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Digital Outputs

(D25KE-47)

D23 Multifunction [ED - Generation 4
Product Information

Operate time
Release time
Breakdown Voltage

Isolation between adjacent
- outputs

Interposing Relay Option

5 ms

5 ms

1500 V. for one minute {coil to
contact)

300 V4, (with compression
terminal block)

100 V4. (with DB-25 connectors)
Groups of 8 digital outputs can
be directly interfaced to D20KI
module

Standard Digital Outputs

Configurable Output
Types

Output Relay Contacts

Maximum Switching
Power

Maximum Switching
Voltage
Maximum Switching
Current

Maximum Carrying
Current

Operate time
Release time
Breakdown Voltage

[solation between adjacent

outputs
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8 or 16 relay output pairs switch
both sides of the controlled load
for additional control security;
single component failure
protection and detection
preventing false control of any
coil driver output; select-check-
before execute security; master
trip/master close bus scheme.
Latching (On/Off)

Trnip/Close

Raise/Lower

Programmable pulse duration
from 5to (2*!-1) ms in 1 ms
intervals.

1 Form A

60 W or 123 VA (resistive)

75 Vge ot 50 Ve (DB-25)
120 Vg (FACE-40)
2A

ZA

Sms

3ms

1500 V,. for one minute (coil to
contact)

300 V4 (with compression
terminal block)
100 Vg (with DB-25 connectors)

General
Full
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.__‘Product information GE Energy Services
Interposing Relay Option Groups of 8 digital outputs can
be directly interfaced to D20KI
module
Digital Qutputs Standard Digital Outputs 8 relay outputs switch both sides
(D25K-4Z) of the controlled load for
additional control security; single
. component failure protection and
detection preventing false control
of any coil driver output; select-
check-before execute security;
master ttip/master close bus
scheme.
Configurable Output Latching {(On/Off)
Types Trip/Close
Raise/Lower
Programmable pulse duration
from 3 to (2*'-1) msin 1 ms
intervals.
Output Relay Contacts 4 Form A
Maximum Switching 60 W (resistive) or 123 VA
Power
Maximum Switching 73 Ve or 50 Ve
Voltage
Maximum Switching I1A@50Vac; 08A & 75 Ve
Cuzrent
Maximum Carrying 3A
Current
Operate time Sms
Release time 5 ms
Breakdown Voltage 1000 Vac for 1 minute (coil to
contact)
Isolation between adjacent 250 V.
outputs
T/C power supply fuse 2 X MDQ3
type
DO power supply fuse 2 X MDAI1O
type
Interposing Relay Option Groups of 8 digital outputs can
be directly interfaced to D20KI
module
General FRPI040-1.00-1
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D25 Multifunction [ED - Generation 4
Product Information

Auxiliary Digital
Outputs

Auxiliary Digital Outputs

Radio Keying and
Auxiliary Control Qutput
Relay Contacts

System Fail Relay
Contacts

Maximum Switching
Power

3 single digital outputs for
System Fail indication, Radio
Keying and General Purpose
output

! Form A

1 Form B

60 W (resistive), 125 VA

Maximum Switching 75 Vyeor 30 Ve

Voltage

Maximum Switching 2ZA

Current

Maximum Carrying 2A

Current

Breakdown Voltage 1500 V (coil to contact)

Available displays Alphanumeric Backlit LCD with keypad

Graphical Backlit LCD with touch screen
320 X 240 pixels
476" X 3.58"

o PRPI-040-1.06-1 General

28
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Product informalion - _ o o SEERETY Services
4.2 Physical Specifications

Dimensions Width 19" (48 cm)
Height 8.75" (22 cm)
Depth 9" (23 cm)

Weight 311bs. (14.1 kg) maximum

Operational Temperature -20°C to +70°C (without display)
0°C to +60°C (with alphanumeric
display)
0°C to +50°C (with graphical
display)

Storage Temperature -40°C to +90°C (without
alphanumeric display)
-20°C to +70°C (with
alphanumeric display)
0°C to +70°C (with graphical
display)

Humidity Rating 0 to 95% relative humidity, non-
condensing

Environmental Rating P20

Installation/Over-voltage Class I

Category

Pollution Degree 2

General PRPLG#-1.00-1 -

Full 29
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Field Terminations  Digital Qutputs (D25KE) Male DB-23 connectors for
interconnect to an interposing
relay panel or,

300 V. rated compression
terminal blocks suitable for
#14 AWG - #22 AWG

Digital Qutputs (D23K-47) 300 V4. rated compression

terminal blocks suitable for #14
AWG-#22 AWG

Power Supply Inputs #6-32 - 230 V.. /250 V4 rated
barrier blocks suitable for #12
AWG - #22 AWG

AC Analog Inputs #6-32 - 600 V,. rated barrier
blocks suitable for #12 AWG -
#22 AWG
Digital Inputs, Auxiliary 300 V. rated compression
Digital Outputs and DC terminal blocks suitable for #14
Analog Inputs AWG-#22 AWG
PRPI040-1.00-1 T General
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4.3 Compiiance to Standards

Please consult the GE Energy Services’ Product Compliance Table.

4.4 Reliability

Table 4 summarizes the D235 reliability with respect to the Bell and MIL-217 standards.

