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Nanotechnology-enabled high-power and high-energy densities microelectronics, power
electronics, energy sources and energy storage solutions are examined. Proof-of-concept self-
sustained power systems are designed with applications in autonomous and semi-autonomous
aerospace, naval and security platforms. Research and technology developments are performed
in energy conversion, energy harvesting, energy management and energy storage. We research
and demonstrate the following key components and modules: (1) Low-power microelectronics;
(2) High-power-density semiconductor devices (power transistors) and advanced power
electronics; (3) Enabling energy harvesting sources, such as solar cells and electromagnetic
generators; (4) Advanced energy storage solutions; (5) Enabling energy management systems.
Energy sustainability and concurrency are essential to ensure the overall functionality of
various power, flight, propulsion, navigation and other systems. We design, test and evaluate
prototypes of integrated power systems for different applications. High power and high-energy
densities, robustness, safety and affordability are ensured by using advanced technologies,
frontend microelectronics, modular designs, practical system organizations, consistent control
schemes and enabled energy conversion solutions. Our systems meet generic requirements and
common specifications. These systems are able to provide power and energy in continuous and
impulse operating envelopes up to hundreds of joules. Closed-loop systems are designed
ensuring control and diagnostics. Experimental results are reported to validate and substantiate
the proposed solutions.

Keywords: Autonomous platforms, electronics, energy, microelectronics, power systems,
sustainability.

Introduction. Various aircraft, automotive, marine, robotic and other platforms have primary
and secondary modules and systems with matching concurrent primary power systems. The
secondary energy sources and power systems are activated during emergencies. Various electronic,
energy and power systems are deployed in aerospace, naval, navigation, security and other
applications. While solutions and technologies exist for conventional platforms, there are specific
needs and certain mission-specific requirements for autonomous and semi-autonomous energy
sources. Concurrent electric power and energy sources are required for autonomous and stealth-
technology platforms. These all-electric aerospace, naval, robotic and security systems are of
critical importance and significance. New hardware solutions are emerging with enabling
technologies.

Advances in communication, electro-mechanics, microelectromechanical systems and
microelectronics enable production, commercialization and deployment of various autonomous
platforms. Successful prototyping and scaling of many systems and platforms are achieved meeting
specific requirements. However, conventional energy and power concepts may be inadequate or
impractical for many platforms. For example, for autonomous vehicles (unmanned mini aerial
vehicles, satellites and other) and a broad spectrum of platforms, self-sustained high-energy density
energy harvesting and power systems are required. Design, development, testing, evaluation and
characterization of self-sustained power systems, energy sources and modules are covered in this
paper. Our objective is to develop an industrial- and technology-relevant solutions with technology
transfer capabilities.
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We consider the nanotechnology-enabled modular hardware solutions. Power systems include
different modules, such as energy harvesting, power electronics, energy storage, etc. These power
systems must be controlled. Other tasks are data acquisition, diagnostics, sensing, etc. There are
distinct requirements for application-specific designs. For example, high-altitude-, outer- and deep-
space vehicles, as well as underwater vehicles, require electronics and components which operate
under extreme temperature, mechanical loads and radiation. Specific energy requirements are
derived. Various mechanical and electromagnetic energy sources are used depending on
specifications, missions, vehicles and platforms. Active and passive electromagnetic devices imply
the use of prime movers or passive mechanical and electromagnetic energy harvesting [1 – 4]. For
autonomous platforms, passive kinetic, thermal and other energy sources may be inadequate. Solar
cells convert electromagnetic radiation into electric energy. Various solar modules are studied in
this paper as a source of energy.

The proposed systems integrate:
1. Solar modules or other electromagnetic energy sources;
2. Power electronic module with PWM converter, filters, controllers and charger;
3. Energy storage unit (rechargeable battery, electric double-layer capacitor, etc.);
4. Energy management system.
The proposed integrated power systems are enabled by advanced solar cells, nanoscaled

electronics and modular design. Practical solutions are investigated and substantiated by designing
scalable power systems which guarantee the overall integrity and concurrency of power, energy
management, and functionality. Experimental findings for proof-of-concept prototypes justify the
proposed concept.

