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Abstract - In more electric aircraft (MEA) system, both AC 
and DC electric power with multiple voltage levels are 
required for various aircraft loads. This paper presents an 
induction generator based AC/DC hybrid electric power 
generation system for MEA. In the proposed system, a high 
speed induction starter/generator and a low speed induction 
generator are installed on the high pressure (HP) and low 
pressure (LP) spools of the engine, respectively. In generating 
mode of operation, all of the constant voltage variable 
frequency AC power is generated by the HP generator while 
the DC power demand is shared by both HP and LP 
generators. A control scheme is developed to regulate the AC 
load voltage and coordinate DC power generation between the 
two generators. The proposed induction generator based 
AC/DC hybrid generation system presents reduced hardware 
installment compared to existing AC and DC primary 
generation systems.  

 
Index Terms--induction motors, genrators, distributed power 

generation, aircraft,  power generation control 

I. INTRODUCTION 
The emerging trend towards more electric architecture 

for airplanes is intended to replace mechanical, hydraulic 
and pneumatic systems with electrical systems as much as 
possible. It is generally considered that the more electric 
aircraft (MEA) would lead to lower fuel consumption and 
emissions, reduced maintenance, and possibly lower costs 
[1]-[4]. Advancements of electrification on board have 
increased the electric power demand of the aircraft. A 
significant raise of generation capacity is required to supply 
the additional loads.  

In present MEA systems (e.g. Boeing 787, Airbus 
A380), the wound-field synchronous generator (SG) based 
AC primary generation system can feed the frequency 
insensitive loads directly from the synchronous generator 
terminals. The constant voltage variable frequency (CVVF) 
AC voltage is regulated by controlling the field current of 
the SG through an external brushless exciter. This exciter is 
consisted of a permanent magnet (PM) machine and a 
diode rectifier mounted on the generator shaft. The 
complex rotor structure makes the torque to inertia ratio of 
SG lower than other type of electric machines [1]. 
Moreover, the rotating diode bridge structure has limited 
the top speed of the generator shaft. If the synchronous 

machine is used as a starter/generator, separate field and 
armature voltage controls are required during its motoring 
operation.  

In [5]-[6], a high voltage (+/-270 V) DC primary 
generation system using embedded PM generators is 
presented as a potential solution for more electric 
architecture. This type of system presents high power factor 
and high efficiency, but suffers from excessive current flow 
in fault condition [7], [8]. Although multi-phase fault-
tolerant PM generators have been investigated to limit the 
short-circuit fault current [9]-[11], using PM generator to 
fulfill the overload current requirement of main engine 
generator in aerospace application is still problematic. 
Furthermore, in PM generator based DC primary 
generation system, the CVVF AC power demanded by 
frequency insensitive loads (e.g. wing de-icing system, 
galleys, etc.) is first converted to DC power by the active 
rectifier of the generator, and inverted back to AC power 
through dedicated inverters. This two-stage AC-DC-AC 
conversion adds extra losses and additional hardware to the 
system.  

Since neither AC nor DC primary generation system is 
able to meet all the power requirements with optimized 
performance in terms of volume, weight, efficiency, 
reliability and cost, an induction generator based AC/DC 
hybrid generation system is proposed to combine the 
advantages and address the shortcomings of both systems. 
In the proposed system, a high speed induction 
starter/generator and a low speed induction generator are 
attached to the high pressure (HP) and low pressure (LP) 
spools of the engine, respectively. In generating mode of 
operation, the HP generator is in charge of generating all of 
the CVVF AC power, while the DC power demand is 
shared by both HP and LP generators. Using induction 
machine as main engine generator in aircraft application is 
rarely reported in literature [12]-[14]. In this paper, an 
open-end winding squirrel-cage induction generator and a 
conventional wye-connected squirrel-cage induction 
generator are used as the HP and LP generators, 
respectively. The concern of excessive fault current due to 
the PM excitation is addressed. In addition, thanks to the 
self-excited capability of induction generator, the proposed 
AC/DC hybrid generation architecture can supply CVVF 
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AC power directly from generator terminals without 
external exciter. As a result, the overall hardware 
installment of the proposed system is reduced compared to 
both AC and DC primary generation systems.  

