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1 Documentation structure

1.1 Function blocks

Each available function is described in a separate chapter. The chapter
consists of:

» An application section, describing the main application area and
functionality of the function.

* A theory of operation section, describing the theory behind the func-
tion, mathematical operations implemented and the theory of control
and/or protection technigues involved.

* A design section, describing in a block-wise manner how the func-
tion is built.

* A setting section, describing how to connect, configure and set the
function by itself as well as in conjuction with other functions of the
terminal.

» An appendix documenting reference information such as function
block pinout, input and output signals and available settings.

Each function block is illustrated in the appendix by the MULTIPROG wt
graphical symbol.

99000816.vsd

Figure 1:  Function block symbol example

Input signals are always on the left side, and output signals on the right
side. Settings are not displayed. A special kind of settings are sometime
available. These are supposed to be connected to constants in the config
ration scheme, and are therefore depicted as inputs. Such signals will b
found in the signal list but described in the settings table.
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1.2 Function block
diagrams

1.3 Signal lists

Table 1: Signal list example

The description of the design is chiefly based on simplified logic dia-
grams which use |EC symbols for the presentation of different functions,
conditions etc. The functions are presented as a closed block with the
most important internal logic circuits and configurable functional inputs
and outputs.

i EXTIN-SIGNAL l
Internall-int EXTOUT-SIGNALI
Internal2-int & ——H4 |

I
I
DSP signal |
I

Figure 2:  Function block diagram example

Input and output signals are always capitalized. The connector line is
drawn dl the way against the surrounding frame. Interna signals are
indentified by the suffix -int. The connector line ends about 5 mm from
the surrounding frame. Settings and DSP signals are identified by the sur-
rounding frame, settings having a gray notch at the connector line.

The signal list contains all available in and out signals of the function
block. If afunction consists of more than one block, each block islisted in
aseparate list. Datatypes are used as defined in IEC 1131-3 programming
language.

Signal Type Infout |Description

CMD_MODE_AUTO BOOL |In Command to switch the regulator to automatic mode

CMD_MODE_MANUAL BOOL |In Command to switch the regulator to manual mode

DEVIATION_NEG REAL |Out Negative voltage derivation (measured voltage < setpoint volt-
age)

STEP_NUM INT Out Number of steps to execute

FSD_ACTIVE BOOL |Out Fast step operation is active

CMD_EXED BOOL |Out Command was executed successfully

1.4 Setttings tables

The settings table contains all available settings of the function block. If a
function consists of more than one block, each block islisted in a separate
table. Data types are used as defined in IEC 1131-3 programming lan-
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Table 2: Settings table example

guage. Even though data ranges are only limited to the range of the speci-

fied data type, the usable range shows the practically usable range for the
particular setting.

Parameter Type/ |Usable Default Description
[unit] range
EX_EMPEL BOOL TRUE Set EX_EMPEL to enable the test mode
ANA_LOG REAL |0-10.000 |2.34 The voltage measured by the function
[Vl
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1 Application

The apparatus control function is a program supervising operation of a set
of high-voltage apparatuses within a bay. Apparatuses in the form of
breakers, disconnectors, and earthing switches.

Figure 1 gives an overview from what places the apparatus control func-
tion receive commands. Orders to operate an apparatus can come from the
CC (Control Centre), the station HMI, the local control panel, or as an
aternative, from an independent local back-up panel (viathe I/O).

When operating from the local back-up panel, the apparatus control func-
tion can be bypassed. The back-up panel is hard wired to the apparatuses
for this purpose.

CcC

Station HMI

(D

[\ -
LON
Loca
Control
Panel
REC 580 REC 580
Apparatus Agparatus
) ontrol ontrol
Alternative: 1o /o
Back-up panel
o Rpe l
| T ?
o breakers,
| L | = disconnectors,
? - == earthing switches
||I| | o |:||
Lo

Figure 1:  Overview of the apparatus control functions

Features in the apparatus control function:

» Supervision of valid operator place (one operator place at a time)

» Each apparatus can be interlocked

» The breakers can be connected to synchro-check function
» Reservation of bays

» Supervision of operating apparatus
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2 Theory of operation
2.1 General A bay can handle, for examples a power line, atransformer, areactor, or a

capacitor bank. The different high-voltage apparatuses within the bay
level can be operated directly by the operator or indirectly by sequences.
The different apparatuses can aso be operated automatically.

Because a high-voltage apparatus can be alocated to many functions
within a Substation Automation system, the object-oriented approach with
an internal module that handles the interaction and status of each process
object ensures consistency in the process information used by higher-level
control functions.

High-voltage apparatuses such as breakers and disconnectors are con-
trolled and supervised by one software module each. Because the number
and type of signals connected to a breaker and a disconnector are almost
the same, the same software is used to handle these two types of appara-
tuses.

The software module is connected to the physical process unit in the
switchyard by a number of binary inputs and outputs. Special function
blocks were created for making bay and apparatus control programs as
efficient as possible. Seven main types of function blocks were created to
cover most of the control and supervision within the bay.

The different functions included in the apparatus control are described
bel ow.

2.2 Operator place The apparatus can be controlled from three different operator places:

* Remote
« Station
 Local

The operator places have different priorities:

 Local (highest)
* Station
* Remote (lowest)

Normally, only one operator place is valid at a time. But the user can
define that more than one operator place is valid at the same time.

The remote operator place is assigned by the station operator. When local
operator place is deactivated (by the local operator) previous operator
place becomes valid.

When the operator place is established, the selection and execution com-
mand of the apparatus can be handled in single, two or three steps.
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2.3 Selection and
reservation

To inform operator(s) at the station HMI that the apparatus is selected
from another operator place, there are indications for each apparatus from
which operator place (remote, station or local) it is selected. This is to
inform that the apparatusis aready selected; so a selection from that oper-
ator place is not possible.

