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Description
FIELD OF THE INVENTION

[0001] The present invention relates to mechanical components for optical systems and more particularly concerns
an optical assembly that allows the longitudinal displacement of a sleeve in a barrel, therefore longitudinally displacing
one or more optical elements mounted in the sleeve while ensuring the centering of these optical elements in the barrel.

BACKGROUND

[0002] Optical elements or components are omnipresent in devices, systems or arrangements where light needs to
be directed, expanded, focussed, collimated or otherwise transformed or affected. Optical elements can for example be
embodied by lenses, mirrors, Diffractive Optical Elements (DOE), assemblies thereof, or the like.

[0003] In a typical optical system, most or all optical elements usually need to be precisely positioned and aligned in
order to properly perform their intended optical function. This positioning and alignment typically involve securing the
optical element in a holder or mount of some sort. Proper alignment of an optical element with respect to the holder is
a delicate operation that generally requires tight manufacturing tolerances and careful handling.

[0004] Barrels are well known types of mechanical holders for optical elements. Barrels typically define a cylindrical
cavity in which one or more optical elements are mounted. By way of example, a lens is a type of optical element that
is often mounted in barrels. A lens generally needs to be centered with a precision that can be of the order of a few
micrometers. Opto-mechanical assemblies in which lenses are mounted and precisely centered are known in the art.
Referring to FIG. 1 (PRIOR ART), there is shown a typical assembly 20 including a lens 22, a barrel 24 and a retaining
ring 26. The lens 22 is mounted in the barrel 24 with the periphery of one of its surfaces S1 in contact with a lens seat
28. The retaining ring 26 is typically threaded within the barrel 24 and abuts on the surface S2 of the lens 22 opposite
to the lens seat 28, thus securing the lens 22 in the assembly 20. It is well known in the art that the lens is centered
when both centers of curvature C1 and C2 lie on the center axis B of the lens barrel 24. Prior art can be found in US 6
144 509 A, JP 2012 173366 A or US 2010/214677 A1.

[0005] The technique consisting in inserting a lens in a lens barrel and then securing the lens with a threaded ring is
generally referred to as the "drop-in" lens technique. The centering precision obtained from this technique first depends
on the minimum allowable radial gap between the lens and the barrel. Thermal effects caused by the mismatch of the
respective coefficients of thermal expansion of the lens and barrel materials also impacts on the centering of the lens.
Manufacturing tolerances on dimensions of the components of the assembly such as the diameter of the lens, the
diameter of the barrel cavity and the differences in thickness along the edge of the lens also affect the quality of the
centering. The greater the precision required on the centering of the lens, the greater the manufacturing costs of both
lens and barrel.

[0006] The main advantages of the drop-in technique are that the assembly time can be very short and that the lenses
are removable. Low cost drop-in has, however, the drawback of a lower centering precision. The drop-in method may
not be suitable when higher precision is required; then an active alignment is typically chosen. In this centering method,
the lens is first positioned inside the cavity and its decentering relative to the reference axis of the barrel is measured.
The lens is then moved to reduce the centering error. These steps can be repeated several times until the alignment of
the lens complies with the centering requirements. Once centered, the lens is fixed in place with adhesive or other
means. This method provides a very high level of centering accuracy, but requires expensive equipment while being
time-consuming.

[0007] While the discussion above concerns mainly lenses, other types of optical elements can be mounted in a barrel
using a retaining ring, and such elements are confronted with the same issues discussed above.

[0008] Insome applications, it may be desirable to translate one or more lenses or other optical elements longitudinally
within a barrel. This translation may, for example, provide focussing and/or zooming features to the optical assembly.
Such a translation is however impossible in optical configurations such as described above with respect to FIG. 1, where
the alignment of the lens depends on the presence of a seat machined in the cavity. Furthermore, any displacement of
an optical element within a barrel may require a re-centering of the optical element.

[0009] Thus, there remains a need for an approach to mount an optical element in a barrel which alleviates at least
some of the drawbacks of known technigues.

SUMMARY
[0010] Inaccordance with aspects of the invention, optical assemblies are provided including a barrel defining a cavity

having a center axis, a sleeve inserted in the cavity, one or more optical elements mounted within the sleeve and a
retaining ring inserted into the cavity and securing the sleeve. The sleeve engages the barrel inner wall through a thread
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engagement allowing a longitudinal displacement of the sleeve within the cavity. The retaining ring is also threadably
engaged within the barrel, and the profile of the corresponding threads in conjunction with the spatial profile of a peripheral
transversal surface of the sleeve engaging the retaining ring provide a centering of the sleeve within the cavity throughout
the longitudinal displacement of the sleeve within the cavity.

[0011] In some embodiments, there is provided an optical assembly including the following:

- abarrel defining a cavity having a center axis. The barrel includes an inner wall provided with a first set of barrel
threads and a second set of barrel threads;

- asleeve inserted in the cavity and having a forward end and a rearward end. The forward end has an outer wall
provided with a set of sleeve threads engaging the first set of barrel threads so as to allow a longitudinal displacement
of the sleeve within the cavity upon rotation of the sleeve. The rearward end of the sleeve has a peripheral transversal
surface having a spatial profile;

- at least one optical element mounted within the sleeve and centered with respect thereto; and

- aretaining ring affixed to the barrel through a set of ring threads engaging the second set of barrel threads. The
retaining ring has an abutment engaging the peripheral transversal surface of the sleeve. The ring threads having
a rearward thread face, an orientation of the rearward thread face of the ring threads and the spatial profile of the
peripheral transversal surface being selected to provide a centering of the sleeve with respect to the center axis of
the cavity throughout the longitudinal displacement of the sleeve within the cavity.

[0012] In some variants, the spatial profile of the peripheral transversal surface may be curved, and the rearward
thread face of the ring threads forms an effective thread angle with respect to a plane P perpendicular to the center axis
of the cavity. The effective thread angle and the curved spatial profile of the peripheral transversal surface are selected
in view of an auto-centering condition whereby any decentering of the retaining ring and a corresponding tilt of the
retaining ring with respect to the center axis have counterbalancing effects on a centering of the sleeve with respect to
the center axis.

[0013] In other variants, the rearward face of the ring threads and the peripheral transversal surface may extend
parallel to the plane P perpendicular to the center axis of the cavity.

[0014] In accordance with another aspect, there is also provided an optical assembly, comprising:

- abarrel defining a cavity having a center axis, the barrel comprising an outer wall provided with a first set of barrel
threads and a second set of barrel threads;

- asleeve threadable over the barrel and having a forward end and a rearward end, the forward end comprising an
inner wall provided with a set of sleeve threads engaging the first set of barrel threads so as to allow a longitudinal
displacement of the sleeve with respect to the barrel upon rotation of the sleeve, the rearward end of the sleeve
comprising a peripheral transversal surface having a spatial profile;

- at least one optical element mounted within the sleeve and centered with respect thereto; and

- aretaining ring affixed to the barrel through a set of ring threads engaging the second set of barrel threads, the
retaining ring having an abutment engaging the peripheral transversal surface of the sleeve, the ring threads having
a rearward thread face, an orientation of the rearward thread face of the ring threads and the spatial profile of the
peripheral transversal surface being selected to provide a centering of the sleeve with respect to the center axis of
the barrel throughout the longitudinal displacement of the sleeve with respect to the barrel.

[0015] Features and advantages of the invention will be better understood upon a reading of embodiments thereof
with reference to the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]
FIG. 1 (PRIOR ART) is a lens assembly showing a biconvex lens mounted in a lens barrel according to prior art.

FIG. 2 is a schematic cross-section view of an optical assembly including a sleeve in a barrel and fixed optical
elements according to one embodiment; FIG. 2A is an enlarged view of a portion of FIG. 2.

FIG. 3 is a schematic cross-section view of an optical assembly including a sleeve in a barrel and an external optical
structure including fixed optical elements according to one embodiment.

FIG. 4A is a schematic exaggerated illustration of the impact of the decentering of the retaining ring of an optical
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assembly on the centering of the sleeve within the barrel according to one embodiment; FIG. 4B is a schematic
exaggerated illustration of the impact of the tilt of the retaining ring of an optical assembly on the centering of the
sleeve within the barrel; FIG. 4C is a schematic illustration of the joint impacts of the decentering and tilt of the
retaining ring when the auto-centering condition explained herein is met.

FIG. 5 is a schematic illustration of an optical assembly illustrating parameters T and h optionally used to determine
the auto-centering condition.

FIG. 6 is a schematic illustration of a retaining ring having ring threads with multiple starts according to one embod-
iment.

FIG. 7 is a schematic illustration of an optical assembly including a continuous barrel thread path and a pre-loading
mechanism according to one embodiment; FIG 7A is an exploded view of the optical assembly of FIG. 7; FIG. 7B
is an enlarged cross-sectional elevation view of a portion of the optical assembly of FIG. 7.

FIG. 8is aschematic illustration of an optical assembly including ring threads having a rearward thread face extending
parallel to a plane P perpendicular to the center axis of the cavity according to another embodiment; FIG 8A is an
enlarged view of a portion of the optical assembly of FIG. 8.

FIG. 9A is a schematic exaggerated illustration of the impact of the decentering of the retaining ring of an optical
assembly on the centering of the sleeve within the barrel according to another embodiment; FIG. 9B is a schematic
exaggerated illustration of the impact of the tilt of the retaining ring of an optical assembly on the centering of the
sleeve within the barrel; FIG. 9C is a schematic illustration of the joint impacts of the decentering and tilt of the
retaining ring when the auto-centering condition explained herein is met.

FIG. 10 is a schematic cross-section view of an optical assembly including a sleeve threaded over a barrel.
DESCRIPTION OF EMBODIMENTS

[0017] The description below is directed to optical assemblies that allow the longitudinal displacement of a sleeve in
a barrel, therefore longitudinally displacing one or more optical elements mounted in the sleeve while ensuring the
centering of these optical elements in the barrel.

