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(57) Abstract: A highly fail-safe power generator, particularly for rail systems, comprising a bridge inverter which has two pairs of
controllable switching elements (102, 202, 302, 402), arranged in two superimposed rows, a voltage supply connected to the input
terminals (3) of the inverter (2), and a power consuming unit connected to the output terminals of the inverter, controller means (4, 4°)
& which generate sinusoidal PWM modulated signals for controlling the switching elements (102, 202, 302, 402), so that the control
& signals 504, 504", as well as the control signals 604, 604’ , are in anti phase respectively, a protective fuse (5) on the input terminals
for interrupting power when the switching elements are short-circuited, characterized in that one of the two controllers (4) controls
the two switching elements (102, 202), arranged on one of the two rows and the other (4°) of the two controllers controls the two
switching elements (302, 402) of the other row, the two controllers (4, 4°) being wholly functionally and electrically independent of
each other, whereas an optoelectronic synchronizing connection (7) is provided between the two controllers (4, 4°).
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ALSTOM FERROVIARIA SPA
Highly fail-safe power generator, particularly for rail

systems, or the like

5 The invention relates to a highly fail-safe power
generator, particularly for rail systems, comprising a
bridge inverter, which has two pairs of controllable
switching elements arranged on two superimposed rows, a
voltage supply connected to the input terminals of the

10 inverter and a power consuming unit connected to the
output terminals of the inverter, controller means
which generate sinusoidal PWM modulated signals for
controlling the switching elements, a protection fuse
on the input terminals for interrupting power when the

15 switching elements are short-circuited.

Such generators are known, for instance from US
patent 4,636,933. In the generator according to this
document, the switching elements are controlled in
pairs by control signals from two controllers. The

20 controllers control, by two anti-phase signals, one of
the two diagonally opposite pairs of switching elements
respectively.

The controllers generate the PWM modulated control
signals from FSK modulated excitation signals, which

25 are supplied to them by a common FSK generator. A
current sensor within the inverter provides a signal to
a surge protector wunit, which in turn provides a
feedback and enabling signal to the two controllers.
The generator of US 4,636,933 is a circuit with fail-

30 safe characteristics having a feedback operation to
maintain a power output at a constant level
independently of supply voltage variations. The

generator provides a simply PWM modulated square wave
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signal. The architecture of the generator of US

4,636,933 does not have a fail-safe operation in the

modulation of the controller exciting FSK signal, whose

frequency corresponds to the switching frequency, hence

5 to the frequency of the generator output signal. Any

modulation frequency variation of the controller

exciting signal causes no generator response, unless a

current variation is detected by the current sensor and

by its respective feedback circuit. The switching

10 process is also not controlled in a fail-safe manner,

as each pair of switching elements is controlled by the

same signal of the corresponding controller and also

the two controllers are not independent of each other.

Here again, any switching element control signal

15 deviation may not affect the operation of the generator

to a sufficient extent to generate a definite and
unique detectable malfunctioning condition.

In railway applications, such generators are used

to serve a number of power consuming units, such as

20 yard elements, track circuits, etc. . With the

introduction of electronic signaling and railway

traffic management devices, a proper power supply for

these devices has become of the utmost importance. Any

variation of signal voltage, frequency and modulation

25 as compared with predetermined values may cause state

signaling errors, for instance in signaling devices or

track circuits, or train detection errors in railway

blocks, thereby generating danger conditions. In case

of malfunctioning, railway safety rules generally

30 require the malfunctioning condition to be somehow

detected and the device to be forced to an operating

condition that corresponds to a signaling or

restrictive control condition, for instance red 1light
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signaling or an “occupied” status for a railway block.
Typically, the train detection signals on the blocks of
railway tracks are FSK modulated signals of sinusoidal
signals having a predetermined frequency, and proper
5 detection thereof is dependent on the accuracy of the
signal provided by the generator to the modulation
circuit.
In railway or other similar applications, there is
the need of generators having high fail-safe
10 characteristics, such that the generators can only
assume a stable and unique state, which is preferably
restrictive or generates a signaling condition or a
traffic restrictive action, when their operation cannot
assure output signals with parameters that do not
15 exceed predetermined +tolerances with respect to
ratings.
The object of the present invention is to provide
a generator like the one described above, which
provides an output signal having a sinusoidal waveform
20 and predetermined amplitude, frequency and modulation
characteristics, and ensuring a fail-safe operation
with respect to the above amplitude, frequency and
modulation characteristics.
The invention achieves the above purposes by
25 providing a generator like the one described
hereinbefore, wherein one of the two controllers
controls the two switching elements arranged in one of
the two rows, and the other of the two controllers
controls the two switching elements of the other row,
30 the two controllers being controlled by separately
generated exciting signals, and the two controllers
being wholly electrically independent of each other,

whereas an optoelectronic synchronizing connection is
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provided between the two controllers.

