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Exterior helicopter light unit and method of operating an exterior helicopter light unit

An exterior helicopter light unit (2) is disclosed
comprises a movable light head (4) comprising a
source, a first motor (10) and a second motor (20)
ctuating the movable light head (4), and an inverse

Fig. 1

2

differential gear assembly (30) coupling the first and sec-
ond motors (10, 20) to the movable light head (4) in such
a way that the first and second motors (10, 20) can tilt
and rotate the movable light head (4) in operation.
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Description

[0001] The invention relates to lighting systems of hel-
icopters. In particular, it relates to exterior helicopter light
units. More in particular, it relates to search and landing
lights of helicopters.

[0002] Helicopters commonly have movable lights.
The direction of the light beam of such movable lights
can be altered, for example for exploring the environment
of the helicopter. Such movable lights are particularly
useful in scenarios where the helicopter pilot or crew
wants to search the environment or wants to inspect the
landing ground. Common light units have a light head,
which includes the light source and is mounted on the
distal end of an arm-like structure extending away from
the helicopter body. Such light units have a motor for
tilting the arm-like structure, provided at the helicopter-
near end of the arm-like structure, and a motor for rotating
the light head, provided in close proximity to the light
head on the arm-like structure. The two motors allow for
altering the direction of the light beam of the light source,
as desired by the pilot or crew. The structures of such
common light units are bulky and heavy. This poses prob-
lems when moving the light head, in particular in adverse
conditions, such as in icy or windy conditions.

[0003] Accordingly, it would be beneficial to provide an
exterior helicopter light unit that has an improved mova-
bility of the light head. Further, it would be beneficial to
provide a method of operating such an exterior helicopter
light unit.

[0004] Exemplary embodiments of the invention in-
clude an exterior helicopter light unit that has a movable
light head comprising a light source, a first motor and a
second motor for actuating the movable light head, and
an inverse differential gear assembly coupling the first
and second motors to the movable light head in such a
way that the first and second motors can tilt and rotate
the movable light head in operation.

[0005] In this way, an exterior helicopter light unit is
provided that does not need a motor in close proximity
to the light head. In particular, the light head itself and its
mounting structure, such as a light arm, can be entirely
freed of the bulky and heavy motor. In other words, all
actuator devices may be placed outside the movable part
of the light unit with this set-up. Accordingly, the movable
light head and its mounting structure are lighter and can
be moved with less force. The motors themselves can
be dimensioned smaller, resulting in lighter motor and
gear assemblies. Also, the forces required in adverse
conditions are smaller due to the lighter structure of the
light head and mounting structure. For example, if the
light head is stuck in a certain position due to icing, the
forces for breaking the light head free are reduced as
compared to the heavier light heads and arms of the prior
art. Also, the reduced weight is advantageous in high
wind conditions. The motors do not have to move as
much weight against high wind loads, resulting in re-
duced force / torque requirements.
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[0006] The elimination of the motor from the light arm
provides additional degrees of freedom for designing the
light head and light arm. Not having to account for the
heavy and bulky motor device provides more flexibility
with respect to weight, arrangement and geometrical de-
sign of the light head.

[0007] Above described structure also allows for add-
ing up the torque of the first and second motors for both
the tilting and the rotating of the light head. The inverse
differential gear assembly allows for combining the
torque of the two motors, while providing the functionality
of both the tilting of the light head and the rotation of the
lighthead. Due to its inherent design as a differential gear
assembly, the inverse differential gear assembly allows
for providing two different kinds of motions for the light
head.

[0008] According to a further embodiment, the inverse
differential gear assembly comprises a carrier structure,
afirstinput gear and a second input gear, each rotatably
coupled to the carrier structure, with the first motor being
drivingly coupled to the first input gear and the second
motor being drivingly coupled to the second input gear,
and a connection structure, rotatably coupled to the car-
rier structure and coupling the first and second input
gears to each other, with the movable light head being
fixedly coupled to the connection structure. The carrier
structure, the first and second input gears, and the con-
nection structure are coupled in such a way that a rotation
of the first and second input gears in the same direction
results in a rotation of the carrier structure, tilting the mov-
able light head, and that a rotation of the first and second
input gears in opposite directions results in a rotation of
the connection structure, rotating the movable light head.
[0009] In this way, the motors may co-operate partic-
ularly efficiently. On the one hand, rotating both the first
input gear and the second input gear in opposite direc-
tions with the same rotational speed will result in a rota-
tion of the connection structure, while the carrier structure
keeps its position. In other words, the full torque of both
motors is transmitted to the connection structure for ro-
tating the light head. On the other hand, rotating both the
first input gear and the second input gear in the same
direction with the same rotational speed will result in a
rotation of the carrier structure, while the connection
structure keeps its position. In other words, the full torque
of both motors is transmitted to the carrier structure for
tilting the light head. For a given maximum torque re-
quirement for tilting and/or rotating the light head, this
summing of the torques of the two motors achieves that
each of the two motors has to provide only a portion, such
as for example 50%, of this maximum torque require-
ment. The torque and therefore size and weight of the
motors can be reduced as compared to scenarios where
one motor is provided for tilting and another motor is pro-
vided for rotating of the light head.

[0010] The term inverse differential gear assembly re-
fers to differential gear assemblies similar to those used
for example in cars and other fields of technology. It is
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denoted "inverse" differential gear assembly, because
the motors of the present invention are coupled to those
parts of the differential gear assembly that are commonly
used as output elements of the differential gear assem-
bly. In the example of an automotive differential gear, the
element that is denoted carrier structure in the present
application is usually the motor driven portion of the dif-
ferential gear assembly, while the elements that are de-
noted first and second input gears in the present appli-
cation are usually the output gears of the differential gear
assembly, coupled to the axles of the car. In other words,
the term "inverse" merely relates to the power flow direc-
tion through the differential gear, which is inverted as
compared to usual uses, but does not imply particular
constructional measures.

