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MULTI-FUNCTION ACTUATOR, '
AND METHOD OF OPERATING SAME

Technical Field

The present invention relates generally to an improved nlulti-fmlétion actuator having
amotor that is operatively arranged to initially displace a first mechanism (e.g., a first crank
controlling the displacement of a thrust vector control véne) through a first displacement
range; having a second mechanism (e.g., an aerodynamic steering fin) that is capable of
spring-driven uni-directional displacement from a first (e.g., stowed) position to a second
(e.g., deployed) position when the first mechanism is moved beyond such first displacement
range; and having a clutch operated by the release of the spring to selectively disconnect the
motor from the first mechanism and to selectively connect it to a third mechanism (e.g., a
second crank controlling the angle-of-attack of the &eployed fin) such that the motor may be

operated to selectively control the third mechanism.

Background Art
In certain applications, a missile is initi.ally controlled by means of a thrust vector
control vane positioned in the rocket jet stream. After launch, it may be desirable to deploy .
steering fins that have been stowed within the missile body, and to thereafter control the
angle-of-attack of these fins to control the flight of the missile. |
One might intuitively think that a first motor would be used to control movement of
the thrust vector control vane, a second motor would be used to control the deployment of
the fins, and a third m‘otor would be used to control the angle-of-attack of the deployed fins.
However, use of multipble actuators to control these three functions would add unnecessary
weight and complexity to the missile, and would reduce its potential payloéd.
| U.S. Pat. No. 4,709,877 discloses a mechanism having one motor for deploying a fin
from a stowed position to a deployed position, and then for controlling the angle-of-attack
of the deployed fin. According to this patent, the motor rotates a gear mounted on an
initially—ﬁxéd support member to first perform the deployment function. Completion of this
initial motion releases a spring-loaded pin to lock the fin in its deployed position, and also

releases the support member so that further rotation of the gear may be used to control the
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angle-of-attack of the deployed fin.

It would be generally desirable to provide an improved multi-function actuator having
a single motor that is capable of: (1) initially controlling a thrust vector control vane of a
rocket motor, (2) releasing the fins so that they may be moved from their stored positions to
their outwardly-extended deployed positions, and (3) thereafter controlling the .angle-of-

attack of these deployed fins within the air stream.

Disclosure of the Invention

With parenthetical reference to the corresponding parts, portions or surfaces of the
disclosed embodiment, merely for purposes of illustration and not by way of limitation; the
present invention broadly provides an improved multi-function actuator (20), and method of
operating same. |

The improved actuatof broadly includes: a ﬁrst mechanism (21) capable of bi-direc-
tional displacement; amotor (22) operatively arranged to selectively displace the first mecha-
nism through a first displacement range; a second mechanism (24) capable of uni-directional
displacement from a first position to a secoﬁd position; a spring (25) operatively arranged
to'urge the second mechanism to move from the first pésition to the second position; a
release mechanism (26) operatively arranged to release the spring when the first mechanism -
is moved beyond the first d_isplécement range; a third mechanism (27) capable of bi-direc-
tional displacement; and a clutch (28) operated by the release of the spring to selectively -
disconnect the motor from the first mechanism and to selectively connect the motor to the
third mechanism; whereby the motor may be operated to sequentially control the displace-
ment of the first mechanism, the displacement of the second mechanism, and the displace-
ment of the third mechanism.

The first, second and third mechanisms may be arranged to operate corresponding
first, second and third mechanical functions. The first mechanism may be operatively ar-
ranged to rotate a thrust vector control vane. The second mechanism may be operatively
arranged to control the deployment of an aerodynamic control fin. The third mechanism may
be operatively arranged to control the angle-of-attack of an aerodynamic control fin. o

The first mechanism may be rotatable about a first axis (,-y,), and may include a first

crank (21). The first mechanism may be operatively ‘am‘dnged to control a thrust vector
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control vane (34). The third mechanism may includes a second crank (27). The motor may
be‘arranged to drive the second crank through a screw (23). The clutch may be arranged to
act between the first and second cranks. The second mechanism may include a cam driver
(39) and wherein a mating cam surface (40) is located on the fin.