When a selection is made, the apparatus control goes back into idle state
for one of these reasons:

* After a successful operation

» Execution command to the process but no successful operation
* No execution command within specified time

* When reservation failed

* When an interlock occurred

* In blocking state

» Cancelling of the operation

When the apparatus is in idle state, it is possible to make a new selectio
from the valid operator place.

The operator can override the interlocking and/or the reservation from all
operator places.

Of course arbitrarily orders can be sent to the REC 580, but only orders
involved with the apparatus control are described below.

The apparatus control handles different kind of commands coming from
different operator places. Interpret the local operator place as the loca
control panel.

These commands are supported:

 Selection of operator place, local, station and/or remote
* Selection with or without direction (open/close)

» Execution with or without direction (open/close)

» Cancel the selection

 Override of interlocking and/or synchro-check/phasing
Block/deblock operation (per apparatus or bay)

Block/deblock updating of the position indications (per apparatus or
bay)

« Setting of the position indication, open/close

The purpose of the reservation and selection is to prevent double operg
tion, either in the bay itself or in the complete station. For an operation in
the bay, the reservation part always reserves the own bay. The enginee
can include or exclude the part that reserves other bays.

The selection and reservation function consists of four parts:

1. Reservation of the own bay
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2. Reguesting reservation of other bays and handling of the
acknowledgement signals

Replying to reservation requests
4. Permitting selection of apparatuses, depending on reservations

w

The selection and reservation function has two ways of starting. It starts
when a request select signal is set in the own bay or when it receives a
request for reservation from another bay.

The basic part of the reservation function is the reservation of the own
bay. When the reservation is made, no acceptance of selections from other
apparatuses can occur until all selection requests and reservations are can-
celled.

Reservation of the other bays can aso be made. A request for reservation
is sent to these other bays. All bays should respond with an acknowledge-
ment that they have reserved the own bay for operations. After reception
of these signals, the reservation is considered successful and selection can
proceed.

To prevent that a reservation is not reset when the reserve request
becomes invalid, due to communication error, the reservation in the own
bay and the acknowledgement to the other bays are cancelled when the
time for cancelling the reservation has expired. The engineer should set
this time to the operating time of the slowest not hand driven disconnec-
tor.

One timer supervises the reservation. If the time until a successful reser-
vation istoo long, the command sequence is stopped and an error message
is generated.

It is possible to ignore failing reservation of other bays, if the operator
wants to operate the apparatus. There is an override signal for this pur-
pose.

Blocking of the reservation function is possible. With an override, the
blocking of reservation on regquests from inside the bay can be bypassed.

The reservation method is briefly explained in figure 2 and follows these
steps:

1. Select apparatus to be operated from the station HMI

2. Reservation signal from the bay, which isto be operated

3. Transfer of acknowledgement and actual position indicationsfrom
the other bays

4. Performed selection is presented on the station HMI
Execution of the command from the station HMI
6. Release (cancel) of the reservation

o
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2.4 Manual updating of
indications

2.5 Blockings

2. Reserve

@ Select Reserve | Execute Release

&

Indication
REC 580 REC 580
Apparatus Apparatus
Control Control
Bay 1 Bay 2
Figure 2:  The reservation method

The position indications can be set manually.

There are two different independent functions given:

6. Release

REC 580

Apparatus

Control

Bay 3

» Blocking of position updating from bay level (for all apparatus in the
bay) and apparatus level (for each separate apparatus)

» Setting the drive position indication to a defined position by the
operator. Mainly this is used in cases where the drive is in mainte-
nance or is disturbed and a defined end position is required. This
function should cause an automatic update blocking of the position
indication.

It can be chosen if blocked position indications cause a blocking of opera-

tion.

The supervision of the positions of an apparatus is based on the indica
tions from the program and not the process status. This is to be able t
simulate the positions when operating. In most cases, the process an
indication status are identical.

There are two bay-oriented blocking functions:

* Blocking of operation
» Blocking of updating of the position indication
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2.6 Command
supervision

2.7 Supervision of
operating apparatus

2.8 Synchro-check

Both of these different blockings are applicable for each apparatus sepa-
rately and for the compl ete bay.

Blocking of operations can be separately performed for open/close.

Commands for the above described blockings are executed from the HMI.
Of course, arbitrary signals can be used to cause a blocking. But the
explicit orders come from the HMI.

Supervision functions stops the program from hanging in the middle of a
command sequence. When the operation time is too long there is an error
indication, and the command sequence resets. Such functions are:

» Supervision of the time between the selection is made and the fol-
lowing execute command. Adjustable time.

» Supervision of the time between the request to override and the fol-
lowing selection. The same timer as above.

» Supervision of the select/execute command sequence.

The control part should check the start conditions (for example, if there is
a select for open when the position is open) for a valid selection, the
movement itself, and correct completion. The corresponding status sig-
nals are given. The operation depends on the interlocking and blocking
signals.

The supervision of the command output is made by the microcontroller on
the output board.

A timer supervises the start of the drive. If the drive does not succeed in
starting within a specified time, the command sequence resets, and an
error indication is generated.

A timer supervises the movement of the drive. The maximum time can be
set between the start and until the new position is reached.

When three phase indications are included, the pole-discordance function
is included.

If blockings and interlocking allow operation, the drive can be operated
when the starting-point is in the intermediate position.

Synchro-check conditions can be considered when manually closing a
breaker. The closing command at synchro-check is released via the appa-
ratus control, as for ordinary operations with the synchro-check function
excluded.
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A timer supervises the synchro-check function. If thereis no synchronism
within a specified time (after a closing command is given), there is a
failed synchronisation.

