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Description
FIELD OF THE INVENTION

[0001] The present invention is related to the field of
protection of viewing devices from interference, espe-
cially by means of centrifugal lens protectors.

BACKGROUND OF THE INVENTION

[0002] Various optical systems are required to oper-
ate in adverse environments, in which various solid par-
ticles and/or fluid droplets etc. and/or other agglomera-
tions of one or more materials of various stickiness or
viscosity (herebelow collectively termed "debris") may
adhere to the lens and reduce image quality.

[0003] One solution is a centrifugal lens protector, in
which a spinning glass disc is placed before the lens, so
that all the particles are intercepted by the disc. The cen-
trifugal force generated by the disc as it rotates throws
the particles towards the circumference of the disc,
where they fall off and/or otherwise stop interfering with
the image.

[0004] US patent 5,223,880 to Rapp, describes a
camera protector in which the disc is integrated with a
rotor of a magnetic motor, with a casing surrounding the
disc being the motor housing.

[0005] US patent 5,315,333 to Nash, provides a sin-
gle motor coupled to the disc using a band. The disc is
mounted on two lines of bearings. The lens protection
device is mounted on the camera, to isolate lens from
gyroscopic and vibration forces.

[0006] Australian application 9515074, describes an-
other band-based system, in which the disc is said to
rotate at between 2600 and 3000 RPM. It is suggested
to use a curved or hydrophobic surface to assist in water
removal. The motor can be powered using the camera
battery pack or using a separate battery.

[0007] A particularly difficult environment to view is
the inside of the human body. Various medical instru-
ments have been devised for this purpose, for example:
the endoscope, the laparoscope which is used for treat-
ment, for example surgery or cauterization or alternative
methods of treatment. Commonly an endoscope lens
becomes at least partially occluded by body fluids and
particles, becoming inoperative. In such circumstance
the lens must cleaned. One method of cleaning the lens
is to stream a jet of water at the lens, the stream coming
from a tube which generally is an integral part of the en-
doscope assembly. An example of such an endoscope
is given in US patent 4,497,550. Sometimes the endo-
scope must be withdrawn for cleaning and reinserted, a
time-consuming, risk-increasing and often uncomforta-
ble procedure.

SUMMARY OF THE INVENTION

[0008] An aspect of some embodiments of the
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present invention relates to a centrifugal lens protector,
for medical viewing devices such as defined in the at-
tached claims. In an exemplary embodiment of the in-
vention, the protector comprises a transparent view-
through element, which is fixed to a part of a motor. Op-
tionally, the motor is co-axial with the view-through ele-
ment. In an exemplary embodiment of the invention, the
motor is an electric motor, optionally brushless, and the
view-through element is integral with the rotor of the mo-
tor, e.g., having a plurality of magnets fixed thereon.
Possibly, a housing of the protector forms the stator. In
an exemplary embodiment of the invention, the housing
is used to couple the protector to the viewing device or
is integral with the viewing device. In an alternative em-
bodiment, the motor is an electrostatic motor, with the
magnets being replaced by electrostaticly charged ele-
ments.

[0009] In an exemplary embodiment of the invention,
the magnets extend axially for a considerable distance
away from the view-through element, possibly being
contained in a cylinder defined by the view-through el-
ement, or extending out radially by a small amount. In
an exemplary embodiment of the invention, the motor
defined by the magnets is hollow, to receive the tip of
the viewing device. Alternatively, neither the magnets
nor the coils enclose the viewing device. Optionally, the
poles of the magnets are axially oriented.

[0010] In an exemplary embodiment of the invention,
the lens protection element does not significantly add to
the diameter of an entrance aperture of the viewing de-
vice, while not substantially blocking viewing ability of
the device, for example, by being axially disposed rela-
tive to the viewing device. For example, the diameter of
the aperture may remain the same, or be increased by
less than 50%, less than 40%, less than 30% or even
less than 10%. For example, the outer diameter may be
increased by less than 5mm, less than 3mm, less than
2mm or less than 1 mm. In an exemplary embodiment
of the invention, the housing diameter and/or sheath di-
ameter are selected to match standard endoscope con-
veying tube diameters.

[0011] Exemplary medical viewing devices include in-
vasive medical devices, such as viewing or tool carrying
endoscopes, laparoscopes and catheters, which devic-
es may be flexible or rigid and non-invasive devices,
such as surgical microscopes and magnifying goggles
or glasses attachments.

[0012] The view through element may be optically in-
active, e.g., being a transparent disc, flat or convex, or
active, for example, being a lens (e.g., instead of or in
addition to a lens of the viewing device) or a filter.
[0013] In an exemplary embodiment of the invention,
the lens protector is provided integral with the viewing
device, for example, being encased in a same tube as
the viewing device and/or replacing the outermost opti-
cal element of the viewing device. Alternatively, the lens
protector is provided as an add-on. The add-on may be
merely attached to the end of the viewing device, op-
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tionally, with control wires leading to the other end of the
device. Alternatively, the add-on may comprise a sheath
that encases the viewing device. The sheath optionally
includes one or more channels, for example, for provid-
ing lens cleaning fluid, one or more light sources, vacu-
um and/or tools. Optionally, the channels are elastically
compressible towards the viewing device, when not in
use. Alternatively or additionally, the lens protector in-
cludes at least one aperture for alignment with at least
one tool-channel of the viewing device.