The release fnechanism may include a Iug (41) that is constrainéd to move in two
ortho gonai directions. More particularly, the lug maybe cénstrained to move in one orthogo-
nal direction (i.e., circumferentially) when the motor moves the first mechanism within the
first displacement range and before the first mechanism has been moved beyond the first
displacement range, and may be constrained to move in the other ortho gonal direction (i.e.,
axially) after the ﬁrst mecharism has been moved beyond the first dlsplacement range.

The third mechanism may include a shaft 29 rotatable about a first axis. The clutch
may initially couple the first and second cranks before éuch. spring release, but may connect
the third mechanism shaft to the second crank after such spring release.

The improved method broadly includes the steps of: providing a first mechanism
capable of bi-directional displacement; providing a motor that is operatively arranged to
selectively displace the first mechanism through a first displacement range; prdviding. a
éecond mechanism that is capable of uni-directional displacer’nen't from a first position to a
second position; providing a spring that is operatively arranged to urge the second mecha- -
nism to move from the first position to the second position; releasing the spring when the
first mechanism is moved beyond the first displacement range; providing a third mechanism
that is capable of bi-directional displacement; and disconnecting the motor from the first
mechanism in response to release of the spring, and connecting the motor to the {hird mecha-
nism in response to release of the spring; thereby to cause the motor to sequentially control
the displacement of said first mechanism, the displacement of said second mechanism, and
the displacement of said third mechanism. .

Accordingly, the general object of the invention is to provide an impfoved multi-
function actuator.

Another object is to provide an improved multi-function actuator having a motor that
is operatively arranged to initially control displacement of a first mechanism within a first
displacement range, to allow a second mechanism to be released from a first position to a

second position when the first mechanism is moved beyond the first displacement range; and



10

15

20

25

WO 2004/104510 PCT/US2004/013982

. 4

to thereafter selectively disconnect the motor from the first mechanism and to selectively

connect the motor to a third mechanism such that the motor may be operated to selectively

control either the first mechanism or the third mechanism.

Still another object is to prdvide an irﬁproved method of controlling the operation of
a multi-function actuator.
These and other objects and advantages will become apparent from the foregoing and

ongoing written specification, the drawings and the appended claims.

Brief Description of the Drawings

Fig. lisa persﬁective view of a first form of the improved multi-function actuator,
this view showing the motor driving the first crank, the mechanism for selectively coupling
the first crank to the second crﬁn.k or to the shaft, and depicting a fin carried on the shaft as
being in its stored out-of-the-way position. 7 |

Fig. 2 is a perspective view, albeit from a different angle, of the mechanism shown
in Fig. 1, with the motor, connécting rod, and vane control mechanism omitfted in the interest
of clarity, and with portions of the yoke member cut away to reveal the fin-deployment
device therewithin, this view showing the fin as being in its stowed dut-of—the—way position.

Fig. 3 is a perspective View'of the mechanism shown in Fi g. 2, but showing the fin °
as having been moved to its outwardly-extending deployed position.

Fig 4 ié a fragmentary-sectional view thereof, taken generally on line 4-4 of Fig. 2,
showing fin-deployment device when the fin is in its stowed position.

Fig. 4A'is a profile cartoon showing the lug as being moved within the horizontal
slot, and showing the lug as having been mo‘ved into the vertical slot when the fin is about
to be deployed. |

Fig. 5 is a fragmentary sectional view thereof, taken generally on line 5-5 of Fig. 3,
showing the fin-deployment device when the fin is in its‘ deployed position.

Fig. 5A is a profile cartoon showing the lug as having moved upwardly in the vertical

slot when the fin has béen deployed.

