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Abstract

Aviation is one of the transportation sectors which contributes the most for the greenhouse gases
emissions.

Given the growing awareness for this topic and in view of a reduction in the emissions of such gases,
the shift to all-electric/hybrid aircraft propulsion is viewed as a contribution to solve this problem.

Thus, this thesis aims to develop a switched conversion architecture for aircraft energy storage,
namely its power converters and controllers as well as power management strategy to be implemented
in light and short range aircraft. The power controllers designed are unit power factor three phase
rectifiers, three phase inverters for electric motors propulsion, reversible DC/DC converter to connect
the DC bus to the energy storage system, which is based on lithium-ion batteries.

The topology’s power converters and its respective controllers were implemented and tested in the
MATLAB/Simulink software. In order to test the topology viability and correct operation of its power
converters and controllers, several flight scenarios were simulated.
Keywords: Power Electronics, Hybrid architecture, Aircraft, Power management, Control.

1. Introduction

The interest in electrical mobility has been increas-
ing throughout the past decades. After the automo-
bile industry made the first steps towards electric
and hybrid vehicles large scale commercialization
[3], the aeronautic industry is evolving towards an
MEA concept [14] as well as developing electric and
hybrid aircraft.

The major obstacle to fully electric aircraft, is
the limited battery’s energy density when compared
with fossil fuels [19], however due to the new de-
velopments concerning battery and electric motor
technology, a new opportunity emerged for several
companies, such as Airbus with the E-Fan, E-FanX
and CityAirbus, Pipistrel with Taurus G4, and Evi-
ation with Alice, to invest in the manufacture of
electric and hybrid aircraft [1, 4, 8, 25].

Due to the increasing electrical power demand
that the shift of propulsive paradigm is causing, it
is necessary to develop architectures, converters and
controllers that are efficient, lighted weight, due to
weight constrains on aircraft, and that are able to
support much higher voltages and currents.

Bearing in mind this reality and the fact that
there is little public information about the designing
details of such type of aircraft, the proposed goals
of the present thesis are define and size of the en-

ergy storage system for an hybrid aircraft, define a
switched conversion architecture, design power stor-
age system controllers and converters for the air-
craft, simulate the system designed in MATLAB/
Simulink software and define the aircraft power
management system.

2. Background

The purpose established for this thesis is to develop
a hybrid propulsion architecture to be implemented
in light aircraft.

In the context of this thesis, the aircraft operation
scenario is to perform short distance flights, of one
to one and half hour duration, over approximately
300 km, transporting a maximum of five passengers.

Daily, the aircraft must be able to perform be-
tween four to six flights. Given the similarity of the
specifications established to this work, the aircraft
in which it was based the powerplant estimation
was the Cessna 206, being the total installed power
in this aircraft is 230 kW [24].

Concerning electric propulsion architectures,
given the design flexibility that the series hybrid
topology possess, allowing the arise of new aircraft
configurations [16, 13], it was the chosen architec-
ture to be implemented in the present work.

Regarding power supply technology, although
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batteries energy and power densities are still re-
duced when compared with the fossil alternatives,
many improvements have been made during the
past decades and battery technology is still evolv-
ing [6]. The existing battery technology its vast
[6], but for the present work it was chosen to use
lithium-ion batteries due to its high power and en-
ergy density, non-toxic components, fast charge ca-
pability and low prices [6]. In terms of foreseen bat-
tery technology, the most promising battery type is
the lithium-air with a theoretical energy density of
more than 1700 Wh/kg, which will lead to a major
transformation in the transportation industry [6].

Electric machines characteristics make them very
atractive for transportation industies. Its high
power density, high efficiency (around 95%) [5]
when compared with gas turbines thermal efficency
(around 65%) [5], small time responde due to con-
stant maximum torque availability [19] and no car-
bon emissions place them as the future of aircraft
propulsion. The selected technology for electric ma-
chines (motor and generator) for this work was the
PMSM due to its high efficiency, high power density,
high reliability and low amount of required mainte-
nance [7] [20].

