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(57) ABSTRACT 

An actuator control system includes a controller and a buck 
boost circuit. The controller is con?gured to direct poWer 
from a poWer source to an actuator. The actuator is coupled to 
a control device to apply a force related to operation of a 
vehicle. The buck-boost circuit is con?gured to direct excess 
poWer generated by the actuator to an energy storage device 
When an actuator poWer level satis?es an anticipated poWer 
level. 
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SYSTEM AND METHOD FOR ENERGY 
CAPTURE AND DISTRIBUTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority from and is a con 
tinuation of US. patent application Ser. No. 12/264,488, 
entitled “SYSTEM AND METHOD FOR ENERGY CAP 
TURE AND DISTRIBUTION,” ?led Nov. 4, 2008, the entire 
contents of Which are expressly incorporated herein by refer 
ence. 

FIELD OF THE DISCLOSURE 

[0002] The present disclosure is generally related to cap 
turing poWer generated by application of an external 
mechanical force to a control device. 

BACKGROUND 

[0003] In a vehicle, such as an aircraft, electric poWer sup 
plied by a generator or another device is used to poWer control 
devices, such as aircraft ailerons, ?aps, rudders, other control 
surfaces, and other electric motor devices and controllers to 
direct the motion of the vehicle as Well as other electric motor 
devices and controllers. A signi?cant quantity of electrical 
poWer is supplied to actuators, Which may include electric 
motors, Where the electrical poWer is converted into mechani 
cal poWer to control the motion of the vehicle. 
[0004] For example, in an aircraft, electrical poWer may be 
carried via a bus to the actuators physically coupled to aile 
rons to provide poWer to the ailerons to control the attitude of 
the aircraft. On the other hand, as a result of aerodynamic 
forces, turbulence and atmospheric conditions, extemally 
applied mechanical pressure applied to the ailerons may 
result in the actuator being back-driven (or forward-driven) 
Which results in generating electrical poWer that results in a 
decrease in the energy required from poWer generation 
devices. Similarly, directional reversals due to the electric 
motor inertia, such as also may result in generating electrical 
poWer. The electrical poWer generated by the motors and 
other actuators as a result of the externally-applied forces, 
When joined With the electrical poWer supplied by the poWer 
generation devices to the actuators, may result in excess elec 
trical poWer being carried on the bus. 
[0005] Conventionally, the excess electrical poWer on the 
bus may be dissipated by directing the excess electrical 
poWer, in the form of a How of electric current, to a dedicated 
resistive load Where the electric current is dissipated as heat. 
Dumping the excess electrical energy by directing an electric 
current through a dedicated resistive load is Wasteful and 
generally undesirable due to thermal impacts to the system. 

SUMMARY 

[0006] Embodiments disclosed herein constructively use 
excess electrical poWer applied to a bus con?gured to carry 
electrical poWer to a motor or other actuator for a control 
device When inertia or application of an external force to the 
control surface causes the actuator to generate electrical 
poWer. An actuator control system can monitor an electrical 
poWer level carried by the bus by monitoring actuator voltage 
levels. When the electrical poWer level exceeds an anticipated 
poWer level, such as the level required to supply the connected 
load, excess electrical energy is directed to an energy storage 
device from Which electrical energy can later be draWn When 
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additional energy is needed. In one particular illustrative 
embodiment, it is desirable to smooth the voltage Waveform 
carried by the bus. Accordingly, When the actuator poWer 
level on the bus exceeds an anticipated poWer level, excess 
electrical energy may be directed to the energy storage device 
to store the excess electrical energy for later use. Alternately, 
When the actuator poWer level drops beloW the anticipated 
poWer level or the connected load demands more poWer than 
can readily be provided, supplemental electrical poWer is 
distributed from the energy storage device to the bus to 
increase the bus poWer level and maintain a smooth, consis 
tent bus voltage Waveform. 
[0007] In one particular illustrative embodiment, at least 
one actuator is coupled to a control device con?gured to apply 
a force related to operation of a vehicle. An electrical bus is 
con?gured to conduct poWer to the at least one actuator. An 
actuator control system is con?gured to receive energy from 
an energy source via the bus and direct the energy to the at 
least one actuator. The actuator control system is also con?g 
ured to monitor the actuator poWer level to determine When 
the actuator poWer does not meet an anticipated poWer level. 
When the actuator poWer level exceeds the anticipated poWer 
level, excess poWer generated is directed to an energy storage 
device. Alternatively, When the actuator poWer level is less 
than the anticipated poWer level, supplemental energy is 
draWn from the energy storage device and directed to the bus. 
[0008] In another particular illustrative embodiment, an 
energy capture and actuator control system for an aircraft 
includes at least one actuator coupled to a control device of 
the aircraft. The actuator is con?gured to apply a mechanical 
force to the control device in response to receiving input 
energy and to generate produced energy in response to the 
application of a nongenerated force upon the control device. 
The actuator control system is con?gured to distribute input 
energy from a poWer source to the at least one actuator. The 
actuator control system is further con?gured to distribute the 
output energy from the at least one actuator to at least one 
energy storage device Where the output energy may be stored. 
[0009] In still another embodiment, a poWer source is 
coupled via a bus to an actuator con?gured to manipulate a 
control device of a vehicle. An energy storage device is 
coupled to receive excess energy from the bus Where the 
excess energy is caused by application of a nongenerated 
mechanical force upon the control device coupled to the 
actuator. An actuator poWer level is monitored. When the 
actuator poWer level exceeds an anticipated poWer level indi 
cating that the excess poWer is being generated, the excess 
poWer is directed to an energy storage device. 

