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Technical issues affecting the use of residual current monitors

Residual current monitors (RCM) - for a high level of availability and less costs

Electrical safety is indispensable. Safe and reliable use of electricity
in various sectors calls for a high degree of electrical safety. In addi-
tion to personnel protection, our primary objective is to increase the
protection against material damage and fire, and to increase the
reliability of operation.

Keeping fault currents under control

Statistics of insurance companies prove that defects in electrical ins-
tallations are the most frequent cause of fire. Interruptions to opera-
tion due to unexpected tripping of protective devices entail consi-
derable costs. In both cases, this can be attributed to uncontrolled
currents, such as fault currents that are not recognised in good time.

High plant reliability and reliability of operation saves time
and money

Energy | 2.817.846$
Telecommunication § 2.066.245 $
Financial markets § 1.495.134$
Information technology W 1.344.461$
Insurances f§ 1.202.444 $
Banks 996.802 $
Transportation 668.586 $

Travelling 330.654 $ Costs

>

Source: Metagroup

The key objective of any user must be, to recognise faults at an early
stage and to eliminate the cause of faults in an efficient way in order
to achieve the best possible plant reliability and reliability of opera-
tion and in the long run to reduce costs. This is particularly true for

« computing centres, EDP equipment and systems
- office and administration buildings

- hospitals, medical practices, banks

- power generation and distribution

- power stations

« radio and television stations

« communication technology systems

- traffic engineering and pairports

« drives in continuous production processes
- industrial installations and office buildings
and a lot of other facilities.
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The difference between RCMs and RCDs

RCMs (Residual Current Monitors) monitor residual currents in electrical
installations, indicate the currently measured value and signal when the
residual current exceeds a preset level. The devices are designed to be
used for signalling and/or switching. RCMs comply with the requirements
of DIN EN 62020 (VDE 0663): 2005-11 “Elektrisches Installationsmaterial
- Differenzstrom-Uberwachungsgerate fiir Hausinstallationen und &hnliche
Verwendungen (RCM)” (IEC 62020: IEC 62020: 2003-11 “Electrical acces-
sories -Residual current monitors for household and similar uses (RCMs)".
In contrast to RCMs, the intended use of RCDs (Residual Current Pro-
tective Devices) is to provide protection in electrical installations in
accordance with the standard IEC 60364, e.g. in bathrooms. RCDs
always cause a disconnection.

In contrast to the mechanical tripping of RCDs, RCMs provide the
following additional features:

Wide response and setting range, adjustable

Two response values with prewarning and alarm
Time delay for selective applications

Display of the actual fault current

External connection to SCADA systems

Measuring current transformers in different sizes
Independent of nominal voltage and nominal current
(also suitable for use in MV systems)

« Continuous CT connection monitoring

« Memory for storing the operating value

How does an RCM operate?

All conductors of the load circuit to be monitored (with the exception of
the PE conductor) are routed through the measuring current transformer.
If there is no fault in the system, the sum of all currents is equal to zero such
that no voltage is induced in the measuring current transformer. If a fault
current (Ir) flows via PE or other pathes, the difference in current in the
measuring current transformer generates a current flow which is detected
by the RCM. This method of measurement applies to RCMs for pure alter-
nating current and pulsed direct fault currents (Type A as per IEC 60755).

RCM(A) of Type B require special measuring current transformers and
a special method of measurement to detect both direct and alternating
currents with different frequencies.
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Your benefits from RCM / RCMS / RCMA

\\

Optimised maintenance

« Immediate information by
centralised or distributed
alarm messages

« Optimisation of human and
time resources by complete
documentation and precise
indication of the point of the
fault

- Fast, preventive intervention
by remote diagnostics and
remote administration via
LAN resp. WAN network

\\
g

Increased reliability of operation

Preventive safety for the pro-
tection of man and machine
against the hazards of electric
current

Risks of failure through
unexpected operation of
safety devices are kept to a
minimum

Continuous monitoring of
systems and devices for insu-
lation deteriorations instead
of sampling tests