In this paper, the configuration of the induction 
generator based AC/DC hybrid generation system for MEA 
is presented. A steady-state analysis is carried out to 
explain the proposed twin-spool twin-generator AC/DC 
hybrid generation method. A closed-loop control scheme 
for AC and DC voltage regulation of the proposed system 
is developed based on field oriented control theory. The 
feasibility of operation of the proposed system is 
demonstrated by means of software simulation. 

II. SYSTEM CONFIGURATION 
The system configuration of a synchronous generator 

based AC primary generation system [6], [7] is shown in 
Fig. 1. A wound field synchronous starter/generator is 
connected to the HP spool of the gas turbine engine through 
a mechanical gearbox. While the engine is starting, the 
synchronous machine can operate as a motor to start the gas 
turbine using ground power supply. During the flight 
mission, the same machine serves as the main electrical 
power source at a constant AC voltage (230 V) and variable 
frequency (360 to 800 Hz). The field current of the 
synchronous generator is controlled by a smaller PM 
machine with a diode bridge rectifier installed on the 
generator shaft. By adjusting the excitation of the field 
winding, the AC source voltage can be regulated with 
variable shaft speed. 
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Fig. 1.  System configuration of the synchronous generator based AC 

primary generation system  

In aircraft systems, the effect of electrical power offtake 
can sometimes have significant impact on the dynamics and 
control of the aircraft engine. For instance, during the 
transition from cruise to descent phase, the aircraft engine 
power is transiently reduced while maintaining high 
electrical power demand. This transition creates a 
possibility of engine instability and may require substantial 
electric load shedding. Furthermore, with the increasing 

electric power consumption in MEA, the above effect will 
be more severe if the electric power is solely extracted from 
the HP spool of the gas turbine engine [15]. This issue can 
be resolved by installing an extra generator on the LP spool 
of the engine and sharing the power extraction between the 
HP and LP spools [4]-[6]. In this way, the power generated 
from the LP spool could compensate for the decreased 
power from the HP spool so that the electrical power 
demand is not compromised.  
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Fig. 2.  System configuration of the permanent magnet generator based 
DC primary generation system 

In a twin-spool aircraft engine, the generators on HP and 
LP spool need to operate at different frequencies. In order 
to parallel the two generators with enhanced efficiency and 
reduced size and weight, a DC primary generation system 
with power electronic converters is preferred as an 
advanced more electric architecture [6], [16]. PM generator 
is preferred in this twin-spool twin-generator architecture 
due to its high power density and self-excited capability [5], 
[6]. As shown in Fig. 2, a high speed starter/generator and a 
low speed generator are placed directly on the HP and LP 
spool of the engine, respectively. In the engine starting 
process, the PM starter/generator on HP spool can operate 
as a motor to start the engine using ground power supply. 
In the flight mission, the power generated from the two 
generators are rectified and transmitted to a ±270 V DC 
power bus. In Boeing 787, power consumption of 
frequency insensitive AC loads under cursing condition is 
close to 50% [16]. This amount of AC power is supplied 
through a two-stage AC-DC-AC conversion. Such 
arrangement adds extra losses and additional hardware to 
the system. 

The proposed induction generator based AC/DC hybrid 
generation system is shown in Fig. 3. Similar to the DC 
primary generation system, the ±270 V DC power demand 
is shared by two generators on HP and LP spool of the 
engine. In contrast, the frequency insensitive AC loads are 
supplied directly from the HP spool generator terminal like 
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the AC primary generation system. Compared to DC 
primary generation system in Fig. 2, the undesired AC-DC-
AC conversion is avoided by applying AC/DC hybrid 
generation on HP spool in the proposed system, while the 
merits of the twin-spool twin-generator DC primary 
generation architecture have also been reserved. As 
compared to the AC primary generation system in Fig. 1, 
the application of induction generator removes the external 
exciter, while the twin-spool twin-generator architecture 
improves the overall generation performance.  
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Fig. 3.  System configuration of the induction generator based AC/DC 

hybrid generation system 

A more detailed electrical system configuration is 
shown in Fig. 4. An inverter/rectifier unit and frequency 
insensitive AC loads are connected to each end of the HP 
spool open-end winding induction generator terminals. An 
active rectifier unit is connected to the LP spool wye-
connected induction generator. The DC output end of the 
inverter/rectifier unit and the active rectifier unit are 
paralleled to the DC bus.  

