EP 1452 076 B1

Patent Office

(19) ) o Hllm”‘ ‘llH H“‘ Hll‘ |H‘| Hl‘l |‘|H ‘|H| Hll‘ Mll ‘l |H ‘lHl |H‘| Hll‘
Patentamt
0 European

s ay  EP 1452076 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: HO5B 41/40 (2006.01) HO1F 29/04 (2006:01)

21.03.2007 Bulletin 2007/12
(86) International application number:

(21) Application number: 02792914.0 PCT/EP2002/013818

(22) Date of filing: 06.12.2002 (87) International publication number:
WO 2003/055283 (03.07.2003 Gazette 2003/27)

(54) PROGRAMMABLE SYSTEM FOR STABILISING AND REGULATING VOLTAGE IN PARTICULAR
FOR THE IMPROVED MANAGEMENT OF LIGHTING UNITS USING FLUORESCENT BULBS AND
LIKE

PROGRAMMIERBARES SYSTEM ZUR SPANNUNGSSTABILISIERUNG UND REGELUNG
INSBESONDERE ZUR VERBESSERTEN VERWALTUNG VON BELEUCHTUNGSEINHEITEN MIT
LEUCHTSTOFFLAMPEN UND AHNLICHEM

SYSTEME PROGRAMMABLE POUR STABILISER ET REGULER LA TENSION, PERMETTANT EN
PARTICULIER UNE MEILLEURE GESTION D'UNITES D’ECLAIRAGE COMPRENANT DES
AMPOULES FLUORESCENTES ET ANALOGUE

(84) Designated Contracting States: « PETRALI, Roberto
ATBEBGCHCY CZDE DK EE ES FI FR GB GR 1-20126 Milano (IT)
IEITLILUMCNL PT SE SISKTR * RANZENIGO, Emilio

1-22070 Locate Varesino (IT)

(30) Priority: 10.12.2001 EP 01830752

(74) Representative: Cattaneo, Elisabetta et al

(43) Date of publication of application: Perani Mezzanotte & Partners
01.09.2004 Bulletin 2004/36 Piazza San Babila 5

20122 Milano (IT)

(73) Proprietor: Bob Hammer Systems Solutions S.A.

6901 Lugano (CH) (56) References cited:
EP-A- 0 687 135 DE-B- 1 197 545
(72) Inventors: US-A- 2 353 979 US-A- 3976 911
» CAPUTO, Agostino US-A- 4 189 664 US-A- 4513 224
1-20142 Milano (IT) US-A- 5811 942

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 1452 076 B1 2

Description

[0001] The presentinvention regards a programmable
system for stabilising and regulating voltage, in particular
for the improved management of lighting units using flu-
orescent bulbs and more generally those of the gas dis-
charge type.

[0002] Itis known that this type of bulb, to be switched
on, requires a predetermined ignition voltage and that,
when it has been switched on, after a period of heating
which depends, amongst other things, upon the environ-
ment temperature, the supply voltage can be substan-
tially reduced, still being kept above a predetermined
minimum, which is necessary to avoid the light turn off.
[0003] Itis also known that the light flow of this type of
bulb is not directly proportional to the supply voltage and
to the power taken up and that the maximum lighting
efficiency is obtained in a range of supply voltages lower
than the voltage needed to switch it on.

[0004] Insuch arange the light flow can be regulated,
by varying the supply voltage, to adapt it to the user’s
requirements.

[0005] Finally, itis known that the application of exces-
sive voltages does not give a significant increase in the
light flow and substantially reduce the useful life of the
bulb.

[0006] Therefore, management systems have been
designed which take care of supplying such types of bulb
with a regulated voltage, obtained from the mains, mod-
ulated to carry out the switching on and the heating of
the bulbs in optimal conditions, then reduced and kept
constant, independently from variations in the mains volt-
age, to obtain a predetermined light flow (also variable
in time according to suitable programs) in conditions of
optimal efficiency.

[0007] An example of this type of system is provided
by document EP0753986.

[0008] Basically, in these systems the regulated sup-
ply voltage of the lighting unit is obtained with an au-
totransformer with many taps, selectively connected to
the output one at atime, through switches controlled from
a control and supervision station. Even if the use of solid
state switches has been proposed, for reasons of cost
and of safety the use of electromagnetic relays is gener-
ally preferred.

[0009] The choice of this type of regulation has numer-
ous advantages with respect to alternative solutions, like
the use of variable coupling transformers or completely
electronic regulators, but at the same time brings a plu-
rality of problems to be tackled and solved.

[0010] Firstof all, the fine regulation of the output volt-
age requires, also by exploiting the known expedient of
the reversing device, a high number of taps and of cor-
responding connection relays which it is desirable to re-
duce to the minimum.

[0011] Then the switching of the taps must be able to
take place under load, to avoid the bulbs turn off. There-
fore, by-pass circuits are necessary controlled by further
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relaysto ensure the load supply during the switching tran-
sient of the taps.

[0012] Indeed, it is materially impossible to obtain a
switching with electromagnetic relays which is rapid and
at the same time synchronous with the transition to zero
of the alternating current applied to the load.

[0013] The by-pass circuits must dissipate the mini-
mum power possible and at the same time ensure a volt-
age near to and preferably within the voltages which are
switched, without for this reason requiring the use of a
number of by-pass relays equal to the number of tap
switching relays.

[0014] Finally, to avoid short circuits and at the same
time to ensure the load supply without gaps in voltage/
current it is necessary to verify, with reliable control sys-
tems, the open and closed state of every switching device
before carrying out switching operations which could
cause a short circuit, with catastrophic effects on the ap-
paratus.

[0015] These problems are solved by the system ob-
ject of the present invention as defined in the claims.
[0016] The characteristics and advantages of the
present invention will become clearer from the following
description of a preferred embodiment, with reference to
the attached drawings wherein:

- figure 1is a block diagram of the whole of a system
for the optimised management of a lighting unit and
of equipment comprising many systems;

- figure 2 is a power module circuit diagram for the
system of figure 1;

- figure 3 is a circuit diagram of the detector devices
of the state of the electromagnetic switches of the
power module;

- figure4isan exemplifying diagram of voltage/lighting
which represents a preferred management method
of the lighting in a tunnel with the equipment of figure
1

- figure 5 is an electrical diagram of a preferred em-
bodiment of a photoresistor based brightness sensor
and an auxiliary A/D conversion module for the sys-
tem and equipment of figure 1.

[0017] Withreferencetofigure 1the system essentially
comprises a control unit 1, with a microprocessor, a pow-
er module 2, with power section 2A and control section
2B, and a visualisation and command module 3, with
luminous indicators, display and keyboard.

[0018] Through a manual or remote control switch 4
and a magnetothermic protection switch 5 the alternating
voltage of the mains, in the figures nominally 225 V, is
applied to the system.

[0019] In the control unit 1 an AC/DC power supply
feeder 7, connected to the mains through a transformer
6, supplies the control unit 1 and the control section 2B
(through feed wires 80) with the required stabilised con-
tinuous service voltages (£5V, +12V). The feeding of the
control section is thus subordinated to the prior feeding
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of the control unit 1 which can verify the presence of the
correct service voltage value applied to section 2B before
controlling its intervention.