[0010] The features, functions, and advantages that have 
been discussed can be achieved independently in various 
embodiments or may be combined in yet other embodiments 
further details of Which can be seen With reference to the 
folloWing description and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a block diagram of a particular illustrative 
embodiment of an energy capture and distribution system for 
a vehicle; 
[0012] FIG. 2 is a schematic diagram of a particular illus 
trative embodiment of an energy capture and distribution 
system; 
[0013] FIGS. 3 and 4 are schematic diagrams of particular 
illustrative embodiments of energy capture and distribution 
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systems using a buck-boost circuit to control directing energy 
to or drawing energy from an energy capture device; 
[0014] FIG. 5 is a schematic diagrams of a particular illus 
trative embodiment of an energy capture and distribution 
system applying commutation pulses to poWer on the actuator 
and harvesting poWer betWeen the commutation pulses; 
[0015] FIGS. 6A, 7A, and 8A are schematic diagrams of a 
particularly illustrative embodiment of the energy capture 
and distribution system of FIG. 5 used to illustrate application 
of commutation pulses to drive an actuator; 
[0016] FIGS. 6B, 7B, and 8B are cumulative plots of the 
commutation pulses generated by the energy capture and 
distribution systems of FIGS. 6A, 7A, and 8A, respectively; 
[0017] FIG. 9 is a plot of pulses harvested betWeen the 
commutation pulses applied to drive the actuator as illustrated 
in the cumulative plot of FIG. 8B; 
[0018] FIG. 10 is a plot of exemplary commutation pulses 
applied to selectively drive an actuator at a desired level of 
torque using pulse Width modulation; 
[0019] FIG. 11 is a schematic diagram of another particular 
illustrative embodiment of an energy capture and distribution 
system; 
[0020] FIG. 12 is a graph of poWer versus time illustrating 
representative poWer ?uctuations on a bus con?gured to dis 
tribute energy betWeen one or more poWer sources and an 

actuator; and 
[0021] FIG. 13 is a How diagram ofa method for capturing 
and using energy generated by an externally-applied 
mechanical force applied to a control device coupled With an 
actuator. 

DETAILED DESCRIPTION 

[0022] Particular illustrative embodiments disclosed herein 
describe systems and methods for capturing and using poWer 
generated by an electrical motor or another actuator coupled 
to a control device as a result of inertia or an external 
mechanical force applied to a control device or control sur 
face coupled With the actuator. An actuator may be an electric 
motor that is coupled With a control device, such as a motor 
used for propulsion or other purposes. An actuator also may 
be coupled to a control surface, such as an aileron of an 
aircraft. Generally, an actuator consumes electrical poWer. 
For example, When an actuator coupled to an aileron receives 
electrical poWer via a bus from a poWer source, and the 
electrical poWer is used to position the aileron to direct the 
motion of the aircraft. Conversely, as a result of turbulence or 
other atmospheric conditions applied to the aileron surface, 
the control surface may be subject to buffeting conditions, 
gusts, or other externally-applied mechanical forces that 
drive the actuator to generate electrical poWer. The electrical 
poWer generated may result in excess poWer being applied to 
the bus. Electrical poWer also may be generated by actuators 
in response to inertia, rather than externally applied forces. 
Thus, for example, electric motor devices subject to motor 
reversal also may generate signi?cant levels of electrical 
poWer. According to particular illustrative embodiments, 
electrical poWer generated by one or more actuators is 
directed to an energy storage device from Which supplemen 
tal energy can be draWn as needed to provide poWer to the 
actuator or to other devices. 

