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ABSTRACT

The paper discusses the effects of diode failure on
the output voltage of the brushless single phase self
excited synchronous generators. Self excitation is
achieved via a suitable connection of the rotor
circuit. The rotor phases are connected with two
diodes to ensure a good rectified current. The
failure of self excitation arrangement may be
occurred by either an open or short circuit dicde.
Shorting one diode tends to cut off the generating
voltage. However, the open circuit diode has a
serious effect on the load which leads to generate a
heavy distorted voltage waveform and an increase in
its peak value. Therefore, a protective electronic
circuit is designed and built to eliminate the effect
of excitation capaciter on the generated voltage
under this condition.

Theoretical model which describe such failure is
proposed. An acceptable correlation between measured
and calculated results has been obtained.

1. INTRODUCTION

Special types of single phase alternators driven by
high speed diesel engines such as the brushless self
excited synchronous generators in service for many
years ago. This ty,.e of generators has a wide range
of applications, specially in isoclated areas. Due to
the simplicity in construction and numerous fields of
applications, many researchs have been concerned with
this type of alternators. Different designs with
static excitation techniques have been ' proposed
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(1-3,5,8]. The no load ,load and transient
characteristics of nonsalient and . .salient pole
brushless generators have been studied since 19871
{4]. The output voltage waveform has also been tested
and analyzed in [7].

The previous studies concentrated only on self
excitation techniques and performance calculations
rather than any failure effects. This may be
attributed to the earliest limited applications of
this type of generators as it has a wide range of
applications for lighting the farms. Recently, such
types of generators are employed in essential
services in hospitals, and as transportable sets for
services on civil engineering (21]. Subsequently,
failure in the static excitation represents a very
dangerous mode that requires a careful consideration.

This paper examines theoretically and experimentally
the effects of diode failure on the performance of
single phase self excited synchronous generators.Such
failure is represented by either an open or short
circuit on the diode connection. The later case have
no any effects on the load, since the generator fails
to generate a terminal wvoltage. If, however, one
diode is opened the terminal peak voltage increases
and a heavy distorted voltage waveform is generated.
So, a protective electronic circuit was built to
avoid the effects of this failure . The results show
the effectiveness of the proposed circuit and the
correlation between measured and calculated
performance.

2. BASIC PRINCIPLES

The basic principles of the single phase self excited
synchronous alternators can be explained on the.light
of Fig.1. A three phase slip ring induction machine
can be used. Two stator phases are connected in
series across the load while, the third phase is
short circuited with the excitation capacitor. The
rotor phases are connected with two diodes as shown
in Fig. 1.

Operation of self excited generators depends mainly
on the residual magnetism. If the machine rotates by
means of a prime mover, a small emf will induced in
the stator windings. So, a current is then flow .in
the capacitor circuit causing more flux that link the
rotor. The rotor current will be of DC type due to
the use of the two diodes. The rotor phases is then
acts as an excitation winding, where a sinusocidal
voltage waveform will generated. The value of the
generated voltage depends mainly on excitation
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capacitor, while its shape depends on the existence
of the two diocdes.

3. EXPERIMENTAL MACHINE

A three phase slip ring induction motor is used as a
single phase self excited synchronous generator. It
has 4 poles, 4 KW, 380/220 volt rated values. For
self excitation, the rotor phases are connected as
shown in Fig. 1, through two 220 veolt , 15 amps.
diodes. Two stator phases (B & C) are connected in
series, while phase "A" is short circuited with 72 uf
excitation capacitance. The values of the machine
parameters are shown in the Appendix. .

4. THEORETICAL REPRESENTATION

The theoretical analysis presented herein concentrate
mainly on studying the effects of the rectification
failure on the output voltage. Regarding Fig.1l, the
stator phase voltage can be calculated using the
following equations:

Vas = — ro ias + p)\aé
Vbs = — ra ibs + phbs cid
Ves = = ra ics + plcse

At no load ibs = icse = O

The flux linkage can be obtained from :

Aas = CLstLmsdiast+tlLer iar cos@ + Ler cos(O+120)ibr
+ Lar cosC8& + 240dier .
Abs = Ler cosC120-8Jiar+ Ler cos@ ibr 2

+Ler cosCi120+8diecr
Aes = Ler[cosC240-8)iar + cosCl20-8Dibr +cos8 ierl

The terminal voltage can also be calculated from :
vL = PpAbs — pPAcs 3D

The rotor phase voltages can be deduced usi ng the
following equation :

Var = O = rr iar + plar
Vor = O = rr ibr + pAbr 4D
Ver = O = rr ier + pAer .
and, ‘
Aar = CLr+Lmrdiar — O.BLwmribr — 0.5 Lwrier

