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Energy effective Technologies on Transport:
LED Railway Signals

Safety of Appliance of

For about 50 years the LED technology of visual information transfer is world-known, in spite of it, there is a row of
unsolved questions of implementation of LED railway signals till present. This article is devoted to the analysis of
topical issues on introduction of LED signals on railway transport, in particular: modes of operations of railway signals,
influence of the atmospheric phenomena on the transmission of signal, unconcern of new technology as compared to
glow lamps etc. There have been separately analysed the possible failures of LED matrix elements and the choice of the

most rational structure of matrix has been grounded from the point of view of the railway signal functioning safety.
Keywords: railway signal; safety of LED matrix circuit; LED temperature dependency; LED intensity shift.

Introduction

Energy efficiency of the railway automation systems
frequently enough conflicts with the safety of their work.
One of the examples is the introduction of LED railway
signals. Unlike other types of transport, on a railway
transport the traffic-light is only a part of a more global
railway traffic control system.

The traffic-light signaling is one of links of providing
the traffic safety, and thus is an important element that
must always be in good condition. According to failures
statistics, in the construction of railway signals the least
reliable element is an incandescent lamp which works as a
source of light. To solve this problem the special strategies
of technical support of these knots have been implemented
on the railways of Ukraine, but those are of no desirable
result in practice. One of the options to increase the
reliability of lamps is substituting the light source with the
light-emitting diodes.

Additionally, the introduction of LED technologies
should become one of links as finding the ways to improve
the reliability of railway transport and reducing the cost of
maintaining infrastructure and its other components
remains an urgent task. Active development of sensors and
technologies for monitoring as well as the development of
information processing techniques have opened up new
opportunities to improve the technical maintenance system
in railway transport. A new approach in the construction of
forecasting systems, hardware operating life management
and maintenance planning has been termed PHM
(Prognostics and Health Management). The development
of scientific basis of PHM approach application for rail
transport is an urgent task at the moment.

In the second part of research the analysis of basic
topical scientific tasks to introduce the LED railway
signals has been executed on the basis of comparison of
advantages and lacks of traditional and new technologies.
In the third part the questions of choice of railway signals
construction complete set have been examined from the
point of view of correct light perception and atmospheric
factors influence. In the fourth part the question of
connection circuit of LED matrix elements is exposed
from the point of view of their failures and their influence
on traffic safety. Basic job performances and issues to be
researched have been brought in the conclusions.

Main of advantages and disadvantages

At present on Ukrainian railways in traffic-lights the
incandescent lamps of XKC12-15 and XKC12-25 types are
used as a light source. The basic lack of these lamps is low
durability 1500-2000 hours, that results in not only their
systematic replacement, but to the of trains delays as well
[1]. Besides basic mode of operation, when lamps are
supplied from the source of 12V 50 Hz, the night mode of
tension decline to 9 — 10.5 V is additionally used. Under
such mode except for the intensity of radiation in
incandescent lamps the temperature of lamp filament
decreases to 300 — 400K [2], that influences the spectrum
of radiation on Wien's displacement law (1):

... = 0.002898/T, (1)

where A, is wave-length with maximal intensity, m;
T is temperature, K.
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This defect can be compensated by using the signals
on the basis of monochromatic light-emitting diodes,
however among the substantial lacks of the latter there is
ambient temperature sensitiveness. Many research works
are devoted to this matter [3, 4, 5]. From Fig. 1 it is
evident, that yellow is the most sensible color to this
phenomenon.

As the options of compensation of this phenomenon in
[3] the adaptive control of light-emitting diodes set of
different wave lengths has been suggested. In particular,
the adaptive control of yellow and orange radiation
intensity in accordance with the lamp temperature makes it
possible not to abandon the rationed spectrum of radiation.
On the assumption of many elements and complication of
technology realization the question of its behavior safety at
failures is actualized. It is especially topically in hard
requirements to the circuits of railway automation of
Ukraine.
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Fig. 1. Intensity of diagram as a function of temperature

Another option of compensating the temperature
influence is the use of different technologies of light-
emitting diodes for different colors. GaN LEDs are
principally used as small wavelength sources (UV, violet,
blue, green), offering an inherent higher efficiency than the
AlInGaP technology, which is still implied to provide
wavelengths in the opposite side of the spectrum. At least
for yellow the technology of GaN is more acceptable
[6, 7].

But in [2] but in epy number of other sources, as
priority it is suggested to use the universal matrix of white
light-emitting diodes with the use of existent lens complete
sets (doublet) for forming the necessary color of signal
(Fig.2). The latter decision is potentially more
economically expedient for the railways of Ukraine, where
almost 99% systems of automation are out-of-date, and the
trackage is one of largest in the world.

Fig. 2. LED lamp for to set in a doublet of railway signal

Despite the fact that the construction of LED lamp
allows to even realize the imitation of double-filament
incandescent railway lamp, the question of LED circuit
matrixes construction remains open with safe behavior at
failures. This question is topical, for in a incandescent
lamp only one a possible breakdown is accepted — it is the
breakage of tungsten filament, and in the semiconductor
elements of LED matrix there are at least two of those.