Particularly, each controller consists of a
programmable device and has its own software, its own
control data area, its own clock and its own power

5 supply.

According to another improvement characteristic,
the two controllers have different software and control
data areas, according to diversity-based fail-safety
rules.

10 Thanks to these characteristics, the modulated
control signal of the two controllers is generated
separately and independently for each controller.
Therefore, this redundancy, in addition to the
independency of the two channels and to the voter

15 function of the power stage provide a fail-safe
generation of the selected modulation of the generator
output signal, of the frequency of the output signal
and of the amplitude of the output voltage, which can
never exceed its rating to a greater extent than the

20 variation of the generator input voltage.

In accordance with yet another advantageous
characteristic, each controller controls each of the
two switching elements of the associated pair of
switching elements by a signal that is generated

235  independently of the control signal for the other
switching element. Thus, there are four independently
generated signals.

In order that the generator may be used for a wide
range of purposes, i.e. for a number of different

30 railway elements, the switching element controlling
signal is a unipolar, Sinusoidal Pulse Width Modulation
(SPWM) signal.

The switching frequency is advantageously selected
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two orders of magnitude higher than the generator
output frequency, and anyway higher than the audible
range of frequencies.

The switching frequency is selected according to

5 inverter efficiency considerations and is anyway higher
than the output frequency to be generated. The limits
for the switching frequency and the frequency to be
generated depend on technological problems, rather than
on the architecture of the system. Particularly, in

10 railway applications, common switching frequencies
generate a sinusoidal output signal having a frequency
of 30 Hz to 1 kHz, especially of 50 to 83 Hz.

Thanks to the inventive architecture, the
generator of this invention provides a high failure

15 response, particularly for failures that affect the
safety of railway systems and provides a sinusoidal
supply output signal, having a predetermined amplitude,
a predetermined frequency and a predetermined phase
modulation rule, all these output signal waveform

20 properties being generated with fail-safe
characteristics.

The independence between controllers and between
switching element controlling signals, i.e. both
between the two controllers and between the two

25 different control signals for the two switching
elements controlled by the same controller, the
diversity between the programs and modulated control
signal generating data of the two controllers have the
immediate effect of causing an at least partial short-

30 circuit condition within the inverter, which short-
circuit condition is not compensated for by any
feedback acting on the controller.

Therefore, when the modulated signals for controlling
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the switching elements, controlled in pairs by the two
controllers and individually within each pair, are out
of phase, the current in the inverter increases
immediately and causes the protection fuse to break.

N Further, during the transient failure condition, the
power (or voltage) being transferred to the user is
considerably decreased or nullified. Such failure
results in an immediate lack of the output signal,
therefore the immediate assumption of a unique and

10 well-defined operating condition of the generator. This
state is immediately and uniquely detectable by the
equipment being powered by the generator, hence it may
cause such equipment to assume a unique restrictive
state or read such state as a control for the

15 transmission of a restrictive state signal to a control
unit such as a station-based Vital Computer apparatus
or a diagnostic unit. Such surge condition in the
inverter and such fuse failure occurs either when the
frequency of the output signal and the switching

20 frequencies are not correct or when the modulation rule
of the switching element controlling signals is not
correct. Note that, since the signals for controlling
the individual switching elements are generated

independently, though to a different extent for the two

o
o

pairs controlled by the +two totally independent
controllers and the two switching elements of each pair
that is controlled by each controller, variations in
the modulation frequency or modulation rule of the
control signal for one switching element occur
30 independently of the control signals for the other
switching elements. In practice, the other switching
elements are still controlled properly, without being

affected by the deviated behavior of the remaining
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switching element. This means that the wrong control of
one switching element does not affect the control of
the other switching elements, whereby no mutual
compensation mechanisms may occur, but the inverter is

5 necessarily forced into a current increase condition
therein, i.e. into a fuse Dbreaking condition,
resulting in the output signal being nullified.

Further improvements of the invention will form
the subject of the dependent claims.