The REC 580 can use a built-in synchro-check function (also called inter-
nal synchro-check) or use an external synchro-check and phasing equip-
ment, which are separate devices outside the REC 580. Two solutions are
supported. The explicit closing command can come from the apparatus
control itself (activated by the synchro-check) or from the external syn-
chro-check equipment (activated by the apparatus control).
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3 Design

3.1 General

The apparatus control function contains several function blocks. These
function blocks are interconnected to form a control program reflecting
the switchyard configuration.

A control program contains nine main types of function blocks. The total
number used depends on the switchyard configuration. Beside the main
types of function blocks the program contains simple logic like AND/OR
gates.

These nine main types are called:

AUTHALL Authority Allocation

L(S)_APPCMD Switch Command

L_APPRSP Switch Command Response

RSV _| Reserve Input
BAYRES Bay Reserve
COMCON Command Control
POSIND Position Indication
SWICON Switch Control

Pl Process Interface
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3.2 Overview The figure below is a principle drawing about the main signal flow in the
apparatus control.
|Receive: | RSV_| : Send :Z g
—_— I , - —
| § | =5
| ||—> ~N | o
| X | - gE
| I £0
L — — — 4 [ L — — — 4
r— — /"
—AUTHALL Intl : BAYRES
9
! m
|
|
L
1 N 1 n I n—
L_APPCMD SWICON PI 3
—|(S_APPCMD)| | d > [
I
NN fEL» 4
»POSIND[ ™ <
>
1 N
L_APPRSP

k = number of other bays
n = number of apparatusses in the bay

Figure 3:  Apparatus control overview

Authority Allocation

There is one AUTHALL per bay. It gets information from the operator
places in the station and it decides which of the operator places that will
have the right to pass through. It informs COMCON about valid operator
place.
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3.3 Command sequences

Switch Command

Thereisone L_APPCMD per apparatus in the bay. Commands from Sta-
tion HMI or Remote Control Centre are transmitted via LON. The inputs
are ranged to the base software database signals, which are coming from
different LON telegrams. S APPCMD is used when commands are not
transmitted viaLON.

Switch Command Response

Thereis one L_APPRSP per apparatus in the bay. Commands from Sta-
tion HMI or Remote Control Centre are transmit via LON. The commands
get aresponse, which is done by the base software. The L_APPRSP gath-
ers all necessary signals and connects them to the application software
interface to be transmitted back via LON.

Reserve Input

There is one RSV_| per other bay the current bay has to communicate
with. They are connected to each other in a chain and the last one of them
sends its outputs to the BAY RES function block. RSV _| makes some pre-
processing of signals, coming from other bays, for selection and reserva-
tion.

Bay Reserve

BAY RES sends signals concerning the reservation part of itself and other
bays to the Send block and signals concerning selection to SWICON.
Each BAY RES can handle up to eight apparatuses in the own bay. With
more than eight apparatuses, several BAY RES:s can be connected in a
chain.

Command Control

There is one COMCON per apparatus in the bay. It sends information to
BAY RES to avoid double operation at the own bay and to reserve other
bays. It sends also information to SWICON if there is commands for the
own apparatus and to POSIND about manuel updating.

Position Indication

Thereisone POSIND per apparatus. It sends information about the actual
status of the own switch to Interlocking module (Intl) and to SWICON.
Switch Control

SWICON sends information to Pl when the apparatus has been selected
and when it is permitted to make an operation

Process Interface

PI sends the executing order to the switch.

Figure 4 on page 25 is an example of the interaction between the different
function blocks.
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This example describes a two step command sequence. There are no
external select relay so the feedback select signal to SWICON comes
from PI. The figure describes how a command from a operator place is
forwarded between the blocks. The error treatment is also described, but
the data exchange with the LON interface is not included.
AUTHALL COMCON BAYRES Intl POSIND SWICON PI
—>
_ _Select Command __ I"Check
Auth. and
correct
command
sequence
Time Request Selegt Check that
supervision only one
command is
active
Select Select p| Check
blocking,
interlocking
and more
ime super-]_ Selectout | Feedback
o >
vision ected | to operator
_ Execute Command __ —check
Auth. and
correct
command
sequence
Execute > Check
blocking,
interlocking
and more
Supervise | EXecute out —activate
command output
relays
New position
P> Feedback to operator -~
-« — — |- — | _|Seectresst
Reset Request Select
Reset Execute
Reset Select >
Reset Select |
-
Figure 4: Command sequence
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There are two different types of commands handled by the apparatus con-

trol:

Type 1.

Type 2:

For the
1.

Commands that are a part of acommand sequence:
Interlock Override

Synchro Check Override

Select

Execute

Commands that are direct executed, such as:
Manual Update Open

Manua Update Close

Block Update

Deblock Update

Block Operation

Deblock Operation

type 1 commands the following apply:

When a select command comesto COMCON, COMCON checks
if the command comes from the correct operator place and if the
command isin the correct sequence. If these checks are OK, the
output Command Active (CMD_ACT) is set and the command is
processed further.

The COMCON sends a Request Select (REQ_SEL ) to BAY RES.
BAY RES handles the reservation and sends back a Select infor-
mation (SEL_GRT _x) that the request was successful.

If no select signal comes beforethetime T_SPV_RSV has elapsed
the command is cancelled and the output RSV_ERR is active for
one execution cycle.

The Select information from BAYRES is also sent to SWICON,
which checksiif the apparatus is blocked or interlocked. If these
checks are OK the select outputs will be set.

These select outputs are connected to the PI, which will activate
outputs depending on the external relay configuration. If there are
no external select relay the Pl will also give Feedback Select to
SWICON and the operator.

The operator then issues the execution command. COMCON
checks the command sequence and that the execution is activated
from the same operator place as the select command. After that
the command is forwarded to SWICON.

SWICON checks the blocking and interlocking continuously and
aso thistime. SWICON sets the correct outputs and starts to
supervise the command.

