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ABSTRACT
In this paper a complete model of aircraft electrical system is simulated and analyzed using 24-

pulse techniques in power conversion. The classical aircraft electrical system is described in this
paper. The performance characteristics of 24-pulse converters are studied with different
conditions of operation and the simulated model is tested with different jet engine speed which
yields to different frequencies of operation from 400Hz to 1200 Hz. The simulated system is
described and analyzed in two sections; Generating-Rectifying and Inverting unit. In order to
match the practical condition, different types of load are considered here such as; constant
power load, constant voltage load, constant current load, passive and dynamic load. The
voltage and current for the generator side and inverter side are recorded and the total harmonic
distortion (THD) is calculated for different conditions of operation. The obtained results are
compared with conventional 6-pulse converters which are used in classical aircraft electrical
power system. The proposed system is simulated and analyzed using the PSIM 9 software
package with analysis completed in MATLAB 2010.
Keywords: Aircraft Electrical Power System, 12-Pulse, 24-Pulse, Generating Unit,
Rectifying Unit, Inverting Unit, 400 Hz, 270 Vdc, 115/200 Vac.
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INTRODUCTION

In classical aircraft, the electrical power
can be obtained from A.C generator or D.C
generator or from both. These generators
are connected directly to the shaft of aircraft
jet engine through a reducer (gear box); in

addition to these generators there are
additional components which are necessary
for the electrical system such as voltage
regulation, voltage protection, fault
detection and voltage control unit.!"
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Generally, the speed of the aircraft jet
engine is varying from idle speed to
maximum speed during the flight mission,
so that a constant-speed drive (CSD)
system is used inside many aircrafts
system. (CSD) system is consisting of three
stages regulated synchronous generator to
drive the generators in a constant speed.
The output frequency of such system is
maintained constant by means of a hydro-
mechanical system connected to the engine
through a gearbox to drive the generator in
a constant speed, such systems need an
additional weight, cost and additional
maintenance; also the complex hydro-
mechanical devices are not highly reliable.
[

Due to developments in power
electronics technique and devices, these
difficulties are eliminated and tend to a
reduction in weight and cost and increase
the reliability of the aircraft electrical power
system by replacing the mechanical
systems with electrical systems. The
modern electrical systems are more flexible
compared to the classical systems since its
components can be distributed throughout
the aircraft near the power consumers, in
contrast to the mechanical system in which
they must inevitably be located close to the
engine.

AIRCRAFT ELECTRICAL POWER
SYSTEM

Most of modern aircraft electric power
system includes two independent channels
in order to increase the reliability and to
provide energy in case of emergency. The
rated frequency of the aircraft power
system is 400 Hz, however, the jet engine
speed changes approximately from 33%
(idle speed) to 100% of its maximum speed
i.e. with a ratio of 1:3, resulting in a
changing in the aircraft synchronous
generator frequency in the range of 400 Hz
to 1200 Hz (without using a CSD).
Therefore it is necessary to design and built
an electrical system with constant
frequency and high reliability especially in
fighter aircraft where engine throttle settings
are changed very frequently throughout the

mission. In the aircraft electrical system,
different types of power consumers require
power that is different from those provided
by the main generators. For example, in an
advanced aircraft power system having a
270 Vdc primary power supply, certain
components are employed which require 28
Vdc or 115/200 Vac fixed frequency, so that
aircraft power systems must employ multi-
voltage level hybrid DC and AC systems.
Therefore it is necessary to build a power
system employs not only components
which convert electrical power from one
form to another, but also components which
convert the supply to a higher or lower
voltage level. So that in modern aircraft,
different kinds of power electronic
converters, such as AC-DC, DC-AC and
DC-DC are required. ! &

IMPORTANT CONSIDERATION FOR
AIRCRAFT POWER SYSTEM DESIGN

Earlier aircrafts contain DC generator
and AC generator for each engine, but
present aircrafts contain only AC generator
and a rectifier to provide a DC voltage.
Future aircrafts contain only one high
voltage DC generator (270-Vdc).