Regarding combustion engines, given that for air-
craft with speeds within the subsonic region (typi-
cally below 250 mph ≈ 400km/h), for general avi-
ation and commuter airliners (short-haul flights)
propellers are the choice for propulsion given their
very fuel efficient propulsion system. Piston-prop
engines are cheap and have low fuel consumption
at low speeds. However, they are heavy and pro-
duce high levels of noise and vibration [19]. Turbo-
prop have less moving parts when compared with
piston-prop, which means vibration-free operation
and higher reliability. For this reason, it was con-
sider for the present work the turbo prop engine
[17].

3. Hybrid Propulsion Architecture: Converters and
Control Design

The ICAO Engine Exaust Emissions Data Bank
[10], is a data bank where the gas turbine manufac-
turers upload their engines polluting gases ratings.

As observed, the manufacturers perform test to
their engine emissions indices, being the following
flight phases tested.

• Take-Off (100% of total power)

• Climb Out (85% of total power)

• Approach (30% of total power)

• Idle (7% of total power)

From what can be observed from the data, the
most polluting and power demand flight phases are
take-off and climb out.

Thus, the batteries in this topology are going to
be designed to partially fed take-off, climb out and
cruise phase.

Given the aircraft mission is to perform 4 to 6
flight a day, regarding the batteries charging pro-
cess, exists currently in the market ultrafast charg-
ers able to recharge 60kWh batteries within 10 min-
utes up to 80% SOC [26], which enables batteries
charging between flights.

In figure 1 is displayed the implemented topology.

Figure 1: Implemented topology.

3.1. PMSM and PMSG Dynamics

In order to develop controllers for the DC Bus volt-
age and speed motor control it is necessary to take
into account the electrical and mechanical dynamics
of the system.

Electrical dynamics

Considering the motor eletromagnetic torque Te ,
its pole pair number p, ψfo the permanent mag-
net flux, the motor electrical rotational speed ω ,
the equivalent resistor R and vq and iq respectively
the voltage and current in the dq-frame, the motor
electrical dynamics is [15, 2]:

Te =
2

3
pψfoiq (1a)

vd = −ωLqiq (1b)

vq = riq + L
diq
dt

+ ωψfoiq (1c)

Mechanical dynamics

The electric motor mechanical model dynamics is
presented in (2)[2].

Jtotal
dωm
dt

= Te − TF −Bωm − Tm (2)

Where, from [11]:

Jtotal = JPMSM + Jpropeller (3a)

Tm = KTm
ωm

2 (3b)

Pm = Tm × ωm (3c)

Pmmax = KTmωmmax

3 (3d)

KTm =
115kW(

1970 ∗ ( π30 )rad/s
)3 = 0.0131 (3e)

2



Being ωm the motor mechanical rotational speed,
JPMSM the motor’s moment of inertia, Jpropeller
the propeller’s moment of inertia, TF is the static
friction, B viscous damping, Tm the shaft mechani-
cal torque, Pm the motor’s power, Pmmax the maxi-
mum motor’s power and KTm

shaft power constant.

3.2. Three Phase Rectifier

In order to convert the AC power from the generator
into DC it is necessary to implement a three phase
rectifier.

Figure 2: Three Phase Rectifier model [18]

The mathematical model that describes the rec-
tifier dynamics [22] is given by:

Va,b,cN = Ria,b,c + L
dia,b,c

dt
+ ea,b,c (4a)

CDC
dUDC

dt
= IDC − Io (4b)

Being CDC is the DC bus capacitor capacitance
and where, from [22]:

VAN = (2γA−γB−γC)UDC

3

VBN = (2γB−γC−γA)UDC

3

VCN = (2γC−γA−γB)UDC

3

(5)

3.2.1 DC Bus Capacitor Sizing

The capacitor current is given by (6):