In the engine starting mode of operation, the AC loads 
are disconnected from the HP generator, and the AC load 
terminals are shorted to transform the open-end induction 
generator on HP spool into a wye-connected induction 
motor. Using a ground DC power supply, the transformed 
induction motor can be driven by the inverter/rectifier unit 
to start the aircraft engine. Once the engine shaft reaches its 
idle speed, induction machine will be connected back to 
form the configuration as shown in Fig. 4, and the DC 
capacitor will be fully charged. Additional circuit breakers 
are required to implement this transformation. Because 
only a small portion of power is needed to start the aircraft 
engine, the size and power rating of the extra circuit 
breakers are relatively small.  
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Fig. 4.  Electrical system diagram of the induction generator based AC/DC 

hybrid generation system 

III. SYSTEM MODELING AND OPERATION 
PRINCIPLE 

As shown in Fig. 4, in the proposed generation system, 
all the CVVF AC power is generated by the HP generator 
only, while the power demand of the DC loads is shared 
between both the HP and LP generators. The generation 
subsystem on HP spool includes a high speed generator, an 
inverter/rectifier unit, a CVVF AC distribution bus and a 
shared CV DC distribution bus, whereas the generation 
subsystem on LP spool is consisted of a low speed 
generator, an active rectifier unit and the shared CV DC 
distribution bus. The system model and operation principle 
of the generation subsystems on HP and LP spools will be 
discussed in detail in the following sections. 

A. HP Spool Generation Subsystem and AC Voltage 
Regulation 

In the HP spool generation subsystem, the frequency 
insensitive loads in MEA such as wing de-icing system and 
galleys are generally resistive heaters symmetrically 
distributed at the generator terminals. Therefore, the open-
end winding induction generator on HP spool can be 
modeled as a wye-connected induction generator with an 
increased stator resistance. In the rotor flux oriented 
reference frame, neglecting the saturation effects, the 
steady-state voltage and torque equations for the HP spool 
induction generator can be expressed as [17], [18]: 

                   (1) 

                   (2) 

                              (3) 

where 

                                 (4) 
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                                   (5) 

                                (6)  
In the above equations, , , , , ,  

are the q and d axis stator voltages, currents, flux linkages, 
respectively.  is the stator winding resistance and  
is the AC load resistance.  stands for the stator 
transient inductance. , , , P1, are the stator, rotor 
magnetizing inductance and pole pairs of the induction 
machine 1, respectively. In order to regulate the AC load 
voltage, the AC load current (stator current magnitude) 
needs to be controlled according to the load resistance 
variation. The AC load current reference can be expressed 
as: 

                            (7) 

Limited by the current rating of the generation system, 
the power generated for frequency insensitive AC loads can 
be modeled as the ohmic loss of the increased stator 
resistance of the HP generator. Thus, the power transmitted 
to the DC bus can be written as: 

               (8) 

where  is the torque reference of the HP generator.  

According to (8), the torque reference can be determined 
by the AC load current reference and DC power output 
command. The theoretical equilibrium points of the HP 
generation subsystem for a given AC and DC power 
demand are illustrated in Fig. 5. The intersections A and B 
indicate two theoretical equilibrium points for 
corresponding AC load current and HP generator torque 
references. For a given AC load condition, the torque 
reference of the HP generator varies with different DC 
output power command of the system. When the DC power 
output increases, the torque reference curve will move 
away from the AC load current reference circle. Therefore, 
the DC power output needs to be limited to ensure that 
there exists at least one intersection point of the torque 
reference curve and the load current reference circle.  

Furthermore, the maximum torque of an induction 
generator is limited by the voltage rating of the system. 
This voltage limitation can be expressed as follows: 

                              (9) 
Substituting (1), (2), (4), (5) into (9), the voltage 

constraint equation becomes:  

  

                                   (10) 
Equation (10) forms a voltage limit ellipse in Fig. 5. 

This ellipse is similar to the analysis of flux weakening 

operation for induction motor [18], yet the load resistance 
makes the ellipse rotation varies from different load 
condition in the proposed system. An increased AC load 
power demand will result in a clock-wise rotation of the 
voltage limit ellipse and vice versa. Therefore, equilibrium 
point B in Fig. 5 is not a valid operating point of the system. 
Besides the constraint to guarantee the existence of 
equilibrium point, the DC output power from HP spool is 
hereby further bounded by the voltage limit of the system. 
This bounded operating range can be demonstrated as the 
segment of the AC current reference circle inside of the 
voltage limit ellipse.  
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Fig. 5.  Operating constraints of the high pressure spool generation 

subsystem 

The flux current command  and torque current 
command  can be calculated from given AC load 
current and generator torque reference as follows: 

                     (11) 

                  (12) 

where  is the torque coefficient.  