[0014] An aspect of some embodiments of the
presentinvention relates to a contact-sensitive lens pro-
tector. In an exemplary embodiment of the invention, the
view-through element stops rotating when it contacts a
surface, for example a membrane in the body, for exam-
ple, to prevent inadvertent damage to body tissues. In
an exemplary embodiment of the invention, the lens pro-
tector is provided with enough power to generate a
torque that can sustain substantially free rotation, but
not with enough power to re-start the rotation once it has
stopped. In an exemplary embodiment of the invention,
a control box includes a restart-button, for sending a
power surge to the lens protector, so that it can be re-
started.

[0015] In an exemplary embodiment of the invention,
the lens protector is packed with a power supply (e.g. a
battery) that once turned on, can operate only for a lim-
ited amount of time, for example, between 5 minutes
and two hours. After that time, the power supply runs
out and cannot be replaced without damaging the lens
protector.

[0016] There is thus provided in accordance with an
exemplary embodiment of the invention, a low profile
medical lens protector for a medical viewing device with
an entrance aperture having a given diameter, compris-

ing:

a rotatable view-through element which does not
block said entrance aperture;

a motor which rotates said view-through element;
and

a housing enclosing said view-through element and
said motor, characterized in that said housing has
an outer diameter less than 10 mm greater than said
given diameter.

Optionally, said outer diameter is less than 5 mm greater
than said given diameter. Optionally, said outer diameter
is less than 2.1 mm greater than said given diameter.
[0017] In an exemplary embodiment of the invention,
said view-through element is integral with a rotor of said
motor. Alternatively or additionally, said housing is inte-
gral with a stator of said motor. Alternatively or addition-
ally, said housing has a flared rim.

[0018] In an exemplary embodiment of the invention,
said motor is a magnetic motor. Optionally, said motor
comprises a plurality of axially disposed magnets, at-
tached to said view-through element. Optionally, the
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protector comprises at least one tension ring preventing
radial motion of said magnets. Optionally, said motor
comprises a magnetic ring, attached to said view-
through element.

[0019] In an exemplary embodiment of the invention,
said motor comprises a hollow rotor. Optionally, the pro-
tector comprises at least two axially displaced bearings
coupling said rotor to said housing. Optionally, said at
least one of said bearings is a slip ring bearing. Option-
ally, said at least one of said bearings is rotating bearing.
Alternatively or additionally, said bearings are at either
end of said housing.

[0020] In an exemplary embodiment of the invention,
the protector comprises a power source that provides
only enough power to said motor to maintain said view-
through element in rotation and not to initiate rotation.
Optionally, said power source is operative to provide a
power surge sufficient to initiate rotation of said view-
through element.

[0021] In an exemplary embodiment of the invention,
said viewing device comprises an invasive viewing tube
device. Optionally, said viewing tube is flexible. Alterna-
tively or additionally, said protector is adapted to attach
to said viewing tube. Optionally, said protector is at-
tached to said tube substantially only at a proximal part
of said protector, distal from said view-through element.
Alternatively, the protector comprises a sheath adapted
to fit on said viewing tube. Optionally, said sheath de-
fines at least one axial tube.

[0022] In an exemplary embodiment of the invention,
the protector comprises a short sleeve for coupling said
protector to said viewing tube.

[0023] In an exemplary embodiment of the invention,
said protector is integral with said viewing tube.

[0024] In an exemplary embodiment of the invention,
said viewing tube comprises at least one work channel
and wherein said protector comprises at least one tube
extension that can be aligned with said channel.
[0025] In an exemplary embodiment of the invention,
said view-through element rotates at at least 5,000 r.p.
m. Alternatively or additionally, said view-through ele-
ment rotates at at least 10,000 r.p.m. Alternatively or ad-
ditionally, said view-through element rotates at at least
20,000 r.p.m.

[0026] In an exemplary embodiment of the invention,
said protector has an outer diameter of less than 30 mm.
Alternatively or additionally, said protector has an outer
diameter of less than 20 mm. Alternatively or addition-
ally, said protector has an outer diameter of less than 7
mm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Non-limiting embodiments of the invention will
be described with reference to the following description
of exemplary embodiments, in conjunction with the fig-
ures. The figures are generally not shown to scale and
any measurements are only meant to be exemplary and
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not necessarily limiting. In the figures, identical struc-
tures, elements or parts which appear in more than one
figure are preferably labeled with a same or similar
number in all the figures in which they appear. Dimen-
sions of components and features shown in the figures
are chosen for convenience and clarity of presentation
and are not necessarily shown to scale.

Fig. 1 is a schematic view of a lens protector with a
sheath enclosing an endoscope, in accordance with
some embodiments of the present invention;

Fig. 2 is a schematic enlarged view of a lens pro-
tector in accordance with some embodiments of the
present invention;

Fig. 3 is a schematic view of a section through a
disc-rotor, two of its magnets and its housing-stator,
in accordance with some embodiments of the
present invention;

Fig. 4 is a schematic view of the moving part of a
one-moving-part lens protector, in accordance with
an exemplary embodiment of the present invention;
Fig. 5 is a schematic oblique cross-sectional view
of a housing for a one-moving piece lens protector
in accordance with an exemplary embodiment of
the present invention; and

Fig. 6 is a schematic oblique cut-away view of a
sheath of a lens protector in accordance with an ex-
emplary embodiment of the present invention.

DETAILED DESCRIPTION OF SOME
EMBODIMENTS

[0028] Fig. 1is a oblique schematic view of the insert-
ed end of an endoscope 90, with its head covered by a
centrifugal lens protector 100, in accordance with some
embodiments of the present invention. (The distance
between lens protector 100 and the head of endoscope
90 is exaggerated for clarity.)

