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(57) Abstract

An optical system (10) for use in an underwater
environment is proposed, wherein the optical 10
system (10) comprises a housing which delimits an \;
interior (60) of the optical system (10) with respect

to the surroundings (50) in water-tight fashion, and a

lens (20) with an outer surface (24), wherein the %
housing comprises a mount (40), wherein the lens
(20) is received in the mount (40) in such a way that
the outer surface (24) of the lens (20) is in fluid
contact with water of the underwater environment
when the optical system (10) is situated in the
underwater environment, wherein the outer surface
(24) of the lens (20) has an arched form, in
particular a convex form, preferably a spherical
convex form, wherein the lens (20) has a first
arched contact face (28), in particular a spherical
contact face, and the mount (40) has a second
contact face (48), wherein the lens (20) is arranged
in the mount (40) in such a way that the first contact
face (28) presses against the second contact face
(48) when the pressure of the surroundings (50) of
the optical system (10) is greater than the pressure
in the interior (60) of the optical system (10).
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OPTICAL SYSTEM FOR USE IN AN UNDERWATER ENVIRONMENT

The invention relates to an optical system for use in an underwater environment.

Prior art

Optical systems, i.e., (camera) lenses in particular, which are used in underwater environments must
withstand high pressures that act on the optical systems dependent on the diving depth. Usually,
mechanical optical electrical systems are encapsulated from the water of the underwater
environment by a housing in which quasi-constant (gas) pressure conditions prevail. Optical systems
which should visually capture the surroundings or parts of the surroundings require an optically
transparent interface to the surroundings (also referred to as an optical port) in the housing. To this
end, the optical port comprises an optically transparent component made of an optical functional
material (generally glass), which is in direct contact with the underwater environment.
Consequently, the optically transparent component must withstand high pressures of the

underwater environment, which depend on the diving depth, and pressure changes.

From US2009244733 Al is known lens assembly equipped with a lens for forming an image using
subject light on an imaging device and to an imaging apparatus having the lens assembly, wherein

concave contact faces are used to for arrangement of an O-ring for watertightness.

In US2010214677 Al is disclosed optical systems and stress-athermalized mounts for optical

elements and optical elements suitable for mounting in stress-athermalized mounts.

From KR20140002171 U is known camera module having a waterproof structure of a lens thereof.

In previously known optical systems for use in an underwater environment, the functional
requirements on the optically transparent component are primarily restricted to the mechanical
load bearing capacity, i.e., to the mechanically sufficient delimitation with respect to load bearing
capacity of the housing interior with respect to the ambient medium with an optical imaging effect
that is as neutral as possible. Embodiments of the optically transparent components contained in
the prior art are planar plates or concentric menisci/dome optical units, which are held and
supported with respect to the housing on plane or conical design elements (e.g., 45° half aperture

angle).
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Consequently, the optically transparent component of optical systems in the prior art is used as an
additional component that has a negatively influencing/non-conducive effect on the optical imaging
properties. As a component disposed in front of an optical imaging system, the optically transparent
component must have a sufficient aperture for the imaging properties demanded by the optical
imaging system. As a result, the optically transparent component of the optical port, and hence its
area exposed to the ambient pressure, is always greater than the functionally required dimensions
of the first lens of the optical imaging system. As a result, there is a disadvantageous boundary
condition for designing the transparent component of the optical port on account of the load which

results from the ambient pressure and which is proportional to the area.

A disadvantage of optical systems corresponding to the prior art is that the optically transparent
component represents an additional mandatory element in the system, which is under great loads
due to the external pressure since, in general, it must be substantially larger than the functionally
required dimensions of the first lens of an optical imaging system in order to offer a sufficient
aperture to the latter, which is complicated to manufacture, especially in the case of the variants

held at the edge, and which only achieves the optically neutral effect to a limited extent.

Disclosure of the invention

The invention is based of the object of highlighting an optical system for use in an underwater
environment, which has a high mechanical load bearing capacity, which has good optical properties

and which is easy to produce from a technical point of view.

This object is achieved by an optical system as claimed in claim 1.

In particular, this object is achieved by an optical system for use in an underwater environment,
wherein the optical system comprises a housing which delimits an interior of the optical system with
respect to the surroundings in water-tight fashion and a lens with an outer surface, wherein the
housing comprises a mount, wherein the lens is received in the mount in such a way that the outer
surface is in fluid contact with the water of the underwater environment when the optical system is
situated in the underwater environment, wherein the outer surface of the lens has an arched form,
in particular a convex form, preferably a spherical convex form, wherein the lens has a first
(concavely or convexly) arched contact face, in particular a spherical contact face, and the mount

has a second contact face, wherein the lens is arranged in the mount in such a way that the first
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contact face presses against the second contact face when the pressure of the surroundings of the

optical system is greater than the pressure in the interior of the optical system.