[0020] The mains voltage, input to the power section
2A, isregulated so as to obtain in output a predetermined
voltage value which is applied to a load z, consisting of
a bulb set, with the closing of an electromagnetic switch
18, controlled by the control unit 1.

[0021] The control unit 1 and the control section 2B
communicate through a channel 8, with serial or parallel
interface.

[0022] According to the switching commands received
from the command module 3, of the room temperature
detected by a sensor 9, and possibly of the external light-
ing conditions detected by a sensor 10 and transferred
to the control unit through an auxiliary module 130, the
control unit 1 instructs the control section 2B so that the
voltage to be applied to the load takes on an appropriate
value, for switching on, heating and maintaining such as
to ensure a predetermined level of lighting, detected by
a sensor 11.

[0023] Forsafetythe differentsensors and the possible
auxiliary module are electrically decoupled from the con-
trol unit, both in terms of the power supply and in terms
of the output signal, transmitted to the control unit 1
through optoelectronic devices 12,13,14.

[0024] The control section 2B, as a function of the ac-
tual mains voltage, measured through a measuring trans-
former 15, and of the desired output voltage value, com-
mands the power section to regulate the output voltage
to the desired value and it controls it by means of a meas-
uring transformer 16 which ensures the necessary feed-
back.

[0025] It also ensures, through a transformer 17, that
the current and therefore the power absorbed does not
exceed predetermined values beyond which it is neces-
sary to activate the ventilation system and, at worst, to
shut down the system. An inner overheating protector,
not illustrated, can also be foreseen.

[0026] Although it is "intelligent", section 2B operates
as a slave to the commands of the control unit 1, to which
all the necessary information is transferred.

[0027] Althoughitis notillustrated in figure 1, itis clear
that the control unit 1 can be, and in general is, also
equipped with communication interfaces (modem and/or
serial ports) to receive commands or transmit data to a
remote supervision centre.

[0028] It must be noted that in regulation systems fed
by a three-phase network three identical power modules
can be present, controlled by a common control unit 1
through the channel 8 (in this case a BUS)or channels
dedicated to and possibly provided with many sensors,
to independently monitor the state of three distinct light-
ing sets.

[0029] For this, as well as the power module 2, two
further modules 102, 103, identical to module 2 and ob-
viously fed by the other two phases of the network, re-
spectively, are represented in figure 1.
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[0030] Other aspects of figure 1 shall be considered
further on.
[0031] Figure 2 represents the structure of the power

module 2A, 2B of figure 1 in greater detail, wherein the
main (even if not exclusive) innovative aspects of the
present invention are actually to be found.

[0032] The power module comprises an inlet au-
totransformer 19 with inlet terminals N (neutral) and F
(phase) to which the mains voltage, for example with a
nominal value of 225 V, is applied.

[0033] The autotransformer is equipped with an output
terminal U to supply a load with a somewhat reduced
nominal voltage equal to about 200 V which defines the
average value of the regulation range in which the output
voltage can be varied.

[0034] Itis also equipped with a first group of M taps
referenced in order as 20,21,22 (four in the represented
preferred embodiment) upon which is available anominal
voltage referred to the neutral feeding potential equal to
0, 15, 30 and 45 V, respectively.

[0035] The autotransformer is further equipped with a
second group of N taps referenced in order as 24, 25,
26, 27 (four in the preferred embodiment) upon which is
available a nominal voltage, referred to the neutral po-
tential, equal to 105,165,225,285V, respectively.

[0036] It should immediately be noted that the voltage
between adjacent taps of the first group is nominally
equal to 15V whereas the voltage between adjacent taps
of the second group, as well as between the tap of the
second group adjacent to the tap of the first group, is
equal to M « 15V, that is 60 nominal volts.

[0037] In other words and more generally, if the taps
ofthefirstgroup are electrically spaced out on the winding
of the autotransformer by K turns, the taps of the second
group are electrically spaced out by M « K turns, as are
the electrically adjacent taps 24 and 23 of the first and
of the second group respectively.

[0038] Itis therefore clear that by selectively connect-
ing a tap of the first group and a tap of the second group,
or else two taps of the first group, to the terminals of a
load of the first group, it is possible to feed the load with
a discreet voltage which can be varied in multiples of
15V, between a minimum of 15 nominal volts and a max-
imum of 285 nominal volts.

[0039] Finally, by connecting the load terminals to the
same tap, and from this point of view it does not matter
which, it is possible to apply a zero voltage to the load.

[0040] Therefore with only M+N taps it is possible to
apply to the load any of M « (N+1) distinct alternate volt-
ages, of which one is zero.

[0041] Itis clear that significant advantages with re-
spect to the known solutions are only provided by M and
N >2 and preferably with M=N.

[0042] In figure 2 the voltages available at the M+N
output taps are selectively connected to the primary 28
of a voltage reducing auxiliary transformer 29, conven-
iently but not necessarily with a turn ratio close to 1/7, by
means of two groups of electromagnetic switches 30, 31
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and through a DPDT (Double Pole Double Throw) relay
32 with the function of reversing switch.

[0043] The secondary 33 of the transformer 29 is con-
nected in series between the output terminal U of the
autotransformer and the switch 18 for connecting to the
load Z.

[0044] Therefore, it is clear that to the load Z can be
applied a base voltage (200 nominal volts present at ter-
minal U) increased or decreased (according to the clos-
ing position of the switch 32) by the voltage induced in
the secondary 33 which varies from 0 to 285/7 V, that is
about 40.7 V, in steps of about 2.1 nominal volts.
[0045] The (nominal) range of variability of the regu-
lated feed voltage of the load thus extends from about
159V to about 241V, which is more than sufficient to en-
sure an effective and regulated output voltage of between
175 and 215V also in the case of variations in the mains
voltage of up to = 10% of the nominal voltage.

[0046] The first group 30 of electromagnetic switches,
ofthe SPDT type, comprises M (M=4) relays 34,35,36,37
with the common pole connected to the sockets
20,21,22,23 respectively of the first group and the nor-
mally open contact(that is with the relay de-energised)
collectively connected to a pair of contacts of the revers-
ing switch 32.

[0047] The second group 31 of electromagnetic
switches, of the SPDT type, comprises N+1 (N=4) relays,
38,39,40,41,42 with the common pole connected to the
sockets 27,26,25,24 respectively, of the first group and
tothe socket 23 of the second group and with the normally
open contact collectively connected to the other pair of
contacts of the switch 32.

[0048] Obviously only one relay at a time of each of
the two groups must be energised into closing to avoid
the short circuit of a part of the autotransformer and the
switching closed of any one of the relays must take place
only when it is certain that the other relays of the same
group, therefore all of those in the same group, are open.
[0049] Lateronwe shall see howthis problemis solved
in an innovative manner.

[0050] Here, to conclude the description of figure 2, it
should be observed that to ensure the supply continuity
of the load and at the same time to avoid short-circuiting,
it is necessary to foresee by-pass devices and circuits.
[0051] Advantageously, the number of these circuits
is less than the number of relays of each group: for the
first group these consist of a single by-pass circuit, con-
sisting of a relay 43 with the common pole connected to
an intermediate tap 22 of the first group of tap and the
contact which is normally open connected to the output
node of the first group of relays through a current-limiting
resistor 44.