[0029] At the front of endoscope 90 is a lens 92, held
in a housing 96. Optionally one or more tubes 98 pass
through housing 96. Tubes 98 may be used for a variety
of functions, for example, for pumping gas into the vol-
ume to be viewed, to suck fluids and particles out from
the volume, to spray water for example to clean an area
to be viewed or to clean endoscope lens 92, to provide
light, to provide therapeutic materials and/or to provide
tools. The sizes and number of tubes 98 may vary be-
tween endoscopes. Different lens protectors may be
provided for different sized and configured endoscopes.
[0030] Lens protector 100 is affixed at the front of en-
doscope 90. A disc 102 (or a curved plate or a lens or
afilter) covers endoscope lens 92, and optional tube ex-
tensions 170 cover the endings of tubes 98, continuing
the tube through lens protector housing 140.

[0031] In an exemplary embodiment of the invention,
protector 100 comprises a short sleeve (not shown) that
mounts on the end of endoscope 90, for example, using
pressure (e.g., being elastic or including a tension band)

10

15

20

25

30

35

40

45

50

55

or an adhesive. Optionally, the short sleeve includes a
tear string for fast removal from the endoscope. Alter-
natively, protector 100 includes one or more extensions
(not shown) that fit into endoscope tubes. Alternatively,
for some types of endoscopes, protector 100 fits on ex-
isting mounting locations of the inserted end of the en-
doscope.

[0032] In one embodiment, protector 100 fits to the
end of endoscope 90. Alternatively, endoscope 90 (or
another type of viewing element) is provided through a
larger tube and protector 100 is fixed to that tube. Wires
for the protector may be provided through the outer tube.
Alternatively, the protector is attached to the viewing de-
vice itself, even if the device is provided through an outer
tube.

[0033] In an exemplary embodiment of the invention,
a motor portion of protector 100, that rotates disc 102,
extends between 2 mm and 20 mm, for example, 7.5
mm or 15 mm. For example, the length of the motor por-
tion may be comparable to the diameter of endoscope
90 or even be greater. The short sleeve may be, for ex-
ample, between 2 and 30 mm long, for example, 10 mm
or 20 mm. Alternatively, an inner compression ring is
provided inside protector 100, to engage the endo-
scope. The disc is optionally thin, for example, less than
1 mm or less than 0.5 mm.

[0034] In an alternative embodiment of the invention,
protector 100 comprises a sheath 190 that encloses en-
doscope 90. Sheath 190 may be integral with protector
100 or it may by attached to the protector after manu-
facture, for example, being fit over the protector when
mounting the protector on the endoscope. An optional
control box 104 controls the activities of lens protector
100 via one or more leads 132 that extend from lens
protector 100 to lens protector control box 104. As noted
above, leads 132 may pass through endoscope 90. Al-
ternatively, leads 132 are embedded in the sheath or lie
between the sheath and endoscope 90. Box 104 option-
ally includes a band or an adhesive backing for attach-
ment to a handle (not shown) of endoscope 90.

[0035] Optionally, sheath 190 is sealed to housing
140 in a water-tight seal, which may reduce the risk of
contamination and the need for sterilizing of the endo-
scope itself (e.g., with the sheath being sterile and dis-
posable). Optionally, sheath 190 comprises a plurality
of rings, to better seal the endoscope against an outer
conveying tube, e.g., for applications where the endo-
scope is in a pressurized environment. Sheath 190 op-
tionally includes one or more tubes, for example, for
control elements, suction and pressure for lens protec-
tor 100. In an exemplary embodiment of the invention,
sheath 190 comprise a fixed plate between endoscope
90 and disc 102, to prevent contaminants from reaching
the endoscope through the disc area. A plurality of
valve-openings are optionally defined in the disc, for ex-
ample, for passing tubes therethrough.

[0036] Fig. 2 is an oblique schematic view of centrif-
ugal lens protector 100, in accordance with some em-
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bodiments of the present invention. A substantially
transparent disc 102 is provided, which is held in hous-
ing 140 in such a way as to enable disc 102 to rotate
freely, as described, for example, below. Housing 140
attaches to the inserted end of endoscope 90.

[0037] Housing 140 is optionally provided with a plu-
rality of extensions 170, which are a continuation of tub-
ing 98. Some passageways may be used for suction, to
remove fluids or particles from the environment of disc
102. In some embodiments of the invention, housing
140 is provided with depressions or cavities 180 which
act as receptacles or attachment points for instruments.
In some embodiments some cavities 180 may be locat-
ed inside extensions 170. One or more of extensions
170 may be used for control wires connecting to instru-
ments outside the endoscope, for example instruments
held in cavities 180. Optionally, some passageways are
used for more than one function.

[0038] Fig. 3is acut-through illustration of Fig. 2. Disc
102 is provided with a plurality of axially aligned mag-
nets 110. One end of each magnet is affixed to disc 102,
for example using an adhesive or using a tension ring
surround the magnets. Optionally, the magnets are
mounted directly on disc 102, for example, being held
in depressions formed in disc 102. Magnets 110 extend
axially from disc 102 into the volume of housing 140.
Disc 102 is optionally held in place by a plurality of ball
or cylinder bearings 150, which enable rotation. In some
embodiments the diameter of a bearing 150 is 0.2 mil-
limeter. Alternatively or additionally, a slip-ring bearing
is used. At the base of protector 100, a second bearing
160 is optionally provided, for example, a slip-ring bear-
ing.