10 The characteristics of the invention and the
advantages deriving therefrom will appear more clearly
from the following description of a few non-limiting
embodiments which are illustrated in the accompanying
drawings, in which:

15 Figure 1 is a general flowchart of a generator
according to the present invention.

Fig. 2 shows an enlarged detail of the bridge
inverter and the <controllers which control the
switching elements.

20 Fig. 3 shows a detail of the AC/DC converter
situated at the input of the inverter.

Fig. 4 is a flowchart of a railway system that
uses the generator of the previous figures for train
detection signals in station track circuits and in

25 country track circuits.

Fig. 5 1is a more detailed flowchart of the
generator, as compared with Fig. 4.

Fig. 6 is a flowchart of a train detection system on a
track circuit that uses the generator of the previous

30 figures.

Figure 7 is a flowchart of a station-based track
sequencing system, having a generator as shown in one

or more of the preceding figures.
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Referring to Figures 1 to 3, a generator for a
supply signal having a predetermined amplitude,
frequency and SPWM modulation and fail-safe
characteristics comprises a bridge inverter 2, with

5 four switching elements 102, 202, 302, 402. The input
terminals of the 1inverter are connected to an
alternating current supply through an AC/DC converter
3. The voltage output of the AC/DC converter 3 is
monitored by a sensor 14 of a diagnostic unit, which is

10 by no means a feedback element of the inverter control
loop. At the output of the inverter 2, the signal
generated thereby is provided to a power consuming unit
through a low-pass filter, which removes the high
frequency harmonics from the SPWM modulated output

15 signal.

As is apparent from Figure 3, in the present
generator embodiment, the AC/DC converter consists of
an uncontrolled rectifier.

In the embodiment as shown in the Figure, the

20 output signal is a low frequency sinusoidal signal and
particularly has a frequency of 83.3 Hz. Such frequency
is not randomly selected and, as shown in the following
embodiments, is an optimized frequency for railway
applications for which the generator is especially

25 designed. For railway applications, the optimal
frequency range is of about 30 Hz to 1 kHz, preferably
of 50 to 83 Hz, although the circuit as shown and
described herein shall not be intended to be limited to
such frequency range.

30 Referring to Figure 2, the inverter includes four
switching elements 102, 202, 302, 402, arranged in
pairs in two rows, which are controlled by two

controllers 4, 4’ that are programmable with a control
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signal modulated according to the Phase Shift Keying,
PSK, protocol.
As a rule, each controller 4, 4’ controls a pair
of switching elements 102, 202 and 302, 402 on one of
5 the two superimposed rows. At the input terminal of the
power supply for the switching elements, a fuse 5 is
provided, which is set to a predetermined maximum
admissible power value within the inverter.
The two controllers 4, 4’ are wholly independent of
10 each other and are each equipped with a processor unit
104, 104', which is connected to a dedicated clock
generator 6, a dedicated program storage 204, 204' and
a dedicated storage, preferably two separate data
storages 304, 404 and 204’, 404’, which store the data
15 required for executing the program contained in the
storage 204, 204'. The two data sets relate to data or
parameters for generating a separate PSK modulated
control signal for each of the two switching elements
102, 202 and 302, 402 respectively of the two pairs
200 that are independently controlled by a corresponding
controller 4, 4’. The independent generation of the two
control signals is shown by the black boxes 504, 604
and 504’, 604’ at the outputs of the two controllers 4,
4' .

[
wn

Obviously, the separate controller ©principle as
disclosed above with reference to Figure 2 may be also
practically implemented in another manner. In a mode
that is more suitable to railway applications, which is
stricter in terms of the implementation of the
30 switching process and of the data required therefor,
instead of using a programmable microprocessor unit
including program storages and data storages, each

controller consists of an electronic unit for
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generating control signals according to a predetermined
algorithm, which is implemented in the hardware in a
strict, unchangeable manner. This prevents any
malfunctioning arising from reading errors by the
5 control program in the program storages 204, 204’'.
The data required for executing the control algorithms
is itself strictly implemented in the hardware and
specifically by storage in so-called EPROMs, which
prevent such data from being changed after being stored

10 therein.

Note that even the above stricter embodiment provides a
safety that is based on the diversity of hardware
construction, of the control algorithm and of the data
area.

15 In Figure 2, the four switching elements 102, 202, 302,
402 are also designated by letters MH1, MH2 and MLI1,
ML2, which identify their sinusoidal output signal
generating function.

Preferably and advantageously, the programs and

20 parametric data that are wused for generating the
modulated switching element control signal, as well as
certain hardware components, are duplicated in the two
controllers, while accounting for diversity rules. This

method is known and widely used in redundant systems.

