde (a, b, ¢), og alle tre kanter (11, 13, 15, 111, 113, 115, 211, 213, 215)
af en tripel (3, 103, 203), eller evt. deres forleengelse i et toppunkt (17, 117,
217) krydser hinanden,

hvor triplernes (3, 103, 203) sideflader (5, 7, 9, 105, 107, 109, 205, 207) kan
karakteriseres ved de fglgende parametre (a, b, ¢, ®, ©): indesluttet vinkel af
sidefladerne i forhold til hinanden, leengden (a, b, c) af sidefladernes (5, 7, 9,
105, 107, 109, 205, 207) kanter (11, 13, 15, 111, 113, 115, 211, 213, 215),
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iseer kantleengdernes forhold i en tripel (3, 103, 203), triplernes (3, 103, 203)
starrelse, fordrejningsvinkel (®) af alle sidefladerne (5, 7, 9, 105, 107, 109,
205, 207) af en tripel (3, 103, 203) omkring en akse (19, 119, 219), der i forhold
til alle aktive kanter (11, 13, 15, 111, 113, 115, 211, 213, 215) af en tripel (3,
103, 203) indeslutter den samme vinkel, haeldningsvinklen (©) af en tripels (3,
103, 203) sideflader (5, 7, 9, 105, 107, 109, 205, 207), saledes at aksen (19,
119, 219), der i forhold til alle aktive kanter (11, 13, 15, 111, 113, 115, 211,
213, 215) af en tripel (3, 103, 203) indelukker den samme vinkel, ikke leengere
star kollinezert med en normalvektor af en grundflade af triplen (3, 103, 203).

4. Retroreflektor (1, 101, 201, 301) ifelge et af kravene 2 eller 3, kendetegnet
ved, at en akse, der i forhold til alle aktive kanter af triplen (3, 103, 203) inde-
slutter den samme vinkel, viser i radial retning (R) af den krumme flade, hvor
de aktive kanter dannes af skeeringspunktet af hver iseer to sideflader (5, 7, 9,
105, 107, 109, 205, 207) af en tripel.

5. Retroreflektor (1, 101, 201, 301) ifelge et af kravene 2 til 4, kendetegnet
ved, at retroreflektor (1, 101, 201, 301) har mindst et ferste omrade og et andet
omrade, hvor mindst en tripel (3, 103, 203) kan tilordnes til hvert omrade, hvor
det ferste omrades tripel eller tripler (3, 103, 203) adskiller sig fra det andet
omrades tripel eller tripler (3, 103, 203) i mindst et af parametrene (a, b, c, O,
©), der er neevnt i krav 3.

6. Retroreflektor (1, 101, 201, 301) ifelge krav 5, kendetegnet ved, at para-
meteret (a, b, c, ®, ©), som omraderne adskiller sig i, kan vises som funktion
af en krumningsradius og/eller en polvinkel (¢) og/eller en azimutvinkel (6) af
den krumme flade (135, 235).

7. Integreret optisk komponent af silikone, kendetegnet ved, at der pa mindst
et sted er indeholdt en retroreflektor (1, 101, 201, 301) ifelge et af kravene 1
til 6.

8. Integreret optisk komponent ifalge krav 7, kendetegnet ved, at komponen-
ten er fremstillet af en stabning og ikke har nogen staberande.
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9. Integreret optisk komponent ifalge et af kravene 7 eller 8, kendetegnet ved,
at komponenten er et lygteelement, og at retroreflektoren (1, 101, 201, 301)
fortrinsvis befinder sig pa en bagsideoverflade af lygteelementet, der vender
veek fra en lysudstremningsflade.

10. Integreret optisk komponent ifglge et af kravene 7 eller 8, kendetegnet
ved, at komponenten er en operationsmarker til anbringelse pa en kropsdel,
der skal opereres, eller et operationsinstrument.

11. Aftryksveerktgj som bestanddel af en sprajtestabningsform til fremstilling
af en retroreflektor (1, 101, 201, 301) ifelge et af kravene 1 til 6 eller til frem-
stilling af en optisk komponent ifalge et af kravene 7 til 10 med et veerktgjsle-
geme, der er begreenset af en veerktgjsoverflade, hvor veerktgjsoverfladen har
en flerhed af tripler (153), der hver isaer har tre aftryksflader (155, 157, 159),
der greenser op til hinanden og krydser hinanden i en vinkel mellem 85° og
95°, fortrinsvis mellem 89° og 91°, seerligt foretrukket mellem 89° 58' og 90°
2', hvor aftryksfladerne (155, 157, 159) af hver tripel (153) st@der mod hinan-
den ved et tripelcentrum (167), som symmetriaksen (169) af den pageeldende
tripel (153) forlaber gennem,

hvor veerktgjslegemet kan opvarmes, og hvor veerktgjslegemet har mindst et
veerkt@jselement, der stdende vinkelret pa en frigivelsesretning modvirker en
frigivelse fra formen.
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