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[57] ABSTRACT
The method for regulating the terminal voltage deliv-

~ ered by an independent alternating-current generator

consists in measuring the voltage in at least one phase, in
measuring and automatically adjusting the frequency
with respect to a reference value by putting dissipative
resistors in circuit, and in automatically varying the

- reference value of the frequency as a function of varia-

tions in voltage. The invention achieves stable voltage
control which prevents harmful oscillations and is ap-
plicable in particular to asynchronous generators which
are driven by a natural fluid.

7 Claims, 5 Drawing Figures
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METHOD FOR REGULATING THE VOLTAGE OF
AN ELECTRIC GENERATOR AND A SYSTEM FOR
THE APPLICATION OF SAID METHOD

This invention relates t6 a method for regulating the
terminal voltage of an'independent, variable-speed al-
ternating-current generator such as a generator driven
by a machine under the action of a natural fluid.

The invention is also concerned with a system for
carrying out said method.

In the great majority of cases and especxally in indus-
trial countries, electric power is generated by alterna-
tors coupled together by means of a power supply sys-
tem. Thus the problem of operational stability entails
the need to prevent tnppmg of a generator.

On the other hand, in thinly populated countries
which have a low level of industrial development, it
may prove advisable to provide small independent sys-

10

tems for dehvermg electric power to small groups of 20

consumers. Each power supply system can thus be con-
stituted by. a single generator for converting energy
from a natural source which will consist of a water-
course in the majority of instances.

Under these conditions, the most rational solution
consists in 1mmersmg in the watercourse a turboelectric
set enclosed within a bulb. However, an alternator is
not well suited to such operatmg conditions since it is
exposed to ‘moisture and is liable to be subjected. to
dangerous overspeeds by reason of the fact that a water-
course has a more or less irregular flow rate.

One solution which circumvents all these disadvan-
tages consists in making use of an asynchronous genera-
tor. The squlrrel-cage rotor of a generator of this type
permits of considerable overspeeds without any atten-
dant risk of damage. Furthermore, the generator wind-
ing can be completely coated with a resin or immersed
in oil, whereas this arrangement is impossible in an
alternator on account of the brushes.

This absence of brushes in an asynchronous generator
has the further advantage of ensuring longer service life
without maintenance. These considerations point to the
construction within an immersed bulb with its addi-
tional advantages of cooling and suppression of atmo-
spheric noise. Finally, the cost price of an asynchronous
generator is distinctly lower than that of an alternator.

On the other hand, it is a relatively difficult matter to
ensure stability of operation of ‘an asynchronous genera-
tor. It is known that this type of machine starts up auto-
matically when it is provided with capacitors between
the phases by virtue of the residual magnetism. After
start-up, however, the output voltage and the frequency
of the current are directly dependent on the power
required, which is essentially variable in a multlpurpose
power system The problem which therefore arises
consists in stabilizing at least the output voltage.

It is a known practice to measure the output voltage
and, when a voltage variation occurs, to initiate the
operation of a regulating device as a funiction of an error
signal; this device can be constituted by dissipative
resistors which are put into service selectively. How-
ever, as is often the case in the field of voltage regula-
tion, this method .gives rise to oscillations which cannot
readily be damped

A first aim of the present invention is to provide a
method for regulating the voltage delivered by an inde-
pendent alternating-current generator without giving
rise to harmful oscillations.
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~ According to"a first ‘aspect” of the invention, the
method for regulating the terminal voltage of an inde-
pendent, varlable-speed aIternatmg-current generator
such asa generator driven by'a machine under the ac-
tion of a natural fluid and espeCIally an asynchronous
generator, essentlally consists in carrymg out the fol-

lowing operations: *

(a) the voltage is measured in at least one of the phases
of the generator;

(b) the frequency is- measured and adjusted automati-
cally with respect to a reference value by puttlng
dissipative resistors in circuit;

(c) the reference value of the frequency is varied auto-
matically as a function of the variations in voltage,
the variation in reference value being in the opposite
direction to the variation in measured voltage.
Although-the final controlled quantity is in fact the

voltage, this quantity does not produce a correcting

action on the frequency. The frequency constitutes a

variable on which direct action is produced by the regu- ‘-

lating means or in other words the dissipative resistors
on the principle of a so-called cascade.control system,

In point of fact, by reason.of the considerable me-
chanical inertia of the assembly constituted by the mov-
ing mechanical elements. (turbine, gear-drive system,
generator) and by the mass of water which is also in
motion, the frequency has the advantage of self-regula-
tion and is.thus made much more stable. than the volt-
age. The result thereby achieved is stable control which
is free from oscillations.