[0039] In an exemplary embodiment of the invention,
magnets 110 are interconnected by a pair of optional
sliding rings 112 and 114 which serve, as tension rings,
to prevent the centrifugal force of rotation from detecting
the magnets from disc 102 or causing undue distortion.
Sliding rings 112 and 114 slide in contact with bearings
160 and 150. In some embodiments of the invention, the
life time of protector 100 is relatively short, so wear of
the bearings is not crucial. Such slip rings may be
mounted on the moving part (e.g. the disc) or on the stat-
ic part (e.g., housing 140).

[0040] In an exemplary embodiment of the invention,
the bearings are loose and server merely to assists the
initiation of rotation of disc 102. After the initiation, air
currents may prevent disc 102 from contacting housing.
[0041] Optionally, magnets 110 and/or the inner sur-
face of disc 102 include bearings or a smooth surface
(e.g., with or without a coating), for smoothing contact
between the outside of endoscope 90 and the inner sur-
face of protector 100.

[0042] A plurality of coils 130 are provided within the
body of housing 140, at or close to the inner surface of
housing 140. In some embodiments of the invention,
coils 130 are fabricated by a process of depositing elec-
troconductive material, e.g. copper or silver or platinum
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or an electroconductive plastic in an especially formed
cavity in housing 140. Many different lithographic meth-
ods may be used for fabricating coils 130. Alternatively,
the coils are deposited on a rigid or flexible substrate
and the substrate is inserted in housing 140.

[0043] Alternatively or additionally, coils 130 are
wound on cores, optionally ferromagnetic cores. Coils
130, on their cores, are inserted into a receptive depres-
sion in housing 140. In some embodiments housing 140
and/or coils 130 and/or the said cores are provided with
means of securing coils 130 in position in housing 140,
for example, adhesives. In an exemplary embodiment
of the invention, the positioning of the coils is selected
so that extensions 170 can pass between coils, for ex-
ample, a specific arrangement of coil locations for each
endoscope design.

[0044] In an exemplary embodiment of the invention,
the coils are wound on housing 140 in a three phase air
coil skew coreless coil, in which each winding encircles
the housing, with its axial position varying from one axial
end of the housing to the other and back, during a circuit.
In an exemplary embodiment of the invention, the wire
used is between 0.05 mm and 0.12 mm and the length
of wire for each phase is about 3.2 m. The final thickness
of the windings is, for example, 0.2 mm.

[0045] Currentsupply to coils 130 is controlled by lens
protector control unit 104, which optionally comprises
an electronic brushless commutator (not shown), for ex-
ample a Philips TDA1540AT. A plurality of leads 132,
which in some embodiments may at least partially be
comprised of wires, lead from control box 104 to coils
130. Changes of electric current in coils 130 generate
varying magnetic fields which act on magnets 110, caus-
ing disc 102 to rotate, as well known in the art of mag-
netic motors. In various embodiments of the present in-
vention the steady rate of rotation of lens protector 100
lies between 2000 r.p.m. and 40,000 r.p.m, for example.
more than 5,000 r.p.m. or more than 20,000 r.p.m., or
any suitable intermediate speed.

[0046] To illustrate an exemplary embodiment of the
present invention, Fig. 3 shows diametrically opposite
magnets and coils, at an instant in which the magnets
are in close proximity to coils 130. In such position the
actual gap between coils 130 and magnets 110 in some
embodiments is smaller than 0.2 mm, for example being
as smallas 0.01 mm. Similar gaps are provided between
magnets 110 and endoscope 90 (on the inside of pro-
tector 100). In some embodiments of the invention coils
130 are arranged not to be diametrically opposite, for
example where there is an odd number of coils, for ex-
ample three coils, at angular intervals of 120 degrees.
The number of magnets 110 (e.g., 2, 3,4, 6 or any larger,
smaller or intermediate number) is not necessarily equal
to the number of coils 130 (e.g., 2, 3, 4, 6 or any larger,
smaller or intermediate number).

[0047] In some embodiments of the invention, mag-
nets 110 are electromagnets rather than permanent
magnets as in other embodiments. Alternatively to lead
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based power conduction, in an alternative embodiment
of the invention, disc 102 is powered by aninduced elec-
tric filed, for example, using a AC magnetic field gener-
ator or an RF field which are received by an antennas
(not shown) on housing 140, as known in the art. Alter-
natively, the external power source comprises a rapidly
rotating magnet, which directly causes disc 102 to ro-
tate.

[0048] Alternatively to using an electromagnetic mo-
tor, a fluid motor, for example pneumatic (e.g., using air)
or hydraulic (e.g., using saline solution) may be used.
The pressurized fluid, which may be available via endo-
scope 90 for performing the procedure, is optionally di-
rected at a plurality of fins attached to disc 102 (corre-
sponding to magnets 110) or at depressions in the cir-
cumference of disc 102, thereby causing the disc to ro-
tate.

[0049] Bearings 150 and bearings 160, if of ball or of
cylinder type, rotate in the opposite direction to the ro-
tation of disc 102, thus the gyroscope effects of bearings
150 and 160 are in the opposite direction as the gyro-
scope effect of the rotation of disc 102. In some embod-
iments, to increase the offset of the gyroscope effect of
rotating disc 102, bearings 150 and/or bearings 160 are
designed to increase their gyroscope effect, for example
by manufacturing them of high density materials, by ex-
tending the bearings axially, and/or by increasing the
number of bearings used.