In order to illustrate the disposition of d, q axis current 
commands with AC and DC power demand variations, a 
two-dimensional sweep test of AC load current and 
generator torque reference is performed using Matlab.  

The results of the test are shown as contour maps in Fig. 
6. Evidently, the q-axis (torque) current command and AC 
load current reference variations are almost proportional, 
while changing q-axis current command has little impact to 
the generator torque with a fixed AC load current command. 
The d-axis (flux) current command changes greatly with 
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generator torque variation, but it is relatively insensitive to 
AC load current changes. It can be inferred from the sweep 
test results that changing DC power output of the HP 
generation subsystem greatly depends on the flux variation 
of HP generator, resulting in a very slow system response. 
On the other side, regulating AC load voltage with a 
constant (or slowly varied) DC output power can be 
achieved by controlling q-axis current with small variation 
of generator flux. The DC bus voltage can be regulated 
with a master-slave control strategy with cooperation of the 
LP generation subsystem. 

   
Fig. 6.  Contour maps of d-q axis current commands for AC load current 

and generator torque reference sweep test 

B. LP Spool Generation Subsystem and DC Voltage 
Regulation 

The DC voltage regulation of the proposed hybrid 
AC/DC generation system is implemented by a master-
slave control strategy. The HP generator, while regulating 
AC load voltage, operates as the master in DC power 
generation and offers a constant power output to the DC 
bus. In contrast, the LP generator operates as the slave and 
supplies the rest of DC power demand. The DC power 
output of the LP generator is determined as: 

            (13) 

where is the DC bus load current, and  are the 
DC power output of the HP and LP generator, respectively. 

 Other than the DC power extraction from the HP 
generation subsystem, the LP spool generation subsystem 
operates as a conventional front end DC generation system. 
The control scheme of the overall generation system will be 
discussed in greater detail in the next section.  

IV. CONTROL SCHEME 
The closed-loop control scheme for the proposed 

AC/DC hybrid generation system is shown in Fig. 7. Two 
voltage sensors are used at the AC load terminals of the 
generator to monitor the AC load voltages. An additional 
voltage sensor is installed to measure the DC bus voltage. 
Four current sensors are used to provide generator current 
feedbacks. Neither rotational speed of rotor nor rotor 
position feedback is essential to control the proposed 
generation system.  

To prevent instability issue of the engine caused by high 
off-take of power extraction on HP spool, the DC power 
output command  is designed as a control input 
commanded by the engine control unit. An additional 
control freedom is provided to the engine control unit to 
balance the power extraction from the HP and LP spools. 
The adjustable range of  can be calculated and fed 
back to the engine control unit using (7), (8) and (10).  

The AC load voltage is controlled by controller 1 in the 
HP generation subsystem. Assuming purely resistive load 
condition, the AC load resistance  can be estimated as 
the AC load voltage vac divided by the stator current 
magnitude . The AC load current command  can then be 
calculated using the estimated load resistance. The current 
reference calculation can be implemented in two steps: i) 
Given DC power output command , AC load current 
command , AC load resistance  and generator 
electrical frequency , the torque reference of the HP 
generator  is calculated through (8); ii) Given the torque 
reference of the HP generator  and AC load current 
command , the d and q-axis current commands  and 

 are obtained from (11) and (12). Using rotor-flux 
orientation, two PI controllers are applied to regulate  
and .  
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Fig. 7.  Closed-loop control scheme for the proposed AC/DC hybrid 

generation system 

The DC bus voltage is regulated by controller 2 in the 
LP generation subsystem. In the DC bus voltage control 
loop, a PI controller is used to generate LP generator q-axis 
(torque) current command . The d-axis (flux) current of 
the LP generator is commanded to be inverse proportional 
to the generator shaft speed to obtain a wide speed 
operation range. Using rotor-flux orientation, two PI 
controllers are applied to regulate  and . 

Controller 1 and 2 in Fig. 7 are field oriented by the 
direct flux observer in [19] using inverter terminal voltage 
and generator stator current feedbacks. The inverter 
terminal voltages are re-constructed using DC bus voltage 
feedback and inverter gating signals. The speed estimator 
in [19] is also used in the LP generation subsystem to 
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provide shaft speed feedback to the flux weakening 
operator.  