Ic = CDC
dUDC

dt
(6)

Considering the voltage rate of change is con-
stant, then one obtains:

CDC =
P∆t

∆UDC
2 (7)

Being the AC frequency of 400 Hz and assum-
ing ∆T equal to half of a period T/2 = 1

400∗2 and
considering a 10% variation from nominal DC bus
voltage (900V) , then the capacitor size obtain is,

CDC = 0.0019F (8)

To obtain a bus voltage of ± 450 V, two capaci-
tors placed in series are needed. Both with the doble
of the sized capacitance for 900V (8), i.e, 0.0038F
each and between then a ground connection must
be established.

3.2.2 DC Bus Voltage Controller

In order to control the current of the rectifier, it
was chosen to implement an inner nonlinear vector
current controller due to its faster response [22].

Given the fact that it is crucial that the voltage
at de DC bus is maintained constant throughout all
flight and since the rectifier is going to be the pri-
mary source for the DC bus, it was chosen to imple-
ment a nonlinear voltage controller on the rectifier.

Given that in dq frame the active power is ex-
pressed by the following ([15]):

P = vdid + vqiq (9)

Where vq, vd, iq and id are the voltages and currents
in the dq-frame.

Since the PMSM steady-state losses are mini-
mized id = 0, thus (9) simplifies to:

P = vqiq (10)

Considering Kirchhoff’s current law [21] we ob-
tain

IC = IDC + Io (11)

Given the predefinition of the measurements of the
current of the three phase rectifier implemented
block, the actual IDC current is going to have the
opposite sign of the first predicted.

Taking this into account, the following equations
were obtained:

CDC
dUDC

dt
= −Ic (12)

Assuming no energy losses, one can write:

vqiq = UDCIDC (13a)

IDC =
vqiq
UDC

(13b)

Replacing in (12), (13b) and (11) one obtains:

CDC
dUDC

dt
= −

(
vqiq
UDC

)
− Io (14)

As it is observed in (14), this is a non-linear dif-
ferential equation. To obtain a linear form for this
equation consider:

dUDC
dt

=
1

2

dUDC
2

dt

1

UDC
(15)

By replacing (15) in (14), one obtains the follow-
ing diferential linear equation:
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dUDC
2

dt
= − 2

CDC
(vqiq + IoUDC) (16)

In order to design a non-linear voltage controller,
one chose to follow a strategy based on Lyapunov
theory .

The Lyapunov function for voltage controller de-
sign is defined as the following:

L1 =
eUDC

2

2
+KI

eI
2

2
(17)

Wherein

e(UDC)2 = (UDCREF
)
2 − (UDC)

2
(18a)

eI =

∫
eUDC

2dt = 0 (18b)

Taking into account the system dynamics and
(18a) and (24a), the obtained control law is:

iq = − 1

vq

[
IoUDC +

CDC
2

(
deUDCREF

2

dt
+

+KeUDC
2 eUDC

2 + eIKIe
UDC

2

)]
(19)

Comparing the system transfer function with a
canonical second order system, one obtains the
gains expressions:

s2 + sKeUDC
2 +KIe

UDC
2

= 0 (20a)

s2 + s2ξωn + ω2
n = 0 (20b){

KIe
UDC

2
= ω2

n

KeUDC
2 = 2ξωn

(20c)

In figure 3 and 6 are presented the Lyapunov
and PI controllers responses to a decrease in the
requested power, namely from 230 kW to 70 kW.

Figure 3: DC Bus Voltage Lyapunov controller

Figure 4: DC Bus Voltage PI controller

As it can be observed, the Lyapunov controller
presents a faster response and a smaller overshoot
over the linear controller.

3.3. Three Phase Inverter

In order to feed the electric motors, it is necessary
to convert the DC power delivered by the DC Bus
into AC. With that purpose, a three phase rectifier
is implemented for each motor.