[0050] Debris which reaches disc 102 is given a cen-
trifugal acceleration by disc 102, and reach a rim 1410
(Fig. 5) of housing 140 with a considerable velocity. As
shown in Fig. 5 below, rim 1410 of housing 140 is op-
tionally shaped, e.g., flared, to divert the debris away
from the plane of disc 102.

[0051] Referring back to Fig. 1, control box 104 op-
tionally includes a switch 106. In some embodiments
switch 106 has three positions: OFF, ON, and RE-
START. In some embodiments of the invention only two
positions are provided: ON and RESTART. In an exem-
plary embodiment of the invention, once the protector is
turned on, the protector can operate only for a fixed
amount of time, for example, 10 minutes, 1 hour or two
hours. This forces the use of the protector or the power
supply (if detachable) as a disposable unit. In an exem-
plary embodiment of the invention, a power supply 108
used for protector 100 comprises a battery. Wear of the
bearings in such a short time may be less important, al-
lowing a lower cost device to be produced. In an exem-
plary embodiment of the invention, the protector is pro-
vided in a package along with instructions for use and/
or an indication of matching endoscopes.

[0052] In an exemplary embodiment of the invention,
disc 102 is rotated using a low amount of torque, for ex-
ample, only sufficient to continue rotation, but not suffi-
cient to overcome any real amount of friction or to restart
the rotation. This provides a safety feature in case disc
102 touches a sensitive membrane. In an exemplary
embodiment of the invention, the RESTART switch is
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provided to enable a surge of power to be provided to
protector 100, so that the torque is sufficient to restart
rotation.

[0053] Alternatively, the restart surge is provided au-
tomatically a short time after the rotation of disc 102
stops. Alternatively or additionally, a periodic surge is
provided automatically.

[0054] Fig. 4 is a schematic view of the moving part
400 of a one-moving-part lens protector, in accordance
with an alternative exemplary embodiment of the
present invention. Part 400 comprises a substantially
transparent disc 102, a sleeve shaft 410, and a plurality
of radially polarized magnets, fastened together into one
mechanical unit on the inside, outside or integral with
sleeve shaft 410, as a magnet unit 420. Shaft 410 is op-
tionally in the form of a round hollow tubular cylinder,
optionally of thickness 0.05-0.15 millimeter, and is fas-
tened to disc 102, optionally by an adhesive. Magnet
unit 420 is made of a magnetizeable material, optionally
neotron 666 and is fastened to shaft 410, optionally by
an adhesive and optionally polarized in axial strips. The
thickness of magnet unit 420 is in some embodiments
in the range 0.2 mm - 0.8 mm. The diameters and the
lengths of shaft 410 and magnet unit 420 and their thick-
ness are determined by the diameter of the lens which
the specific lens protector is designed to protect, for ex-
ample, between 5 mm and 10 mm. In various exemplary
embodiments of the invention the length of shaft 410
ranges from 7 millimeter to 20 millimeter and its internal
radius ranges between 3 millimeter and 15 millimeter.
In various exemplary embodiments of the invention the
length of magnet unit 420 ranges from 5 millimeter to 17
millimeter. It should be noted that the design of the coils
and the magnets, together with the power level provid-
ed, determine the torque that can be achieved.

[0055] Fig. 5 schematically shows a cross-sectional
view of a housing 500 for the one-moving piece lens pro-
tector of Fig. 4, in accordance with an exemplary em-
bodiment of the present invention. Rim 1410 of housing
500 is shaped to divert debris, which were given a cen-
trifugal velocity by disc 102, away from the plane of disc
102. At the opposite side of housing 500 is a rim 510
which holds shaft 410 in a fashion enabling rotation and/
or engages the body of endoscope 90. Rim 510 option-
ally acts as a slider bearing (as bearing 160). Optionally
rim 510 is made of a self-lubricating material for example
nylon 66, teflon, delarin, okolon, or a polycarbonate.
Coils 130 are provided to supply the magnetic fields
which cause the rotation of part 400. In some embodi-
ments coils 130 are embedded in the wall of housing
500. Alternatively, coils 130 are fastened thereto. In an
exemplary embodiment of the invention, coils 130 com-
prise elongate rectangular coils. Coils 130 terminate in
leads 132, connecting to control box 104 (Fig. 1). In
some embodiments of the invention, the connections
between coils 130 are in a triangular configuration. Al-
ternatively, a star configuration is used for the connec-
tion.
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[0056] Fig. 6 is a schematic oblique cut-away view of
sheath 190 in accordance with some exemplary embod-
iments of the present invention. In the embodiment
shown, sheath 190 is designed for an endoscope 90.
Lens protector 500 is situated at the inserted end of en-
doscope 90, opposite the endoscope eyepiece 94.
Leads 132 are optionally embedded in sheath 190, by
any of the techniques well known to a practitioner of the
art, optionally with sheath 190 being constructed using
one of the techniques known as hollow-tube plastic ex-
trusion.

[0057] Endoscope sheath 190 is optionally provided
with a pressure balancing mechanism, for example a
plurality of holes 192, to prevent a pressure gradient
forcing gasses and perhaps carried particles from the
inside of the patient into lens protector 100 and into
sheath 190.

[0058] In some embodiments of the invention sheath
190 is fabricated as an integral part of lens protector
100. In use, endoscope 100 is inserted into sheath 190
until reaching lens protector 100 and there it connects
with lens protector 100, optionally by screwing into
screw threads at the base of housing 500. Alternatively
or additionally, alignment of lens protector 100 is per-
formed with ball and depression arrangements such as
click-stops.

