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Abstract

In this paper the role of the speed governor and some of its techniques are reviewed. The adopted
governor is an electronic speed governor based mainly on analogue computations. Here the speed of the
prime mover is governed by an analogue signal extracted from the real frequency of the voltage generated
by the coupled alternator. The implemented system senses frequencies in the range of +10% of the nominal
frequency (f,,) of the generated voltage and tends to fix the frequency of the generated voltage at £, .

The system is identified by a fast and controllable response. The associated errors of the whole
system are almost negligible.
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Introduction

The electrical real power is adjusted by the automatic control system according to
the deviation occurs in turbine speeds or power system frequencies. Here the speed
governors play a great role on system stability. When the electrical load is suddenly
increased, the kinetic energy stored in the prime mover is not sufficient to satisfy the
increase in electrical power demand; hence this reduction in kinetic energy available in
the turbine leads the turbine speed and system frequency to fall. This change in turbine
speed is sensed by the turbine governor which in turn adjusts the turbine fuel valve in
such away that the mechanical power of the turbine will be increased to the value
sufficient to treat the reduction in system frequency [Gamal et al 2004]. When the
electrical load is removed suddenly, the turbine governor tends to close the turbine fuel
valve in such away that a suitable reduction in kinetic energy of the turbine will take
place [Marra et al 2000, Schulte 2000, Henderson 1993, Alghuwainem 1997].

One type of speed governor was the watt governor which detects the speed by
rotating flyballs and provides mechanical levers motion in response to the speed change
[Gamal et al 2004]. The automation of the above governor is achieved mechanically.
Since the change in electrical load causes deviation in turbine speed and consequently a
change in system frequency, the change in frequency is employed as the main controlling
signal in our approach concerning the design and implementation of a new adaptive
electronic speed governor. Fig. (1) shows the block diagram of this governor. Here the
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Fig.(1) The new electronic governor concept

output voltage of the alternator is fed to the power circuit which in turn provides the
required DC voltage to the whole system. The next circuit is the electronic processing,
controlling and driving circuit which extracts the change in the frequency of the output
voltage and generates the required driving signal to the electric driver. The electric driver
with its mechanical assembly tends to move the fuel valve of the prime mover toward the
direction that achieves the suitable correction for the voltage frequency.

The governor system scheme:

This governor is designed in such away that will respond to any change in the
frequency of the generated voltage of the alternator. The change in the frequency of the
generated voltage will be translated to a controlling signal which is exerted upon a
driving circuitry governing the fuel valve. If the generated voltage frequency exceeds the
nominal frequency, the controlling signal will be in a status that tends to reduce the fuel
valve hollow, such that the prime mover speed will be reduced. Consequently the
frequency of the generated voltage will be reduced too till the nominal frequency is
reached. The response of the system is determined according to the prime mover features
used in the system. The same manner will be accomplished for a reduction in the
generated frequency. In this case the controlling signal will tend to increase the fuel valve
hollow of the prime mover.

Fig.(2) shows the governor system scheme. Here the step down voltage
transformer is connected directly to the alternator voltage terminals. Its output is a low
voltage suitable for the operation of the electronic circuit. A DC stabilizer is designed
here to produce the DC voltage necessary to operate the whole governor circuitry. The
AC output of the step down transformer is fed to the waveforms generation circuit which
is in turn produces the necessary waveforms for operating the next computation circuit
and the controlling circuit. For example the waveforms in point B is rectangular and is a
result of a zero crossing detection of the sinusoidal output of the step down transformer.
The waveforms at points D and E are two out of phase saw tooth waveforms of a
frequency which is twice the frequency of the alternator terminal voltage. The
rectangular waveform of the zero crossing detector is fed to the computation circuit. The
first step of the computation circuit is a simple differentiator which produces a negative
voltage for triggering a mono-stable of a time constant of 1. The time constant value is
computed to be 0.9 T, .Where T, the time period of the alternator voltage at its nominal
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frequency f,. The above value of t allows a linear detection for the frequency of the
alternator voltage in the range of 0.9f, < f< 1.1f, .

For example when the actual frequency f is 1.1 f, then the output of the mono-
stable will be a continuous DC voltage, hence the output of the DC filter will be the same
output of the mono-stable which is equal to 5V. When f is 0.9f, the output of the mono-
stable will decrease and its average value is 4V and hence the output of the DC filter will
be a DC voltage of 4V. When f=f, the output of the DC filter is 4.5V. The output of the
DC filter is buffered and fed to the controlling circuit namely to the difference amplifier.
This DC voltage is compared with a DC reference voltage proportional to the nominal
frequency f, , and is of a value of 4.5V. If the actual frequency is above f,, then the DC
voltage in point I will be greater than 4.5V and hence the difference amplifier output at
point J will be positive. The output of the difference amplifier is fed to the response
decision amplifier which is in turn a variable gain inverting amplifier. Hence when f > f;
the output at point K is a negative voltage and vice versa. When f > f, the output of
comparator (1) is logic ZERO at point L and logic ONE at point M. The negative voltage
at point K is compared in comparator (2) with a negative saw tooth coming from point D.
Consequently the output of comparator (1) at point N is a rectangular waveform which is
in turn anded with the logic ONE at point M. The output of the AND gate(1) is the
triggering signal to the driving circuit which is tending to decrease the hollow of the fuel
valve. Note that the output of the comparator (3) is ZERO, hence AND gate (2) is logic
ZERO.