Bell 43,600 0.35 99.9992 18,156 0.31 99.9983

MIL 217 24,775 035 99.9986 11,570 032 99.9972

Table 4 D25 Reliability Data

4.5 AC Data Availability

Availability of AC analog values depends on the meter type selected. Table 5 shows the AC data
available for each configured circuit. To determine if a particular data point is available, find the
point of interest and look in the column corresponding to the meter type configured for the
circuit. A “Y” in that cell indicates the data is available; an “N” indicates that it isn’t. Note that
the accuracy of values marked with an asterisk (*) are affected by circuit unbalance.

Table 5 AC Data Availability Matrix Base

d On Meter Type
SR 3—%& A - r

»%‘%ﬁ% é’%\ =

RMS Magnitude - V/V 5 (Measured) _Y* Y Y Y Measured directly on PT
RMS Magnitude - Vg/Vpe (Measured) Y Y Y+ Y Measured directly on PT
RMS Magnituds - V/Ve, (Measured) Y* Y Y Y Measured directly on PT
RMS Magnitude - V,/V 45 (Calculated) Y* N Y* Y* Calculated from measured values
RMS Megnitude - Vp/Vye (Calculated) Y+ N Y+ Y* Calculated from measured values
RMS Magnitude - VoV, (Celculated) Y+ N Y* Y Calculated from measured values
{RMS Magnitude - I, (Measured) Y+ Y Y Y

RMS Magnitude - Iy (Measuced) Y* Y Y Y Measured directly on CT
RMS Magnitude - Lz (Measured) b & Y Y Y

RMS Magnitude - Iy (Measured) Y N Y Y Measured directly on CT
RMS Magnitude - Iy (Calculated) Y N Y Y Calculsted from measured valuss
“"Generai PRPR040-1.00-1

Full 31
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Phase Angle - © V,/V,5 (Measured) b Y Y Y Measured directly on PT
Phase Angle - @ Vp/Vpo (Measured) Y* Y Y* Y Measured dicectly on PT
Phase Angle « @ Vo'V, (Measured) Y+ Y Y Y Measured directly on PT
Phase Angle - © V,/V 5 (Calculated) Y+ Y Y Y Calculated from measured values
Phase Angle - © Vg/Vpe (Calculated) Y* Y Y* Y Calculated from measured values
Phase angle - © VoV, (Calculated) Y* Y Y Y Calculated from measured values
Phase Angle - @ [, (Measured) ™ Y Y Y
Phase Angle - @ Iy (Measured) Y Y Y Y Measured directly on CT
Phase Angle - @ [ (Measured) Y+ Y Y Y
Phase Angle - © Ly (Measured) Y N Y Y Measured directly on CT
Phase Angle - ® Iy (Calculated) Y N Y Y Calculated from measured values
Frequency ¥ 1Y ] Y Y Brgueney Reforonce Hunaag atgoratin
Total Harmonic Distortion - V,/V 5 Y Y Y Y
Total Harmonic Distortion - Vg/'Viae Y Y N Y | Calculated from measured phase voltages
Total Harmonic Distortion - Vo/'Vea Y N Y Y
Total Harmonic Distortion - [, Y Y Y Y
Total Harmonic Distortion - Iy Y N Y Y

- Calculated from measured phase currents
Total Harmonic Distortion - I Y Y Y Y
Total Harmonic Distortion - Iy Y N Y Y
Active Power -« W, Y+ Y* Y Y
Active Power - Wy ¥ Y* Y* Y Calculated from measured values as
Active Power - We e Y Y ¥ required by the configured metering type
Active Power - Wemeur totac Y* Y Y Y
Reactive Power - VAr, Y* Y* Y Y
Reactive Power - VArg y* Y* ¥ Y Caleulated from measured values as
Reactive Power ~ VArc v v Y ¥ required by the configured metering type
Reactive Power — VAIcreoym totaL Y* Y Y Y
Apparent Power - VA, Y Y* Y Y
Apparent Power - VAg Y* Y Y* Y Calculated from measured values as
Apparent Power - VA¢ Y v v Y required by the configured metering npe
Apparent Power - VAcreurr rotaL Y* Y Y Y
Power Factor - pfy, Y* Y* Y Y
Power Factor - pfy Y Y Y* Y .

Calculated from active and apparent power
Power Factor - pfe Y* Y* Y Y
Power Factor ~ ploman torar Y* Y Y* Y
Zera Sequence Voltage - Vy N Y N Y
Positive Sequence Voltage - V, N Y N Y Calculated from measured phase voltages
Negative Sequence Voltage - V; N Y N Y
Zero Sequence Current - Iy Y Y Y Y | Calculated from measured phase currents
PRPI-040-1.00-1 General
Full
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Positive Sequence Current - Iy Y Y Y Y

Negative Sequence Curmrent - I Y Y Y Y

Voltage Unbalance - %Vinmarancs N Y N Y Calculated from measured phase voltages
Current Unbalance - %lynsaLancs Y Y Y Y Caleulated from measured phase currents
Average Current - Liverace Y Y Y Y Calculated from measured phase currents
Displacement Power Factor Angle - @ pfy, Y N Y Y :

Displacement Power Factor Angle - @ pfy Y N Y Y Calculata:utrir'ccz :;f;i“;d gl:lmgc and
Displacement Power Factor Angle - @ pic Y N Y Y

Harmenic Spectrum - DC - 21™ Harmonic Y Y Y Y Measured for cach PT and CT input

AC Data Accuracy

Table 6 shows the default input conditions and signal levels for all AC accuracy measurements,
unless otherwise specified. Table 7 summarizes the accuracy of the AC values provided by the

D2s.

