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(57) Abrege(suite)/Abstract(continued):

connected between the terminals of the phase windings of the voltage generator, and a battery power supply terminal; it also
comprises a control circuit designed to change over the connection of the phase windings between two different configurations, for
example star and delta, in relation to the charging voltage of the battery upon exceeding a threshold value of the phase frequency
of the voltage generator.
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ABSTRACT

The voltage regulator receives power in A.C. from a per-
manent magnet voltage generator, having phase windings with a
configurable connection, to supply power in D.C. to a bat-
tery. The voltage regulator comprises a plurality of semi-
bridge rectifiers connected between the terminals of the
phase windings of the voltage generator, and a battery power
supply terminal; it also comprises a control circuit designed

to change over the connection of the phase windings between

two different configurations, for example star and delta, in
relation to the charging voltage of the battery upon exceed-
ing a threshold wvalue of the phase frequency of the voltage

generator.
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VOLTAGE REGULATOR FOR MAGNETOGENERATORS WITH CONFIGURABLE
CONNECTION OF THE PHASE WINDINGS

BACKGROUND OF THE INVENTION

This 1nvention refers to a voltage regulator for magneto-
generators of the type having a variable winding configura-
tion, normally used in charging batteries for powering elec-
trical loads, for which a sufficient quantity of energy 1is
required both at low and high number of revolutions of the
magnetogenerator, to maintain the voltage of the battery at a
constant rated value, regardless of the power required by the

electrical load to which the battery is connected.

STATE OF THE ART

In numerous applications of voltage magnetogenerators,
designed to operate both at low and high number of revolu-
tions, for example to supply electrical power to an ignition
circuit, and/or to a battery for powering small internal com-

bustion engines, outboard engines for small watercraft, or in

other uses for which different current values at different
rotational speeds are required, 1t 1s possible to satisfy
such requirements by intervening on the electrical and me-
chanical dimensions of the generator itself. Usually, this is
made possible for voltage magnetogenerators of large dimen-
sions, however 1t requires the availability of space and in
any case generators of considerable weight and relatively
high cost. Moreover, in relation to the contemplated applica-

tion and the operative conditions of the generator, in cer-
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tain cases problems may arise in dissipating any excess of
power.

Wherever, due to reasons of space, cost, or for other
reasons 1t 1s not possible make use of voltage generators of
larger dimensions, 1t 1s necessary to choose appropriate
electrical solutions in order to satisfy the various require-
ments of use, and maintain the overall dimensions and weight
of the generator comparatively limited.

It 1s also known that in order to charge the power of a
voltage magnetogenerator, usually it is necessary to change
the number of turns of the field windings, increasing or de-
creasing the winding turns according to whether one intends
to privilege, in terms of output current, and performances at
low or high operative speeds. For such purpose, in the past
use was made of magnetogenerators provided with a plurality
of windings capable of supplying a high output power, while
maintaining weights and overall dimensions comparatively lim-
1ted.

According to the previously proposed solutions, use was
made of voltage generators whose field windings are opera-
tively connected to a control circuit comprising a plurality
of diodes and electronic switches controlled by a microproc-
essor. The microprocessor 1is programmed to change the con-
figuration or connection of the phase windings upon variation
of the rotational speed, between a “series configuration” at

a low number of revolutions, and a “parallel configuration”
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at a higher number of revolutions; a solution of this kind 1is
described for example in US7,026,794.

While on the one hand this solution contributes to solve

part of the aforementioned problems, on the other hand it
continues to present limits and drawbacks, such as low effi-
ciency for single-phase alternators, and torque regularity
problems, especially at low revolutions, known by the term
"Cogging” as a result of an interaction between the magnets
of the rotor and the magnetic structure of the stator. More-
over, the use of a voltage regulator controlled by a proces-
sor, besides requiring additional space, necessarily involves
higher costs for the entire system.

There 1s consequently a need to find a new solution capa-
ble of meeting the aforementioned requirements, by reducing
1f not eliminating the problems and drawbacks inherent in
these known systems.