When f < f, the voltage at point K is a positive DC voltage and the output of
comparator (1) is logic ONE at L and ZERO at M. The output of comparator (2) is ZERO
and AND gate (1) is logic ZERO, while the output of comparator (3) is a rectangular
waveform at point O and is anded with logic ONE at point L. The output of the AND
gate (2) is triggering the driving circuit in such a manner that it is tending to increase the
fuel valve hollow.

The electric driver is operating a mechanical assembly governing the fuel valve of
the prime mover. The response of the governor is determined by the response decision
amplifier.
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Fig.(2) The governor system scheme
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Fig.(3 ) The whole system waveforms

Governor circuit design:
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This governor is designed for prime movers driving low voltage
alternators. There is no complexity to extend this governor to operate with systems of
higher ratings. The only modification is simply accomplished by choosing a new suitable
DC driving motor and a new associated mechanical assembly. Here the design procedure
is started at power circuit where the alternator output voltage is the unique power source
to all governor circuits and offers the first exciting signal to governor operation.

1- Power circuit:

A step down voltage transformer of the following ratings is connected to the
phase voltage of a 3-phase low voltage alternator:
Turn ratio = N1/N2=20
Primary voltage = 220 Volts r.m.s.
Power rating = 100 Watts
Operating frequency = 50 Hz
Two full wave rectifiers are used to generate two unstabilized DC voltages V1 (positive
voltage) and V2 (negative voltage). The +12V, -12V, and +5V stabilizer offer the main
DC voltage needed in this governor. Fig.(4) shows the complete power circuit. Note that
the waveform at point A shown in fig.(3) is a sinusoidal waveform and is used as the
main exciting signal to the governor after a processing procedure achieved later.

| Step down voltage |

o Line I A

| o | ® 1 Zero-Crossing detector

| |

| % é |

| Neutra] |
| - - DC Voltage
| | |

| | |

| | |

L] - 6800uR-POL

Vi I( |¢r V2 -2V '12\/‘
+IV _L+1% Stabilizer [
|

6800uF-POL I

T2V +12V

Stahilizer

2200uF-POL

+5V +5V

Stahilizer

H‘ig.(4) The power—circui

2- The waveform generation circuit:

Fig.(5) shows the waveforms generation circuit. The first stage of this circuit is
the zero crossing detector which generates a rectangular waveform of an amplitude of
5.1V and a frequency of (f) which is exactly the frequency of the phase voltage of the
alternator. This waveform ( fig.(3), point B ) is processed in this circuit to generate two
saw tooth waveforms of a frequency of (2f). The waveform at point D is a negative saw

208



Ve 8y ahal /7 (M) 22l 7 agled 7 s dedly dha

tooth of amplitude of -5V, while waveform at point E is a positive saw tooth of an
amplitude of 5V. The rectangular waveform at point B is fed to the computation circuit.

|
From p(iwer
circujt

I To computation circuit

v

D

To control
circuit

To control
circuit

Fig.(5) The waveforms generation circuit

3- The computation circuit:

Fig.(6) shows the computation circuit which is an analogue computation circuit.
The output of the differentiator circuit at point B is a negative pulse of an amplitude of -
5.1V and of a frequency of (f), the period of this waveform is T=1/f . This circuit is
designed to permit a variation of (f) to be within +£10% of the nominal frequency
f,=50Hz. T=20ms when f=f,, T=18.18ms when f=1.1f,, and T=22.22ms when
=0.9f,=45Hz. Vy represents the DC value of Vg and it is of course the output of the DC
filter which is designed in such away that the ripple factor of Vy is less than one percent.
Here Vy is considered to be a pure DC voltage and is given by:

T/2+0.018
Vi =1/ Vg dt = 0.09f

4.05V <V <4.95V for 45Hz < f < 55Hz, Vy is always positive.
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Fig.(6) The computation circuit

4- The controlling circuit:

Fig. (7) shows the controlling circuit. The output of the difference amplifier is Vj
= 10(Vi—4.5). The response decision amplifier plays a main role in accelerating and de
accelerating the electric driver which is governing the hollow of prime mover fuel valve.
The variable resistor in the response decision amplifier must be adjusted carefully in
order to avoid saturation of the operational amplifiers. Comparators (1), (2), and (3) are
designed such that when f > f,, AND gate(1) is operative and AND gate(2) is out of
order. The process is completely reversed when f < f,.