In one advantageous embodlment of the method the
measured frequency is converted to an analog d.c. volt-
age and. the reference value is materialized in the form
of a reference potential which is a function of the volt-
age. produced by the generator.

According to a second aspect of the. invention, the
system for regulating the terminal voltage of an inde-
pendent, variable-speed alternating-current generator
such as a generator of the asynchronous type which is
driven by a machine under the action of a natural fluid,
for example, especially for the application of a method
as hereinabove described, is characterized in that it
comprises:

(a) means for measurmg the voltage in at least one of the
phases of the generator; -

(b) means for measuring the frequency; “

(c) means for determining a reference value of fre-: ;-
quency;

(d) means for comparing the measured frequency with
the reference value and for putting the dissipative
resistors in. circuit when the. measured frequency
becomes hlgher than the reference value;

(¢) means responsive to the measured voltage in order
to cause a variation in the reference value of the
frequency in the direction opposite to the variations
in measured voltage.

In a preferred embodiment of the invention, the
means for putting the dissipative resistors in circuit
comprise in the case. of each resistor a comparator
whiose inputs are connected respectively to a reference
potentlal source and to one pomt of a chain of resistors
in series; one end of sa1d chairi is in turn connected to
the reference potential source and the other end is con-
nected to the output of a transducer; said transducer is
intended to deliver a direct-current voltage which is
proportional to the frequer'fcy of the current delivered
by the generator and the output of each comparator is

"connected to the control input of a switch which is in
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series with each dissipative resistor; each point of the
chain of resistors defines a predetermined voltage of
intermediate value between the reference voltage and
the voltage which is delivered by the transducer and
represents the frequency. The operating thresholds of
the comparators are thus stepped in order to put into
service the number of dissipative resistors required at
each instant.

In a preferred embodiment of the invention, provi-
sion is made for means which are responsive to the
voltage in at least one of the phases of the generator in
order to put the system out of operation in the event of
an abnormal voltage drop.

In the event of an excessive voltage drop which may
not be corrected by the regulating system proper, the
characteristic feature mentioned in the foregoing makes
it possible to put the generator out of operation with a
view to preventing any damage.

In accordance with a particular feature of the inven-
tion, the switches which are in series with the dissipa-
tive resistors are triacs and these resistors provide a
connection respectively between neutral and the differ-
ent phases of the generator.

Further distinctive features and advantages of the
invention will become apparent from the following
detailed description, reference being made to the ac-
companying drawings which are given by way of exam-
ple without any limitation being implied, and in which:

FIG. 1is an electrical block diagram of the complete
system in accordance with the invention;

FIG. 2 is a detailed diagram of the stage for supply
and adjustment of the reference potential;

FIG. 3 is a characteristic diagram of the transducer
which converts the frequency to voltage;

FIG. 4 is a detailed electrical diagram of a compari-
son and circuit-closing stage;

FIG. 5 is a detailed diagram of the stage for detection
and control of abnormal voltage drops.

Referring first to FIG. 1, an asynchronous generator
1 delivers current in three phases 2, 3, 4 constituting a
utilization network provided with a grounded neutral
conductor 5. .

The three phases are connected together through
capacitors 6, 7, 8 in order to permit start-up of the gen-
erator. v

A transducer 9 of known type is connected between
the phase 4 and the neutral 5 through terminals A, B in
order to detect the frequency of the current and to
convert it to a d.c. voltage applied to a line 11 forming
a chain of resistors which are all designated by the same
reference numeral 12 but can have values which are
different from each other.

There is shown in FIG. 3 the characteristic curve of
the transducer employed in the example herein de-
scribed. This curve gives the output voltage V; (in
volts) as a function of the measured frequency (in
Hertz). The graduations indicated in the figure gives the
numerical correspondence between these two quanti-
ties. The practical range of utilization corresponds to

the segment DU.