[0011] Theterm "rotatably coupled"refersto a situation
where one element is coupled to another element in a
fixed spatial relation, but is free to rotate with respect to
the other element. In other words, no substantial lateral
movements of the two elements take place, while relative
rotation between the two elements is possible. In yet oth-
erwords, the term "rotatably coupled” refers to a situation
where the rotation of the one element does not neces-
sarily result in a rotation of the other element and vice
versa. The one element may be supported with respect
to or mounted to the other element in a way that permits
rotation, such as via a ball bearing.

[0012] The term "in a rotation transmission relation-
ship" refers to a situation where one element is coupled
to another element in such a way that the rotation of the
one element results in the rotation of the other element.
Accordingly, a rotation of the connection structure results
in a rotation of the light head due to the rotation trans-
mission relationship. This transmission of the rotation
may be done via a fixed coupling between the light head
and the connection structure, such as via a rotating light
arm. It may alternatively be done via the light head and
the connection structure both being rotatably coupled to
a light head mounting structure. The rotation transmis-
sion between the connection structure and the light head
may be gearless or geared.

[0013] Theterm "drivingly coupled" refers to a situation
where one element is coupled in such a way to another
elementthatthe one element can drive the other element,
in particular induce a rotation of the other element. The
first and second motors in operation drive the first and
second input gears.

[0014] The connection structure couples the first and
second input gears to each other. It couples the first and
second input gears in such a way that different rotation
speeds of the first and second input gears result in a
rotation of the connection structure. The coupling may
be done in various ways of transmitting the rotation be-
tween mechanical elements. For this purpose, the first
and second input gears and the connection structure may
be in permanent engagement with each other.

[0015] The term movable light head refers to a light
head whose orientation can be altered with respect to
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the helicopter, in particular with respect to the helicopter
portion to which the light unitis mounted. With the inverse
differential gear being interposed between the first and
second motors and the movable light head, the movable
light head is also movable with respect to the first and
second motors. The first and second motors may be sta-
tionary with respect to the helicopter. According to a par-
ticular embodiment, the exterior helicopter light unit com-
prises a mounting plate, with the first and second motors
being fixedly coupled to the mounting plate.

[0016] According to a further embodiment, the inverse
differential gear assembly is a bevel differential gear as-
sembly. In a particular embodiment, the carrier structure
comprises a cage, the first input gear comprises a first
bevel gear, the second input gear comprises a second
bevel gear, and the connection structure comprises a
third bevel gear, wherein the third bevel gear is in en-
gagement with the first and second bevel gears. Such a
bevel differential gear assembly comprises alow number
of elements, in particular gears, such that it has a robust
configuration. It also has a cage that is very suitable for
supporting the weight of the light head and its mounting
structure. In a particular embodiment, the carrier struc-
ture is the cage, such that the whole carrier structure only
consists of one, robust element. Also, the connection
structure may be the third bevel gear with a shaft. In this
way, the whole connection structure only consists of one,
easy to handle and easy to assembly element. Also, the
coupling between the light head and the connection
structure can be done in a non-complex manner, for ex-
ample by fixedly coupling the shaft of the third bevel gear
to the light head, either directly or via a light arm.
[0017] Other differential gear assemblies are possible
as well. These include, but are not limited to ball differ-
entials, differentials with multiple spur gears and differ-
entials with multiple helical gears. In particular, the con-
nection structure of the inverse differential gear assembly
may be comprised of a plurality of spur gears or helical
gears. In general, a variety of known differential gear as-
semblies are suitable for being used as the inverse dif-
ferential gear assembly of the invention.

[0018] According to afurther embodiment, the light unit
comprises a light arm, to which the light head is mounted.
In a particular embodiment, the movable light head is
fixedly coupled to the connection structure via a light arm.
In other words, the light unit comprises a light arm, with
the light arm being fixedly coupled to the connection
structure and with the light head being fixedly coupled to
the light arm. In this way, the light arm and the light head
are jointly movable. In other words, the rotating and tilting
of the light head is in effect a rotating and tilting of the
light arm and the light head together. The light arm is a
lever for the light head. The rotation of the connection
structure directly results in a rotation of the movable light
head. The light arm in operation rotates with the connec-
tion structure. By providing the fixed coupling via the light
arm, the light arm and light head can have a very simple
structure. The light arm may only have the function of
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connecting the connection structure of the inverse differ-
ential gear assembly and the light head. The light head
itself does not need to be connected to any other me-
chanical element than the light arm. No mechanical ac-
tuators need to be provided on the light arm. Of course,
the light source of the light head has to be provided with
electrical power in some way, either by a battery in the
light head or by some power connection from the light
head to the inside of the helicopter.

[0019] Accordingto afurther embodiment, the first mo-
tor is drivingly coupled to the first input gear via a first
gear assembly and wherein the second motor is drivingly
coupled to the second input gear via a second gear as-
sembly. In this way, a gear stage can be provided be-
tween the motors and the input gears. According to a
particular embodiment, the first gear assembly compris-
es a first worm, fixedly coupled to a motor shaft of the
first motor, and a first spur gear, fixedly coupled to the
first input gear and in engagement with the first worm,
and the second gear assembly comprises a second
worm, fixedly coupled to a motor shaft of the second mo-
tor, and a second spur gear, fixedly coupled to the second
input gear and in engagement with the second worm.
The worm and spur gear assemblies are an efficient way
of transmitting the rotation of the respective motor shaft
to the respective input gear of the inverse differential gear
assembly. The spur gear may also be referred to as worm
gear.