Description of the Preferred Embodiments

Attheoutset, it should be clearly understood that like reference numerals are intended
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to identify the same structural gelements, portions or surfaces consistenﬂy throughout the
several drawing figures, as such elements, portions or surfaces may be further described or
explained by the entire written specification, of which this detailed description is an integral
part. Unless otherwise indicated, the drawings are intended to be read (e.g., cross-hatching,
arrangement of parts, proportion, degree, etc.) together with the specification, and are to be
considered a portion of the entire written description of this invention. As used in the fol-
lowing description, the terms "horizontal", "vertical", "left", "right", "up" and "down", as
well as adjectival and adverbial derivatives thereof (e.g., "horizontally", "rightwardly",
"upwardly”, etc.), simply refer to the orientation of the illustrated structure as the particular
drawing figure normally faces the reader. Similarly, the terms "inwardly" and "outwardly"
generally refer to the orientation of a surface relative to ité axis of elongation, or axis of
rotation, as appropriate. }

Referring now to the drawings, and, more particularly, to Fig. 1 thereof, the present
invention broadly provides an improved multi-function actuator, of which the presently-
preferred embodiment is generally indicated at 20.

| The improved actuator broadly includes a first mechanism, such as a first crank 21,
amotor 22 having a rotatable threaded output shaft 23; a second mechanism 24; a spring 25
(Figs. 2-5); arelease mechanism, generally indicated at 26 in Figs. 4A and 5A; a third mech- -
anism 27; and a clutch, generally indicated at 28 in Figs. 4 and 5.

The first mechanism 21 is shown as being a crank that is mounted for rotation about
a tubular first shaft 29. This first shaft is shown as being elongated along axis vy, The
lower end of the shaft is closed by.niealls of a cylindrical plug 30 and a lowermost end cap
member 31 that is threaded onto the lower marginal end portion of the first shaft. As best
shown in Fig. 1, a connecting rod 32 has one end pivotally connected to the crank 21 at a
location eccentric to axis y,-y,, and has its opposite end pivotally connected to a third crank
33. Third crank 33 is mounted fof rotation about an axis y,-y,, which is shown as being
substantially parallel to axis y,-y,. A thrust vector control vane 34 is mounted on the lower
end of third crank 33, and is arranged to be positioned in the jet of a rocket mofbr (not
shown). Thus, the first mechanism (i.e., first crank 21) is mounted for bi-directional angular
displacement within a first displacement range about axis y,-y,. Such movement of the first

mechanism is initially used to control the position of the thrust vector control vane in the
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preferred embodiment. ’

The second mechanism 24 is shown as being an aerodynamic steering fin which is
movable between a first or stowed position (i.e., as shown in Figs. 1, 2 and 4), and a second
or deployed position (i.e., as shown in Figs. 3 and 5). More particularly, fin 24 is mounted
on the upper portion of the first shaft via a pin 35 having a diametrical axis x-x which is
transverse to the longitudinal axis y;-y,. |

As besf shown in Figs. 4 aﬁd 5, a cam driver, generally indicated at 36 1s opera;cively
arranged inside first shaft 29 for axial movement therealong. Cam driver 36 is shown as
having an upper recess 37 extending aownwardly into the cam driver and terminating in an
intermediate transverse wall 38 at the both of the recess, an uppermost cam surface 39 Which
is operatively arranged to bear against a cam surface 40 provided on the fin.

Spring 25 is compressed between plug 30 that closes the lower end of first shaft 29,
and cam driver wall 38. The spring is compressed, and continuously urges the cam driver
to move upwardly within the ﬁrstﬂshaft so as to maintain cam driver surface 39 in contact
with fin cam surface 40 when the fin is in its stowed position (as shown in Fig 4) when the
fin moves outwardly to its deployed position, the marginal portion of the fin aboﬁt pin 35
will be received in dﬂver recess 37, as shown in Fig. 5.

"The cam driver is also shown as having a pair of diametrically-opposite lugs, sever- -
ally indicated at 41, that extend radially butwardly through diametrically-opposite vertically-
elongated slots, severally indicated at 42, pfovided in the first shaft. These lugs are further
received in keyways 43, 44 of the first and second cranks 21, 27, respectively. As best
shown in Figs. 1-3, the two cranks have complementary transverse slots 45, 46 respectively.
Lugs 41, 41 are arranged in these transverse slots for ‘movemerit in one orthogonal (i.e.,
circumferential) direction. Thus, the first crank is operatively arranged for bi-directional
angular displacément within the substantial length of circumferential slots 45, 46.