Table 6 Default Input Conditions For Accuracy Data In Table 7

5% of nominal £ Vi, £250% of nominal

Current magnitude 2% of nominal < Ty < 195% of nominal
Ambient temperature 25° Celsius

Total Harmonic Distortion 0%

Voltage unbalance 0%

Current unbalance 0%

Frequency Nominal system frequency 0.5 Hz
Power Factor Unity

fous Magnitude - Voltage $%- 250% ofnominal | +0.5% of nominal | 0.8% of nominal 24
h e:uured)
C‘;‘i‘;‘;‘t‘f“;‘“d‘““’“‘g" 5% - 250% of nominal | 0.5% of nominal | 0.5% of nominal 23,4,8,10
1S Magnitude ~ Cugrent 2% - 195% of nominal | #0.5% ofnominal | £0.3% of nominal 59,15
Measured) 195% - 500% of nominal £3.0%of nominal | *1.0% of nominal
500% - 1000% of nominal +1.0%of FS +1.0% of nominal
Genoral PRPLG40-1.00-1
Fuill 33
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1000% - 1600% of nominal

e

=1.0% of F§

21.0% of naminal

1600% - 4200% of nominat

NfA

£1.0% of nominal

[RMS Magnitude - Neutral Current

Calealated) 2% - 195% of nominal £1.0% of nominal | =1.0% of nominat t
11‘;:;3;3;‘ - Voltage 0° - 360° or £130° 0.5° £0.5° .
Pé\:[s:u:].nugi; - Voltage 0° » 360° or = (80° +0.5° 20.5° 3810
Phase angle ~ Current 0° - 360° or £180° 050 2057 9

Measarcd)

Phase Angle - Newaal Corrent 0° - 360° or £180° 2200 £2.0° i
sequency - Voltage power system freq. =5 Hz 00Hz |  <001Hz 16,17
requency - Cument pawer system freq. =5 Hz =0.03 He | =0.05 Hz 17

[Total Harmonic Distortion - Voltage 1% - 30% of fundamental £2.0% l ®2.0% i313

Total Harmonic Distortion - Voltage 30% - 100% of fundameneal +5.0% | +5.0% 1213

[Total Haomonic Distortion - Current 2% - 30% of fundamental *20% =2.0% 12,1318

Tatal Hamonte Distortion - Current 30% - 100% of fundamental =5.0% 25.0% 12.13,18

tive Power - Single Phase 0% - 133% of nominal =0.96% of notminal | =0.96% of nominal 67

ctive Power - Circuit Total 0% - 133% of nominal +0.96% of nominal | =0.96% of nominal 6,7

zactive Power - Single Phase 0% - 133% of nominal =0.96% of nominal | 20.96% of nominal 6,7

eactive Power - Cireuit Total (% - 133% of nominal £0.96% of nominal | =0.96% of nominal 67
lApparent Power - Single Phase 0% - 133% of nominal £0.96% of nominal | £0.56% of nominal 67

parent Power - Cireuit Total 0% - 133% of nominal +0,96% of nominal | 20.96% of nominal 67
{Power Factor - Single Phass 0-+10 +2.85% of ES +2.85% of F$ -
ower Factor - Circuit Total 0-%10 +2.85% of FS =2.35% of FS -
ymmetrical Components - Voltage 5% -~ 250% of nominal =0.5% of nominal { =0.i% of nominal -
ymmetrical Components - Current 9% « 195% of nominal +0.5% of nominal | =0.5% of nominal -

Inbalance - Voltage 0% - 100% £0.2% 0.2% -

{Unbalance - Cusrent % - [00% £0.2% 0.2% -
lﬁs Magnitude - Average Currenl 2% 195% of nominal 20.2% of nominal | =03% of nominal -
@isplaccmcnt Power Factor Angle 07+ 360° or £180° £2.0° =207 -
ﬁ:rmnnic Spectrum - DC-21" 1% - 30% of fundamental £20% +20% L1419
fHamonic Spectrum - DC-21* 30% - 100% of fundamental £5.0% 250% 1,119
tive Encrgy - Single Phase 0% - 133% of neminal £2.0% of reading =2.0% of ceading 6,7

lActive Energy - Circuit Total 0% - 133% of nominal £2.0% of reading 22.0% of reading 6,7
eactive Energy - Single Phase 0% - 133% of nominal +2.0% of reading =2.0% of reading 6,7
eactive Energy - Circuit Total 0% - 133% of neminal £20% of reading | +2.0% of reading 6,7

[Apparent Energy - Single Phase 6% - 133% of nominal +0.5% of reading | %0.5% of reading 8,7
parent Energy - Cireuit Total 0% « 133% of nominal 20.5% of reading | =0.5% of reading 6,7

- PRPI-040-1.00-1 General
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Table 8 Notes On AC Data Accuracy