[0059] Alternatively to being used for an endoscope,
a similar lens protector may be constructed to fit a sur-
gical (including ophthalmic) microscope.

[0060] A low profile lens protector may also be used
for other application, where a high-profile lens protector
is not suitable, for example, for field binoculars, sights
and laser range finders. In such embodiments the lens
protector 100 and it parts will be of the appropriate
measurements, which may differ considerably from the
measurements mentioned above. Optionally the direc-
tion of rotation of the pair of lens protectors for each of
the lenses rotates in opposite directions, thus balancing
out the gyroscope effect caused by the rotation.

[0061] In the description and claims of the present ap-
plication, each of the verbs, "comprise" "include" and
"have", and conjugates thereof, are used to indicate that
the object or objects of the verb are not necessarily a
complete listing of members, components, elements or
parts of the subject or subjects of the verb.

[0062] The presentinvention has been described us-
ing detailed descriptions of embodiments thereof that
are provided by way of example and are not intended to
limit the scope of the invention. The described embodi-
ments comprise different features, not all of which are
required in all embodiments of the invention. Some em-
bodiments of the present invention utilize only some of
the features or combinations of features from different
ones of the shown embodiments.

[0063] The detailed description is provided by way of
example and is not meant to limit the scope of the in-
vention, which is limited only by the following claims:
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Claims

10.

11.

12.

A low profile medical lens protector of a medical
viewing device for viewing or inspecting the inside
of a human body, such as for instance an endo-
scope, a laparoscope or a catheter, with an en-
trance aperture having a given diameter, charac-
terized in that the protector comprises:

a rotatable view-through element which does
not block said entrance aperture;

a motor which rotates said view-through ele-
ment; and

a housing enclosing said view-through element
and said motor, wherein said housing has an
outer diameter less than 10 mm greater than
said given diameter.

A protector according to claim 1, wherein said outer
diameter is less than 5 mm greater than said given
diameter.

A protector according to claim 1, wherein said outer
diameteris less than 2.1 mm greater than said given
diameter.

A protector according to any of claims 1-3, wherein
said view-through element is integral with a rotor of
said motor.

A protector according to any of claims 1-4, wherein
said housing is integral with a stator of said motor.

A protector according to any of claims 1-5, wherein
said housing has a flared rim.

A protector according to any of claims 1-6, wherein
said motor is a magnetic motor.

A protector according to claim 7, wherein said motor
comprises a plurality of axially disposed magnets,
attached to said view-through element.

A protector according to claim 8, comprising at least
one tension ring preventing radial motion of said
magnets.

A protector according to claim 7, wherein said motor
comprises a magnetic ring, attached to said view-
through element.

A protector according to any of claims 1-10, wherein
said motor comprises a hollow rotor.

A protector according to claim 11, comprising at
least two axially displaced bearings coupling said
rotor to said housing.
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A protector according to claim 12, wherein said at
least one of said bearings is a slip ring bearing.

A protector according to claim 12, wherein said at
least one of said bearings is rotating bearing.

A protector according to claim 12, wherein said
bearings are at either end of said housing.

A protector according to any of claims 1-15, com-
prising a power source that provides only enough
power to said motor to maintain said view-through
element in rotation and not to initiate rotation.

A protector according to claim 16, wherein said
power source is operative to provide a power surge
sufficient to initiate rotation of said view-through el-
ement.

A protector according to any of claims 1-17, wherein
said viewing device comprises an invasive viewing
tube device.

A protector according to claim 18, wherein said
viewing tube is flexible.

A protector according to claim 18 or claim 19 adapt-
ed to attach to said viewing tube.

A protector according to claim 20, wherein said pro-
tector is attached to said tube substantially only at
a proximal part of said protector, distal from said
view-through element.

A protector according to claim 20, comprising a
sheath adapted to fit on said viewing tube.

A protector according to claim 22, wherein said
sheath defines at least one axial tube.

A protector according to claim 20, comprising a
short sleeve for coupling said protector to said view-
ing tube.

A protector according to claim 20, wherein said pro-
tector is integral with said viewing tube.

A protector according to any of claims 18-25,
wherein said viewing tube comprises at least one
work channel and wherein said protector comprises
at least one tube extension that can be aligned with
said channel.

A protector according to any of claims 1-26, wherein
said view-through element rotates at at least 5,000

r.p.m.

A protector according to any of claims 1-26, wherein
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said view-through element rotates at at least 10,000
r.p.m.

A protector according to any of claims 1-26, wherein
said view-through element rotates at at least 20,000
r.p.m.

A protector according to any of claims 1-29, wherein
said protector has an outer diameter of less than 30
mm.

A protector according to any of claims 1-29, wherein
said protector has an outer diameter of less than 20
mm.

A protector according to any of claims 1-29, wherein
said protector has an outer diameter of less than 7
mm.

Patentanspriiche

1.

Medizinische Linsenschutzvorrichtung flacher Bau-
form eines medizinischen Beobachtungsgerats zur
Beobachtung oder Untersuchung des Inneren ei-
nes menschlichen Korpers, wie z.B. ein Endoskop,
ein Laparoskop oder ein Katheter, mit einer Ein-
tritts6ffnung mit einem gegebenen Durchmesser,
dadurch gekennzeichnet, dass die Schutzvor-
richtung umfasst:

ein drehbares Durchsichtelement, das die Ein-
trittséffnung nicht blockiert;

einen Motor, der das Durchsichtelement dreht;
und

ein Gehause, das das Durchsichtelement und
den Motor umschlieRt, wobei das Gehause ei-
nen Aufendurchmesser aufweist, der weniger
als 10 mm gréRer als der gegebene Durchmes-
ser ist.