[0023] FIG. 1 is a block diagram of a particular illustrative 
embodiment of an energy capture and actuator control sys 
tem, generally designated 100, for a vehicle such as an aircraft 
or another vehicle. The system 100 includes an actuator con 
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trol system 110 that controls the supply of poWer and capture 
of energy throughout the system 100. The actuator control 
system 110 is con?gured to draW poWer 122 from a poWer 
source 120 via a bus 124. The poWer source 120 may include 
a generator, such as a generator coupled to an engine of the 
vehicle to convert and capture electrical poWer from mechani 
cal poWer produced by rotation of the engine that provides the 
locomotive force for the vehicle. The poWer source 120 may 
also include one or more batteries, chemical fuel cells, or 
other devices con?gured to provide electrical energy for 
onboard systems. 
[0024] The poWer 122 provided by the poWer source 120 
via the bus 124 may be used as a primary source of poWer for 
actuators 130 that poWer control devices or control surfaces 
140 or for one or more additional vehicle devices that relate to 
operation of the vehicle. For example, the control devices on 
an aircraft may include motors and fans used for propulsion or 
ventilation, opening or closing gear doors or access panels, 
braking the aircraft, or other purposes related to control of the 
aircraft, While the control surfaces on an aircraft may include 
ailerons, ?aps, rudders, slats, stabilators, ?aperons, and other 
control surfaces used to control the motion of the aircraft. 
Control devices 140 on other vehicles may include the steer 
ing linkages or shock absorbers of a ground vehicle or the 
rudders or sails of a Watercraft, as Well as other devices related 
to control of such vehicles. The actuators 130 may include 
devices con?gured to convert electrical poWer into mechani 
cal poWer to move the control devices 140. The actuators 130 
may include motors, such as stepper motors, impulse-driven 
motors, or other electric motors used to manipulate control 
devices or control surfaces. In addition, the actuators 130 may 
include, for example, extensible members such as pneumatic 
cylinders, hydraulic cylinders, or shape memory alloy link 
ages that may be used to manipulate control devices and 
control surfaces. The actuators 130 may directly manipulate 
the control devices 140 or the actuators 130 may be used to 
control hydraulic or pneumatic devices used to manipulate 
the control devices 140. 