OBJECTS OF THE INVENTION

A first object of the invention is to provide a voltage
regulator for magnetogenerators of the type having a config-
urable connection of the field windings, which makes use of
consilderably simplified electronics, and offers the possibil-

amd

1ty of eliminating the use of processors or logic control

units, thereby reducing the overall dimensions, maintaining
comparatively low costs for the voltage regulator and for the
entire voltage generating system.

A still further object of the invention is to provide the
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assembly of a voltage magnetogenerator and a voltage regula-
tor for charging a battery, whereby it is possible to supply
the battery with the necessary electric power, both at low

and high number of revolutions of the generator, character-

1sed by a low variation of the torque, and capable of auto-

matically controlling the connection configurations of the

field windings, both upon the variation of the charging volt-
age of the battery, and upon the wvariation of the number of
revolutions of the voltage generator, or of its phase fre-
quency.

A still further object is to provide a magnetogenerator
and voltage regulator assembly capable of automatically
changing the configuration of the connection of the field
windings, thereby making the problems related to the heat
dissipation, less critical.

BRIEF DESCRIPTION OF THE INVENTION

In general, according to a first aspect of the invention,
a voltage regulator suitable to receive A.C. power from a
voltage magnetogenerator, and to supply D.C. power to a bat-
tery has been provided, in which the voltage generator com-
prises a plurality of phase windings each having first and
second connecting terminals, and in which the voltage regula-
tor i1s conformed to change the connection of the phase wind-
1ngs between a first and a second configuration, in relation
to the charging voltage for the battery, and/or the frequency

of the same voltage generator;
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characterised by comprising:

ph—

a plurality of pairs of semi-bridge rectifiers, 1n which

each palr comprises first and second semi-bridges connected
1n phase opposition each other between a corresponding termi-
nal of a respective phase winding of the magnetogenerator,

and a power supply terminal for the battery;

a contrql switch circuit for varying the connection con-

figurations of the phase windings, the control circuit com-

prising a plurality of switching devices each consisting of

first and second electronic switches connected in anti-
parallel, 1n a looped circuit in which the connection between
two adjacent switching devices in turn is connected to a ter-
minal of a respective phase winding; and

a pilot circuilt for controlling the switching devices of
the control circuit, the pilot circuit comprising a first
transistor connected to control electrodes of the switching
devices; and

1n which the first transistor is operatively connected to
a first voltage detecting circuit for measuring the voltage
of the battery, respectively to a second phase-fregquency de-
tecting circuit of a winding of the voltage generator;

the frequency detecting circuit being conformed and
operatively connected to activate the pilot circuit to selec-
tively change the connection configuration of the field wind-
1ings of the magnetogenerator, 1in relation to a pre-

established threshold value of the phase frequency and/or
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battery voltage detected by said detecting circuits.

BRIEF DESCRIPTION OF THE DRAWINGS

These and further features of the voltage regulator ac-
cording to the invention, and a preferential embodiment
thereof will be more clearly evident from the following de-
scription with reference to the drawings, in which:

Fig. 1 shows a diagram of the electronic circuit of the
voltage regulator;

Fig. 2 shows the detailed electronic diagram of the
phase-frequency detecting circuit and of a pilot circuit for
controlling a switching circuit for changlng the connection
configurations of the phase windings;

Fig. 3 shows a graph of the current of each half-bridge
rectifier, 1in relation to the number of revolutions of the
voltage generator, for both star and delta connections of the
phase windings;

Fig. 4 shows a graph of the battery voltage, 1n relation
to time, when the number of revolutions of the generator 1is
below a threshold value of the voltage frequency;

Fig. 5 shows a graph of the battery voltage, 1n relation
to time, when the number of revolutions of the generator 1is
above a threshold value of the voltage frequency;

Fig. ©6 1s a graph showing the ON-OFF procedures for the
electronic switches of the circuit for changing the configu-

ration connection the phase windings.

DETAILED DESCRIPTION OF THE INVENTION
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Figures 1 and 2 represent the diagram of an electronic
voltage requlator according to the invention, by means of
which 1t 1s possible to automatically control different con-
nection configurations of the phase windings of a voltage
magnetogenerator, for converting an A.C. 1into a D.C power
supplied to a battery, while maintaining the voltage of the
same battery to a substantially constant rated wvalue upon
variation of the number of revolutions of the generator.