[0020] In the alternative, the motor shafts of the first
and second motors may also be fixedly coupled to the
first and second input gears, respectively. It is also pos-
sible that the first and second input gears and the motor
shafts of the first and second motors are made from one
piece, respectively. Also, other gear assemblies for driv-
ingly coupling the first and second motors to the first and
second input gears are possible. For example, the first
and second gear assemblies may be bevel gear assem-
blies, with the motor shafts terminating in bevel gears
and the motor-side ends of the shafts of the first and
second input gears also terminating in bevel gears.
[0021] Accordingtoafurtherembodiment, thelightunit
may have a symmetric design, The symmetric design
may include that the first motor and the second motors
are identical motors. The term identical means in this
context that the first and second motors have the same
nominal performance characteristics. Due to production
tolerances, their performance characteristics may devi-
ate slightly. Providing identical motors allows for dimen-
sioning the motors in such a way that the torque of each
motor is 50% of the maximum torque requirement for
tilting and/or rotating the movable light head. In this way,
the power requirement, weight and size of the largest
motor of the system can be minimized. This also allows
for a symmetric loading of the components of the inverse
differential gear assembly, reducing the wear and tear
thereof. In a particular embodiment, the first and second
input gears may also be identical.

[0022] According to a further embodiment, the first
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gear assembly and the second gear assembly may also
be identical. This allows for the provision of a the whole
driving arrangement from the motors to the input gears
to be symmetric. In a particular embodiment, the firstand
second worms may be identical and the first and second
spur gears may be identical.

[0023] According to afurther embodiment, the firstand
second motors are servo motors. In this way, the rotating
and the tilting of the movable lighthead may be controlled
with high accuracy. Servo motors also allow for a locking
of an exact position of the motor shafts and therefore of
the movable light head.

[0024] According to a further embodiment, the exterior
helicopter light unit further comprises at least one sensor
adapted to detect the rotational position of at least one
of the first input gear, the second input gear, the carrier
structure, and the connection structure. In this way, the
position of the movable light head may be sensed and
fed back to a control unit, which in operation controls the
first and second motors. In particular, the state of rotation
and the tilting state of the movable light head may be
determined. In a particular embodiment, two sensors
may be provided. The sensors may be touchless prox-
imity sensors. The two sensors may be arranged to detect
the rotational positions of the two motor shafts or of the
two input gears or of the carrier structure and the con-
nection structure.

[0025] According to afurther embodiment, the light unit
may have a control unit adapted to control the first and
second motors in operation. The control unit may receive
direction commands for the light head from the pilot
and/or crew or from automated on-board systems of the
helicopter. It may also receive inputs from the positional
sensors provided in the light unit for position feedback.
[0026] According to a further embodiment, a motor
shaft of the first motor and a motor shaft of the second
motor are substantially parallel, with the motor shaft of
the first motor and the motor shaft of the second motor
being parallel to a tilting plane, defined by a rotation axis
of the connection structure in various tilting states. In a
particular embodiment, a rotation axis of the first input
gear and a rotation axis of the second input gear may be
in a plane substantially orthogonal to the motor shafts of
the first and second motors, respectively. The rotation
axis of the firstinput gear may be in a first plane substan-
tially orthogonal to the motor shaft of the first motor, while
the rotation axis of the second input gear may be in a
second plane, different from the first plane, substantially
orthogonal to the motor shaft of the second motor. The
rotation axes of the firstand second input gears may also
be in the same plane, substantially orthogonal to the mo-
tor shafts of the first and second motors. The term sub-
stantially orthogonal says that the respective plane does
not have to be entirely orthogonal, the slight non-orthog-
onality being caused by production tolerances for exam-
ple. The tilting plane is defined as the plane that includes
the rotation axis of the connection structure across the
different tilting states of the light head. For the case of
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the light head being mounted on a light arm, the tilting
plane may alternatively be defined as the plane that in-
cludes the light arm in the various tilting states.

[0027] This orientation of the motor shafts, the rotation
axes of the input gears and the rotation axis of the con-
nection structure allows for a particularly compact design
of the light unit. The transmission of the force/torque in
rightangles allows for very low friction losses and efficient
power transfer. In this way, a particularly compact light
unit with particularly good efficiency in moving the light
head is achieved.

[0028] According to a further embodiment, the exterior
helicopter light unit further comprises a mounting plate,
with the first and second motors being fixedly mounted
to the mounting plate and the inverse differential gear
assembly being rotatably mounted to the mounting plate,
and a spring element arranged between the mounting
plate and the inverse differential gear assembly. In this
way, the spring element allows for a pre-loading of the
elements of the inverse differential gear assembly. In a
particular embodiment having first and second input
gears and the connection structure, the spring element
may be arranged between the mounting plate and the
inverse differential gear assembly in such a way that the
firstand second input gears and the connection structure
are pre-loaded with respect to each other. The spring
element allows for a pre-loading of the elements of the
inverse differential gear assembly, such that the play of
all the couplings between the elements does not sum up
and cannot lead to an undesired behavior of the inverse
differential gear assembily, in particular when starting to
move the light head. The pre-loading may also increase
the torque in the direction of the highest loads. The spring
element may be any suitable flexible element, such as a
spring, a flexible pad, a rubber element or the like. De-
pending on the design of the inverse differential gear as-
sembly and other power transmission elements, itis also
possible that no spring element is provided.

[0029] According to a further embodiment, the exterior
helicopter light unit further comprises a brake system
adapted to impede the rotation of the first and second
input gears. This brake system may be associated with
the motors, in particular with the motor shafts. It may
alternatively associated with the input gears. The brake
system allows for a strong locking of a particular position
of the movable light head.

[0030] According to a further embodiment, the exterior
helicopter light unit is a search and/or landing light. Ac-
cordingly, the light unit can be a pure search light or a
pure landing light or a combined search and landing light.
It can have a light source emitting visible and/or infrared
light and/or other wavelengths.

[0031] According to a further embodiment, the light
source may be one or a plurality of LED’s. It may also
comprise one or more halogen lights.

