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Abstract:Induction machines are the widely used machines in many industrial applications. Enlistment machines are generally
utilized as a part of enterprises because of its ease and least upkeep. In more electric aircraft (MEA), both ac and dc electric power
with different voltage levels is required for different airplane loads. This paper introduces an enlistment generator-based ac/dc
crossover electric power age framework for MEA. In the proposed system design, a fast enlistment starter/generator and a low-
speed acceptance generator are introduced on the high pressure (HP) and low pressure (LP) spools of the motor, separately. In
creating method of activity, the bigger part of the steady voltage variable recurrence ac power is produced by the HP generator
while the dc control request is shared by both HP and LP generators. A control conspire is produced to manage the ac stack voltage
and organize dc control age between the two generators. The proposed induction generator-based ac/dc hybrid generation system
outcomes in reduced hardware requirement compared with both ac and dc primary generation systems.

Index Terms - Aircraft, distributed power generation, generators, induction motors, power generation control.

Introduction

The developing trend toward more electric architecture for airplanes is planned to replace mechanical, hydraulic, and pneumatic
systems with electrical systems as possible. It is commonly considered that the more electric aircraft (MEA) would prime to lower
fuel consumption and emissions, reduced maintenance, and feasibly lower costs . Improvements of on-board electrification have
augmented the electric power demand of the aircraft. A substantial raise of generation capacity is essential to supply the additional
loads. In contemporaneous MEA systems (e.g., Boeing 787, Airbus A380), the wound-field synchronous generator (SG)-based ac
primary generation system can provide the frequency insensitive loads straight from the SG terminals. The constant voltage variable
frequency (CVVF) ac load voltage is controlled by controlling the field current of the SG through an external brushless exciter.
This excited involves of a permanent magnet (PM) machine and a diode rectifier attached on the generator shaft. By adjusting the
excitation of the field winding, the ac source voltage can be regulated with flexible shaft speed. However, in the SGbased ac primary
generation system, the complex rotor structure marks the torque to inertia ratio of SG lower than other type of electric machines.
Moreover, the rotating diode bridge structure limits the top speed of the generator shaft. If the synchronous permanent magnet
machine is used as a starter/generator, separate field and armature voltage controls are necessary during its motoring operation. In
MEA systems, the effect of electrical power off take can occasionally have significant impact on the dynamics and control of the
aircraft engine. For instance, through the transition from cruise to descent phase, the aircraft engine power is transiently reduced
while maintaining high electrical power request. This transition creates a possibility of engine instability and may require significant
electric load shedding. This issue can be resolved by installing an extra generator on the low pressure (LP) spool of the engine and

distribution the electrical power withdrawal between the high pressure (HP) and LP spools . In order to parallel the two generators
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operated at dissimilar frequencies, a dc primary generation system with power electronic converters is favoured as an innovative

more electric architecture, . PM generator is favoured in this twin spool twin-generator architecture owing to its high-power density
and self excited ability. A high-speed starter/generator and a low-speed generator are positioned directly on the HP and LP spool of
the engine, individually. In the engine starting development, the PM starter/generator on HP spool can run as a motor to start the
engine using ground power supply. During the flight mission, the power generated from the two generators are rectified and
transferred to a +270-V dc power bus. This category of system presents high power factor and high efficiency, but undergoes from
excessive current flow during fault condition because of the use of PM generators. While multiphase fault-tolerant PM generators
have been inspected to limit the short-circuit fault current, using PM generator to fulfil the overload current necessity of main engine
generator in aerospace application is still challenging. Furthermore, mounting the PM generator near to the gas turbine engine may
seriously affect the system reliability since most PM materials are weak to demagnetization under very high temperature. Finally,
compared to the SG based ac primary generation system design, the CVVF power demanded by frequency insensitive loads (e.g.,
thermal mat, wing de-icing system, galleys, etc.) in dc primary generation system 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 enhances extra
losses and further hardware to the system. In Boeing 787, under cursing condition, the power spent by the frequency insensitive ac
loads is near to 50% of the overall electrical power consumption.