For the purposes of this description, it is pointed out
that the same reference numbers have been used for identical
blocks.

In the example of figures 1 and 2, the voltage regulator
1s connected to an A.C. voltage magnetogenerator 1, for exam-
ple consisting of a three-phase alternator of the permanent
magnets type. The voltage generator 1 comprises a rotor 2 and
a stator having three phase windings, 3A, 3B and 3C, whose
connection can be changed automatically, between a star and a
delta configuration, in relation to the number of revolutions
of the rotor 2 and the charging voltage VB of a battery 5
powered by the magnetogenerator 1.

The voltage regulator comprises a plurality of pairs of
seml-bridge rectifiers 4 each having diodes D1, D2 connected
between a terminal of a respective phase winding 3A, 3B, 3C
of the voltage generator 1, the ground, and a first power
supply terminal of the battery 5, for example the positive

terminal, as shown. In particular, the terminals of each of



10

20

CA 02635577 2008-06-23

each phase winding 3A, 3B, 3C are connected to the positive
terminal of the battery 5 by a pair of semi-bridge rectifiers
provided by a first and a second semi-bridge rectifier 4.1
and 4.2, 1n phase opposition with one another, to alternately
conduct during the positive and the negative half waves of
the phase voltage.

One of the two terminals of each phase winding 3A, 3B and
3C, hereinafter also referred to as first terminal, in turn
1s connectable to earth by an electronic short-circuiting
switch consisting, for example, of a thyristor 6, for con-

trolling the rated charging voltage of the battery 5 as ex-

plained further on.

The voltage requlator 1 also comprises a control switch
circuit for changing the connection configurations of the
phase windings 3A, 3B, 3C of the voltage generator; in the
case of the three-phase generator of figure 1, the control
circult for the winding configurations comprises three

switching devices 8, each provided by two electronic switches

connected in anti-parallel, for example consisting of a pairs
of thyristors Tl and T2, T3 and T4, T5 and T6; the switching
devices 8 1n each circuit are connected each another accord-
ing to a looped configuration, in such a way that the connec-
tion P common to two adjacent switching devices 8 is in turn
connected to the second terminal of a respective phase wind-
ing 3A, 3B and 3C of the voltage generator 1.

The voltage regulator comprises also a phase frequency
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detecting circuit 9 for detecting a phase voltage frequency

of the generator, and a pilot circuit 10 for controlling the

gy
.

rre=

switching devices 8, shown 1n detail in figure 2. The
quency detecting circuit 9 is connected to a phase winding of
the voltage generator 1, for example the winding 3C, and to
the pilot circuit 10 which is activated by the circuit 9 for
detecting the voltage frequency upon ©passing a pre-
established threshold wvalue of the same frequency to change
the connection of the windings 3A, 3B and 3C between a star
configuration and a delta configuration, as will be explained
further on.

From the foregoing, i1t will be clear that the second ter-

minal of each phase winding 3A, 3B and 3C, the terminal not
connected to the short-circuiting switches 6, 1s connected to
two switching devices 8 for changing the configurations of
the windings; this means that the anodes of T1l, T3 and T5 are
connected respectively with the cathodes of T2, T4 and Te,
just as the anodes of T2, T4 and T6 are connected with the
cathodes of Tl, T3 and T5. The three pairs of electronic
switching devices 8 are consequently arranged in such a way
that a single pair of switches 8 1is connected in anti-
parallel between the second terminals of two different phase
windings.

From figures 1 and 2 1t can also be seen that the two
thyristors Tl and T2 T3 and T4, T5 and T6 of each switching

device 8, by means of a respective resistor R10.1 and R10.2,



10

20

CA 02635577 2008-06-23

11

have their control electrode piloted in current by a single
PNP transistor Q4 of the pilot circuit 10; depending on the
voltage difference between anode and cathode imposed by the
voltage generator 1, each of the thyristors T1l-T6 1s switched
ON, determining the star connection of the three phase wind-
ings 3A, 3B and 3C.

The two thyristors T1l, T2; T3, T4 and TS5, T6 belonging to
a same switching device 8, never conduct simultaneously, but
do so alternately.

