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(67) A compact linear actuator is 0
disclosed in which the motor, gear g 32 4 B

reduction and linear motion control B2 1§ 5 i5)38 2 2 ‘

functions are performed by an integral = ) ZB 30
array of respective components 18, 32,

14. Instead of having separate 2. A =
interconnected units to perform these % b2 22 2
functions, the integral array compacts T T Tl
these functions into a single unit 10, Lat “ 1 l\ I\ \ ‘\‘\m ‘ \\ \‘\l\‘\‘\ \‘ \ %
allowing areductioninthe overall |} P————" "IN ‘ =
length and total weight of an actuator < [—1— 7" |
capable of a given output stroke and 3 . ~——
force.
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GB 2141203 A 1

SPECIFICATION
Compact electromechanical actuator

5 The invention relates to positioning apparatuses,
and more particularly to a compact linear actuator.

Actuators are used in many types of applications
to provide motion control. For example, actuators
are used to rotate the elevators and rudder of an

10 aircraft, and to raise the dump bed of a truck.

The nature of a particular application can impose
severe restrictions on the size of the actuators that
can be used to implement it. For example, in aircraft
and spacecraft applications where weight and space

15 are at a premium, actuators must be designed with
an eye toward size. Often, however, an actuator
designed to meet the space limitations of a particular
application will be incapable of providing the output
stroke and force required for that application. Thus, a

20 primary object of the present invention is to provide
an actuator that can be used in confined areas
without unacceptably limiting stroke and force.

Another object of the present invention is to
provide an actuator of compact, integral construc-

25 tion that can be used in confined areas without
unacceptably limiting output stroke and force.

A further object of the present invention is to
provide a compact electromechanical actuator hav-
ing its motor, gear reduction and motion control

30 components in an integral array so that it can be
used in confined areas without unacceptably limiting
output stroke and force.

The present invention is directed towards a com-
pact actuator comprising a housing (10), a motor {18)

35 with a shaft (22) and and an output shaft journaled
within said housing for rotation relative to said
housing, and a drive gear (32), characterized in that
said motor shaft (22) is journaled at one end in said
housing (10) and at the other end in said output shaft

40 for rotation relative to said output shaft and said
housing (10), and said drive gear (32) is mounted on
said motor shaft adjacent said output shaft journal,
and a concentric gear is mounted within said
housing, and at least one pinion gear cooperating

45 with said drive gear (32), and said concentric gear is
mounted to rotate said output shaft, and said drive
gear (32) and said concentric gear (34) are an integral
part of said output shaft, and said output shaft and
said motor shaft are both hollow to accomodate a

50 linear member (14) therein, and said output shaft
and said linear member (14) having means for
causing said linear member to linearly translate in
response to the rotation of said output shaft.

In the compact electromechanical actuator of the

55 present invention the motor, gear reduction and
motion control functions are performed by an integ-
ral array of components. Instead of having separate,
interconnected units to perform these functions, the
integral array compacts these functions into a single

60 unit. Thus, rather than having a separate motor
linked to a separate gear reduction unit, asina
typical actuator arrangement, in the present inven-
tion the motor and gear reduction unit are integrated
by journaling the motor’s shaft in the planet carrier

65 of the planetary gear set comprising the gear
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reduction unit, and by machining the drive gear of
the gear set as an integral part of the motor's shaft.
Instead of using a separate motion control unit
driven by a separate gear reduction unit, motion
control, which is implemented through the linear
translaton of a linear member by a rotating cylindric-
al member, is also integrated into the array. The
cylindrical member is machined as an integral part
of the planet carrier, while the drive gear and shaft of
the motor are both hollow to accommodate the
linear member when it is contracted into the
actuator.

The use of this integral array of components
allows a reduction in the overall length and total
weight of an actuator capable of a given force and
output stroke and provides optimal support for the
planetary gear set comprising the gear reduction
unit.

Figure 1is a perspective view of one embodiment
of the compact linear actuator completely assem-
bled and interfaced to a horse-shoe yoke used to
control the rudder of an airplane.

Figure 2 is a partial cross-sectional view of the
embodiment of the compact linear actuator shown
in Figure 1. .

in the embodiment shown in Figure 1, the actuator
housing 10 has a generally cylindrical shape which
conforms to the generally cylindrical or circular
shapes of its internal omponents. Protruding from
one end 12 of the actuator is a roller (ball) screw 14
capable of linear translation. Screw 14 interfaces
with the item to be moved or controlled by the
actuator. In the embodiment of Figure 1 it is attached
to a horse-shoe yoke 16 which controls the upper
rudder of an airplane. It should be noted, however,
that the particular interface component to which
screw 14 is attached will depend on the particular
application in which the actuator in used.