[0025] The actuator control system 110 receives the poWer 
122 from the poWer source 120 and directs the poWer 122 to 
the actuator 130. As further described beloW, an actuator 
poWer level may vary from an anticipated poWer level. The 
actuator control system 110 directs input poWer 134 to the bus 
to cause the actuator 130 to manipulate the control device 140 
to produce a generated force 142 to direct the motion of the 
vehicle or otherWise further the operation of the vehicle. 
HoWever, the actuator 130 may yield produced poWer 138 as 
a result of a nongenerated force 144 applied to the control 
device 140. One example of a nongenerated force 144 in an 
aircraft Would be turbulence or other buffeting conditions that 
may apply an external force to the control surface 140 that 
causes the actuator to generate poWer, such as the produced 
poWer 138. Alternatively, the nongenerated force 144 may be 
an inertial force of a motor that may be experienced during 
braking or another directional reversal of a motor. Although 
the motor may have been set in motion by application of a 
generated force 142, once poWer is cut or reversed to the 
control device 140, the inertial force is a NeWtonian force 
rather than a force resulting directly from the supply of poWer 
to the actuator 130 coupled to the control device 140. In any 
case, the “back-driving” of control devices or control surfaces 
140 by external or inertial forces (or “forward-driving” of 
control devices or control surfaces by those same forces) may 
cause actuators 130 to regenerate or otherWise yield produced 
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power 138. The produced power 138, if not otherwise 
directed, may results in excess power being applied to the bus 
124. 
[0026] The actuator control system 110 monitors the actua 
tor power level. In one embodiment, when the actuator power 
level meets the anticipated power level, the actuator control 
system 110 continues to monitor the actuator power level. On 
the other hand, when the actuator power level does not meet 
the anticipated power level, but exceeds the anticipated power 
level as a result of the produced power 138 produced by the 
actuator 130, the actuator control system 110 directs the 
excess power 164 to an energy storage device 160 to store the 
excess power 164 in the energy storage device. The energy 
stored in the energy storage device 160 may be later used to 
provide input power 134 for the actuators 130 or to provide 
auxiliary power 152 to power additional vehicle devices. 
Storing the excess power 164 as potential energy in the energy 
storage device 160 also provides a bene?t in that the excess 
power 164 is not dissipated in a dedicated resistive load, 
potentially resulting in wasteful heat, as previously 
described. 
[0027] In one particular illustrative embodiment, supple 
mental power 162 may be drawn from the energy storage 
device 160 to provide additional input power 134 to the actua 
tor 130 when the actuator power level is less than an antici 
pated power level. Thus, the energy stored in the energy 
storage device 160 may be used as supplemental power 162 to 
meet the transient power demanded from the bus and thereby 
smooth the bus voltage waveform and improve electrical 
power quality. Smoothing the bus waveform level may pro 
vide for improved or more consistent performance of the 
actuator 130, and may potentially reduce wear and thus pro 
long the life of the actuator 130, the control device 140, or 
other components. 
[0028] The energy storage device 160 may include one or 
more devices capable of receiving and storing excess power 
as potential energy. For example, the energy storage device 
160 may include chemical storage devices, such as fuel cells, 
or electrochemical storage devices such as rechargeable bat 
teries, both of which are capable of storing potential energy. 
In one particular illustrative embodiment, lithium ion batter 
ies may be used. Lithium ion batteries have a high energy 
density, a long useful life, and require little maintenance. 
Other battery technologies, such as nickel cadmium (NiCad), 
nickel metal hydride (NiMH), and lead-acid (Pb-acid) battery 
technologies also may be used. 
[0029] In addition to or instead of batteries, in another 
particular illustrative embodiment, the energy storage device 
160 may include electrochemical devices in the form of elec 
tric double-layer capacitors commonly known as “superca 
pacitors” (supercaps) or “ultracapacitors (”ultracaps“) that 
are capable of ef?ciently storing signi?cant quantities of 
energy. In still another particular illustrative embodiment, the 
energy storage device 160 may include mechanical storage 
devices, such as one or more ?ywheels that mechanically 
store received energy as kinetic energy that can subsequently 
be e?iciently converted back to electrical energy. The energy 
storage device 160 also may include a chargeable fuel cell or 
any other technology for storing energy. 
[0030] FIG. 2 is a schematic diagram of a particular illus 
trative embodiment of an energy capture and actuator control 
system, generally designated 200, as previously described 
with reference to the block diagram of FIG. 1. The energy 
capture and actuator control system 200 includes an actuator 
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control system 210 that receives power from a power source 
220 via a bus 224. The actuator control system 210 supplies 
power to and receives power from an actuator 230 (which 
may be in the form of an electric motor) that is coupled with 
a control surface 240 that receives mechanical force applied 
by the actuator 230 to consume power supplied to the actuator 
230 and applies mechanical force to the actuator 230 to gen 
erate power. Along with the actuator 230, one or more addi 
tional devices 250 receive power from the power source 220. 
For example, on an aircraft, additional devices that receive 
power from the power source 220 may include ?ight systems, 
such as avionics and external lights, passenger cabin systems, 
such as cabin lights, cabin environmental control systems, 
galley appliances, and entertainment systems, or any other 
aircraft devices that consume electrical power. As previously 
described, the power supplied to the actuator 230 or the addi 
tional devices 250 may include power supplied by the power 
source 220 or power captured by the actuator control system 
210 from the actuator 230 and stored or redistributed to sup 
ply power to the actuator 230 or the additional devices. 

[0031] In one particular illustrative embodiment, the actua 
tor control system 210 includes a network of transistor nodes 
212 where each network of transistor nodes includes an Inte 
grated Gate Bipolar Transistor (IGBT) 214 and a reverse 
current diode 216. The con?guration enables power to be 
supplied from the storage device 260 to the actuator 230 via 
the energy trap diode 219, with a positive ?ow of current 
passing from an anode of the energy trap diode 219 to the 
cathode of the energy trap diode 219 as represented by the 
arrow 221. The con?guration of the transistor nodes 212 also 
enables a ?ow of current from the power source 220 to be 
applied to the actuator 230. The network of transistor nodes 
212 enables current to pass to the energy storage device 260. 
Current that ?ows to the energy storage device 260 is captured 
and stored as electrical energy. The actuator control system 
210 thus provides power to the actuator 230 and, when the 
actuator 230 requires additional large transient power, the 
actuator control system 210 draws power from the energy 
storage device 260 and distributes the power to the actuator to 
fully supply the actuator 230 transient demand and corre 
spondingly reduce or eliminate the voltage transient that 
would have resulted on the aircraft power busithus improv 
ing electrical bus power quality to an acceptable level. On the 
other hand, should the application of an external force to the 
control surface (or sudden reversal in commanded motor 
speed) causes the actuator 230 to produce power, that power 
is blocked from ?owing back to the power source 220 or other 
additional devices 250 by the blocking diode 211. Instead, the 
energy trap 218 directs the power to the energy storage device 
260 where the energy is stored and from which the energy can 
be selectively distributed to devices by the actuator control 
system 210. The blocking diode 211, network of transistor 
nodes 212, and energy trap 218, however, are just one pos 
sible embodiment of a circuit that may be used to direct a ?ow 
of current from the energy source 220. The network of tran 
sistor nodes 212 could be replaced by a microprocessor 
controlled energy redirection system or another circuit con 
?gured to redirect the ?ow of energy. 