In particular, as shown in figure 6 and as explained fur-
ther on, when Q4 conducts, each electronic switch consisting
of the thyristors T1-T6 of the circuit for changing the wind-
ing configurations, remains switched ON for half the cycle of
the phase voltage, while a single pair of switches changes
1ts state each sixth of a cycle.

I1f, conversely, Q4 1s in a deactivated condition, the
switches T1-T6 of the switching devices 8 are no longer pi-

loted and switch OFF; consequently the three phase windings

3A, 3B, 3C are separated from one another. However, since the
half-bridges 4.1, 4.2 are always connected to ground, 1like
the battery 5, this condition 1s equivalent to a delta con-

P

nection of the phase windings of the magnetogenerator 1.

The transistor Q4 of the pilot circuit 10, by means of a
voltage divider R1l1l, R12, 1is controlled by two NPN transis-
tors Q5 and Q6, each having the collector and emitter termi-

nals connected respectively between the base of Q4 and the
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ground of the voltage regulator. If one of the two transis-
tors Q5 and Q6 conducts, then Q04 is switched ON; otherwise if
pboth the transistors Q5 and Q6 are switched OFF, 04 will also

be switched OQFF.

The transistor Q5 of the pilot circuit 10, has the bare
connected to the voltage divider R13, R14, in turn piloted by
the circuit 9 for detecting the voltage frequency of one of
the phases of the voltage generator; the other transistor Q6
on the contrary is piloted by the circuit 9 through the volt-
age divider R22, R23, connected to a circuit 7 for detecting
and measuring the charging voltage of the battery 5.

The circuit 9 receives at the inlet side the frequency of

any one of the phases of the voltage generator 1, for example
the phase of the winding 3C which, by the voltage divider
R15, R16 (figure 2) causes the switching, at the same phase
frequency, of the NPN transistor Q7 which during the negative
half-waves is protected by the diode D3.

It likewise also switches the NPN transistor Q8, whose
base 1s connected between the resistor R17 and the collector
of Q7, restoring the correct timing of the signal.

Consequently, the current which flows from the resistor
R18 towards the capacitor C2, is short-circuited to ground by
Q8 with a frequency equivalent to that of the phase 3C of the
voltage generator, thereby producing on the collector of Q8 a
square voltage wave which, through the capacitor C2 enables

the diodes D4 and D5 to discharge the capacitor C3 powered
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through R19 by the battery voltage.

As long as the resistor 19 maintains the voltage on C3
higher than the voltage Vbe-on between base and emitter of
the NPN transistor Q9, then the latter is conductive and,
with the voltage divider R20, R21 connected to the base of
010 switches ON the latter, which in turn brings Q5 into con-

duction.

The result of all this is that the circuilit 9 can enable

or disenable the conduction of Q5 at a given threshold value
of the phase frequency of the voltage generator, upon exceed-

ing which the switching from star to delta connection, or

vice versa, between the phase windings 3A, 3B and 3C will
take place.

The frequency threshold at which Q5 goes into conduction
or interdiction is obtained by selecting R19 1n such a way
that at the terminals of the capacitor C3 there 1s a voltage

lower than the Vbe-on of Q9.

Conversely, as previously mentioned, the NPN transistor
Q6 through the resistors R22 and R23 and the Zener diode Z3
is piloted by the circuit 7 for measuring the charging volt-
age of the battery 5. The voltage measuring circuit 7 com=-
prises a PNP transistor Q1 whose collector and emitter are
connected respectively to the battery 5 by the resistor R3,
and to the Zener Z3; the base of Ql is also biased by a volt-
age divider R1, R2 connected to ground by a Zener Z1.

When the voltage existing on the parallel circuit con-
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sisting of the capacitor Cl and the resistor R4 branched from
the measuring circuit 7 for the voltage of the battery 5, ex-
ceeds the voltage value 1imposed by the Zener Z3, the current
flows over the voltage divider R22, R23 and consequently Q6
goes 1into conduction, switching ON Q4.

