28 February 2006 1 Signal Lanps and Apparatus The present invention relates
to signal |anps and apparatus and particularly, 5 although not exclusively,
to railway signal |anps and apparatus and particularly to |anps,gg8&h,ary 2006
apparatus utilising Light Emtting D odes (LEDs) as light emtters |ns?éa
of normal filanment bulbs. An LED signal consist of a multiplicity of LEDs
whi ch coll ectively produce a 10 nonochromatic light emtting froma view ng
aperture equivalent in size to a conventional filament |anp |ight signal
aperture. Since the source is not a sijngle filament as in a bulb, the LEDs
are arranged in a pattern of points over the aperture. Use of LEDs has the
advant age over single fila id st individual LEDs may
fail, this does not cause C%ng?iéh?@ﬁnﬂ?\@pa%&?&st he signal |anp as occurs
with a bulb single filanment failure. A failure in the control supply to 15
the LEDs woul d, however, cause a conplete failure. According to one aspect
of the presentTh it in@tidirelabBicSig@AabmpsaiPappaRs higarRlladlgast  two

separ te)ﬂig[,)ﬁﬁrra é le?'Ch hsaye segzr ate ({)ower fegds .aqd vthrei n the LEDs of
the arrays™® 8°‘p% PN I A 1§18RE 45006 A0 PR G PHEFE I [2Rat  when |t

t hey pr ouindepmara0e nplasig écht EahitingSDigda (LEIR) axlightdmitdislinsieibof hétatal when t he LEDs
of only 3ﬂe oin e two arrays are lit they provide a light signal with a
predet er M Hed" V& bl e di stinctive pattern. According to one enbodi ment of
the invention an LED signal lanp is formed with two LED arrays, each
formng half of the signal display and each having separate contro

el ectronics 25 | I b [ ! ' i.f. either half
fails, either éﬁﬂt gggﬁg%?$%¥%%§m§%aggkgﬁg?§H$ﬁ%Mf%£E®§ﬁ%%&?%at current
ceasd$ t gndnogwoemaiictiglet eppitiingfrom huigwing prertgfe cawealqnEiDsize sa 4 ¢ogvangonal The LEDs of
the two ?I’fl_&:ﬁéﬁ%la%%?ﬁrs{géﬁgﬁ‘éﬂml%uﬁﬂcettﬁ@éourcé’ﬁ n6od sifpR1 SN0 S iRh bAPDGnAT Fay Wi th
the remaining halt of the LEDs fornmed by the other array remaining alight,
a predet driRsecprangs B apatiera of prints st the apetarerse of LERDehes g adwpteprver it or

dark. Ty Qi fi1¥mdabbuSbsResk, Wails ifiMdRELESY HB8%ai8 $hifddeChdt BhusSsabidshile 30 or

"F" or may be fornmed as a striped effect for exapple. A viewer (typically a
train dr iq% él}e)sigaiﬂ lamp as occurs with a bF\)ﬂb single ﬁ?ament failure. A failure in the control supp(ly t¥)p y

15  the LEDs would, however, cause a complete failure.

According to one aspect of the present invention an LED signal lamp comprises at least
two separate LED arrays which have separate power feeds and wherein the LEDs of the arrays
are positioned with respect to each other such that when lit they provide a composite light signal

20  output and such that when the LEDs of only one of the two arrays are lit they provide a light

signal with a predetermined visible distinctive pattern.

According to one embodiment of the invention an LED signal lamp is formed with two
LED arrays, each forming half of the signal display and each having separate control electronics
25  supplied from the signaling supply. Hence if either half fails, either in the electronics or some of
the LEDs such that current ceases to flow in the array, then half of the LEDs extinguish. The
LEDs of the two arrays are arranged such that, on extinguishing of one array with the remaining
half of the LEDs formed by the other array remaining alight, a predetermined visible distinctive
pattern is revealed, either lit or dark. Typically this pattern may be formed as a letter such as “X”
30  or “F” or may be formed as a striped effect for example. A viewer (typically a train driver) of a

signal in this state will interpret the displayed signal
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signal in this state will interpret the di zplbgyfgpzlrtggg' 28 February 20