[0018] Referring to FIGs. 2 and 2A, there is shown an optical assembly 20 according to one embodiment. The optical
assembly 20 generally includes a barrel 24 defining a cavity 32. The cavity 32 has a center axis B, defined as its axis
of symmetry. A sleeve 54 is inserted in the cavity 32, one or more optical elements 22 are mounted within the sleeve
54 and a retaining ring 26 is inserted into the cavity and secures the sleeve 54 therein. By way of example, two optical
elements 22a and 22b are shown mounted within the sleeve 54 in the illustrated embodiment of FIG. 2, but one skilled
in the art will understand that a single optical element or a greater number of optical elements may be provided in the
sleeve in alternative embodiments.

[0019] The barrel 24 may be embodied by any structure in which one or more optical elements are to be mounted and
centered. Typical barrels such as the one illustrated in FIG. 2 include a hollow cylindrical housing 30 having an inner
wall 34 and an outer wall 36. It will be readily understood that the barrel 24 may have any shape, mechanical features
or additional components adapted to engage, connect to or otherwise interact with other structures as required by the
context in which the optical assembly 20 is to be used. For example, the outer wall 36 of the barrel 24 may be provided
with threads, holes, pins, projections, flanges and the like without departing from the scope of the invention. Alternatively,
the barrel 24 may be an integral part of a larger optical assembly, such as for example a camera objective or a microscope
objective.

[0020] The sleeve 54 may be embodied by any structure sized and shaped to fit within or onto the barrel and to receive
the one or more optical elements therein. The sleeve 54 has a forward end 58 and a rearward end 60. By convention,
the forward end 58 corresponds to the extremity of the sleeve 54 inserted first in the cavity 32, whereas the rearward
end 60 corresponds to the opposite extremity. The rearward end 60 of the sleeve 54 has a peripheral transversal surface
57 having a spatial profile which may for example be curved or flat, as will be described and explained further below.
[0021] Each of the one or more optical elements 22 mounted in the sleeve 54 may be embodied by any component
acting on light in some fashion, for example to direct or change the direction of a light beam, focus or expand, collimate,
filter, or otherwise transform or affect light. Examples of optical elements 22 include lenses of any type, such as for
example, plano-convex, biconvex, plano-concave, biconcave, positive or negative meniscus lenses. Cemented doublet
or triplet lenses of the types listed above can also be considered. The optical element 22 may also be embodied by
diffractive lenses, mirrors, diffractive optical elements (DOEs), pinholes, or the like. The optical element 22 may have
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spherical or aspherical surfaces and may have an off-axis profile. In other embodiments, the optical element may be
embodied by a more complex subassembly of optical components such as for example one or more lenses mounted in
aninner sleeve, a mirror or a lens mounted in a spider, a lens or a lens barrel mounted in an optical mount which is itself
mounted on an optical bench, etc. In other variants, the optical element 22 may be embodied by typical components of
optical assemblies such as a prism, wave plate or camera. Other possibilities include optical fibers, detectors, corner
cubes, light sources such as lasers, LEDs, LCDs, light bulbs, and the like, or a Micro-Opto-Electro-Mechanical System
(MOEMS) such as for example a Digital Light Processing (DLP) system. It will be readily understood that in embodiments
where more than one optical element are mounted within a same sleeve, each of these optical elements may be of a
different type without departing from the scope of the present invention.

[0022] Preferably, each optical element 22a, 22b may be centered with respect to the sleeve 54, such that proper
centering of the sleeve 54 in the cavity 32 will consequently center the optical elements 22a, 22b with respect to the
center axis B of the cavity 32. In various implementations, the optical elements 22 may be mounted in the sleeve 54
using the common "drop-in" approach discussed above, and/or may be held in place using a threaded ring, a snap ring,
a flexure, an elastomeric retainer, a burnished edge or any other suitable means. In some embodiments, one or more
of the optical elements 22a, 22b may be auto-centered within the sleeve 54 using a threaded retaining ring 26 in
accordance with the principle explained below and in U.S. patent No. 9,244,245 (LAMONTAGNE et al.), issued on
January 26, 2016 and entitled "Auto-centering of an optical element within a barrel'. Each optical element 22a, 22b may
also be centered according to a different technique, for example through the use of an alignment mechanism followed
by bonding of the optical element.

[0023] The retaining ring 26 secures the sleeve 54 in the cavity 32 by applying a longitudinal force on the rearward
end 60 of the sleeve 54. Referring more particularly to FIG. 2A, the retaining ring 26 has an abutment 44 engaging the
peripheral transversal surface 57 of the rearward end 60 of the sleeve 54. In the illustrated embodiment, the abutment
44 is defined by a bevelled inner edge of the retaining ring 26 which contacts the peripheral transversal surface 57.
Optionally, the abutment 44 may end in a rounded corner to avoid damaging the peripheral transversal surface 57.
However, in other embodiments the abutment may have a straight edge shape. Other types of engagements may also
be considered. It will be readily understood that the abutment 44 may alternatively be embodied by different structures
allowing a suitable contact between the retaining ring 26 and the peripheral transversal surface 57. For example, in
some assemblies the abutment 44 may have an irregular shape providing distributed points of contact with the peripheral
transversal surface 57.

[0024] Thesleeve 54 andtheretainingring 26 are mounted withinthe barrel 24 through respective thread engagements,
which will now be described in more details.

[0025] Referring to FIGs. 2 and 2A, the inner wall 34 of the barrel 24 is provided with a first set of barrel threads 42a
and a second set of barrel threads 42b. The first set of barrel threads 42a extends forward, that is, deeper within the
cavity 32 than the second set of barrel threads 42b. The forward end 58 of the sleeve 54 has an outer wall 55 provided
with a set of sleeve threads 56 engaging the first set of barrel threads 42a. The retaining ring 26 is affixed to the barrel
24 through a set of ring threads 27 engaging the second set of barrel threads 42b. Each set of threads can be defined
by forward and rearward thread faces.

[0026] The expression "threads" is meant to refer to engageable helicoidal projections on two components, allowing
one component to be screwed on or within the other. By convention, a single thread is generally considered to be the
portion of a helicoidal projection corresponding to one screw turn, whereas the length of the projection defining the entire
screw path is referred to as threading or a set of threads.

[0027] The first set of barrel threads 42a and the sleeve threads 56, on the one hand, and the second set of barrel
threads 42b andthe setofring threads 27, on the other hand, have thread profiles thatare complementary. The expression
"thread profile" refers to the cross-sectional shape, angle and pitch formed by the threads of a given set. By
« complementary », it is understood that the corresponding profiles are such that the complementary sets of threads
can be screwed together, which usually involves a same pitch. Although complementary sets of threads are shown as
having a same overall thread profile in the illustrated embodiments, in other variants they may have different shapes as
long as the complementary condition as explained above is met.

Longitudinal displacement of the sleeve

[0028] At the forward end 58 of the sleeve 54, the engagement of the sleeve threads 56 with the first set of barrel
threads 42a allows a longitudinal displacement of the sleeve 54 within the cavity 32.

[0029] The expression "longitudinal displacement” is understood to refer to a translation of the sleeve 54 along the
center axis B. It will be readily understood by one skilled in the art that imparting a rotational movement on the sleeve
54 will move the sleeve 54 longitudinally within the cavity, following the path defined by the engagement of the sleeve
threads 56 and the first set of barrel threads 42a. The sense of rotation determines if the sleeve 54 is moved in or out
of the cavity 32. When the retaining ring 26 is tightened to apply a longitudinal force on the sleeve, the forward threads
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face 110 of the sleeve threads 56 presses against the rearward thread face 112 of the first set of barrel threads 42a,
the latter acting as a "seat" supporting the forward end 58 of the sleeve 54. As can be seen in FIG. 2, the rearward
thread face 114 of the sleeve threads 56 and the forward thread face 116 of the first set of barrel threads 42a have a
negligible impact on the engagement of the sleeve with the barrel and indeed, in some instances, may not even contact
each other. As a consequence, the thread angle formed by the forward and rearward thread faces of the first set of
barrel threads and the sleeve threads, respectively, does not affect the alignment of the sleeve and can be selected in
view of other design parameters.

[0030] In the illustrated embodiment of FIG. 2, the rearward thread face 112 of the first set of barrel threads 42a and
the forward thread face 110 of the sleeve threads 56 are perpendicular to the center axis B of the cavity 32. As will be
readily understood by one skilled in the art, in typical optical assemblies of the type described herein there is a certain
amount of lateral play between engaged threads. This can lead to a decentering of the sleeve within the cavity. This
decentering leads, in turn, to a proportional tilt of the sleeve, which is transferred to the optical elements mounted therein.
The provision of engaging thread faces 110, 112 perpendicular to the center axis of the cavity can advantageously
ensure that the sleeve 54 will not be tilted by the orientation of the threads no matter the amount of lateral play of the
sleeve within the cavity 32. This remains true no matter the longitudinal position of the sleeve 54 within the cavity 32.
[0031] It will however be understood that in other variants the first set of barrel threads 42a and the sleeve threads
56 may have a different thread profile, for example a symmetrical thread profile. In some embodiments, the thread profile
of the first set of barrel threads 42a and of the sleeve threads 56 may define a triangular shape or a trapezoidal shape.
This is for example shown in FIG. 5 (trapezoidal shape) and FIG. 7 (triangular shape). The corresponding thread angle
may have any suitable value, including typical values such as 29° (as with standard ACME threads), 55° or 60°, which
are common values for standard threads.

[0032] Through the configurations described herein, the position of the sleeve 54 within the barrel 24, and therefore
the position of the optical elements 22a, 22b within the barrel 24, can be adjusted longitudinally. As will be readily
understood by one skilled in the art, translating an optical element such as a lens moves its focal planes accordingly
and therefore provides for an adjustment of a focus or of other optical feature of the optical assembly 20.

[0033] Someimplementations of the configurations described herein may be useful in the context of an optical assembly
20 which further includes at least one fixed optical element 122 mounted within the cavity 32. In the embodiment of FIG.
2, three such fixed optical elements 122a, 122b and 122c are shown. The longitudinal displacement of the sleeve 54
within the cavity 32 changes the distance between the fixed optical elements 122 and the optical elements 22 mounted
within the sleeve 54.