Light-duty power and energy systems. We propose a consistent system-level design and
coherent subsystem integration which are supported by enabling technologies. The unified bottom-
to-top and top-to-bottom taxonomies are applied. Device-, component- and subsystem- level
solutions fully support the overall design of high-performance power generation systems with high-
energy-density storage capabilities. An optimal design is achieved by applying a modular
organization within a consistent system architecture. To solve a wide range of challenging
problems, we use the most advanced microelectronics, energy harvesting and enabling hardware.
The energy harvesting, power generation, controlled energy conversion, energy storage and other
processes are studied. This allows us to carry out a systematic system-level design. We integrate
energy harvesting solar modules, electronics and energy storage devices using various requirements
and specifications. By performing application-specific synthesis, we define and optimize
components and subsystems ensuring the best achievable capabilities. All system components are
selected using a consistent systematic analysis and matching criteria.

Various primary energy sources are examined. In general, solutions are application-specific
and predefined by specific platforms under studies. We examine nanotechnology-enabled solar cells
and modules. The images of the crystal-Si and thin-film amorphous-Si flexible solar modules are
reported in fig. 1. Figure 2 illustrates a modular power system. This system integrates the following
main modules:

1. Maximum power tracking controller;
2. Controlled buck-boost or buck PWM converter;
3. Sensors and post-processing ICs;
4. Filters, signal conditioning, monitoring and I/O ICs;
5. Controllable charger which ensures optimal charging profiles depending on the energy

storage devices;
6. Energy management system (supervisory controller).
The energy storage module includes rechargeable batteries or super-capacitors. The proposed

system integrates advanced technology components which are designed and chosen using the first
engineering principles. This ensures complementary, modularity, matching and utilization.
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Fig. 1. Solar Modules

Fig. 2. Modular organization of a self-sustained power system

Solar cells. Thin-film solar cells and modules are tested and characterized over the possible
operating envelopes. The current-voltage (IV) and power-voltage (PV) characteristics are measured
and evaluated. The photon intensity, wavelength, loading and temperature significantly affect the IV
and PV characteristics.

The load-, wavelength-, irradiated power- and temperature-dependent efficiency η, given as
η=ILoadVLoad/Pinput, is examined. For the flexible solar modules, under the normal irradiation, η
varies from ~5,4 to 8,4 % at T = 300K.

Bulk semiconductor materials have an energy band-gap between the valence and conduction
bands. The valence and conduction bands represent the allowable energies of valence electrons
which are bound to atoms. The exited free electrons receive energy and are not bound to specific
atoms. The conduction electrons and valence holes occur in pairs. These electron-hole pairs are
generated by the absorption of photons. The energy in a single photon is E = hv = hc/ λ, where h is
the Planck constant, h = 6,63×10–34 J-sec; v is the frequency of the photon; c is the speed of light,
c = 2,998×108 m/sec; λ is the wavelength of the photon.

Photons with energies above and close to the semiconductor band-gap energy Eg may be
absorbed because they match specific band-gap energy and momentum. Electron transitions from
the valence band to the conduction band involve the conservation of momentum as well as energy.
The absorption coefficient α(λ) gives the number of photons absorbed per unit distance. These α(λ)
for Si, amorphous Si, GaAs, GaInAsP, GaP, Ge, InP, InGaAs and other semiconductors or
nanostructured materials vary from 1 to 1×106 1/cm for λ[200 2000] nm. The photon flux
intensity I = I0e–αx decreases exponentially with the distance through a semiconductor x. The open-
circuit voltage is given as
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where tV is the thermal voltage, /tV kT e ; k is the Boltzmann constant; e is the electron charge.

Using an ideal diode equation, one obtains the net pn junction current in the reverse-bias
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where LI and SI are the photocurrent and ideal reverse-bias

saturation current.