A i i t a signal that has i t
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HLED i tate of the switch neans
h tragmp, for controlling the si ,
?ﬁppiﬁepffﬁ?g§:zgﬁzectfgﬁﬁnmhereby, during operation of the apparatus

total failure or
In the existing railway signalling network, it is substantial cessation of supply
current during a signal operation phase that indicates signal failure. It is, therefore,
15 imperative that some form of mterlock be applied to ensure that, if LED current stops, the

ballast load is also disconnected from the supply. This has typically been performed by a
fuse blow circuit. However because of the active nature of this circuit, it is mherently less

reliable than the dropped relay version as applied to a filament ]
fail safe.- '

20

amp which is inherently

According to a second aspect of the present invention, an LED signal apparatus
comprises input signal power supply terminals for the apparatus; a series connection of
switch means and a ballast load connected across the supply termmals; an LED signal lamp

connected to the terminals to be supplied with current therefrom; and switch operating
25 means, in the supply path to the LED lamp, for controlling the state of the switch means in
the series connection, whereby, during opération of the apparatus, total failure or

substantially total failure of the current to the LED signal lamp results in said switch
operating means causing said switch mmeans to open to disconnect the ballast load from

power from the supply terminals.
30
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all the switch means are permitting flow of current to the ballast load and to provide a non-
urgent alarm signal to that effect. Such an alarm signal would normally indicate failure of
15 current flow through the array associated with the corresponding switch control means.
The detection means may comprise a relay with its relay coil connected between switch
means controlled points, in the supply to the ballast load, that are at substantially the same
voltage during closure of all switch means but which are at different voltages, in the event

of opening of only one of the switch méans, such that relay opefating current flows through

20 the relay coil.

Preferably, a pair of switch control means are connected in parallel in the supply to

an array such that supply of current to the array is not interrupted solely as the result of
failure of a single switch contro] means. Additionally there may be a pair of switch means .

25 each associated with a respective one of the pair of switch control means.

For a better understanding of the present invention, reference will now be made to

the accompanying drawings, in which, solely by way of example:

Figure 1, shows diagrammatically the circyit of one embodiment of railway signal -

30 lamp apparatus in accordance with the second aspect of the mvention; and




failure of a single swtch control neans. Additionally there may be a pair
of switch neans. 25 each associated with a respective one of the pair of
switch control means. For a better understanding of the present, i
reference will now be nmade to the acconpanying draw ngs, in MM|%E¥§ﬂghe@06
by way of exanple: Figure 1, shows diagrammatically the circuit of one
enbodi nent of railway signal 30 |lanp apparatus in accordance with the
second aspect of the invention; and 28 February 2006 4 Figure 2, shows

di agrammatically the circuit of a secdnd enbodi nent of railway signal |anp
apparatus in accordance with the second aspect of the invention. 5 In both
figures, the Fame 2 dbows dingrasmitooldy tbeeiwui!lséédseﬁ@ﬂ emh@iirsaﬂref reitwaysrgndspondi ng

el ement s, ys% Shi S la co%ﬁc@mﬁ%@ec bcgoftile LED arrays 1 and 2,
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t oget her the out put S|gnal l'i ght for the | anp. LED 10 array 1 is connected
to an array control electronics unit 3 through two supply lines, in one of
whi chst her e amerdiyPzuedd! (REQHP kdeteteORRS bdoh uaa dor i saré mdoaésbyndldgED array 2 is
coupled to control electronics unit 4 through two separate supply |ines,

of whi ch®6R&Sncl udes paral l el connected optocoupl ed di odes D3 and D4. 15
Two signal power termnals for the apparatus are referenced 7 and 8 and the
signal supply voltage and current are shown as V and | respectively. These
supply term nals are connect ect nal [ thereto,

to the controleHl mu POl t3:“%enun| {8 %‘aStwalLﬁDaKa% ‘{’)’gg’{ho (] d’g‘éthglmconnect ed
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oad 6. TrditlGhl @mmhagﬁ B REal B T oAlen CACACIRRL parflcPodiARACt €d Vi a
the coil are ch contacts S5 of relay 5 are coupled to a

" non- urg@ﬁ?“&PE@ﬁP*ﬁ&ﬁﬁﬂ@DQ The switching state of each of the switches S
1to S4 is controlled by the correspondi ngly nunbered optocoupl ed