Potential faults in newly installed
electrical systems or during the
commissioning of new devices
are detected immediately

Additional safety through
monitoring TN-S systems for
unwanted N-PE connections

Alarm messages optionally for
signalling or disconnecting

| Rcm

RCMA

RCMS |

Type A

Type BRK[=] TypeA [Ax]=] Type B

\\

Increased economic efficiency

Maintenance and operating
expenses are considerably
reduced

Expensive and unplanned
system downtimes are avoided
through up-to-date information

Higher productivity through
increased reliability of operation

Cost savings through lower
insurance premiums

Investment management

is supported because weak
points in the electrical instal-
lation are detected

\\
‘I

Increased fire protection

- Potential fire hazards caused
by high fault currents are de-
tected as soon as they occur

Costs as a consequence of
material and ecological
damage are avoided

N conductor overload or
interruption are signalled at
an early stage

Material damage due to unin-
tentional displacement of the
neutral caused by N conduc-
tor interruption is prevented

What is the difference between an RCM, RCMS and an RCMA?
RCMs differ in the type, frequency, and current wave form which

they are capable of detecting:

RCM series: Residual current monitors Type A for monitoring

TN

N\

alternating currents (42...2000 Hz - RCM420) and
pulsed direct currents.

RCMS series: Multi-channel residual current monitoring system

Type A, B for monitoring alternating currents,
pulsed and smooth direct currents
(0/42...2000 Hz - RCMS460 / 490).

RCMA series:Residual current monitors Type B for monitoring
alternating currents, pulsed and smooth direct
currents (0...2000 Hz - RCMA420).
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RCM / RCMS in practice - Protection against unexpected switching off and fire hazards

Frequent causes of insulation faults respectively fault currents What should you do?

are insufficient insulation due to - Monitoring the residual current of essential installations

» mechanical damage of cables connected to the device; (or parts of installations), devices, etc. continuously

« too low insulation resistance caused by moisture and dirt; « Installing RCMs in addition to common protective devices

- cracked wires of devices and lamps through continuous excessive  « Maintaining a high insulation resistance in the installation by
heating. fast detection and elimination of insulation faults

Insulation faults have serious consequences, e.g. Your benefit

The insulation resistance in the electrical installation is constantly
kept at a high level

« unexpected tripping of protective devices;
- fire hazard in case of power dissipation > 60 W;

Increased personnel protection, higher reliability of operation and

- malfunction of production processes;
plant safety

- data loss in the electronic data processing sector;

No unexpected disconnection, fault currents in the mA range
are recognised and indicated at an early stage

risk of injury, e.g. through failure of lighting;
unscheduled maintenance measures;

Costs arising from operational malfunctions are reduced

high costs through interruption of operation. Scheduled maintenance

Continuous monitoring instead of random tests of the electrical
installation at certain intervals
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RCMS in practice - Increased electrical safety in modern buildings

What is an RCMS system?

The RCMS system is a multi-channel residual current monitoring system
that is designed to monitor up to 12 measuring points or measuring
channels per device. In combination with several devices it is capable
of monitoring up to 1080 channels. The RCMS is suitable for alternating
respectively pulsed and smooth DC residual currents, depending on
the selected type of measuring current transformer.

A typical application for RCMS systems is the monitoring of electrical
installations in buildings and industry.

Not only can residual or fault currents affect the reliability of opera-
tion in electrical installations, but also modern loads, such as PCs,
copiers etc. increasingly cause malfunctions, even when the electrical
installations have been designed and erected in conformance with
the standards.

Causes:

« Stray currents

+ Overload of N conductors due to harmonics (e.g. 150 Hz)
« Interruptions of PE and N conductors

Effects:

- Unwanted interruptions of operation

- Fire damage

« Impact on protective devices

Inexplicable malfunctions

Inexplicable damage to fire alarm, telecommunication and EDP systems
- Data losses

- Damage due to corrosion to pipes, lightning protection systems
and earth conductors

Planners of buildings and electrical installations play a major part,
and already during the planning phase they can lay the foundation
for smooth operation of the electrical installation.