[0034] Referring to FIG. 3, in other implementations the barrel 24 may be affixed to an external optical structure 124
having one or more fixed optical elements 122a, 122b, 122c and 122d optically aligned with the cavity 32 of the barrel
24. In the illustrated variant of FIG. 3, the external optical structure 124 may be viewed as a second barrel, mounted
concentrically to an extremity of the barrel 24, in which the additional optical elements 122 such as lenses, mirrors,
diffractive optical elements, pinholes or the like are mounted and preferably aligned and centered using an appropriate
technique. In such implementations, the external optical structure 124 is for example screwed in the barrel 24 from an
extremity opposite to the extremity through which the sleeve 54 and retaining ring are inserted. Again, in such imple-
mentations, the longitudinal displacement of the sleeve 54 within the cavity 32 changes the distance between the fixed
optical elements 122a, 122b, 122¢ and 122d within the external optical structure 124 and the optical elements 22a, 22b
mounted within the sleeve 54.

[0035] As will be readily understood by one skilled in the art, the reference to a longitudinal displacement of the sleeve
withinthe barrelis used hereinto describe a relative movement between these two companents. Although this longitudinal
displacement was described above as a rotation of the sleeve while the barrel remains fixed in space, in other variants
the longitudinal displacement can be achieved by rotating the barrel with respect to the sleeve. For example, in some
implementations it may be desired to maintain the rotational position of the sleeve and the optical elements therein fixed
with respect to an external frame of reference.

Centering of the sleeve

[0036] As mentioned above, the mounting of an optical element within a barrel requires great care. The same principle
applies to the alignment of a sleeve within the cavity, which directly impacts the orientation of the optical elements within.
A longitudinal displacement of the sleeve can however lead to a loss of the alignment achieved when the sleeve was in
aprevious position. To avoid such a misalignment, and alleviate the need for arealignment of the sleeve after a longitudinal
displacement, an orientation of the rearward thread face of the ring threads and the spatial profile of the peripheral
transversal surface may be selected to provide a centering of the sleeve within the cavity throughout the longitudinal
displacement of the sleeve within the cavity. Therefore, the sleeve can be displaced longitudinally and locked in a new
position within the cavity where it will be automatically centered, without requiring a complex or time consuming alignment
procedure.
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[0037] In accordance with one implementation, referring back to FIGs. 2 and 2A, this centering may be achieved
through an engagementof the ring threads 27 with the second set of barrel threads 42b and an interaction of the abutment
44 of the retaining ring 26 with the peripheral transversal surface 57 of the sleeve 54 that provide for an auto-centering
of the sleeve within the cavity 32.

[0038] Throughoutthe presentdescription, the reference to an auto-centering condition relates to the counterbalancing
effects of two different factors: the decentering of the retaining ring and the tilt of the retaining ring. These concepts will
now be explained with reference to FIGs. 4A to 4C.

[0039] Referring to FIG. 4A, the impact of the decentering of the retaining ring 26 on the centering of the sleeve 54 is
illustrated through a simplified example. For the purpose of this demonstration it will be assumed that the spatial profile
of the peripheral transversal surface 57 of the sleeve 54 is spherical, and that both the first and the second sets of barrel
threads 42a, 42b are standard 60° triangular threads. These assumptions are made for the purpose of exemplification
only, and one skilled in the art will understand that the peripheral transversal surface 57 may have a different curved
spatial profile and that the first and second sets of barrel threads 42a, 42b may have different thread profiles without
departing from the scope of the invention. Furthermore, it will be readily understood that FIG. 4A is not drawn to scale
and that the decentering of the retaining ring 26 is shown thereon in an exaggerated and unrealistic fashion, for illustrative
purposes.

[0040] As apparent from this illustration, the retaining ring 26 has a lateral play within the cavity 32, allowing its center
to be shifted laterally on either side of the center axis B. In FIG. 4A, the retaining ring 26 is shown (exaggeratedly) shifted
to the left side 41 of the cavity 32 by a distance Aing: As a result, the engagement of the abutment 44 of the retaining
ring 26 with the peripheral transversal surface 57 is also shifted to the left. Since the lateral movement of the sleeve is
constrained by the engagement of the sleeve threads 56 with the first set of barrel threads 42a, which are inclined with
respect to the center axis B, the decentering of the retaining ring will result in a tilt of the sleeve 54 about a point P
corresponding to the effective center of curvature of the sleeve threads 56. The center of curvature C of the peripheral
transversal surface 57 is therefore shifted with respect to the center axis B of the cavity 32 by a distance A,z The
direction and magnitude of the shift of the center of curvature C of the peripheral transversal surface are the same as
the direction and magnitude of the shift of the retaining ring within the cavity, and therefore it can be considered that
Ajjng = Agpin. Reference can be made to F. DeWitt IV et al. ("Rigid Body Movements of Optical Elements due to Opto-
Mechanical Factors", Proceedings of the SPIE Vol. 5867, paper 58670H, (2005)) for a corroboration of this equivalence.
[0041] The situation illustrated in FIG. 4A is not completely realistic, as a decentered threaded retaining ring 26 will
also have an inherent tilt with respect to the center axis B of the cavity. This tilt is illustrated, again in an exaggerated
fashion for illustrative purposes, in FIG. 4B. The threaded engagement between the retaining ring 26 and the barrel 24
results in a pivoting of the retaining ring 26 with respect to the center axis B of the cavity, referred to herein as the tilt of
the retaining ring 26. The tilt of the retaining ring has an impact on the engagement between the abutment 44 of the
retaining ring 26 and the peripheral transversal surface 57 of the sleeve 54, therefore also imparting a tilt on the sleeve
54 itself, as allowed by the engagement of the first set of ring threads 42a with the sleeve threads 56. Tilting the sleeve
shifts the center of curvature C of the peripheral transversal surface 57 relative to the center axis B of the cavity 32 by
a distance Ay A clockwise tilt will shift the center of curvature towards the left, whereas a counter-clockwise tilt 43 will
shift it to the right, the latter case being shown in FIG. 4B. As the optical element 22 is centered within the sleeve, its
optical axis will also be shifted with respect to the center axis B of the cavity, leading to an optical misalignment.
[0042] In the illustrated example of FIG. 4B, the lateral decentering of the center of curvature C of the peripheral
transversal surface 57 resulting from a tilt of the retaining ring can be expressed as:

Atilt: Sin(Hring) AY; RZ — Yz (1)

where:

* Ay (mm)is the lateral decentering of the center of curvature of the peripheral transversal surface resulting from the
tilt of the retaining ring;

*  R(mm) is the radius of curvature of the peripheral transversal surface;

* Y (mm) is the half-diameter of the abutment of the retaining ring; and

* Ging (degrees) is the tilt of the retaining ring with respect to the plane perpendicular to the center axis B of the cavity.

[0043] Of course, Equation (1) holds only for absolute values of R larger than Y.

[0044] The fact that the retaining ring 26 is threaded to the barrel 24 has for consequence that its tilt and its lateral
decentering are linked to each other in a predetermined fashion. This is illustrated in FIG. 4C. In the configuration of
FIGs. 4A to 4C, the retaining ring is tilted counterclockwise if it is shifted to the left (as shown in FIG. 4C), and clockwise
if it is shifted to the right. The relationship between the shift (lateral decentering) and the tilt of the retaining ring can be
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expressed as follows:

[ m(wms/z)] @
Oring = sin

dring
where:

*  Gy,gldegrees) is the ilt of the retaining ring as defined above;

*  Aypg{mm) is the lateral decentering of the retaining ring;

*  (Omreagsldegrees) is the thread angle of the ring threads and second set of barrel threads; and
. dr,-,,g (mm) is the major diameter of the retaining ring (measured at the thread crest).

[0045] Itcan be demonstrated that the decentering A of the center of curvature C of the peripheral transversal surface
57 with respect to the center axis B of the cavity is the combined result of the decentering and corresponding tilt of the
retaining ring 26 with respect to the center axis B:

A=Ay + Ashift (3)

where the sign of Ay, and of Ay, refers to the direction of the corresponding shift.

[0046] In order for the sleeve to be centered, the decentering A, should be made null or at least negligible. Knowing,
as mentioned above, that the shift Ay;,s of the center of curvature C of the peripheral transversal surface with respect
to the center axis of the cavity is equivalent to the shift Aing of the retaining ring within the cavity, an auto-centering
condition can be defined from equation (3) with A = 0, thus giving:

Atilt: Aring (4)

where Agzand A, are expressed as absolute values inthe above equation. It should be reminded that these parameters
have opposite signs since they represent deviations of the center of curvature C that are in opposite directions relative
to the center axis B, as seen by comparing FIGs. 4A and 4B. Equation (4) implies that the decentering of the retaining
ring and the corresponding tilt of the retaining ring with respect to the center axis counterbalance each other.

[0047] Stillreferring to FIG. 4C, the auto-centering of the sleeve 54 is schematically illustrated, again in an exaggerated
fashion for illustrative purposes. As can be seen, the retaining ring 26 is shifted laterally (to the left in the example, as
illustrated by arrow 41) within the cavity, and also has a tilt with respect to the center axis B (counterclockwise in the
example, as illustrated by arrow 43). However, as the decentering effects of these two parameters cancel each other,
the optical axis A of the sleeve 54, nonetheless coincides with the center axis B of the cavity.

[0048] Throughout the present description references to the auto-centering condition relate to situations where the
condition of equation (4) is met. Values of various parameters can be appropriately selected to meet this condition, such
as the thread angle or profile, and the spatial profile of the peripheral transversal surface of the sleeve.

[0049] It will be noted that the auto-centering condition of the present description does not rely on the centering of the
retaining ring with respect to the cavity; it decouples the centering of the sleeve from the alignment of the retaining ring
within the cavity, which alleviates the impacts of the threading engagements within the barrel.