--------

1 Frequency response; 0 Hz to 1100 Hz for 50 Hz systems;
0 Hz to 1300 Yz for 60 Hz systems.
2 0% unbalance tolerated for |-element metering,
0.2% unbalance tolerated for 2i<lement metering.
3 For all meter types, if the PTs are connected line-to-ling, the calculated line-to-neutral values assume
balaniced voltages.
4 For 1-¢lemnent meters, any available voltage phase can be monitored. In this case, the accuracy of the
values reported for the unmeonitored voltages is affected by the voltage unbalance.
5 The 1-element meter can be configured to monitor a single voltage and a single current. In this case, the
accuracy of the values reported for the unmonitored currents is affected by the current unbalance,
6 Nominal power is achicved at nominal current and voltage.
) 7 In 2 element metering, the total circuit power and energy are not affected by unbalance. In this case,
phase power and encrgy are calculated by dividing the total circuit power and energy by three,
8 In 2-element metering, Ve, magnitude and phase angle are derived from the measured V,g and Vg
voltages.
9 In 2-element metering, Iy magnitude and phase angle are derived Fom the measured I, and 1. curzents.
10 In 2% element metering, Vy/Vpc magnitude and phase angle are derived from V V5.
1t Neutrat current magnitude must be > 10% of nominal to achieve stated accuracy.
12 Magnitude of fundamental must be = 5% of nominal to achievs stated accuracy.
13 Magnitude of individual hanmonics must be > 2.0% of the fundamental to schieve stated accuracy.
14 Harmonie spectrum data consists of the relative magnitude of the DC component and all integer
harmonics up to and including the 21*, reported as a percentage of the fundamental,
Inputs greater than 400% of nominal must be appiied for no more than | sec. with & duty cyele of 10
15 minutes. Database holds values up to 16x nominal. Data in the range of 16-42% nominal is available for
DFR and protection only.
16 Accuracy of the reported frequency is 0.01 Hz for voltages that are at nominal input magnitude and
within 1Hz of the nominal system frequency only. Accuracy for all other inputs is 0.03 Hz,
Accuracy of the reported frequency varies as the applied frequency differs from the frequency of the
17 0.1 Hz-<1.0 Hz +0.05 Hz
LOHz-<20Hz =0.10 Hz
20Hz-<50Hz 0.5 Hz
18 The accuracy of the THD reported for current inputs is valid only when the current input magnituds is
5.0% - 195% of nominal.
19 The accuracy of individual harmonic components reported for current inputs is valid only when the
current input magnitude is 5.0% - 195% of nominai,
Genaral PRPI-040-1.00-1
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General

unit REF 542 is 2 mi
controlled multifunction. tiri
that combines the measuremen
control, monitoring and
protection functions. This device,
which has multiple supervision
functions, including self check
of is own functions, can be
used o control switchgear in
order to achieve a smart
substaton system. It can also

be integrated into a substation
automation system. The

REF 542 is shown in Figure 1.

4 ABB Pawer Distribution
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E Operation

As shown in Figure 2, the REF

supervision functions, is supported  processor. If the unit is to be

542 is based on 2 microprocessor by a digital signal processor connected 0 a subsmtion auto-
system that can operate in real {DSP). The protection and mation system, the extzasion by
time. The main processor (MC), measurement functions are an optional communication
which runs the control and managed by the digiral signal processor (CP) is required.

w
(=
Lo
@
]
[=4
8
g
=

- Tripping/irip

R
us
Fiber-optic cable FOC

!

cp

Communi-
cations
processor

A
[

restart

|2 Automalic

Dsp

Analeg
inputs

Protection
and measu-
rement
| processar

MC

Controt and
command
processor

Starting L1~
Starting L2

The REF 542 has the following interfaces:

# Binary inpuss with optocouplerss for electrical
decoupling of external signals

& Binary outpuss with the option of conventional
or static relays for actuating the switchgears

® Analog inpuss for currentand voltage
measurement quantities

* Communication interface for connection to the
substtion autornation system

ABB Power Distribution

l

l

The control panel has a backlit LC display and
nine buttons for an user friendly interfaces.

The application and configuration ol enables
the REF 542 functions o be set precisely for the
requirements of the system. The user configuration
is loaded during the commissioning. The com-
puter required for this purpose (notebook) is
connected o the REF 542 at the sandard RS 232
port on the front control panel.
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Sensors

A new generation of voltage
and current sensors has been
developed for the REF 542.
Their special properties
guaraniee a high degree of
orecision and dependability int
the acquisition of measured - :
quantities. The sensors are
installed in a unitary cast resin
housing. f desired, conventiona
voltage and current transformer
can be used instead of the
Sensors.

Note

The new sensor types are

clirecdy connecied to the

REF 542. They are linked to
conventonal transformers with
supplementary matching
transformers, which are installed
on the back of the REF 542.

The REF 542 can meet the
requirements of accuracy class 1
both with sensors and with
ransformers. This presumes that
the current and the voltage
quanfities o be within the range
of the rated value. In contrast io
the conventional instrument
transformer, the use of sensors
can guarantee a linear response
over a very wide range.

The current sensor - Rogowski
coil - consists of an air-core coil,
which cannot go into saturation.
The current is measured by a
voltage signal, which is pro-
portional to the time dervation
of the primary current. The
actual momentary current value
is calculated by aumerical
integration in the digital signal
Processor.

