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RELAY HOUSE OR RELAY BOX CABINET WITH ETHERCAT SYSTEM

system, inside arelay house or a relay box cabinet, which
system is operatively associated with a railway. For ex-
ample, a relay house or relay box cabinet with EtherCat
system.
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Description

[0001] Relay house or relay box cabinet with EtherCat
system.

[0002] This invention relates to the wired transfer of

data under real-time conditions, from a large number of
digital and/or analog measuring data providing sources,
such as digital and/or analog sensors, to a central unit
for processing and/or storage of such data, such as a
DPU (data processing unit), or a DAQD (data acquisition
device), wherein the sources and the central unit are lo-
cated close to each other and form a system, preferably
within a relay housing or a relay box cabinet (hereinafter
also referred to as "housing"),which systemis operatively
associated with a railway, for example, is arranged ad-
jacent to a railway. Other railway applications are also
conceivable, for train, tram or metro, for passenger and
freight transport, preferably with an overhead line over
the railway line for the electric power supply of the train
locomotive. The system preferably fits within a ground
surface being a maximum of 100 or 50 or 25 meters long
and up to 100 or 50 or 25 or 15 meters in width, and/or
can be located indoor or outdoor.

[0003] Itshould be understood that"digital" alsomeans
a digital analog-like signal having the function to present
only two states, e.g. "on" and "off" or "in" and "out", which
states are usually substantially different from each other
and/or provide substantially different sensor signals, for
example, "0 V", and "24 V". In general, such a sensor
signal is as an analog signal applied to a digital input of
the data-processing unit, and is at or after the digital input
signal digitized by an A/D converter in order to be further
processed as "real" digital signal by the digital working
computer processor. In contrast to "digital", "analog"
means an analog signal that has the function of present-
ing many states, which usually differ little from one an-
other and/or lead to slightly differing sensor signals, for
example a stepless between a minimum and maximum
fluctuating value such as a temperature or a current or
voltage level. Generally, such a sensor signal is present-
ed as an analog signal to an analog input of a data
processing unitand at or after that analog input, the signal
is made digital by an A/D converter to be processed as
digital signal by the digitally operating computer proces-
sor.

[0004] By "wireddatatransfer"is preferably meantthat
communication between the components of the system
is via wiring, so preferably there is no wireless and/or
radio communication.

[0005] This document focuses primarily on a system
placedin a house, such as a relay house or relay cabinet,
thus anindoor system. The features disclosed in this con-
text are also applicable to the alternative outdoor system,
or a system under a covering.

[0006] The system, for example, placed in a house,
usually contains a large number of more than ten or a
hundred galvanic relays for example, a railway security
system. For example, of the type of security relay (so-
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called B relay, e.g. B1 relay). The house is for example
part of a railroad application dedicated to the manage-
ment and control of turnouts and crossings, or track oc-
cupancy report. The house includes, for example, at least
ten of each of one or more of a level crossing relay, volt-
age monitoring relay, control relay, monitoring relay,
track repeatrelay (TPR) or track relay (the TR, or the so-
called B2-Vane relay is a widely used track relay, the
track relay indicates whether a train is located in the rel-
evant track section).

[0007] In addition, the house comprises galvanic fea-
tures, such as supply cables, to feed the galvanic current
(inlanguage typical in the field "motor current") to electric
motors for adjusting switch blades and/or switch frogs or
to move barriers of railway crossings.

[0008] A B-Relay is a relay with a security function in
a railway security system (including NX safety). B relays
have a very high degree of reliability, and operate for
decades, provided they are regularly revised. Important
features of B relays are that they for sure loose contact
when the coil is not energized, and the normally closed
break contacts ("back contact") open before make con-
tacts ("front contact") are closed. There exist several
types of B-relay, with specific properties. The most com-
mon type is the 56001-783Gr1. This relay has two coils
that operate on 12V DC, four switch contacts ( "full con-
tacts"), two make contacts and one break contact. Fur-
thermore, there are B-relays which engage with a delay,
disengage with a delay, are suitable for large currents
etc. Another type of B-relay is the track relay (TR). This
relay is a part of a track circuit, and is "on" when a track
section is unoccupied, and falls off as the track section
is occupied by a train. With B relays, especially the B2
vanerelay B2 (the "track relay"), a movable element (with
the B2 relay, the "vane"), which is susceptible to mag-
netism and a reset force, such as gravity are often used
so that in the absence of the magnetic field generated
by one or more coils of the B-relay, this element is no
longer held in an extended position by the magnetic field
and moves due to the reset force, such as gravity, caus-
ing the B relay switches. A so-called B1 relay is usually
equipped with a reset spring.