[0032] Exemplary power values forthe firstand second
motors are between 10 and 20W, in particular around
15W. The torque output of each of the first and second
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motors may be between 0.1 and 0.5 Nm, in particular
around 0.3 Nm.

[0033] Exemplary embodiments of the invention fur-
ther include a helicopter having at least one exterior hel-
icopter light unit, as described in any of the embodiments
above. Above modifications and advantages equally re-
late to the helicopter.

[0034] Exemplary embodiments of the invention fur-
ther include a method of operating an exterior helicopter
light unit, as described in any of the embodiments above,
the method comprising the steps of effecting a pure tilting
of the movable light head by controlling the first and sec-
ond motors to rotate the first and second input gears in
the same direction with the same rotation speed, and
effecting a pure rotating of the movable light head by
controlling the first and second motors to rotate the first
and second input gears in opposite directions with the
same rotation speed. Inthis way, independent operations
of tilting and rotating of the movable light head can be
performed.

[0035] According to a further embodiment, the method
further comprises the step of effecting a combined tilting
and rotating of the movable light head by controlling the
first and second motors to rotate the first and second
input gears with different rotation speeds. This may be
achieved both with rotating the first and second input
gears in the same direction and in opposite directions,
as long as the rotations speeds differ. The difference in
rotation speed and the directions of rotation determine
which portion of the motor power contributes to rotating
the light head and which portion of the motor power con-
tributes to tilting the light head.

[0036] In more general words, the method of operating
an exterior helicopter light unit, as described in any of
the embodiments above, may comprise the steps of ef-
fecting a pure tilting of the movable light head by control-
ling the first motor to rotate in a first rotation direction of
the first motor and controlling the second motor to rotate
in a first rotation direction of the second motor with the
same rotation speeds, and effecting a pure rotating of
the movable light head by controlling one of the first and
second motors to rotate in the first rotation direction and
controlling the other of the first and second motors to
rotate in a second rotation direction, opposite the first
rotation direction, with the same rotation speeds. In other
words, there are two operational modes. In a first oper-
ational mode, the rotations of the first and second motors
resultin atilting of the lighthead viathe inverse differential
gear assembly. In a second operational mode, which dif-
fers from the first operational mode by reversing the ro-
tation direction of one of the two motors, the rotations of
the first and second motors result in a rotation of the light
head via the inverse differential gear assembly. The ab-
solute directions of rotation of the firstand second motors
in the first and second operational modes may depend
on the design of the inverse differential gear assembly
and, if present, on the gear structure between the motors
and the inverse differential gear assembly.
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[0037] With the method of operating an exterior heli-
copter light unit according to exemplary embodiments of
the invention, the same advantages can be attained as
with the exterior helicopter light unit. This method can be
developed further by method steps corresponding to the
features as described above with regard to the exterior
helicopter light unit. In order to avoid redundancy, such
embodiments and modifications of the method of oper-
ating the exterior helicopter light unit are not repeated.
[0038] Exemplary embodiments of the invention fur-
ther include an exterior helicopter light unit that has a
movable lighthead comprising a light source, a first motor
and a second motor for actuating the movable light head,
and a transmission assembly coupling the first and sec-
ond motors to the movable light head. The transmission
assembly comprises a carrier structure, with the first mo-
tor being drivingly coupled to the carrier structure for ro-
tation thereof, arotation input gear, with the second motor
being drivingly coupled to the rotation input gear, and a
rotation output gear, rotatably coupled to the carrier struc-
ture, with the movable light head being in a rotation trans-
mission relationship with the rotation output gear. The
carrier structure, the rotation input gear and the rotation
output gear are coupled in such a way that a rotation of
the carrier structure results in a tilting of the movable light
head and that a rotation of the rotation input gear results
in a rotation of the rotation output gear, rotating the mov-
able light head.

[0039] Thisexterior helicopterlightunitis an alternative
to above described exterior helicopter light unit with the
inverse differential gear assembly. Its structure also al-
lows for both motors being placed outside of the light
head and its mounting structure, e.g. outside the light
arm, the motors being in particular arranged in a fixed
spatial relationship with the helicopter body and/or a
mounting plate. In this way, this alternative embodiment
also allows for a lightweight design of the light head and
its mounting structure and for the increase in the degrees
of freedom for designing the same.

[0040] This alternative embodiment of the exterior hel-
icopter light unit can be developed further in the same
manner as described above with respect to the exterior
helicopter light unit with the inverse differential gear as-
sembly. Above discussed additional features can also be
applied to this alternative embodiment of the exterior hel-
icopter light unit. In order to avoid redundancy, such em-
bodiments and modifications of the exterior helicopter
light unit are not repeated.

[0041] Exemplary embodiments of the invention fur-
ther include a method of operating above described al-
ternative exterior helicopter light unit, comprising the
steps of effecting a pure rotating of the movable light
head by controlling the second motor to rotate the rotation
input gear, and effecting a pure tilting of the movable light
head by controlling the first motor to rotate the carrier
structure and by controlling the second motor to force
the rotation input gear to counteract a rotation tendency
of the rotation output gear induced by the rotation of the
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carrier structure.

[0042] With the method of operating the alternative ex-
terior helicopter light unit according to exemplary embod-
iments of the invention, the same advantages can be
attained as with the exterior helicopter light unit. This
method can be developed further by method steps cor-
responding to the features as described above with re-
gard to the exterior helicopter light unit. In order to avoid
redundancy, such embodiments and modifications of the
method of operating the exterior helicopter light unit are
not repeated.

[0043] Embodiments of the invention are described in
greater detail below with reference to the figures, where-
in:

Fig. 1 shows a functional drawing of an exemplary
embodiment of an exterior helicopter light unit in ac-
cordance with the invention, shown in a partially cut-
out top view.

Fig. 2 shows a functional drawing of a further exem-
plary, alternative embodiment of an exterior helicop-
ter light unit in accordance with the invention, shown
in a partially cut-out top view.