The output from SWICON is connected to PI, which activates the
correct outputs to the process.

After the command is finished, either via a successful command
or viaan error message, the SWICON function block sets the
Select Reset output (SEL_RES) to reset the COMCON function
block.
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3.4 Standard modules

3.4.1

AUTHALL

10. In COMCON the outputs Request Select (REQ_SEL ), Execute
(CMD_EXE) and Interlock Override (ITL_OVR), Synchro Check
override (SYN_OVR) arereset if they are used.

11. BAYRESreceivesthereset Request Select (REQ_SEL) and resets
the reservation.

The reservation sequence is described in chapter “Reservation function
on page 46.

For the type 2 commands the following apply:

1. The COMCON function block always has the current valid opera-
tor place or places from the Authority Allocation. When the com-
mand comes, the authority allocation is checked.

2. If several operator places are selected the command coming to the
one with the highest priority is accepted. In COMCON also
checks that there is no command sequence active.

3. If the command comes in the middle of another command
sequence the command is cancelled and the output Command
Sequence Error (CMD_SEQ_ERR) is set.

4. If the command is OK the output for respective command
(BLK_OPR, DBLK_OPR, BLK_UPD, PROC_UPD, SUBS_OP
or SUBS_CL) and the output Command Active (CMD_ACT) is
set for one execution cycle.

5. The receiving function block for these signals (POSIND and a
flip-flop for the block operation function) store these values in the
persistent memory.

In REC 580, several standard function blocks are available. Below the dif-
ferent standard modules for apparatus control are described. The append
describes input and output functions.

The Authority Allocation functions is designed for three operator places.
These places are Remote (e.g. control centre), Station (station HMI) anc
Local (control from backup panel or internal HMI via the control termi-
nal). In addition there is also an Off position when there are no operator
place allocated.

The function has priority between the different operator places. The high-
est priority is closest to the process. Local has higher priority than Station
which has higher priority than Remote.

Only one operator place can be selected at one time. At least one of th
inputs EXT_OFF, EXT_LOCAL or EXT_REMOTE must be set in order
to have any valid operator place.

The function is designed to cover the following input connections:

» One external switch per bay. The switch has three positions Off
(EXT_OFF), Local (EXT_LOC) and Remote (EXT_REM). Remote
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in this case, is seen from the backup panel or local HMI and can be
station or remote.

* One switch per bay selecting between station (BAY_STA) and
remote (BAY_REM).

« One switch per station or part of station selecting between station
(STA_STA) and remote (STA_REM).

* There is also one input indication if the inputs are valid
(DATA_VALID) or not.

e The input PAR_FORCE_VALID is used to indicate the station/
remote outputs, though the VALID output is false. Normally all out-
puts are set to false when VALID is false. To force the output to
show the positions from the station HMI, the input
PAR_FORCE_VALID is set to true.

AUTHALL
DATA_VALID AUTH_ALL — ToCOMCON
From Local Panel EXT_OFF VALID
EXT_LOC OFF o
EXT_REM LOCAL For indication
BAY_STA STATION
. BAY_REM REMOTE
From Station HMI STA STA
STA_REM

PAR_FORCE_VALID

Figure 5:  Function block AUTHALL

The two switches between station and remote (BAY_STA/REM and
STA_STA/REM) can only be changed when the external bay switch is in
remote (EXT_REM). These two switches have internal states, so the
inputs can be pulses. The storage of these states are persistent after restart
of the terminal.

The terminal can be set to Remote only if the bay switch (BAY_REM)
and the station switch (STA_REM) are in remote position. It is set to Sta-
tion if either the bay switch (BAY_STA) or the station switch (STA_STA)
is set to Station.

The AUTH_ALL output is an integer with the packed information of the
other signals (VALID, OFF, LOCAL, STATION, REMOTE). The VALID
output is the least significant bit. For example, the AUTH_ALL gets the
integer value 9 if the terminal is in station and the output has a valid value.
This integer value is connected to COMCON function block to give per-
mission for operation from valid operator place.

The VALID output is set when the external switch is one of the three
states and the valid input (DATA_VALID) is set to true.

The OFF output is set when the external switch is in Off (EXT_OFF) and
the VALID output is set.
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3.4.2

L(S)_APPCMD

The LOCAL output is set when the external switch is set to Loca
(EXT_LOC) and the VALID output is set.

The STATION output is set when the externa switch is set to Remote
(EXT_REM), and at least one of the other switches are in Station and the
VALID output is set.

The REMOTE output is set when the external switch is set to Remote
(EXT_REM), and both of the other switches are in Remote and the
VALID output is set.

Thereisone L_APPCMD per apparatus in the bay. Commands from Sta-
tion MMI or Remote Control Centre are transmitted via LON. The inputs
are ranged to the base software database signals, which are coming from
different LON telegrams. S APPCMD is used when commands are not
transmitted via LON.

For L_APPCMD, the signals from the base software are taken over and
checked according the set mode (input MODE).

Depending on the mode:

Single step control

» Select + direction + execute operation in one step

Double step control - two principles are possible:
 Select + execute direction
* Select direction + execution

Triple step control

» Select
 Direction
* Execute

the order of outputs is checked.

Internally in the function block the control sequence is created and the

packed signal CMDS is given out.

The command inputs must be at least one cycle, the outputs are set min
mum one cycle or longer, depending on how long the relating inputs are

set.

Cancel is only possible if the sequence is not in the final step (execution).

The QU of QOC (Qualifier of Command) is an integer value with addi-
tional control information. The parameter inputs cover the possible over-

ride modes:
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3.4.3

L_APPRSP

PAR_STD_CTL for interlocking and synchrocheck (no overriding)

PAR_ITL_OVR without interlocking (ITL-Override) but with synchro-
check

PAR_SYN_OVR without synchrocheck (SYN-Override) but with inter-
locking

PAR_ITLSYN_OVR without interlocking and synchrocheck (ITL+SY N-
Override)

Thisoverriding information is given out before any select is given out and
iskept till the end of the control sequence.