RCMS in practice - Monitoring the central earthing point

Power supplies in modern buildings of information technology have to
be designed as TN-S systems (N and PE separated) with a central earthing
point. This is required by IEC 60364-4-444: 1996, IEC 60364-5-51: 1997, [EC
60364-4-54: 1980, and [EC 60364-7-710: 2002-11 DIN VDE 0100-444, DIN
VDE 0100-510, DIN VDE 0100-540, DIN VDE , DIN VDE 0100-710, for example.

What should you do?
- Designing the power supply system as a TN-S system (five conductors

+ Connecting the N conductor to the PE/equipotential bonding sys-
tem only at one central point in order to guarantee that currents
are returned directly to the power source

How can you monitor "clean" TN-S systems?

Continuously monitor the currents

« in the only N-PE connection

- in the central earthing point

- in essential storey distribution boards

« in essential load circuits

Your advantage:

« Electromagnetic interferences and interruptions of operation are reduced

« Stray currents and accidentally installed N / PE connections are
recognised

« Fire hazards are considerably reduced

(=
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Data cable field
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RCMS in practice - Monitoring currents in N conductors

In modern buildings of communication technology, electrical loads
are used (PCs, electronic power supply units, copiers, etc.) which addi-
tionally load the N conductor with currents of the third harmonics.
This applies even when the devices are largely symmetrically distri-
buted on the phase conductors. Independent of the remaining load
distribution, the sum of the 150 Hz current occurring in the phase
conductors flows in the N conductor. This may overload the N con-
ductor and result in fire hazard. When the N conductor is interrupted,
uncontrolled shifts of the neutral point and voltage increase may
occur, which in the long run may destroy devices and parts of the
installation.

6 Technical aspects — Main catalogue Part 4
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What should you do?

- Avoiding overload of N conductors or rating the N conductor
cross sections for harmonic loads

« Installing network filters, if required.
What should be monitored?

» The N conductor monitoring should be continuously monitored
for overload

Your benefit
- Overload or possible interruption of the N conductor are signalled
at an early stage

« Device defects due to unwanted displacements of the neutral
point are avoided

- Reliability of operation and plant safety are considerably improved
« The fire hazard is considerably reduced

+ Maintenance costs are considerably reduced
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Application example for an RCMS system
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Legend

lan
In
Ipe

= Residual / fault current
= Current in the N conductor
= Current in the PE conductor (PE)

Ipen-pPE = Current in the PEN-PE connection

Ipas

= Current Equipotential Bonding Bar

L1 L2 L3 N PE

Note: When the TN-S system with multiple incoming supplies is
operated in normal mode, the PEN conductor is only used
as neutral conductor.
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RCMA in practice - Increased safety in systems involving smooth DC fault currents

Smooth DC fault currents or residual currents without zero crossing
in particular occur in loads or installations containing rectifiers. These
are, for example, battery chargers, variable-speed drives, building
site distribution boards for frequency-controlled devices, batteries,
uninterruptible power supply systems, etc.

The tripping characteristics of the pulsed DC sensitive RCDs are nega-
tively influenced by DC currents or tripping is even prevented at all.
The use of AC/ DC sensitive residual current monitors RCMA allows
all common types of fault and residual currents to be detected.

One-way rectifier
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What should you do?

- Testing the systems and devices for the occurrence of smooth
DC fault currents

Considering DIN EN 50178 (VDE 0160): 1998-04 when variable-
speed drives are used

Assigning a separate circuit to loads involving smooth DC fault
currents

Monitoring a sub-circuit or a load by using an AC/ DC sensitive RCMA

Using an RCMA in combination with a circuit breaker for discon-
nection according to EN 60947-2.