[0009] A safety relay is supplied by the manufacturer
in a sealed container. The rear wall of the casing is
equipped with contact ports that correspond to contact
plugs (so-called terminals) which project from a contact
block in the relay box. A B relay is mounted by pressing
his back against the contact block so that the terminals
are inserted into the contact ports so the B relay, via to
the terminals connected wires, is electrically connected
to the relevant circuit in which the B relay must be includ-
ed. If the housing after delivery by the factory is modified
or damaged or the seal becomes broken, the product is
rejected.

[0010] The housing includes many digital and/or
analog sensors, e.g., atleast fifty or a hundred, with which
inside the house, the operation of the relays (for example,
the relay position) in the housing and of the electric mo-
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tors (for example, the motor current) outside the house
is monitored. In addition, the housing contains tempera-
ture sensors, preferably of the NTC type. The signals of
all these sensors are to be transferred to a central col-
lection point (in other words: central unit) in the housing,
over the measurement signal cables. Typically the relay
position is detected by a digital sensor (as arule, supplies
a digital-like analog signal) and the motor current and the
temperature are detected by an analog sensor. Each
sensor obtains a number of times per second a meas-
urement (this is also known as "sampling rate"), and
sends the measurement data to the central assembly
point.

[0011] Itis usual, for example, due to regulations, that
each measuring signal by its own, separate power - or
measuring wire is transferred to the central assembly
point, so that there are large amounts of separate current
wires in the cable ducts having a length of usually more
than 5 m and in some cases more than 10 or 20 meters,
with a length of the order of 30 meters or more being no
exception. Power leads that are no longer used due to a
repair or modification may, in some cases, because of
regulations, not deleted from the cable channel. Due to
repairs and modifications usually power wires or cables
are added to the cable duct so that, especially when no
longer used power wires can not be removed, it becomes
increasingly full and eventually overflowing. In some cas-
es, when a repair or modification occurs, a power wire
must be replaced by a power cable so that a repair or
modification is permanently visible. Since a power cable
is stranded, as a rule, while a power wire is single core,
and usually not all conductors of the power cable will be
used (often is used only one or two of the typically at least
four conductors of the power cable), increasing the over-
crowd of the cable channel.

[0012] Itshould be clear that for each measuring signal
two conductors or power wires are usually required.
[0013] Preferably, the power cables or wires extend
between a frame and the central assembly point within
the space in the housing in which the frames and the
central assembly point are located, and/or are positioned
in a cable duct.

[0014] An alternative to the use of cable ducts is to
place the power cables under the floor of the space in
which the frames are located, for example in a basement.
For example, power cords or wires are led through the
bottom of the frame into the basement and come up again
at or below the system cabinet.

[0015] The components to be monitored, as well as
the associated sensors inside the house are in frames,
for example racks or relay cabinets.

[0016] The object of the invention is for the system,
preferably inside a relay or relay box casing, one or more
of: increase the safety and/or reliability of the monitoring
of the to be monitored components, such as relays, and
power supply cables for electric drive motors of rail
switches; more efficient use of the in the data processing
participating hardware such as data processing devices
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and data-carrying conductors; low energy consumption;
robust system; after being put in operation of the system
inside the house, easy to repair and/or modify while re-
taining performance and properties; low cost of construc-
tion; less sensitive to one or more of interference, cross-
talk, mechanical vibrations, temperature fluctuations;
take into account existing regulations; another, implicit
or explicit, object disclosed herein.