Using induction machine as main engine generator in aircraft application is rarely reported in literature . In medium power
applications (50-150 kW), the power density of induction generator (IG) is comparatively higher than wound-field SG, but lower

than PM generator.
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Il. BLOCK DIAGRAM DESCRIPTION

In the proposed system, as shown in fig. 1, a high-speed open-end winding squirrel-cage induction starter/generator and a low speed

conventional wye-connected squirrel-cage IG are attached to the HP and LP spools of the engine, correspondingly.

HP Induction
Starter/
Generator

Gas Turbine
HP Spool

LP Induction | Gas Turbine

Generator LP Spool

Active Active
Rectifier Rectifier
Unit Unit
115 V ac Distribution | [ 270V dc Distribution |
Aula Translormer de/de
Lnit Converter Unit
| 230V ac Distribution | | 28 V dc Bus |

Figl Block diagram of proposed system

In generating mode of operation, the HP generator is in charge of generating all of the CVVF power, though the dc power demand
is shared by both HP and LP generators. The proposed ac/dc hybrid generation architecture can supply CVVF power directly from
one end of the generator winding terminals without external exciter, and generate dc power on the other side of the generator
winding terminals through an inverter/rectifier part. From the generation system style approach, compared to dc primary generation
system, the undesired ac—dc—ac conversion is avoided by applying ac/dc hybrid generation on HP spool in the proposed scheme,
while the merits of the twin-spool twin-generator dc primary generation architecture have been kept. As associated to the ac primary
generation system, the application of IG eliminates the external exciter, while the twin-spool twin-generator architecture improves
the overall generation performance. As a result, the overall hardware requirement of the proposed system is reduced compared to
both ac and dc primary generation structures. An inverter/rectifier unit and frequency insensitive ac loads are coupled to each end
of the HP spool open-end winding IG terminals. An active rectifier unit is connected to the LP spool wye-connected IG. The dc
output end of the inverter/ rectifier unit and the active rectifier unit are paralleled to the dc bus. In most of the MEA applications,
also generating electric power, the main engine generator is used as a starter for aircraft engine. A dc power supply from the APU
generation system or ground power supply is generally available for this process. In the engine starting type of operation, the entire
LP spool generation subsystem is deactivated. The ac loads are disconnected from the HP generator, and the ac load-side generator
terminals are shorted to transform the open-end IG on HP spool into a wye-connected induction motor. Additional circuit breakers
are necessary to implement this transformation. Using the dc power supply, the converted induction motor can be driven by the
inverter/rectifier unit to start the aircraft engine. Once the engine shaft touches its idle speed, the proposed system initiates to operate
in generator mode. In this mode of action, the ac load-side terminals of the HP generator are linked to the CVVF loads and the wye
connected IG on LP spool is activated. All the CVVF power is generated only by the HP generator, although the power demand of
the dc loads is shared between both the HP and LP generators. The dc-bus capacitor will be fully charged at the start of the generator
mode of operation. In the proposed ac/dc hybrid generation system, as a substitute of using a conventional wye-connected I1G and
connecting the CVVF loads in parallel with the inverter/rectifier unit , the CVVF loads, and the HP shaft open-end winding IG, and
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the inverter/rectifier unit are connected in series. Compared to the conventional shunt connected configuration , the series connected

inverter/rectifier unit needs higher current ratings. But, the open-end winding generator configuration can increase the output
voltage of the generator from which the current rating of the generator can be reduced for the same

amount of power generation demand. As a result, the size and weight of the generator can be greatly reduced compared

to the shunt connected configuration.