Your benefit
« Comprehensive protection against all common types of faults
and residual currents

- In combination with a circuit-breaker according to EN 60947-2 it
can also be used for systems with rated currents > 125 A

» Optimum adaptation to the electrical installation thanks to vari-
able response values and response delay

+ Nearly independent of nominal voltage and load current of the
installation due to measuring current transformers

TN-S system

Circuit
breaker
according to
EN 60947-2
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Technical issues affecting the use of residual current monitors

Residual current monitoring system RCMS460 / 490

Multi-channel AC, pulsed DC and AC / DC sensitive residual current monitoring system for TN and TT systems

Multi-channel AC, pulsed DC and AC/ DC
sensitive residual current monitoring system
for monitoring

« fault currents

- residual currents

- operating currents

- stray currents

» N-conductor currents
in TN and TT systems.

Device features
« Fast true r.m.s. value measurement up to 2 kHz

« Analysis of harmonics, history memory,
data logger

Increased reliability of operation, plant
safety and fire protection because critical
currents are signalled at an early stage

«+ Optimised maintenance due to continuous
fault detection, central indication and ad-
minsitration via LAN network

- High availability through two alarm levels

(prewarning, alarm) to avoid expensive un-
scheduled downtimes

Less time and man power due to remote
diagnosis

- Easy documentation of alarm and system
fault messages in the history memory

« The modular system design and different
types of measuring current transformers
allow optimum adaptation to the installation

10 Technical aspects — Main catalogue Part 4

Typical applications

In buildings with modern information technology, malfunctions or power failure always entail
high costs. In installations which require a high fault tolerance and good safety, an RCMS
system should constantly monitor the TN-S system for insulation faults to ensure that the
system is "clean" and electromagnetically compatible.

Residual current measurement principle

The RCMS460 / 490 can detect and evaluate both AC and pulsed DC currents (Type A acc.
to IEC 60755) and smooth DC fault and AC fault currents (Type B acc. to I[EC 60755). All active
conductors of the load circuit to be monitored (with the exception of the PE conductor) are
routed through the measuring current transformer.

Measuring principle for AC and pulsed DC currents
(measuring current transformers of the W..., WR..., WS... series)

The function of the RCMS system is based on the residual current measurement principle.
Kirchhoff's law states that the sum of the currents entering any junction of wires equals the
sum of the current leaving that junction. In a fault free system, the magnetic flux generated
by the conductor currents in the measuring current transformers compensates to zero. If

a (fault) current flows against earth, a voltage is generated in the secondary winding of the
measuring current transformer which is evaluated by the electronics.
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Measuring principle for smooth DC currents (measuring current transformer W...AB)

The measuring current transformer W...AB includes two measuring current transformers.
The residual current transformer W1 is used to detect AC and pulsed currents. The residual
current transformer W2 detects and evaluates smooth DC fault currents. For that reason,
these current transformers require external power supply.
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Monitoring functions

The following currents can be monitored with
an RCMS system in a power supply system:

IpEN-PE — Current in the PEN-PE connection
Ipe-PAs — Current equipotential bonding

connection
I - Operating current
IN — Current N conductor
IpE - Current PE conductor
Ian — Fault current (residual current)

Monitoring of several channels

The measuring principles described above
apply to each individual channel of an RCMS460 /
490 system, that means the measuring prin-
ciple for the channel depends on the selection
of the measuring current transformer type
(Type A or B). If a three-phase motor is to be
monitored, for example, measuring current
transformers of the W..., WR..., WS... series
should be used. If smooth DC fault currents
are to be expected in the sub circuit, as for
example in systems where variable-speed
drives are included, measuring current trans-
formers of the W.. .AB series are recommended
to be used. The residual current evaluators
RCMS460 / 490 can be interconnected and
are capable of monitoring 1080 channels.
Yet the maximum scanning time still does
not exceed < 180 ms, because all channels
are scanned in parallel.