[0044] Fig. 1 shows an exterior helicopter light unit 2
in accordance with an exemplary embodiment of the in-
vention. Fig. 1 generally has a top view on the exterior
helicopter light unit. When the light unit 2 is in use and
mounted to a helicopter, this view corresponds to a view-
ing direction perpendicular to the portion of the helicopter
body to which the light unit 2 is attached. The view of Fig.
1 is denoted partially cut-out, because some of the com-
ponents are shown in a cross-sectional way. Also, some
of the further elements of the light unit 2, such as a hous-
ing, are not depicted for an easier focusing on the inven-
tion.

[0045] The light unit 2 comprises a mounting plate 8,
towhich afirstmotor 10 and a second motor 20 are fixedly
attached. The mounting plate 8 is the portion of the light
unit 2 that is mounted to the helicopter body during the
assembly of the whole helicopter. A first support portion
18 and a second support portion 28 are also fixedly at-
tached to the mounting plate 8.

[0046] Moreover, a first spur gear 16 and a second
spur gear 26 are mounted to the mounting plate 8. How-
ever, the first spur gear 16 and the second spur gear 26
can rotate freely with respect to the mounting plate 8. In
other words, the first spur gear 16 and the second spur
gear 26 are supported on the mounting plate 8 in such a
way that their rotation does not effect the orientation of
the mounting plate 8.

[0047] The motor shaft of the first motor 10 comprises
a first worm 14. The first worm 14 is in engagement with
the first spur gear 16, such that a rotation of the motor
shaftresultsin arotation of the firstworm 14 and therefore
in a rotation of the first spur gear 16. The first worm 14
and the first spur gear 16 make up the first gear assembly
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12.

[0048] The second motor 20 has a second worm 24.
The second worm 24 is in engagement with the second
spur gear 26, such that a rotation ofthe motor shaft results
in a rotation of the second worm 24 and therefore of the
second spur gear 26. The second worm 24 and the sec-
ond spur gear 26 make up the second gear assembly 22.
[0049] The light unit 2 further comprises an inverse dif-
ferential gear assembly 30. The inverse differential gear
assembly 30 in turn comprises a carrier structure 32, a
first input gear 34, a second input gear 36, and a con-
nection structure 38. The carrier structure 32 is a cage
in the embodiment of Fig. 1. The cage 32 is generally
cube-shaped. Itis an enclosed structure, with the excep-
tion of the holes for the various rotation shafts, described
below. In the drawing of Fig. 1, the cage 32 is shown as
a rectangle, i,e. with the top plate being cut off, in order
to see the interior thereof. The carrier structure 32 is ro-
tatably coupled to the mounting plate 8. In more general
terms, the carrier structure 32 is rotatably coupled to a
spatially fixed structure, to which the first motor 10 and
the second motor 20 are mounted.

[0050] Thefirstinputgear34andthe secondinputgear
36 provide for the support of the cage 32 in such a way
that it can rotate with respect to the mounting plate 8.
The first input gear 34 has a bevel gear portion and a
shaft portion. The shaft portion corresponds with the axis
of rotation of the bevel gear portion, such that the bevel
gear portion rotates around the shaft of the firstinput gear
34.While the bevel gear portionis attached to or integrally
formed with the bevel gear portion of the first input gear
34 within the carrier structure 32, the other end of the
shaft portion is mounted to the first spur gear 16 in such
a way that the first spur gear 16 rotates around the shaft
portion of the first input gear 34. The shaft portion of the
firstinputgear 34 is rotatably supported in the first support
portion 18 and in the side wall of the cage 32. In this way
the rotation of the first input gear 34 is independent from
the mounting plate 8. It also does not have a direct effect
on the position of the carrier structure 32, only through
the connection structure 38, as will be explained below.
[0051] The second input gear 36 is analogous to the
firstinput gear 34. The second input gear 36 has a bevel
gear portion and a shaft portion. The shaft portion corre-
sponds with the axis of rotation of the bevel gear portion,
such that the bevel gear portion rotates around the shaft
of the second input gear 36. While the bevel gear portion
is attached to or integrally formed with the bevel gear
portion of the second input gear 36 within the carrier
structure 32, the other end of the shaft portion is mounted
to the second spur gear 26 in such a way that the second
spur gear 26 rotates around the shaft portion of the sec-
ond input gear 36. The shaft portion of the second input
gear 36 is rotatably supported in the second support por-
tion 28 and in the side wall of the cage 32. In this way
the rotation of the second input gear 36 is independent
from the mounting plate 8. It also does not have a direct
effect on the position of the carrier structure 32, only
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through the connection structure 38, as will be explained
below.

[0052] The connection structure 38 also has a bevel
gear portion and a shaft portion. The bevel gear portion
is in engagement with the bevel gear portions of the first
input gear 34 and the second input gear 36. The shaft
portion of the connection structure 38 is supported in two
side walls of the cage 32. In this way, the connection
structure 38 can rotate freely in the cage 32. In other
words, a rotation of the connection structure 38 can occur
independent from any motion of the carrier structure 32.
[0053] The light unit 2 further comprises a light head 4
and a light arm 6. The light head 4 is mounted to the light
arm 6 and contains a light source. In most embodiments,
the light head 4 comprises a light source surrounded by
an optical element, such as a lens, for shaping the dis-
tribution, intensity, colour, etc. of the emitted light. The
light arm 6 is attached to the shaft portion of the connec-
tion structure 38. In this way, a rotation of the shaft portion
of the connection structure 38 results in a rotation of the
light arm 6 and therefore of the light head 4. As the shaft
portion of the connection structure 38 is rotatably sup-
ported in spatially fixed locations of the carrier structure
32, arotation of the carrier structure 32 results in a tilting
of the light arm 6 and therefore of the light head 4 into
and out of the drawing plane.