Because of weight constraints, the
lightest power distribution systems are
getting attention. The AC voltage
conversions via heavy transformers are no
longer a good solution but DC systems with
lighter DC-DC converters are a good
solution. The value of 270-Vdc is the typical
intermediate  output  from  full-wave
rectification of the 3-phase 115-Vac, 400Hz
AC input. This means that every
subsystem on the plane has a full-wave
rectifier, and there may be some overall
savings if that was done in a central
location and the 270-Vdc was distributed to
each load. The current ratings are slightly
reduced, but only 2 wires for 270-Vdc are
needed instead of 3 or 4 wires for 3-Phase
115/200 Vac. **
Description of Proposed System

Aircraft electric power system consists of
independent channels, depending on the
number of power plant (Jet Engine) in the
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aircraft. A single channel of 120 KVA of the
aircraft electric system is studied here and
the system diagram is shown in Fig.(1)."!

During starting mode, the constant
frequency system provides power through
the power converter to the electric machine
which acts as a starter to the aircraft
engine. In the generating mode, the
variable-speed engine of the aircraft (Jet
Engine) acts as the prime mover for the
field-controlled synchronous generator,
resulting in variable voltage and variable
frequency at the generator’s terminals. This
power is delivered via the power converter
(AC-DC) to high voltage 270-Vdc main
distribution Bus. A power rectifier converts
the AC voltage to a constant 270-Vdc and
then converted to fixed 115/200-Vac,
400Hz through the power inverter unit. Also
a (dc to dc) converter is used to supply all
power consumers with required power.?*
i1

In order to attach the best performance
of AC-DC and DC-AC converter, a 12-pulse
rectifier and 24-pulse inverter are used in
the proposed system to get high PF, low
THD and low ripple. This system is
considered to be more efficient than
conventional methods of power generation
and the amount of power conversion
required is reduced with accompanying
weight savings. @
Structure of Proposed System

A complete model for a proposed aircraft
electrical power system is designed as
shown schematically in Fig.2, the system is
divided into three stages: generating
rectifying unit and inverting unit which
shown below and DC-DC converter unit as
illustrated later. %
Generating and Rectifying Unit

The main purpose of this stage is to
generate and convert the variable
frequency and variable amplitude of the
synchronous generator to a fixed DC
voltage with low ripple in the 270-Vdc bus
and with low total harmonic distortion (THD)
and high power factor in the generator side.
This condition is done by using a 12-pulse
Transformer-Rectifier Unit.  Figure (3)

shows parallel connection of two 6-pulse
bridges to get 12-pulse operation with high
power at high current application. Because
of a phase shift by the input transformer,
the line current (or synchronous generator
current) will have a 12-level and it is closely
to sinusoidal waveform. A three phase
three windings transformer with (Y/Y/A)
winding types is used, the synchronous
generator is connected to the (Y) type
primary winding and each of the two
secondary windings is connected to a three
phase, 6-pulse uncontrolled rectifiers
(passive rectifier) which is normally robust
and connected in parallel for high current
applications. A phase shift of (300) must be
provided between the two secondary
windings and the turn ratio of (A) secondary

winding is (‘/5) times the (Y) secondary
winding. For this system the power factor
can be as high as 0.98 with a total
harmonic distortion (THD) less than 15%
and the output ripple frequency is (12)
times that of the main frequency. In
addition, L-C filter is connected as a DC
filter in the output of the power converter
(rectifier) to smoothing the output DC
voltage-current on the 270-Vdc bus. 1]

To obtain a 270-Vdc on the output of the
rectifier unit, the r.m.s value of the
synchronous generator must be in the
proper level and equal to: - ©!

Trl112
Vdczg IvmsinH dg
Tsenz (1)
v, :Vmgﬁzo.gssez A
T 242

.......... )

and the total harmonic distortion at the
generator side for voltage and current is
given as:

THD, :%&THDI h:|72 ........ (3)
1 1

Where (h) is the harmonic order, (V1 &
1) are the amplitudes of fundamental
voltage and current, (Vh & 1h) are the
amplitudes of harmonic voltage and current.

