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(57) Abregé/Abstract:
he Invention relates to a motorized spindle drive for an actuator, particularly for an aerodynamically effective surface of an aircraft,
having a spindle (1) and a motor (2) that comprises a mechanical transmission element (4) engaging the spindle (1) in order to
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(57) Abrege(suite)/Abstract(continued):

drive said spindle and causing a relative movement in the axial direction between the spindle and the motor (2) and that Is
connected to an element (6) that Is fixed In place relative to the motion of the spindle, said element absorbing the torque of the
motor (2). According to the invention, the bearing (6, 7, 8, 9) absorbing the torque of the motor (2) comprises a detachable

coupling (7, 8, 9) that detaches upon a predetermined torque being exceeded and releases the motor (2) In the sense of a free
movement in the axial direction of the spindle (1) relative to the fixed element (6).
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ABSTRACT

The invention relates to a motorized spindle drive for an
actuator, particularly for an aerodynamically effective
surface of an aircraft, having a spindle (1) and a motor
(2) that comprises a mechanical transmission element (4)
engaging the spindle (1) in order to drive said spindle and
causing a relative movement in the axial direction between
the spindle and the motor (2) and that 1s connected to an
element (6) that is fixed in place relative to the motion
of the spindle, said element absorbing the torque of the
motor (2). According to the invention, the bearing (6, 7,
8, 9) absorbing the torque of the motor (2) comprises a
detachable coupling (7, 8, 9) that detaches wupon a
predetermined torque being exceeded and releases the motor
(2) in the sense of a free movement in the axial directilon

of the spindle (1) relative to the fixed element (6).
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Motorized spindle drive with overload protection

The invention relates to a motorized spindle drive for an

actuator, particularly for an aerodynamically effective

surface of an aircraft, according to the precharacterising

part of claim 1.

For reasons of operational safety, actuators that are
provided for positioning systems of aircraft, for example
actuators for control surfaces, trim surfaces and high-1lift
surfaces, are designed to be redundant, which 1S
significant particularly in the case of actuators that are
used for primary flight control. A redundant mechanical
parallel arrangement of actuators requires that in the case
of a malfunction the one, defective, drive must not 1mpede
the second drive, and particularly must not jam, so that
the actuation work can be performed by the intact, second
drive. According to the present-day state of the art,

hydraulic actuators in particular are used for this

purpose.

For use in a so-called all-electric aircraft, in which said
positioning systems are operated by electric motors,
according to present-day state of the art only expensive
systems, for example electro-hydrostatic drives, are
suitable for implementing such non-jamming redundant
drives. Conventional electric-motor driven spindle drives
of simple design are not suitable for this purpose because
jamming of the drive unit cannot safely be excluded. For

—

example, in the case of mechanical fracture of components,

for example of a ball in a ball screw mechanism of the
spindle drive, the spindle nut and the spindle thread can
jam against each other and can block the drive, which
results 1in corresponding disadvantageous and possibly

disastrous consequences.
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It is the object of the invention to create a simply
designed motorized spindle drive that ensures operation
without jamming. Such a motorized spindle drive 1s to be

suitable, particularly, for a redundant arrangement.

The object is met by a motorized spindle drive with the

features of claim 1.

The invention creates a motorized spindle drive for an
actuator, particularly for an aerodynamically effective
surface of an aircraft, having a spindle and a motor that
comprises a mechanical transmission element engaging the
spindle in order to drive said spindle and causing a
relative movement 1in the axial direction between the
spindle and the motor and that 1is supported at an element
that is fixed 1in place relative to the motion of the
spindle, said element absorbing the torque of the motor.
According to the invention, the bearing absorbing the

torgue of the motor comprises a detachable coupling that

detaches upon a predetermined torque beiling exceeded and
releases the motor in the sense of a free movement 1in the

axial direction of the spindle relative to the fixed

element.

Advantageous embodiments and improvements of the motorized
spindle drive according to the invention are indicated 1in

the dependent claims.

According to an embodiment of the invention, the detachable
coupling comprises two elements that are moveable relative
to each other, which in a first position are locked against
each other so as to be mutually engaging in a positive-
locking manner in order to transmit the torgque of the motor
and to cause the relative movement of the spindle, and
which in a second position are unlocked from each other 1in
the sense of a free movement of the motor in the axial

direction of the spindle, and furthermore comprises means
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that respond to the torque transmitted by the motor, which
means, when the predetermined torque has been exceeded,
cause the elements that are moveable relative to each other

to move from the first position to the second position.