V. SIMULATION RESULTS 
A closed-loop simulation for the proposed induction 

generator based AC/DC hybrid generation system is 
simulated in Matlab/Simulink. In the simulation, a 150 kW, 
12000 rpm induction generator and a 60 kW, 3150 rpm 
induction generator are used on the HP and LP spool, 
respectively. The generators are controlled to supply 75 kW 
three phase 230 V AC balanced resistive load and 60 kW 
540 V DC load at their rated speed. The AC load is 
changed from 75 kW to 60 kW at 1.3s, and the DC load is 
changed from 60 kW to 50 kW at 1.45s.  

The DC bus and AC load voltages of the system are 
shown in Fig. 8 and Fig. 9, respectively. The dynamic 
performance for both DC bus voltage and AC load voltage 
regulation is satisfactory.  
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Fig. 8.  The DC bus voltage regulation characteristics of the proposed 

AC/DC hybrid generation system 
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Fig. 9.  The AC load voltage regulation characteristics of the proposed 

AC/DC hybrid generation system 

The electromagnetic torque characteristics of the HP and 
LP generators are illustrated in Fig. 10. Clearly, the slow 
torque response of HP generator is compensated by the fast 

responded LP generator. At 1.45s, the HP generator 
operates as the master and does not react as the DC load 
changes, while the LP generator decreases its torque to 
accommodate the DC load change. 
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Fig. 10.  The electromagnetic torque characteristics of HP and LP 

generators in the proposed AC/DC hybrid generation system 
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Fig. 11.  The d, q-axis current characteristics of the HP generator in the 

proposed AC/DC hybrid generation system 
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Fig. 12.  The d, q-axis current characteristics of the LP generator in the 

proposed AC/DC hybrid generation system 
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The d and q axis currents of the HP and LP generators in 
the proposed system are shown in Fig. 11 and Fig. 12. As it 
is mentioned in Section III, regulating AC load voltage 
with a constant (or slowly varied) DC output power can be 
achieved by controlling q-axis current with small variation 
of generator flux. 

VI. CONCLUSION 
In this paper, an induction generator based AC/DC 

hybrid generation system for MEA is presented. The 
application of induction generator addresses the concern of 
excessive fault current due to the PM excitation in PM 
generator based generation system. The proposed AC/DC 
hybrid generation architecture supplies CVVF AC power 
directly from generator terminals without external exciter. 
As a result, the hardware installment is reduced compared 
to both AC and DC primary generation systems. Both AC 
and DC output voltages of the system can be well-regulated 
with load variation. The feasibility of operation of the 
proposed system is demonstrated in Matlab/Simulink.  

 

REFERENCES 
[1] Haitham Abu-Rub, Mariusz Malinowski, Kamal Al-Haddad, Power 

Electronics for Renewable Energy Systems, Transportation and 
Industrial Applications, NJ: Wiley, 2014 

[2] Lester Faleiro, "Summary of the European Power Optimized Aircraft 
(POA) Project," in 25th International Congress of the Aeronautical 
Sciences, ICAS 2006 

[3] S. Bhangu, K. Rajashekara, "Electric Starter Generators: Their 
Integration into Gas Turbine Engines," Industry Applications 
Magazine, IEEE, vol.20, no.2, pp.14-22, March-April 2014 

[4] K. Muehlbauer and D. Gerling, "Two-generator-concepts for electric 
power generation in More Electric Aircraft Engine," 2010 XIX 
International Conference on Electrical Machines (ICEM), pp. 1-5 

[5] M. J. Cullen, "Permanent Magnet Generator Options for the More 
Electric Aircraft," Power Electronics, Machines and Drives, 2002 

[6] W. U. N. Fernando, M. Barnes, O. Marjanovic, "Direct drive 
permanent magnet generator fed AC-DC active rectification and 
control for more-electric aircraft engines," Electric Power 
Applications, IET , vol.5, no.1, pp.14,27, January 2011 

[7] C.R. Avery, S.G. Burrow, P.H. Mellor, "Electrical generation and 
distribution for the more electric aircraft," Universities Power 
Engineering Conference, 2007. UPEC 2007. 42nd International , vol., 
no., pp.1007,1012, 4-6 Sept. 2007 

[8] W. Jiabin, K. Atallah, and D. Howe, "Optimal Torque Control of 
Fault-tolerant Permanent Magnet Brushless Machines," IEEE 
Transactions on Magnetics, vol. 39, pp. 2962 - 2964, 2003 