As mentioned previously, one of the two terminals of each
phase winding 3A, 3B, 3C is connected to the anode of an
electronic switch 6, for example a shunt thyristor with the
cathode connected to the ground, which has the function of
short-circuiting to ground the respective phase winding when
the voltage of the battery 5 detected by the circuit 7 ex-
ceeds a pre-established rated value VN.

As soon as the battery 5 reaches the value VR, the cur-
rent of the generator 1is short-circuited to. This is done by
the short-circuiting switch 6 of each phase winding, whose
control electrode 1is connected to the collector of a PNP
transistor Q3 having the emitter connected to the respective
phase winding, forming part of control circuits 11 for con-
trolling the ON and OFF states of the winding short-
circulting electronic switches 6.

The base of Q3 is biased by a voltage divider R7, R8 con-
nected to the collector/emitter circuit of an NPN transistor
Q2, having the collector connected to ground, forming part of
a maln control circuit 12 for activating/deactivating the
winding short-circuiting control circuits 11.

The base of Q2 1s biased by a voltage divider R5, R6 con-
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nected, by the Zener 722, to the circuit 7 for detecting and

measuring the voltage of the battery 5.

From the foregoing, 1t will be evident therefore that as
long as the voltage VB of the battery 5 1is lower than the
voltage wvalue of the Zener Z1, current does not circulate on
the voltage divider R1l, R2Z2 and therefore the transistor Q1
remalns disenabled. If, on the contrary, the voltage VB of
the battery exceeds a pre-established wvalue VR, Q1 switches
ON 1nto conduction supplying, by the resistor R3, a collector
current proportional to the battery voltage. The voltage on
the parallel circuit R4, C4 will increase linearly until it
exceeds the voltage of the Zener diode Z2. As soon as this
occurs, the transistor Q2 becomes biased to conduct thanks to
the voltage divider R5, R6; in this way the transistors Q3 of
the i1ndividual circuits 11 also become biased by the respec-
tive resistors R7 and R8. Therefore, a current will flow on
the resistor RY9 capable of switching ON the respective short-

circuiting switch 6 which will connect to ground the respec-

tive one of the three phase windings 327, 3B and 3C of the
voltage magnetogenerator 1. Consequently, it will result in a

battery voltage VB restricted to a value never exceeding the
rated value VR.

When the number of revolutions of the voltage generator
1s higher than a pre-established threshold wvalue RPM’, the
phase windings 3A, 3B and 3C have a delta configuration; as

soon as the battery 5 reaches the rated value, the current of
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the generator is switched to ground. As mentioned previously,
this gives rise to a greater power dissipation to ground Dby
the voltage generator 1 and by the short-circuiting switches
6; therefore it 1s essential to reduce this current to a
minimum. For this purpose it is advisable to choose the volt-

age value of 723 slightly lower than that of 22, typically 0.6

volt, so as to ensure the changing from delta to star con-
figuration just before the regulation, which can thus occur
with considerably reduced currents.

F

Figure 3 of the drawings shows two typical graph of the

)

current I of the battery, both in the case of star connec-

tion, and in the case of delta connection upon variation of

the number of revolutions per minute, RPM, of the rotor 2 of

the voltage generator 1. In particular, the graph ST shows

the flow of I in the case of a star connection, while the

graph TR shows the flow of I 1n the case of a delta connec-

tion. It can be seen that the current I, at low revolution
numbers, below the threshold value RPM’, assumes lower values

when the phase windings are delta connected TR, compared to
the star connection ST; the opposite occurs at revolution
numbers higher than RPM’.

Figure 3 also shows the point Pl relating to a revolution

number corresponding to the threshold value RPM’, for which

the voltage generator 1 supplies a current I’ for powering
the battery 5 qguantitatively independent of the type of con-

nection of phase windings; point P is consequently the time
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at which occurs the change between the delta and star connec-

tion, and vice versa.

Figure 4 shows the graph in respect to time of the volt-

age VB of the battery 5 in the event of the number of revolu-

tions RPM of the rotor 2 being lower than RPM’ of figure 3,

while figure 5 shows the graph over time t of the voltage VB
in the event of the number of revolutions RPM being higher

than RPM’ .