In aircraft electrical system as the
rotational speed of the aircraft jet engine
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varies from idle speed to maximum speed
i.e. in the range of (1:3), the output voltage
of the synchronous generator will also
varies in frequency as well as in magnitude,
so that a feedback signal taken from the
output of the rectifier and fed to the
Generator Control Unit which is controlling
the field current of the synchronous
generator to regulate the DC level of the
Rectifier Unit. The Generator Control Unit is
consist of a comparator to compute the
error signal by measuring the output signal
and comparing it with the reference value
and proportional-integral (PI) controller and
exciter. 7

In the proposed system, three different
types of DC loads are connected to the
regulated 270-Vdc bus through various dc—
dc converters. All controlled dc loads
employ the simplest type of dc-dc converter
configurations in which only one switch is
needed and hence, significantly minimizing
switching losses, as shown in Fig.(4).
These loads can be classified as constant
power loads, constant current loads, and
constant voltage loads.”

The dc loads are distributed throughout
the aircraft and used for various purposes,
including battery charging, lighting, heating
services, actuation, subsystem controllers,
and avionics system, which are all acts as a
non-linear loads. ™ !

The constant power load is connected to
the main DC bus through a DC-DC buck
converter where the load power is kept
constant and it is assumed to be equal to
(15KW), this done by controlling the load
current using a Pl controller. The reference
current is calculated by dividing the
magnitude of the reference power by the
magnitude of the output voltage. The PI
controller modulates the error signal which
is compared with a carrier sawtooth signal
to generate a gate signal for the switching
device. Similarly, the constant current load
is obtained by using a controlled DC-DC
buck converter. The load current is
regulated and set at (100A) by using a PI
controller. The constant voltage load is
regulated to have an output voltage value of

(28 Vvdc) which is used for the battery
system and other constant voltage DC
loads in the aircraft system. The detail of
the DC loads are shown in Table (1), it can
be seen from the table that the total power
of the DC load is equals to 40KW. This
power is represents approximately 34% of
total capacity of the generating unit. %
Inverting Unit

In the inverter unit, (figure (2)), the 270-
Vdc is converted to constant magnitude and
frequency of 115/200-Vac 400 Hz to
energize the specific loads. PWM technique
is used to generate a sinusoidal output
voltage and the modulation index control is
used to regulate the inverter output. ®

To provide 115/200-Vac, 400Hz at the
main AC bus, and to further reduce the
amount of harmonics injected into the
supply, four 6-pulse inverters are used and
fed from the 270-Vdc main bus. These
multi-pulse inverters are suitable in high
voltage and high power applications due to
their ability to synthesize waveforms with
better harmonic spectrum and higher
voltages with a limited maximum device
rating.™*"!

In general star and delta-connected
windings have a relative phase shift of (30°)
and two 6-pulse inverter bridges connected
to each of these Y and A transformers will
give an overall 12-pulse operation
eliminating 5th and 7th  harmonics.
Similarly, two 12-pulse inverter bridges with
phase shift of (15°) will give an overall 24-
pulse operation eliminating 11th and 13th
harmonics.™"

The inverters are directly connected to
the primary windings of two separate three-
phase transformers. The Y/Y and A/Y
transformers are connected to the main ac
bus to provide the 300 phase shift needed
for a true 12-pulse inverter and the
harmonic characteristic of such inverter is
given as: #°

h=kp+1l , Vh:\% ..................... 4)

Where (h) is the harmonic order, (k) is a
constant = (1, 2 ...), (p) is the converter
pulse number. 2
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The 12-Pulse voltage source inverter
gives better harmonic performance and is
obtained by combining two 6-Pulse
inverters. The fundamental and harmonic
components of the phase-to-phase voltages
and phase-to neutral voltages are phase
shifted by 30° from each other. If this phase
shift is corrected, then the phase-to neutral
voltage harmonics, other than those off(

12k J—rl) would be out of phase to those of

the phase-to-phase voltage and with ]/ ‘/§
times the amplitude. Hence if the phase-to-
phase voltages of a second converter are
connected to a transformer with A-

connected secondary and \/§ times the
turns compared to the Y-connected
secondary, and the pulse train of one
converter is shifted by (300) with respect to
the other, the combined output voltage will
have a 12-pulse waveform, with harmonics

of the order of (12k i:I-). Thus the 12-Pulse
inverter will have 11th, 13th, 23th, 25th,
35th, 37th, ..., harmonics with amplitudes of
1/11th, 1/13th, 1/23th, 1/25th, 1/35th,
1/37th, respectively of the fundamental AC
voltage. "

In the same way, the 24-pulse inverter is
obtained by combining two 12-pulse
inverters. If the first one is connected to the
Y side and the other is connected to A side
with phase shift of (15°) from each other,
then, the harmonic order of other than

those of (24k £1) would be out of phase.
Thus the 24-Pulse inverter will have 23rd,
25th, 47th, 49th .., harmonics with
amplitudes of 1/23th, 1/25th, 1/47th, 1/49th,
respectively of the fundamental AC
voltagem .