[0054] The light unit 2 further comprises a spring 40.
The spring 40 is arranged between the second support
portion 28 and the carrier structure 32. It is further ar-
ranged around the shaft portion of the second input gear
36. In this position, it pre-loads the engagement between
the bevel gear portion of the second input gear 36, the
bevel gear portion of the connection structure 38 and the
bevel gear portion of the firstinput gear 34. With this pre-
loaded engagement, the torque of the first and second
motors 10, 20 can be transferred well to the rotation or
tilting of the light head 4.

[0055] The operation of the exterior helicopter light unit
2 is described as follows. When the shafts of the first
motor 10 and the second motor 20 are driven in the same
direction with the same rotational speed, this translates
to a rotation of the first input gear 34 and the second input
gear 36 in the same direction and a tilting of the light arm
6 and the light head 4. A rotation of the first input gear
34 and the second input gear 36 in the same direction is
defined as a rotation in the same direction, when seen
from a fixed point of view outside of the light unit 2. In
other words, a rotation of the first input gear 34 and the
second input gear 36 in the same direction is a rotation
that does not lead to a rotation of the connection structure
38.

[0056] In particular, the driving of the motor shaft of the
first motor 10 results in a rotation of the first worm 14,
which results in a rotation of the first spur gear 16, which
in turn results in a rotation of the first input gear 34, in
particular of the bevel gear portion thereof. The rotation
of the motor shaft of the second motor 20 results in a
rotation of the second worm 24, which results in a rotation
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of the second spur gear 26, which in turn results in a
rotation of the second input gear 36, in particular of the
bevel portion thereof. With the first input gear 34 and the
second input gear 36 rotating in the same direction with
the same rotational speed, no rotational force around its
portion is applied to the connection structure 38. To the
contrary, the rotation of the first input gear 34 and the
second input gear 36 translates into a rotation of the en-
tire connection structure 38 around the axes of the first
input gear 34 and the second input gear 36. This rotation
results in a tilting of the shaft portion of the connection
structure 38, of the light arm 6, and of the light head 4
with respect to the mounting plate 8, and therefore with
respect to the helicopter body.

[0057] When the first and second motors 10, 20 drive
the motor shafts in different directions with the same
speed of rotation, the light arm 6 and light head 4 rotates.
On the basis of the transmission of rotation described
above, the first input gear 34 and the second input gear
36 rotate in opposite directions when the motor shafts of
the first motor 10 and the second motor 20 rotate in op-
posite directions. With the first and second motors 10,
20 and the first and second gear assemblies 12, 22 being
identical, the firstinput gear 34 and the second input gear
36 exert the same amount of torque on the connection
structure 38. Both of these torques exert a force on the
connection structure 38, making it rotate around its shaft
portion. In other words, the torques of the first input gear
34 and the second input gear 36 add up in order to rotate
the connection structure 38 around its shaft portion. The
rotation of the connection structure 38 results in a rotation
ofthelightarm 6 and the lighthead 4. The carrier structure
32 maintains its position during this rotation of the light
arm 6 and the light head 4.

[0058] In this way, the first and second motors 10, 20
can be controlled to effect a tilting of the light head 4 or
a rotation of the light head 4. As the light head 4 has
given light emission characteristics comprising a partic-
ular spatial light emission distribution, the tilting and ro-
tation of the light head 4 allows for altering this light emis-
sion distribution. In particular, the emission direction of
a light beam, emitted by the light head 4, can be altered
in three dimensions via tilting and rotating of the light
head 4.

[0059] Itis also possible to tilt and rotate the light arm
6 and the light head 4 at the same time. The average of
the rotation speeds of the first and second input gears
34, 36 determines the amount of tilting, while the differ-
ence of the rotation speeds of the first and second input
gears 34, 36 determines the amount of rotation. For these
calculations, the sign and value of the rotation speeds
have to be taken into account. The effects of different
rotation speeds can also be expressed differently. When
looking only at the absolute values of the rotation speeds
of the first and second input gears, the common part, i.e.
the rotation speed of the slower input gear, transfers to
a pure tilting or rotating motion (tilting if the directions of
rotation are the same, rotating otherwise). The difference
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between the absolute values of the rotation speeds trans-
fers to a diagonal motion, i.e. a combined tilting and ro-
tating motion. Suitable control of the light head may be
provided on the basis of these interdepend.-encies.
[0060] The inverse differential gear assembly 30 has
many elements of conventional bevel differential gears.
However, the use of these elements and the power flow
through the differential gear are entirely different. In con-
ventional uses of bevel differential gears, such asin cars,
the carrier structure 32 is the partdriven by the car engine.
Accordingly, the cage 32 would be the power input ele-
ment. The axes of the car are commonly attached to the
shafts of those elements that are denoted the first input
gear 34 and the second input gear 36 in the present in-
vention. Accordingly, those elements are the output ele-
ments in conventional uses of a bevel differential gear.
In the embodiment of Fig. 1, the first and second motors
10, 20 drive the first input gear 34 and the second input
gear 36, making them the power input elements of the
inverse differential gear 30. Because of this inverse pow-
er flow, as compared to conventional uses, the element
30 is referred to as inverse differential gear assembly.
[0061] Fig. 2 shows a functional drawing of an exterior
helicopter light unit 2 in accordance with an alternative
exemplary embodiment of the invention. Fig. 2 also
shows a cut-out top view. Elements identical to the ele-
ments of Fig. 1 are denoted with the same reference nu-
merals. A description thereof is omitted for brevity. Also,
the mounting plate 8, the first and second support por-
tions 18, 28 and the spring 40 are not shown for an easier
readability.