ISSN 1990-5548 Electronics and Control Systems 2012. №4(34) 101

Then, 0 0ctnh ctnh 1 ,
eV

n p p p n n kT

n n p p

D n W D p WI qA e e
L L L L

  
       

where A is the cross-sectional area

of the junction; Dn and Dp are the diffusion coefficients of the minority carriers in the neutral
regions; Ln and Lp are the diffusion lengths of the minority carriers; Wn and Wp are the physical
widths of the neutral regions; np0 and pn0 are the equilibrium concentrations of minority carriers.

The experimental IV characteristics of various solar cells substantiate the quantitative analysis
and equations reported. To maximize the power output, one maximizes the open-circuit voltage,
short-circuit current, and, minimizes the internal resistance. Maximum short-circuit current results
in maximal value of photocurrent. This optimization is applied. The reported nonlinear equations
are used to comprise a mathematical model of solar cells. This model is used to describe the
governing equations for a power system.

Power electronic module. Various solar cells, modules and arrays were tested as energy
sources. The IV and PV characteristics are nonlinear. A dynamic maximum power tracking algorithm
is realized by programmable controllers which ensure near-maximum power from individual solar
cells. The output voltage of solar cells varies. The voltage stabilization and energy management is
needed to ensure optimal energy conversion, distribution and storage. Various energy storage
solutions (rechargeable batteries and double-layer capacitors) are studied. Performance and
capabilities are measured using qualitative and quantitative estimates, measures and metrics. For
example, cost, durability, flexibility, efficiency, energy density, integrity, modularity, robustness,
packaging, stability, storage capacity and other measures are examined in the full operating envelope.

The applied voltage to the load and the input voltage to the charger must be controlled. To
guarantee voltage control or voltage stabilization, PWM converters are used. Various controlled
buck, boost, buck-boost and flyback PWM converters can be synthesized and used to ensure high
efficiency. The operating principle of one-, two- and four-quadrant PWM converters is based on
changing of a duty ratio (duty cycle) [1; 5]. Controllable one quadrant buck PWM converters with
bounded proportional-integral-derivative (PID) and high-gain control laws are studied. The voltage
must be stabilized in the full operating envelope. The LC filters attenuate the voltage and current
chattering and ripple. These filters enable performance and improve efficiency. The aforementioned
LC filters significantly reduce losses, stresses, disturbances, etc.

To charge the rechargeable batteries or super-capacitors, specialized chargers are used [3; 4].
The battery chargers support the constant-current and constant-voltage modes ensuring fast
charging within optimal charging profiles for various rechargeable batteries such as lithium-ion,
nickelmetal-hydride, nickel-cadmium, etc.

Operational power requirements can be ensured for autonomous mini vehicles, medical
devices, etc. The optimal overall capabilities are achieved by the proposed scalable and modular
design. A decoupling of solar modules and power electronics, as well as admissible loading modes,
are ensured by a supervisory energy management system. This system controls various modules.
The experimental results at the device-, module- and system levels are reported. Scalable proof-of-
concept power systems and their modules are tested.

Energy storage. As energy strorage solutions, we examine rechargeable batteries and electric
double-layer capacitors [6]. The specific energy of existing commercial super-capacitors and hybrid
capacitors varies from ~1 to 30 W-h/kg. For the rechargeable lithium-ion batteries, the specific
energy reaches ~200 W-h/kg.