Generally, 24-Pulse inverter has very
good characteristics and it can be used
without AC filters due to its high
performance and low harmonic rate on the
AC side due to inductive nature of aircraft
electric loads, however, a passive filter is
used to eliminate the switching frequency in
the inverter output voltage.

Fig.(5) shows in vectors the harmonics
of the 6-pulse inverters, 12-pulse inverter
and 24-pulse inverter. 3
So that, the 24-pulse voltage source
inverter is represented by the Fourier
expression:

T,y 1 .
V., (wt) ==V (sin wt + —sin 23wt
ph( ) 3 ( 23
1. 1 . 5)
+—sin25wt + —sin47wt -
2 47

+isin 49wt +.....)
49

The output voltage of 24-Pulse inverter is
obtained as:

Vine(t) =4>°V, sin(het + 22.5h +7.5)
h=1

Where
and step height equal to:-

h=24k+1 , k=123,........

ngcgjsin ot dot=0.134 VdC --eeene @)
3 7Ty

The r.m.s output voltage of a sinusoidal
PWM inverter in one inverter leg (6-pulse)
is given in terms of its input DC voltage and
the modulation index (m) as below: "

zl*m*ﬁ (form<1) .o (8)

P2 J2

According to equation (8), for the single
inverter (6-pulse) the output AC voltage per
phase for Vdc=270 and maximum
modulation index (m=1) is equal to (95V).
So that for a rated r.m.s output voltage per
phase of 115-Vac and a maximum
modulation index (m=1), the lowest required
DC voltage must be equal to (325V),
therefore, 24-pulse inverter is used to avoid
this problem. &)

The 24-pulse inverter is controlled by
using a PI controller to control a phase
voltage of 115-Vac, 400 Hz at the main AC
bus. The voltage error signal is processed
by the PI controller to provide the required
modulation index. The appropriate gate
signals are generated with required phase
shift and fed to the 24-pulse inverters.

The selected AC loads are connected to
the 115/200-Vac bus and it can be

\Y/
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classified into three types; resistive loads,
passive loads and dynamic loads. These
loads can be represented by lighting,
heating, RL load with lagging power factor
equal to (0.85) as recommended by aircraft
electrical standards and induction motors™

The AC loads are labeled A, B, and
C and are shown schematically in Fig.(2)
with the details shown in Table (2).
SIMULATION AND ANALYSIS

The proposed model of the aircraft
electric power system shown in Fig.(2) is
developed and characterized by using the
PSIM 9 software package and MATLAB-
2010. PSIM is a simulation software
specifically designed for power electronics,
motor control, and dynamic system
simulation. PSIM uses a strong algorithm
dedicated to electrical circuits (piecewise
method, generic models and a fixed time-
step). As a result, simulation times are
significantly reduced, convergence
problems avoided while results accuracy is
saved. With fast simulation and friendly
user interface, PSIM provides a powerful
simulation environment to address the
needed simulation.

In the model, the synchronous generator
speed is controlled by using a speed
governor to provide an output with a
frequency range of 400 to 1200 Hz with the
systems nominal frequency set at 400 Hz.
Different loading condition of the aircraft
power system are taken into consideration
which are presented in Table (1) & (2). The
system is tested with different frequencies
to examine the effects of the 12-pulse
uncontrolled rectifier on the system
performance. The generator current and
voltage are recorded and the THD values
are calculated in the generator side. In the
AC bus side, all passive and dynamic loads
are combined to examine the performance
of 24-pulse PWM inverter.