[0062] Instead oftheinverse differential gearassembly
30 of the embodiment of Fig. 1, the embodiment of Fig.
2 has a transmission assembly 50. The transmission as-
sembly 50 has a carrier structure 52, arotation input gear
54 and a rotation output gear 56. The carrier structure
52 is a cage that is rotatably coupled to a fixed mounting
portion, such as the mounting plate 8, which holds the
first and second motors 10, 20 and the first and second
gear assemblies 12, 22. A tilting shaft 58 is coupled be-
tween the first gear assembly 12 and the carrier structure
52. In particular, the tilting shaft 58 forms a rotational
shaft of the first spur gear 16 and is fixedly attached to
the carrier structure 52. In this way, the first motor can
drive the tilting shaft 58, resulting in a rotation of the car-
rier structure 52, which in turn results in a tilting of the
light arm 6 and the light head 4.

[0063] The rotation input gear 54 comprises a shaft
portion and a bevel gear portion. Also, the rotation output
gear 56 comprises a shaft portion and a bevel gear por-
tion. The bevel gear portions of the rotation input gear
54 and the rotation output gear 56 are both disposed
within the carrier structure 52 and are in engagement
with each other. Accordingly, a rotation of one of the ro-
tation input gear 54 and the rotation output gear 56 results
in a rotation of the respectively other element. The shaft
portion of the rotation input gear 54 forms the shaft of the
second spur gear 26 of the second gear assembly 22.
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The shaft portion of the rotation output gear 56 is attached
to the light arm 6. In this way, the second motor 20 drives
in operation the rotation input gear 54, which in turn ro-
tates the rotation output gear 56. In this way, a driving of
the second motor 20 results in a rotation of the light arm
6 and the light head 4.

[0064] It is pointed out that a tilting of the light arm 6
and the light head 4 by a driving of the first motor 10 may
result in an undesired rotation of the light head 4 and the
lightarm 6. This is because a rotation of the carrier struc-
ture 52, which results in tilting of the light head 4, exerts
a force on the engagement between the rotation input
gear 54 and the rotation output gear 56. Therefore, if the
rotation input gear 54 and the rotation output gear 56 are
allowed to rotate freely in a situation where the first motor
10 drives the tilting shaft 58, the light head 4 and the light
arm 6 will rotate. In order to effect a pure tilting and pre-
vent such a rotation, it is possible to control the second
motor 20 to exert a counter force, keeping the rotation
input gear 54 from turning. It is also possible to lock the
position of the rotation input gear 54 via a brake mech-
anism.

[0065] Whiletheinvention hasbeen described with ref-
erence to exemplary embodiments, it will be understood
by those skilled in the art that various changes may be
made and equivalence may be substituted for elements
thereof without departing from the scope of the invention.
In addition, many modifications may be made to adapt a
particular situation or material to the teaching of the in-
vention without departing from the essential scope there-
of. Therefore, it is intended that the invention not be lim-
ited to the particular embodiments disclosed, but that the
invention will include all embodiments falling within the
scope of the appended claims.

List of reference numerals

[0066]

2 Exterior helicopter light unit
4 Light head

6 Light arm

(oo

Mounting plate

10  First motor

12  First gear assembly

14  First worm

16  First spur gear

18  First support portion

20  Second motor

22  Second gear assembly
24  Second worm

26  Second spur gear

28  Second support portion
30 Inverse differential gear assembly
32  Carrier structure

34  Firstinput gear

36  Second input gear

38  Connection structure
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40  Spring element

50 Transmission assembly
52  Carrier structure

54  Rotation input gear

56  Rotation output gear
58  Tilting shaft

Claims
1. Exterior helicopter light unit (2), comprising:

a movable light head (4) comprising a light
source,

a first motor (10) and a second motor (20) for
actuating the movable light head (4), and

an inverse differential gear assembly (30) cou-
pling the first and second motors (10, 20) to the
movable light head (4) in such a way that the
first and second motors (10, 20) can tilt and ro-
tate the movable light head (4) in operation.

2. Exterior helicopter light unit (2), wherein the inverse
differential gear assembly (30) comprises:

a carrier structure (32),

a first input gear (34) and a second input gear
(36), each rotatably coupled to the carrier struc-
ture (32), with the first motor (10) being drivingly
coupled to the first input gear (34) and the sec-
ond motor (20) being drivingly coupled to the
second input gear (36), and

a connection structure (38), rotatably coupled to
the carrier structure (32) and coupling the first
and second input gears (34, 36) to each other,
with the movable lighthead (4) beingin arotation
transmission relationship with the connection
structure (38),

wherein the carrier structure (32), the first and
second input gears (34, 36), and the connection
structure (38) are coupled in such a way that

a rotation of the firstand second input gears (34,
36) in the same direction results in a rotation of
the carrier structure (32), tilting the movable light
head (4), and

a rotation of the firstand second input gears (34,
36) in opposite directions results in a rotation of
the connection structure (38), rotating the mov-
able light head (4).

3. Exterior helicopter light unit (2) according to claim 2,
wherein the inverse differential gear assembly (30)
is a bevel differential gear assembly, wherein:

the carrier structure (32) comprises a cage,
the first input gear (34) comprises a first bevel
gear,

the second input gear (36) comprises a second
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bevel gear, and

the connection structure (38) comprises a third
bevel gear,

wherein the third bevel gear is in engagement
with the first and second bevel gears.

Exterior helicopter light unit (2) according to claim 2
or 3, wherein the movable light head (4) is fixedly
coupled to the connection structure (38) via a light
arm (6).

Exterior helicopter light unit (2) according to any of
claims 2 to 4, wherein the first motor (10) is drivingly
coupled to the first input gear (34) via a first gear
assembly (12) and wherein the second motor (20)
is drivingly coupled to the second input gear (36) via
a second gear assembly (22), wherein

the first gear assembly (12) comprises a first worm
(14), fixedly coupled to a motor shaft of the first motor
(10), and a first spur gear (16), fixedly coupled to the
first input gear (34) and in engagement with the first
worm (14), and

the second gear assembly (22) comprises a second
worm (24), fixedly coupled to a motor shaft of the
second motor (20), and a second spur gear (26),
fixedly coupled to the second input gear (36) and in
engagement with the second worm (24).