The AUTHORITY input has to be connected to the relating actual author-
ity. In case the authority is not set, a selection will be stopped and an indi-
cationisgiven out (CMD_FAIL_AUTH).

The substitution command handles the substitution function.

The substitution can be set by single commands; set a position freezing
(BLK_UPD) and then set a substitution of the position.

Between two steps the COMCON supervises the next comming com-
mand. The LONG_OPR_ERR from COMCON is used to reset the control
seguence in that case.

NOTE: For other alocations (local control panel, mimic board etc) the
standard command function (S_APPCMD) is used.

The S APPCMD isused for one apparatus and for commands not coming
viaLON bus. The signals for the COMCON modules input CMDS x are
gathered and changed into a packed signal.

All inputs are converted into an integer bitstring (output CMDS) for the
COMCON function.The inputs: SELECT, SEL_OP, SEL_CL, EXE_OP,
EXE_CL, EXECUTE and CANCEL are given out for one cycle.

Override must be done before first command step is done, otherwise error
detected and cancel is set.

Between two steps the COMCON supervises the next comming com-
mand. The LONG_OPR_ERR from COMCON is used to reset the com-
mand error detection.

In case no valid authority is given the function generates an error message
(CMD_ERR).

The function is used for one apparatus to generate the command response
indications for the control, substitution and operation blocking commands
over the LON bus.
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The function generates the response signals which are needed for each
type of the incomming commands for a switch.

The ACR_INPUTS are to be used to generate an additiona information
why the command was not successfully. For example because switch is
interlocked against..., blocked etc.

This can be customer specific informations coded into an integer number.
Thisinteger value hasto be generated by externa B->I converter

The incoming signals have to be taken from the other modules of the
function block parts (SWICON, ...).

The function generates the response signals which are needed for each
type of the incomming commands for a switch. The timer inputs:
T_SUP_CONV_RSP2 (supervision time for receive a confirmation) and
T_SUP_TERM_RSP2 (supervision time for receive a termination) are
used for all 4 functions, i.e. UPD, SUB, BLK and ITL.

NOTE: For other units (i.e. local control panel) response signals must be
handled by free logic.

344 RSV_I Reserve Input (RSV_I) receives information from other bays and put it
together before the connection to BAY RES. It has also some error checks
for this communication. There is one function block per “other bay”, i.e.
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bay that the current bay has to reserve for its operations. The RSV_I:sare
connected in a chain and the last of these RSV _I:s is connected to the
BAYRES, see figure 6. The number of “other bays” in the figure is n.

RSV_I
INT#5 ———— EXCH_IN

. . BAYX_RSV_TO OWN_BAY
rom receive

block of bay 1 | | BAYX_ACK_TO_OWN_BAY

BAYX_VALID_TX

EXCH_OUT

RSV |
EXCH_IN

BAYX_RSV_TO OWN_BAY
From receive

block of bay 2 BAYX_ACK_TO_OWN_BAY

BAYX_VALID_TX

EXCH_OUT

| RSV_|I
—— EXCH_IN
BAYX_RSV_TO OWN_BAY
From receive
block of bay n BAYX_ACK_TO_OWN_BAY
BAYX_VALID_TX
ACK_RSV_FR_BAYS
ANY_ACK_FR BAYS
VALID TX ToBAYRES
RSV_REQ FR BAY
VALID_RSV_REQ

Figure 6:  The function block RSV _| connected in a chain

Each RSV_I has to:

« gather the acknowledge from one bay
(BAYX_ACK_TO_OWN_BAY) and the request for reserving
(BAYX_RSV_TO_OWN_BAY).

* check if the transmission of data was correct (BAYX_VALID_TX).

* Put this information together with the old (recieved from previous
RSV_I:s, EXCH_OUT) into the EXCH_IN. EXCH_IN in the first
block sets allways to integer #5.

The last RSV_I has to gather the information it has received from the
other bays:

 If RSV_I has received acknowledges from all the bays it sets the out-



Version 3.0-00

Apparatus control 1IMRK 580 450-XEN
Page 6 — 33

3.45 BAYRES

3.4.5.1 Reservation request
of only the own bay

3.4.5.2 Reservation of other
bays

put ACK_RSV_FR_BAYS.

* If there weren’t any problems with the transmission in any of the
bays it sets VALID_TX.

« If any of the bays has a set acknowledge signal it sets
ANY_ACK_FR_BAYS.

* If there is a request of reserving the own bay from another bay it sets
RSV_REQ_FR_BAY.

* If same request is valid it sets VALID_RSV_REQ.

The program is prepared to handle bays not yet installed in the network. I
this is the case the input “Future use” shall be true.

The function block Bay Reserve (BAYRES) handles the reservation and
selection function at operation of high voltage apparatuses. There is one
BAYRES per eight apparatuses in the bay.

The purpose of the reservation and selection function is primarily to trans-
fer interlocking information in a safe way and to prevent double operation
in a bay, switchgear, or complete substation. The “Reservation function”
on page 46 describes the method more in details.

BAYRES starts to operate in two cases. It starts when there is a request fc
reservation from the own bay or if there is a request from another bay to
reserve the current bay.

If the reservation request comes from the own bay, BAYRES has to know
which apparatus the request comes from. This information is in the input
signal REQ_SEL_x, (where x is the number of the apparatus, which
makes the request). If the bay is not reserved by itself or another bay an
the corresponding input PAR_REQ_INT_x is set, $Hection is made

with the output SEL_GRT _Xx, (where x is the number of the requesting
apparatus), without to reserve any other bay.