[9] G. Jack, B. C. Mecrow, and J. A. Haylock, "A Comparative Study of 
Permanent Magnet and Switched Reluctance Motors for High-
Performance Fault-Tolerant Applications," IEEE Transactions on 
Industry Applications, vol. 32, pp. 889-895, 1996 

[10] C. Mecrow, A. G. Jack, J. A. Haylock, and J. Coles, "Faulttolerant 
Permanent Magnet Machine Drives," IEE Proceedings Electric 
Power Applications, vol. 143, pp. 437-442, 1996 

[11] C. Mecrow, A. G. Jack, D. J. Atkinson, S. R. Green, G. J. Atkinson, 
A. King, and B. Green, "Design and Testing of a Four Phase Fault-
Tolerant Permanent-Magnet Machine for an Engine Fuel Pump," 
IEEE Transactions on Energy Conversion, vol. 19, pp. 671-678, 
2004 

[12] Khatounian, F.; Monmasson, E.; Berthereau, F.; Delaleau, E.; Louis, 
J.-P., "Control of a doubly fed induction generator for aircraft 

application," Industrial Electronics Society, 2003. IECON '03. The 
29th Annual Conference of the IEEE , vol.3, no., pp.2711,2716 
Vol.3, 2-6 Nov. 2003 

[13] Alan, I.; Lipo, T.A., "Starter/generator employing resonant-
converter-fed induction machine. I. Analysis," Aerospace and 
Electronic Systems, IEEE Transactions on, vol.36, no.4, 
pp.1309,1328, Oct 2000 

[14] Jia, Y.; Prasanna, U.R.; Rajashekara, K., "An open-end winding 
induction generation system for frequency insensitive AC loads in 
more electric aircraft," Industrial Electronics Society, IECON 2014 - 
40th Annual Conference of the IEEE , vol., no., pp.410,416, Oct. 29 
2014-Nov. 1 2014 

[15] E. Astfalk, “Konzepterstellung einer Generator Management Unit für 
ein Unmanned Aerial Vehicle,“ Diplom Thesis, University of 
Federal Defence Munich, 2009  

[16] GA Whyatt, LA Chick, “Electrical Generation for More-Electric 
Aircraft using Solid Oxide Fuel Cells,” Prepared for the U.S. 
Department of Energy under Contract DE-AC05-76RL01830 

[17] D.W. Novotny and T.A. Lipo, Vector Control and Dynamics of AC 
Drives, Oxford University Press, 1996 

[18] Gallegos-Lopez, G.; Gunawan, F.S.; Walters, J.E., "Current Control 
of Induction Machines in the Field-Weakened Region," Industry 
Applications, IEEE Transactions on, vol.43, no.4, pp.981,989, July-
aug. 2007  

[19] Lascu, C.; Boldea, I.; Blaabjerg, F., "A modified direct torque 
control for induction motor sensorless drive," Industry Applications, 
IEEE Transactions on , vol.36, no.1, pp.122,130, Jan/Feb 2000 

[20] Raimondi, G.M.; Sawata, T.; Holme, M.; Barton, A.; White, G.; 
Coles, J.; Mellor, P.H.; Sidell, N., "Aircraft embedded generation 
systems," Power Electronics, Machines and Drives, 2002. 
International Conference on (Conf. Publ. No. 487) , vol., no., 
pp.217,222, 4-7 June 2002 

[21] E. Muljadi and T.A. Lipo, "Series compensated PWM inverter with 
battery supply applied to an isolated induction generator," IEEE 
Transactions on Industry Applications, vol. 30, No. 4, pp. 1073-1082, 
July-August 1994 

[22] Xiaodong Shi; Krishnamurthy, M., "Concept and implementation of 
a simplified speed control strategy for survivable induction motor 
drives," Industrial Electronics (ISIE), 2011 IEEE International 
Symposium on , vol., no., pp.556,561, 27-30 June 2011 

[23] Pan, Y. Wang, T.A. Lipo, "A series regulated open-winding PM 
generator based constant voltage, variable frequency AC distribution 
system," ECCE Asia Downunder (ECCE Asia), 2013 IEEE , vol., 
no., pp.214-220, June 2013 

Page 7 of 7

978-1-4799-8374-0/15/$31.00 © 2015 IEEE

2015-PSEC-0611



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