The simulation results of the generating-
rectifying unit in full DC load condition are
shown in Fig.(6). Generator voltage and
current waveforms over the frequency
range of operation are obtained and the
behavior of the harmonic contents in the

generator voltage and current waveforms
are calculated. It is clearly that the THD
values of the generator voltage increase
with increasing frequency while the THD
values for the generator current decrease
with increasing the frequency of operation,
which may be attributed to the inductive
nature of the system harmonic impedance,
as shown in table (3). Due to the assumed
balanced conditions of the load and source,
the THD values remain consistent for all
phases.

At the 115-V/200-V main AC load bus, a
sinusoidal PWM 24-pulse inverter converts
the DC voltage into AC voltage to feed all
AC loads. The inverter output L-C filter as
shown in Fig.(2) is tuned to eliminate the
generated harmonics of the PWM
switching, and the inductive nature of the
AC loads helps to eliminate current
harmonics with the passive filter. The
inverter output filter consists of a series
inductor along with a shunt capacitor each
having a small series resistance.

The simulation result of the inverting unit
in full load condition at the AC bus side is
shown in Fig.(7). This figure observes the
voltage waveform and current waveform of
24-pulse sinusoidal PWM inverter with L-C
filter. The voltage step height of the 24-
pulse inverter is shown in Fig.(8). Table (4)
shows The THD for voltage and current
waveforms in the 115/200Vac bus side for
different load conditions as detailed in
Table (2). It is clearly that 24-pulse PWM
inverter has a very low THD, and that what
is needed in aircraft power system. The
total power of the AC loads is
approximately equal to 63 kVA and this
amount of power is equal to approximately
50 % of the total capacity of the
synchronous generating unit. (2, (23], 18]

The modeled aircraft electrical power
system parameters are illustrated in Table
5)

CONCLUSIONS

Modern aircraft electrical power system
developed toward to be more electrical
aircraft, therefore classical aircraft system
does not sufficient for the requirement of
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modern aircrafts, increasing electrical
devices yield to more transmission and
distribution system, so that low voltage with
high power loads will increase the currents
drawn by the loads, and hence increases
the electrical losses which produce a heat
in order to dissipate this power. On the
other hand 3-phase transmission system
contains a three or four wires and such
system tend to increase the weight and
size. So that high 270-Vdc is generated and
transmitted through 2-wire transmission
system will be the best solution for modern
aircraft system. This power will convert to
any form and level in separated devices
mounted near the electrical loads. To insure
the power quality and low total harmonic
distortion (THD), a 12-pulse rectifier and
24-pulse sinusoidal PWM inverter are used.
A comparison between the 12-pulse
rectifier and 6-pulse rectifiers will explain
the advantages of 12-pulse rectifier
technique as shown in table (6). Also
figures (9) shows the comparison of the
voltage THD and current THD between 6-

pulse sinusoidal PWM and 24-pulse
sinusoidal PWM technique.
REFERENCES

1. Lan Moir and Allan Seabridge, Aircraft
Systems Mechanical, electrical, and
avionics subsystems integration, John
Wiley & Sons, Third Edition, 2008.

2. Ahmad Eid, Hassan El-Kishky, Mazen
Abdel-Salam, Mohamed T., On Power
Quality of Variable-Speed Constant-
Frequency Aircraft Electric Power
Systems, IEEE Transaction on power
delivery, Vol. 25, No. 1, January 2010.

3. J.A. Rosero, J.A. Ortega, E. Aldabas, &
L. Romeral, Moving Towards a More
Electric Aircraft, IEEE A&E Systems
Magazine, March 2007.

4. Emadi and M. Ehsani, Aircraft Power
Systems: Technology, State of the Art,
and Future Trends, IEEE AES Systems
Magazine, January 2000.

5. Maintenance Manual, Book 8, Aircraft
Equipment part 1, Description and
Operation, November 1987.

10.

11.

12.

13.

14.

15.

Timothy L. Skvarenina, The power
electronics handbook, CRC Press, 2002.
Muhammad H. Rashid, Power
Electronics Handbook, Academic Press,
2001.

P. S. Binibhra,
Khanna Publishers,

Power Electronics,
Fourth Edition,

2006.
Ned Mohan, Tore M., William P., Power
Electronics; Converters, Applications

and Design, 3rd edition, John Wiley &
Sons, 2003.