If the BAYRES receives a request from an apparatus in the own bay, tha
requires other bays to be reserved, it checks if the corresponding inpu
PAR_REQ_INT_x is not set. Before it sends the request to other bays, i
checks whether it already has any response (acknowledge) from any o
the bays (ANY_ACK_FR_BAYS). BAYRES will activate the output
RSV_BAYS to reserv other bays that are predefined (to be reserved) an
wait for their response (acknowledge). BAYRES waits for the external
acknowledge as long as the REQ_SEL_x is high.

If BAYRES receives the acknowledge from the other bays
(ACK_RSV_FR_BAYS), it sets the output RESERVED and SEL_GRT_x
(where x is the number of the requested apparatus).



1MRK 580 450-XEN
Page 6 — 34

Apparatus control

Version 3.0-00

3.4.5.3 Reservation request
from another bay

3.4.5.4 Blocking of request

If there is a request from another bay (RSV_REQ_FR BAY) to reserve
the current one, BAY RES checks if the RESERVED is set. If it is not, a
signal ACK_RSV_TO _BAYSisset.

If RSV_REQ FR BAY and VALID_RSV_REQ both are TRUE, the out-
puts ACK_RSV_TO_BAYS and RESERVED sets to TRUE. If then the
communication suddenly fails, and VALID_RSV_REQ becomes FAL SE,
the output ACK_RSV_TO_BAY Simmediately resets and the timer starts.

If no VALID_RSV_REQ comes within the time set by
T _SPV_CAN_RSV, thereservation resets.
The reservation is cancelled if:

« external request resets

e communication fails and is not back within the supervision time
T_SPV_CAN_RSV

* blocking is set

Blocking of the reservation function is possible. This blocking is per-
formed by the BLK_RSV input, which blocks the reservation for requests
coming from in- and outside the bay. With an override signal (OVER-
RIDE) the blocking of the reservation for requests from inside the bay can

be bypassed.
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BAYRES
EXCH_IN SEL_GRT_1
—TREQ_SEL_1 SEL_GRT 2
PAR REQ INT 1 SEL GRT 3
] REQ_SEL 2 SEL GRT 4 || TO
PAR_REQ_INT_2 SEL_GRT 5 ;%MCON
] REQ_SEL_3 SEL_GRT_6 SWICON
PAR REQ INT_3 SEL_GRT 7
F N EAES_R?E(L{?NT 4 SEL_GRT_8
rom
e TN RSV_BAYS [—| Tosend-
COMCON|_| -
ar IEAEIS_R?EL_?NT . ACK_RSV_TO_BAYS block
REQ. SE(E_G = RESERVED [~ For
] — indication
PAR_REQ INT_6 EXCH_ouUT
I REQ SEL_7
PAR_REQ INT_7
|{ REQ_SEL_8
PAR_REQ INT_8
“1 ACK_RSV_FR _BAYS
From |- ANY_ACK_FR BAYS
thelast | _1yALID TX
?r%\'/n_l Nl 4 RSV_REQ FR _BAY
— VALID_RSV_REQ
BLK_RSV
OVERRIDE
T_SPV_CAN_RSV
Figure 7:  Function block for the bay reservation

3.4.5.5 More than eight appa-
ratuses

The input EXCH_IN and output EXCH_OUT are used for information
exchange between BAY RES blocks, when more than eight apparatuses in
the same bay are used for control. The inputs and outputs of these function
blocks are connected to each other in aloop as shown in figure 8.
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The reservation and selection function has several bits available to request
other BAYRES:s to be reserved. These BAYRES:s reply with an
acknowledge through the same information exchange.
BAYRES
EXCH_IN
EXCH_OUT —‘
L BAYRES
EXCH_IN
EXCH_OUT —‘
L BAYRES
EXCH_IN
EXCH_OUT T
Figure 8: Connections between three BAYRES:s intended to control up
to 24 apparatuses
3.4.5.6 Parameters T _SPV_CAN_RSV:
For cancelling a reservation if the communication fails at incoming
reguests and the communication is not back within the supervision time.
3.46 COMCON Command Control (COMCON) acts as an interface between the possible

operator places and the control program. The function do also have some
error handling for the selection and reservation procedure. There is one
COMCON per apparatus.

The selection and execution commands to COMCON can be handled in
three different ways. It can either be done in two or three steps command
handling, i.e. the commands have to be confirmed once or twice before
they are executed. They are (-> stands for atime delay, i.e different execu-
tion cycles of the function block):

* select -> execute + open/close
« select + open/close -> common execute
« select -> open/close -> execute
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These three command sequences might be a part of a longer sequence
starting with commands overriding the synchronization (SYN_OVR) and
interlocking (ITL_OVR) functions. If the operator would like to override
either synchronization or the interlocking function, these commands has
to be given before (or latest at the same time as) any selection of the appa-
ratus is done. If they are given after a selection, the command seguence
will be terminated and the error CMD_SEQ ERR will be set.

COMCON is able to handle up to five different operator places
(CMDS _x, where x is the number of the operator place). CMDS x is a
packed signal and it is of the type unsigned integer (word). CMDS_x
includesthe signals:

» sel_Des
* sel_Op

» sel_CI

* exe_Op
» exe_ClI

* exe Des
e can

o itl_Ovr

e syn_Ovr
* blk_Opr
 deblk_Opr
 blk_Upd
» proc_Upd
» subs_Op
* subs_ClI

The last six signals are not allowed to be set when a command sequenc
begins or during a command sequence. If at least one of them is set,
command sequence error (CMD_SEQ_ERR) is given and the sequenc
will be terminated. This error will also be set if e.g. blk_Opr and
deblk_Opr are set at the same time, sel_Des is set together either wit
sel_Op or sel_CI, exe_Des is set together with exe_Op or exe_Cl ot
syn_Ovr is set with sel_Op or exe_Op. In all cases the command sequenc
will be terminated and the error CMD_SEQ_ERR wiill be set.