* There is also connected between the terminals A and
B corresponding to the phase 4 and to the neutral 5 a
supply stage 13 which delivers d.c. voltages of —15
volts and — 10 volts to two terminals C, D respectively
and which delivers a reference potential V,to a terminal
E. The terminal E is connected to the end of the resistor
chain 11 in order to form a loop in which the voltage
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4
varies stepwise between V;and V,, the end of said loop
being grounded.

A stage for adjustment of the reference potential V., is
associated with the supply stage 13. These two stages
will be described in detail hereinafter and are closely
interconnected, with the result that they are designated
by the same reference numeral 13 in FIG. 1.

Between the terminal E which delivers the reference
potential V,and each point H which is common to two
resistors 12, there is connected a comparison and cir-
cuit-closing stage 14 which is also connected to the
neutral § through the terminal B and to one of the pha-
ses through a dissipative resistor 15.

In the example herein described, provision is made
for twelve stages 14, only nine of which have been
illustrated for the sake of simplification and for a corre-
sponding number of associated resistors 15, four of
which are connected to each phase.

Referring now to FIG. 2, the supply stage 13 will be
described in detail. This stage comprises a transformer
16 which is connected through the terminals A and B
between the phase 4 and the neutral 5 and connected to
a bridge rectifier 17 on which are mounted in parallel a
first circuit for delivering a d.c. voltage of — 15 volts to
the terminal C and a second circuit for delivering a d.c.
voltage of — 10 volts to the terminal D, the voltage just
mentioned being controlled by a Zener diode 18.

Resistors 19, 20, 21 are so designed as to obtain these
voltages and also to obtain in the second circuit the
reference potential V, which has the nominal value of
—35 volts, this reference potential being adjustable by
means of a variable resistor 22 which is mounted in
series in the second circuit.

A diode 23 which is connected in series in the second
circuit prevents reverse currents and shunt-connected
capacitors 24, 25, 26 absorb residual alternating-current
components.

The operation is self-explanatory if it is assumed that
the two terminals L and M are connected together so as
to form the second circuit. In actual fact, a stage 27 for
the detection and control of abnormal low voltages is
connected between these terminals and will be de-
scribed below in detail.

The overvoltage detection stage shown on the left-
hand side of FIG. 2 essentially comprises a transistor 28,
the emitter of which is grounded and the base of which
is connected to the common point of two resistors 29,
31, said resistors being mounted in series in a loop 32
which is in shunt on the second supply circuit aforesaid
between the phase and one of the output terminals of
the bridge rectifier 17.

The normal voltage of 220 volts between phase and
neutral of the supply network is applied to the above-
mentioned loop 32 via a connection 33 to the terminal A
and a decoupling capacitor 34. Said loop comprises two
rectifier diodes 35, 36 which are connected in series as
well as a variable adjustment resistor 37 and a capacitor
38 for absorbing residual alternating-current compo-
nents, said resistor and capacitor being connected in
shunt. Finally, the loop comprises a series-connected
Zener diode 39 having a rated voltage of 10 volts.

The collector of the transistor 28 is connected to the
terminal E with a branch connection to the resistor 21
of the second supply circuit. If it is postulated for the
present and for the sake of argument that the terminals
L and R are interconnected, it can be understood that,
when the voltage of the supply network exceeds a pre-
determined value, the transistor 28 begins to conduct
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and injects a correspondingly hlgher value of current-v

into the resistor 21, thus causing a dlmmutxon of the
reference potential V, at absolute value.

In the example herein described, the components are
so designed that the transistor 28. begms to conduct
when the power. supply voltage attains 240 volts and
that the reference voltage V, is reduced to zero when
the power supply voltage attains approximately. 260
volts.

Reference bemg made to. FIG 4 ‘one of the comparl-
son and circuit-closing stages 14: wrll now be described
in detail. This stage comprises an operatlonal amplifier
. 41 mounted as a comparator, the reversing input of
 which is connected to the terminal E of the supply stage
13 (FIG. 2) and the non-reversing input of which is
connected to one of the termmals H of the lme 11 which
forms the chain of resistors 12.