Figure 5: Three phase inverter topology[18]

The implemented three phase inverter topology
is going to be identical to the rectifier. The only
difference is the three phase (ia, ib, ic) currents and
the Io and Iin current direction.

3.3.1 Motor Speed Controller

Regarding the implemented inverter controllers, the
following were implemented:

• Non-linear current controller: Is equal to the
one implemened in the rectifier

• Rotational mechanical speed controllers, which
are going to be detailed in the present section

In order to control the PMSM rotational speed,
a Lyapunov controller is designed with inner eletro-
magnetic torque control.

In addition to the system dynamics equations al-
ready mentioned, it is necessary to obtain the Te
dynamics equation.

Given (1c) and considering a low pass filter with
time constant equal to Tdi(inverter’s delay time con-
stant), the electromagnetic torque dynamics is ob-
tained:

Te =
2
3pψfoiq

1 + sTdi
(21)

Simplifying (22) and shifting into time domain,
one obtains:

dTe

dt
=

2pψfoiq − Te
3Tdi

(22)

Defining new Lyapunov’s function,
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L3 =
eωm

2

2
+
eTe

2

2
+KITe

eITe
2

2
(23)

Wherein
eωm = ωmref

− ωm (24a)

eTe = Tevirtual − Te (24b)

eITe
=

∫
eTedt = 0 (24c)

In order to obtain the expression of Tevirtual, one
uses a simpler Lyapunov function.

L4 =
eωm

2

2
(25)

Combining (25), (22) and (24a), one obtains:

dωmref

dt
−
(Tevirtualiq − Tm−Bωm

Jtotal

)
= −Keωm

eωm

(26a)

Tevirtual = Jtotal

(dωmref

dt
+Keωm

eωm

)
+Tm+Bωm

(26b)
Taking into account (24b), (24c), (24a), (26b) ob-

tained control law is:

iq =
3Tdi

2pψfo

[(
KeTe

eTe +KITe
eITe
− eωm

Jtotal
+

+Jtotal

(d2ωmref

dt2
+Keωm

deωm

dt

)
+

dTm
dt

+B
dωm
dt

)
+

+Te

]
(27)

Being the control inputs the mechanical rota-
tional speed of electric motor and propeller set
(ωm), the electromagnetic torque (Te) and the shaft
mechanical torque (Tm).

In order to determine the gains Keωm
, KTe, and

KITe
, the ITAE criteria is used. The gains expres-

sions are given by:


KITe

= 1 + 2.15ωn
2Jtotal

2

Keωm
= ωn

3Jtotal
2

KITe

KeTe
= Jtotal

2(1.75ωm −Keωm
)

(28a)

In figures 6 and 7 it is displayed the lyapunov and
PI motor speed controller.

Figure 6: Rotational Mechanical speed Lyapunov controller
fed by an inverter.

Figure 7: Rotational Mechanical speed PI controller fed by
an inverter.

For 1970 RPM speed reference, the linear control
takes approximately 16 seconds to reach the speed
reference, whereas Lyapunov control takes around
8 seconds. As observed, the Lyapunov controller
has a faster response. The linear controller settling
time is approximately two times the lyapunov’s.

3.4. Bidirectional DC/DC Converter

With the purpose of providing the required battery
power for each time frame, it is necessary to imple-
ment a reversible DC/DC convert in order to con-
nect the batteries to the DC Bus and that allows
both charge and discharge operations.

Figure 8: Redundant Three phase bidirectional dc/dc con-
verter model

In view of lower currents ratings for semiconduc-
tors and for sake of redundancy, it was decided to
implement a thre phase series bidirectional DC/DC
converter, which is displayed in figure 8.

Accordingly to [9], the converter operation mode
can be summarized in (29) and (30).