Exterior helicopter light unit (2) according to any of
the previous claims, having a symmetric design with
the first motor (10) and the second motor (20) being
identical motors.

Exterior helicopter light unit (2) according to any of
the previous claims, wherein the first and second
motors (10, 20) are servo motors.

Exterior helicopter light unit (2) according to any of
claims 2 to 7, wherein a motor shaft of the first motor
(10) and a motor shaft of the second motor (20) are
substantially parallel, with the motor shaft of the first
motor (10) and the motor shaft of the second motor
(20) being parallel to a tilting plane, defined by a ro-
tation axis of the connection structure (38) in various
tilting states and with a rotation axis of the first input
gear (34) and a rotation axis of the second input gear
(36) being in a plane substantially orthogonal to the
motor shafts of the first and second motors (10, 20),
respectively.

Exterior helicopter light unit (2) according to any of
claims 2 to 8, further comprising

amounting plate (8), with the firstand second motors
(10, 20) being fixedly mounted to the mounting plate
(8) and the inverse differential gear assembly (30)
being rotatably mounted to the mounting plate (8),
and

a spring element (40) arranged between the mount-
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10

10.

1.

12.

13.

14.

ing plate (8) and the inverse differential gear assem-
bly (30) in such a way that the first and second input
gears (34, 36) and the connection structure (38) are
pre-loaded with respect to each other.

Exterior helicopter light unit (2) according to any of
the previous claims, wherein the exterior helicopter
light unit (2) is a search and/or landing light.

Helicopter having atleast one exterior helicopter light
unit (2) according to any of the previous claims.

Method of operating an exterior helicopter light unit
(2) according to any of claims 2 to 10, comprising
the steps of:

effecting a pure tilting of the movable light head
(4) by controlling the first and second motors
(10, 20) to rotate the first and second input gears
(34, 36) in the same direction with the same ro-
tation speed, and

effecting a pure rotating of the movable light
head (4) by controlling the first and second mo-
tors (10, 20) to rotate the first and second input
gears (34, 36) in opposite directions with the
same rotation speed.

Method according to claim 12, further comprising the
step of:

effecting a combined tilting and rotating of the
movable light head (4) by controlling the firstand
second motors (10, 20) to rotate the first and
second input gears (34, 36) with different rota-
tion speeds.

Exterior helicopter light unit (2), comprising:

a movable light head (4) comprising a light
source,

a first motor (10) and a second motor (20) for
actuating the movable light head (4), and

a transmission assembly (50) coupling the first
and second motors (10, 20) to the movable light
head (4), the transmission assembly (50) com-
prising:

a carrier structure (52), with the first motor
(10) being drivingly coupled to the carrier
structure (52) for rotation thereof,

a rotation input gear (54), with the second
motor (20) being drivingly coupled to the ro-
tation input gear (54), and

a rotation output gear (56), rotatably cou-
pled to the carrier structure (52), with the
movable light head (4) being in a rotation
transmission relationship with the rotation
output gear (56),
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wherein the carrier structure (52), the rotation
input gear (54) and the rotation output gear (56)

are coupled in such a way that

a rotation of the carrier structure (52) results in

a tilting of the movable light head (4), and 5
a rotation of the rotation input gear (54) results

in a rotation of the rotation output gear (56), ro-
tating the movable light head (4).

15. Method of operating an exterior helicopter light unit 70
(2) according to claim 14, comprising the steps of:

effecting a pure rotating of the movable light
head (4) by controlling the second motor (20) to
rotate the rotation input gear (54), and 15
effecting a pure tilting of the movable light head

(4) by controlling the first motor (10) to rotate the
carrier structure (52) and by controlling the sec-

ond motor (20) to force the rotation input gear
(54) to counteract a rotation tendency of the ro- 20
tation output gear (56) induced by the rotation

of the carrier structure (52).

25

30

35

40

45

50

55

1"



EP 2 832 647 A1

ve 9¢ 8 €T
| [/ [

\

8s—{ of h
e~—1H "¢

0¢
A N A
ge 9

DY
Vi 91 81 Zi

12



ig. 2

EP 2 832 647 A1

/'50

54

56

E

13




10

15

20

25

30

35

40

45

50

55

EP 2 832 647 A1

des

Europdisches
Patentamt

European

Patent Office

ce européen
brevets

—

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 13 17 8590

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

A

FR 2 978 425 Al (EUROCOPTER FRANCE [FR])
1 February 2013 (2013-02-01)

* page 31, Tine 25 - page 32, line 22;
figure 8 *

GB 1 350 618 A (ROTORCRAFT GYRO SUPPORT
SYSTEM) 18 April 1974 (1974-04-18)

* page 3, line 98 - page 4, line 47;
figure 3a *

FR 2 608 995 Al (ROCHE KERANDRAON OLIVER
[FR]; BAUDROUS BERNARD [FR])

1 July 1988 (1988-07-01)

* the whole document *

1,14,15

1,14,15

1,14,15

INV.
B64D47/04

TECHNICAL FIELDS
SEARCHED (IPC)

B64D
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 15 January 2014 Busto, Mario
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X: particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A:technological background e e e
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

14




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 2 832 647 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO.

EP 13 17 8590

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

The members are as contained in the European Patent Office EDP file on

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

15-01-2014
Patent document Publication Patent family Publication

cited in search report date member(s) date

FR 2978425 Al 01-02-2013  CN 102897326 A 30-01-2013
EP 2581310 Al 17-04-2013
FR 2978425 Al 01-02-2013
US 2013182449 Al 18-07-2013

GB 1350618 A 18-04-1974  NONE

FR 2608995 Al 01-07-1988  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

15



	bibliography
	abstract
	description
	claims
	drawings
	search report