In Figure 2 operation of the actuator is initiated by
the activation of a brushless DC motor 18 having a
wound stator 20 and a rotor or shaft 22 with a
fiberglass covered permanent magnet assembly 24
bonded thereto by an adhesive. it is to be under-
stood, however, that other types of motors can also
be used. Stator 20 is wound for three phase opera-
tion; however, other phase configurations, such as
two phases, can also be used. A typical brushless
motor controller (not shown) switches the fields
applied to stator 20 for commutation control.

Also, bonded to shaft 22 is a second permanent
magnet assembly 26 used to control the commuta-
tion of motor 18. For purposes of commutation
control, a commutation position sensor 28 detects
the angular position of the motor shaft by sensing
the position of permanent magnet assembly 26. This
data is used by the motor controller to properly time
the switching of the motor field. In the preferred
embodiment of the invention, this sensor is a
bistable Hall device that changes state when moved
in proximity to one of the permanent magnets of
assembly 26.

The operation of motor 18, and the actuatorin
general, is controlled by means of a typical servo
control system {not shown). A tachometer 30 senses
the speed of shaft 22, and generates a speed-related
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signal which is fed to the servo system or control
purposes.

The actuator achieves the specified mechanical
output for a given applicaton by gearing down the

5 speed of motor shaft 22 through a gear reduction
unit comprised of a planetary gear set 32. Motor 18
and gear set 32 are integrated first by machining a
central, or sun. gear 34 to one end of motor shaft 22.
Shaft 22 is then journaled on this same end using a

10 torque tube bearing 36 within a planet carrier 38 of
the planetary gear set. Surrounding gear 34is a
coaxial internal or ring gear 40 attached to housing
10. One or more intermediate pinions or planet gears
42 supported by planet carrier 38 are then meshed

15 between coaxial gears 34 and 40.

Journaling of motor shaft 22 in the planet carrier
allows the overall axial length and total weight of the
actuator to be significantly reduced. Because this
method of supporting the motor shaft replaces an

20 end bell in which the motor shaft is normally
journaled, the end bell is eliminated.

Other advantages provided by this arrangement
include minimum motor shaft defiction due to gear
loading, since bearing 36 and sun gear 34 are

25 adjacent one another, and close tolerance concen-
tricity between the sun gear and the planet gears,
since the planet carrier is also the housing for
bearing 36.

Use of torque tube bearing 36 also allows a

30 reduction in the diameter and weight of the actuator.
Because a bearing of this type has a smaller
cross-section for a given inside diaimeter than a
regular bearing of comparable diameter, the compo-
nents surrounding it can be reduced in size and

35 weight accordingly.

During the operation of the actuator motor shaft
22 turns at a particular rate of speed. Since the sun
gear is machined as part of this shaft, it turns at the
same rate of speed. As this gear turns, it engages the

40 planet gears, causing them to rotate in the opposite
direction so that they travel around the sun gearon
stationary ring gear 40. This traveling of the planet
gears causes planet carrier 38 to turn in the same
direction as the sun gear and the motor shaft, but at

45 alower rate of speed to increase the actuator’s
mechanical advantage.

The size of the gears comprising the planetary
gear set is based upon the maximum torque that
such gears will experience. The expected level of

50 torque determines gear tooth size (diametral pitch),
gear face width (overall length} and the material
from which the gears are constructed. In the prefer-
red embodiment, this material is case hardened
steel.

85  Inthe embodiment of the invention shown, the
output force required for motion control is generated
by the linear translation of a linear member. In the
preferred embodiment this linear member is roller
screw 14. Concentric with this screw is planet carrier

60 38, a portion 44 of which, machined as roller nut (or
ball nut if screw 14 is a ball screw), engages and
translates screw 14. This integral arrangement im-
proves the stiffness of the actuator and allows the
component which normally interconnects a separate

65 planet carrier and a separate roller nut to be

70

75

80

85

90

95

100

105

110

115

120

125

eliminated, so that the overall axial length of the
actuator can be further reduced.

In operation, as planet carrier 38 is rotated by
planet gears 42, the threads of its nut portion engage
the threads of screw 14, causing it to translate so as
to exert a linear force. The rate and direction of this
translation is determined by the direction and rate of
rotation of the planet carrier and the lead of screw
14. As the output shaft is rotated in one direction,
screw 14 is caused to extend out of the actuator.
Similarly, when the direction of rotation of the
output shaft is reversed, screw 14 is caused to
contract back into the actuator. To integrate screw 14
into the array components, sun gear 34 and motor
shaft 22 both have hollow centers, thereby allowing
the screw to translate into them as it is retracted. By
telescoping screw 14 into the sun gear and motor
shaftin its retracted position, a further reduction in
the overall axial length of the actuator is achieved
since no additional length is needed for screw 14's
contraction.