An advantage of this optical system is that the lens can be an optically active component. This can
reduce the number of parts of the optical system and increase the optical performance of the optical
system. The dimensions of the lens or of the outer surface of the lens, and hence its area exposed
to the external pressure, can be reduced to the optically functionally required extent. Moreover,
the optical system has very good optical properties since the lens which is in contact with the water
in the underwater environment can be designed or calculated accordingly. As a result of the form
of the first contact face, it is possible to withstand the occurring, diving depth-dependent
(changeable) forces in an underwater environment particularly well. Moreover, the first contact face
can be produced cost-effectively with a particularly high degree of precision. In particular, the first
contact face can be precisely produced in technically simple fashion using conventional optics
methods and can be measured using conventional measurement methods, and it is possible to
assess the quality of the first contact face. As a result, the lens and hence the optical system can
withstand particularly high pressures without damage. The first contact face can immediately or
directly touch/contact the second contact face or there can be an intermediate layer made of an
additional material, i.e., a material not the same as the material of the lens and not the same as the
material of the mount, present, at least in regions or over the entirety thereof, between the first
contact face and the second contact face. The first contact face can touch only part of the second
contact face or a part of the first contact face can press against the second contact face or a part of

the second contact face in the underwater environment.

According to one embodiment, the center of the spherical form of the first contact face is located
on an optical axis of the lens. An advantage thereof is that the first contact face can be produced in

technically simple fashion with particularly high precision.

According to one embodiment, the lens has an inner surface opposite to the outer surface, wherein
an optical axis of the lens extends through the outer surface and the inner surface and wherein the
inner surface of the lens has an arched form, in particular a concave form, preferably a spherical
concave form. An advantage thereof is that the optical system has a particularly small number of

parts.

According to one embodiment, the first contact face of the lens has a convex form and the second
contact face of the mount has a concave form with a radius of curvature that substantially

corresponds to a radius of curvature of the convex form of the first contact face. As a result, there
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is a particularly large area contact between the first contact face and the second contact face.
Consequently, the forces arising from the pressure of the underwater environment can be
transferred into the mount with little tension. The second contact face can be produced by
conventional machining methods, for example. The first contact face of the lens produced can be
produced in a technically simple fashion using conventional optics manufacturing methods and can
be measured and assessed very accurately with the aid of conventional measurement technology
from the production of optical parts. As a result, in respect of the quality achieved, the lenses can

be combined in optimal fashion with the second contact face of the mount.

According to one embodiment, the first contact face has a convex form, wherein the second contact
face has a concave form, wherein the radius of curvature of the first contact face is smaller than the
radius of curvature of the second contact face in a cross section along a plane containing the optical
axis of the lens, and wherein the center of the concave form of the second contact face is not located
on an optical axis of the lens. A circular line contact arises in the case of an ideal shape and rigidity
of lens, mount and possibly present intermediate layer. In practice, a touching area or an area with
Hertzian stresses, i.e., the area in which the first contact face and the second contact face touch, an
annular or ring-shaped area which is formed symmetrically with respect to the optical axis of the
lens, is formed in the contact region of the first and the second contact face. The resultant
mechanical stress is influenced by the relative position (i.e., position and orientation) of the touching
area or area with Hertzian stresses, by the ratio of the radii of curvature of the first contact face and
second contact face, by the Young's modulus at the first contact face or lens and second contact
face or mount, and by the material properties of the material of a possibly present intermediate
layer. The form of the touching area or area with Hertzian stresses, and hence the basic contact
situation, is maintained unchanged in the case of form and dimensional deviations of the lens
geometry and/or mount geometry on account of manufacturing deviations and/or on account of
the deformation by the load during operation. The relative position and manifestation of the
touching area or area with Hertzian stresses change in the process. The first contact face and the
second contact face can be designed or created or produced in such a way that the optical system

can withstand particularly high pressures without damage.

According to one embodiment, an elastic intermediate layer and/or an adhesive is arranged
between the first contact face and the second contact face. As a result, the forces or stressing
occurring when deformations of the lens and/or of the mount occur can be distributed particularly

well or uniformly and it is possible to reliably avoid the occurrence of local plastic deformations, in
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particular of the ductile mount components. Consequently, the optical system or the lens can

reliably withstand even higher pressures.

According to one embodiment, the elastic intermediate layer and/or the adhesive is formed in such
a way that a sealing effect between the lens and the mount is increased when the pressure on the
outer surface of the lens increases. An advantage thereof is that the ingress of water into the region
between the first contact face and the second contact face, and hence into the interior of the

housing, is particularly reliably avoided by the self-reinforcing seal, even at high pressures.