+Ler cos@ ias ,
Abr = ~0.BLmr iar +CLr+Lmdibr —0.5 Lmricr

+Ler cos(® + 1203ias s
Aer = —0.5 Lmriar = 0.5 Lmribr +CLr Lmrdicr

+ Lsr cosC@ +340)ioa
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The voltage equ#bion ofithe.excitatidﬁ CApaqitcr can
be developed for each mode of operation as follows
4.1. Mode -1 : Both Diode Conducts

This operating mode represents the normal opefatihg
conditions in which the two diodes conduct. The
capacitor voltage can be represented by:

-'—%:--.fiae dt + raias = CLs+lmedpias + Ler piar cos 6

+ Ler cos(8® + 1200 p iar + Ler cosC@ + 2400 p ier )

- Ler 8Ciar sin®@ + ibr sinCO +120> +icr sinCe + 840?3

Equations 1 to 6 can be arranged to calculate,
numerically, the generated terminal voltage when the
two diocdes are conduct.

4.2 Mode - 2 : One Diode Conduct

This mode represents the case in which one of the two
diodes openned , while the other still operate
satisfactory. In this case , the following equations
can be written:

ier = O and Vor = Var ' 7

The voltage across the diode conducted is

VD = - rr ibr +¥ 3 Ler plas sin & —CLr + 1.5 Lmdpibr

+ Y5 Ler © Las cos 8 4:>
and ;
CLe+Lmedpias + ¥ 3 Ler cosC@® +150dpibr = ra ias -
Y3 Ler © sinCe +150) ibr +-1—c—-f iae dt ced
Y 3 Ler cost® +1850D pias + 2CLr +1.5Lmdpibr =
Y3 Ler O sinCO +1850D ias + 2rr ibr C10d

Equations 7 to 10 describe the generator in Mode -2
and are programmed using a digital computation to
calculate variation in terminal voltage.

5. Computer Model
Based on the previous equations ,a computer program
has been constructed to calculate the no load output

voltage waveform. Such calculations are carried out
for the previously two modes of operation.
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Before embarking on any experimental measurments, the
computer model is tested where the computed results
are shown in Fig. 2. It has been observed that, in
mode- 1, the generated voltage drops just after
positive and negative peak values. However, this drop
reachs to zero if one diode is only conduct. This
behaviour will be explained later with the aid of the
experimental measurments.

6. MEASURED RESULTS

To study the effect of diode failure on the behaviour
of single phase self excited synchronous generators,
the windings of a slip ring induction machine is
connected as shown in Fig.1. The generator is driven
using a separate excited DC motor. The no load
performance 1is measured under normal operating
conditions, where the two diodes are conduct.
Also,the generator behaviour is tested if any of the
two diodes is opened or short circuited. This will be
discussed subsequently in the following sections.

6.1. Operation With Two Diodes Conduct

In this case, the generator terminal voltage waveform
was recorded during operating Mode -1 and under no
load condition. . As shown in Fig.3, the voltage
waveform is approximately of sinusoidal form. There
are periods of lower voltage level. This may be
explained on the light of the theory of operation and
the measured results shown in Fig. 4. If the machine
is driven as a self excited synchronous generator, a
sinusoidal voltage signal will induced at the
capacitor circuit as shown in Fig. 4-a. So, an AC
current is flow in such circuit with the waveform
shown in Fig. 4-b. Consequently, more flux borns in
the airgap and linkages the rotor circuit. A
rectified current will then flow in the rotor circuit
. which causes the generator excitation. The voltage

signals across the diodes “B" and "C" are recorded
and are shown in Fig. 4-c. It may be emphasized that,
the two diodes operate over a half cycle as , there

is a zero voltage level between each period of diode
conduction. The rotor circuit in this period does not
act, and in turn the terminal voltage decreased and
distorted as shown in the figure. Such result is
confirmed with that obtained analytically. '

6.2. Operation With One Diode Shorted

For the present case, the generator was driven at its
normal conditions, where one diode is suddenly short
circuited. The terminal voltage is then recorded and

the results are shown in Fig. S-a. It is observed
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that, the generator féils'ib‘generate a voltage as a
result of diode short circuit. This can be discussed
regarding the behaviour of rotor current. As shown in
Fig.5-b, the current on the reset conducting diode
decays to zero due to the short circuit. So, the
rotor circuit carry only an AC component which leads
to the failure of the voltage generating process.