In the standard solution the number of entries (CMDS_x) is for five oper-
ator places (local, station remote and two extra).

The input AUTH_ALL decides which of the CMDS_x that should be for-
warded to the control functions handling the switching, position indica-
tion and blocking. It sets the output CMD_ALL to the number of the
current operator place (i.e. the one which has started a commanc
sequence).

When a cancelling signal (can in CMDS_x) is set after an execute com-
mand has been given, COMCON will reset all outputs and set
CMD_CAN, which will be reset when the SEL_RES signal will be set.
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The output CMD_EXE will not be set if the input SEL_GRT isn’t set.

COMCON
From SWICON — SEL_RES CMD ALL —— Operator place No.
FromBAYRES_| SEL_GRT REQ SEL — TOBAYRES
Timers T_SPV_LONG OPR CMD_OP
T_SPV_RSV CMD_CL
From — AUTH_ALL
AUTHALL - CMD_EXE To SWICON
CMDS 1
From Bin/Int- - CMD_CAN
converter CMDS 2 ITL_OVR
representing CMDS 3 SYN_OVR SR
cifferent CMDS 4 BLK_OPR S out-T0
operator places y - SWICON
CMDS 5 DEBLK_OPR R
BLK_UPD
PROC_UPD
— To POSIND1/3
SUBS OP
SUBS_CL
CMD_ACT
LONG_OPR_ERR ndications
RSV_ERR
CMD_SEQ ERR

Figure 9:  Connections to other function blocks within the apparatus
control function

3.4.6.1 Two steps command When there is a request of changing the position of the apparatus,
REQ_SEL and the direction of the change of position (open/close) is set
and a timer is initialized. The time T_SPV_RSV is related to this timer.
The signal REQ_SEL results in the response signal SEL_GRT from func-
tion block BAYRES. SEL_GRT can't be set if there is no REQ_SEL.

The operator has to make different sequences of commands within a cer-
tain time. There are two different occasions when this is of interest. There
has to be a time limit;

» between the selection of an apparatus and the execute command to
the same apparatus.

» between the SYN_OVR or ITL_OVR command and a command that
utilizes the override command.

On those occasions a timer is initialized. The time T_SPV_LONG_OPR
is used in this purpose. The output CMD_ACT is to indicate that COM-
CON is in a sequence of command.

3.4.6.2 Three steps com- If the change of a position of an apparatus has to be done in three steps the
mand direction can either be set after or before the SEL_GRT signal is set.
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3.4.6.3 Parameters

3.4.7

Pl

Command handling errors

If the SEL_GRT isn't set, i.e. the reservation is not completed, before the
time T_SPV_RSV has expired, RSV_ERR will be set and REQ_SEL and
CMD_ACT will be reset.

If SEL_RES is set during the reservation (see System Overview, Bay anc
Apparatus control) the whole reservation procedure will be cancelled.
SEL_RES cannot be set if there’'s no SEL_GRT.

If the time T_SPV_LONG_OPR expires the output LONG_OPR_ERR
will be set.

If COMCON finds out that the commands in the command sequence
weren’t given in a logical order it will set CMD_SEQ_ERR and cancel the
whole operation.

If syn_Ovr (in CMDS_x) has been set during a command sequence ant
any ... Op (in CMDS_x) will be set, COMCON will terminate the
sequence and set the output CMD_SEQ_ERR.

If the authority allocation (AUTH_ALL) will change during a command
sequence, COMCON will react and cancel the command sequence. Th
only exception from this rule is if COMCON has set CMD_EXE. In that
case the command sequence will not be cancelled (terminated).

If there comes a cancellation signal (can in CMDS_x) when no command
sequence has started, the output (CMD_CAN) will be set.

T_SPV_LONG_OPR:

Parameter defining supervision time for long operation. It is the maximum
time e.g. between the order to override the interlocking and the selec
order or between the select order and the open/close order. If the time i
exceeded the interlock override and/or the selection are cancelled.

T_SPV_RSV:

Parameter defining supervision time for reservation of bays.

The function block SWICON sends information to the function block Pro-
cess Interface (Pl) when the apparatus has been selected and when it
permitted to make an operation. Then Pl sends the executing order to th
apparatuses via the binary output board. Three variants of Pl exists, PI_1
P1_2, and P1_1_5 with different functionality, which are described below.

For all functions in common is:

The TRIP input is used for a direct opening command. The AR_CL and
SYN_CL inputs are used for direct closing command.
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34.71 PI_1

3.4.72 P2

3473 P15

The PI_1isused for asingle contact output control, that means the select
and execute will energize one output relay for the relating direction.

The logic diagram is shown in figure 10.

SEL_OP OR SEL_IND
SEL_CL

L TAND
OR|__
EXE OP EXE_OP_BO

L TAND|
OR| __
EXE CL | EXE_CL_BO

TRIP
AR_CL
SYN_CL

Figure 10: Function block diagram for PI_1

The PI_2 isused for a double contact output control, that means the select
will energize one output relay (i.e. the positive control potentia) and the
execute the other output relay (i.e. the negative control potential) for the
relating direction. If one of the inputs SEL_CL or SEL_OP is s&t, the cor-
responding output EXE_OP_P BO or EXE_CL_P_BO respectively is
activated. The correlating output EXE_OP_N_BO or EXE_CL_N_BO is
activated if the corresponding input EXE_OP or EXE_CL is set.

Thelogic diagram is shown in figure 11.