According to one embodiment, the mount has an undercut, wherein faces of the undercut have a
fluid connection with the underwater environment when the optical system is situated in the
underwater environment. An advantage thereof is that a direct, short introduction of force in the
region of the mount in the case of ambient pressure, or the pressure of the water, minimizes the
bending load on the mount and hence the deformation occurring in the mount region, i.e., in the
region of the first and second contact face. Consequently, this avoids a deformation of the mount
and/or a substantial change in the form of the touching area or the area with Hertzian stresses on
account of the mount bending. Consequently, the optical system can particularly reliably withstand

particularly high pressures.

According to one embodiment, the undercutis embodied in such a way that, level with the undercut,
the mount has a diameter perpendicular to the optical axis of the lens which substantially
corresponds to the diameter of the lens perpendicular to the optical axis of the lens. An advantage
thereof is that bending or deforming of the mount is minimized in the region of the lens or in the
region of the second contact face. Consequently, the optical system can reliably withstand even

higher pressures.

According to one embodiment, the optical system comprises further optical elements, in particular
further lenses, wherein the further optical elements are rigidly connected to a part of the mount in
such a way that, when the lens moves with the mount relative to the remaining parts of the housing,
the further optical elements are moved along accordingly in such a way that there are substantially
no changes in the distances between the lens and the further optical elements. An advantage
thereof is that the imaging quality of the optical system remains unchanged, even in the case of a
displacement of the lens or of the mount on account of loads at high pressures. The further optical
elements are displaced together with the lens, and so there is no change in the distances between

the further optical elements and the lens.
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According to one embodiment, the first contact face of the lens is polished and/or etched. As a
result, deep damage or microcracks or crack nuclei in the first contact face can reliably be removed
or avoided/minimized in technically simple fashion. As a result, the forces arising can be transferred
or guided particularly safely and reliably into the mount. Consequently, the optical system can

reliably withstand even higher pressures.

According to one embodiment, the lens is arranged with pretension in the mount in such a way that
the lens presses against the second contact face with its first contact face even if the pressure in the
surroundings of the optical system equals the pressure in the interior of the optical system. In
particular, the first lens can be pretensioned in such a way that the lens presses against the second
contact face with a force that corresponds to a force at least 10 times, preferably at least 50 times,
that of the normal pressure. This ensures that the position of the lens relative to the mount always
remains the same, even in the case of the surroundings with normal pressure. This increases the

reliability of the optical system.

According to one embodiment, a side face in the form of a lateral face of a cylinder is formed
between the outer surface of the lens and the first contact face of the lens. This allows technically
simple centration of the lens. Moreover, the side face can serve as a sealing face for sealing in

conjunction with sealing elements.

According to one embodiment, the side face extends in coaxial fashion with respect to the optical
axis of the lens. An advantage thereof is that the forces are transferred particularly reliably from the
outer surface to the first contact face. Consequently, the lens can withstand high pressures

particularly reliably.

According to one embodiment, the optical system further comprises a seal for sealing a region
between the first contact face of the lens and the second contact face of the mount. This reliably
prevents the ingress of water, even at high ambient pressures, in a technically simple manner.
Moreover, the contact between the first contact face and the second contact face is independent

of the seal. This increases the reliability of the optical system even further.

A spherical form of a surface can mean, in particular, that the surface is a spherical surface section.

In particular, the optical system can be embodied in such a way that it can withstand pressures
occurring in deep-sea environments (> 200 m) without damage. Moreover, the optical system can
be embodied in such a way that, in particular, the optical system can withstand pressure differences

occurring when surfacing or diving down into the deep sea without damage.
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Preferred embodiments are evident from the dependent claims. The invention is explained in

greater detail below with reference to drawings of exemplary embodiments. In the figures:

fig. 1shows a cross-sectional view of a first embodiment of the optical system according to the

invention;

fig. 2shows a cross-sectional view of a lens of a second embodiment of the optical system according

to the invention;

fig. 3shows a cross-sectional view of a third embodiment of the optical system according to the

invention; and

fig. 4shows a schematic detailed view of the optical system of figure 3.

The same reference signs are used in the following description for identical parts and parts having

an identical effect.

Figure 1 shows a cross-sectional view of a first embodiment of the optical system 10 according to
the invention. The optical system 10 comprises a lens 20 and a housing, wherein the lens 20 is
received in a mount 40 of the housing. The housing delimits an interior 60 with respect to the
surroundings 50. The optical system 10 is embodied for use in an underwater environment. This
means that the optical system 10 and also the housing or the mount 40 can withstand high pressures

(e.g., pressures of several hundred bars).