[0050] By combining equations (1), (2) and (4) above, the auto-centering condition can be rewritten as:

dring N (5)

2 tan((pthreads/z) -

[0051] One skilled in the art will readily understand that equation (5) above is based on a simplified model neglecting
some geometrical factors having a slight impact on the decentering of the sleeve. A more sophisticated model could
optionally take into account the exact shape of the retaining ring and the pitch of the second set of barrel threads. It can
be demonstrated that using such a model, the auto-centering condition of equation (5) could be rewritten as:
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drin
J = JVR2-Y2+h+T/, ©)

2 tan((p threads/z)

where the newly introduced parameters h and T, both represented on FIG. 5, are defined as follows:

*  histhe distance along the longitudinal direction of the cavity between (i) a first point of contact 90 of the second set
of barrel threads 42b with the set of ring threads 27 proximate to the sleeve 54 and (ii) a point of contact 92 of the
abutment 44 of the retaining ring 26 with the peripheral transversal surface 57 of the sleeve 54;

» Tis the distance between (i) the first point of contact 90 of the second set of barrel threads 42b with the set of ring
threads 27 proximate to the sleeve 54 and (ii) a last point of contact 94 of the second set of barrel threads 42b with
the ring threads 27 farthest from the sleeve 54 and diametrically opposite to the first point of contact 90.

[0052] One skilled in the art may make a choice between the representations of equations (5) or (6) depending on the
characteristics of the optical assembly and on the optical requirements to be met. For example, the accuracy of the
simplified equation (5) may decrease when the radius of curvature R of the peripheral transversal surface 57 gets smaller.
[0053] The relationships explained above between the alignment of the retaining ring and the resulting orientation of
the sleeve take into consideration the fact that the movement of the sleeve is constrained by the engagement of the
sleeve threads with the first set of barrel threads. In the example of FIGs. 4A to 4C, the sleeve threads were considered
triangular, leading to a tilting effect when the sleeve is subjected to a lateral force. Referring to FIGs. 9A to 9C, in
accordance with another implementation, the sleeve may be longitudinally constrained through the use of sleeve threads
and a first set of barrel threads having a face perpendicular to the center axis of the cavity. As can be seen in FIG. 9A,
in this variant, a decentering of the retaining ring will result directly in a corresponding lateral shift A,z of the sleeve,
without any tiliting of the sleeve. Similarly, as seen in FIG. 9B, the tilt of the retaining ring will not impart a tilt on the
sleeve but will instead decenter the sleeve, which has an impact on the decentering of the center of curvature of the
peripheral transversal surface 57 equivalentto Ay, It can be shown that the auto-centering condition as expressed above
will still hold, leading to a counterbalancing effect as seen in FIG. 9C.

[0054] One skilled in the art will note that equations (5) and (6) are based on models which imply that the thread profile
of the second set of barrel threads is entirely defined by a symmetrical thread angle, that is, a thread profile where the
opposite walls of the thread are tilted at a same angle with respect to the plane perpendicular to the center axis of the cavity.
[0055] In some embodiments, the ring threads and the second set of barrel threads may have a spatial profile that is
non-symmetrical with respect to a plane perpendicular to the symmetry axis of the cavity or of the retaining ring. It can
be useful to define an effective thread angle o to take into account embodiments having non-symmetrical threads in the
mathematical formalism used to establish the auto-centering condition. In the reference frame of the cavity, the effective
thread angle ® may be defined as the angle formed by the rearward thread face of the ring threads and a plane P
perpendicular to the center axis of the cavity. The effective thread angle w is also given by the angle between the forward
thread face of the second set of barrel threads and the plane P.

[0056] It will be readily understood that for cases where the threads are symmetrical, the effective thread angle o
corresponds simply to ¢y,.qq/2, that is, half of the thread angle. Consequently, alternative manners of representing the
auto-centering condition can be obtained by replacing @y,.q4s/2 by @ in equations (5) and (6) above, obtaining:

dring N (5)

2tan(w) -

or

drin ’
__nng _ /Rz_y2_|_h_|_T/2 (6)

2tan(w)

[0057] One skilled in the art will further note that the models developed above also imply that the spatial profile of the
peripheral transversal surface of the sleeve is spherical, and therefore fully characterized by the specification of its radius
of curvature R. In other implementations, the determining of the auto-centering condition may be based on more general
models providing for a non-spherical curved spatial profile of the peripheral transversal surface. By way of example, one
such model is provided in the above-mentioned U.S. patent No. 9,244,245 (LAMONTAGNE et al.).

[0058] Mostof the parameters involved in equations (5), (5°) (6) or (6°) above are usually predetermined by the physical
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specifications of the sleeve and barrel according to design requirements. However, the effective thread angle o of the
ring threads and second set of barrel threads and the curved spatial profile of the peripheral transversal surface of the
sleeve can often be controlled, separately or jointly. These parameters can therefore be selected in view of an auto-
centering condition whereby any decentering of the retaining ring and a corresponding tilt of the retaining ring with respect
to the center axis have counterbalancing effects on a centering of the sleeve with respect to the center axis.

[0059] In many instances, the selection of an effective thread angle for the second set of barrel threads and a spatial
profile for the peripheral transversal surface of the sleeve, in view of the auto-centering condition according to embod-
iments of the present invention, can greatly improve the precision of the centering of the sleeve, and therefore of the
optical elements mounted therein. In some embodiments, one may wish to select optimal values provided for each of
these parameters through the auto-centering condition as defined. Even with such a selection, the resulting centering
of the sleeve cannot, in practice, be perfect. The centering of the sleeve using the retaining ring can be affected by
several tolerance factors. By way of example, using the best industry practices, the following manufacturing tolerances
have to be considered in real optical assemblies:

¢ Thread angle tolerance: +1°;

»  External diameter of the retaining ring: =0.1 mm;

*  Diameter of the abutment of the retaining ring: 0.1 mm;

* Radius of curvature of the peripheral transversal surface: =1 %;

»  Concentricity and perpendicularity tolerances of the sleeve and retaining ring abutments: <0.010 mm (*+0.005 mm).

[0060] Of course, the overall centering of an optical element such as a lens with respect to the barrel will be impacted
by both the centering of the lens with respect to the sleeve, and the centering of the sleeve with respect to the barrel.
[0061] It has been demonstrated by the inventors that selecting parameters obtained from the auto-centering condition
can provide a centering of the sleeve with respect to the center axis to a precision of typically 12 um or better, including
the manufacturing tolerances mentioned above. In other embodiments, where such a high precision is not necessary,
one skilled in the art may wish to select values for the parameters of the design which approach, but without matching
precisely, those provided by the auto-centering condition. As the decentering and tilt of the retaining ring can have an
impact on the centering of the sleeve which can be more than 150 pm if not addressed, a significant improvement can
be obtained through the selection of parameters approaching those given by the auto-centering condition. Such values
are preferably selected to match values meeting the auto-centering condition within a predetermined centering require-
ment, imposed by a particular application. In one example, if an effective thread angle is adjusted in view of the centering
condition, its selected value could be adjusted to the closest multiple of 5° while still providing sufficient precision on the
centering of the optical element for many applications. One skilled in the art will readily understand how to apply these
principles in view of particular design requirements.

[0062] One skilled in the art can therefore find a pair of values for the effective thread angle o of the ring threads and
the curved spatial profile of the peripheral transversal surface of the sleeve for a particular application which meets the
auto-centering condition while also taking into consideration other design requirements or limitations. In other scenarios,
the other parameters involved in the auto-centering condition, such as the half-diameter Y of the abutment of the retaining
ring and the external diameter dr,-ng of the retaining ring could additionally be subjected to slight adjustment in order to
fine tune the centering of the sleeve.

[0063] In some implementations, such as for example in the design of FIG. 2A, the second set of barrel threads 42b
and the ring threads 27 may have a thread profile which corresponds to typical threading used in optical assemblies.
As one skilled in the art will readily understand, the thread profile is not commonly used as a design feature. Typically,
the shape and angle of the threads machined on components of an optical assembly will depend on available threading
tools and/or usual thread standards. In some embodiments, the thread profile of the second set of barrel threads and
ring threads can therefore correspond to a standard thread established by a standard setting authority, and the radius
of curvature ofthe peripheraltransversal surface is the parameter adjusted to meet the auto-centering condition. Examples
of thread standard setting authorities include the International Organization for Standardization (1SO), the American
Society of Mechanical Engineers (ASME), the American National Standards Institute (ANSI) or the German Institute for
Standardization (Deutsches Institut fir Normung or DIN). In typical embodiments, the thread profile is symmetrical,
defining a triangular or trapezoidal shape, and the thread angle has a value of 29°, 55° or 60°, the most commonly used
thread standards for optical assemblies. In such embodiments, the sleeve may be manufactured or shaped post-man-
ufacturing so that its peripheral transversal surface has a radius of curvature meeting the auto-centering condition.
[0064] In alternative embodiments, the thread angle of the second set of barrel threads and of the ring threads may
have a value other than 29°, 55° or 60° but adjusted to meet the auto-centering condition. This is for example illustrated
in the embodiment of FIG. 5. Such an embodiment may for example be useful in implementations where shaping the
peripheral transversal surface of the sleeve may be difficult or impractical. In yet other implementations, both the effective
angle of the second set of barrel threads and ring threads and the spatial profile of the peripheral transversal surface
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may be adjusted for meeting the auto-centering condition.

[0065] In practice, in optical assemblies according to various implementations, when the retaining ring is screwed
within the barrel and abuts on the sleeve, the resulting mechanical forces in the system typically act to push the retaining
ring away from the sleeve. Referring back to FIG. 2A, in the illustrated frame of reference it can be seen that the barrel
24 and the retaining ring 26 are engaged in such a manner that the rearward thread face 104 of each ring thread 27
pushes against the corresponding forward thread face 102 of the second set of barrel threads 42b. The practical impact
of the rearward thread face 108 of each barrel thread of the second set 42b and of the forward thread face 106 of each
ring thread 27 in the balance of forces within the assembly is null or negligible; these faces do not contact each other
or any other surface. As a consequence, it will be readily understood that the auto-centering condition described herein,
as well as the complementarity of the ring threads 27 and second set of barrel threads 42b, need only to apply to the
surfaces contacting each other, that is, the rearward thread face 104 of the ring threads 27 and the forward thread face
102 of the second set of barrel threads 42b.