The voltage sensor evaluates the
voltage quantites by a resistive
voltage divider. The case is
especially shaped 10 minimise
influences from parasitic
capacitance and inductance.
Compared to conventional
instrument transformers, the
measuring sensors offer the
following advantages:

Fig. 3
Combined sensor for
current and voltage recording

® Linear systems behaviour
® High accuracy
® Extremely compact form

With the small dimensions, both
measuring sensors can be
integrated into a combinaton
sensor as shown in Figure 3,
enabling easy installation in the
panels.

ABB Power Distribution
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Functions

The REF 542 integrates all sccondary functions in a single devi
Self-checking function is also included. The functions are desi;
as freely programmable software modules. This allows the RE]
to be easily adaptéd w the most varied requirements of mediu
voltage subsations. Specialised programming knowledge is ng

required.

Human Machine
Interface

The variety of functions offered
by the REF 342 is controlled by
a simple, user-friiendly HMI
(Human-Machine Interface).

It includes the following
components:

1 LC graphics display,
1 operaton LED,

9 rwo-color LEDs,

1 red alarm LED,
Conuol buttons and
two keyswitches.

The display shows plain text
messages (switchgear status,
alarms, protection,
selfchecking) and also the
mimic diagram of the
switchgears controlled by the
REF 542. The mimic diagram
indicates the positions of the
switchgears.

The operation LED shows the
operational status of the REF
542. The alarm LED can be
programmed as desired. One of
the two-color LED's display the
protection status and another
violations of the interlock
conditons. The remaining
seven LEDs can have their
assignments programmed as

ABB Power Distribution

for measuring the current and
voltage quantities. They are
subdivided into three groups,
two with three inputs and one
with one input. Every group
can measure the voltage or
current quantities. For example,
a six phase voltage
measurement such 4s in a
measuring field with double
busbar is just as possible as a
three phase current and a four
phase voltage measurement,
such as for a bus coupler
equipped with overcurrent
protection and synchro check
function.

The most frequent combination
is the group distribution with
three current and three voltage
measurements and one earth
current measurement

The following quantities are
directy measured:

The following quantities are
recorded:
¢ Operating hours
¢ Switching cycles
* Toul switched currents
* Metering pulses from external
pulse transmiters
(up o 10 transmiters)

All these values are shown

in the upper section of the
display after conversion to
primary quantities. The display
is selected by a ring menu.
The current and volmge
quantities are shown as
numerical values and in the
form of a bar graph relative to
the rated value.

All measured values registered
over an extended period
(energy, numerical values,
maximum values, circuit
breaker data) are permanently
saved, This ensures that they
are still available even after

a power failure. They can be
reset to zero as required.



g Control unit

The REF 542 offers convenient
local control with complete
switchgear interlocking. The
operator view of the REF 542
provides the following
functions :

¢ Position indication for the
different switchgear in the LC
display

@ Switching commands using
control burons on the front
panel

This enables all switching
operations 1o be carried out.

In addition to local control, the
switchgear can also be remotely
contolled from a substation
automation system without
requiring any additonal equip-
ment. A keyswitch is used to
switch between local control
and remote control.
Programmable interlocking
logic can be used to prevent
operational error in the switch.
gear. [nterlocking between the
switchbays can also be taken
into account The position
indications of the other bays can
be implemented for this purpose
with a conventional ring line
and this makes it independent
of central subsmtion automation
components.

Once an application has been
created and loaded into the

REF 542, the cycle time should
be checked. The cycle time
should be less than 30 ms to
ensure proper functioning.

Protection

The REF 542 has a wide range
of functions for protection of
various system component, All
of these functions can be used
in any combination. The
cormbination options are limited
by the computing capacity of
the signal processor. The maxi-
mum load is 100%. Every
protection function can actas a
tripping or simply as an indi-
cating function.

Restrictions

Storing of events

The last 30 protection events

can be observed on the

REF 542. These event list | -
conmins the behaviour of the
corresponding protective

functions, the duradon of the

sarting, the trip value, if

available and also the atempted
autoreclosures. In total, the last

50 events are stored in the -
REF 542, but they can only

be read from a substation

automation system.

Not all function blocks can be combined with one another to an
unlimited extent. There are also additional restrictions for fanction
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blocks and connections as shown in the table below.
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Diagnosis and monitoring

The REF 542 makes it possible fware L * REF 542 sélt-diagnosis -

— to adapt the service interval to : SR R ki ST ;
the system condition in order to - e e
minimise the downtime. The
wble below shows the

o compoenents that are supervised
by the REF 542.

ABS Power Distribution




The REF 542 is designed so that
all of the functions are set up

as simple program modules in
any desired configuration. It

is unnecessary to change hard-
ware when changing functions.
The program is saved in non-
volatile memory in EEPROMs.
The configuraton software
operates with the Windows 3.11
ot Windows NT operating
systern. It operates with a
FUnction PLAN prograrm system,
referred o below as FUPLA.
Specialised programming
knowledge is not required.

The design of the display shows
clearly the Hexibility of the REF
542 software. The following
elements can be used in any
cenfiguration.