By way of example, the optical system 10 can be used for an underwater camera or can be an

underwater camera.

The lens 20 represents an optical port, which forms an optically transmissive or transparent
connection through the housing between the interior 60 and the surroundings 50. In this way, the

light from the surroundings 50 can enter into the housing.

The lens 20 has an outer surface 24, which is embodied for contact with water. This means that
water contacts or touches the outer surface 24 of the lens 20 when the optical system 10 is located
in an underwater environment. Consequently, the lens 20 represents an outer boundary of the

interior 60 with respect to the surroundings 50.
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The outer surface 24 of the lens 20 has an arched form, i.e., the outer surface 24 of the lens 20 is
not flat. The outer surface 24 of the lens 20 can have a spherical form. In figure 1, the outer surface

24 is a spherical convex form, i.e., arched toward the surroundings 50.

However, it is also conceivable for the outer surface 24 of the lens 20 to have an aspherical form. By
way of example, the outer surface 24 can have a plurality of subsections, which each have a spherical

form with radii of curvature that differ from one another.

It is also conceivable for the outer surface 24 of the lens 20 to have a spherical concave form, i.e., a

form that is arched toward the interior 60.

The outer surface 24 of the lens 20 is opposite to an inner surface 26 of the lens 20. The optical axis
29 extends through the center of the lens 20, and consequently through the outer surface 24 and
the inner surface 26. The inner surface 26 has a spherical concave form, i.e., arching away from the
interior 60. The center of the curvature of the inner surface 26 is located on the optical axis 29 of

the lens 20.

The lens 20 has a first contact face 28. The first contact face 28 faces the mount 40. The first contact
face 28 lies opposite the outer surface 24. The first contact face 28 is formed for contacting a second
contact face 48 of the mount 40. In figure 1, the first contact face 28 immediately or directly touches
the second contact face 48 of the mount 40. This means that there is no further intermediate layer
or the like between the first contact face 28 and the second contact face 48. Consequently, the first
contact face 28 presses against the second contact face 48 if there is pressure against the outer

surface 24 of the lens 20.

The first contact face 28 has a spherical form, wherein the center of the curvature of the first contact
face 28 is located on the optical axis 29 of the lens 20. In figure 1, the first contact face 28 has a
spherical convex form. The second contact face 48 has a spherical concave form. The center of the

curvature of the second contact face 48 is located on the optical axis 29 of the lens 20.

In a manner of speaking, the first contact face 28 runs around the inner surface 26 of the lens 20.

The first contact face 28 is a spherical chamfer or facet.

The radii of curvature of the first contact face 28 and of the second contact face 48 are of equal size
or identical. As a result, the first contact face 28 and the second contact face 48 touch over a large
area. Consequently, the first contact face 28 is embodied in complementary or congruent and

concentric fashion with respect to the second contact face 48 in large parts. When the surroundings
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50 or the water in the surroundings 50 press against the outer surface 24 of the lens 20, the first
contact face 28 presses against the second contact face 48 over a large area. As a result, the forces
arising are guided into the mount 40 with particularly little tension. The magnitude of the

mechanical stresses arising in the lens 20 and mount 40 can consequently be kept low.

The region in which the first contact face 28 and the second contact face 48 touch (the so-called

touching area or area with Hertzian stresses) has the form of a ring-shaped spherical segment.

The first contact face 28 of the lens 20 can be polished and/or etched. This minimizes micro cracks
and/or deep damage and/or crack nuclei in the lens 20. Consequently, the lens 20 can withstand

higher pressures.

The form of the first contact face 28 can be produced very precisely. Moreover, the form can be
captured very exactly and consequently be assessed using conventional optical measuring methods.
Consequently, the first contact face 28 can be produced with very high precision in a technically
simple manner. Consequently, the optical system 10 can withstand particularly high pressures,

particularly if the second contact face 48 likewise has a very high precision.

By means of the first contact face 28, it is possible to center the lens 20 in the mount 40 or align said

lens in a desired position relative to the mount 40.

A side face 27 is arranged between the outer surface 24 of the lens 20 and the first contact face 28
of the lens 20. The side face 27 (also referred to as an outer cylinder) corresponds to the lateral face
of a straight circular cylinder. The side face 27 extends in coaxial fashion with respect to the optical

axis 29 of the lens 20.

The seal 30 for sealing the region between the first contact face 28 and the second contact face 48
is connected to the mount 40 and covers the region between the side face 27 or the outer cylinder
and the mount 40. This can reliably prevent an ingress of water into the region between the first

contact face 28 and the second contact face 48.

The optical system 10 can comprise further optical elements in the interior 60. The lens 20 comprises

or usually consists of a glass material.