Mathematical model. Consider a system with a solar module, DC/DC buck converter, band
pass LC filters, battery charger and rechargeable battery. A high-fidelity mathematical model of
solar cells is reported in [7]. Two band pass LC filters are integrated and modeled within an overall
circuit schematics. Using the averaging concept, the mathematical models of PWM converters are
developed in [1; 5]. A great number of topologies, configurations, energy storage schemes, filter
schematics and other solutions exist. For example, using the state variables (voltage uC and, currents
iL and ia) as well as the control input (the duty ratio dD), each quadrant of a buck switching
converter can be described as [1]
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The duty ratio d[0 1] is regulated by the signal-level control voltage uc.
In the governing equations, the parameters aii(·) vary. In fact, resistances, magnetic

permeability and other parameters are load-, frequency- and temperature dependent. The parameter
variations are bounded as

min max min max( ) ,  0,  0.ii ii ii ii iia a a a a    

The nonlinear power systems are described by

( ) ( , , , , ) ( , , ) ,  ,z px t F t x r d z B t x p u y Hx   (2)
e(t) = Nr(t) – y(t),

where cx X  is the state vector; mu U  is the control vector with the known closed
admissible set  m

min max max min,  0,  0 ;U u u u u u u      br R  and by Y   are the

reference and output vectors; sd D  is the disturbance vector; dz Z  and kp P   are
the time-varying bounded uncertainties; be E  is the tracking error; Fz(·) and Bp(·) are the
nonlinear maps; b cH  and b bN  are the matrices.

The transient dynamics of system (2) can be modeled as

( ) ( , , , , ) ( , , ) ,  ,z px t F t x r d z B t x p u y Hx   (3)

The parameter variations are bounded. For the time-varying bounded uncertainties zZ and
pP, there exists a norm of ( , , , , )t x u z p , such that

( , , , , ) ( , ),t x u z p t x  , (4)

where 0 0 0( ) :         is the continuous Lebesgue measurable function.

Control and closed-loop system design. The considered power systems are consistently
designed at the device and system levels. These systems are open-loop stable. The minimal-
complexity control laws will guarantee stability and near-optimal performance. The bounded
minimal-complexity stabilizing and tracking control laws are

0

0

( , ) ( , ),  ,  ,  [ , ),
( , , ) ( , , ),  ,  ,  ,  [ , ),

u t x t x u U x X t t
u t x e t x e u U x X e E t t

       

         
(5)

where ( )  is the continuous real-analytic function of class ,  1kC k  .
The closed-loop uncertain system (3) with (5) evolves in 0( , , , , , )XY X U R D Z P 

  c b
0 0 0( , ) : ,  ,  ,  ,  ,  ,  [ , ) .x y X Y x X u U r R d D z Z p P t t             

The minimal-complexity control law (5) must:
1. Guarantee stability and robustness;
2. Drive the closed-loop system states x(t) and tracking errors e(t) to the equilibrium manifold.
It is possible to synthesize a control law for the closed-loop system (3) – (5) such that the

error vector e(t) with  b b
0 0E e E     evolves in the specified closed set
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where 0 0 0( ) :e         is the KL-function; 0 0( ) : ,r      0 0( ) :d      and

0 0( ) :y      are the K-functions.
The admissible domain of robust stability and tracking b( )eS    is found using the criteria

imposed on the Lyapunov function [1; 8]. We formulate the following theorem.
Theorem 1. The closed-loop system (3) – (5) with minimal-complexity admissible control (5) is
1. Robustly uniformly asymptotically stable in c b

0 0( , , , , , )XE X E U R Y D    .
2. Robust stability and tracking are guaranteed in an admissible domain of robust stability and

tracking b( )cS    if there exists a positive-definite Lyapunov function V(t, x, e) > 0 such that the
total derivative of V(t, x, e) is negative definite.

The necessary and sufficient conditions for robust stability and tracking in XE are
V(t, x, e) > 0, dV(t, x, e) /dt < 0. (6)

Proof. The robust tracking, stability, and disturbance attenuation in XE are guaranteed if for
given initial conditions (x0X0 and e0E0), control bounds uU, references rR, uncertainties zZ
and pP, and, disturbances dD, one has
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If the criteria imposed on the Lyapunov pair (6) are met in XE, and, XESe, then, all solutions

of the closed-loop system c
0( ) :[ , ) ,x t    as well as evolutions b

0( ) :[ , ) ,e t    are robustly
bounded. The convergence of the tracking error vector b

0( ) :[ , )e t    to the Se() is guaranteed if
XESe.