Example 1

Monitoring of a power supply system with
up to 12 channels

Components
RCMS460-D - Residual current evaluator
with graphical display

Measuring current transformers — AC and
pulsed DC sensitive W..., WR..., WS...;
AC/DC sensitive W...AB

Power supply unit AN420 for a maximum

of six measuring current transformers of
the W...AB series

Central
earthing point i i
(ZEP)
L1 —\ \ —\ \ ®
L2 . . .
L3 o ® ®
PEN e - - - 1
<S— lpenpe
PE ---eem-eeeeee- ST SETT TR S S R B S
Equipotential IPEPAS _____ \ \ \
bonding Fe E -
connection ?....... In < ‘>:
(PAS) : Iy —P E
—— System earthing I «— <D 5
L3 < <D :
N
u
. lan N
; ® |
| ' |
} ® b
— ® | |
L lpe § |
| Wuhe W A NNEY
_____________ |
Subdistribution vyvvyvy
~ 3(N)AC
<
'Y
<L <
IS <
]C;_ ]

L)

] =

AN420 RCMS460-D
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Example 2

Monitoring of a complex power supply
system with up to 1080 channels.
+ RCMS460-D -
Residual current evaluator with graphical
display; takes over the control via BMS bus
+ RCMS460-L -
Residual current evaluator with 7-segment
display
Measuring current transformers —
AC and pulsed DC sensitive W..., WR...,
WS...; AC/ DC sensitive W...AB
Power supply unit AN420 for measuring
current transformers of the W...AB series

Example 3
Fast disconnection of individual channels

The RCMS490... version utilises one alarm relay
per channel. In combination with a circuit-
breaker according to IEC 60947-2, this relay
can be used to switch off individual sub-cir-
cuits when the response value is exceeded.

« RCMS490-D -
Residual current evaluator with graphical
display and one relay per channel

« RCMS490-L -
Residual current evaluator with 7-segment
display

« Measuring current transformers —
AC and pulsed DC sensitive W..., WR...,
WS...; AC/ DC sensitive W...AB

Power supply unit AN420 for a maximum
of six measuring current transformers of
the W...AB series

12 Technical aspects — Main catalogue Part 4
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Communication / central administration

Information exchange between all RCMS devices and the communi-
cation modules takes place via an RS-485 interface (BMS protocol).
For connection to standard fieldbus systems (Modbus, PROFIBUS DP),
FTC470... protocol converters are available. At each RCMS4...-D (gra-
phical display), measured values can be displayed resp. paramete-
risation can be carried out of all RCMS devices connected to the bus.
If local indication is not required, the RCMS4...-L version can be used.
The device address and error codes are indicated on the 7-segment
display. The faulty channel is indicated via alarm LEDs.
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The alarm indicator and test combination MK2430 can also be used
for measured value display and for parameter setting. A typical appli-
cation is a central technical control room.

For central administration of an RCMS system, the protocol converter
FTC470XET is recommended to be used. With the protocol converter,
detailed information about the RCMS system is available and all RCMS
devices connected to the bus can easily be parameterised from a cen-
tral location. Additional software need not to be installed on the PC.

D/ E- Internet
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$
Client \
Ethernet == Router

Browser
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Example 4 -

RCMS460-L

Feldbus

MK2430

Monitoring of a complex power supply system including up to 1080 sub-circuits and central administraation via LAN network

« RCMS460-D - Residual current evaluator with graphical display
« RCMS460-L - Residual current evaluator with 7-segment display

« Measuring current transformers — AC and pulsed DC sensitive
W...,WR..., WS...; AC/ DC sensitive W...AB

« Power supply unit AN420 for a maximum of six measuring current
transformers of the W...AB series

« FTC470XET Protocol converter Ethernet Web browser
« FTC470XMB Protocol converter Modbus

« FTC470XDP Protocol converter PROFIBUS DP

« MK2430 Remote alarm indicator and test combination

Technical aspects - Main catalogue Part 4 13
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The meaning of the operating current frequency response for protective measures with RCMS460 / 490 systems
The frequency response characteristics of the RCMS can be set for each channel according to the requirements of each application field,

such as the protection of persons, fire protection, plant protection.

a) Fire protection c) Plant protection

The set response value remains consistently the same during the If, for example, the current at the central earthing point is to be

whole frequency range (

line). measured and only currents in the frequency range of < 50 Hz
respectively < 60 Hz (

line). In order to recognise mainly

b) Personnel protection the ohmic part of the fault current and to "mask out" the higher

The set response factor is increasing starting at 200 Hz corresponding
to the curve patterns line)

An example is given below showing the influence of these settings on the response values:

frequency leakage currents caused by the loads. This facilitates
the detection of additionally built-in N-PE connections.