According to an embodiment of the 1invention, the two
elements that are moveable relative to each other comprise
a retaining element with a cutout in which the motor 1s
rotatable on the spindle axis at least over a predetermined
angular range, and comprise at least one detent element
that is provided on the motor and that in a respectively
corresponding recess in the retaining element is movable 1in
circumferential direction and is guided by way of a first
part of the predetermined angular range in the sense of
mutual locking relative to the axial direction, wherein the
recess in the retaining element comprises a disengaging
position that is formed by a notch, in which disengaging

position the detent element 1is releasable 1n axilal

direction.

According to an embodiment of the invention, the means
which when the predetermined torque has been exceeded

release the movement of the elements that are moveable

relative to each other from the first position to the

second position are formed by a friction clutch that 1is
effective between the elements that are moveable relative

to each other.

According to another embodiment of the inventilion, the means
which when the predetermined torque has been exceeded
release the movement of the elements that are moveable

relative to each other from the first position to the
second position are formed by an elastlic spring element
that is effective between the elements that are moveable

relative to each other.

The motor is preferably an electric motor.
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According to an embodiment  of the invention, the
transmission element that engages the spindle is a spindle

nut that is arranged centrically in a rotor of the motor.

According to an embodiment of the invention, the motor 1is
arranged so as to encompass the spindle concentrically to

the axis of said spindle.

A detachable coupling can be provided that comprises a

single detent element that is guided 1n a recess.

On the other hand a detachable coupling can be provided
that comprises two or more detent elements, each being
guided in a recess, which detent elements are mutually

of fset by identical angles or different angles around the

clircumference.

Below, an exemplary embodiment of the motorized spindle
drive according to the invention 1is explained with

reference to the drawing.

The following are shown:

Fig. 1 a diagrammatic partial section view of a

motorized spindle drive for an  actuator,

particularly for an aerodynamically effective
surface ot an alircraft, according to an

embodiment of the invention;

Fig. 2a) a view, in the direction of the spindle shown in
Fig. 1, of a retaining element provided 1n the
motorized spindle drive, according to an

embodiment; and

Fig. 2b) a view, in the direction of the spindle shown 1in

Fig. 1, of a retaining element provided 1in the
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motorized spindle drive, according to another

embodiment.

Fig. 1 shows part of a motorized spindle drive for an
actuator that 1is provided to drive an aerodynamically
effective surface of an aircraft, for example a control

surface or a high-1lift surface of an aircraft.

This motorized spindle drive comprises a spindle 1 which on
one end, in Fig. 1 on the 1left-hand end, comprises an
attachment eyelet 12 on which a connection to the
aerodynamically effective surface (not shown in the figure)
which 1is to be moved, of the aircraft, 1s established
either directly or by way of interconnected components (not
shown). On the other hand, the spindle drive 1s supported
on a component or element 6 that 1in relation to the
movement of the spindle 1 is to be considered as fixed in
the axial direction of the spindle 1. Thilis component 6 can,
for example, be a housing of the motorized spindle drive,
which in turn can be connected 1in any suitable manner,

either fixed or movable, to the structure of the aircraft.

The motorise spindle drive comprises a motor 2 which
includes a mechanical transmission element 4 that engages
the spindle 1 to drive it, which transmission element 4
causes a relative movement between the spindle 1 and the
motor 2 in axial direction, i. e. 1n the direction of the
spindle axis. The motor 2 1is supported on an element that
absorbs the torque of said motor 2, which element 1s fixed
relative to the spindle movement, namely on the previously-
mentioned component or element 6, which 1s, for example,

designed in the form of a housing component or structural
component of an aircraft. The motor 2 comprises a stator 13
with a stator winding 15 that 1s supplied with drive
current by way of a line 14, and a rotor 3 which 1is
rotatably supported relative to the stator 13 1n order to

rotatably drive the spindle 1. The rotor 3 and the spindle
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nut 4 are supported by bearings 5 relative to the stator 13

or the housing of the motor 2.

The bearing 6, 7, 8, 9, which absorbs the torque of the
motor 2, comprises a detachable coupling 7, 8, 9 that
detaches upon a predetermined torque being exceeded, and
releases the motor 2 in the sense of a free movement 1n the
axial direction of the spindle 1 relative to the above-
mentioned fixed element 6. Said detachable coupling 7, 8, 9
comprises two elements 7, 8 that are movable relative to
each other, which in a first position are mutually engaged
in a positive-locking manner and are locked relative to
each other so that they transmit the torque of the motor 2
and cause the relative movement of the spindle 1 relative
to the fixed element 6, and which in a second position are
unlocked from each other so that a release of the movement

of the motor 2 in axial direction of the spindle 1 takes

place.