® Up w© 8 switchgear icons
(when input and output
boards with mechanical
relays are used a maximum
of only 7 for control
purposes)

® [cons for the various system
component, motors,
ransformers, transducers, etc.

# Up to 40 individual lines

This fexibility is partdculasly
advantageous for the automated
sequences. These include
interlocking, both device and
protective interlocking,
switching sequences and other
automated functions. For the
first ime the option of using
PLC functions as a component
of the secondary technology is
offered. This allows access to

a number of logical functions as
shown below:

10

Procgramming the REF 542

® AND logic gate However, this does not include
® AND - NOT logic gate the protective functions.

¢ OR logic gate Changes to the protective

® ORNOT logic gate’ parameters, activation of

e EXCLUSIVE OR logic gate functions or reset commands

® Various FLIP-FLOP types can be made independendy

® Timer functions from a computer directly at the
® Pulse generators device.

®* Counter :

Like the logical functions

the protective functions anc
the binary interfaces can
combined in any way.
The software enables the;
language of the REF 542;
to be selected. A standare
Windows editor can be.us
adapt the basic text modu
individual requirements. Th
REF 542 character sets also
include adjustment optio
different languages.
Every REF 542 supplied by,
comes with an initial user:
specific configuration, whiich
the user can change later wit
the accompanying configtica
software. i

ABB Power Distribution
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Communication .

Communications with a control system is possible by an optional
communications board. Simple binary commands can also be
loaded via the binary inputs of the REF 542. The integrated object
bus intecface makes the REF 542 a component of the ABB control
system. All data saved in the REF 542 can be transferred to the
substation unit. Events are transferred with 2 timestamp. The
timestamp is then completed in the substation unit. The substation
unit can tansfer all dara simultanecusly to the network control
centre. The substation automation system can be an ABB system or
an arbitrary system. The second option may require an adaptaton
to the system. When the complete ABB system is used the
following functions can be accessed.

ABB Power Distribution
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Remote supersision

Remote control

Remote setup of protective
parameters

Central measuring

Central event storing
Switchgear management

If 2 connection to another sub-
station unit is required within
the substation, an optional
interface conforming to the
[EC standard 60870-3-103 shall
be used.

. 7 11
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Housing

The REF 542 case is manufactured
from aluminium and has a
special black external coating.
This coating protects the case
against elecromagnetic inter-
ference. There is a short and

a deep case. The deep case can
also accommodate a third
binary input/output board and
also the analogue output board.
The front panel with its control
element are raised over the
caseto allow installation on a

12

switch panel. The plugs for
connecting the device to the
switchgears are on the various
boards that are insmlled in

the case parallef 1o the front
panel. They are accessible
from above and are protected
by a cover.

There is a signal converter
screwed to the back or side
of the case for use when current
and voluage transformers are
used for adapting the signal

1701y
228 (271

levels of the measurement
quantities. This signal converner
is not required when sensors
are used. In this case the sensor
terminal adapter with check
wpping is attached to the side
of the REF 542 case.

5
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E Design

REF542 with short case: e

* 2 1/O plug-in boards for control of up
5 switching devices

¢ 1 optional communications plug-in board as
interface for ABB object bus (SPA Bus, LON as
defined in LAG1.4) or in accordance to [EC
60870 - 5 -103.

REF542 with deep case:

¢ 3 /O plug-in boards for control of up to
8 switching devices When used with [/O
plug-in boards with mechanical relays only
7 switching devices can be controlled.

» 1 optional plug-in board for output of 4
programmable analog signals O (or 4) ... 20 mA

® 1 optional communications plug-in board as
interface for ABB object bus (SPA Bus, LON
as defined in LAG1.4) or in accordance ©
IEC 60870 - 5 -103.

ABB Power Distrdbution
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Signal converter (rucksack) for adapting levels

Options:

& 6 current transformers for line currents

® 6 current transformers for line currents and
1 current teansformer for earth current

& 3 current transformers for line currents

® 3 current transformers for line currents and
3 voltage wansformers

® 3 current transformers for line currents,
3 voltage wransformers for phase voltages
and 1 current transformer for earth current
3 voltage wansformers for phase voltages

* 3 voltage transformers for phase volwages and
1 for line voluage

& 6 voltage transformers for phase voltages

13
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Y Protective functions with settings
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Technical data

With current and voltage transformer
Rated current

Rated volmage

Thermal load capacity

Consumption current path
Consumption voltage path

With current and voltage sensor
Rated current In

Rated voltage Un

Rated frequency

Inputs and.outputs

Number of inputs

Number of outputs

Light-emining diodes

Auxiliary direct voltage
Input power

16

1A/ 5A

100V/110V h
4 . In continuous

100 .In for 1s

250 . In (peak value) dynamic -
0.1 VAwithIn=1Aor=<03 VA withIn = 5A

0.25 VA with Un

150 mV (corresponds to 1 A with current transformer)

2V (corresponds to 100 V with voltage transformer)

50 Hz / 60 Hz (distance protection only 50 Hz)

with 2 (short case) or 3 (deep case) input or cutput boards
14 per board for auxiliary voltage 48 to 220 VDC

5 power and 2 signal outputs per board with conventional
relays for auxiliary voltage 48 to 220 VDC -
4 power and 2 signaling outputs per board with transistor relay
for auxiliary voltage 48 10 220 VDC