Schutzvorrichtung nach Anspruch 1, bei der der Au-
Rendurchmesser weniger als 5 mm groRer als der
gegebene Durchmesser ist.

Schutzvorrichtung nach Anspruch 1, bei der der Au-
Rendurchmesser weniger als 2,1 mm gréRer als der
gegebene Durchmesser ist.

Schutzvorrichtung nach einem der Anspriiche 1-3,
bei der das Durchsichtelement als Einheit mit einem
Rotor des Motors ausgebildet ist.

Schutzvorrichtung nach einem der Anspriiche 1-4,
bei der das Gehause als Einheit mit einem Stator

des Motors ausgebildet ist.

Schutzvorrichtung nach einem der Anspriiche 1-5,
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bei der das Gehause eine sich trichterférmig erwei-
ternde Einfassung aufweist.

Schutzvorrichtung nach einem der Anspriiche 1-6,
bei der der Motor ein Magnetmotor ist.

Schutzvorrichtung nach Anspruch 7, bei der der
Motor eine Mehrzahl von axial angeordneten Ma-
gneten umfasst, die an dem Durchsichtelement an-
gebracht sind.

Schutzvorrichtung nach Anspruch 8, umfassend
mindestens einen Stellring, der eine radiale Bewe-
gung der Magnete verhindert.

Schutzvorrichtung nach Anspruch 7, bei der der
Motor einen Magnetring umfasst, der an dem
Durchsichtelement angebracht ist.

Schutzvorrichtung nach einem der Anspriiche 1-10,
bei der der Motor einen hohlen Rotor umfasst.

Schutzvorrichtung nach Anspruch 11, umfassend
mindestens zwei axial versetzte Lager, die den Ro-
tor mit dem Gehause koppeln.

Schutzvorrichtung nach Anspruch 12, bei der das
mindestens eine von den Lagern ein Schleifringla-
ger ist.

Schutzvorrichtung nach Anspruch 12, bei der das
mindestens eine von den Lagern ein Drehlager ist.

Schutzvorrichtung nach Anspruch 12, bei der sich
die Lager an beiden Enden des Gehduses befin-
den.

Schutzvorrichtung nach einem der Anspriiche 1-15,
umfassend eine Energiequelle, die nur genug Lei-
stung zu dem Motor liefert, um das Durchsichtele-
ment in Drehung zu halten, und nicht, um eine Dre-
hung zu initiieren.

Schutzvorrichtung nach Anspruch 16, bei der die
Energiequelle betreibbar ist, um einen Leistungs-
stoR zu liefern, der ausreicht, um eine Drehung des
Durchsichtelements zu initiieren.

Schutzvorrichtung nach einem der Anspriiche 1-17,
bei der das Beobachtungsgerat ein invasives Be-
obachtungsrohrgerat umfasst.

Schutzvorrichtung nach Anspruch 18, bei der das
Beobachtungsrohr flexibel ist.

Schutzvorrichtung nach Anspruch 18 oder An-
spruch 19, die angepasst ist, um sich an das Beob-
achtungsrohr anbringen zu lassen.
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Schutzvorrichtung nach Anspruch 20, bei der die
Schutzvorrichtung an dem Rohr im Wesentlichen
nur an einem proximalen Teil der Schutzvorrichtung
distal von dem Durchsichtelement angebracht ist.

Schutzvorrichtung nach Anspruch 20, umfassend
eine Verkleidung, die angepasst ist, um auf das Be-
obachtungsrohr zu passen.

Schutzvorrichtung nach Anspruch 22, bei der die
Verkleidung mindestens ein axiales Rohr definiert.

Schutzvorrichtung nach Anspruch 20, umfassend
eine kurze Hiilse zum Koppeln der Schutzvorrich-
tung mit dem Beobachtungsrohr.

Schutzvorrichtung nach Anspruch 20, bei der die
Schutzvorrichtung als Einheit mit dem Beobach-
tungsrohr ausgebildet ist.

Schutzvorrichtung nach einem der Anspriiche
18-25, bei der das Beobachtungsrohr mindestens
einen Arbeitskanal umfasst und bei dem die
Schutzvorrichtung mindestens einen Rohrfortsatz
umfasst, der mit dem Kanal ausgerichtet werden
kann.

Schutzvorrichtung nach einem der Anspriiche 1-26,
bei der sich das Durchsichtelement mit mindestens
5000 Umdrehungen pro Minute dreht.

Schutzvorrichtung nach einem der Anspriiche 1-26,
bei der sich das Durchsichtelement mit mindestens
10000 Umdrehungen pro Minute dreht.

Schutzvorrichtung nach einem der Anspriiche 1-26,
bei der sich das Durchsichtelement mit mindestens
20000 Umdrehungen pro Minute dreht.

Schutzvorrichtung nach einem der Anspriiche 1-29,
bei der die Schutzvorrichtung einen Auflendurch-
messer von weniger als 30 mm aufweist.

Schutzvorrichtung nach einem der Anspriiche 1-29,
bei der die Schutzvorrichtung einen Au3endurch-
messer von weniger als 20 mm aufweist.

Schutzvorrichtung nach einem der Anspriiche 1-29,
bei der die Schutzvorrichtung einen AuRendurch-
messer von weniger als 7 mm aufweist.