In the exemplary embodiments shown in Figures 1, 2a) and
2b) these two elements 7, 8 that are moveable relative to
each other are formed on the one hand by a retalning
element 7 with a cutout 9 in which the motor 2 1is rotatable
on the spindle axis over a predefined angular range, as
well as, on the other hand, by at least one detent element
8 that is provided on the motor 2 and that 1s connected, SO
as to be fixed, to said motor 2, and 1n a respectively
corresponding recess 10 in the retaining element 7 1s
movable in circumferential direction. To this effect the

-
=1

recess 10 is designed in the manner of a groove 1in the

shape of a sector of an annulus, 1n which groove the detent
element 8 can perform over said angular range a circular
path on the spindle axis. Over a first part of the provided
angular range the detent element 8 1s guilided 1n the sense
of mutual locking relative to the axial direction.
Furthermore, the recess 10 1in the retaining element 7

comprises an notch 11 that forms a disengaglng position 1n
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which the detent element 8 is released in axial direction.
This means that during rotation of the detent element 8
along the recess 10 from a locked position to the
disengaging position 11 it and thus the motor 2 are
released so that the motor 2 is released from the element 6

that is fixed relative to the spindle 1.

In the exemplary embodiment shown in Figure 2a) a coupling
is provided that comprises a sole detent element 8 that 1s
guided in a recess 10, wherein the motor 2 is rotatable

around the spindle axis over a predetermined angular range.

In another exemplary embodiment, shown 1in Figure 2b), a
coupling is provided that comprises two detent elements 8,
each guided in a recess 10, which detent elements 8 are

of fset, relative to each other, over the circumference by a

predetermined angle, in Figure 2b) by 180°, wherein the

motor 2 in turn is rotatable around the spindle axis over a

predetermined angular range.

When the coupling comprises two or several detent elements
8, each guided in a recess 10, which elements cause
improved distribution of the forces that occur on the
coupling that is formed by the detent elements 8 that are
guided in a recess 10, said detent elements 8 can be

circumferentially offset by identical or different angles,
for example three elements offset by 120° or by three

different angles, which overall result 1n 360°.

Release of the movement of the elements 7, 8 that are
moveable relative to each other, in other words of the
retaining element 7 and of the detent element or elements 8
from the first position to the second position, takes place
by suitable means 1f the predetermined torque has been
exceeded. In the exemplary embodiments shown 1in Figures 1,
2a) and 2b) to this effect a friction clutch 1is provided

which 1s effective between the elements 7, 8 that are
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moveable relative to each other, in other words between the
retaining element 7 and the detent element 8. This friction
clutch can be implemented in a comparatively simple manner

between the surface of the detent element 8 and the surface

of the recess 10 formed in the retaining element 7, wherein
optionally, in order to influence mutual friction, coatings
of the surface, linings or similar can be provided on one

or on both of said elements, as 1is common with friction

clutches.

As an alternative, such a means, which when the
predetermined torque 1is exceeded releases movement of the
elements 7, 8 that are moveable relative to each other, can
also be formed by an elastic spring element that 1s
effective between the motor 2 and the retaining element 7
or the fixed element 6. Such a spring element would then,
however, have to be detachable at least on one side 1n

order to ensure complete release of the motor in axial

direction of the spindle 1.

To ensure the provision of a redundant actuator, preferably
two or more such spindle drives are to be provided, at
least one of which comprises a detachable coupling 7, 8, 9
of the type described, or of a similar type, but preferably
both types, which coupling 7, 8, 9 detaches upon a

predetermined torque being exceeded. In this arrangement

the motor or motors 2 of the spindle drives are designed

such that their maximum drive torque clearly, for example

by a factor of 2 or more, exceeds the maximum nominal
operating torque of the elements that are to be operated by
the spindle drive, in other words, for example, of the
aerodynamically effective surfaces of an ailrcraft. In the
case of the jamming of motor 2 of a drive, the motor of the
other drive needs to generate the predetermined triggering
moment only during the short triggering period of the

coupling 7, 8, 9 so that the two elements 7, 8 that are
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moveable relative to each other are unlocked from each

—

other and the motor 2 1s released.

In the case of jamming, a moment is generated as a result
of suitable control of the motor 2, which moment exceeds
the detaching value of the detachable coupling 7, 8, 9, as
a result of which the stator 13 of the motor 2 is moved in
circumferential direction over the above-mentioned angular
range, and the motor 2 1s then released 1in the axial

direction of the spindle 1.

In the exemplary embodiment shown, the motor 2 or motors 2
are electric motors that comprise a stator 13 and a rotor
3, wherein the transmission element 4 that engages the
spindle 1 1s formed by a spindle nut that 1is engaged
centrically in the rotor 3. The motor 2 is thus arranged so
that its rotor 3 encompasses the spindle 1 concentrically
to its axis. The feed lines 14 that supply the windings of
the stator 13 are of course to be provided such that when
the motor 2 1s released 1n axial direction of the spindle 1

sald feed lines 14 can follow without damage.