[0066] In the embodiments described above, the centering of the sleeve within the cavity of the barrel is achieved
through the defined auto-centering condition. Referring to FIGs. 8 and 8A, in another implementation the orientation of
the rearward thread face of the ring threads may be parallel to the plane P perpendicular to the center axis of the cavity,
and the spatial profile of the peripheral transversal surface 57 of the rearward end of the sleeve may also extend parallel
to the plane P. Such a configuration can also provide a centering of the sleeve within the cavity throughout the longitudinal
displacement of the sleeve within the cavity.

Barrel threads variants

[0067] In accordance with another variant, either or both of the first and second set of barrel threads, as well as the
corresponding ring threads and sleeve threads may have a thread profile including multiple starts. By way of example,
FIG. 6 shows a sleeve 54 having a thread profile including multiple starts 126. Such an embodiment may be of particular
interest in applications where the longitudinal displacement of the sleeve provides a focus or zooming mechanism. The
provision of multiple starts can be practical to increase the displacement range of the sleeve while still benefiting from
compact threads. This feature can additionally provide an improvement in the user experience adjusting the focus or
zoom. By way of example, a focus or zooming mechanism necessitating an 8-mm stroke of longitudinal adjustment with
a travel of 1 mm per turn of the sleeve will require 8 full turns to reach the end of the course. By contrast, the entire 8-
mm stroke can be covered in one turn when using a thread profile having 8 starts, for a same thread pitch and a same
thread angle. As one skilled in the art will readily understand, the number of starts can vary from one implementation to
the other.

[0068] In accordance with another aspect, from the description above it will be understood that the provision of a
longitudinal displacement of the sleeve mainly involves the rearward thread face of the first set of barrel threads, whereas
the centering of the sleeve imposes a condition on the forward thread face of the second set of barrel threads. As
explained above, the forward thread face of the first set of barrel threads and the rearward thread face of the second
set of barrel threads have no significant impact on the position of the sleeve within the barrel. In accordance with some
embodiments, the first and second sets of barrel threads may have a same thread profile. This same thread profile is
therefore defined by a rearward thread face and a forward thread face forming together an effective thread angle with
respect to a plane P perpendicular to the center axis of the cavity meeting the auto-centering condition in conjunction
with the peripheral transversal surface of the sleeve.

[0069] Referring to FIG. 7, there is shown an embodiment of an optical assembly 20 where the first and second sets
of barrel threads 42a, 42b have such a same thread profile, including a rearward thread face 112 and a forward thread
face 102 forming an effective thread angle o with respect to a plane P perpendicular to the center axis of the cavity, that
is selected in view of the auto-centering condition. It will be readily understood that either one or both of the effective
thread angle and the spatial profile of the peripheral transversal region may be adapted, selected or designed in view
of other physical parameters of the assembly in order for the auto-centering condition to be met. As will be readily
understood by one skilled in the art, in such an embodiment the effective thread angle is actually half of the angle between
the forward and rearward faces of the barrel threads of both sets 42a, 42b. Advantageously, such an embodiment may
simplify the manufacturing of the assembly by requiring a single threading tool to machine both sets of barrel threads
42a, 42b.

[0070] Optionally, in the illustrated embodiment, the first and second sets of barrel threads 42a, 42b form a continuous
thread path 42 along the inner wall 34 of the barrel 24. In other variants, the first and second sets of barrel threads may
be longitudinally separated by a threadless portion of the inner wall within departing from the scope of the invention.

Self-centering criterion

[0071] 1t will be readily understood by one versed in the art, from a reading of the present specification as a whole,
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that the optical assembly should allow for some movement between the first set of barrel threads and the sleeve threads,
and betweenthe peripheraltransversal surface of the sleeve andthe abutment of the retaining ring. In some embodiments,
this implies that the sleeve meets the so-called "self-centering" criterion known in the art. Self-centering refers to the
capacity of the sleeve to roll or slide at its forward end, as allowed by the engagement of the first set of barrel threads
and sleeve threads. A parallel can be drawn with the so-called "self-centering” of an optical element, which is considered
to be met when an optical element has a coefficient of friction with respect to its seat and retaining ring sufficiently small
to allow a rolling or other movement of the optical element. For more information on this concept, reference can for
example be made to Paul Yoder Jr., "Mounting Optics in Optical Instruments", SPIE Press (2008).

[0072] It will be readily understood that the expression "self-centering” explained above and regularly used in the art
refers to a different concept than the "auto-centering” of the present application.

Pre-loading mechanism

[0073] Using optical assemblies such as those of the embodiments described above, effecting a change in position
of the sleeve, for example in the context of a focussing or zooming operation, typically involves two separate adjustments;
on one hand, the sleeve is to be longitudinally displaced to the new desired position along the center axis of the barrel,
and on the other hand the position of the retaining ring has to be corrected in view of the new position of the sleeve, to
ensure a proper engagement.

[0074] With continued reference to FIG. 7 and additional reference to FIGs. 7A and 7B, in some embodiments the
optical assembly 20 may further include a pre-loading mechanism 130, sometimes referred to as an "anti-backlash”
mechanism, biasing the retaining ring 26 against the peripheral transversal surface 57 of the sleeve 54, which can
advantageously simplify the operation described in the previous paragraph.

[0075] As will be understood by one skilled in the art, applying a preload on the engagement of the abutment 44 of
the retaining ring 26 with the peripheral transversal surface 57 of the sleeve 54 provides a longitudinal course for the
sleeve 54 within the cavity 32 along which the contact and pressure between the abutment 44 and the peripheral
transversal surface 57 is maintained. The sleeve 54 can therefore be displaced along this course without the need to
reposition the retaining ring 26. It will be readily understood that such a pre-loading mechanism 130 has a spring force
extending mainly axially within the cavity 32, that is, parallel to the center axis. In this manner, even if the retaining ring
26 is not perfectly centered within the cavity 32 (for example when the auto-centering condition compensates for its
misalignment), the relative orientation of the retaining ring 26 and the sleeve 54 remains the same no matter the longi-
tudinal position of the sleeve 54 within the cavity 32, preserving the axial pre-load required for the continued centering
of the sleeve 54.

[0076] In the illustrated embodiment of FIGs. 7, 7A and 7B, the pre-loading mechanism 130 includes a locking ring
132 threaded within the retaining ring 26. Complementary threads 133a, 133b are provided on an outer surface 134 of
the locking ring 132 and on aninner surface 136 of the retaining ring 26 to allow the engagement of these two components.
The pre-loading mechanism 130 further includes flexural elements structurally linking the ring threads 27 and the abutment
44 of the retaining ring 26. In the illustrated variant, the flexural elements are parallel leaf springs 138a, 138b operatively
connected to the threaded perimeter wall of the retaining ring 26. Finally, the pre-loading mechanism 130 also includes
a locking mechanism rotationally locking the sleeve 54 and the locking ring 132, such as one or more pins 140 inserted
through the locking ring 132 and engaging the sleeve 54. As will be readily understood by one skilled in the art, although
three equidistant pins 140 are shown in the illustrated variant, a different number and/or a different distribution of such
pins could alternatively be considered.

[0077] In this embodiment, in order to longitudinally displace the sleeve 54, a user can simply impose a rotation on
the sleeve 54. This rotation is directly imparted onto the locking ring 132 through the locking pins 140. However, the
engagement of the retaining ring 26 with the barrel threads 42 is not affected, as the locking ring 132 moves relative to
the retaining ring 26 through their complementary threads 133a, 133b. The abutment 44 remains in contact with the
peripheral transversal surface 57 of the sleeve 54 through the parallel flexing of the leaf springs 138a, 138b.

[0078] It will be noted that although the pre-loading mechanisms of FIGs. 7 and 7B are shown applied to optical
assemblies where the first and second sets of barrel threads form a continuous threading path, such a mechanism may
be used in variants of optical assemblies where the first and second sets of barrel threads form distinct paths and/or
thread profiles without departing from the scope of the invention. Furthermore, pre-loading mechanisms may be used
with various thread profiles for the first and second sets of barrel threads, sleeve threads and ring threads such as
described above.

Outer sleeve

[0079] Referring to FIG. 10, in accordance with another embodiment there is shown an optical assembly 20 in which
the sleeve 54 is threadable over the barrel 24 instead of being inserted in the cavity 32. In this embodiment, the first set
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of barrel threads 42a and the second set of barrel threads 42b are provided on the outer wall 36 of the barrel 24. The
sleeve threads 56 are provided on an inner wall 50 of the sleeve 54. As with previous embodiments, the sleeve threads
56 engage the first set of barrel threads 42a so as to allow a longitudinal displacement of the sleeve with respect to the
barrel 24 upon a rotation of the sleeve 54 (or of the barrel 24). At least one optical element 22 is mounted and centered
within the sleeve 54, and additional optical elements 122 may be mounted directly in the cavity 32 of the barrel 24.
[0080] Inthis embodiment, the retaining ring 26 extends outside of the barrel 24 and is affixed to the barrel 24 through
the ring threads 27 which are provided inside of the retaining ring 26. The ring threads 27 engage the second set of
barrel threads 42b. As with previous embodiments, the abutment 44 of the retaining ring 26 engages the peripheral
transversal surface 57 of the sleeve 54. The orientation of the rearward thread face of the ring threads and the spatial
profile of the peripheral transversal surface are selected to provide a centering of the sleeve 54 with respect to the center
axis B of the barrel 24 throughout the longitudinal displacement of the sleeve 54 with respect to the barrel 24.

[0081] It will be readily understood that in the illustrated configuration, assuming that the ring threads and the peripheral
transversal surface are to meet the auto-centering condition, then preferably the abutment 44 of the retaining ring 26
has a convex shape facing the peripheral transversal surface 57 of the sleeve 54. The convex shape implies that the
contributions of the decentering and tilt of the retaining ring 26 with respect to the center axis B act to decenter the sleeve
54 along opposite directions, as otherwise and therefore the counterbalancing effect leading to the auto-centering con-
dition would not be enabled.