Bimal K. Bose, Power Electronics and
Motor Drives, Elsevier Inc.2006.

B. Geethalakshmi and P. Dananjayan,
an Analytic Approach to Harmonic
Analysis of 48-Pulse Voltage Source
Inverter, IEEE, 2007.

B. Geethalakshmi and P. Dananjayan, a
Combined Multipulse-Multilevel Inverter
Suitable For High Power Applications,
International Journal of Computer and
Electrical Engineering, Vol. 2, No. 2,
April, 2010.

R.E. Niggemann, S. Peecher and G.
Rozman, 270-VDC/Hybrid 115-Vac
Electric Power Generating System
Technology Demonstrator, |IEEE AES
Systems Magazine, August 1991.

Kenny F., Stuart G., lan H., Graeme B.,
Aircraft Electrical Systems — Coping
With Harmonics for Changing Power
Demands, IEEE, 2009.

Sushant K. P. and K. K. Mahapatra,
Aircraft Power Supply Design using Soft-
Switched Inverter, IEEE Conference,
March 2008.



Tikrit Journal of Engineering Sciences 20(7) (2013) 38-48

Alrcraft Jet

Synch ronous
Generator

120 KVA

Rectifying unit
270 Vdc Bus
B
| ] a
DC-DC CDC-AC
onverter
Converter (Inverter)
Constant Voltage Constant Power ot q
e

onstant Current .
EHEILREES

Fig.1 Aircraft Electrical Power System

12-Pulse Rectifying Unit 10 DC Loads
—

24 - Pulse Voltage Source Inverter

45

Symllmnnus_(;e)::nymr 7 S ﬁ}J?}J?} éLfﬁL

JiE JyE

o
2
o
2

g

“TOC_fiker

270 Vdc Bus

=

T
st [k e
=y

1 ==
BTN . ’ qP?Mul é% 41’?1\/1”2

] g
Cenerator Control Unit 270 Ve o arye

2|
E B3 EE
3
E pal(-1o) degree
g ¢

ol
o440 degree
cd

.

115/200 Vac Bus
cantro signal
Gates Signal to resistive load A
Generator 5 5K
H ta Passive Load B
25 KA
to Dynamic Loads
5 15KVA
Fig.2 Schematic diagram of aircraft power system
12-Pulse Rectifying TTnit
TRy
+ D _smoother
W . "g
=
_ L =
T po_fiter 3=
+ fiter - =
=)
=)

-

Generator Control Unit 270 Ve

Fig.3 12-pulse parallel bridge Generating-Rectifying-Unit




Tikrit Journal of Engineering Sciences 20(7) (2013) 38-48 46

270-Vdc Bus

constant voltage load

EAEI -

|j constant current load

D’constant power load

Fig.5 Harmonics vector diagram of (6-pulse, 12-pulse and 24-pulse) inverters

Phase Voltage & Phase Current, 400 Hz

Phase Voltage & Phase Current, 800 Hz

Phase Voltage & Phase Current, 1200 Hz

200

WA W s N N R A N A O T O
OJ#' %m ff’ A IA NS IR N AN LN L
7 NSRS RN ATATIIRTATH
N Y u AL
0 .0005 .001 .0015 .002 .0025 .003 .0035 .004 .0045 .005 .0055 .006 .0065 .007 .0075 .008 .0085 .009 .0095 .01 .0105 .011 .0115 .012 .0125 .013 .0135 .014 .0145 .015

| Fundamental (400Hz) = 160, THD= 13.11% Fundamental (800Hz) = 159.8 , THD= 13.50% Fundamental (1200Hz) = 159.7 , THD= 13.55%

g

gs

g1

2

2 1 n% 57 s o0 1 8% %7 o 0el 0 m n% %9 s ]

g Fundamental (400Hz) = 193.8, THD=4.10% Fundamental (800Hz) = 190.8 , THD= 2.09% Fundamental (1200Hz) = 190.8, THD=1.40%

gs

Ly

o

EQ/I

é”nl K 85 k4] u il 0 K B% k4] il el 0 K B %3 il Bl

Harmonic order Harmonic order Harmonic order

Fig.6 Generator voltage and current waveforms with FFT spectrum for different frequencies