Response value 30 mA Response value 300 mA

Setting personnel protection
Setting property protection

Plant protection

2 50 Hz
10 . 1
T
i
= |
£ 10 : ;
Y I !
9 — ! IEC 60990
§. (I /‘: < Fire protection
g / ——‘.!: |f———“'/
€ e 5
LN 4
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|
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Setting fire protection

Response factor = Ia/ Ian

(Ia) Residual operating current: Measured
value at which the RCMS responds.

(Ian) Rated residual operating current:
Set response value

1- Menu selection "50 Hz"
- Plant protection: Only evaluates the
fundamental component of the resi-
dual current.

2 - Menu selection "60 Hz"
- Plant protection: Only evaluates the
fundamental component of the resi-
dual current.

3 - Menu selection "[EC”

— Touch current for let go (protection
of persons) in accordance with IEC
60990.

4 - Menu selection "None”

- Fire protection: Response factor
remains the same over the entire
frequency range.
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The technical aspects when using Bender communication solutions

Modern communication

Due to the fact that increasing demands are placed on communication
capability, data transparency and flexibility, the use of modern field-
bus and network technologies has become a must. Hence, operating,
warning and fault messages via the Web or the network, for example,
substantially contribute to increasing the transparency of power supply
systems, and also allow a fast reaction to critical operating states. In
addition, important messages can be transferred via short message
service or e-mails to mobile phones or laptops of the service personnel.
Early information about location and the cause of fault allow time
and cost-efficient deployment of service personnel and can avoid
equipment failure or the damage of expensive devices.

Management

Electrical Safety Management

Embraced by the term "Electrical Safety management" Bender provides
coherent solutions for the electrical safety of power supplies in all
areas. Carefully matched products and systems with innovative mea-
suring techniques, communication solutions for the visualisation of
data from Bender monitoring systems as well as easy connection to
fieldbus systems and to SCADA systems (Supervisory Control and
Data Acquisition) provide the maximum possible safety, economic
efficiency and transparency. The range of products is completed by
comprehensive services beginning with planning and advisory service
extending through the whole service life of the products.

ESM - Electrical Safety Management

level

Messages:

operation
alarm
fault

Operation + Protocols Power
observation quality

= | | H{E

Prognosis

|| ) |

Maintenance Information

i ||

Parameter Cost
setting centres

Communication
level
PROFIBUS Ethernet/ OPC Modbus OPC (S)'ggg't'lgg EIB
o | ™
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Unearthed power supply systems
(IT systems)
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RCMS systems

Earthed power supply systems

B

Monitoring of electric variables

(TN/TT systems)
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Communication possibilities with Bender systems and devices
Bender systems or devices with BMS bus, e.g. RCMS, EDS,
MEDICS® systems, A-ISOMETER®s IRDH275, 375, 575
Bender BMS bus (internal)

Alarm indicator and test combination MK2430
Alarm indicator and test combination MK800
TM alarm indicator and operator panels

Protocol converter FTC470XDP
Conversion BMS bus / PROFIBUS DP

Protocol converter FTC470XMB
Conversion BMS bus / Modbus RTU

Bender BMS bus (external)

Protocol converter FTC470XET
Conversion BMS bus / Ethernet (TCP / IP), web server, OPC interface

PC with standard browser (Internet Explorer, Firefox, Opera, .etc.)
OPC server in FTC470XET

OPC client: Axeda Wizcon visualisation software

OPC client: Touch Panel TPC

OPC client: SCADA software

FTC470XET functionality: E-mail notification via Internet

FTC470XET functionality: Operation of Bender systems via
web browser

FTC470XET functionality: Short message service to mobile
phones

BMS OPC server
PC with software BMS OPC server
Protocol converter DI-2USB BMS bus (RS-485) / USB

Ethernet / Webserver Solutions with OPC

E-Mail Internet SMS

&
i

Ethernet
Protocol
converter
FTC470XET
BMS-Bus
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1. BMS bus