3 with fixed configuration and 7 configurable in 3 colours
red/green/orange

1 configurable alarm

48 10 220 VDC with 50 ms overbridging time

40 W with short case -
50 W with deep case

ABB Power Distribution



Interface
PC interface RS 232, 9-pin, 9600 bit/s
Communications (optional) SPA bus electrical/optical, LON optical
: (in accordance to LAG 1.4) or optical Bus system according
standard [EC 6870-5-103. '

Analog output board (optional) 0 or 4 0 20 mA (max. 4)

Temperature Range

For operaton -10 10 55°C

For transport and storage 20 to 70°C

Type testing

Earthquake safety DIN IEC 60068-3-3
DIN IEC 60068-2-6
DIN IEC 60068-2-59
CEI [EC 61166
CEI IEC 60980

Insulation voltage IEC 60255-5

Fast transient test [EC 61000-4

Electrostatic discharge [EC 61000-2

EMV IEC 610003

Environmental conditions [EC 60255-4

ABB Power Distribution
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investment made over many years.

In spite of the growing significance of digital
communication systems - espedally those
employing optical fibre links for which ABB
produces a comprehensive line of equipment -
PLC s4ll remains in many cases the most cost-
effective solution to cover the operational needs
of a power system. This applies particularly when
only low volumes of data have to be transmitted
over long distances.

An existing PLC aetwork represents 2 consid-
erable investment made over many years, and
for reasons of cost and system operation it is
seldom possible to replace it by a digital sys-
tem in a short space of time. More often than
not, an existing PLC network is expanded rather
than contracted
and in such cases,
frequency allo-
cation has to be
planned carefully
because of the
shorcage of chan-

In other instances, 2 PLC channel mﬁ%;?ﬁ
back-up to increzse the availability '

new digital channels.




Providing all-inclusive system solutions
ABB does not see itself just as a manufacturer
of products used for ansmitting information
between the statioas of zn electrical power
system, it is consdous of 2 respoasibility to
provide all-inclusive system solutions for its

customers and in close cooperation with them.

In the PLC and transfer tripping fields, ABB
has the knowledge and the resources to give
its customers every conceivable support in the
search for the best possible solutions regard-
less of how complex their problems may

appear.

Long years of experience in communications
engineering a0d close links to the divisions
responsible for power system protection and
control have put ABB communications in
the position of being able to propose an
optimum total solutioa for the most diverse
user problems.

ABB is one of the leading suppliers of PLC systems,
because it fulfils the following essential requirements:

Understanding the customer's problem

Detailed knowledge of the processes which depead on 2
reliable means of communication, i.e. power system con-
trol, station control and protection.

A full rangse of products

PLC equipment, coupling devices, wave-traps, transfer
tpping devices, data modems, and telephone exchange
equipment.

Engineering know-how
ABB has acquired invaluable engineering expertise 1s 2
result of many years of experdence in the field,

Computer-based project management
Application of computenzed tools for project desiga,
engineening, and processing.




The heart of the system is a data model
of the user’s specific problem and requirements.

- Computer-based project management
An integrated data processing system supports
our sales and systems engineers at every stage
of processing a customer's order. This system
comprises subroutnes for preparing tenders,
system desiga, system engineering, coatract
administration, production, assembly, testing, -
shipping, and accounting. The heart of the
system is a data model of the user's specific
problem and requirements.

The 2pplication of electronic data processing
techoiques enables the entire operation of pro-
cessing 2 customer contract to be rationalized.
The resulting benefits for the customer are:

s Tender preparation
Efftciens preparation of coberent, readily understand-
able specifications. This factlitates realistic
planning of materials and resources and the
shartest passible delivery in the evens of an order.

s Contract processing
Fast translation of the kendzer tnto & correctly tabulared
order. System design and engintering takes ploce -
according to sandard rules based on expers systems.
The modular design of equipment and systems
and the modular structure of software tooks for
CAD and data base management enable thema-
nufacturing documents and the user’s documentation
to be produced automatically.

Design of PLC networks

For performing the diverse design and engi-
neeting tasks associated with the technical
processing of 2 contract, the systems engineers
have at their disposal a powerful expert sys-
tem. One of the main parts of this system is a
progeam for znalysing the suitability of the HV
lines for transmitting PLC signals. The program
calculates the attenuation and performance of
complex topologies and heterogeneous struc-
wres for diffecent sets of boundary conditions.
Another importaat function is that of the data
base for systematically storing and maintaining

the various PLC networks. These data form the
basis for eagineering additioas to, 20d modi-
fications of commuaication networks. In both
cases, the data base is immediately updated so
that consistent, currently valid information is
always available for further modifications and

- system studies,

The following are some typical systems engi-

neering problems which illustrate the advan-

tages of computer-based engineering tools:

= Calculation of the attenuation of aoy get-
wotk structure and topology while taking
into account inhomogeneities such as trans-
position, radial lines, and mixed cable and
overhead line power systems.

® Determination of the influence of HV line
faults on signal attenuation which is one of
the most important aspects influencing the
propagation of protection signals.

® Determination of the optimum coupling to
minimize signal attenuation ia normal oper-
atioa and the additional attenuation due to
an HV fault.