[0032] The actuator control system 210 also includes a 
converter 280 and a pair of ?lters 272 and 282. In a vehicle 
power system, such as an aircraft power system, the power 
source 220 includes a ?xed voltage source, such as a 270 volt 
direct current (270 VDC) power source from which power is 
supplied to various vehicle systems. The converter 280 con 
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ver‘ts energy stored by the energy storage device to provide 
DC voltage at a selected voltage or to or to provide alternating 
current (AC) voltage for other vehicle systems and additional 
devices 250. The converter 280 converts a ?rst voltage, the 
voltage of the energy storage device 260, to a second voltage 
as needed to transfer energy out of the energy storage device 
260, and onto the poWer bus 224 that, in one embodiment, 
carries poWer at (270 VDC). 
[0033] The DC/DC converter 280 also is equipped With a 
?lter 282. The ?lter 282 prevents noise from reaching the 
vehicle poWer system as a result of the normal operation of the 
actuator 230 and the captured, excess poWer being recircu 
lated by the actuator control system 21 0. The ?lter 282 may be 
con?gured to ?lter out poWer spikes or poWer signals pre 
sented at an undesirable frequency as a result of poWer being 
produced at an uncontrolled frequency by the application of 
external forces to a control surface coupled to an actuator or 
due to rapidly changing mode commands provided to the 
actuator 230. For example, loW-pass ?lters coupled With the 
aircraft bus could be used to ?lter out high-frequency signals 
or spikes. 

[0034] FIG. 3 is a schematic diagram of another particular 
illustrative embodiment of an energy capture and distribution 
system, generally designated 300. The energy capture and 
distribution system 300 is substantially the same as the energy 
capture and distribution system 200 of FIG. 2. The energy 
capture and distribution system 300 includes, in the energy 
trap 318, a buck-boost circuit 390. The buck-boost circuit 390 
is con?gured to direct excess poWer generated by an actuator 
330 to an energy storage device 360 and draW supplemental 
poWer from the energy storage device 360, and directing the 
supplemental poWer to the bus 324 as appropriate. 
[0035] The buck-boost circuit 390 includes an inductor 392 
in series With a diode 394 coupled to a positive terminal 362 
of the energy storage device 360. The inductor 392 and the 
diode 394 are connected in parallel With a sWitch 396 coupled 
to a relative ground 398. When the sWitch 396 is in the open 
position, energy is accumulated in the inductor 392 and is 
transferred to the energy storage device 360. When the sWitch 
396 is in the closed position, energy is not accumulated in the 
inductor 392 and energy may be draWn from the energy 
storage device 360. The buck-boost circuit 390 thus enables a 
substantially smooth bus voltage Waveform to be maintained 
by directing the excess poWer generated by the actuator 33 0 to 
the energy storage device 360 and draWing the supplemental 
poWer from the energy storage device 360 as appropriate. 
[0036] FIG. 4 is a schematic diagram of another particular 
illustrative embodiment of an energy capture and distribution 
system, generally designated 400. The energy capture and 
distribution system 400 is substantially the same as the energy 
capture and distribution system 300 of FIG. 3. In the energy 
capture and distribution system 400, a transistor 496 serves as 
a sWitch of the buck-boost circuit 490. An output of the 
buck-boost circuit 490 is a function of a duty cycle of the 
transistor 496 in sWitching betWeen its open and closed posi 
tions. In an embodiment using the transistor 496 in the buck 
boost circuit 490, current across the inductor 492 is main 
tained above Zero during a commutation cycle, as described 
further beloW With reference to FIGS. 5-8. The buck-boost 
circuit 490 using the transistor 496 thus enables a substan 
tially smooth bus voltage Waveform to be maintained 
throughout a plurality of commutation cycles in Which poWer 
is alternatively provided to the actuator 430 and received from 
the actuator 430. 
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[0037] FIGS. 5-9 present a series of schematic diagrams of 
a particular illustrative embodiment of an energy capture and 
distribution system used to alternately provide poWer to an 
actuator 530 and receive or harvest poWer from the actuator 
530 during a plurality of commutation cycles. In the example 
ofFIGS. 5-9, as in the examples ofFIGS. 2-4, the actuator is 
a three-pole DC motor. The poles of the three-pole DC motor, 
identi?ed as A, B, and C, are provided With poWer commu 
tation pulses in a three-phase commutation cycle, including 
anA-B phase, a B-C phase, and a C-A phase, via a plurality of 
poWer lines to poWer the actuator, including lineA 532, line B 
534, and line C 536. By applying each of the commutation 
pulses to respective poWer lines, the commutation pulses 
drive the actuator 530. As further described beloW, energy is 
received or harvested from the actuator 530 betWeen the 
phases of the commutation cycle. 
[0038] FIG. 5 is a schematic diagram of the energy capture 
and distribution system in Which energy is being provided to 
the actuator 530 in anA-B phase of a commutation cycle. The 
energy capture and distribution system is generally desig 
nated 500. The netWork of transistor nodes 512, as previously 
described With reference to FIG. 2, provides poWer to the 
actuator 530. Speci?cally, individual transistor nodes of the 
netWork of transistor nodes 512, including node 1 (501), node 
2 (502), node 3 (503), node 4 (504), node 5 (505), and node 6 
(606), systematically apply commutation pulses to pairs of 
poWer lines coupled to the actuator 530, including actuator 
line A 532, actuator line B 534, and actuator line C 536, as 
described With reference to FIGS. 6-9. 