15 - Two signal power terminals for the apparatus are referenced 7 and 8 and the signal supply
voltage and current are shown as V and I respectively. These supply terminals are connected
directly, to supply signal power thereto, to the control electronics units 3 and 4. A ballast load 6 is
connected across terminals 7 and 8, one end being connected directly to terminal 8 with the other
end being connected to terminal 7 through two pairs of switches S1, S4 and S3, S2. The switches

20  of each pair of switches are connected in series between terminal 7 and said other end of the
ballast load 6. The junction between the switches of each pair are coﬁnected via the coil of a relay
5. Switch contacts S5 of relay 5 are coupled to a “non-urgent alarm” output 9. The switching state
of each of the switches S1 to S4 is controlled by the correspondingly numbered optocoupled
diodes D1 to D4.

25

As indicated, the LED signal lamp is formed with two LED arrays 1 and 2, each forming
half of the signal display and each having separate control electronics supplied from the
signalling supply. Hence, if either half fails, either in the electronics or in the LED array such that
current cases to flow in the array, then half of the LEDs extinguish. The LEDs of the two arrays
30  are arranged such that, on the extinguishing of one array with the remaining half of the LEDs

formed by the other array remaining alight, a predetermined visible distinctive pattern
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effect of the ballast load 6 and the LED current, via the 2 sets of contro] electronics are
15 arranged to be equivalent in load to that of 3 normal filament signal lamp. Hence, the
normal hot filament proving circuit, in the standard existing control signal interlocking
arrangement, will detect what it believes to be a normally operating filament signal lamp
and react correctly. In this normal condition the voltage across the coil of the non-urgent
alarm relay 5 is effectively zero and hence the contact S5 (Which 1s normally closed)
20 remains closed.

In the case where current stops flowing through one or other LED array (causing it
not to be lit), then two switches will open. For example if LED array 1 fails, then S1 and
S2 open and current then flows via S3, the relay coil and S4 to the ballast load 6. Similarly
25 if LED array 2 fails then S3 and S4 open and current then flows via S1, the relay coil 5 and

S2 to the ballast load 6. Hence in either of these partial failure caseé, the non-urgent alarm

output 9 is signalled by the opening of contact S5. However the signal load current,

élthough reduced slightly, is still sufficient to indicate to the interlocking control that the

lamp is operational. This is equivalent to the first filament failure alarm in a

conventional
30 signal.
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ot her endhaxfwitches S1 to S4 and by the addition of two resistances R1 and R2. In this

arrangement switches S1 and S2 form one pair and S3 and S4 form another Switch pair
15 S1,82'is connected in series with resistance R1 between supply line 7 and said other end of

the ballast load 6. Similarly switch means pair S3,54 is connected in series with resistance

R2 between supply line 7 and said other end of ballast Ioad 6.

This circuit arrangement provides a reliable switch S1 in series with S2,
20 respectively operated optically by DI and D2 passing current. In the case of LED array 1
stopping taking current (either by the LED array 1 or the contro] electronics unit 3 failing),

a voltage is generated across R2 sufficient to cause activation of the non-urgent alarm relay

S with current flowing through the coil via resistance RI. Similarly, if LED array 2 stops

taking current then S3 and S4 are opened and a voltage is generated across RI sufficient to

25 activate the non-urgent alarm relay 5 via R2.

The circuit arrangement of Fig.2 has the advantage that if any of the four switches

S1to S4 fails short-circuit, the circuit continues operation correctly, whereas if any of the

four switches fails ’open—circuit, it activates the non-urgent alarm. In both cases, the signal

30 continues to operate correctly with the ballast load conmected. In all other respects the




the ballast load 6. Similarly switch means pair S3,S4 is connected in
series with resistance R2 between supply line 7 and said other end of

bal last |oad 6. This circuit arrangement provides a reliable swé pbhrgad 2006
series with S2, 20 respectively operated optically by DI and D2 passing
current. In the case of LED array 1 stopping taking current (either by the
LED array | or the control electronics unit 3 failing), a voltage is

generated across R2' sufficient to cause’activation of the non-urgent alarm
t hrough the coil via resistance Rl

relay 5 wih flow n
%fa%%£§§£%§§°§¥%?gﬁgmt@%ﬁmwgwduﬂhant then S3 and S4 are opened