Revendications

Dispositif de protection de lentille médicale a profil
bas pour un instrument d'inspection médicale ser-
vant a voir ou a inspecter l'intérieur d'un corps hu-
main, comme par exemple un endoscope, un lapa-
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roscope ou un cathéter, avec une ouverture d'en-
trée ayant un diamétre donné, caractérisé en ce
que le dispositif de protection comprend :

un élément transparent rotatif qui n'obstrue pas
ladite ouverture d'entrée ;

un moteur qui fait tourner ledit élément
transparent ; et

un boitier englobant ledit élément transparent
et ledit moteur, dans lequel ledit boitier a un dia-
metre extérieur qui n'est pas supérieur de plus
de 10 mm audit diamétre donné.

Dispositif de protection selon la revendication 1,
dans lequel ledit diameétre extérieur n'est pas supé-
rieur de plus de 5 mm audit diametre donné.

Dispositif de protection selon la revendication 1,
dans lequel ledit diamétre extérieur n'est pas supé-
rieur de plus de 2,1 mm audit diametre donné.

Dispositif de protection selon I'une quelconque des
revendications 1 a 3, dans lequel ledit élément
transparent est intégré a un rotor dudit moteur.

Dispositif de protection selon I'une quelconque des
revendications 1 a 4, dans lequel ledit boitier est
intégré a un stator dudit moteur.

Dispositif de protection selon I'une quelconque des
revendications 1 a 5, dans lequel ledit boitier a un
rebord évasé.

Dispositif de protection selon I'une quelconque des
revendications 1 a 6, dans lequel ledit moteur est
un moteur magnétique.

Dispositif de protection selon la revendication 7,
dans lequel ledit moteur comprend une pluralité
d'aimants disposés axialement, attachés audit élé-
ment transparent.

Dispositif de protection selon la revendication 8,
comprenant au moins un anneau de tension empé-
chant le mouvement radial desdits aimants.

Dispositif de protection selon la revendication 7,
dans lequel ledit moteur comprend un anneau ma-
gnétique, attaché audit élément transparent.

Dispositif de protection selon I'une quelconque des
revendications 1 a 10, dans lequel ledit moteur
comprend un rotor creux.

Dispositif de protection selon la revendication 11,
comprenant au moins deux roulements déplacés
axialement, reliant ledit rotor audit boitier.
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Dispositif de protection selon la revendication 12,
dans lequel ledit au moins un desdits roulements
est un roulement a bague glissante.

Dispositif de protection selon la revendication 12,
dans lequel ledit au moins un desdits roulements
est un roulement rotatif.

Dispositif de protection selon la revendication 12,
dans lequel lesdits roulements sont a chaque extré-
mité dudit boitier.

Dispositif de protection selon I'une quelconque des
revendications 1 a 15, comprenant une source de
puissance qui fournit seulement assez de puissan-
ce audit moteur pour maintenir ledit élément trans-
parent en rotation et pas pour amorcer la rotation.

Dispositif de protection selon la revendication 16,
dans lequel ladite source de puissance est fonction-
nelle pour fournir une pointe de puissance suffisan-
te pour amorcer la rotation dudit élément transpa-
rent.

Dispositif de protection selon I'une quelconque des
revendications 1 a 17, dans lequel ledit instrument
d'inspection comprend un instrument a tube d'ins-
pection invasif.

Dispositif de protection selon la revendication 18,
dans lequel ledit tube d'inspection est souple.

Dispositif de protection selon la revendication 18 ou
19, adapté pour étre attaché audit tube d'inspection.

Dispositif de protection selon la revendication 20,
dans lequel ledit dispositif de protection est attaché
audit tube sensiblement uniquement en une partie
proximale dudit dispositif de protection, distale par
rapport audit élément transparent.

Dispositif de protection selon la revendication 20,
comprenant une gaine adaptée pour étre montée
sur ledit tube d'inspection.

Dispositif de protection selon la revendication 22,
dans lequel ladite gaine définit au moins un tube
axial.

Dispositif de protection selon la revendication 20,
comprenant un manchon court pour accoupler ledit
dispositif de protection audit tube d'inspection.

Dispositif de protection selon la revendication 20,
dans lequel ledit dispositif de protection est intégré

audit tube d'inspection.

Dispositif de protection selon I'une quelconque des
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revendications 18 a 25, dans lequel ledit tube d'ins-
pection comprend au moins un canal de travail et
dans lequel ledit dispositif de protection comprend
au moins une extension de tube qui peut étre ali-
gnée avec ledit canal.

Dispositif de protection selon I'une quelconque des
revendications 1 a 26, dans lequel ledit élément
transparent tourne a au moins 5 000 tr/min.

Dispositif de protection selon I'une quelconque des
revendications 1 a 26, dans lequel ledit élément
transparent tourne a au moins 10 000 tr/min.

Dispositif de protection selon I'une quelconque des
revendications 1 a 26, dans lequel ledit élément
transparent tourne a au moins 20 000 tr/min.

Dispositif de protection selon I'une quelconque des
revendications 1 a 29, dans lequel ledit dispositif de
protection a un diamétre extérieur inférieur a 30
mm.

Dispositif de protection selon I'une quelconque des
revendications 1 a 29, dans lequel ledit dispositif de
protection a un diameétre extérieur inférieur a 20
mm.

Dispositif de protection selon I'une quelconque des
revendications 1 a 29, dans lequel ledit dispositif de
protection a un diamétre extérieur inférieur a 7 mm.
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