The 1nvention thus creates an electric-motor-driven spindle
drive of a simple design that ensures operation without

jamming.
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List of reference characters

Spindle

Motor

Rotor

Spindle nut
Bearing

Fixed part
Retalining element
Detent element
Notch

Recess
Disengaging position
Attachment eyelet
Stator

Stator lines
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CLAIMS

1. A motorized spindle drive for an actuator,

particularly for an aerodynamically effective surface
of an aircraft, having a spindle (1) and a motor (2)
that comprises a mechanical transmission element (4)
engaging the spindle (1) in order to drive said
spindle (1) and causing a relative movement 1in the
axial direction between the spindle and the motor (2)
and that is connected to an element (6) that 1s fixed
in place relative to the motion of the spindle,
characterised 1in that the bearing (6, 7, 8, 9)
absorbing the torque of the motor (2) comprises a
detachable coupling (7, 8, 9) that detaches upon a
predetermined torque being exceeded and releases the
motor (2) in the sense of a free movement in the axial

direction of the spindle (1) relative to the fixed

element (6).

The motorized spindle drive according to claim 1,
characterised in that the detachable coupling (7, 8,
9) comprises two elements (7, 8) that are moveable
relative to each other, which in a first position are
locked against each other so as to be mutually
engaging in a positive-locking manner 1n order to
transmit the torque of the motor (2) and to cause the
relative movement of the spindle (1), and which 1n a
second position are unlocked from each other 1in the
sense of a free movement of the motor (2) in the axial
direction of the spindle (1), whereln means are
provided that respond to the torque transmitted by the
motor (2), which means, when the predetermined torque
has been exceeded, release the elements (7, 8) that

are moveable relative to each other to move from the

first position to the second position.
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The motorized spindle drive according to claim 2,
characterised in that the two elements (7, 8) that are
moveable relative to each other comprise a retaining
element (7) with a cutout (9), 1n which the motor (2)
is rotatable around the spindle axis at least over a
predetermined angular range, and comprlse at least one
detent element (8) that is provided on the motor (2)
and that in a respectively corresponding recess (10)
in the retalning element (7) is movable in
circumferential direction and 1s guided by way of a
first part of the predetermined angular range 1n the
sense of mutual locking relative to the axial
direction, wherein the recess (10) in the retaining
element comprises a disengaging position that 1is
formed by a notch (11), in which disengaging position

the detent element (8) 1s released 1n axial direction.

The motorized spindle drive according to claim 2 or 3,
characterised in that the elements (7, 8) which when
the predetermined torque has been exceeded release the
movement of the elements that are moveable relative to
each other from the first position to the second
position are formed by a friction clutch that 1s
effective between the elements (7, 8) that are

moveable relative to each other.

The motorized spindle drive according to claim 2 or 3,
characterised in that the elements (7, 8) which when
the predetermined torque has been exceeded release the
movement of the elements that are moveable relative to

each other from the first position to the second

position are formed by an elastic spring element that
is effective between the elements (7, 8) that are

moveable relative to each other.
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The motorized spindle drive according to any one of

claims 1 to 5, characterised in that the motor (2) 1s

an electric motor.

The motorized spindle drive according to any one of
claims 1 to 6, characterised in that the transmission
element (4) that engages the spindle (1) 1s a spindle

nut (4) that is arranged centrically i1n a rotor (3) ot

the motor (2).

The motorized spindle drive according to c¢laim 7,
characterised in that the motor (2) 1s arranged so as

to encompass the spindle concentrically to the axis

thereof.

The motorized spindle drive according to any one of
claims 3 to 8, characterised 1n that a detachable

coupling (7, 8, 9) is provided that comprises a detent

element (8) that is guided 1in a recess (10).

The motorized spindle drive according to any one of
claims 3 to 8, characterised 1n that a detachable
coupling (7, 8, 9) 1is provided that comprises two or
more detent elements (8), each being guided 1n a
recess (10), which detent elements are mutually offset
by identical angles or different angles over the

circumference.



WU ZUUJ/UI831 U L/DEZUUB/UULDS/
CA 02700572 2010-03-24

1/2

f
00000000 %% % ammraun
DO
OO
L P ER OO
Welelelete bt
L M X OO

12 15 5

L4
ARRESuED
L]
L4

N

PP ¢ 9
slel0 s tete %

QOO
XIS
J0%% %% %% %%

RIS

Fig. 1



YY U LUUZ/UIZOD1 U L/ DILLUUO/UVLOD |
CA 02700572 2010-03-24

2/2

7
10

9

Fig. 2a)
11
7
— 10
9
10

Fig. 2b) 1



Fig. 1

13 14

“~__““_““nm




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - abstract drawing