[0052] For the second group of relays are foreseen,
on the other hand, with rounding off in defect to the near-
est integral number, (N+1)/2 by-pass circuits (thus in the
figures 2 circuits) with the common pole respectively con-
nected to taps of the second group separated by one tap,
infigure 2 the intermediate tap 26,24, and with the contact
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which is normally open connected to the output node of
the second group of relays through a common current-
limiting resistor 47.

[0053] The value of the limiting resistors is suitably
chosen to limit both the circulating current to acceptable
values when a by-pass circuit is closed together with a
relay of the corresponding group, and the voltage drop
on the resistor, when the only by-pass circuit is closed
and crossed by the feed current of the primary winding
of the transformer 29 (which in the example described is
a function of the load current in the ratio 1/7).

[0054] Therefore, for example, if the maximum current
foreseen in the primary 28 is 4A the resistor 47 can in-
dicatively have a value of 20Q and the resistor 44 a value
of 10Q.

[0055] In addition the by-pass relays 43,45,46, which
collectively constitute a third group 73 of relays, a further
relay 48, which is normally open, is foreseen to short
circuit the primary winding 28 of the transformer when
the inverter switch is activated.

[0056] The inverter switch is activated when the volt-
age applied to the primary 28 is zero, that is when the
relays 37 and 42 are closed and consequently the primary
is in short circuit. In this condition the primary 28 and the
secondary 33 reverse their roles: the transformer is fed
with current through the winding 33 which functions as a
primary. Since the winding 28, which functions as a sec-
ondary, is in short circuit, the drop in voltage on the wind-
ing 33 is negligible (due only to resistance and dispersion
reactance).

[0057] If, however, the winding 28 is open, as happens
during the course of the switching of the relay 32 (unless
a mechanically polarised relay is foreseen which closes
before opening and which is intrinsically slow and not
very reliable) the transformer 29 behaves like an idle
transformer, fed with current, thatis as a reactance which
introduces, as a function of the feed current, a high and
unacceptable drop in voltage, at most limited by the sat-
uration of the magnetic core, which significantly reduces
the voltage applied to the load.

[0058] It is, therefore, appropriate that during the
course of the switching of the inversion relay 32 the short
circuit of the winding 28 be ensured.

[0059] Having described the structure of the power
module one can immediately understand its function, as
it is commanded by the control section 2B which com-
prises a microprocessor 49 with relative memory, driving
circuits of the different relays and communication port
with the control unit 1 (Fig. 1).

[0060] To start up the system the control unit 1 firstly
asks for a predetermined voltage to be supplied in output.
[0061] The control section 2B, after having measured
the actual mains voltage available, determines, upon the
basis of stored information, which of the relays of the first
and of the second group must be closed and the position
which the switch 32 must be in to obtain the desired volt-
age in output. Therefore, it commands their closing with
a possible switching of the relay 32.



7 EP 1452 076 B1 8

[0062] Allofthese operations are carried outatnoload,
preferably but not necessarily in sequence.

[0063] Through the closing of a pair of relays, at the
output of the power section a voltage is made available
which is measured and compared to the desired one.
[0064] Ifthedifferentialislessthanacertainvalue (also
programmable) it is indicated to the control unit 1 that it
can proceed to the connection of the load with the closing
of the switch 18. Otherwise it is necessary to modify the
output value, in general with just the opening of a relay
of the first group and the subsequent closing of another
relay of the same group.

[0065] For this adjustment, even if it is carried out at
no load, a rigorous ordering must be respected between
the opening of the first switch and the closing of the sec-
ond. In other words the control section 2B must verify,
by means of circuits discussed later on, that the first
switch is actually open before putting the second relay
into closed state.

[0066] The same condition must be verified also in the
case where itis necessary to open (even simultaneously)
both a switch of the first group and of the second. The
closing of the switches which replace the first in closed
state must take place subsequently. This is necessary
to avoid the short-circuiting of portions of the autotrans-
former’s windings.

[0067] More complex is the procedure to be followed
to modify the output voltage under load, that is when the
switch 18 is closed, both to keep the output voltage con-
stant as the mains voltage varies, as well as to obtain in
output a voltage which can vary according to a predeter-
mined time profile established by the control unit 1 (igni-
tion ramp, heating voltage, voltage reduction ramp, main-
tenance voltage).

[0068] In this case, before opening a relay, either of
the first or of the second group, it is necessary to close
a by-pass circuit, to make sure that the by-pass circuit is
closed and, only after having carried out this check, to
open the relay. After having checked that the relay to be
opened is actually open one can proceed to the closing
of the relay which must replace in closed position the one
just opened. Finally, the by-pass circuit can only be
opened after having checked that the relay already
moved closed is actually closed.

[0069] The same procedure must be repeated, in se-
guence and after the first, in the case that to regulate the
voltage to the desired value it is necessary to switch a
relay both of the first and of the second group.

[0070] The procedure to be followed for the activation
of the reversing switch 32 is entirely analogous.

[0071] Firstly, it is necessary to move closed the two
relays 42,37, if they were not already closed, respecting
the procedure already seen and to check that they are
closed.

[0072] In this condition the voltage set for the primary
28 is zero. It is necessary to then move closed the short
circuit relay 48 and preferably, even if not necessarily,
check the state thereof.
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[0073] Indeed, since the short circuit relay switches to
a zero voltage between the contacts, there is no risk of
electric arcs which could damage the contacts and
cause, by welding, the jamming of the relay.

[0074] With the short circuit relay closed it is then pos-
sible to actuate the inverter switch 32 and finally to reopen
the short circuit relay.

[0075] Also this opening switching takes place with ze-
ro voltage between the contacts and the current is
switched onto the parallel short circuit path formed by
the relays 37,42, which are closed, therefore without the
development of an electric arc.

[0076] In this condition, with the procedures already
seen it is then possible to establish a non -zero voltage
in the primary 28 with the opening of one or other of the
switches 37,42 or of both, and the closing of correspond-
ing switches of the first and/or second group, taking care
to activate the necessary by-pass circuits.

[0077] It is therefore clear, keeping in mind that the
switching time of an electromagnetic relay is in the order
of 10 ms, that switching procedures where a load is
present require a non-negligible time, no less than 40 ms
and than 80 ms when the switching of two relays of the
first and of the second group is necessary.

[0078] In the absence of a check on the state of the
relay, this time, for safety and to take account of the in-
evitable dispersions of the switching times, must neces-
sarily be increased, separating the different operations
in time, increasing the intervention times of the by-pass
circuits and consequently the amount of energy dissipat-
ed and the duration of the voltage transients, reducing
the regulation speed.

[0079] Itis, therefore, desirable to have control circuits
which allow the execution time of the procedures to be
reduced to the minimum and which rapidly provide infor-
mation that the different switching operations command-
ed have actually taken place.

[0080] Thisis even more important since, whereas the
contacts of the inverter switch and of the short circuit
relay open and close without the development of electri-
cal arcs, the contacts of the other relays switch under a
load, which isinductive what's more, with a non-zero volt-
age between the open contacts and consequently with
the development of electrical arcs which can cause the
welding and the jamming of the contacts which no longer
obey the electromagnetic command of the relay.

[0081] From this point of view, more than desirable, it
is mandatory to foresee control systems which provide
the directinformation of the contact switching having tak-
en place, not mediated by the behaviour of auxiliary con-
tacts, the behaviour of which does not necessarily reflect
that of the contacts which must be monitored.