[0017] To this end, it is proposed a system, for exam-
ple, inside the housing, arranged to do the signal transfer
by wire through an intermediate station, preferably a plu-
rality of intermediate stations, wherein preferably a first
group of a plurality of, preferably, at least ten sensors is
data communicating connected to a firstintermediate sta-
tion, via electric wires or cables, and a second group of
a plurality of, preferably at least sensors is data commu-
nicating connected to a second intermediate station and
the first and second intermediate station are communi-
cating connected to the central assembly point via power
lines or - cables, in which the sensors preferably belong
to either the first or the second group. Preferably, the
housing comprises intermediate stations (also called
"module") of at least two types, and/or at least two or
three or four or five intermediate stations. The first and
second intermediate stations are separate and prefera-
bly located at a mutual distance, preferably at least 1
meter.

[0018] An intermediate station preferably comprises
one or more of: an A/D converter for digitizing the signals
originating from the connected sensors; an Ethernet like
output which is by a wire or cable data communicating
connected to the central assembly point; an electrical
processor for processing the data from the sensors;
means for real time transmission of data to the central
assembly point, for example, EtherCat like; means for
receiving by wire of analog data from the sensors and
transmitting by wire of the on the received analog data
based digital data to the central assembly point; is asso-
ciated with a single frame; is placed in or on a frame; is
or is not the only intermediate station of the frame asso-
ciated with it (for example, a minimum of two or three or
four intermediate stations in the same frame).

[0019] Preferably, for at least one or two or three inter-
mediate stations the length of the one or more cables or
wires for data communication with the central assembly
point is at least 5 or 10 or 20 meters.

[0020] Another advantage is that the number of power
cables or wires for data communications which runs to
the central assembly pointfrom the intermediate stations,
can be significantly less, in many cases less than one-
half or one-quarter.

[0021] The invention may optionally increase the flex-
ibility in the design of the equipment to be installed in the
house.

[0022] Preferably, at least one or two separate meas-
uring leads extend to the associated intermediate station
from each sensor. By using the invention it becomes pos-
sible, to limit the number of current wires or cables, for
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example in cable ducts, so that fewer or smaller ducts
suffice, which reduces the space demand inside the
housing. Cable ducts, for example, run from the central
assembly point, such as a system cabinet, towards the
sensors. For the measurement cables or wires which ex-
tend in the direction of the duct from the sensors, is suf-
ficient space present in the frames (e.g. rack, or a relay
box) in which the sensors are located. These measuring
cables are connected to a module and from the module
a smaller number, or a single communication cable, ex-
tends in the direction of the cable duct. By placing a mod-
ule in the frame, the measurement cables remain within
the frame and the number of cables (communication ca-
bles) running from the frames to the central assembly
point can be significantly limited.

[0023] For example, a module is a Sensor Interface
Module (abbreviated: SIM) or Digital Input Module (ab-
breviated: DIM). To a SIM are connected to measuring
leads or wires originating from analog sensors, which
supply analogue measuring signals to the SIM. To a DIM
are connected measuring leads or wires originating from
digital sensors, which deliver digital measuring signals
to the DIM.

[0024] As a result, it becomes possible to accommo-
date a part of the functionality which according to prior
art technology is incorporated into a system cabinet, in
a rack of a relay housing or in a relay box of a relay
cabinet, which functionality is preferably housed in one
or more modules.

[0025] With the invention, a space saving can be real-
ized in the house, for example, less wall space is re-
quired. For example, system cabinets are less required,
which, moreover, can be made smaller. System cabinets
usually occupy wall space, however, wall space in a
house is limited.

[0026] In the central assembly point, for example, the
system cabinet, there are preferably one or more, for
example, a minimum of two or three, Data Processing
Units (abbreviated: DPU), and optionally one or more
Power Supply Units (abbreviated: PSU). The DPU re-
ceives signals via the communication cables from the S
IM and the DIM. The PSU provides the galvanic power
supply f or one or more of SIM, DIM and DPU. This feed
is preferably supplied from the PSU via a star network.
Preferably, each module or central collection point (e.g.
DPU) has its own power supply, which is connected to a
PSU.