[0082] Although FIG. 10 shows first and second sets of barrel threads 42a and 42b having a triangular thread shape
and forming a continuous thread path along the outer wall 36 of the barrel 24, it will be readily understood that in other
variants the first and second sets of barrel threads may have thread profiles differing from one another. Furthermore,
the centering of the sleeve with respect to the barrel may be provided through the use of ring threads having a rearward
thread face extending perpendicularly to the center axis of the cavity, with the peripheral transversal surface 57 of the
sleeve 54 extending according to the same orientation, as shown for example in the embodiment of FIG. 8.

[0083] Of course, numerous modifications could be made to the embodiments described above without departing from
the scope of the invention as defined in the appended claims.

Claims
1. Anoptical assembly (20), comprising:

- a barrel (24) defining a cavity (32) having a center axis, the barrel (24) comprising an inner wall (34) provided
with a first set of barrel threads (42a) and a second set of barrel threads (42b);

- a sleeve (54) inserted in the cavity and having a forward end (58) and a rearward end (60), the forward end
comprising an outer wall (55) provided with a set of sleeve threads (56) engaging the first set of barrel threads
(42a) so as to allow a longitudinal displacement of the sleeve within the cavity upon rotation of the sleeve, the
rearward end of the sleeve comprising a peripheral transversal surface (57) having a spatial profile;

- at least one optical element (22) mounted within the sleeve and centered with respect thereto; and

- a retaining ring (26) affixed to the barrel through a set of ring threads (27) engaging the second set of barrel
threads (42b), the retaining ring having an abutment (44) engaging the peripheral transversal surface of the
sleeve, the ring threads having a rearward thread face (104), an orientation of the rearward thread face of the
ring threads and the spatial profile of the peripheral transversal surface being selected to provide a centering
of the sleeve with respect to the center axis of the cavity throughout the longitudinal displacement of the sleeve
within the cavity.

2. The optical assembly according to claim 1, wherein the at least one optical element (22) comprises a lens, a mirror,
adiffractive optical element, a MOEMS, a DLP, a detector, a camera, a prism, an optical fiber, a LCD, a laser source,
a LED or a pinhaole.

3. The optical assembly according to claim 1 or 2, further comprising at least one fixed optical element (122) mounted
within the cavity, the longitudinal displacement of the sleeve within the cavity thereby changing a distance between
the at least one fixed optical element and the at least one optical element mounted within the sleeve.

4. The optical assembly according to claim 1 or 2, wherein the barrel is affixed to an external optical structure (124)
comprising at least one fixed optical element optically aligned with the cavity of the barrel, the longitudinal displace-
ment of the sleeve within the cavity thereby changing a distance between the at least one fixed optical element and
the at least one optical element mounted within the sleeve.
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The optical assembly according to any one of claims 1 to 4, wherein:

- the spatial profile of the peripheral transversal surface is curved,;

- the rearward thread face (104) of the ring threads forms an effective thread angle with respect to a plane P
perpendicular to the center axis of the cavity,

- the effective thread angle and the curved spatial profile of the peripheral transversal surface are selected in
view of an auto-centering condition whereby any decentering of the retaining ring and a corresponding tilt of
the retaining ring with respect to the center axis have counterbalancing effects on a centering of the sleeve with
respect to the center axis.

The optical assembly according to claim 5, wherein the curved spatial profile of the peripheral transversal surface
of the sleeve is characterized by a radius of curvature, and the auto-centering condition relates the effective thread
angle and the radius of curvature through the formula:

d.:
_rmg ﬂ/RZ—Y2+h+T/2

2tan(w)

where:
* diing is a diameter of the retaining ring along the ring threads;

* o is the effective thread angle of the second set of barrel threads and of the ring threads;

* R is the radius of curvature of the peripheral transversal surface;

* Yis a half-diameter of the abutment of the retaining ring;

« his the distance between (i) a first point of contact (90) of the second set of barrel threads with the ring threads

proximate to the sleeve and (ii) a point of contact (92) of the abutment of the retaining ring with the peripheral

transversal surface of the sleeve; and

« T is the distance between (i) the first point of contact of the second set of barrel threads with the ring threads

proximate to the sleeve and (ii) a last point of contact (94) of the second set of barrel threads with the ring

threads farthest from the sleeve and diametrically opposite to the first point of contact.

The optical assembly according to claim 5 or 6, wherein the second set of barrel threads (42b) and the ring threads
(27) have a symmetrical thread profile characterized by a thread angle corresponding to twice the effective thread

angle.

The optical assembly according to claim 7, wherein the thread profile of the second set of barrel threads and of the
ring threads defines a triangular shape or a trapezoidal shape.

The optical assembly according to claim 7 or 8, wherein the thread angle of the second set of barrel threads and of
the ring threads has a value of 29°, 55° or 60°, and the peripheral transversal surface is adjusted to meet the auto-

centering condition.

The optical assembly according to claim 7 or 8, wherein the thread angle of the second set of barrel threads and of
the ring threads has a value other than 29°, 55° or 60°, and adjusted to meet the auto-centering condition.

The optical assembly according to any one of claims 1 to 4, wherein the rearward face of the ring threads (104) and
the peripheral transversal surface (57) extend perpendicularly to the center axis of the cavity.

The optical assembly according to any one of claims 1 to 11, wherein the first set of barrel threads (42a) and the
sleeve threads (56) have a symmetrical thread profile.

The optical assembly according to claim 12, wherein the thread profile of the first set of barrel threads and of the
sleeve threads defines a triangular shape or a trapezoidal shape.

The optical assembly according to claim 12 or 13, wherein the first set of barrel threads and the sleeve threads have
a thread angle of 29°, 55° or 60°.

The optical assembly according to any one of claims 1 to 11, wherein the first set of barrel threads have a forward
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thread face (116) that extends perpendicularly to the center axis of the cavity and the sleeve threads have arearward
thread face (114) that extends perpendicularly to the center axis of the cavity.

The optical assembly according to claims 5 or 6, wherein the first and second sets of barrel threads (42a, 42b) have
a same thread profile.

The optical assembly according to claim 16, wherein the first and second sets of barrel threads form a continuous
thread path along the inner wall (34) of the cavity.

The optical assembly according to claim 16 or 17, wherein said thread profile is symmetrical and characterized by
a thread angle corresponding to twice the effective thread angle.

The optical assembly according to claim 18, wherein said thread profile defines a triangular shape or a trapezoidal
shape.

The optical assembly according to claim 18 or 19, wherein the thread angle has a value of 29°, 55° or 60°, and the
radius of curvature of the peripheral transversal surface is adjusted to meet the auto-centering condition.

The optical assembly according to claim 16 or 17, wherein said thread profile comprises a forward thread face that
extends perpendicularly to the center axis of the cavity.

The optical assembly according to any one of claims 1 to 21, wherein at least one of the first and of the second set
of barrel threads has a thread profile comprising multiple starts (126).

The optical assembly according to any one of claims 1 to 22, further comprising a pre-loading mechanism (130)
biasing the retaining ring against the peripheral transversal surface (57) of the sleeve (54).

The optical assembly according to claim 23, wherein the pre-loading mechanism comprises:

- flexural elements structurally linking the ring threads and the abutment of the retaining ring; and
- a locking mechanism rotationally locking the sleeve.

The optical assembly according to claim 24, wherein the locking mechanism comprises a locking ring (132) threaded
within the retaining ring, and at least one pin (140) inserted through the locking ring and engaging the sleeve.

An optical assembly, comprising:

- a barrel (24) defining a cavity (32) having a center axis, the barrel comprising an outer wall (36) provided with
a first set of barrel threads (42a) and a second set of barrel threads (42b);

- a sleeve (54) threadable over the barrel and having a forward end (58) and a rearward end (60), the forward
end comprising an inner wall (50) provided with a set of sleeve threads engaging the first set of barrel threads
so as to allow a longitudinal displacement of the sleeve with respect to the barrel upon rotation of the sleeve,
the rearward end of the sleeve comprising a peripheral transversal surface (57) having a spatial profile;

- at least one optical element (22) mounted within the sleeve and centered with respect thereto; and

- a retaining ring (26) affixed to the barrel through a set of ring threads (27) engaging the second set of barrel
threads, the retaining ring having an abutment (44) engaging the peripheral transversal surface of the sleeve,
the ring threads having a rearward thread face (104), an crientation of the rearward thread face of the ring
threads and the spatial profile of the peripheral transversal surface being selected to provide a centering of the
sleeve with respect to the center axis of the barrel throughout the longitudinal displacement of the sleeve with
respect to the barrel.

Patentanspriiche

1.

Optische Anordnung (20), umfassend:

- einen Mantel (24), der einen Hohlraum (32) mit einer Mittelachse definiert, wobei der Mantel (24) eine Innen-
wand (34) umfasst, die mit einem ersten Satz von Mantelgewinden (42a) und einem zweiten Satz von Mantel-
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gewinden (42b) versehen ist,

- eine Hillse (54), die in den Hohlraum eingesetzt ist und ein vorderes Ende (58) und ein hinteres Ende (60)
aufweist, wobei das vardere Ende eine AuRenwand (55) umfasst, die mit einem Satz von Hillsengewinden (56)
versehen ist, der mit dem ersten Satz von Mantelgewinden (42a) in Eingriff steht, um eine Langsverschiebung
der Hilse innerhalb des Hohlraums bei Drehung der Hiilse zu ermdglichen, wobei das hintere Ende der Hillse
eine periphere Querflache (57) mit einem rédumlichen Profil umfasst,

- mindestens ein optisches Element (22), das innerhalb der Hillse montiert und in Bezug darauf zentriert ist, und
- einen Haltering (26), der an dem Mantel durch einen Satz von Ringgewinden (27) befestigt ist, der mit dem
zweiten Satz von Mantelgewinden (42b) in Eingriff steht, wobei der Haltering einen Anschlag (44) aufweist, der
mit der peripheren Querflache der Hilse in Eingriff steht, wobei die Ringgewinde eine hintere Gewindeflache
(104) aufweisen, wobei eine Orientierung der hinteren Gewindeflache der Ringgewinde und das raumliche Profil
der peripheren Querflaiche ausgewahlt sind, um ein Zentrieren der Hiilse in Bezug auf die Mittelachse des
Hohlraums wahrend der Langsverschiebung der Hilse innerhalb des Hohlraums bereitzustellen.