[0082] Inthis manner itis possible to avoid that a relay
failure has catastrophic effects, timely blocking the fur-
ther development of the switching procedures upon the
first detection of the failure, carrying out attempts at re-
peating the command and, after a suitable number of
attempts, for example three, having checked that the de-
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fect is permanent, definitively blocking the operation and
indicating the failure.

[0083] Figure 3 shows a preferred embodiment of the
circuits for checking the open/closed state of the switch
contacts.

[0084] Firstly, let us consider the second group 31 of
electromagnetic  switches, comprising  switches
38,39,40,41,42, with the common pole connected to the
autotransformer tap at which there is the nominal voltage
of 285,225,165,105 and 45V respectively.

[0085] The contacts which are normally closed or in-
active of the two switches 38,39 are connected to the
inputs of a detector circuit 50 which provides in output a
logic signal 1 asserted (for example a voltage of about
5V) when both of the switches are in rest position and a
logic signal 0 when even only one of the switches 38,39
is switched with the common pole closing on the active
pole.

[0086] The structure of the detector circuit is very sim-
ple and comprises a rectifying bridge 51 connected to
the inactive poles, which are normally closed, of relays
38,39, through a resistor 52 of a suitable value. The
bridge feeds, in voltage rectified and filtered by a capac-
itor 72, through a second resistor 53, the light emitting
diode of an optoelectronic coupler 54 whose phototran-
sistor, connected between a suitable voltage (+5V) and
ground, with a suitable resistance 55 in series with the
emitter, imposes at the output, connected to the node
between emitter and resistor 55, a logic signal 1 when
the detector circuit is fed (that is, the switches 38,39 are
both switched to open the active pole and to close the
inactive pole) and a logic signal 0 when even only one
of the switches is switched to close onto the active pole
and therefore the detector circuit is not powered.

[0087] The value of the resistor 53 and of the capacitor
72 is chosen so that the time constant RC of the circuit
has a predetermined value, in the order of 5ms.

[0088] The value of the resistor 52, in relation to that
of the resistor 53 is chosen according to the feed voltage
(in our case 60 nominal volts being the effective value)
so that the light emitting diode is energised with a suitable
current, for example 10mA.

[0089] Identical to that described is the structure of the
detector circuit 56, with two inputs respectively connect-
ed to the inactive pole of the switches 40,41. The detector
56 recognises the open state (level 1 as output) of both
of the switches or the closed state (level 0 as output) of
even only one of the switches.

[0090] Substantially identical is also the structure of
the detector circuit 57, with the only difference in the (low-
er) value of the resistor 52 within the circuit, to take ac-
count of the fact that the circuit has inputs connected
respectively to the inactive pole of the switch 42 and to
the tap with a nominal voltage of 30V so as to be fed
(when the switch 42 is open) with a voltage of 15V.
[0091] This circuit reveals the open or closed state of
the only switch 42.

[0092] The outputs of the detector circuits 50,56,57 are
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connected to the inputs of a NAND gate 58 which outputs
a logic signal 0 when all of the switches of the first group
31 are open and a logic signal 1 when one of the group
switches is closed. Since only one of the group switches
can and must be closed at once (otherwise a short circuit
forms) the information in output from the gate 58 and
applied in input to the microprocessor 49 (Fig.2) is ade-
guate to check the open/closed state of the switches and
to verify if a switch (activated one at a time) has correctly
responded to the closing and opening commands.
[0093] Incidentally, it is suitable to note that to achieve
maximum safety, the commands to close the switches
of the same group are obtained by decoding a binary
code, so as to rule out any possibility of commanding
more than one switch of the same group to close simul-
taneously, due to an error or to a failure developed up-
stream of the decoder.

[0094] The information received from the microproc-
essor is not just adequate but is also rapid.

[0095] Indeed, when a switch is closed, the feeding of
the detector circuit, which corresponds to the input signal,
switches as soon as the inactive contact opens and be-
fore the closing onto the active pole takes place. The time
constant of the detector circuit replaces the flight and
bounce time of the mobile armature and ensures that the
closing signal is received when the switching is definitely
taking place and is about to be completed, without sig-
nificant delays. In the same way, when the switch is
opened, the detector circuit is supplied with current as
soon as the common pole closes on the inactive contact
and the switching has definitely taken place.

[0096] Therefore, it is not at all necessary to take ac-
count of the response time of the relay and of the possible
dispersions thereof.

[0097] Totally identical to the structure of the detector
circuit 57 is the structure of the detector circuits 59,60
with inputs connected to the inactive poles of the relays
37,36 and 35,34 respectively and outputs connected to
the inputs of a NAND gate 61.

[0098] The NAND gate 61, like the gate 58, has in out-
put a logic signal 0 when all of the relays of the group 30
are de-energised, thus open, and a logic signal 1 when
one of the relays responds correctly to an energise com-
mand, closing itself.

[0099] Totally similar to the previous ones is the struc-
ture of the detector circuits 62, 63 which respectively
monitor the state of the by-pass relays 45,46 and the
state of the by-pass relay 43.

[0100] In particular circuit 63 is identical to circuit 57
already described, receiving in input a voltage of 15V,
and circuit 62, receiving in input a voltage of 120V, differs
from circuit 50 only for the fact that it has a higher value
of the internal resistance 52.

[0101] The outputs of circuits 62,63, arranged in logic
NAND from gate 64, provide a logic signal 0 when all of
the by-pass circuits are open and a logic signal 1 when
one of the by-pass circuits is closed.

[0102] Although it is not indispensable, it is also pos-
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sible to foresee a circuit 65 to detect the open or closed
state of the short circuit switch 48.

[0103] The structure of the detector circuit 65, a dia-
gram of which is shown in the figures, is similar to that
of circuit 50 and differs from the latter only because the
former foresees, as well as the inversion of the output
signal (obtained with the grounding of the phototransistor
emitter and the connection of the output to the collector),
a Zener diode 66 in parallel with the capacitor 52. The
Zener diode limits the current injected into the light emit-
ting diode.

[0104] Indeed, inthis case the voltage applied in input,
according to the different working conditions of the reg-
ulation system, can vary from 0 to 165V (a voltage of
165V is applied to one input and a variable voltage from
0 to 285V is applied to the other).

[0105] It should immediately be noted that the re-
sponse of circuit 65 is ambiguous: the outlet signal de-
pends not just upon the open or closed state of switch
48 but also on the input voltage which can be 0 or so low
(15-+45V) as not to lead to the energising of the optoe-
lectronic device.

[0106] The ambiguity can be solved remembering that
the short circuit relay can and must be moved closed only
when switches 42 and 37 are both closed and the voltage
of 45V referring to the neutral is applied to both of the
poles of the inverter switch 32.

[0107] In this condition the circuit receives in input a
voltage of 120V, which is more than adequate.

[0108] This condition can be taken account of directly
by the microprocessor 49 (which knows when switches
42 and 37 are closed because it is the microprocessor
itself which commands its closing) and in this case the
output of circuit 64 can be connected to an input gate of
the microprocessor.

[0109] Yet more advantageously, as represented in
figure 3, it is possible to connect the output of circuit 65
to an input of NAND gate 64, with the intermediary of a
NAND gate 67 with a masking function.