I1l. MODELLING OF INDUCTION MACHINE

Mathematical modelling equations of induction machine is given below, Stator and rotor voltage equations are,
4
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Where Vds, Vgs, Vdr and Vqr are the stator and rotor d axis voltages and g axis voltages respectively. Rs and Rr are stator and
rotor resistance, we is the angular speed and or is the rotor speed. ids, igs, idr, and iqr are the stator and rotor d axis currents and q

axis currents respectively. Fds, Fgs, Fdr and Fgr are the flux linkages.Flux linkage expressions are,
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Where Fmd and Fmgq are the mutual flux linkages of d axis and q axis respectively. MATLAB model of induction machine is shown

in fig 2.
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Fig. 2. MATLAB model of induction machine
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Fig. 3. MATLAB model of proposed system

It is also mentioned as hill climbing or P & O method, since it depends on the growth of power against voltage which is under the
maximum power point, and the drop above that particular point. Perturb and observe method probably will result in top-level

efficiency. .Fig 3 represents the proposed system model of I1G based hybrid power generating system for aircraft.
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TABLE | GENERATOR 1 PARAMETERS

Parameter Value Parameter Value
Output voltage 115V Stator resistance, 0.01373 Q
R,
Stator current 402 A Stator inductance, 0.0499 H
LS
Rated speed 11060 rpm Magnetizing 2.9 mH
inductance
Frequency 368 Hz Nominal power 85 kW

GENERATOR 2 PARAMETERS

Parameter Value Parameter Value

Output voltage 115V Stator resistance. 1.405 Q
R,
Stator current 350 A Stator 0.0058 H
mnductance. L,
Rated speed 3150 rpm Magnetizing 3 mH
inductance
Frequency 105 Hz Nominal power 60 kW

IV. MATLAB/SIMULINK RESULTS AND DISCUSSIONS
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Fig. 4. DC bus voltage regulation characteristics of the proposed system
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Fig. 6. AC load phase voltages
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Fig. 7. Phase current characteristics of the HP generator

LP generator phase currents (A)
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Fig. 8. Phase current characteristics of the LP generator

Based on the complete non-linear dynamical mathematical model, numerical simulations have been conducted after successive step
changes on the load coupled to the induction machine. A 85 kW, 11060 r/min IG and a 60 kW, 3150 r/min IG are used on HP and

LP spools, respectively. The proposed architecture includes HP generator, the inverter/rectifier unit, and 115 V balanced resistive

ac load; as well as the LP generator, the active rectifier unit, and 540 V dc loads on the main dc bus. Currently, airborne electrical

power system does not have an official voltage regulation standard for 540-V dc bus. The closest available standard (MIL-STD-

704F) is for 270-V dc bus and limits the voltage variation so as not to exceed +10/ — 20V in steady state. Assuming the voltage

variation limitation in MILSTD- 704F is doubled for the 540-V dc bus, the voltage variation allowed for the dc voltage regulation

for the proposed system would be +20/ — 40 V. The transient voltage limitation of the proposed system is assumed to be doubled

for the same reason. The dc-bus voltage waveform is shown in Fig. 4, the assumed voltage limit of the 540-V dc bus is illustrated

as red lines. The ac load voltage waveform of the planned system is shown in Fig. 5, the steady-state and transient voltage limit for

a variable frequency 115-V ac distribution in MIL-STD-704F. The ac load phase voltages are shown in fig. 6. The current waveforms

of the HP and LP generators in the proposed system are shown in Figs. 7 and 8.
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V. CONCLUSION

The proposed Hybrid System along with the 3 Phase Induction Machine is modelled using MATLAB/SIMULINK.. An IG-based
ac/dc hybrid generation system for MEA is presented. The application of IG addresses the difficult of excessive fault current due
to the PM excitation in PM generator-based generation system. The proposed ac/dc hybrid generation design supplies CVVF power
directly from generator terminals without external exciter. As a result, the hardware requirement is reduced compared to both dc
and ac primary generation systems. Both dc and ac output voltages of the system can be well regulated with generator speed, ac and
dc side load, and dc power output command variation.
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