[0027] Preferably, a module or a DPU comprises one
or more of an FPGA (Field Programmed Gate Array),
CPU (Central Processing Unit) or microcontroller and
computer memory, which are mutually connected oper-
atively for data transfer. The FPGA is a hardware-pro-
grammable computer component and provides fast data
processing, thus relieving the CPU.

[0028] The central assembly point of the state of the
art is a so-called data logger. Depending on the required
numberof measurement channels (signal inputs) for tem-
perature, analog and digital measurement signals, a type
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of data logger was selected. Well-known examples of
types of data logger are as follows (in parentheses the
number of signal inputs): K-logger2020 (2 temperature,
20 analog, 20 digital); G-logger3060 (2 temperature, 30
analog, 60 digital); G-logger6060 (4 temperature, 60 an-
alog, 60 digital); G-logger30120 (2 temperature, 30 an-
alog, 120 digital).

[0029] According to the present invention preferably a
module of either analog or digital type, i.e., configured to
receive either analog or digital measurement signals, is
optionally in combination with one or more inputs for tem-
perature measurement signals. Temperature measure-
ment signals are typically analog signals, however, rel-
atively weak in the case of, for example, an NTC tem-
perature sensor, so that a separate input for the temper-
ature sensor is more suitable. Using analog and digital
modules enables further hardware savings within the
house, for example, by reducing the number of unused
signal inputs.

[0030] Preferably, the housing of one module type, for
example digital type, contains at least two, three or four
times as many modules as the other module type, for
example, analog type.

[0031] For the hardware according to the invention
preferably one or more of the following applies: DPU (for
example, type MSOM) is connected to m ax. 6 S IM or
max. 12 DIM or up to 8 combined SIM and DIM; SIM (for
example, type EAI 10): 1 input temperature/10 analogue
inputs; DIM (for example, type EDI10) : 10 digital inputs;
PSU 60W (for example, UN type 60W) is connected to
feed max 5 S IM or DIM or 12 DPU ,or up to 3 combined
SIM and DIM and DPU; PSU 150W (for example, UN
type 150W) is connected to feed max. 13 SIM or DIM or
30 or DPU or up to 10 combined SIM and DIM and DPU.
[0032] The system according to the invention is pref-
erably adapted for a sample frequency of at least 1Ks/s
(1,000 samples per second) or 1, 5ks/s or 2Ks/s per chan-
nel and/or for a minimum of 50 or 60 channels. Thus, at
2Ks/s per channel and 66 channels, the system process-
es 132,000 samples per second. Preferably, each con-
nected sensor has its own channel. The inventor was
surprised to have managed to develop a system that, by
means of wired communication, allows for real-time
transmission of data from the sensors via the intermedi-
ate stations to the central assembly point, preferably
wherein each sensor performs continuous measure-
ments, per second at least 1000 or 1500 or 1750 or 2000
measurement samples (also called "sampling rate") and
this number of samples arrives in real time at the central
assembly point, where it is processed, in which all this
data is transmitted through wiring. This was, because of
the large number of sensors, the high sampling rate and
the distance traveled by the data from the frames to the
central assembly point, assumed impossible.

[0033] In a preferred embodiment, the system com-
prises means for, under real-time conditions:

- at the intermediate stations generating of digital
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measurement data from the at the input received
measuring signals from the sensors;

- transmit these digital measurement data via the out-
put to the input of the central assembly point;

- processing these digital measurement data in the
central assembly point.

[0034] For the system according to the invention pref-
erably one or more of the following is applicable: the scan-
ning engine (e.g. EtherCAT) runs on top priority; using
the raw EtherCAT interface for more influence on the
performance; use of as little as possible overhead for the
data, preferably 16bits raw per channel, rather than dou-
ble (64 bit) per channel; of the dual core CPU is a single
core assigned to the EtherCAT processing; the EtherCAT
processing has a high priority on the allocated core.
[0035] A module is preferably configured as a slave,
and the DPU as a master.