An elastic intermediate layer can be arranged between the first contact face 28 and the second
contact face 48. The elastic intermediate layer can lower local surface pressure arising, even when
there is a deformation of the first contact face 28. In particular, the intermediate layer can

compensate manufacturing inaccuracies and/or signs of settlement. By way of example, the elastic
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intermediate layer can consist of an elastic material or comprise the latter. If the elastic intermediate
layer is present, the first contact face 28 and the second contact face 48 do not directly/immediately

touch or contact one another but only do this indirectly.

The elastic intermediate layer and the seal 30 can be embodied in such a way that a self-reinforcing
sealing system is present. This means that the sealing effect of the seal 30 or of the intermediate
layer increases with increasing pressure on the outer surface 24 of the lens 20. Instead of or in
addition to the intermediate layer, an adhesive or a cement can be arranged between the first

contact face 28 and the second contact face 48.

If an elastic intermediate layer is present, the thickness thereof can be taken into account when
setting the radius of curvature of the second contact face 48. The radii of curvature of the first
contact face 28 and of the second contact face 48 then still are substantially the same but can differ

slightly from one another (e.g., by less than 1%).

The lens 20 is arranged in the mount 40 in such a way that, when normal pressure (1.01325 bar)
prevails in the surroundings 50 of the optical system 10, the first contact face 28 presses against the
second contact face 48 with a force that corresponds to the effect of a pressure that is greater than
the normal pressure on the outer surface. In particular, the first contact face 28 can press against
the second contact face 48 with a force corresponding to a pressure of approximately 50 bar or
approximately 100 bar on the outer surface of the lens, while only normal pressure presses on the
outer surface of the lens 20. Consequently, movement of the lens 20 in relation to the mount 40 is
reliably prevented when the optical system 10 is in surroundings 50 with normal pressure. The first
contact face 28 of the lens 20 can be pressed against the second contact face 48 by means of a screw
ring 35 or a pre-tensioning ring or a locking ring, even if the pressure of the surroundings 50
corresponds to the pressure in the interior 60 of the optical system 10 (e.g., if the optical system is
situated outside of the underwater environment). The screw ring 35 is partially arranged on the

outer surface 24 of the lens 20, where necessary with an intermediate element.

Figure 2 shows a cross-sectional view of a lens 20 of a second embodiment of the optical system 10

according to the invention.

The fact that the center of the curvature of the convex first contact face 28 is located on the optical
axis 29 of the lens 20 can be identified particularly well in figure 2. The side face 27, i.e., the outer
face of the lens 20 between the first contact face 28 and the outer surface 24, is larger in figure 2

than in the case of the lens 20 in figure 1.
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Figure 3 shows a cross-sectional view of a third embodiment of the optical system 10 according to

the invention. Figure 4 shows a schematic detailed view of the optical system 10 of figure 3.

In the embodiment shown in figure 3, the first contact face 28 and the second contact face 48 have

a different form than in the embodiment shown in figure 1.

The first contact face 28 has a convex form. The center of the curvature of the first contact face 28
is situated on the optical axis 29 of the lens 20. The second contact face 48 has a concave form. The
center of the curvature of the second contact face 48 is not located on the optical axis 29 or line of
symmetry of the optical system. In the case of an ideal rigid form of the first contact face 28 and of
the second contact face 48, the first contact face 28 and the second contact face 48 as a result touch
along a line (mathematically considered, so to speak) which extends in a circular, axisymmetric
fashion about the optical axis 29. If the first contact face 28 is pressed against the second contact
face 48, an area is formed (so-called touching area or area with Hertzian stresses) on account of the
elastic deformation of the lens 20 and/or of the mount 40, which area is formed in annular or ring-

shaped axisymmetric fashion about the optical axis of the lens 20.

The centers of the curvatures of the first contact face 28 and of the second contact face 48 are
situated on a straight line which is perpendicular to the touching area, within which the first contact

face 28 and the second contact face 48 touch.

When form deviations and/or dimension deviations arise on account of the load due to the high
pressure on the outer surface 24 of the lens 20, the form of the touching area or the area with
Hertzian stresses remains substantially unchanged. Only the relative position and size of the
touching area or area with Hertzian stresses change. This can be calculated in simulations, for

example using the finite element method.