The BMS bus (Bender Measuring Device Interface) is Bender's own
development and enables optimum data exchange between all com-
munication-capable Bender products. The BMS bus is an RS-485 inter-
face utilising a protocol especially developed for Bender devices. The

Function - Master-Slave principle

The BMS bus operates according to the Master-Slave principle. That
means, that one device operates as the master and all other devices
function as slaves. Hence, only one master may exist on each BMS bus.
The master requests all devices on the bus on a cyclic basis, listens to
their signals and carries out the respective commands. During opera-
tion the master function can temporarily be taken over by a slave.
Every device on the BMS bus must be assigned its own unique address.
Address 1 is assigned to the master.

Internal and external bus

Several BMS bus systems can be interconnected to one common system.
For this purpose, one PRC1470 control and indication panel or one TM
operator panel is required for each of the systems. Several PRC1470 or
TM operator panels communicate with each other via the external bus.
A consecutive address must be assigned to each device. The master
function is passed sequentially according to the passing-token principle.
That means, the master function is passed sequentially to each PRC1470
or TM operator panel so that only one station may talk at a time. On
the internal bus each TM operator panel communicates with devices
of the associated BMS system. The respective device is the master
with address 1 assigned to it.

External BMS bus

[ vV |
m(m[u[u]a] m[u[ulalm m[m[u]a]m
00000 00000 00000

Internal BMS bus Internal BMS bus Internal BMS bus

Cables and cable lengths (internal and external BMS bus)

The specification of the RS-485 interface limits the maximum length
of the interface to 1200 m. With longer cables, additional measures
are necessary (installation of a DI-1 repeater). The interface cable should
be a shielded cable. A suitable cable type is, for example, J-Y(ST)Y 2 x 0.6.
If interface cables are implemented as spur cables, the maximum length
is limited to 1 m. If longer spur cables are used, safe communication
cannot be guaranteed. The number of devices on a bus must not exceed
32. By using repeaters (e.g. Bender DI-1) another 32 devices can be
connected or the cable length can be extended by another 1200 m.
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BMS bus cyclically transmits alarm and status indications. In addition,
the protocol contains commands for scanning and modifying device
parameters as well as various control commands.

Terminating resistors (internal and external BMS bus)

The BMS bus must be terminated at both ends with terminating resis-
tors of 120 Q) (0.25 W). The resistances are to be connected in parallel
to the terminals A and B. A BMS bus not being terminated may become
unstable and may cause malfunctions.

Basic rules for the design of a BMS bus
1. Every BMS bus must be controlled by a master.
2. Only one master may exist in each BMS bus system.

3. Every device on the BMS bus must be assigned its own unique
address.

4. Never assign one address twice.

5. The BMS bus must be terminated at both ends with terminating
resistors of 120 Q.

6. The bus cable length must not exceed 1200 m, but can be
extended by an interface repeater.

7. The number of devices on a BMS bus must not exceed 32, but
the bus reach can be extended by DI-1 repeaters (DI-2 or DI-3).

®

The BMS bus must provide a favourable topology (without
branch circuits).

9. The bus cable (J-Y(ST)Y 2 x 0.6) must be shielded and earthed
at one side.

10. Take care not to mix up bus terminal A and B.

Addresses and address ranges

Every device on the BMS bus must be assigned its own unique address.
Address 1 is assigned to the master. Address 0 is the "broadcast address”
which addresses all other nodes and may therefore not be assigned to
any other device. 150 of 256 addresses theoretically available (1 byte,
also 28 = 256 - 2 = 254, broadcast as well as the address for the master
are assigned) are currently used. This is due to address ranges defined
for special device families.

Master redundancy

Some BMS devices such as FTC470XDP, FTC470XMB, FTC470XET and
MK2430 are capable of acting as redundant Master. In the event of
failure of the regular master (bus address 1) after approximately 60
seconds such a device takes over the Master function in order to
control the BMS bus. If the regular master becomes active again,
the FTC470 returns the temporary master function.