Buck Mode vL =

{
Vo − U , 0 < t < DT

−U , DT < t < T
(29)

Boost Mode vL =

{
U , 0 < t < DT

U − V o , DT < t < T
(30)

Buck Mode U = VoD (31)

Boost Mode U = Vo(1−D) (32)

Where D is the duty cycle (0 < D < 1).
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3.4.1 Coil and Capacitor Sizing

In this section it will be presented the sizing the fol-
lowed strategy for coil and capacitor dimensioning.

Coil

Considering no losses on the converter, one can sta-
blish the power expression:

Pin = UinIL = Pout = VoIo (33)

Being Vo = UDC

2 and UDC = U Given that:

∆iL =
1

Lbuck

∫ DT

0

Vo − Uin dt =
(Vo − Uin)DT

Lbuck
(34)

Then:

Lboost = Lbuck
Vo(1−D)DT

∆iL
(35)

In order to be always in the continuous current
mode of operation, the coil must be dimensioned
for D =1

2 , given the quadratic form of (35).
Given that T = 1/20kHz, then each phase coil

size is equal to 4.86 mH.

Capacitor

Considering boost mode operation and considering
that during 0 < t < DT the capacitor is powering
the load, then the condition 36 is verified [23]:

CBB
dVo
dt

= −Io (36)

Being CBB Bidirectional DC/DC converter capaci-
tor capacitance Considering linear voltage variation
during 0 < t < DT , (36) can be simplified into:

CBB ≈
IoDT

∆Vo
(37)

Considering D = 1
2 as the critical duty-cycle

and a 5% voltage variation, then the value of each
DC/DC bidirectional conver is equal to 61.728µF .

3.5. Battery Power Controller

Similar to the internal nonlinear control of the recti-
fier and inverter current, the same strategy adapted
to a DC circuit was implemented in the DC/DC
converter.

Nonlinear Controller

From (33), it is known that

Pin = UinIL =⇒ IL =
PinRef

Uin
(38)

Lyapunov Controller

In order to build a more robust version of the con-
troller presented in (38), it was implemented a Lya-
punov controller.

Let consider the following Lyapunov function:

Lyapunov Function L5 =
ePin

2

2
(39)

According Lyapunov theory, the following equa-
tions are satisfied:

ePin

dPin

dt
< 0 (40a)

dPin

dt
= −KePin

ePin
(40b)

In view of obtaining power dynamics equation, it
was applied a low pass filter into (38):

Pin =
UinIL
1 + sτ

(41)

Shifting (41) into time domian and simplifying it,
one obtains:

dPin
dt

=
UinIL − Pin

τ
(42)

Replacing (42) in (40b), one obtains:

dPinRef

dt
− UinIL

τ
= −KePin

ePin (43)

Simplifying (43), the controller law is obtain:

IL =
1

Uin

[
τ

dPinRef

dt
+ Pin + τKePin

ePin

]
(44)

Note that term τKePin
of (44) is approximately

equal to 1.
In figure 11 is presented the nonlinear, lyapunov

and PI battery power controllers.

(a) PI power controller re-
sponse - Charge scenario.

(b) PI power controller re-
sponse - Discharge scenario.

(c) Nonlinear power con-
troller response - Charge sce-
nario.

(d) Nonlinear power con-
troller response - Disharge
scenario.

(e) Lyapunov power con-
troller response - Charge sce-
nario.

(f) Lyapunov power con-
troller response - Disharge
scenario.

Figure 9: Developed power controllers response.

Through inspection of the controllers step re-
sponse it can be noted that the linear controller
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presents a slower response with respect to the non-
linear contollers.

Concerning the nonlinear controllers, both
present the same settling time and power variation.

4. Power Management System
4.1. Aircraft Power Requirements

The power that an aircraft demands depends of the
flight phase at each time frame.

Given the data collected from [24, 10], the follow-
ing power settings were obtained:

• Take-Off: 100% Ptotal = 230kW

• Climb out: 85% Ptotal = 195.5kW

• Cuise: 75% Ptotal = 172.5kW

• Approach: 30% Ptotal = 69kW

In view of controlling the power distribution
within the developed hybrid architecture, it was
chosen to implement:

• Total power control - PI controller

• Battery power control - Fuzzy logic controller

4.2. PI Controller

From (2), the mechanical dyamics of the system is
obtain.