One of the bias inputs of the amplifier 41 is connected

to the terminal D of the supply stage 13'(namely at — 10

volts in the example descrlbed) and. the other input is
connected to ground. : . °
The output of the amphﬁer 41 is connected through a

15

20

resistor 42 to the base of a transistor 43; the emitter-col- -

lector circuit of which is in series in the trigger circuit
of a triac 44 mounted as a switch in-a lineé which con-
nects one of the phases of the supply network through
one of the resistors:15 and the terminal K to the termmal
.-B which is connected to the neutral. S

Furthermore, the trlgger eircuit is connected to the |

terminal C of the supply stage 13 (in this case at —15
volt§) through two branches which are mounted in
parallel and provided in one case ‘with a resistor 45
connected in series with a luminescent diode 46 which
forms an operational mdlcator and in the other case
w1th a resistor 47. .

:  The output of the amphﬁer 41is connéected in parallel
*’._ on the-one hand to ground through a resistor 48 and on
the other hand- through a cahbratmg resistor ‘49 to a

collecting line 51 connected to a measuring mstrument‘

(now shown) which can' bé a milliammeter.

When the voltage at the terminal H exceeds the volt-
age at the terminal E which is the reference potential
V,, the amplifier 41 changes state and saturates the
transistor 43, thereby closing the trigger circuit of the
triac 44. The dissipative resistor 15 is then put into ser-
vice.

Reference being made to FIG 5, the stage; 27 for
detection and control ‘of abnormal low .voltages will
now be described.

This stage comprises a loop circuit connected to the
phase terminal A and provided with rectifier diodes 52,
53 and with a shunt-connected filter capacitor 54. Resis-
tors 55, 56 are also connected in shunt in order to permit
adjustment of the stage to operating conditions, provi-
sion being made for a further resistor 57 which is in-
tended to cooperate with the capacitor 54.

The circuit closes on the base-emitter circuit of a
transistor 58, the collector of which is connected to the
terminal D (—10 volts). In the emitter circuit are
mounted in series a Zener diode 59 and a load resistor 61
between which is connected the base of a transistor 62,
the emitter-collector circuit of Wthh connects the ter-
minals L and M (FIG. 2).

It is understood that, if the mains supply voltage falls
below a predetermined limiting value, the transistor 58
cuts off, thus causing the transistor 62 to cut-off. The
terminals L and M are then isolated from each other and
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.a potential of — 10 volts is applled to the terminal E as .

reference potentlal Vr
The general operation of the devxce which has been
described in the foregoing will now be explained.
During operation under “practically normal condi-
tions, for example, and postulating that the load consti-
tuted by the utilization receivers is mainly ohmic, the
generator starts-up automatlcally by means of the ca-
pacrtors 6,7,8 :

Assummg that the fluid. energy Wthh drives the
generator is constant, predetermined and superabun-
dant, the frequency of the current has a natural ten-
dency to acquire a value which is higher as the load on
the power system is lower. Potentials which decrease in
value from left to right in FIG. 1 are applied to the
terminals H. by the above-mentioned frequency after
this latter has been measured and converted to voltage
by the transducer.

_As the frequency tends to risé, so the voltage repre-
senting said frequency increases at ‘absolute value (as
shown in FIG. 3) and so the potential increases at abso-
lute value at each point H. The first point H, the poten-
tial of which becomes higher than the reference poten-
tial, is the left-hand point of FIG. 1; in consequence, the
action produced by the corresponding comparison and -
circuit-closing stage 14 is such that the resistor 15 which
is connected to said stage is put into circuit, that the
load on the power system is increased accordingly,
thereby tending to produce a reduction in frequency

If a certain number of resistors 15 are in servrce at any
given moment and if a user reduces his power consump-
tion, the tendency towards an increase in frequency
from a stable value of 50 Hz will cause an additional
resistor 15 to be put into service in order to counteract
this increase. The result thereby achieved is that the
total load on the generator. is substantially constant. ’

In the event that a user puts highly inductive loads

into service, the problem becomes complicated since-

tHe law which relates frequency to voltage is conse-
quently modified. In more exact terms, the frequency
corresponding to a given voltage is higher in this partic-
ular instance. It is therefore necessary to increase the
reference value with respect to the frequency, for exam-
ple from 50 Hz to 52 Hz.