As best shown in Figs. 4A and 4B, the release mechanism 26 comprises axial slots
47, 47, which intersect circumferential slots 45, 46. In other words, the first member may
be moved to a position beyond its first displacement range such that lug 40 is completely
positioned in the alternative position indicated by reference numeral 41' in Fig. 4. Once so
aligned, as spring 25 may quickly move the cam driver upwardly moving the lugs from

position 41' to position'41" (Fig. 5A) within the first shaft, thereby rotating the fin from its
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stowed position to its deployed position.

The third mechanism (ie., second crank 27) is also mounted on the first shaft for -
rotation about shaft axis v,-»;. Second crank 27 is connected to threaded motor output shaft
23 via a swivel nut 48. When spring 25 expands such that the lugs 41, 41 move upwardly
and wholly within the second crank, the first crank 21 is effectively uncoupled from the
motor. Thus, clutch 29 includes lugs 41, 41 and the keyways 43, 44 of the first and third
mephaﬁisms 21,27, respective;ly. As shown in Fig. 4, when the first mechanism is initially
moved in either direction within its first displacement range, as represented by the movement
of lugs 41 within coopératively-aligned slots 45, 46, the first and third cranks are effectively
coupled to one another. However, when the lugs move to position 41' and thereafter move
longitudinally within slot 47 to position 41", the lugs will thereafter be arranged wholly
within keyway 44, and no Iongér with keyway 43. This will effectively uncouple the first
mechanism from the motor, and couple the third mechanism to the motor.

Therefore, the invention broadly provides an improved multi-function actuator, which
broadly includes a first mechanism (e.g., first crank 21) capable of bi-directional movement
(as permitted by cooperative slots 45, 46), a motor (22) operatively arranged to selectively
displace the first mechanism through a first displacemerit raﬁge; a second mechanism (e.g.,
fin 24) capable of uni-directional displacement from a first (e.g., stowed) positionto asecond -
(e.g., deployed) position; a spring (25) operatively arranged to urge the second mechanism
to move from the first position to the second position; a release mechanism 26 (e.g., the
movement of lugs 41 in circumferential slots 45, 46 to alternative position 41") operativély
arranged to release the spring when the mechanism is moved beyond its first displacement '
range; a third mechanism (e.g., second cfank 27) capable of bi-directional displacement (e.g. :
sﬁown to be circumferential in the preferred embodiment); and a clutch (29) operated by the
release of the spring to selectively disconnect the motor from the first mechanism and to
selectively connect the motor to the third mechanism; such that the motor may be selectively
operated to control either the first mechanism or the third mechanism.

In use, the invention provides an improved method of operating a multi-function
actuator. This method broadly includes the steps of: providing a first mechanism capable
ofbi-directional displacement; providing a motor that is operatively arranged to displace the

first mechanism through a first displacement range; providing a second mechanism that is
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capable of uni-directional displacement from a first position to a second position; préviding
a spring that is operatively arrangéd to urge the second mechanism to mové from the first
p.o'sition to the second position; releasing the spring when the first mechariism is moved
beyond the first displacement rangé; prQViding a third mechanism that is capable of bi-
directional displacement; and disconnecting the motor from the first mechanism in response
to release of the spriﬁg and connecting the motor to the third mechanism in response to the
spring; thereby to cause the motor to selectively control either the first or third mechanisms.
Modifications '

The present invention contemplates that many changes and modifications may be
made. For example, while it is presently preferred to use a spring or other resilient member
to bias the fins to move outwardly toward their deployed positions, other types of mecha-
nisms could alternative be employed. As indicated above, the first function may be control
of the thrust vector control vane, and the second function may be release of a spring-biased
fin and/or control of the angle-of-attack of the deployed fins. Other types of functions (e.g.,
initial orientation of an antenna mount on a satellite; antenna- or fin-locking, rather than fin
deployment; erection of the anténna relative to the mount, and subsequent orientation of the
antenna, etc.) might alternatively be controlled. |