[0036] As a rule, the frames form rows with mutual
spacing so that a mechanic can navigate between the
frames to access the components in the frames for, for
example, repair work. A frame may be composed of side
by side, for example separate frame parts, such as racks
or cabinets. For example, the house contains at least 3
or 4 or 5 rows of frames and/or a frame is composed of
at least 3 or 4 or 5 frame sections next to each other. A
frame may or may not be grounded. For example, arelay
box is usually grounded and a rack is not grounded. As
a rule, components in the frames, such as relays, sen-
sors, interfaces (e.g. DIM or SIM), are not grounded.
[0037] Preferably, for the monitoring the measuring
wire or cable of the system is connected to a free contact
of the component to be monitored, for example, B-relay,
and/or the component to be monitored is associated with
a separate sensor of the system.

[0038] In one embodiment, a relay, for example track
relay TR, is monitored by a torque measurement, for ex-
ample by current clips.

[0039] The invention is in a preferred embodiment
based on the understanding of making the signals de-
rived from the sensors as closely as possible to the sen-
sors, preferably in or at the frames, digital by using an
A/D converter. Alternatively or in combination with this,
the invention is based on the understanding of providing
a modular design for the equipment directly connected
to the sensors by a module exclusively with inputs for
digital or digital like analog signals and a module with
analog signal inputs.

[0040] The accompanying drawing shows in top view
the layout of a housing, wherein is shown in:

Fig. 1 a prior art relay house;

Fig. 2 a relay house according to the invention;
Fig. 3 a prior art relay cabinet; and

Fig. 4 a relay cabinet according to the invention.

[0041] Fig. 1-4 illustrate frames in which are placed
relays, and from the frames run communication cables
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or wires to the system cabinets placed against the wall.
A bundle of communication cables is represented by a
single straightline, and aline associated with the number
indicates the number of conductors in the bundle.
[0042] The number of frames, therein contained to be
monitored components and therewith associated sen-
sors for providing the measurement signals for monitor-
ing is similar to Figures 1 and 2, respectively, Figures 3
and 4.

[0043] In the case of FIGS. 1 and 3 a much larger
number of cores arrives at the system cabinets in com-
parison with Fig. 2 and 4. Thus, the drawing gives an
impression of the reduction in wires or cables which run
inside the housing.

[0044] Fig.2and4 show thatframes are equipped with
modules of type SIM and DIM. All with the respective
frame associated sensors are connected via measuring
lines data communicating to the with the frame associ-
ated modules. The modules are connected via commu-
nication cables to the equipment (DPU) in the system
cabinets. The PSU present within the system cabinets
provides the electrical power to the measurement and
data processing equipment within the system cabinets
and frames.

[0045] In Fig. 1 and 2, the cables extending between
the frames and the system cabinet are located in a cable
duct in the above ground space in which the frames and
system cabinet are located. In Figures 3 and 4, these
power cables run underground in a basement and the
frames and system cabinet are above ground. In Figures
3 and 4, only analogue measurement signals are collect-
ed from track relay, so that only type of SIM modules are
placed.

[0046] All the described or in the drawing illustrated
features form either alone or in any combination of one
or more such features the subject of this invention.

Claims

1. System or method for wired data transmission, at
real time conditions, from a plurality of digital and/or
analogue measurement data providing sources,
such as digital and/or analogue sensors to a central
unit to process and/or store said data, such as a DPU
(data processing unit) or a DADQ (data acquisition
device), wherein the sources and the central unit are
at a short mutual distance and provide a system,
preferably within a relay house or relay box cabinet,
which system is operatively associated with a rail-
way, e.g. is provided at a side of the railway; prefer-
ably fitting within a ground surface which is up to 100
or 50 or 25 meter long and up to 100 or 50 or 25 or
15 meter wide, and/or is located indoor or outdoor;
the system is adapted to allow the signal transmis-
sion to take place by wire through an intermediate
station or in different words module, preferably a plu-
rality of modules, wherein preferably a first group of
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a plurality of, preferably, at least ten sensors is data
communicating connected to a first module via elec-
tric wires or cables, and a second group of a plurality
of, preferably at least ten sensors is data communi-
cating connected to a second module and the first
and second modules are data communicating con-
nected to the central unit via power lines or cables,
in which the sensors preferably belong to either the
first or the second group.