Interrogation of all connected devices (internal BMS bus)
During normal operation, the master transmits a request to every
device within the address range for the number of alarm messages.
If alarm messages are present, all channels of the respective device
are requested. Then the address ranges are requested for the number
of operating messages and if messages exist, the channels of the
respective devices are requested too. In addition, every other second
all slaves are requested for possible interruptions via the broadcast
address 0. That ensures that new alarm messages are available on
the bus within two seconds at the latest.
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The first and last bus node always requires a terminating
resistor of 120 Q.

Connect the bus cable on one side to earth J-Y(St)Y 2 x 0.6.
Make sure that the shield is properly connected after separa-
ting the cable.

Only one master may exist on each BMS bus (setting via menu).
Address setting should be sequentially 1, 2, 3 ... "without gaps".

Maximum number of addresses respectively nodes 32 (repeater
DI-1 not included).

If the cable length exceeds 1200 m, a DI-1 repeater must be used.

LAN cable between FTC470XET and the personal computer: a
standard cable in case of direct connection, a cross over cable
in case of router connection.

2. PROFIBUS

PROFIBUS is a fast, open bus system widely known in the field of
automation. It is internationally standardised (IEC 61158 and EN50170)
and is available in three variants:

« PROFIBUS FMS (Fieldbus Message Specification)
« PROFIBUS PA (Process Automation)
« PROFIBUS DP (Decentral Periphery)

The protocol converter FTC470XDP supports the PROFIBUS DP. Here,
central control devices (e.g. programmable controllers) communicate
with decentralised input and output modules via a fast serial connection.
BMS bus devices are connected with the PROFIBUS DP via the FTC470XDP.
For control purposes, a PROFIBUS MASTER is required.

3. Jbus / Modbus

Jbus / Modbus is an open, serial communication protocol based on
the Master / Slave principle. Easy to be implemented to any serial
interface, it has become very popular. The Modbus protocol initially
has been developed for networking control systems but is now often
used for the connection of input and output modules. Owing to the
low transmission rate of maximum 57.6 kbaud, the Modbus is speci-
fically designed for systems with limited bus nodes or for time-critical
applications. The protocol converter FTC470XMB is designed for the
connection of BMS devices to Modbus RTU. A Modbus master is re-
quired for the control of an FTC470XMB.

Hardware characteristics
« Connection half duplex
« Communication master / slave
- Nodes < 32
« Cable length < 1200 m
« Recommended cable
(shielded, shield on one side connected to PE) J-Y(St)Y 2 x 0.6
» Terminating resistor 120 Q (0.25 W)

Technical data - BMS bus

- Interface parameters

« Transmission 1 start bit, 7 data bits, 1 parity bit, 1 stop bit

- Baud rate 9600 baud

- Parity even

« Checksum/sum of all bytes transmitted 0 (without CR and LF)

- Data transmission with ASCII characters, yet not all characters
are permitted.

4, Ethernet / TCP / IP

The Ethernet is a widely used vendor-independent technology enabling
data transfer of 10, 100 or 1000 millions bits per second (Mbps) in

the Lokal Area Network (LAN). The Ethernet belongs to the classic

systems among the bus systems and has established itself as a standard
in the IT world. With the FTC470XET protocol converter, Bender pro-

vides the solution for this application. A complete web server inte-
grated in the protocol converter allows easy operation and control

of Bender systems by means of a standard browser via any personal
computer. The integrated OPC server allows data to be transferred
to SCADA systems or to visualisation software.

5.0PC

The OPC (OLE for Process Control) is a standardised software techno-
logy. OPC is a standardised software in the field of automation techno-
logy and is based on Microsoft COM and DCOM technology. It allows

different programs of different manufacturers to communicate with
each other. OPC is not a protocol, but a client/server application. It
does not replace field buses. The OPC makes data available which can
be accessed by OPC clients. The OPC server of the FTC470XET and

the Bender OPC server supports the specification DA (Data Access)

1.0 and 2.0.

Two OPC servers are available

« Integrated in the protocol converter / web server FTC470XET
- Software solution for personal computers as BMS OPC server
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