-
brought to you by i CORE

provided by National Aerospace Laboratories Institutional Repository

Simulation Study of Aircraft AC Generator with
Electrical Fault Insertion

Chethan Kumar T.R"', P.V.R Sai Kiran™, N. Balasubramanian™, Vanam Upendranath#4
Structural Technologies Division,
CSIR-National Aerospace Laboratories
Bangalore 560017, India

123 chethan@gmail.com, *saikiran@nal.res.in, *monabalu@gmail.com, *vanam@nal.res.in

Abstract- The aim of this paper is to model a typical
Aircraft Generator along with its control system and study
the behaviour / performance during fault, particularly in
the rectifier block which is used in the field circuit and
fault in the winding. The study shows that there is no
considerable change in the Generator supply
characteristic up to a certain extent of fault, but the
significant change in the field excitation was observed. The
output of the developed model was successfully
corroborated with the MIL-STD 704F power supply
characteristics.
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I. INTRODUCTION

Typical Aircraft Generator has three-stages [1] and is
driven from the accessories gear box of the engine. Fig 1
schematically shows the system structure of the three-stage
Generator. From the literature, it is seen that studies have been
undertaken to examine the behaviour of Aircraft AC
Generator with winding fault. They are limited to lower
severity of winding faults. In this paper, an attempt has been
made to simulate Aircraft AC generating system to a higher
degree of winding fault. It also includes the behaviour of
Generator with single diode fault.
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II. MODEL OF AIRCRAFT GENERATOR

Typical Generator models have been described in [2]. Fig 3
shows a typical three phase, wye connected Generator. The
stator windings are displaced 120° between each phase. Each
phase has resistance r; and equivalent Ns turns. The rotor has
one field winding and two damping windings aligned with
both d and q axis. The field winding can be represented by the
resistance ry and equivalent Ngy turns. The two perpendicular
damping windings, kd and kq, are equal to resistance ry and
Iq With equivalent Nyg and Nkq turns respectively. The direct
axis (d axis) is the magnetic axis of fy and ky windings and the
quadrature axis (q axis) is aligned with the magnetic axis of
the k; winding. The equivalent circuit of three phase
Generator is as shown in fig 4.
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Fig.4 Equivalent circuit of a three phase Generator

The equation of a Generator is given by
Eph:thh+Iapth ( 1 )
Where, Ejj, is the induced e.m.f per phase
Vipnis the terminal voltage per phase
Ipn is the armature current per phase
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Z is synchronous impedance per phase

Equation (1) can be written as

thh:Eph _IaZs (2)
But, the induced phase emf is given by
Epw=KQw,, 3)

Where, K is a constant
o, is the speed
@ is the magnetic flux

In the Equation (3), K is constant, and since the simulation is
carried out for a Generator driven at constant speed, o
remains constant. But the magnetic flux is directly
proportional to the field current (Iy). Therefore, to keep the
terminal voltage at a constant rms value I; is varied. Thus the
terminal voltage of an Aircraft Generator is maintained at a
constant value within the response time constraint of the
control system.

With the expedient information briefed in this section, the
simulation model is developed as shown in the fig 5. It
comprises permanent magnet Generator (PMG), exciter
Generator, rectifier, main Generator and Generator control
unit (GCU).
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I CONTROL STRUCTURE

A. CONTROL REQUIREMENTS TO MEET MIL-STD
704F SUPPLY REQUIREMENTS

The basic function and requirement for the controller is to
maintain the given voltage at a constant level under various
load conditions and to match the power supply requirement
according to MIL-STD 704F. The voltage control is
accomplished through adjusting the input current fed into the

field of exciter Generator that controls the excitation of the
main Generator. The average input current of the exciter’s
field is controlled by pulse width modulation technique
through a time controlled electronic switch. Table 1
summarizes MIL-STD 704F power supply characteristics [4].

TABLE I MIL-STD 704F power supply characteristics

Steady state characteristics Limits

Steady state voltage 108.0 to 118.0 Volts, RMS

Voltage unbalance 3.0 Volts, RMS maximum

Voltage modulation 2.5 Volts, RMS maximum

Transient characteristics Limits

Peak Voltage +271.8 Volts

B. GENERATOR CONTROL UNIT

The Generator controllers use the magnitude based analog
control [3]. The beneficial information awaited from the
Generator is the magnitude of its voltage. So the simplest way
is by voltage regulation control. Fig 6 shows the block
diagram of the controller. The GCU is modelled using a PI
controller. This type of controller has relatively simple
configuration and is therefore easier to implement. This can
lead to cheaper solutions especially with regard to analog
implementation. However, the tuning of control is time-
consuming and tedious. Through suitable design and tuning,
the analog control can have an adequate dynamic performance,
especially in the case of Aircraft Generators with constant
frequency applications
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Fig .6 Block diagram of the controller

In the fig 6, input to the controller is compared to a reference
value and the error signal is given as the input to the PI
controller. The PI controller’s output is fed to the switching
block. The switch is connected between the PMG and exciter
Generator’s field. A sawtooth wave is compared with the
output of PI controller which generates the switching pulses
controlling the on — off time of the switch. The average DC
voltage to the exciter Generator’s field is varied in this manner
to vary the field current as required.