The touching area or area with Hertzian stresses between the first contact face 28 and the second
contact face 48 consequently has a form which is symmetric with respect to the axis of symmetry
or the optical axis of the lens 20. In the cross sectional view illustrated in figure 4, the touching area
is punctiform (in the case of an ideal rigid lens 20 and an ideal rigid mount 40). The touching area or
area with Hertzian stresses between the first contact face 28 and the second contact face 48 has
the form of a ring-shaped funnel section or a lateral face of a conical frustum in reality on account
of smaller deformations of the lens 20 and/or the mount 40. The cross section of the touching area

or area with Hertzian stresses parallel to the optical axis then has the form of a line.
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Should an intermediate layer and/or an adhesive be arranged between the first contact face 28 and
the second contact face 48, the two contact faces 28, 48 do not the touch one another
immediately/directly. The regions in which the two contact faces 28, 48 would touch if no
intermediate layer is present press against one another should an intermediate layer or an adhesive

be present.

The radii of curvature of the first contact face 28 and of the second contact face 48 can be
determined or optimized in simulations (e.g., using a finite element method) in such a way that the
mechanical stresses are limited to such an extent under the pressures to be expected in the
underwater environment that these can be withstood by the lens or the optical system without
damage. As a result, the lens 20 or the optical system 10 is also able to withstand particularly high

pressures.

A seal is arranged between the side face 27 and the mount 40. The seal 30 seals the region between
the side face 27 or outer cylinder and the mount 40 in water-tight fashion. This reliably prevents an
ingress of water into the region between the first contact face 28 and the second contact face 48 or

between the side face 27 and the mount 40.

The mount 40 has an undercut 42 running around the optical axis 29 of the lens 20 or a notch or a
constriction. Level with the undercut 42, the mount 40 has a smaller diameter perpendicular to the
optical axis 29 of the lens 20 than in the remaining region of the mount 40. The undercut 42 or the
faces 43 of the undercut are in fluid connection with the surroundings 50. This means that, for
example in an underwater environment, water at the same pressure with which the water presses
against the outer surface 24 of the lens 20 and the outer side of the mount is situated in the undercut
42. As a result, bending moments in the region of the first contact face 28 and the second contact
face 48 are minimized by the short, direct force path since the water in the undercut 42, as it were,
presses against the water pressing on an edge region 70 of the mount 40 which is adjacent to the
lens 20. This minimizes or even prevents a deformation of the second contact face 48. Consequently,
this prevents the touching area from changing. Expressed differently, the outer face of the housing
or of the mount 40 and the faces 43 of the undercut 42 are subjected to the same pressure level
with the undercut 42. Consequently, there is a short, direct force flow without bending moments in
the edge region of the mount 40. As a result, the bending load on the mount 40 is minimized in

regions of the first contact face 28 and the second contact face 48.

Level with the undercut 42, the mount 40 has a diameter perpendicular to the optical axis 29 of the

lens 20 (the optical axis 29 extends from top to bottom or vice versa in figure 3) which substantially
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corresponds to the diameter of the lens 20 perpendicular to the optical axis 29 of the lens 20. As a
result, the bending load and, resulting therefrom, the deformation of the part of the mount 40 is
minimized in the region of the second contact face 48. In an underwater environment, the water in
the undercut 42 presses against the water pressing on the part or the edge region 70 of the mount
40 which is level with the outer surface 24 of the lens 20 (the height extends from top to bottom or
vice versa in figure 3). Consequently, bending moments are kept away from the first contact face 28

and the second contact face 48.

The optical system 10 comprises further optical elements (e.g., further lenses, CCD sensors, etc.)
(not shown). The further optical elements are fastened to a plane face 71 of the mount 40 facing
away from the lens 20 or the second contact face 48 and not immediately/directly fastened to
further parts of the housing next to the mount 40. In the case of an axial displacement (i.e., in the
case of a displacement along the optical axis 29) of the lens 20 and the mount 40 in relation to the
further parts of the housing on account of the water pressure in the surroundings 50, the further
optical elements are displaced by the same magnitude with which the lens 20 is displaced.
Consequently, the distances between the optical elements of the optical system 10 remain
unchanged, independently of the pressure in the surroundings 50. Consequently, the optical

imaging quality of the optical system 10 remains unchanged.

In the drawings, the housing or the mount 40 is only illustrated in part in each case.
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List of reference signs

10

20

24

26

27

28

29

30

35

40

42

43

48

50

60

70

71

Optical system

Lens

Outer surface

Inner surface

Side face

First contact face

Optical axis of the lens

Seal

Screw ring

Mount

Undercut

Face of the undercut

Second contact face

Surroundings

Interior

Edge region of the mount

Plane face of the mount
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Claims