Optimality is examined by using the performance measure . In XE, we evaluate the
perfromance functional [1; 8]

 
0

( ,  ,  ,  ) ( ,  ) ( ,  ) ( ,  ) ,
T

J t x e u W t x W t e W t u dt   (7)

where W(t, x), W(t, e) and W(t, u) are the positive-definite real-valued performance integrands.
For example, using the weighting diagonal matrices Qi, the following functional

quantitatively evaluates the evolution and system performance in XE

 
0

( ,  ,  ,  ) .
T
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Applying the admissible control laws within practical classes of control algorithms
(proportional, PID and other), the nonlinear optimization problem can be solved for a closed-loop
system (3) – (5) which evolves in XE guaranteeing (6).
Furthermore, a condition

J   (9)
should be ensured for a real-valued performance estimate .

Theorem 2. The performance and evolution of the closed-loop system (3) – (5) in 0( ,XE X
c b

0 , , , , )E U R Y D    are measured and evaluated by the performance functional (7). For a class
of admissible stabilizing control laws (5), which guarantee (6) in XE, the optimal system
performance in XE is found by solving a nonlinear optimization problem
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min , ,
min ( ,  ,  ,  ) .

x X e E u U
J t x e u

  
    (10)

Closed-Loop Systems: Design and Experiments. We study a controlled 42 V, 0,5 A buck
PWM DC/DC converter TPS54040. The system is nonlinear with varying parameters, uncertainties
and unmodeled fast dynamics. Using the conditions imposed on the Lyapunov pair (6), we design
control laws for the studied TPS54040 PWM converter. The bounded PI control law is given as

 ( ) ,p iu e k e k edt    (11)

where kp and ki are the proportional and integral feedback gains; e is the tracking error, e(t) =
= Vref(t) – V(t); Vref(t) and V(t) are the reference and outputs voltage of the controllable converter.

The constrained high-gain control law is
u(e, x) = – (kHe), (12)

where kH is the proportional high-gain feedback.
The bounded PI and high-gain control algorithms (11) and (12) are the minimal-complexity

control laws which are easy to implement. The feedback gain coefficients are found by using (6)
ensuring (9). For a positive-definite Lyapunov function

V(x, e) = (xTx + eTe) > 0,
we solve the nonlinear optimization problem

min , ,
min ( ,  ,  ,  ) ,

x X e E u U
J t x e u

  
   

( , ) .dV x e e
dt

  (13)

Fig. 3. TPS54040 buck converter

For the buck converter,
illustrated in fig. 3, we perform
experimental studies. We examine an
expanded operating envelope XE with
different loads, solar cell illumination,
references, etc.

Depending on the solar cell
illumination, the input voltage of the
solar module varies from 5 to 15 V.
The output voltage of the converter is

set to Vconverter = 3,95 V. This voltage corresponds to the voltage of a single cell lithium ion battery.
For  = 1×10–3, we found the feedback gains kp and ki which ensure min = 0,25×10–3. At the

rated and peak loads, the experiments are conducted. For the derived feedback gains, fig. 4
document the transient responses for the output buck converter voltage V(t) and current I(t) at the
rated load RL = 20 ohms. The steady-state output voltage and current are Vconverter =3,95 V and
Isteady-state = 0,21A.

a                                                                              b
Fig. 4. Proportional-integral control: Transient responses for V(t) and I(t) if RL = 20 ohms, Vconverter = 3,95 V