The overvoltage detection stage described earlier
carries out this operation automatically by reducing the

-reference potential V, at absolute value when the mains
“:supply voltage tends to rise.

In the event of utilization of a motor, another phe-
nomenon tends to arise. The machine has a tendency to
trip or to race but, at the same time, the voltage rises
sharply within the power system. If the frequency-
regulating system were permitted to operate normally,
all the resistors 15 would be put into service in order to
counteract such a runaway condition, with the result
that the voltage drop would be more marked. Under
these circumstances, the regulating system must accord-
ingly be put out of operation. This function is per-
formed by the stage 27 which applies a potential of —10
volts to the reference line. This value is never attained
(at absolute value) by the voltage representing the fre-
quency, with the result that none of the resistors 15 is
put into service. As soon as the power supply voltage
returns to normal, the stage 27 reverts to its initial state
and allows the regulation to carry out its intended func-
tion.

The invention makes it possible to provide a stabi-
lized utilization voltage in a power system supplied by
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an mdependent generator which is in turn drlven by the
energy of a natural fluid which may or may not be
constant, this result being achieved in spite of random
variations in power consumption. Inits improved em-
bodiments, the invention makes 1t possxble to take reac-
tive loads into account:

An asynchronous generator has been contemplated
by way of example in the foregomg by reason of the fact

‘that a‘génerator of this type offers considerable advan--

' tages over an alternator as explained earlier.

‘It is' nevertheless worthy of note that the invention
remains’ equally appllcable to any altematmg-current
generator and 'to an alternator, for example

We claim:

'1. A method for regulatmg the terminal voltage of an
mdependent variable-speed alternatmg-current genera-
tor-such as.a generator driven by a machine under the
action of a natural fluid and especially an asynchronous
generator, wherein said method consists in carrying out
the following operations:

- (a) the voltage is measured in at least on¢ of the pha-

ses of the’ generator

“(b) the frequency is measured and adjusted automati-
cally with respect to a reference value by putting
dlss1pat1ve resistors in circuit;

(c) the’ reference value of the frequency lS varied
automatlcally as a function of the variations in
voltage, the vanatlon in reference value being in
.., the opposite direction to the variation in measured
voltage ,

2..A method accordmg to: cla1m 1, wherein the mea-
sured frequency ‘is converted to an analog direct-cur-
rent voltage and wherein the reference value is materi-
~alized in the form ‘of a reference potential which is a
‘function of the voltage produced by the generator.

" 3. A system for reguiating the terminal voltage of an
1ndependent variable speed altematmg-current genera-
tor such asa generator of the asynchronous type whlch
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is driven by 4 machine under the action of a natural
fluid, wherem said system comprlses
(a) means for measuring the voltage i in at least one of
~ the phases of the generator;
(b) means for measuring the frequency;
" (c) means for determining a reference valite of fre-
"~ quency; '
(d) dissipative resistors
(¢) means for comparing the measured frequency
with the reference value and for putting the dissi-
* pative resistors in circuit when the measured fre-
quency becomes higher than the reference value;
(f) means responsive to the measured voltage in order
to cause a variation in the reference value of the
frequency in the direction opposite to the varia-
tions in measured voltage. -
4. A system according to claim 3, wherein the means
for putting the dissipative resistors in circuit comprise in

the case of each resistor a comparator whose inputs are

connected respectively to a reference potential source
and to one point of a chain of resistors in series, one end
of said chain being in turn: connected to the reference
potential source and the other end being connected to
the output of -a transducer for delivering.a direct-cur-
rent voltage which is proportional to the frequency of
the current.delivered by the generator, the output of
each comparator bemg connected.: to the control. mput
of a switch which is in series with each dlssnpatlve resis-
tor.

5. A system according to claim 3, wherem said system
comprises means which are responsive to the voltage in
at least one of the phases of the generator in order to put
the generator out of operation in the event of an abnor-
mal voltage drop.

6. A system accordmg to clalm 4, wherein the
switches which are in series with the dissipative. resis-
tors are triacs.

7. A system according to claxm 3 wherem the dissipa-
tive resistors provide a connection respectively be-

tween neutral and the different phases of the generator.
* x Xk % %