I3
w

Moreover, the two controllers 4, 4’, that must be
synchronized, are connected by an optoisolated
synchronizing line 7, which allows the two controllers
to be wholly electrically independent of each other.

Thanks to the above redundancy characteristics and
30 to the independency of the process wherewith the
signals for <controlling the individual switching
elements 102, 202, 302, 402 are Ggenerated, each

switching element performs its functions in a wholly
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independent and blind manner, relative to the other
switching elements, whereby no compensation may occur
in the switching process of the switching elements.

From a logical point of view, the structure of the

5 inverter for the generator of this invention is similar
to a redundant structure having the function of a final
voter, wherein, when no correct functional coincidence
of all switching elements is achieved, the voter causes
the inverter to switch to a stable, generally

10 restrictive, functional state.

Particularly, in the present inverter
architecture, since the individual switching elements
102, 202, 302, 402 are switched in a wholly independent
manner, any variation in the switching frequency, in

15 the switching signal modulation and in the switching
phase between elements immediately causes a functional
failure, resulting in a short-circuit condition within
the inverter, with the fuse being broken thereby. Then,
the inverter is separated from the power supply at the

20 input and the generator provides no output signal,
thereby entering a stable and uniquely defined
functional state. This kind of response of the inverter
to switching element controlling conditions that do not
exactly correspond to correct conditions, prevents the

25 generation of an output signal whose frequency,
modulation, or amplitude are different from
predetermined ones. In fact, in these conditions, an
output signal whose parameters are different from their
respective ratings, obviously considering the admitted

3 tolerances, may cause, especially in rail system
devices, false signals or functional or state
conditions of such devices which are not stable or not

uniquely defined or recognizable by the control logics
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of the railway system, thereby causing a potentially
hazardous situation for the railway traffic.

By being switched to a condition of total lack of
the output signal, the generator of the invention

5 assumes a well defined and stable operating condition,
and such operating condition is uniquely detectable and
interpretable by the devices whereto the generator
output signal is provided, and may be used to implement
safety procedures for controlling the railway system

10 into a safety condition. Therefore, for instance, when
the generator of the present invention is used to
supply power to the generator of the coded track
circuit blocking signal, the lack of the generator
output signal causes the coded blocking signal to be

15 absent, whereby the track circuit automatically assumes
the occupied track condition.

Track 4 shows a first embodiment of the generator
of this invention for a railway station system and
particularly for the so-called station track circuits.

20 In this case, the generator of this invention,
generally designated by numeral 1 supplies power to the
track circuits for generating the coded blocking signal
and to the disk relays 20, 21, 22, corresponding to

said track circuits 10, 11, 12. The signal being used

I
i

has a power rating of 1 kVA and the generator has two
sinusoidal 1low frequency outputs, particularly at a
frequency of 83.3 kHz. The two output signals (power
supply) and (local) are obtained thanks to an output
transformer 13, as shown in the flowchart of Fig. 5
30 which shows, like Fig. 1, the generator 1 in greater
detail.

Fig. 6 shows the use of an inventive generator as

a line generator, i.e. as a generator of the coded
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blocking signal associated to the various track
circuits of the railway segment.
The generator 1 supplies the sinusoidal output
signal at 83.3 kHz to a static coder circuit 16 which
5 modulates the above signal by the superposition of a
square wave. The coded signal is routed to the
transmitter of the track circuit 18 through the track
transformer 17. The signal runs along the track section
and is later intercepted by the receiver 19 which
10 decodés the blocking signal, and extracts and checks
its modulation code.
Finally, Fig. 7 shows the use of an inventive
generator in a track sequencing system. Here, thanks to
a station-based transformer 23, the generator supplies
15 power to a number of static coders 24, each coding the
power supply signal in a different manner.
In the examples of Figure 6 and 7, the generator
is as shown in Figure 1.
The wide use of the generator of this invention is
20 several types of rail systems is explained by the
particular generator output signal modulation, i.e.
SPWM.
Also, the above description clearly shows the
advantages of the fail-safe generation of the output
25 signal, with respect to signal amplitude, frequency and
modulation, the latter not necessarily being a PSK
modulation. Fail-safe characteristics are provided by
the particular architecture of the inverter, which was
specially selected as an open loop inverter, and with
30 no mutual influence being admitted among the switching
processes of the individual switching elements, to
ensure that any variation in the frequency or