Safety of switching-on circuits of incandescent lamps

When refusing incandescent lamps and replacing those
with the other source of light — LED lamp, it is necessary
to take into account that existent schematics must not be
subject to the change. The change of schematics is
acceptable at new building and reconstruction when the
train traffic of is stopped or is of low intensity, taking the
special terms of traffic into account. Making alteration in
the conditions of normal train traffic requires agility from
the auxiliary personnel, that might result in errors at
assembling works and increase of their time that can result
in the delay of trains and to the violation of traffic
schedule.

Basic conception of safe charts construction of
switching on the lamps on railway signals consists in that
switching of traffic-light lights is executed by the contacts
of the 1-st class reliability relay with control of the actual
lamps ignition. To switch on the lamp a certain
combination of contacts of controlling relays creates an
electric circle with the source AC current with voltage
220V, loading for which is the primary winding of the
transformer (COBC, CT). The secondary winding is
adjusted to voltage 12 V to which a incandescent lamp is
connected, consistently with which the winding of firing
relay is switched on. This relay controls the integrity of
incandescent lamp filament as follows: when set by the
station duty officer of the route, the centralization blocking
system forms a command on switching on a certain
display, under the good condition of incandescent lamp
and circle of supply, the secondary winding of alarm
transformer will be loaded with a incandescent lamp, the
current of which will flow through the low-resistance
winding of control relay; at burning out or absence of
lamp, the circle of secondary winding of transformer
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appears broken (mode of idling), controling relay is
deenergized, by what the lamp falure is fixed [1].

The given principle of schematic actions has been
used on the railways for over 40 years, their reliability and
safety has been well-proven by experts and confirmed by a
considerable operating life on main and industrial
transport.

The dangerous lamp failure on a railway signal is the
disparity of display of instruction on signaling [8], i.e.
actual ignition for more than the display is allowed. The
switching of this failure is fixed on control relays and
schematics only based on one possible failure — burning
out (breakage) of lamp filament.

Safety of LED matrixes charts

In its turn the light-emitting diode has two types of
failures — the breakage of one or both electrodes or their
short circuit. The breakage can be permanent and periodic
(for example, dependency wupon the change of
temperature). Thus in case of breakdown a light-emitting
diode is able to work in the pulse-mode or consume the
current not radiating light. However, a short circuit differs
with that the diode is actually non-luminous, however, it is
impossible to control the breakdown with the existent
schematics.

A light-emitting diode is a semiconductor element,
belongs to the elements that have a symmetric breakdown,
i.e. the probability of breakdown as a short circuit or
breakage are approximately equal to each other Qsc ~ Qb
and approximately in an even amount are distributed
between these two probabilities [9].

To determine the probability of each of possible
dangerous failures it is necessary to define the possible
options of switching on the light-emitting diodes. The
analysis of functioning features of light-emitting diodes,
railway signals construction and lens complete sets has
defined that the most rational charts of switching on are
multiple series or series-parallel switching. Let’s consider
the multiple series (Fig. 3).

With such switching on, the short circuit of any diodes
results in fading of those diodes switched in parallel to the
one with breakdown. That is, at the short circuit of one of
diodes the column (link) where it is located will be
redeemed.

As known from [10] the circuit breakdown probability
is determined.

Q=1-[1—-(1—e?"]™, (2)
where A is the intensity of the light-emitting diode
breakdown, 1/hour;

t is the term of exploitation; n is the number of in-
parallel light-emitting diodes in one link;

m is the number of links.
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Fig. 3. Circuit with the parallel-series switching
on the light-emitting diodes

It has been obtained on the analysis results (2), that the
breakdown probability will arrive at a minimum value at
m = [ and n = . From the practical point of view the
increase of the number of in-parallel light-emitting diodes
in one link of more than 8 does not carry considerable
reduction of probability, and the influence of parallel links
number is nonsignificant (Fig. 4) here.

Failure prc

Number

of links and diodes [pcs.]

Fig. 4. Dependence of probability of refuse is on the
amount of links and diodes in every link

Will consider the consistently-parallel method of
connection of light-emitting diodes (Fig. 5).

At such connection of light-emitting diodes and
presence of stabilizing of currents in every successive
circle the short circuit of electrodes to the light-emitting
diode will not result in substantial changes, an element that
said no will not light only. At a precipice be what diode, a
successive circle will leave off to shine, where this diode
is. There will be an insignificant increase of current in
other circles, that at presence of stabilizing will not result
in death all chart.
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Fig. 5. Circuit with the series-parallel switching
of light-emitting diodes

The lack of this circuit consists in that when one light-
emitting diode in the circuit starts working in the blinking
mode, all the light-emitting diodes in series connection
start blinking data, which might distort the visual
perception of signal.