[0039] FIG. 6A is a schematic diagram of the energy cap 
ture and distribution system, generally designated 600, and 
FIG. 6B is a ?rst cumulative plot 650 of commutation pulses 
applied to the actuator 630. In the system 600, node 1 (601) 
and node 5 (605) of the netWork of transistor nodes 612 
provide an A-B phase pulse 651 to actuator line A 632 and 
actuator line B 634. The ?rst cumulative plot 650 shoWs an 
A-B phase pulse 651 that drives the actuator 630 through a 
?rst third of the rotation of the three-pole actuator 630. For the 
sake of illustration, FIG. 6B, like FIGS. 7B and 8B, shoWs the 
phase pulse 651 as applied through tWo rotational cycles of 
the actuator 630. Thus, FIG. 6B shoWs tWo sequential A-B 
phase pulses. 
[0040] FIG. 7A is a schematic diagram of the energy cap 
ture and distribution system, generally designated 700, and 
FIG. 7B is a second cumulative plot 750 of commutation 
pulses applied to the actuator 730. In the system 700, node 2 
(702) and node 6 (706) of the netWork of transistor nodes 712 
provide a B-C phase pulse 752 to actuator line B 734 and 
actuator line C 736. The second cumulative plot 750 shoWs an 
B-C phase pulse 752 that drives the actuator 730 through a 
second third of the rotation of the three-pole actuator 730. 

[0041] FIG. 8A is a schematic diagram of the energy cap 
ture and distribution system, generally designated 800, and 
FIG. 8B is a third cumulative plot 850 of commutation pulses 
applied to the actuator 830. In the system 800, node 3 (803) 
and node 4 (804) of the netWork of transistor nodes 812 
provide a C-A phase pulse 853 to actuator line C 836 and 
actuator line A 832. The third cumulative plot 850 shoWs a 
C-A phase pulse 853 that drives the actuator 830 through a 
?nal third of the rotation of the three-pole actuator 830. The 
application of the phased pulses 651, 752, and 853 drives the 
actuator 830 through a full three-hundred-sixty degree rota 
tional cycle of the actuator 830. The application of the phased 
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pulses 651, 752, and 853, may be repeated as desired to 
continue to drive the rotational cycle of the actuator 830. 

[0042] FIG. 9 shoWs a plot 900 including the cumulative 
plot of the commutation pulses 651, 752, and 853 of FIG. 8B 
to illustrate harvesting of poWer betWeen the commutation 
pulses 651, 752, and 853. BetWeen application of the com 
mutation pulses 651, 752, and 853, there is an interval 1 910. 
With reference to FIG. 8, during each interval 1 910 betWeen 
commutation pulses, the actuator 830 may continue to rotate. 
As a result, the actuator 830 may generate poWer during each 
interval 1 910, as depicted by regenerated pulses 920. The 
regenerated pulses 920 may be harvested and stored in an 
energy storage device, such as described With reference to 
FIGS. 2-4. 

[0043] FIG. 10 shoWs a plot 1000 of commutation pulses 
651 and 752 to illustrate that the commutation pulses 651 and 
752 may be modulated using pulse Width modulation. Using 
pulse Width modulation, Which may be controlled, for 
example, by the plurality of transistor nodes 512-812 of 
FIGS. 5-8, controls hoW muchpoWer is applied to the actuator 
530-830. The Width of the pulses controls the torque of the 
actuator 530-830. Thus, the commutation pulse 651 is modu 
lated at a ?rst pulse WidthWl 1010 and the commutation pulse 
752 is modulated at a second pulse Width W2 1020. The 
relatively narroWer pulse W2 1020 results in the actuator 530 
830 generating less torque than the relatively Wider pulse W l 
1010. 