® Resotution of matching problems
Proposal of alternative solutions to over-
come inhomogeneous transmissioa paths.

® Frequency planning
Determination of alternatives to make the
best use of the available frequency spec-
trum, :

® Performance calculations
Derivatioa of the signal-to-noise ratio from
the calculated values for line noise and
signal attenuation.

® Special applications
For example, the design of PLC links on
HVDC liges including the calculation of the
additional filters needed to suppress the
interference generated by the power semi-
conductors in the converters.

® Pedormance/cost optimization of communi-
cztion networks.

® Recording, maintenance, and management
of PLC network data.




Design emple:__'[hc calculation of the parameters deteemining the performance of a PLC link is explained .
above for the example of 2 transposed 500 kV line in the People’s Republic of China. {The line data must be

complete and as accurate as possible in order to reliably calculate the transmission characteristics.)

Table 1: Baslc data of High-Voltage llne data

The basic data of the HV line are given in Table 1 and
include the number 20d length of the individual sections,

the ID aumbers for assigning the conductor pattern (geom-
etry), type of mast, aumber and type of transposition, spedific
resistance of the ground path, etc.

Tables 1 and 2 are taken from a questionnaire which we
propared to belp our parmers collect the line daia needed.

p R0 i SRR 2% b o

Table 2: Gieometry 1, Conductor apeciication and co-ordinates

Table 2 gives the detailed specification for a particular con-
ductor geometry. In the example of the above line, the
data for 4 different line geometries would have to be spec-
fied. The data include the line dimensions and the precise
spedification of the phase conductors and the ground
wires, The parameter “Thickness of ice layer” takes account
of the attepuation of the signal caused by ice on the con-
ductors.
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Fig. 2: a} Line attenusation and b) corona nolse levei

as a functlon of frequency.

Figure 2a shows the line attenuation in relation
to frequency for the prescribed method of cou-
pling and a spedific ground resistance of 100
Wm. The influence of conductor icing on sig-
nal attenuation can be dearly seen (curves

1 and 2).

The coronz noise level 2s a function of fre-
queacy calculated for a bandwidth of 4 kHz
and applicable for poor weather conditioas is
given in Fig. 2b. The small difference between
the noise levels at the two ends of the line
{curves 1 and 2) is due to the slight asymmetry
of the transmission path.

The additional attenuation resulting from a
grouad fault for a frequency of 92 kHz is
shown in relation to fault location and the

% 2% AR RS T m e em— A

Fig. 3: Additional attenuation for a phase-to-ground

fauit In relation to fault location.”

phase concerned in Fig. 3. The considerable
influence of fault location is clearly visible.
The magoitude of the additional actenuation
was limited to a maximum of 8 dB by choos-
ing a system with coupling oato two phase
conductors. This value would have been sig-
nificantly exceeded for a ground fault close to
the end of the line had single-phase coupling
been employed.

The full power of the transmitter is made avail-
able for 2 short time while 2 protection signal
is being transmitted (signal boosting). This
ensures that the signal js reliably received at
the remote end in spite of the increased atten-
uation of the line. -




esttona levet at Rx coax-terminal

Tables 3 and 4: Resulting slgnal-to-noise ratics for 88 and 92 kHz PLC channels,

The two Tables 3 and 4 give the performance data for the
88 and 92 kHz chanaels. The signal-to-noise ratios calculat-
ed include the ansmitter power, the actual channel load,
the line artenuadon determined previously and the line
noise level at the receiver input. It can be seen chat with
the degree of icing assumed, the signal-to-noise ratio is
about 11 to 12 dB worse than the bad weather case with-

out icing. A signal-to-noise rato appreciably higher than 45
dB can be expected in good wezther conditions. The sig-
nal-to-noise ratio of >15 dB durog a fault which takes the
additional attenuation and the noise level of the fully ion-
ized arc into account is more than adequate to easure reli-
able reception of 2 wansfer tripping signal.




Advantages of an ABB PLC system
solution:

= All-inclusive system solutons
Long years of expedence in the devel-
opmenc of optimized systems, products,
and secvices for the managemeat, auto-
mation, cootrol, aad protection of power
nerworks allow ABB to deliver all-inclu-
sive system solutions for its customers.
. ® Understanding customer’s needs
As a result of the detailed knowledge of
the processes for power system control,
station conol and protection, ABB is
able to provide solutions even for the
most diverse customer problems.
» A full range of products
ABB offers 2 complete range of prod-
ucts, such as PLC equipment, coupling
devices, wave-traps, transfer tipping
-devices, data moderns, and telephone
exchange equipmeant.
» Engineering know-how
The invaluable engineering expertise
that ABB has acquired over many years
of experience in the field guarantee
every conceivable support in the search
for the best possible customer solutions.
* Computer-based project management
An integrated data processing system
supports our sales and system eogineers
in the preparadon of tenders, system
design, system engineering, contract
administradon, production, assembly,
testing, shipping, and accounting.
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ABB Switzerland Ltd
Utility Automation Systems
Brown Boveri Strasse 6
CH-5400 Baden/Switzerland
Phone +41-58589 3735
or +41 - B44 845 845 (Call Center}

Fax  +41-58585 1682
e.Mail utility.communication@ch.abb.com
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