Optische Anordnung nach Anspruch 1, wobei das mindestens eine optische Element (22) eine Linse, einen Spiegel,
ein optisches Beugungselement, ein MOEMS, ein DLP, einen Detektor, eine Kamera, ein Prisma, eine optische
Faser, ein LCD, eine Laserquelle, eine LED oder eine Aperturblende umfasst.

Optische Anordnung nach Anspruch 1 oder 2, die ferner mindestens ein feststehendes optisches Element (122)
umfasst, dasinnerhalb des Hohlraums montiertist, wobeidie Langsverschiebung der Hiilse innerhalb des Hohlraums
dadurch einen Abstand zwischen dem mindestens einen feststehenden optischen Element und dem mindestens
einen optischen Element, das innerhalb der Hillse montiert ist, andert.

Optische Anordnung nach Anspruch 1 oder 2, wobei der Mantel an einer auferen optischen Struktur (124) befestigt
ist, die mindestens ein feststehendes optisches Element umfasst, das optisch mit dem Hohlraum des Mantels
ausgerichtet ist, wobeidie Langsverschiebung der Hillse innerhalb des Hohlraums dadurch einen Abstand zwischen
dem mindestens einen feststehenden optischen Element und dem mindestens einen optischen Element, das in-
nerhalb der Hiillse montiert ist, &ndert.

Optische Anordnung nach einem der Anspriiche 1 bis 4, wobei:

- das rédumliche Profil der peripheren Querflache gekriimmt ist,

- die hintere Gewindeflache (104) der Ringgewinde einen effektiven Gewindewinkel in Bezug auf eine Ebene
P senkrecht zu der Mittelachse des Hohlraums ausbildet,

- der effektive Gewindewinkel und das gekrimmte rdumliche Profil der peripheren Querflache im Hinblick auf
eine Autozentrierungsbedingung ausgewahlt sind, wodurch ein Dezentrieren des Halteringes und eine entspre-
chende Neigung des Halteringes in Bezug auf die Mittelachse ausgleichende Effekte auf ein Zentrieren der
Hulse in Bezug auf die Mittelachse haben.

Optische Anordnung nach Anspruch 5, wobei das gekriimmte rdumliche Profil der peripheren Querflache der Hiilse
durch einen Krimmungsradius gekennzeichnet ist und die Autozentrierungsbedingung den effektiven Gewindewin-
kel und den Kriimmungsradius durch die folgende Formel in Beziehung setzt:

ﬂ: W/RZ—YZ-!'h-l'T/z

2 tan(w)

wobei:
. dr,-ng ein Durchmesser des Halteringes entlang der Ringgewinde ist,

» o der effektive Gewindewinkel des zweiten Satzes von Mantelgewinden und der Ringgewinde ist,
* R der Kriimmungsradius der peripheren Querflache ist,
* Y ein halber Durchmesser des Anschlags des Halteringes ist,
» h der Abstand zwischen (i) einem ersten Kontaktpunkt (90) des zweiten Satzes von Mantelgewinden mit den
Ringgewinden in der Nahe der Hilse und (ii) einem Kontaktpunkt (92) des Anschlags des Halteringes mit der
peripheren Querflache der Hilse ist, und
T der Abstand zwischen (i) dem ersten Kontaktpunkt des zweiten Satzes von Mantelgewinden mit den Ring-
gewinden inder Nahe derHilse und (ii) einem letzten Kontaktpunkt (94) des zweiten Satzes von Mantelgewinden
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ist, wobei die Ringgewinde am weitesten von der Hilse entfernt sind und dem ersten Kontaktpunkt diametral
gegenlberliegen.

Optische Anordnung nach Anspruch 5 oder 6, wobei der zweite Satz von Mantelgewinden (42b) und die Ringgewinde
(27) ein symmetrisches Gewindeprofil aufweisen, das durch einen Gewindewinkel gekennzeichnet ist, der dem
Doppelten des effektiven Gewindewinkels entspricht.

Optische Anordnung nach Anspruch 7, wobei das Gewindeprofil des zweiten Satzes von Mantelgewinden und der
Ringgewinde eine Dreiecksform oder eine Trapezform definiert.

Optische Anordnung nach Anspruch 7 oder 8, wobei der Gewindewinkel des zweiten Satzes von Mantelgewinden
und der Ringgewinde einen Wert von 29°, 55° oder 60° aufweist und die periphere Querfliche so eingestellt ist,
dass sie die Autozentrierungsbedingung erflllt.

Optische Anordnung nach Anspruch 7 oder 8, wobei der Gewindewinkel des zweiten Satzes von Mantelgewinden
und der Ringgewinde einen anderen Wert als 29°, 55° oder 60° aufweist und so eingestellt ist, dass er die Auto-
zentrierungsbeding erflllt.

Optische Anordnung nach einem der Anspriiche 1 bis 4, wobei sich die hintere Flache der Ringgewinde (104) und
die periphere Querfliche (57) senkrecht zu der Mittelachse des Hohlraums erstrecken.

Optische Anordnung nach einem der Anspriiche 1 bis 11, wobei der erste Satz von Mantelgewinden (42a) und die
Hulsengewinde (56) ein symmetrisches Gewindeprofil aufweisen.

Optische Anordnung nach Anspruch 12, wobei das Gewindeprofil des ersten Satzes von Mantelgewinden und der
Hulsengewinde eine Dreiecksform oder eine Trapezform definiert.

Optische Anordnung nach Anspruch 12 oder 13, wobei der erste Satz von Mantelgewinden und die Hillsengewinde
einen Gewindewinkel von 29°, 55° oder 60° aufweisen.

Optische Anordnung nach einem der Anspriiche 1 bis 11, wobei der erste Satz von Mantelgewinden eine vordere
Gewindeflache (116) aufweist, die sich senkrecht zu der Mittelachse des Hohlraums erstreckt, und die Hiilsenge-

winde eine hintere Gewindeflache (114) aufweisen, die sich senkrecht zu der Mittelachse des Hohlraums erstreckt.

Optische Anordnung nach Anspruch 5 oder 6, wobei der erste und der zweite Satz von Mantelgewinden (42a, 42b)
ein gleiches Gewindeprofil aufweisen.

Optische Anordnung nach Anspruch 16, wobei der erste und der zweite Satz von Mantelgewinden einen kontinu-
ierlichen Gewindegang entlang der Innenwand (34) des Hohlraums ausbilden.

Optische Anordnung nach Anspruch 16 oder 17, wobei das Gewindeprofil symmetrisch ist und durch einen Gewin-
dewinkel gekennzeichnet ist, der dem Doppelten des effektiven Gewindewinkels entspricht.

Optische Anordnung nach Anspruch 18, wobei das Gewindeprofil eine Dreiecksform oder eine Trapezform definiert.
Optische Anordnung nach Anspruch 18 oder 19, wobei der Gewindewinkel einen Wert von 29°, 55° oder 60° aufweist
und der Krimmungsradius der peripheren Querflache so eingestellt ist, dass er die Autozentrierungsbedingung

erfullt.

Optische Anordnung nach Anspruch 16 oder 17, wobei das Gewindeprofil eine vordere Gewindeflache umfasst,
die sich senkrecht zu der Mittelachse des Hohlraums erstreckt.

Optische Anordnung nach einem der Anspriiche 1 bis 21, wobei mindestens einer von dem ersten und dem zweiten
Satz von Mantelgewinden ein Gewindeprofil aufweist, das mehrere Anfange (126) umfasst.

Optische Anordnung nach einem der Anspriiche 1 bis 22, die ferner einen Vorspannmechanismus (130) umfasst,
der den Haltering gegen die periphere Querflache (57) der Hilse (54) vorspannt.
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Optische Anordnung nach Anspruch 23, wobei der Vorspannmechanismus umfasst:

- Biegeelemente, die die Ringgewinde und den Anschlag des Halteringes strukturell verbinden, und
- einen Verriegelungsmechanismus, der die Hilse drehbar verriegelt.

Optische Anordnung nach Anspruch 24, waobei der Verriegelungsmechanismus einen Verriegelungsring (132), der
in den Haltering geschraubt ist, und mindestens einen Stift (140) umfasst, der durch den Verriegelungsring eingesetzt
ist und mit der Hilse in Eingriff steht.

Optische Anordnung, umfassend:

- einen Mantel (24), der einen Hohlraum (32) mit einer Mittelachse definiert, wobei der Mantel eine Aulienwand
(36) umfasst, die mit einem ersten Satz von Mantelgewinden (42a) und einem zweiten Satz von Mantelgewinden
(42b) versehen ist,

- eine Hllse (54), die Uber den Mantel geschraubt werden kann und ein vorderes Ende (58) und ein hinteres
Ende (60) aufweist, wobei das vordere Ende eine Innenwand (50) umfasst, die mit einem Satz von Hilsenge-
winden versehen ist, der mit dem ersten Satz von Mantelgewinden in Eingriff steht, um eine Langsverschiebung
der Hilse in Bezug auf den Mantel bei Drehung der Hllse zu ermdéglichen, wobei das hintere Ende der Hillse
eine periphere Querflache (57) mit einem rédumlichen Profil umfasst,

- mindestens ein optisches Element (22), das innerhalb der Hillse montiert und in Bezug darauf zentriert ist, und
- einen Haltering (26), der an dem Mantel durch einen Satz von Ringgewinden (27) befestigt ist, der mit dem
zweiten Satz von Mantelgewinden in Eingriff steht, wobei der Haltering einen Anschlag (44) aufweist, der mit
der peripheren Querflache der Hillse in Eingriff steht, wobei die Ringgewinde eine hintere Gewindeflache (104)
aufweisen, wobei eine Orientierung der hinteren Gewindeflache der Ringgewinde und das raumliche Profil der
peripheren Querflache ausgewahlt sind, um ein Zentrieren der Hilse in Bezug auf die Mittelachse des Mantels
wahrend der Langsverschiebung der Hiilse in Bezug auf den Mantel bereitzustellen.

Revendications

1.