1. An optical system (10) for use in an underwater environment, wherein the optical system (10)
comprises a housing which delimits an interior (60) of the optical system (10) with respect to the

surroundings (50) in a water-tight fashion, and a lens (20) with an outer surface (24),

wherein the housing comprises a mount (40), wherein the lens (20) is received in the mount (40) in
such a way that the outer surface (24) of the lens (20) is in fluid contact with water of the

underwater environment when the optical system (10) is situated in the underwater environment,

wherein the outer surface (24) of the lens (20) has an arched form, in particular a convex form,

preferably a spherical convex form,

wherein the lens (20) has a first arched contact face (28), in particular a spherical contact face, and

the mount (40) has a second contact face (48),

wherein the lens (20) is arranged in the mount (40) in such a way that the first contact face (28)
presses against the second contact face (48) when the pressure of the surroundings (50) of the

optical system (10) is greater than the pressure in the interior (60) of the optical system (10),

wherein the first contact face (28) has a convex form and the second contact face (48) has a

concave form,

wherein the radius of curvature of the first contact face (28) is smaller than the radius of curvature
of the second contact face (48) in a cross section along a plane containing the optical axis (29) of

the lens (20), and

wherein the center of the concave form of the second contact face (48) is not located on an optical

axis (29) of the lens (20).

2. The optical system (10) as claimed in claim 1, wherein the center of the spherical form of the

first contact face (28) is located on an optical axis (29) of the lens (20).

3. The optical system (10) as claimed in claim 1 or 2, wherein the lens (20) has an inner surface
(26) opposite to the outer surface (24), wherein an optical axis (29) of the lens (20) extends
through the outer surface (24) and the inner surface (26), and wherein the inner surface (26) of
the lens (20) has an arched form, in particular a concave form, preferably a spherical concave

form.
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4. The optical system (10) as claimed in any one of the preceding claims, wherein an elastic
intermediate layer and/or an adhesive is arranged between the first contact face (28) and the

second contact face (48).

5. The optical system (10) as claimed in claim 4, wherein the elastic intermediate layer and/or the
adhesive is formed in such a way that a sealing effect between the lens (20) and the mount (40) is

increased when the pressure on the outer surface (24) of the lens (20) increases.

6. The optical system (10) as claimed in any one of the preceding claims, wherein the mount (40)
has an undercut (42), wherein faces (43) of the undercut (42) have a fluid connection with the

underwater environment when the optical system (10) is situated in the underwater environment.

7. The optical system (10) as claimed in claim 6, wherein the undercut (42) is embodied in such a
way that, level with the undercut (42), the mount (40) has a diameter perpendicular to the optical
axis (29) of the lens (20) which substantially corresponds to the diameter of the lens (20)

perpendicular to the optical axis (29) of the lens (20).

8. The optical system (10) as claimed in any one of the preceding claims, wherein the optical
system (10) comprises further optical elements, in particular further lenses, wherein the further
optical elements are rigidly connected to a part of the mount (40) in such a way that, when the
lens (20) moves with the mount (40) relative to the remaining parts of the housing, the further
optical elements are moved along accordingly in such a way that there are substantially no

changes in the distances between the lens (20) and the further optical elements.

9. The optical system (10) as claimed in any one of the preceding claims, wherein the first contact

face (28) of the lens (20) is polished and/or etched.

10. The optical system (10) as claimed in any one of the preceding claims, wherein the lens (20) is
arranged with pretension in the mount (40) in such a way that the lens (20) presses against the
second contact face (48) with its first contact face (28) even if the pressure in the surroundings of

the optical system (10) equals the pressure in the interior (60) of the optical system (10).

11. The optical system (10) as claimed in any one of the preceding claims, wherein a side face (27)
in the form of a lateral face of a cylinder is formed between the outer surface (24) of the lens (20)

and the first contact face (28) of the lens (20).

12. The optical system (10) as claimed in claim 11, wherein the side face (27) extends in coaxial

fashion with respect to the optical axis (29) of the lens (20).

348166



348166

17

13. The optical system (10) as claimed in any one of the preceding claims, wherein the optical
system (10) further comprises a seal (30) for sealing a region between the first contact face (28) of

the lens (20) and the second contact face (48) of the mount (40).
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Patentkrav

1. Optisk system (10) for anvendelse i et undervannsmilj@, hvori det optiske systemet
(10) omfatter et hus som avgrenser et indre (60) av det optiske systemet (10) i forhold
til omgivelsene (50) pa en vanntett mate, og en linse (20) med en ytre overflate (24),
hvori huset omfatter en holder (40), hvori linsen (20) mottas i holderen (40) pa en slik
mate at den ytre overflaten (24) til linsen (20) er i fluidkontakt med vann i
undervannsmiljget nar det optiske systemet (10) er plassert i undervannsmiljget,

hvori den ytre overflaten (24) til linsen (20) har en buet form, spesielt en konveks form,
fortrinnsvis en sfeerisk konveks form,

hvori linsen (20) har en fgrste buet kontaktflate (28), spesielt en sfaerisk kontaktflate,
og holderen (40) har en andre kontaktflate (48),