In particular, from figure 4 it can be seen that the gra-

P

dient of the curve, each time the nominal voltage VN 1s ex-

ceeded, 1is substantially constant up to the rated value VR;

conversely, from figure 5 it can be seen that the gradient of
the curve changes and decreases each time the rated voltage

VN 1s exceeded.

Lastly, figure 6 shows the procedure with which the elec-

tronic switches T1-T6, which allow the selective star and

delta connections of the phase windings 3A, 3B and 3C of the
voltage generator 1, are piloted in conduction (ON), or 1n

interdiction (OFF), by the voltage regulator.

In particular, from figure 6 it can be seen that for each

half cycle HP of each of the three phases A, B and C of the
voltage magnetogenerator 1, only one of the thyristors T1-T6
in each of the switching circuits 8 for changing the connec-

tion configuration, is conductive (ON); at the same time 1in

the same figure 6 it can also be noted, still in the case of

a three-phase generator, that each sixth of a cycle P/6 a



10

20

CA 02635577 2008-06-23

18

single pair of thyristors T1l-T6é changes state.

The method of operating of the voltage regulator of fig-
ures 1 and 2 1is briefly described hereunder.

In general, in the various possible applications of this

invention 1t 1is required that at both low and at high rota-

tional speeds of the magnetogenerator 1, a sufficient quan-

tity of electric power, or current, 1s available for main-

taining the battery 5 at a constant charging voltage VB, re-

P

gardless of the current requlired by the electric loads con-

nected to 1t.

As mentioned previously, a terminal of each of the three

phase windings 3A, 3B and 3C of the generator 1 1s connected

to the positive terminal of the battery 5 by a pailr of semi-
bridge rectifiers 4.1, 4.2, and 1is selectively connectable to
ground by a short-circuiting switch 6 controlled by the elec-

tronic control circuit 11.

In order to change the connection configuration of the
phase windings, from star to delta and vice versa, as men-

tioned previously the voltage regulator comprises three

swltching devices 8 each consisting of a first and second
thyristor T which have theilir respective anodes and cathodes

connected 1n anti-parallel with one another, and connected to

the terminals not short-circuitable to ground of two differ-
ent phase windings; the control electrodes of the thyristors
T of the three switching devices 8 are piloted separately by

the electronic cilrcuits 9 and 10 which carry out both the
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measurement of the voltage frequency of one phase of the gen-
erator 1, for example the frequencies of the phase winding
3.0, and the changing of the connection configuration.

Since there 1s a proportional relationship between the

phase frequency and the number of revolutions per minute
(RPM) of the rotor 2, according to which the number of revo-
lutions per minute 1s equivalent to the ratio between the
electric frequency and the number of polar couples of the ro-
tor (constant), a measurement of the phase frequency will re-
sult corresponding to the measurement of the number of revo-

lutions RPM of the magnetogenerator 1.

As pointed out previously with reference to figure 3, it

g

1s also known that at low numbers of revolutions of the volt-

age magnetogenerator, the current I supplied to the battery 5
1s greater if the phase windings are star connected, compared
to a delta connection; the opposite occurs for a high number
of revolutions.

Consequently, as soon as the rotor 2 begins to move the
electronic measuring circuit 9 and the control circuit 10
bring the three switching devices 8 into conduction, giving
rise to the star connection of the phase windings 3A, 3B and
3C. This operative procedure is maintained until the genera-

tor 1 reaches a number of revolutions of a pre-established

value, referred to as threshold value RPM’, corresponding to

the point P of figure 3 in which the value of the current I’

supplied by the generator 1s unrelated to the star or delta
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type connection of the phase windings.

Under these conditions the circuits 9, 10 for measuring

the speed of rotation and controlling the switching devices
8, no longer pilot the thyristors T which switch OFF as soon

as their current drops to zero; the phase windings thus turn

p—
—
-

out to be delta connected, and remain so upon the 1ncrease O:

_

the number of revolutions RPM to fulfil a greater request Ior

electric power.

=

In both these modes of connection of the phase windings,

however, the switches 6 for short-circuiting to ground the
phase windings, are activated as soon as the battery rated

value VR is exceeded; in addition, 1n order to decrease the

current which flows in the phase windings of the generator,
and in the switching devices 8, the short-circuiting switches

6 do not enter into conduction when the phase windings are

delta connected, but only after the control circuit 10 has

forced the star connection.

| -

Consequently, also at high numbers of revolutions of the
voltage generator, close to the rated value VR of the battery
voltage, it 1s advisable to reduce the current for short-
circuiting to ground, returning to the star connection, and
activating the short-circuiting switches 6 1mmediately after.