[0044] FIG. 11 is a schematic diagram of another particular 
illustrative embodiment of an energy capture and distribution 
system, generally designated 1100, as previously described 
With reference to the block diagram of FIG. 1. The energy 
capture and actuator control system 1100 is substantially the 
same as the energy capture and actuator control system 200, 
except that, instead of using a netWork of transistor nodes 212 
and an energy trap 218 to direct and distribute energy, a 
microprocessor controlled poWer converter 1112 is pro 
grammed and con?gured to direct and distribute poWer in the 
energy capture and actuator control system 1100. Thus, for 
example, the microprocessor controlled poWer converter 
1112 controls the application of the commutation pulses to 
the actuator 1130 (as Well as pulse Width modulation of the 
commutation pulses) and the harvesting of poWer generated 
by the actuator 1130 as previously described. 
[0045] FIG. 12 is a graph 1200 ofpoWer 1210, Which is the 
rate at Which electrical energy is transferred over time, plotted 
on a vertical axis against time 1220, plotted on a horizontal 
axis. The graph 1200 illustrates a representative ?uctuation in 
poWer 1210 on a bus coupling a poWer source to an actuator 

as shoWn in FIGS. 1-3. For sake of illustration, the anticipated 
or desired (average) poWer level is assumed to be ten kilo 
Watts (10 kW), a level that Would cause an actuator to desir 
ably position a control surface to maintain a position or atti 
tude of the vehicle. As a result of operating conditions, the 
actuator draWs additional poWer, at times reaching nearly ?fty 
kilowatts (50 KW). HoWever, over that same interval, as a 
result of the same operating conditions applying external 
forces to a control surface, the actuator effectively generates 
poWer of more than 20 kilowatts (20 kW), as represented by 
the negative tWenty kiloWatt values (—20 kW) represented in 
the graph. As previously described, particular illustrative 
embodiments enable generated poWer to be captured and 
stored so that, for example, When an actuator requires addi 
tional poWer, that poWer may be draWn from an energy stor 
age device to provide the desired poWer. 
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[0046] FIG. 13 is a ?oW diagram 1300 of a method for 
capturing and using energy as the result of poWer generated 
by an extemally-applied mechanical force applied to a con 
trol device coupled With an actuator or from the numerous 

star‘t/ stop events of the actuator motor. At 1302, an energy 
source is coupled via a bus to an actuator Where the actuator 

is con?gured to manipulate a control device of a vehicle. At 
1304, an energy storage device is coupled to receive excess 
poWer from the bus, resulting from application of external 
nongenerated mechanical force to the control device coupled 
to the actuator, such as an extemally-applied force or an 

inertial force, and convert the excess poWer to stored potential 
energy. At 1306, an actuator poWer level is monitored. 

[0047] At 1308, it is determined Whether the actuator poWer 
level meets an anticipated poWer level. If so, at 1306, the 
actuator poWer level continues to be monitored. HoWever, 
When it is determined, at 1308, that the actuator poWer level 
does not meet the anticipated poWer level, at 1310, it is deter 
mined Whether the actuator poWer level is less than the antici 
pated poWer level. If so, at 1312, stored poWer is draWn from 
the energy storage device, and, at 1306, the actuator poWer 
level continues to be monitored. On the other hand, if it is 
determined, at 1310, that the actuator poWer level is not less 
than the anticipated poWer level, at 1314, excess poWer gen 
erated is directed to the energy storage device and, at 1306, 
the actuator poWer level continues to be monitored. 

[0048] The illustrations of the embodiments described 
herein are intended to provide a general understanding of the 
structure of the various embodiments. The illustrations are 
not intended to serve as a complete description of all of the 
elements and features of apparatus and systems that utiliZe 
the structures or methods described herein. Many other 
embodiments may be apparent to those of skill in the art upon 
revieWing the disclosure. Other embodiments may be utiliZed 
and derived from the disclosure, such that structural and 
logical substitutions and changes may be made Without 
departing from the scope of the disclosure. For example, 
method steps may be performed in a different order than is 
shoWn in the ?gures or one or more method steps may be 
omitted. Accordingly, the disclosure and the ?gures are to be 
regarded as illustrative rather than restrictive. 

[0049] Moreover, although speci?c embodiments have 
been illustrated and described herein, it should be appreciated 
that any subsequent arrangement designed to achieve the 
same or similar results may be substituted for the speci?c 
embodiments shoWn. This disclosure is intended to cover any 
and all subsequent adaptations or variations of various 
embodiments. Combinations of the above embodiments, and 
other embodiments not speci?cally described herein, Will be 
apparent to those of skill in the art upon revieWing the descrip 
tion. 