6.3 Operation With One Diode Opened

In this case, one diode is openned during operating
the generator with normal condition. The rotor
circuit is then has only one diode. The voltage and
current of rotor circuit will be as shown in Fig.
6-a. The rotor current equals zero at the periods at
which the diode non conduct. This leads to a drop in
the terminal voltage at those pericds. In general the
peak value of this voltage is increased ,as shown in

Fig.8- b & ¢. So, if one dicde is openned , the
terminal peak voltage increases and a heavy distorted
waveform is generated . Therefore careful study for

such a behaviour must be carried out to avoid any
undesirable effects on load due to openning a diode.
So, experimental analysis for the harmonic contents
will be discussed in the following section.

7. HARMONIC ANALYSIS

The generated voltage waveform with an open diode,
Fig. 6-c, was analyzed using a harmonic analyzer to
study its harmonic contents. The spec:trum of the
harmonic is shown in Fig. 7. The third , fifth and
seventh order of harmonics have apprommatel y a peak
value equals 80% of the fundamental This rea,ult ‘can
not be ignored, since it has serious influenca on “the
loads. Moreover, increasing the peak value of  the
terminal voltage must be avoided for all types of
loads. So, a simple electronic circuit is proposed to
protect loads against this conditions.

8. THE PROTECTION CI RCUIT

The main goal of this circuit is to cut off the
generator terminal voltage as soon as any diode
opened. This is executed via eliminating the effects
of excitation capacitor.

The construction of such circuit is based on
employing an operational amplifier "741" as an
comparator. Also, a rectifier circuit is built and
connected to rotor circuit to sence any vari ati ons
due to di ode failure. A reference vol tage
proportional to normal operating condi tion is used.

To eliminate the effect of excitation capac1 tor , a
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triac in series with surge resistance are connected
. across  the capacitor terminals. The circuit
, c_onst,r_pcti on is shoyn in Fig.8.

Operation of the proposed circuit can be explained on
the light of the condition of generator operation. If
the two diodes are conducted, the output of the
comparator will be zero and the triac will be of f.
This means that, the triac has no effect on the
excitation capacitor. In case of openning the diode,
the comparator output will be B8 volt due to the
difference between the reference voltage and the
control voltage. This will turned the triac on .,
which- ensures a short circuit path across the
capacitor and turns the terminal voltage to a zero
value as shown in Fig.9. One may emphasis, with aid

of Fig. 8 , that when the diode fails both the
generated voltage and capacitor current decay Lo
zero. However, the current through the surge

resistance starts to build up and then decays o
zero. This represents a very important aspect of the
designed control ci rcuit as it prevents the over
voltage across the triac. Also, it may be stated that
the circuit should be on just after reaching the
steady state generated voltage. Since the present
type of generators has a wide range of practical
applications, an indicator lamp has been connected as
shown in the figure to indicate diode failure.

9. CONCLUSIONS .

This paper presentd a theoretical and experimental
study of the effects of dicde failure on the output
voltage of the brushless self excited single phase
synchronous generators. Such failure can be
represented by an equivalent short circuit or an open
diode. The results indicate clearly the importance of
eliminating the load just after opening any of the
two diodes. This may ba attributed to the heavy
distorted generated voltage waveform with higher peak
values. . : '

The paper also, introduced a design for a protective
electronic circuit which used to cut off the terminal
voltage due to openning the diode. This circuit was
designed and built with a minimum requirements to
satisfy the commercial and practical uses of this
type of  generators.

The results presented herein show an acceptable
confirmation between measured and computed results
and illustrate clearly the effectiveness and
importance of the protective ci rcuit introduced.
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10. LIST OF SYMBOLS

r - phase resistance

L self inductance

Lms stator interphase mutual inductance
Lmr rotor interphase mutual inductance

Ler stator/rotor maximum mutual indactance
C excitation capacitor

v phase voltage

i phase current

) N flux linkage

e operator d-sdt

‘ Subscripts

sS,Tr stator and rotor
a,b,c generator phases

11. APPENDIX
11.1 Machine Parameters

The employed slip ring induction motor
following parameters :

Power = 4 KW.
Vol tage = 380 220 volt.
current = 14.8 /8.6 amps.
star wound rotor = 103 volt.
rotor current =12 amps.
stator resistance = 1.1 chms/phase,
rotor resistance = 4.3 . ohms/phase.
stator reactance = 2.2 ohms /phase.
rotor reactance. = 3,098 ohms/phase.
Lwms = 0. 5342 henery.

Lwmr = 0.2014 henery.

Cc = 7

2 , Y
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a) effect of shorting one diode on the generated voltage
(D|-shorted).

b) effect of shortlng dlode—l on the behaviour of diode-2.

Fig.5. The generator behaviour with one diode shorted.
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b) effect of opening diode~1 on thé“generated'voltage.
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c) waveshape of the generated voltage with one diode opened.

Fig.6. The generator behaviour with one diode opened.

Fig.7. Harmonic spectrum of the generated-voltage with-one
diode opened.
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