and Iconverte = 0,216 A. The effective feedback gains are: (a) kp = 2,2 and ki = 25000; (b) kp = 0,256
and ki = 25000
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The designed PI control law is implemented using a robust configuration of operational
amplifiers with derived input and feedback impedances formed using RC networks. This robust
configuration of operational amplifiers realizes a transfer function for the controller with advanced
filtering, decoupling and driving abilities. The implemented analog buffer–filter–controller–filter–
buffer operational amplifiers network guarantees robustness, noise immunity and control. For
different performance measures γ, we derived the feedback gains kp and kp. Using the voltage
sensing and amplifier gains, as well as an integrated filter and controller implementation circuit
schematic, we obtain the effective feedback gains to be kp = 0,256 and kp = 2,2, while ki = 25000.
Figures 5 report the transient responses when RL = 15 ohms with Isteady-state = 0,28 A. In the
expanded operating envelope, despite load and power source variations, we achieve Vconverter =
= 3,95 ± 0,01 V. A very high load corresponds to RL = 10 ohms. The transient responses of V(t) and
I(t) under this peak loading are shown in fig. 6. Despite the peak and extreme loads, we are able to
effectively stabilize the voltage and coherently control the energy conversion needed to power
various loads or charge low-power rechargeable battery packages. The efficiency of the power
electronic module is found to be higher than 90 % in an expanded operating envelope XE.

a                                                                                   b

Fig. 5. Proportional-integral control: Transient responses for V(t) and I(t) if RL = 15 ohms, Vconverter = 3,95 V
and Iconverter = 0,282 A. The effective feedback gains are: (a) kp = 2,2 and ki = 25000; (b) kp = 0,256

and ki = 25000

a b

Fig. 6. Proportional-integral control: Transient responses for V(t) and I(t) if RL = 10 ohms,
Vconverter = 3,95 V and Iconverter = 0,414 A. The effective feedback gains are: (a) kp = 2,2

and ki = 25000; (b) kp = 0,256 and ki = 25000
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Having documented the experimental results with the designed bounded PI tracking control
(11), we will study the proportional control. We also examine high-gain control schemes. At a peak
load, fig. 7 reports the transient dynamics of a PWM converter with a proportional control

u(e) = – (kpе). (14)
A significant steady-state error for eVconverter is observed.

Fig. 7. Proportional control: Transient responses for V(t) and I(t) if RL = 10 ohms. The proportional feedback
gain and quantitative values are: kp = 5,13, Vconverter = 3,77 V, eVconverter = – 0,18 V, and Iconverter = 0,39 A

To eliminate the steady-state error and decrease the settling time, the high-gain control
premise was proposed in some theoretical studies. For a PWM converter, controlled by a high-gain
proportional control law (14), the evolutions of the output voltage V(t) and current I(t) are reported
in fig. 8. The high-gain control scheme leads to poor performance and degraded capabilities. The
output voltage ripple is not acceptable. The converter efficiency significantly decreases due to
undesirable dynamic transitions, electromagnetic loading, overheating and other phenomena due to
the use of high-gain feedback. If one does not consider system nonlinearities, constraints and
bounds, the high-gain control can theoretically lead to satisfactory performance. In practice,
however, a high gain feedback results in undesirable phenomena, poor performance and
unacceptable overall functionality. The chattering (limit cycles), high losses, low efficiency,
overheating and other undesirable phenomena are observed as documented in fig. 8.

Fig. 8. High-gain control: Transient responses for V(t) and I(t) if RL = 10 ohms. The feedback gain and
quantitative values are: kp high-gain = 12,82, Vconverter = 3,95 ± 0,12 V and Iconverter = 0,45 ± 0,13 A
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Conclusions. In this paper, we devise, design, build, demonstrate, verify and characterize
innovative self-sustained high-energy-density power systems for autonomous and semi-autonomous
platforms. These light-duty systems include energy harvesting, energy conversion, energy storage,
and low-power microelectronic modules. In order to ensure optimal or near-optimal performance
and capabilities, we designed closed-loop systems. Bounded PI control laws were designed and
implemented. We advanced knowledge, engineering practice and technology for power systems and
energy sources. The overall goal was to translate recent scientific discoveries, advanced engineering
solutions and enabling inventions into technological developments. The overall and specific
objectives and goals were accomplished.