[0110] Twosignals CL42and CL37 (available in output
from the microprocessor 49) which close the two switch-
es 42 and 47 are applied to two inputs of NAND gate 67.
[0111] The state 1 present at the output of circuit 65 is
transferred (with inversion) to the input of NAND 64, only
if CL42 and CL37 are at 1. Otherwise NAND gate 67
applies the logic signal 1 in input to gate 64 and masks
the ambiguous states of the detector circuit 65.

[0112] Itmustalso be noted thatthe closing of the short
circuit relay does not take place at the same time as the
intervention of the by-pass relays, for which reason the
information in output from the NAND gate 64 can be in-
terpreted without any ambiguity and referring to the par-
ticular relay which is activated from time to time.

[0113] In conclusion, with the described detector cir-
cuits it is possible to recognise the switching of all of the
switches of the power section, detecting it directly on the
contacts, in a reliable and rapid manner, without delays
to ensure a safety margin for dispersions in behaviour.
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[0114] Only the behaviour of the reversing switch 32
cannot be monitored with detector circuits of the type
described because at the intervention step all of the con-
tacts have the same potential.

[0115] This does not constitute a problem because the
lack of switching does not carry the risk of catastrophic
failures and ends up with the impossibility of obtaining
the desired variation of the output voltage.

[0116] It is therefore possible to detect the non-oper-
ation of the switch, straight afterwards, by simply verifying
if the variation in voltage which comes about from an
immediately subsequent procedure of switching the
group relays is in the desired direction or else the oppo-
site direction.

[0117] In the previous description the optimised man-
agement system was essentially considered as a voltage
regulation system.

[0118] From this point of view the system described,
thanks to the fineness of regulation which is allowed (fur-
thermore capable of being incremented even only slightly
increasing the number of taps of the autotransformer and
the corresponding number of relays) and thanks to the
speed of response, can be conveniently used as a volt-
age stabiliser for the feeding of whatever type of load, as
well as a programmable voltage regulator for feeding
whatever type of load, the voltage of which must be reg-
ulated and possibly modified for whatever reason (for
example for "margining" operations in a laboratory or to
regulate the speed of motors fed in alternating current,
replacing TRIAC partialising devices which do not allow
the mains voltage to be increased and in particular have
the serious drawback of introducing high width harmonics
in the developed waveform.

[0119] However, it is clear, as has been highlighted,
that the described system can also operate as a bright-
ness regulator, keeping in mind that the light emission is
to a great extent dependent upon the feed voltage of the
bulbs and the brightness of an environment also depends
upon the possible variable light contribution coming from
the outside. Therefore, adirect relationship between feed
voltage and brightness of the room does not exist.
[0120] For this purpose it is sufficient to foresee a
brightness sensor 11 (Fig.1) and to slave the operation
of the system to the signal emitted by the sensor, con-
veniently converted into digital form and compared with
a desired brightness value.

[0121] The brightness sensor can also carry out a twi-
light function and the system can be programmed, obvi-
ously with suitable hysterisis, to switch on a light bulb
when the brightness falls below a certain level, to keep
the lighting at a desired level, in case variable according
to time bands, and to switch off the light bulb if the bright-
ness goes above another predetermined level.

[0122] A specific application of this type consists of the
regulation of lighting in tunnels.

[0123] Itis known that current lighting units for tunnels
can consist of a line which is always switched on, known
as "permanent” lighting, of a second low consumption
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line which is always switched on even in the case of a
power cut since it is fed from UPS (Uninterrupted Power
Supply), known as tracing, and of a certain number of
intensifying circuits (generally from 1 to 3, according to
the length of the tunnel) which switch on or off in relation
to the brightness outside, to reduce glaring effects when
leaving the tunnel and to allow the gradual adaptation to
the lighting inside upon entering.

[0124] This solution offers only four brightness values
and cannot adapt to all the intermediate conditions.
[0125] The system which has been described, appro-
priately replicated to constitute a piece of equipment, also
effectively solves this problem and allows the brightness
to be regulated gradually, with a high resolution, by con-
trolling the selective intervention of the intensifying cir-
cuits according to the brightness outside.

[0126] To better understand this aspect it is suitable
to refer to figure 1.

[0127] In figure 1, as well as the base system which
has been described, hereafter known as unit. A, two other
units B and C, identical to the previous one, are present.
[0128] For simple reasons of constructive modularity
and of programming, units B and C are each equipped,
like unit A, with a central unit, such as 1, with at least one
power module, such as 2, and with a keyboard, such as
3, so as to be able to be programmed individually in a
coordinated manner.

[0129] However, it is obvious that a single keyboard,
with a bus connection, represented by the dashed line
104 can be used to program the operation of the three
units.

[0130] The element common to the three units which
completes the equipment consists of an auxiliary module
130 and of a brightness sensor 10 which, through the
auxiliary module 130, sends a binary code, representing
the level of brightness outside, to the three units on re-
spective opto-insulated serial ports.

[0131] It should be noted that, in place of the bus 104
and of a keyboard dedicated to each unit A, B and C the
auxiliary module 130 could allow the exchange of infor-
mation between the different units A, B, C and the pro-
gramming thereof with a single keyboard.

[0132] Unit A can be programmed to manage the per-
manent line, unit B to manage the intensifying line or lines
and unit C to manage the tracing line, all according to
the brightness outside, measured with a single sensor 10.
[0133] Figure 4 represents in a voltage V/external
brightness level L qualitative diagram, a preferred form
of regulation of the voltage for the different lighting lines.
[0134] For external brightness values less than L1
units A and C supply to the permanent line (P) and to the
tracing line (T) a feed voltage which increases with the
external brightness. The voltage can be different for the
two lines but, for clearness of representation it is repre-
sented as equal.

[0135] Whenthe external brightnessis greaterthan L1
unit B activates the feed of a first intensifying line RNF1,
whereas the feed of the permanent line and of the tracing
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remain unchanged, as represented in the figures. If so
desired, for very long tunnels or for particular require-
ments the feed voltage of the permanent and tracing lines
could also be reduced and subsequently incremented.
[0136] Itis clear that initially the voltage necessary for
switching on and heating is applied to the intensifying
line, said voltage then being reduced to a suitable value.
[0137] As the brightness outside increases, the feed
voltage of the intensifying line is increased from L1 and
L2.

[0138] When the external brightness is greater than
L2, with the same criterion, the second intensifying line
RNF2 is activated and the feed voltage of the other in-
tensifying line is reduced.

[0139] Finally, if the external brightness is greater than
L3, the third intensifying line RNF3, if present, is activated
with the same criteria.

[0140] The same criteria is followed, with a suitable
hysterisis, to reduce and remove the feed to the intensi-
fying lines, in the case of reduction of external brightness.
[0141] Basically, at the entrance and at the exit of the
tunnel a lighting LTOT which can be varied gradually,
without substantial discontinuities, with the level of bright-
ness outside L, is obtained.

[0142] To achieve a precise regulation of brightness,
according to one aspect of the present invention and un-
like prior art systems which use photovoltaic cells and
expensive equipment, the system object of the present
invention uses a photoresistor, which is more cost-effec-
tive, more reliable and, being appropriately driven, allows
greater precision of measurement and of regulation in all
possible ranges of brightness.