From what has been described and shown 1n the accompany-

ing drawings, it will be clearly evident that a voltage regu-

lator for permanent magnet generators 1s provided, with wind-

ings connection selectively configurable in two different
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conditions, of such kind as to supply the maximum current re-
quired to maintain the voltage VB for charging a battery con-
stant, regardless of the requests for power thereby prevent-
1ng, upon reaching the battery regulating voltage VR, exces-
sive currents from flowing in the phase windings of the volt-
age generator 1 and in the switching devices 8 for changing
the connection configuration.

It 1is understood that what has been described with refer-
ence to the various figures, has been given in order to 1il-
lustrate the general characteristics of the invention, and of
a preferential embodiment. Therefore, other modifications or
variations may be made, for example for the application of a
similar or equivalent voltage regulator to any multi-phase
permanent magnet generator, without thereby departing from

the claims.
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WHAT WE CLAIM IS

1. A voltage regulator sultable to change an A.C.
power of a voltage magnetogenerator, into a D.C. power sup-
plied to a battery, 1in which the voltage magnetogenerator

comprises a rotor and a plurality of phase windings each hav-

ing first and second connecting terminals, and in which the
voltage regulator is conformed for changing the connection of
the phase windings between a first and a second configuration

1n relation to a rated voltage of the battery and a voltage

frequency of the magnetogenerator:;

comprlsing:

first and second semi-bridge rectifiers connected, in
phase opposition with one another, between a corresponding
terminal of a respective phase winding of the magnetogenera-
tor, and the battery;

a winding configuration control circuit for changing the
connection of the phase windings, the winding configuration

circult comprising a plurality of switching devices, each

consisting of first and second electronic switches connected
1n anti-parallel, in a looped circuit, in which the connec-
tion point between two adjacent switching devices is in turn

P

connected to one terminal of a respective phase winding;

a pilot circuit for the winding configuration circuit,

glre
—

the pilot circuit being connected to control electrodes of

sald first and second electronic switches of the switching

devices respectively being operatively connected to a voltage
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measuring circuit for the battery, and to a phase-frequency
detecting circuit;

the phase frequency detecting circuit being conformed to
activate the pilot circuit and to selectively change the con-
nection configuration of the windings at a pre-established

threshold wvalue of the voltage frequency detected by said

frequency detecting circuit.

2 . The voltage regqulator according to claim 1, com-
prising:

an electronic short-circuiting switch between each phase
winding and ground of the voltage regulator;
short-circuiting control circuits each connected to a

gy

control electrode of a respective short-circuiting switch;

and
a main control circuit operatively connected between the

short-circuiting control circuits and the voltage measuring

circult, for short-circuiting to ground the windings of the
magnetogenerator upon exceeding a rated value of the battery

voltage.

3. The voltage regqulator according to claim 1, suit-
able for a voltage magnetogenerator having first, second and
third phase windings, wherein the switching devices are con-
nected each other and to the phase windings to change between
star and a delta configuration of the same phase windings.

4, The voltage regulator according to claim 1, wherein

a first terminal of each phase winding is connected to ground
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by a respective short-circuiting switch, and in that the
other terminal of each phase winding is connected to a con-
nection point between the switching devices.

5. The voltage requlator according to claim 1, wherein
the pilot circuit 1s operatively connected to a voltage-
frequency detecting circuit of the magnetogenerator.

0. The voltage regulator according to claim 1, wherein

each switching device consists of a first and second thyris-
tors connected 1n anti-parallel.

7. The wvoltage regqulator according to claims 2,
whereln the main control circuit and the pilot circuit, are
connected to the voltage measuring circuit by a respective

Zener diode.

8 . The voltage regulator according to claim 7, wherein

gy

the Zener diode of the pilot circuit, has a voltage value

P

lower than the voltage value of the Zener of the main control

cilrcuilt.
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