This paper accelerated transformative basic and applied technological advances in core areas
which are of a great significance. The proposed concept ensured a viable inroad for affordable on-
board autonomous and sustainable energy generation with exceptional power- and energy-relevant
capabilities. Our design and developments ensured overall:

1. Concurrency, affordability and accessibility;
2. Efficiency and effectiveness;
3. Sustainability and safety;
4. Practicality and flexibility;
5. Simplicity and adaptability;
6. Diversification of energy sources;
7. Ecology friendly clean (waste-free) technology.
Low-power microelectronics, new solid-state devices, super-permalloy inductors, high-

energy-density storage devices and other solutions are evaluated. The most advanced and promising
concepts are examined. We designed, tested and evaluated prototypes of modular, highly-integrated
self-sustained energy systems and their modules. We emphasized the need for control, optimization
and diagnostics. The experimental results are reported. The proposed systems can be used in various
civilian and military applications including operation in harsh environments under rapidly changing
loads.
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Тревор C. Смітт, Сергій Эдвард Ляшевський
Проектування енергетичних систем з використанням високоенергетичної електроніки
Досліджено нанотехнологічно-вдосконалені: високоенергетична мікроелектроніка, силова
електроніка, джерела енергії та їх збереження для літальних апаратів. Дослідні зразки
спроектовано і випробувано для доказу правильності концепції з додатками в автономних
аерокосмічних, морських та інших системах. Наукові дослідження та технологічні розробки
здійснюються в перетворенні, управлінні та зберіганні енергії. Досліджено і
продемонстровано ключові компоненти та модулі: (1) Енергозберігаюча мікроелектроніка;
(2) Напівпровідникова та силова електроніка з високою енергетичною щільністю і
потужністю; (3) Джерела енергії, такі як сонячні і електромагнітні генератори; (4)
Енергозберігаючі системи; (5) Системи управління. Енергетична забезпеченість необхідна
для забезпечення загальної функціональності польоту, руху, навігації та інших систем.
Розроблено, протестовано і проаналізовано прототипи інтегрованих енергетичних систем для
різних додатків. Високо-енергетичні показники, надійність, безпека і доступність забезпечені
за рахунок використання передових технологій, мікроелектроніки, модульного
проектування, оптимальної організації, робастних схем керування і т. ін. Системи
відповідають загальним вимогам і характеристикам. Ці системи здатні забезпечити необхідні
потужності та енергії в безперервних та імпульсних режимах до сотень джоулів. Замкнуті
системи забезпечують контроль і діагностику. Експериментальні результати представлено.

Тревор C. Смитт, Сергей Эдвард Ляшевский
Проектирование энергетических систем с использованием высокоэнергетической
электроники
Исследованы нанотехнологически-усовершенствованные: высокоэнергетическая микроэлек-
троника, силовая электроника, источники энергии и ее хранение для летательных аппаратов.
Опытные образцы спроектированы и испытаны для доказательства правильности концепции с
приложениями в автономных аэрокосмических, морских и других системах. Научные
исследования и технологические разработки осуществляются в преобразовании, управлении и
хранении энергией. Исследованы и продемонстрированы ключевые компоненты и модули: (1)
Энергосберегающая микроэлектроника; (2) Полупроводниковая и силовая электроника с
высокой энергетической плотностью и мощностью; (3) Источники энергии, такие как солнечные
и электромагнитные генераторы; (4) Энергосберегающие системы; (5) Системы управления.
Энергетическая обеспеченность необходима для обеспечения общей функциональности полета,
движения, навигации и других систем. Разработаны, тестированы и проанализированы
прототипы интегрированных энергетических систем для различных приложений. Высоко-
энергетические показатели, надежность, безопасность и доступность обеспечены за счет
использования передовых технологий, микроэлектроники, модульного проектирования,
оптимальной организации, робастных схем управления и т. д. Системы отвечают общим
требованиям и характеристикам. Эти системы способны обеспечить необходимые мощности и
энергии в непрерывных и импульсных режимах до сотен джоулей. Замкнутые системы
обеспечивают контроль и диагностику. Экспериментальные результаты представлены.