[0143] Figure 5 schematically represents the bright-
ness measuring apparatus adopted.

[0144] A photoresistor 10, remote from the regulation
system, is connected to the auxiliary module 130 with a
screened cable 78 which protects itto a large extent from
disturbances and atmospheric discharges.

[0145] The photoresistor 10, in parallel with a resistor
70 and in series with a resistor 71 which functions as a
voltage divider, is fed by a continuous regulated and con-
stant voltage of -5V.

[0146] The node which is common to the photoresistor
and to the resistor 71 is connected to the inverting input
of an operational amplifier 74, with suitable feedback pro-
vided by a trimming resistor 75, to ensure a predeter-
mined gain.

[0147] Two diodes 72,73 connected between the in-
verting input and voltages of +5V and -5V respectively,
ensure the protection of the amplifier against overvoltag-
es taken on through the input cable 78.

[0148] Not-shown capacitors, in a known way, filter the
transient noise and cutting the frequency response of the
amplifier.

[0149] The output of the amplifier 74 is connected to
an analogic input port of an integrated circuit for the ac-
quisition and A/D conversion of signals which circuit out-
puts, on three serial ports, and sends to units A,B,C a
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binary code representing the input signal, in turn repre-
senting the resistance of the photoresistor 10 and, fun-
damentally, the measured level of brightness outside.
[0150] Through serial input ports, not illustrated, the
circuit can be programmed, to assign and characterise
the ports with which it is equipped as analogue or digital
input ports.

[0151] Other aspects of the integrated circuit are not
essential.

[0152] The auxiliary module 130 is fed by an AC/DC
power supply 79, connected to the output of the trans-
former 6 (Fig.1) and buffered by a battery 77 which en-
sures the powering of the module even when there is a
main shut down. The power supply 79 supplies the nec-
essary continuous feed voltages to the module.

[0153] In this way all of the functions necessary for
acquiring the brightness value, which is indispensable
forthe control of the lighting of tunnels and more generally
of units dependent upon conditions of brightness outside
are gathered in an auxiliary module and do not burden
the cost of the base system which in many cases must
only operate as a programmable voltage stabiliser or reg-
ulator.

[0154] In relation to the use of the described system
for the optimised management of a lighting unit of the
gas discharge type it is interesting to note a special func-
tion, capable of being achieved with the system, consist-
ing of testing the unit to identify bulbs which are defective
and/or nearly run out.

[0155] Itis known that when a gas discharge bulb has
nearly reached the end of its useful life, it finds it difficult
to keep its switched on state and is particularly sensitive
to rapid reductions in the feed voltage up to a minimum
necessary value, to remain switched on.

[0156] The described system, indeed, allows these
rapid variations in voltage to be obtained through a com-
mand made manually from keyboard 3 (fig.1).

[0157] Indeed, it is possible to command a switching
on and warming up sequence, and with this having been
carried out a rapid reduction in the maintenance voltage
can be commanded, in quick succession switching the
relays of the second group (31, Fig. 2) so as to impose
relatively wide variations in voltage, in the described ex-
ample in the order of 8.4V without passing through the
selective activation of the relays of the first group.
[0158] This operation can be carried out in a very brief
space of time, in the order of 100 ms, and it can be fol-
lowed, in an equivalent time, by the restoration of the
normal switching on conditions.

[0159] As aresult of this rapid voltage variation, which
substantially consists of a margining operation during the
course of the exercise, the bulbs which are defective
and/or nearly run out remain switched off.

[0160] This allows the programmed replacement, fol-
lowing the testing operation or even at an appropriate
subsequent time, of all of the bulbs which are defective
and/or have nearly run out.

[0161] In this way the number of necessary mainte-
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nance operations is reduced, to the great advantage of
the operative state of the equipment in the cases in which
it is intended to operate in continuous duty.

[0162] The previous description refers to a preferred
embodiment of a system for the optimised management
of lighting units and it is clear that many variants, in ad-
dition to those already indicated, can be made.

[0163] For example, the different switching relays can
all be individually equipped with a switch detecting circuit,
asisthe case for relays 57 and 63 of figure 3, with outputs
of the detector circuits arranged by groups in logic NAND
or else connected directly to corresponding ports of the
microprocessor, or even connected to a reduced number
of ports and at the extreme to only one, through a multi-
plexer.

Claims

1. Programmable voltage stabiliser and regulator sys-
tem, in particular for the optimised management of
a load (2), consisting of bulbs of the gas discharge
type, comprising a control unit (1), sensors of the
mains voltage (15) and of the regulated output volt-
age (16), and a power module (2A,2B) with au-
totransformer with a plurality of taps (20,21,...27),
selectively connected to the inputs of the primary
winding (28) of an auxiliary transformer (29), having
the secondary (33) in series with the load (Z), through
a plurality of electromagnetic relays and with the in-
terposition of an inverter switch (32), characterised
in that:

said autotransformer is equipped with a first
group of M ordered taps (20,21,22,23), where
M>2, spaced apart by K turns, and with a second
group of N ordered taps (24,25,26,27), where
N>2, spaced apart by K « M turns, the tap (23)
of the first group and that (24) of the second
group which are electrically closestto each other
being spaced apart by K « M turns,

and in that said plurality of electromagnetic re-
lays comprises a first group (30) of M relays,
with a common output node, for the selective
connection, one at atime, of the taps of said first
group to a terminal of said primary winding (28)
of said auxiliary transformer, and a second
group (31) of N+1 relays, with a common output
node, for the selective connection to the other
terminal of said primary (28) ; one at a time, of
the taps of said second group and of the tap of
the first group which is electrically closest to
those of the second group.

2. System according to claim 1 wherein M=4 and N=4.

3. System according to claim 1 or 2 comprising only
one first resistive by-pass route (43,44) of said first
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group of relays (30), controlled by a first electromag-
netic by-pass relay (43), to connect an intermediate
tap of the first group of taps to the common output
node of the relays of said first group (30), and at least
one second resistive by-pass route (45,46,47) of said
second group of relays (31), controlled by a second
electromagnetic by-pass relay (45,46), to connect at
least one intermediate tap of the second group to
the common output node of the relays of said second
group of relays (31) .

System according to claim 3 comprising:

- afirstgroup of circuit means (59, 60) connected
to the normally open inactive pole of each of the
relays of said first group (30) to detect the open/
closed state of said relays and to produce in out-
put corresponding signals,

- a second group of circuit means (50,56,57)
connected to the normally open inactive pole of
each of the relays of said second group (31) to
detect the open/closed state of said relays and
to produce in output a corresponding signal, and
- a third group of circuit means (62,63) connect-
ed to the normally open inactive pole of each of
the by-pass relays of said third group (73) to
detect the open/closed state of said by-pass re-
lays and to produce in output a corresponding
signal.

System according to claim 4 wherein said circuit
means comprises an optoelectronic device for elec-
trically insulating the output from the input connec-
tions.

System according to claim 4 or 5 comprising a first
(58), second (61) and third (64) logic gate which re-
ceive in input the output signals of said first, second
and third group of circuit means, respectively, and
produce in output, for each group of relays respec-
tively, a signal representing the open state of all of
the relays of the group, or the closed state of at least
one of the relays of the group.