Response decision

| amplifier
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Fig.(7) The controlling circuit

5- The DC motor driving circuit:

Fig. (8) shows the driving circuit of the DC motor. When any of the two AND
gate in Fig.(7) is operative, the amplitude of the rectangular waveform at its output (
namely at point P or Q ) is 5V. The average value of this waveform is depending mainly
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upon the DC level at point K. If the voltage level at point K is 5Volt, then the rectangular
waveform will seem to be a continuous DC voltage of a level of 5Volt, while the zero
voltage level at point K means a zero average value at point P or Q. Hence the DC level
at point K offers a variation of the average value of the rectangular waveform at point P
or Q within the range from zero Volt to 5 Volt. It is clear that the DC level at point K is
depending upon the frequency deviation from f, and the adjustment of the variable
resistor of the frequency decision amplifier shown in fig.(7). When f > £, the input at P is
activated and hence the composite transistors Q1 and Q4 are forward biased leading the
DC motor to rotate in the direction so as to decrease the fuel valve hollow. When f < f,
the input at point Q is activated leading the DC motor to rotate in the opposite direction
so as to increase the fuel valve hollow. Note that the system circuits are designed in such
a manner that when P is effective Q will be ineffective and vice versa. The circuit
components of fig.(8) are chosen such that when the average value of the rectangular
waveform at point P or Q is 5 Volt, then Q1 and Q4 or Q2 and Q3 are completely driven
into saturation condition. Note that the DC motor is coupled through a mechanical

assembly to the fuel valve.
12v |

From controlling circuit

P + 2SC!5% Limiting switche
= < NL/‘Q 1 )2N3055 03
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Fig.(8) The DC Motor driving circuit

6- The DC motor and the mechanical assembly:

A 12V DC motor is coupled to a gear box which has a speed advantage of 25:1.
This means that when the speed at the Dc motor side of the gear box is 25 revolutions per
second, then the speed at fuel valve side of the gear box will be 1 revolution per second.
This reduction in speed offers a simplicity and availability of an angular movement of the
fuel valve within the range from 0° to 90°. The 0° angle means that the fuel valve gate is
fully open, while 90° angle means that the gate is fully closed. The angular movement of
the fuel gate is governed smoothly within a range from 0° to 90°. The assembly is
provided with two limiting switches connected electrically in series with the Dc motor as
shown in fig.(8) and located at the positions of the zero angle and 90° angle to avoid
mechanical and electrical misleading. Fig.(9) shows the DC motor and the mechanical
assembly.
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Fig.(9) The DC Motor with the mechanical assembly
Experimental results:
The implemented system gave the results shown in table (1) for a value of
1111.111 ohm of response decision resistor.

Table (1)
F Vu Vk Vp Pulse Vo Pulse | Normalized Direction of
(Hz) | (Volts) | (Volts) | width(ms) | width(ms) gear motor motion
box(r.p.m.)
45 4.05 5 0 11.11 1 Clock wise
46 4.14 4 0 10.87 0.8 Clock wise
47 4.23 3 0 10.64 0.6 Clock wise
48 432 2 0 10.42 0.2 Clock wise
49 4.41 1 0 10.20 0.2 Clock wise
50 4.50 0 0 0 L
51 4.59 -1 9.80 0 -0.2 Anti clock wise
52 4.68 -2 9.62 0 -0.4 Anti clock wise
53 4.77 -3 9.43 0 -0.6 Anti clock wise
54 4.86 -4 9.26 0 -0.8 Anti clock wise
55 4.95 -5 9.1 0 -1 Anti clock wise

It is clear that the gearbox r.p.m. is controlled within a range of (0--- £100%) of
its nominal value. For a value of 5kQ of the control decision resistor, the frequency
variation covered is £2% of the nominal frequency, and the associated gearbox r.p.m.
will be within a range of +100% of its rated value. Hence the response of the
implemented system is well controlled within the desired range and can be made faster as
soon as desirable. This property make our system superior to the all types of governors
mentioned above.

Conclusion
The implemented system is suitable for alternators operating in low voltage
ranges up to 400V. It is very easy to extend the employment of this system to alternators
of higher voltage ratings. The required changes are limited in the step down transformer
in the power circuit which must be replaced by a potential transformer suitable for the
new higher voltage and driving circuit associated with the electric driver and its
mechanical assembly must be treated to be suitable for a larger prime mover.
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This system is provided with a circuit which offers the possibility of continuous
control of the governor response. Hence this facility represents a favorite option of
applicable value of turbine speed governor regulation [Gamal et al 2004]. The possibility
of response control serves the compatibility of this governor to a wide variety of prime
movers.
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