System or method according to claim 1, the housing
comprises modules of at least two types and/or the
first and second modules are separate and prefera-
bly located at a mutual distance, preferably at least
1 meter.

System or method as claimed in claim 1 or 2, the
housing contains one or more frames or racks con-
taining the sensors, for a module one or more of the
following applies: is associated with a single frame;
is placed in or at a frame; may or may not be the only
module of the frame associated therewith; for exam-
ple, atleast tw o or three or four modules at the same
frame.

System or method according to any of claims 1-3,
the measuring wires leading from the sensors in the
direction of the central unit are connected to a mod-
ule at or in the frame, and from this module runs a
single communication cable in the direction of the
central unit.

System or method according to any of claims 1-4, a
part of the functionality is, rather than in a system
cabinet, housed in a rack of a relay housing or in a
relay box of a relay box cabinet, which functionality
is preferably incorporated into one or more s mod-
ules.

System or method according to any of claims 1-5,
with one or more of a Field Programmed Gate Array
(FPGA), Central Processing Unit (CPU) or microcon-
troller and computer memory, which are operatively
connected for data transfer.

System or method according to any of claims 1-6,
the housing contains from one module type, for ex-
ample, digital type, at least two, three, or four times
as many modules than from the other module type,
for example, analog type.

System or method according to any of claims 1-7,
adapted for a sample frequency of at least 2Ks/s
(1,000 samples per second) per channel, and for a
minimum of 60 channels, with for each connected
sensor its own channel.

System or method according to any of claims 1 to 8,
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10.

1.

12.

13.

14.

15.

the sampling rate of each sensor is at least 2000
samples per second and the length of the from the
frame the central unit leading data cables is at least
5 meters.

System or method according to any of claims 1-9,
and one or more of the following is applicable: the
scanning engine (e.g. EtherCAT) runs on top priority;
use of the raw Ethercat interface for more control
over performance; use as little as possible overhead
for data, preferably 16bits raw per channel instead
of double (64 bits) per channel; of the dual core CPU
is one core assigned to the Ethercat processing; the
EtherCAT processing has a high priority on the as-
signed core; a module is configured as slave and the
central unit as a master.

System or method according to any of claims 1-10,
for the frames one or more of the following applies:
forming rows with mutual spacing so that a mechanic
canmove betweenthe framesinorderto gainaccess
to the components in the frames, for example, for
repair; is made up of juxtaposed, for example, sep-
arate frame parts, such as shelves or relay boxes;
the housing contains at least 3 or 4 or 5 rows of
frames; a frame is composed of at least 3 or 4 or 5
frame parts adjacent to each other; is or is not
grounded; a relay cabinetis indeed and a rack is not
grounded; components placed in the frames, for in-
stance, relays, sensors, modules, are not grounded.

System or method according to any of claims 1-11,
for monitoring the measuring wire is connected to a
free contact of the component to be monitored, for
example, B relay, and/or the component to be mon-
itored is associated with a separate sensor of the
system.

System or method according to any of claims 1-12,
as close as possible to the sensors, preferably in or
on the frames, digitizing by an A/D converter of the
signals coming from the sensors.

System or method according to any of claims 1-13,
including providing a modular design to the equip-
ment that is directly connected to the sensors, by
using an module exclusively having inputs for digital
or digital-like analog signals, and a module with in-
puts for analog signals.

System or method according to any of claims 1-14,
all to a respective frame associated sensors are via
measuring lines data communicatively connected to
the with the frame associated modules, these mod-
ules are connected via communication cables con-
nected to the equipment (DPU) within the system
cabinets, the PSU present in the system cabinets,
provides the electric power supply to the measuring
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and data processing equipment in the system cabi-
nets, and optionally frames.
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