Tikrit Journal of Engineering Sciences 20(7) (2013) 38-48 47

——-k==nq-4

[ —

[ —

BF-F--F--a-2

T i)

Fig.7 Voltage and current waveforms of inverting-unit at full load condition with L-C filter

Va

N i T
N SN I

4
R R s
S — S

-200
0.194 0.196 0.198 0.2
Time (s)
Fig.8 The voltage step height of the 24-pulse inverter
=& -pulie Comverter 13.00%
e 14 -putie COnyerts 12.00%
00N
=]
00% T
&
400 &
000N
- ; ';cnrec;ﬁg Loads ‘
it -pulse Converter £.00%
e 2 410 52 Comyerier
O
7
&
Cannecting Loads
Fig.9 Voltage THD & Current THD of 6-pulse and 24-pulse
Table 1. Represent the Details of DC Loads
Dc load Current (A) Voltage (V) Power (W)
Constant Current 100 150 15000
Constant Voltage 357 28 10000
Constant Power 173 87 15000

Table 2. Represents the detail of AC Loads
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Load label AC load Load type P.F S (KVA)
A Passive load R 1 25
B Passive load R-L 0.85 25
C Dynamic load Induction motors - 15
Table 3. THD of voltage and current waveforms of 12- pulse rectifier
Fundamental Fundamental
Frequency (Hz) voltage (V) Current (A) Voltage THD Current THD
400 160.00 193.80 13.11% 4.10 %
800 159.80 190.80 13.50 % 2.09 %
1200 159.70 190.80 13.55 % 1.40 %
Table 4. THD for the inverter output voltage and current
Voltage Current 3-¢ Fundament | Fundament Voltage | Current | Power
Loads rm.s (V) r.m.s Power al voltage al Current THD THD Factor
(A) VA W) ()
A 115.02 71.89 2479 k 162.65 101.66 1.36% | 1.36% | 1.000
115.02 72.43 24.98 k 162.6 102.43 2.8% 0.28 % 0'8849
C 115.03 47.37 16.33 k 162.6 67.00 3.02% | 0.296% | 0.772
A+B 114.82 138.58 47.87 k 162.37 195.98 1.08% | 0.58% | 0.961
B+C 115.15 119.63 41.23 k 162.71 169.18 3.89% | 0.353% | 0.82
A+C 115.13 112.69 38.82k 162.81 159.37 1.11% | 0.723% | 0.964
A+CB+ 11526 | 183.64 | 63.18k | 163.00 250.7 | 1.283% | 0.558% | 0.928
Table 5. Aircraft Electrical Power System Parameters
Synchronous Generator Parameters Generator control unit
(R(stator)) stator winding resistance 0.01 Q [Proportional gain 0.01
(L(stator)) stator  winding leakagg18 pH |[Integral time constant 0.01
inductance
( R(field) ) Field winding resistance 0.012Q |Low pass filter gain 1
( L(field) ) Field winding leakagg0.01 m [Low pass filter cut off{100
inductance frequency
( Ldm ) d-axis magnetizing inductance 0.442m [Exciter gain 20
(Lgm ) g-axis magnetizing inductance 0.411m Gates signal control
Rotor damping cage d-axis resistance 0.01 Proportional gain 0.01
Rotor damping cage g-axis resistance 0.01 Integral time constant 0.01
Rotor damping cage d-axis leakagg50 pH DC bus
inductance
Rotor damping cage g-axis leakagg50 pH [DC - smoother 0.005 mH
inductance
Number of poles 4 DC - filter 4700uf
Moment of inertia 0.01 AC bus
Normal speed (r.p.m) 12000 |[L — C filter inductance 10pH
Normal frequency M00Hz |L — C filter capacitor 10uf

Table 6. : 6-pulse rectifier vs. 12-pulse rectifier

Parameters 6-pulse rectifier 12-pulse rectifier
DC output voltage 0.955Vm 0.955 Vm

RMS output voltage 0.955Vm 0.955Vm

Ripple voltage 0.0408 Vm 0.019545 Vm
Voltage ripple factor 4.27% 1.023%

Form factor 1.0009 1.00005

THD 30.5% 14.3 %