System according to claim 4,5 or 6 comprising a short
circuit relay (48) of said primary (28) of the auxiliary
transformer, and circuit means (65) connected to the
normally open inactive pole of said short circuit relay
to detect the open/closed state of said relay and to
produce in output a corresponding signal.

System accordingto claim 4,5,6 or 7 comprising logic
control means (49) receiving in input said signals
representing the open/closed state of said relays of
the first, second and third group, to subordinate, for
each group, the closing of one of the relays to the
prior detection of the open state of all of the relays
of the group, to subordinate the opening of one of
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the relays of the first or second group to the prior
detection of the effective closing of a corresponding
by-pass relay, and to subordinate the opening of said
corresponding by-pass relay to the detection of the
effective closing of a relay of the first or second

group.

System according to any one of the previous claims
comprising a photoresistor (10) and an auxiliary
module to convert the variations in resistance of said
photoresistor into a binary code sent to said control
unit (1).

Equipmentfor the regulation of the lighting in tunnels,
characterised by the use of at least one program-
mable voltage stabiliser and regulator system ac-
cording to any one of claims from 1 to 9.

Method for testing a bulb unit characterised by the
use of at least one programmable voltage stabiliser
and regulator system according to any one of claims
from 1 to 9, said method consisting of performing a
rapid reduction in the feed voltage with the selective
closing of only the relays of said second group (31).

Patentanspriiche

1.

Programmierbares Spannungsstabilisator- und Re-
gelungssystem insbesondere fir die optimierte Ver-
waltung einer Last (Z), die aus Gasentladungs-
lampen besteht, umfassend: eine Steuereinheit (1),
Sensoren der Netzspannung (15) und der geregel-
ten Ausgangsspannung (16) und ein Leistungsmo-
dul (2A, 2B) mit Spartransformator mit einer Vielzahl
an Abgriffen (20, 21,..., 27), diewahlweise durch eine
Vielzahl an elektromagnetischen Relais und mit Zwi-
schenschaltung eines Inverterschalters (32) mit den
Eingéangen der Primarwicklung (28) eines Zusatz-
transformators (29) verbunden sind, wobei sich die
Sekundarwicklung in Reihe mit der Last (Z) befindet,
dadurch gekennzeichnet, dass:

der Zusatztransformator mit einer ersten Grup-
pe von M geordneten Abgriffen (20, 21, 22, 23),
ausgestattet ist, wobei M > 2, die einzeln einen
Abstand von K Windungen aufweisen, und mit
einer zweiten Gruppe von N geordneten Abgrif-
fen (24, 25, 26, 27), wobei N > 2, die einzeln
einen Abstand von K-M Windungen aufweisen,
wobei der Abgriff (23) der ersten Gruppe und
jener (24) der zweiten Gruppe, die einander
elektrisch am nachsten sind, einzeln einen Ab-
stand von K-M Windungen aufweisen, und

die Vielzahl an elektromagnetischen Relais eine
erste Gruppe (30) von M Relais mit einem ge-
meinsamen Ausgangsknoten fir die gezielte
Verbindung der Abgriffe der ersten Gruppe zu
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einem Anschluss der Primarwicklung (28) des
Zusatztransformators und eine zweite Gruppe
(31) von N+1 Relais mit einem gemeinsamen
Ausgangsknotenfir die gezielte Verbindung der
Abgriffe der zweiten Gruppe und des Abgriffs
der ersten Gruppe, der jenen der zweiten Grup-
pe elektrisch am nachsten ist, zu dem anderen
Anschluss der Priméarwicklung (28) umfasst.

System gemaf Anspruch 1, worin M =4 und N = 4.

System gemal Anspruch 1 oder 2, umfassend le-
diglich einen ersten ohmschen Uberbriickungs-
zweig (43, 44) der ersten Relaisgruppe (30), der
durch ein erstes elektromagnetisches Uberbriik-
kungsrelais (43) gesteuertwird, um einen Zwischen-
abgriff der ersten Abgriffsgruppe mit dem gemein-
samen Ausgangsknoten der Relais der ersten Grup-
pe (30) zu verbinden und wenigstens einen zweiten
ohmschen Uberbriickungszweig (45, 46, 47) der
zweiten Relaisgruppe (31), der durch ein zweites
elektromagnetisches Uberbriickungsrelais (45, 46)
gesteuert wird, um wenigstens einen Zwischenab-
griff der zweiten Gruppe mit dem gemeinsamen Aus-
gangsknoten der Relais der zweiten Relaisgruppe
(31) zu verbinden.

System gemal Anspruch 3, umfassend:

- eine erste Gruppe Schaltungsmittel (59, 60),
die mit dem gewdhnlich offenen inaktiven Pol
jedes Relais der ersten Gruppe (30) verbunden
ist, um den Gedffnet-/Geschlossen-Zustand der
Relais zu erkennen und am Ausgang entspre-
chende Signale zu erzeugen,

- eine zweite Gruppe Schaltungsmittel (50, 56,
57), die mit dem gewdhnlich offenen inaktiven
Pol jedes Relais der zweiten Gruppe (31) ver-
bunden ist, um den Gedffnet-/Geschlossen-Zu-
stand der Relais zu erkennen und am Ausgang
ein entsprechendes Signal zu erzeugen, und

- eine dritte Gruppe Schaltungsmittel (62, 63),
die mit dem gewdhnlich offenen inaktiven Pol
jedes Uberbriickungsrelais der dritten Gruppe
(73) verbunden ist, um den Geoffnet-/Geschlos-
sen-Zustand der Uberbriikkungsrelais zu erken-
nen und am Ausgang ein entsprechendes Si-
gnal zu erzeugen.

System gemaR Anspruch 4, worin das Schaltungs-
mittel eine optoelektronische Vorrichtung umfasst,
um die Ausgangsverbindungen galvanisch von den
Eingangsverbindungen zu trennen.

System gemal Anspruch 4 oder 5, umfassend ein
erstes (58), zweites (61) und drittes (64) Logikgatter,
die am Eingang die Ausgangssignale der ersten,
zweiten bzw. dritten Gruppe Schaltungsmittel erhal-
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ten und am Ausgang fur jede Relaisgruppe jeweils
ein Signal erzeugen, das den Gedffnet-Zustand aller
Relais der Gruppe oder den Geschlossen-Zustand
wenigstens eines Relais der Gruppe darstellt.

System gemaf Anspruch 4, 5 oder 6, umfassend ein
Kurzschlussrelais (48) der Priméarwicklung (28) des
Zusatztransformators und ein Schaltungsmittel (65),
das mit dem gewdhnlich offenen inaktiven Pol des
Kurzschlussrelais verbunden ist, um den Geoffnet-/
Geschlossen-Zustand des Relais zu erkennen und
am Ausgang ein entsprechendes Signal zu erzeu-
gen.

System gemal Anspruch 4, 5, 6 oder 7, umfassend
ein Logiksteuermittel (49), das am Eingang die Si-
gnale erhalt, die den Gedffnet-/Geschlossen-Zu-
stand der Relais der ersten, zweiten und dritten
Gruppe darstellen, um fur jede Gruppe das Schlie-
Ren eines Relais hinter die vorherige Erkennung des
Gedffnet-Zustands aller Relais der Gruppe zurtick-
zustellen, um das Offnen eines Relais der ersten
oder zweiten Gruppe hinter die vorherige Erkennung
destatsachlichen Schlieens eines entsprechenden
Uberbriickungsrelais zuriickzustellen, und um das
Offnen des entsprechenden Uberbriickungsrelais
hinter die Erkennung des tatsachlichen SchlieRens
eines Relais der ersten oder zweiten Gruppe zuriick-
zustellen.