In order to pass it to the power domain, both
sides of equation must be multiplied by the rota-
tional speed. Doing such operation, one obtains:

Jtotal
2

dωm
2

dt
= Pe −Bωm2 − Pm (45)

Being ωm the motor mechanical rotational speed,
JPMSM the motor’s moment of inertia, Jpropeller
the propeller’s moment of inertia, Tm the shaft me-
chanical torque, B viscous damping, Pe electro-
magnetic power and Pmec shaft mechanical power.
Shifting to frequency domain and simplifying (45),
one obtais:

ωm
2

Pe − Pm
=

2

JtotalS +B
Perror = Pe − Pm (48)

Figure 10: PI control block diagram.

As it can be observed in (46), what results from
transfer function of the system is ωm

2 instead of
ωm.

Given that the square root is not a linear opera-
tor this function will be linearize around the point
29653 (rad/s)2.

The obtained gains were:{
Kp3 = 1ξωnJtotal−B

0.0058

KI3 = ωn
2Jtotal

0.0058

(49a)

4.3. Fuzzy Logic Controller

Fuzzy logic controllers are nonlinear and do not
need a exact mathematical representation of the
system to be controlled. Its biggest advantage when
compared to other controllers its their ability to op-
erate with a broad range of inputs [12].

In order to build a fuzzy logic controller, it is
necessary to define[12]:

• Input and output variables.

• Membership functions to every input and out-
put.

• Rules that relate every input to the desired out-
put.

The defined inputs of the developed fuzzy are the
throttle, the speed error, the baterry SOC and the
output variable is the battery power.

The membership functions are displayed in figure
11.

(a) Throttle (b) Speed error

(c) SOC (d) Battery’s power

Figure 11: Membership functions.

Concerning membership functions nomenclature,
N stands for negative, MN medium negative, MNB
medium negative big,ZE zero, MPS medium pos-
itive small, MP medium positive, MPB medium
positive big, P positive, VL very low, L low, NM
normal, H high and VH very high.

Regarding the rules definition, it was established
the throttle membership function depending on the
flight phases, i.e., high(H) throotle is for take-off,
medium high(MH) is for climb out phase, nor-
mal(NM) is for cruise and low(L) is for approach
phase.

Given the high power demand in the take-off and
climb out phases, the battery power level must be
P and MPB, respectively. Only in the case of a VL
SOC level the battery power level must be ZE.

For the cruise phase, the battery power level must
be MP. For the sake of smooth transition between
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different power levels, the battery power level will
be equal to MPB when the speed error is N or P.

For the approach phase, battery power level must
be ZE. As stated previously, the battery power level
will be equal to MP when the speed error is N.

The batteries are not supposed to recharge during
flight. Only on a verry Low SOC level, below 20%,
the batteries will charge during approach.

4.4. Partial Results

In this section the obtained results for the imple-
mented fuzzy controller are shown. It will be anal-
ized the take-off and climb out phase.

(a) Take-Off and Climb Out
SOC evolution.

(b) Take-Off and Climb Out
battery power evolution.

(c) Take-Off and Climb Out
generator power evolution.

(d) Take-Off and Climb Out
rotational mechanical speed
reference.

(e) Take-Off and Climb Out
rotational mechanical speed
response.

Figure 12: Take-Off and Climb Out fuzzy simulation results.

This flight phase is the most power demanding
one. For the take-off, batteries have to delivered
50kW during 0.7 minutes. For the climb out, it has
to be delievered 35.5kW for 2.2 minutes. As it can
be observed in figures 12 the power requirements
are fulfilled.