Simlarly,
and a voltage is generated across Rl sufficient to 25 activate the

non- ur gent aIarF1reIay 5 via R2. The circuit arrangenent of Fig.2 has the
advant age t hat iofcoarynatibn itk theodistiwbd lpto S4 fajls short-circuit,
the circuiy Cgﬁéi&#eﬁﬂgperation correéf?%?wﬁﬁé#gggnfﬁ’5ﬁ§hamﬂﬁhﬁchm©mr
switches faili 636 e dap for these trbd M“Feﬁddnh?f@@ﬁe&”@%ﬂﬁfh%@ In both
cases, ' thensigeal 30 continues to operate correctly wt e " BaTl ast | oad
connected. In all other respects the 28 February 2006 7 operation of the
second variant is the sane as the first In conbination with the
distinctively patterned LED arrays, which wll alert drivers to a
partially failed lanp for these to be independently reported, reliability
is further 5 enhanced. 28 February 2006 8 Clains 1. An LED signal |anp
conprising at |l east two separate LED arrays which have 5 separate power
feeds and wherein the LEDs of the arrays are positioned with respect to
each other such that when lit they provide a conposite |ight signal output

and such that when the LEDs of only one of the two arrays are lit the |anp

provides a signal with a predetermned visible distinctive pattern.




2. An LED signal lamp according to claim1 wherein the distinctive pattern
is 10 revealed, either Iit or dark. 3. An LED signal |anp according to 2
wherein the pattern is formed as an al phabetic letter or as a 5§ Fesedry 2006
effect. 4. An LED signal apparatus conprising: input signal power supply
termnals for the apparatus; 15 a series connection of switch neans and a
bal | ast | oad connected across the supply termnals; an LED signal |anmp
connected to the termnals to be supplied with current therefrom and
switch operating neans, in the supply path to the LED | anp, for controlling
the 20 state of the switch neans in the series connection, whereby, during
operation total failure or substantialdy total failure of the current to
the LED signal lanp results in said switch operating nmeans causing said
switch neans to open to disconnect t(aimsal|ast | oad from power fromthe
supply termnals. 25 5. An LED signal apparatus according to claim4,
wher ei n tthe swiit EBDsjsmekrinp gompasing atdorsprwestepataie [dil? awayspihach kivede f or
contrqllin r.oni e £l I g current. fl ows
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3. An LED signal lamp according to 2 wherein the pattern is formed as an alphabetic

letter or as a striped effect.

4, An LED signal apparatus comprising:
input signal power supply terminals for the apparatus;

15 a series connection of switch means and a ballast load connected across the supply

terminals;

an LED signal lamp connected to the terminals to be supplied with current

therefrom; and

switch operating means, in the supply path to the LED lamp, for controlling the

20  state of the switch means in the series connection, whereby, during operation total failure
or substantially total failure of the current to the LED signal lamp results in said switch
operating means causing said switch means to open to disconnect the ballast load from

power from the supply terminals.

25 5. An LED signal apparatus according to claim 4, wherein the switch operating means
comprises an optocoupled diode for controlling an electronic switch such that, if electric

current flows through the diode, the electronic switch closes and vice versa.
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' corresponding switch control means controls its respective switch means to permit current

to flow through the ballast load.

10 7. An LED signal apparatus according to claim 6, wherein detection means are
provided to detect if any switch means is not permutting flow of current to the ballast load

and, if this is the case, to provide a non-urgent alarm signal to that effect.

8. An LED signal apparatus according to claim 7, wherein the detection means

15 comprises a relay with its relay coil connected between switch means controlled points, in
the supply to the ballast load, that during operation are at substantially the same voltage
during closure of all switch means but which are at different voltages in the event of _

opening of only one of the switch means, whereby relay operating current flows through

the relay coil.

20

9. An LED signal apparatus according to any of claims 6 to 8, wherein, for each array,
a pair of switch control means in parallel is connected in the supply to the array, such tﬁa’c,
during operation, supply of current to the array is not interrupted solely as the result of
failure of a single switch control means.

25
10.  AnLED signal apparatus according to claim 9 wherein there is a pair of switch
means for each array, each of which switch means 1s associated with a respective one of

the pair of switch control means.