The diameter of screw 14 must be such that it will
be capable of withstanding the peak force that it will
experience in operation. In addition, the lead of this
screw must be sufficient for it to achieve the
maximum no load speed required by the application
in which the actuator is to be used. Lead determines
the amount of torque required for nut portion 44 to
produce the desired force on screw 14 and the
distance that such screw will translate for each
revolution of nut portion 44.

Planet carrier 38 is journaled within actuator
housing 10 by means of a pair of angular contact ball
bearings 46 and 48 that support ball nut portion 44
thereof. Other types of bearings, however, such as
tapered roller bearings, may also be used. Bearings
46 and 48 are fitted into the same portion 50 of
housing 10 as ring gear 40. This arrangement
ensures the concentricity between the planet gears
and the ring gear. Bearings 46 and 48, which are
capable of withstanding high axial loads, are also
separated by a spacer 52. During assembly of the
actuator these bearings are preloaded to remove any
free play that may exist in them. This also aliows an
increase in the stiffness of the actuator.

The characteristics of motor 18, i.e., peak torque
and minimum no load speed, are determined by
certain actuator design criterion. These criterion
include the maximum output force to exerted by
screw 14, the maximum no load speed required of
this screw, its lead and the overall dimensions of
planetary gear set 32.

Thus, for any given application, an actuator must
be capable of generating a given maximum output
force, and it must be capable of translating at a given
no load maximum rate of speed. Given these
constraints, for any application requiring an actuator
to operate in a confined area, an actuator according
to the present invention can be provided which will
have a minimum of dimensions and weight without
unacceptably limiting its output force and stroke
capabilities.
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CLAIMS

1. A compact actuator comprising a housing (10),
a motor (18) with a shaft (22) and an output shaft
journaled within said housing for rotation relative to
said housing, and a drive gear (32), characterized in
that said motor shaft {22) being journaled at one end
in said housing (10) and at the other end in said
output shaft for rotation relative to said output shaft
and said housing (10), and said drive gear (32) being
mounted on said motor shaft adjacent said output
shaft journal, and a concentric gear being mounted
within said housing, and at least one pinion gear
cooperating with said drive gear (32}, and said
concentric gear (34) being mounted to rotate said
output shaft, and said drive gear (32) and said
concentric gear (34) being integral parts of said
output shaft, and said output shaft and said motor
shaft (22) being both hollow to accommodate a
linear member (14) therein, and said output shaft
and said linear member (14} having means for
causing said linear member to linearly translate in
response to the rotation of said output shaft.

2. The compact actuator as claimed in claim 1
characterized in that said linear memberis a
threaded shaft, and said output shaft is both a
threaded cylindrical member concentric with said
threaded shaft and a planet carrier for said at least
one pinion gear.

3. The compact actuator as claimed in claim 2
characterized in that said drive gear, said concentric
gear and said at least one pinion gear in combination
comprise a planetary gear set.

4, The compact actuator as claimed in claim 3,
characterized in that it has a plurality of pinion gears
cooperating with said drive gear and said concentric
gear to rotate said planet carrier and thereby said
threaded cylincrical member.

5. The compact actuator as claimed in claim 4,
characterized in that said linear member is caused to
translate within and without said housing.

6. The compact actuator as claimed in claims 1 to
5 characterized in that said hollow shaft of said
motor is journaled within said housing for rotation
relative to said housing.

7. The compact actuator as claimed in claim 6,
characterized in that said motor shaft is journaled in
said output shaft adjacent said drive gear.

8. The compact actuator as claimed in claims 1 to
7 characterized in that it further comprises a support
member linked to said output shaft for rotating said
output shaft, and wherein at least one pinion gear is
cooperating with said drive gear and said concentric
gear to rotate said drive member, and thereby said
output shaft, and a linear member accommodated
within said output shaft and said motor shaft and
coupled to said output shaft so that rotation of said
output shaft causes linear translation of said linear
member.

9. The compact actuator as claimed in claim 8,
characterized in that said support member is an
integral part of said output shaft.

10. A compact actuator comprising a housing, a
motor with a shaft characterized in that it further
comprises a planet carrier nut journaled within said
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housing for rotation relative to said housing, a motor
having a shaft journaled at one end in said housing
and at the other end in said planet carrier nut for
rotation relative to said planet carrier nut and said
housing, a sun gear mounted on said motor shaft
adjacent said planet carrier nut journal being one
integral part, a ring gear mounted within said
housing and being coaxial with said sun gear, and at
least one planetary gear cooperating with said sun
gear and said ring gear to rotate said planet carrier
nut, and that said planet carrier nut and said motor
shaft are both hollow to accommodate said screw
therein, said planet carrier nut and said screw being
threaded for converting rotation of said planet
carrier nut into linear movement of said screw.

11. The compact actuator as claimed in claim 10
characterized in that said sun gear is an integral part
of said motor shaft.
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