Ensemble optique (20) comprenant ;

un corps cylindrique (24) définissant une cavité (32) ayant un axe central, le corps cylindrique (24) comprenant
une paroi interne (34) prévue avec un premier ensemble de filetages de corps cylindrique (42a) et un second
ensemble de filetages de corps cylindrique (42b) ;

un manchon (54) inséré dans la cavité et ayant une extrémité avant (58) et une extrémité arriere (60), I'extrémité
avant comprenant une paroi externe (55) prévue avec un ensemble de filetages de manchon (56) mettant en
prise le premier ensemble de filetages de corps cylindrique (42a) afin de permettre un déplacement longitudinal
du manchon a l'intérieur de la cavité suite a la rotation du manchon, I'extrémité arriere du manchon comprenant
une surface transversale périphérique (57) ayant un profil spatial ;

au moins un élément optique (22) monté a I'intérieur du manchon et centré par rapport a ce dernier ; et

une bague de retenue (26) fixée sur le corps cylindrique par le biais d’'un ensemble de filetages de bague (27)
mettant en prise le second ensemble de filetages de corps cylindrique (42b), la bague de retenue ayant une
butée (44) mettant en prise la surface transversale périphérique du manchon, les filetages de bague ayant une
face de filetage arriére (104), une orientation de la face de filetage arriére des filetages de bague et le profil
spatial de la surface transversale périphérique étant sélectionnés pour fournir un centrage du manchon par
rapport a l'axe central de la cavité tout au long du déplacement longitudinal du manchon a lintérieur de la cavité.

Ensemble optique selon la revendication 1, dans lequel le au moins un élément optique (22) comprend une lentille,
un miroir, un élément optique diffractif, un MOEMS, un DLP, un détecteur, une cameéra, un prisme, une fibre optique,
un LCD, une source de laser, une LED ou un trou sténopéique.

Ensemble optique selon la revendication 1 ou 2, comprenant en outre au moins un élément optique fixe (122) monté
alintérieur de la cavité, le déplacement longitudinal du manchon a l'intérieur de la cavité modifiant ainsi une distance

entre le au moins un élément optique fixe et le au moins un élément optiqgue monté a l'intérieur du manchon.

Ensemble optique selon la revendication 1 ou 2, dans lequel le corps cylindrique est fixé sur une structure optique
externe (124) comprenant au moins un élément optique fixe, optiguement aligné avec la cavité du corps cylindrique,
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le déplacement longitudinal du manchon a l'intérieur de la cavité modifiant ainsi une distance entre le au moins un
élément optique fixe et le au moins un élément optique monté a l'intérieur du manchon.

Ensemble optique selon 'une quelconque des revendications 1 a 4, dans lequel :

le profil spatial de la surface transversale périphérique est incurvé ;

la face de filetage arriére (104) des filetages de bague forme un angle de filetage effectif par rapport a un plan
P perpendiculaire a I'axe central de la cavité,

'angle de filetage effectif et le profil spatial incurvé de la surface transversale périphérique sont sélectionnés
en prenant en considération une condition d’auto-centrage, moyennant quoi tout décentrage de la bague de
retenue et une inclinaison correspondante de la bague de retenue par rapport a 'axe central ont des effets
d’équilibrage sur un centrage du manchon par rapport a I'axe central.

Ensemble optique selon larevendication 5, dans lequel le profil spatial incurvé de la surface transversale périphérique
du manchon est caractérisé par un rayon de courbure, et la condition d’auto-centrage concerne 'angle de filetage
effectif et le rayon de courbure par le biais de la formule :

d..
—ring _ _ JRZ_YZ_}_h_l_T/Z

2 tan(w)

ol:
d,,-,,g est un diamétre de la bague de retenue le long des filetages de bague ;

w est'angle de filetage effectif du second ensemble de filetages de corps cylindrique et de filetages de bague ;
R est le rayon de courbure de la surface transversale périphérique ;
Y est un demi-diamétre de la butée de la bague de retenue ;
hest la distance entre (i) un premier point de contact (90) du second ensemble de filetages de corps cylindrique
avec les filetages de bague a proximité du manchon, et (ii) un point de contact (92) de la butée de la bague de
retenue avec la surface transversale périphérique du manchon ; et
T est la distance entre (i) le premier point de contact du second ensemble des filetages de corps cylindrique
avec les filetages de bague a proximité du manchon et (ii) un dernier point de contact (94) du second ensemble
de filetages de corps cylindrique avec les filetages de bague les plus éloignés du manchon et diamétralement
opposés au premier point de contact.

Ensemble optique selon la revendication 5 ou 6, dans lequel le second ensemble de filetages de corps cylindrique
(42b) et les filetages de bague (27) ont un profil de filetage symétrique, caractérisé par un angle de filetage
correspondant a deux fois I'angle de filetage effectif.

Ensemble optique selon la revendication 7, dans lequel le profil de filetage du second ensemble de filetages de
corps cylindrique et de filetages de bague définit une forme triangulaire ou une forme trapézoidale.

Ensemble optique selon la revendication 7 ou 8, dans lequel 'angle de filetage du second ensemble de filetages
de corps cylindrique et de filetages de bague a une valeur de 29°, 55° ou 60°, et la surface transversale périphérique
est ajustée pour satisfaire la condition d’auto-centrage.

Ensemble optique selon la revendication 7 ou 8, dans lequel 'angle de filetage du second ensemble de filetages
de corps cylindrique et de filetages de bague a une valeur différente de 29°, 55° ou 60°, et ajusté pour satisfaire la

condition d’auto-centrage.

Ensemble optique selon 'une quelconque des revendications 1 a 4, dans lequel la face arriere des filetages de
bague (104) et la surface transversale périphérique (57) s’étendent perpendiculairement a I'axe central de la cavité.

Ensemble optique selon 'une quelconque des revendications 1 & 11, dans lequel le premier ensemble de filetages
de corps cylindrique (42a) et les filetages de manchon (56) ont un profil de filetage symétrique.

Ensemble optique selon la revendication 12, dans lequel le profil de filetage du premier ensemble de filetages de
corps cylindrique et des filetages de manchon définit une forme triangulaire ou une forme trapézoidale.
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Ensemble optique selon la revendication 12 ou 13, dans lequel le premier ensemble de filetages de corps cylindrique
et les filetages de manchon ont un angle de filetage de 29°, 55° ou 60°.

Ensemble optique selon 'une quelconque des revendications 1 & 11, dans lequel le premier ensemble de filetages
de corps cylindrique a une face de filetage avant (116) qui s’étend perpendiculairement a I'axe central de la cavité
et les filetages de manchon ont une face de filetage arriére (114) qui s’étend perpendiculairement a 'axe central
de la cavité.

Ensemble optique selon les revendications 5 ou 6, dans lequel les premier et second ensembles de filetages de
corps cylindrique (42a, 42b) ont un méme profil de filetage.

Ensemble optique selon la revendication 16, dans lequel les premier et second ensembles de filetages de corps
cylindrique forment une trajectoire de filetage continue le long de la paroi interne (34) de la cavité.

Ensemble optique selon la revendication 16 ou 17, dans lequel ledit profil de filetage est symétrique et caractérisé
par un angle de filetage correspondant a deux fois 'angle de filetage effectif.

Ensemble optique selon la revendication 18, dans lequel ledit profil de filetage définit une forme triangulaire ou une
forme trapézoidale.

Ensemble optique selon la revendication 18 ou 19, dans lequel I'angle de filetage a une valeur de 29°, 55° ou 60°
et lerayon de courbure de la surface transversale périphérique est ajusté pour satisfaire la condition d’auto-centrage.

Ensemble optique selon la revendication 16 ou 17, dans lequel ledit profil de filetage comprend une face de filetage
avant qui s’étend perpendiculairement a 'axe central de la cavité.

Ensemble optique selon 'une quelconque des revendications 1 a 21, dans lequel au moins I'un parmi le premier et
le second ensemble de filetages de corps cylindrique a un profil de filetage comprenant plusieurs départs (126).

Ensemble optique selon 'une quelconque des revendications 1 & 22, comprenant en outre un mécanisme de
précharge (130) sollicitant la bague de retenue contre la surface transversale périphérique (57) du manchon (54).

Ensemble optique selon la revendication 23, dans lequel le mécanisme de précharge comprend :

des éléments de flexion reliant structurellement les filetages de bague et la butée de la bague de retenue ; et
un mécanisme de verrouillage verrouillant en rotation le manchon.

Ensemble optique selon la revendication 24, dans lequel le mécanisme de verrouillage comprend une bague de
verrouillage (132) vissée dans la bague de retenue, et au moins une broche (140) insérée dans la bague de ver-
rouillage et mettant en prise le manchon.

Ensemble optique comprenant :

un corps cylindrique (24) définissant une cavité (32) ayant un axe central, le corps cylindrique comprenant une
paroi externe (36) prévue avec un premier ensemble de filetages de corps cylindrique (42a) et un second
ensemble de filetages de corps cylindrique (42b) ;

un manchon (54) pouvant étre vissé sur le corps cylindrique et ayant une extrémité avant (58) et une extrémité
arriere (60), I'extrémité avant comprenant une paroi interne (50) prévue avec un ensemble de filetages de
manchon mettant en prise le premier ensemble de filetages de corps cylindrique afin de permettre un dépla-
cement longitudinal du manchon par rapport au corps cylindrique suite a la rotation du manchon, I'extrémité
arriere du manchon comprenant une surface transversale périphérique (57) ayant un profil spatial ;

au moins un élément optique (22) monté a l'intérieur du mancheon et centré par rapport a ce dernier ; et

une bague de retenue (26) fixée au corps cylindrique par le biais d’'un ensemble de filetages de bague (27) mettant
en prise le second ensemble de filetages de corps cylindrique, la bague de retenue ayant une butée (44) mettant
en prise la surface transversale périphérigue du manchon, les filetages de bague ayant une face de filetage arriére
(104), uneorientationde la face de filetage arriére desfiletages de bague et le profil spatialde la surface transversale
périphérique étant sélectionné pour fournir un centrage du manchon par rapport a I'axe central du corps cylindrique
tout au long du déplacement longitudinal du manchon par rapport au corps cylindrique.
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