[0050] In the foregoing Detailed Description, various fea 
tures may be grouped together or described in a single 
embodiment for the purpose of streamlining the disclosure. 
This disclosure is not to be interpreted as re?ecting an inten 
tion that the claimed embodiments require more features than 
are expressly recited in each claim. Rather, as the folloWing 
claims re?ect, the claimed subject matter may be directed to 
less than all of the features of any of the disclosed embodi 
ments. 
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What is claimed is: 
1. An actuator control system comprising: 
a controller con?gured to direct poWer from a poWer source 

to an actuator, Wherein the actuator is coupled to a con 
trol device to apply a force related to operation of a 
vehicle; and 

a buck-boost circuit con?gured to direct excess poWer gen 
erated by the actuator to an energy storage device When 
an actuator poWer level satis?es an anticipated poWer 
level. 

2. The actuator control system of claim 1, Wherein the 
buck-boost circuit includes an inductor and a diode, Wherein 
the inductor is coupled in series With the diode, and Wherein 
the diode is coupled to a positive terminal of the energy 
storage device. 

3. The actuator control system of claim 1, Wherein the 
controller includes a netWork of transistor nodes and Wherein 
each transistor node includes an integrated gate bipolar tran 
sistor (IGBT) and a reverse current diode. 

4. The actuator control system of claim 1, Wherein the 
vehicle includes one of an aircraft, a ground vehicle, and a 
Water craft. 

5. The actuator control system of claim 1, further compris 
ing: 

a ?rst ?lter coupled to the controller and con?gured to 
receive the poWer from the poWer source via a bus; 

a blocking diode positioned betWeen the controller and the 

a converter having an input coupled to the energy storage 
device; and 

a second ?lter coupled to an output of the converter. 
6. The actuator control system of claim 1, Wherein the 

buck-boost circuit includes a sWitch that is coupled to a rela 
tive ground, Wherein energy is accumulated at the energy 
storage device When the sWitch is open, and Wherein energy is 
draWn from the energy storage device When the sWitch is 
closed. 

7. The actuator control system of claim 6, Wherein the 
sWitch includes a transistor. 

8. The actuator control system of claim 7, Wherein an 
output of the buck-boost circuit is based on a duty cycle of the 
transistor sWitching betWeen an open position and a closed 
position. 

9. A method comprising: 
directing poWer from a poWer source to an actuator, 

Wherein the actuator is coupled to a control device to 
apply a force related to operation of a vehicle; and 
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directing excess poWer generated by the actuator to an 
energy storage device via a buck-boost circuit When an 
actuator poWer level satis?es an anticipated poWer level. 

10. The method of claim 9, further comprising draWing 
supplemental poWer from the energy storage device to a bus 
via the buck-boost circuit. 

11. The method of claim 9, further comprising: 
receive the poWer from the poWer source via a bus; and 
monitoring the actuator poWer level. 
12. The method of claim 9, Wherein the actuator uses the 

poWer to manipulate the control device to direct the operation 
of the vehicle and Wherein the actuator includes at least one of 
a motor, a pneumatic cylinder, a hydraulic cylinder, and a 
shape memory alloy linkage. 

13. The method of claim 9, Wherein the poWer source 
includes at least one of a generator, a battery, and a fuel cell. 

14. The method of claim 9, Wherein the energy storage 
device includes at least one of a chemical storage device, an 
electrochemical storage device, a lithium ion battery, an elec 
tric double-layer capacitor, and a ?yWheel. 

15. An actuator control system comprising: 
means for directing poWer from a poWer source to an actua 

tor, Wherein the actuator is coupled to a control device to 
apply a force related to operation of a vehicle; and 

a buck-boost circuit con?gured to direct excess poWer gen 
erated by the actuator to an energy storage device When 
an actuator poWer level satis?es an anticipated poWer 
level. 

16. The actuator control system of claim 15, Wherein the 
means for directing includes one of a microprocessor and a 
netWork of transistor nodes. 

17. The actuator control system of claim 15, Wherein the 
control device includes at least one of a motor, a fan, an 

aileron, a ?ap, a rudder, a slat, a stabilator, a ?aperon, a 
steering linkage, a shock absorber, and a sail. 

18. The actuator control system of claim 15, Wherein the 
means for directing includes means for generating a plurality 
of communication pulses that are applied to the actuator. 

19. The actuator control system of claim 18, Wherein the 
excess poWer is directed to the energy storage device during 
an interval betWeen consecutive communication pulses of the 
plurality of communication pulses. 

20. The actuator control system of claim 18, Wherein each 
communication pulse of the plurality of communication 
pulses is modulated using pulse Width modulation. 

* * * * * 
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