modulation of the switching element controlling signals
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cannot be compensated for in any manner, and fail-
safely cause the inverter to be switched off. This
forces the generator into a stable null output
condition, and allows the devices being supplied with
5 power by the generator to uniquely detect the no
generator output signal condition and to implement
emergency procedures, such as the transmission of
controls for setting the power consuming units into a

more restrictive railway traffic condition.
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CLAIMS
1. A highly faijil-safe power generator, particularly for
rail systems, comprising a bridge inverter, which has
two pairs of controllable switching elements (102, 202,
5 302, 402) arranged on two superimposed rows, a voltage
supply connected to the input terminals (3) of the
inverter (2) and a power consuming unit connected to
the output terminals of the inverter, controller means
(4, 4’) which generate sinusoidal PWM modulated signals
10 for controlling the switching elements (102, 202, 302,
402), so that the control signals (504, 504'), as well
as the control signals (604, 604'), are in anti-phase
respectively, a protection fuse (7) on the input
terminals for interrupting power when the switching
15 elements are short-circuited,
characterized in that
one of the two controllers (4) controls the two
switching elements (102, 202) arranged in one of the
two rows, and the other (4’') of the two controllers
20 controls the two switching elements (302, 402) of the
other row, the two controllers (4, 4') being wholly
functionally and electrically independent of each
other, whereas an optoelectronic synchronizing
connection (7) is provided between the two controllers
25 (4, 4').

2. A generator as claimed in claim 1,
characterized in that each controller (4, 4’) consists
of a programmable microprocessor unit (104, 104’) has
its own software (204, 204’), its own control data area

30 (504, 604, 504’, 604’), its own clock (6) and its own
power supply, and generates the modulated signal for
controlling the individual switching elements by

executing the dedicated program (204, 204') stored in a
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memory area.

3. A generatoi as claimed in claim 1 or 2,
characterized in that the program (204, 204’) for
generating the modulated signal to control the

5 switching elements (102, 202, 302, 402) and the control
data areas (304, 404, 3047, 4047) of the two
controllers (4, 4’) are different from each other, in
accordance with diversity-based fail-safety rules, i.e.
in terms of type and code of the program and/or type

10 and code of the control data /504, 604, 504’, 604'),
and wherein the two controllers (4, 4’) independently
generate the modulated control signals.

4. A generator as claimed in one or more of the
preceding claims, characterized in that each controller

15 is formed by an electronic unit wherein the switching
process or control algorithm is strictly implemented by
hardware construction, which unit communicates with an
EPROM data storage, that is burnt to prevent the data
required for controller functions from being changed

20 and/or replaced.

5. A generator as claimed in claim 4,
characterized in that the process or algorithm for
generating the modulated signal to control the
switching elements (102, 202, 302, 402) for the two

25 controllers (4, 4’) 1is implemented in the hardware
logics, in accordance with diversity rules, and that
the control data areas (304, 404, 304’, 402’) are also
different from each other, in accordance with
diversity-based fail-safety rules, i.e. in terms of

30 type and code of the process and/or type and coding of
the control data (504, 604, 504’, 604'), and of
generation thereof, the two controllers (4, 4’)

independently generating the modulated switch
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controlling signals.
6. A generator as claimed in one or more of the
preceding claims, characterized in that each controlier
(4, 4’) controls each of the two switching elements
5 (102, 202; 302, 403) of the associated pair of
switching elements by a signal (304) that is generated
independently of the control signal (404) for the other
switching element.
7. A generator as claimed in one or more of the
10 preceding claims, characterized in that the signals for
controlling the switching elements (102, 202, 302, 402)
are unipolar, Sinusoidal Pulse Width Modulation (SPWM)
signals.
8. A generator as claimed in one or more of the
15 preceding claims, characterized in that the switching
frequency is suitably selected to be higher than the
output frequency.
9. A generator as claimed in claim 8,
characterized in that the selected switching frequency
20 is such as to generate a sinusoidal output signal
having a frequency of 30 Hz to 1 kHz, particularly of
50 to 83 Hz.
10. A generator as claimed in one or more of the
preceding claims, characterized in that the fuse has a
25 predetermined breaking threshold in the inverter bridge
circuit.
11. A generator as claimed in one or more of the
preceding claims, characterized in that it is used to
generate the signal to supply power to rail system
30 units (particularly signaling units).
12. A generator as claimed in claiml 1,
characterized in that it is used in combination with a

static coder for generating a coded blocking signal in
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station track circuits or railway track sections.
13. A generator as claimed in claim 11,
characterized in that it is wused in combination with

disk relay track circuits.
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