As it is known from [10] the circuit breakdown
probability is determined

Q — {l _ E—Atnjm , 3)
where A is the intensity of the light-emitting diode
breakdown, 1/hour;

t is the term of exploitation;

n is the number of in-parallel light-emitting diodes
in one link;

m is the number of links.

It has been obtained on the results of analysis (3),
breakdown probability will arrive at a minimum value at
n= 1 and m = oo, that is a reverse situation (Fig. 6)
compared to one considered before.

At increasing the number of light-emitting diodes in
series connection in one link (n), the breakdown
probability also increases, and at an increase the number of
links (m) decreases. At n = [ the circuit degenerates into
circuit with multiple series connection (see Fig. 3).

From the practical point of view, the increase of the
number of parallel mode links more than 5 does not carry
considerable reduction to probability, and the influence of

series light-emitting diodes number is nonsignificant (see
Fig. 6).

u m n m

MNumber of links and diodes [pcs.]

Fig. 6. Dependence of breakdown probability
on the number of links and diodes in each link

At the values of n = 2 and m = 5 is most rational both
from the point of view of breakdown probabilities and
from practical possibility of physical location in a lamp,
and it is suggested to use for a series-parallel circuit
connection of light-emitting diodes.

Conclusions

The search of the ways to increase the reliability of
railway transport, to increase its energy efficiency and to
reduce the charges on infrastructure maintenance and its
other components belong to the most topical tasks of
railway industry in the world.

For increasing the energy efficiency of railway
automation circuits, namely for application of LED
railway signals, two basic questions have been considered:
dependence of spectrum of radiation on the temperature of
lamp and safe behavior of matrixes at failures.

On the first question it has been defined, that the
priority decision is the use of light-emitting diodes of
complete spectrum in the complex with present lens
complete sets. For solving the problem of compatibility of
LED lamp with the lens complete set of railway signals, it
is necessary that LED lamp were placed in certain focus,
thus the form of their location must repeat the form of the
glowing filament. The simplest decision is a linear layout
circuit that is series connection or parallel mode of diodes.
At the location of diodes as a square matrix or other figure,
it is necessary to envisage the additional measures of
focusing the light stream that promotes complication and
cost of producing such lamps.
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On the second question, having investigated two most
widespread charts of LED matrixes construction, it has
been determined, that at a certain correlation between n
and m it is possible to apply both variants of circuits.
However, if the number of parallel and series diodes is
identical, the circuit with the parallel-series connection has
the smaller breakdown probability (see Fig. 3), which is
recommended for application in the lamp for the railway
signals. The number of light-emitting diodes will depend
on their physical sizes, and sizes of sublayer for their
location in the lamp.
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3miii C. O., Cipokaun I. M., Ilanyenxko B. B.,
Cotnuk B. O. EneproedexTuBHi TexHoJiorii Ha
TPAHCNOPTi: 0e3MeYHICTh 3aCTOCYBaHHSI CBIiTJIOMIOAHUX
3aJi3HUYHMX CUTHAJTIB.

Anortamiss. Bxe Omuzpko 50 pokiB  CBITIOAIONHA
TEXHOJIOTisl Tepenadi BidyanbHOi iHGopMalii Bimoma y
BChOMY CBiTi. Hes3Baxkaroum Ha 1€, OO0 IBOIO 4Yacy
3aJUIIAETHCSA P HEBHUPINICHUX IMHTaHb BIPOBAKCHHS
CBITJIOMIOAHMX 3ai3HMYHMX CcHrHaniB. Jlama craTTs
MPUCBSYCHA aHANI3Y AKTyaJbHHX MHUTaHb BIPOBAKCHHS
CBITJIOZIOIHUX CHUTHAJIIB Ha 3aJi3HUYHOMY TPaHCHOPTI,
30KpeMa: peKUMIB pOOOTH 3aJli3HUYHUX CUTHAJIIB, BILUIMBY
aTMOC(epHUX SBWIN Ha Iepenady CUTHAIY, HEIiKaBOCTi
HOBOi TEXHIKM TOPIBHSIHO 3 JIaMIlaMH pPO3KaprOBaHHS
tomo. OKpeMo TPOaHATI30BaHO MOXKIUBI  BiJIMOBH
€JIEMEHTIB CBITJIOAI0THOT MAaTPHIli Ta OOTPYHTOBAHO BHOIp
HaWOUIBIN parioHadbHOI CTPYKTYPH MATPHII 3 TOUKH 30PY
Oe3reku (yHKIIIOHYBAaHHS 3a1i3HUYHOTO CUTHATY.
KirouoBi caoBa: 3ami3HHYHHE cuUrHam, Oe3MeYHICTh
CBITJIOZIO/ZHOI ~ MaTpHI; TEMIEpaTypHa 3aJIeKHICTh
CBITJIONI0/1a; 3MiIHHA IHTEHCUBHOCTI CBITIIOAIO/A.
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