Therefore, while the presently preferred form of the improved multi-function actuator
has been shown and described, a person skilled in this art will readily appreciate that various
additional changes and modifications may be made without departing from the spirit of the

invention, as defined and differentiated by the following claims.
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Claims
What is claimed is:
1. A multi-function actuator, comprising:

a first mechanism capable of bi-directional displacement;

a motor operatively arranged to selectively displace said first mechanism through a
first displacement range; |
' a second mechanism capable of uni-directional displacement from a first-position to
a second position; '

a spring operatively arranged to urge said second mechanism to I"l‘lOVB from said first
position to said second positibn; |

a release mechanism operatively arranged to release said spring when said first
mechanism is moved beyond said first displacement range;

a third mechanism capable of bi-directional displacement; and

a clutch operated by the release of said spring to selectively disconnect said motor
from said first mechanism and to selecti\}ely connect said motor to said third mechanism,
| whereby said motor may be operated to sequentially control the displacement of said
first mechanism, the displacement of said secbnd mechanism, and the displacement of said

third mechanism.

2. A multi-function actuator as set forth in claim 1 wherein said first, second and third
mechanisms are arranged to operate corresponding first, second and third mechanical func-

tions.

3. A multi-function actuator és set forth in claim 2 wherein said first mechanical fur}c—

tion is control of thrust vector control vane.

4, A multi-function actuator as set forth in claim 2 wherein said second mechanical

function is control of the deployment of an aerodynamic control fin.
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5. A multi-function actuator as set forth in claim 2 wherein said third function is control

of the angle-of-attack of an aerodynamic control fin.

6. A multi-function actuator as sét forth in claim 1 wherein said first mechanism is

rotatable about a first axis.

7. A multi-function actuator as set forth in claim 6 wherein said first mechanism in-

cludes a first crank.

8. A multi-function actuator as set forth in claim 7 wherein said third mechanism

includes a second crank.

9. A multi-function actuator as set forth in claim 8 wherein said motor is arranged to

drive said second crank through a screw.

10. A multi-function actuator as set forth in claim 8 wherein said clutch is arranged to
act between said first and second cranks. |

1

(

11. A immulti-function actuator as set forth in claim 4 wherein said second mechanism

includes a cam driver and wherein a mating cam surface is located on said fin.

12. A multi-function actuator as set forth in claim 1 wherein said release miechanism

includes a Iug that is constrained to move in two orthogonal directions.

13. A multi-function actuator as set forth in claim 12 wherein said lug is constrained to
move in one orthogonal direction when said motor moves said first mechanism within said
first displacement.range and before said first mechanism has been moved beyond said first

displacement range.

14. A multi-function actuator as set forth in claim 13 wherein said lug is constrained to

move in the other orthogonal direction after said first mechanism has been moved beyond
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said first displacement range.

15. A multi-function actuator as set forth in claim 1 wherein said third mechanism
includes a shaft rotatable about a first axis.

{
16. A multi-function actuator as set forth in claim 15 wherein said clutch initially couples

said first and second cranks before such spring release.

17. A multi-function actuator as set forth in claim 16 wherein said clutch ¢onnects said

third mechanism shaft to said second crank after such spring release.

18.  The method of operating a multi-function actuator, comprisirig the steps of:

providing a first mechanism capable of bi—diréctional displacement;

providing amotor that is opera‘;ively arranged to selectively displace said first mecha-
nism through a first displacement rangé;

providing a second mechanism that is capable of uni-directional displacement from
a first position to a second position; .

providing a spring that is operatively arranged to urge said second mechanism to
move from said first position to said second position; |

releasing said spring when said first mechanism is moved beyond said first displace-
ment range; | '

providing a third mechanism that is capable of bi-directional displacement; and

disconnecting said motor from said first mechanism in response to release of said
spring, and connecting said motor to said third mechanism in response to release of said
spring;

thereby to cause said motor to sequentially control the displacement of said first
mechanism, the displacement of said second mechanism, and the displacement of said third

mechanisni.
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