System gemal einem der vorangehenden Anspri-
che, umfassend einen Fotowiderstand (10) und ein
Zusatzmodul, um die Widerstandsanderungen des
Fotowiderstands in einen Bindrcode umzuwandeln,
der an die Steuereinheit (1) gesendet wird.

Anlage zur Beleuchtungsregelung in Tunneln, die
durch die Verwendung wenigstens eines program-
mierbaren Spannungsstabilisator- und Regelungs-
systems gemaR einem der Anspriiche 1 bis 9 ge-
kennzeichnet ist.

Verfahren zur Prufung einer Lampeneinheit, das
durch die Verwendung wenigstens eines program-
mierbaren Spannungsstabilisator- und Regelungs-
systems gemalR einem der Anspriiche 1 bis 9 ge-
kennzeichnet ist, wobei das Verfahren aus der
Durchfiihrung einer schnellen Verringerung der
Speisespannung mit gezieltem Schliel3en lediglich
der Relais der zweiten Gruppe (31) besteht.

Revendications

Systeme programmable pour stabiliser et réguler la
tension, en particulier pour une gestion optimisée
d’une charge (Z) composée d’ampoules de type lu-
minescentes a gaz comportant une unité de com-
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mande (1), des capteurs de la tension du secteur
(15) et de la tension régulée en sortie (16), et une
unité d’'alimentation (2a, 2b) avec un autotransfor-
mateur comportant une série de prises (20, 21,...27),
connectées sélectivementaux entrées de I'inducteur
primaire (28) d’'un transformateur auxiliaire (29) dont
l'inducteur secondaire (33) est relié en série a la
charge (2Z) par I'intermédiaire d’un ensemble de re-
lais électromagnétiques et d'un interrupteur inver-
seur (33), caractérisé en ce que

ledit autotransformateur est muni d’'un premier
groupe de M prises ordonnées (20, 21, 22, 23)
avec M > 2, espacées de K spires, et d'un
deuxiéme groupe de N prises ordonnées (24,
25,26,27)avec N >2, espacées de K« M spires,
la prise (23) du premier groupe et la prise (24)
du second groupe étant électriguement les plus
proches I'une de l'autre, étant espacées de K «
M spires,

et en ce que ledit ensemble de relais électro-
magnétiques comporte un premier groupe (30)
de M relais, avec un noeud de sortie commun,
pour le branchement sélectif une par une des
prises dudit premier groupe vers une borne dudit
inducteur primaire (28) dudit transformateur
auxiliaire, et un second groupe (31) de N+1 re-
lais avec un noeud de sortie commun pour le
branchement sélectif a I'autre borne duditinduc-
teur primaire (28), une par une, des prises dudit
second groupe et des prises du premier groupe
qui sont électriguement les plus proches de cel-
les du deuxiéme groupe.

Systeme selon la revendication 1, dans lequel M =
4 et N=4.

Systéme selon larevendication 1 ou la revendication
2, comportant un seul premier circuit de dérivation
ohmique (43, 44) dudit premier groupe de relais (30)
commandé par un premier relais de dérivation élec-
tromagnétique (43), pour connecter une prise inter-
médiaire du premier groupe de prises au noeud de
sortie commun des relais dudit premier groupe (30),
et au moins un second circuit de dérivation ohmique
(45, 46, 47) dudit second groupe de relais (31), con-
trélé par un second relais de dérivation électroma-
gnétique (45, 46), pour connecter au moins une prise
intermédiaire du deuxieme groupe au noeud de sor-
tie commun des relais dudit second groupe de relais
(32).

Systéme selon la revendication 3 comportant:

- un premier groupe de circuits (59, 60) reliés au
pble inactif normalement ouvert de chacun des
relais dudit premier groupe (30) pour détecter
I'état d’ouverture / fermeture desdits relais et gé-
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nérer en sortie les signaux correspondants,

- un deuxiéme groupe de circuits (50, 56 57)
reliés au pole inactif normalementouvert de cha-
cun des relais dudit deuxiéme groupe (31) pour
détecter I'état d’ouverture / fermeture desdits re-
lais et générer en sortie un signal correspondant
et,

- un troisieme groupe de circuits (62, 63) reliés
au pdle inactif normalement ouvert de chacun
des relais dudit troisieme groupe (73) pour dé-
tecter I'état d’ouverture / fermeture desdits relais
et générer en sortie un signal correspondant.

Systéme selon la revendication 4 dans lequel lesdits
circuits comportent un dispositif optoélectronique
pour isoler électriquement les branchements de sor-
tie des branchements d’entrée.

Systéme selon larevendication 4 ou larevendication
5 comportant une premiére porte logique (58), une
deuxiéme porte logique (61) et une troisieme porte
logique (64) recevant en entrée respectivement les
signaux de sortie desdits premiers, deuxiémes et
troisiémes groupes de circuits, et générent en sortie
respectivement pour chaque groupe de relais, un
signal représentant I'état d’ouverture de tous les re-
lais du groupe, ou I'état de fermeture d’au moins un
des relais du groupe.

Systéme selon I'une des revendications 4, 5 ou 6,
comportant un relais a court-circuit (48) de I'induc-
teur primaire (28) du transformateur auxiliaire, et un
circuit (65) relié au pole inactif normalement ouvert
dudit relais a court-circuit pour détecter [I'état
d’'ouverture / fermeture dudit relais et générer en sor-
tie le signal correspondant.

Systeme selon I'une des revendications 4, 5, 6 ou 7
comportant des moyens de contrble logiques (49)
recevant en entrée lesdits signaux représentant
I'état d’ouverture / fermeture desdits relais des pre-
mier, deuxiéme ou troisieme groupes, pour subor-
donner pour chacun des groupes la fermeture de
'un des relais a la détection préalable de I'état
d’ouverture de tous les relais du groupe, pour subor-
donner I'ouverture de I'un des relais du premier ou
deuxiéme groupes a la détection préalable de la fer-
meture effective d’un relais de dérivation correspon-
dant et pour subordonner I'ouverture dudit relais de
dérivation correspondant a la détection de la ferme-
ture effective du relais du premier ou du deuxieme
groupe.

Systéme selon I'une quelconque des revendications
précédentes, comportant un photoconducteur (10)
et un module auxiliaire pour convertir des variations
de résistance dudit photoconducteur en un code bi-
naire qui est envoyé a ladite unité de commande (1).
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Equipement pour la régularisation de l'intensité lu-
mineuse dans les tunnels, caractérisé par ['utilisa-
tion d’au moins un stabilisateur de tension program-
mable et d'un régulateur de systéme selon l'une
quelconque des revendications 1 a 9.

Méthode pour tester une ampoule, caractérisée par
l'utilisation d’au moins un stabilisateur de tension
programmable et d’un régulateur de systéme selon
'une quelconque des revendications 1 a 9, ladite
méthode consistant a réaliser une réduction rapide
de la tension fournie par la fermeture sélective des
seuls relais dudit second groupe (31).
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