LIMITATIONS ON CONTROLLER
PERFORMANCE

In the above section, the design of control loop is introduced.
This control loop is dedicated to maintain steady state voltage

IVv.




and expedite the transit process. However, through the study
of the output including faulty conditions, we found the
limitation of system imposed on the control performance. In
section V we present a classification of faults that may be
encountered during the operation of Aircraft AC Generators
injecting the faults into the developed model and study the
control system performance under various faults.

V. FAULT MODELLING

Faults in the Aircraft Generators can arise in
mechanical/structural system or in electrical system. Typical
electrical system related faults can be in rotating rectifier
diode failure (open or short), winding faults [5]. In mechanical
aspects it could be bearing faults [6] or faults in structural
integrity. In this paper, only the parametric faults related to
electrical characteristics are considered while structural faults
(bearing fault) are omitted. Diode fault is modelled as a single
diode short in a three phase rectifier bridge used in the field
excitation and is shown in the fig 7. Winding faults can be
field winding fault and armature winding fault. Winding fault
may be due to the short in the windings. This is modelled as a
reduction in the percentage of the winding (e.g.10% of
winding short).
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Fig.7 Single diode short

Our objective was to develop the model for a normal
operation under varying load conditions and verify the
performance with introduction of fault. This is presented in
section VI.

VI SIMULATION RESULTS

The complete Aircraft AC Generator model of 400Hz, 115
Vs 18 simulated under healthy and faulty behaviour using
Matlab®/ Simulink® [7].

A. Healthy Operation

The healthy operation is simulated for both constant and
varying loads in order to demonstrate the working of the
controller and to compare the healthy behaviour with faulty
model. The model is simulated and the following observations
are made. The output of the rectifier is a DC voltage (fig 8)
stabilised after a transient period with very small ripple that

are levelled by the capacitor connected in parallel at the output.
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Fig.8 Rectifier output voltage

After the transient period, the three phase output of the main
Generator for a constant load of 10KW is stabilized at 115
Vimsas shown in the fig 9. When the load is increased in steps
of SKW, it is seen that the controller takes 0.5 sec to stabilize
the output of main Generator. The three phase output of main
Generator under variable load is shown in the fig 10.
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Fig.9 Main Generator output voltage for 10Kw resistive load
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Fig.10 Main Generator output voltage for varying load



B. Faulty Operation

The faults discussed in the section V have been injected in the
model at time t=2.5 sec.

Diode fault: Single diode fault is simulated as shown in the fig
7. The rectifier output voltage decreases when the fault is
injected. Due to the controller action, the decreased DC output
voltage is stabilized to steady state voltage. The output is
shown in the fig 11. Due to the injection of this fault, the three
phase output of the main Generator is disturbed by a small
amount for a shorter transient period which is well within the
limit of MIL-STD 704F. The output of main Generator is
shown in fig 12. Similarly single diode open fault has the
insignificant effect in the supply characteristics.
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Fig.11 Rectifier output voltage- single diode short
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Fig.12 Main Generator voltage- single diode short

Winding fault: This type of fault is injected by a partial
decrease in the effective number of turns of the field winding
of the main Generator. In practice this may be due to the
shorted turns. The fault is injected at time in between t=2.25
and t=2.75 sec in the form of decrease in the percentage of
winding. The field winding is shorted for 10percent, 20percent,
30percent, 40percent, and 50percent. It is observed that till
40percent of shorted turns the controller stabilizes the output

of rectifier within a shorter time period, but after 40percent
the output of the rectifier is not stabilized. The figures from
13-22, show the output voltage of the main Generator under
winding fault condition.
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Fig.13 Main Generator output -10% Field winding turn fault
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Fig.14 Rectifier output voltage-10% Field winding turn fault
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Fig.15 Main Generator output -20% Field winding turn fault
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Fig.16 Rectifier output voltage- 20% Field winding turn fault
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Fig.17 Main Generator output -30% Field winding turn fault
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Fig.18 Rectifier output voltage- 30% Field winding turn fault
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Fig.19 Main Generator output -40% Field winding turn fault
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Fig.20 Rectifier output voltage- 40% Field winding turn fault
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Fig.21 Main Generator output -50% Field winding turn fault
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Fig.22 Rectifier output -50% Field winding turn fault

vil.  CONCLUSIONS

From the above study following are observed.

1.

2.

Single Diode fault does not have effect in the
Generator supply characteristics

Winding fault up to 40 % loss of the winding turns
has least effect on the Generator supply
characteristics

Adequately over rated diodes, PMG power supply
capability can ensure a robust design of the
generating system

However under fault conditions significant increase in the
field voltage is observed. This is caused by the control system
to maintain the supply characteristics within the limit.



For monitoring the health of the Generator significant change
in the field excitation parameters is a pointer for the
derangement in the Generator.
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