hvori linsen (20) anordnes i holderen (40) pd en slik mate at den forste kontaktflaten
(28) presser mot den andre kontaktflaten (48) nar trykket fra omgivelsene (50) til det
optiske systemet (10) er stgrre enn trykket i det indre (60) av det optiske systemet
(10),

hvori den fgrste kontaktflaten (28) har en konveks form og den andre kontaktflaten (48)
har en konkav form,

hvori krumningsradiusen til den fgrste kontaktflaten (28) er mindre enn
krumningsradiusen til den andre kontaktflaten (48) i et tverrsnitt langs et plan som
inneholder den optiske aksen (29) til linsen (20), og

hvori midten av den konkave formen til den andre kontaktflaten (48) er ikke lokalisert

pa en optisk akse (29) av linsen (20).

2. Det optiske systemet (10) ifglge krav 1, hvori midten av den sfaeriske formen til den

forste kontaktflaten (28) er lokalisert pd en optisk akse (29) til linsen (20).

3. Det optiske systemet (10) ifglge krav 1 eller 2, hvori linsen (20) har en indre overflate
(26) motstdende den ytre overflaten (24), hvori en optisk akse (29) til linsen (20)
strekker seg gjennom den ytre overflaten (24) og den indre overflaten (26), og hvori
den indre overflaten (26) til linsen (20) har en buet form, spesielt en konkav form,

fortrinnsvis en sfeerisk konkav form.

4. Det optiske systemet (10) ifglge et hvilket som helst av de foregdende kravene, hvori
et elastisk mellomlag og/eller et klebemiddel er anordnet mellom den farste

kontaktflaten (28) og den andre kontaktflaten (48).
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5. Det optiske systemet (10) ifglge krav 4, hvori det elastiske mellomlaget og/eller
klebemidlet er dannet pa en slik mate at en forseglingseffekt mellom linsen (20) og

holderen (40) gkes nar trykket pd den ytre overflaten (24) til linsen (20) gker.

6. Det optiske systemet (10) ifglge et hvilket som helst av de foregdende kravene, hvori
holderen (40) har en underskjaering (42), hvori flater (43) til underskjaeringen (42) har
en fluidforbindelse med undervannsmiljget nar det optiske systemet (10) er plassert i

undervannsmiljget.

7. Det optiske systemet (10) ifslge krav 6, hvori underskjseringen (42) utformes pa en
slik mate at, pa niva med underskjaeringen (42), har holderen (40) en diameter
vinkelrett pa den optiske aksen (29) til linsen (20) som i det vesentlige tilsvarer

diameteren til linsen (20) vinkelrett pd den optiske aksen (29) til linsen (20).

8. Det optiske systemet (10) ifglge et hvilket som helst av de foregdende kravene, hvori
det optiske systemet (10) omfatter ytterligere optiske elementer, spesielt ytterligere
linser, hvori de ytterligere optiske elementene er stivt forbundet med en del av holderen
(40) pa en slik mate at ndr linsen (20) beveger seg med holderen (40) i forhold til de
resterende delene av huset, beveges de ytterligere optiske elementene tilsvarende pa
en slik mate at det i det vesentlige ikke er noen endringer i avstandene mellom linsen

(20) og de ytterligere optiske elementene.

9. Det optiske systemet (10) ifglge et hvilket som helst av de foregdende kravene, hvori

den fgrste kontaktflaten (28) til linsen (20) er polert og/eller etset.

10. Det optiske systemet (10) ifslge et hvilket som helst av de foreg8ende kravene,
hvori linsen (20) er anordnet med forspenning i holderen (40) pa en slik mate at linsen
(20) presser mot den andre kontaktflaten (48) med sin fgrste kontaktflate (28) selv om
trykket i omgivelsene til det optiske systemet (10) er lik trykket i det indre (60) av det
optiske systemet (10).

11. Det optiske systemet (10) ifslge et hvilket som helst av de foreg8ende kravene,
hvori en sideflate (27) i form av en sideflate til en sylinder er dannet mellom den ytre
overflaten (24) til linsen (20) og den fgrste kontaktflaten (28) til linsen (20).

12. Det optiske systemet (10) ifglge krav 11, hvori sideflaten (27) strekker seg pa
koaksial mate i forhold til den optiske aksen (29) til linsen (20).
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13. Det optiske systemet (10) ifslge et hvilket som helst av de foreg8ende kravene,
hvori det optiske systemet (10) videre omfatter en tetning (30) for forsegling av en
region mellom den fgrste kontaktflaten (28) til linsen (20) og den andre kontaktflaten

(48) til holderen (40).
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