Concerning rotational mechanical speed, for take-
off the speed reference is of 1970 RPM which is ap-
proximately equal to 206.3 rad/s. From the figures
12 one observe the reference speed attainment. For
the climb out, the speed reference is equal to:

ωm = 3

√
0.85 ∗ 230000

2 ∗KTm
≈ 195, 4 rad/s ≈ 1866 RPM

(50)

5. Results

In this chapter, the proposed solution for the power
management strategy presented in chapter 4 is

tested within the developed architecture.

6. Take-Off and Climb Out

(a) SOC simulation in the take-off and climb out
phase.

(b) Mechanical rotational speed simulation in
the take-off and climb out phase.

Figure 13: SOC and mechanical rotational speed in the take-
off and climb out phase.

(a) Powerplant required power for the take-off and
climb out phase.

(b) Average required power for the take-off
and climb out phase.

(c) Simulation of the power delivered by the
battery in the take-off and climb out phase.

(d) Simulation of the power delivered by the gen-
erator in the take-off and climb out phase.

Figure 14: Power delievery evolution in the take-off and
climb out phase.
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(a) DC bus voltage simulation in the take-off and
climb out phase.

(b) Reversible DC/DC converter coil current
simulation in the take-off and climb out simu-
lation.

Figure 15: DC bus voltage and DC/DC converter coil current
simulation in the take-off and climb out phase.

(a) Three phase currents of the generator in the take-off and
climb out phase.

(b) Three phase voltages of the generator in the take-off and
climb out phase.

Figure 16: Generator’s three phase currents and voltages in
the take-off and climb out phase.

(a) Three phase currents of the electric motors in the take-off
and climb out phase.

(b) Three phase voltages of the electric motors in the take-off
and climb out phase.

Figure 17: Electric motor’s three phase currents and voltages
in the take-off and climb out phase.

Comparing figures 13 and 12 it can be seen that
the average mechanical rotational speed is approx-
imately equal to the one obtained in the fuzzy sim-
ulation as well as the SOC evolution (12).

Concerning figures 14, 12 it is observed the at-
tainment of battery power delivery level as well
as the electric motor’s absorved power. Regarding

generator’s delievered power, comparing in with the
one obtained in figure 12 is higher than the expected
(around 205 kW instead of 180 kW).

With respect to the DC bus voltage and the re-
versible DC/DC converter coil current (figure 15),
the expected values and waveforms are attained.
The three phase currents and voltages present the
expected waveforms and can be observed in figures
16.

From the obtained results, it is noticeable the
generator’s delivered power is above the reference
value. This diference is expected to be due to
the conversion efficiency in the converters and elec-
tric motor, given that in the cruise, take-off and
climb out phase the efficiency is approximately

88% (
180kW

205kW
= 0.878 and

140kW

155kW
= 0.9032 and

69kW

75kW
= 0.92 what corresponds, approximatelly to

88% = 95%×92.5%, 95% for the converter e 92.5%
for the electric motor, which is in accordance to the
typical values [5].

7. Conclusions

The present work had as objectives to develop a
switched conversion architecture for hybrid aircraft
to enable energy storage as well to developed and
implement power converts controllers and define a
energy management strategy.

In order to test the proposed topology and the
energy management system developed within the
power converters and controllers, a test scenarios
was performed, take-off and climb out phase.

The designed nonlinear controllers based on Lya-
punov stability theory namely for the control of
mechanical rotational speed of the electric motor
and propeller set presenting a settling time approx-
imately 2 times smaller than the linear controller,
control of the DC bus voltage, which presents a set-
tling time approximately 3 times smaller than the
PI controller and half of its overshoot, and a bat-
tery power delievery controller, presenting a set-
tling time approximately 4 times smaller than its
PI counterpart.

Concerning the developed architecture, it
presents an overall efficiency of 88%. State of the
art series topology present conversion losses up to
30%, which corresponds to an overall efficiency of
70%.

It was concluded that every defined goal for the
present work was fulfilled.
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