SEL_OP OR SEL_IND
SEL_CL )
] AND__ OR| _ EXE OP P BO
AND
ExE Op ORL— EXE OP N _BO
L AND___ OR| _ EXE CL_P BO
AND
ExE cL ORl— EXE CL_N_BO
TRIP
AR_CL
SYN_CL

Figure 11: Function block diagram for PI_2

ThePl_1 5isusedfor al 1/2 contact output control, that means the sel ect
will energize therelay for the relating direction and the execute acommon
output relay (i.e. the negative control potential for all switchesin the bay).
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If one of the inputs SEL_CL or SEL_OP is set, the corresponding output
EXE_OP_P BO or EXE_CL_P_BO respectively is activated. The output
EXE_N_BOsactivated if theinput EXE_OP or EXE_CL isset.
Thelogic diagram is shown in figure 12.
SEL_OP OR SEL_IND
SEL_CL h
AND OR EXE_OP_P_BO
AND|
EXE OP OR EXE_OP_N_BO
AND OR EXE_CL_P BO
AND|
EXE CL OR EXE_CL_N_BO
TRIP
AR_CL —1 OR1— EXE N_BO
SYN_CL
Figure 12: Function block diagram for PI_1 5
3.4.8 POSIND The function blocks POSIND3 and POSIND1 handle the position indica-

tions including quality attributes needed to set up a control and supervi-
sion application in the control terminal. The quality attributes used for
position indications are 1V (Invalid), BL (Blocked) and SB (Substituted).
The difference between POSIND3 and POSINDL1 is that POSIND3 han-
dlesthe position of all 3 phases and includes the pole discordance supervi-
sion. POSIND1 handles only one pole and has no pole discordance
detection.

The function is used for one double indication position and makes “static
checks” of the regarding process inputs. The supervision during a switch
operation is done in the SWICON module.

Depending on the position inputs BI_OP_POS_L1..3/BI_CL_POS_L1..3
and the qualifiers IV_IN_L1..3, BL_IN_L1..3 and SB_IN_L1..3 the out-
puts OP_DEFI/CL_DEFI are calculated. Any other case than definite
valid open or close position will set both outputs to 0.

The input IV_SET_BY_ASW is to be used in the application software for
a signal indicating that the regarding position signals are no more valid;
e.g. the indicating voltage circuit has tripped.

The BLK_UPD is to be used for an operators pulse command coming
from function block COMCON indicating that the regarding position sig-
nals are to be blocked. PROC_UPD is resetting that function.
STDY_BLK_UPD is a steady signal handling above function.
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3.4.8.1 Parameters

The operators command SUBS OP/_CL, coming from the COMCON
module will force the position value to the desired position. Reset is done
by PROC_UPD or going attributes |V and BL.

To get the positions forced, the state of 1V or BL must be true. That means
at least one phase hasto bein that state.

If no command is running and the position is changed (independent of the
start position: open or closed) there is an uncontrolled position change
(UNCTL_CHANGE_POS) indication. If only open or close change shall
be indicated, that might be done by external logic. The EXECUTING
input from SWICON indicates wesather the switch is in action or not and
that the change of position is caused by a controlled situation.

The function will detect pole discordance if the regarding phases are not
in same position after elapse of T_SPV_POLE_DISC.

POSIND3
/ To
BI_OP _POS L1 OP_DEFI SWICON,
BI_CL_POS L1 CL_DEFI Interlocking
IV_IN_L1 IV_OUT
BL_IN_L1 BL_OUT
SB_IN_L1 SB_OUT
BI_OP_POS L2 POS_ERR Application
. Bl CL POS L2 POLE_DISC SW
FromBascSW | | U=\ 72 ~  UNCTL_CHANGE POS
BL_IN_L2 OP_IND
SB_IN_L2 CL_IND
Bl OP POS L3 OPEN_SET L1|™
BI' CL POS L3 CLOSE SET L1
IV INL3 OPEN_SET L2
BL_IN L3 CLOSE SET_L2 Basic SW
.| SB IN L3 OPEN_SET L3
Application SW — IV_SET_BY_ASW CLOSE_SET_L3
BLK_UPD IV_SET_INPUT_L13
_CO_MCON [ PROC_UPD BL_SET_INPUT L13
Application SW — STDY _BLK_UPD SB_SET_INPUT L13| |
SUBS OP
SWICON — EXECUTING
. T_SPV_POS FAIL
Timers [ T_SPV_POLE_DISC

Figure 13: Function block POSIND3

T_SPV_POS FAIL:

Supervision time for check if both positions are 0-0 after long time. The
time should be longer than expected manual operation by a hand crank.
T_SPV_POLE_DISC:

Supervision time for pole discordance suppression. Used only in
POSIND3.
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3.4.9

SWICON

The function block SWICON executes the commands, i.e. gives all the
commands to the apparatus and supervises the operations. There is one
SWICON per apparatus. SWICON is able to coordinate a so synchroniza-
tion and autoreclosing functions.

The control system fulfils these different control sequences (they will be
referred to as seq. 1, seq. 2a/b and seq. 3), i.e.:

* Single step: select + direction + execute (seq. 1)

» Two steps A: select + direction -> execute (seq. 2a)
» Two steps B: select -> execute + direction (seq. 2b)
» Three steps: select -> direction -> execute (seq. 3)

The control squence starts when receiving a SEL_GRT signal. SWICON
checks the interlocking inputs (ITL_OP and/or ITL_CL). In case of seq.

2a the direction is available on the CMD_OP or CMD_CL inputs and only

one of the interlocking signals is checked. In case of seq. 2b or seq. 3 thi
information is not available and both interlocking signals has to be

checked. One of them is checked a second time when the direction i
known.

If the interlocking function allows operation, SWICON energizes the
select relay by setting either the SEL_OP and/or SEL_CL output, depend:
ing on whether the direction is available or not. If the direction isn't avail-
able it sets both SEL_OP and SEL_CL. At the same time the timer
T _SPV_SEL is initialized and the FDBK_SEL has to be set before this
timer has expired. The CMD_CAN signal would cause a reset of both
SEL_OP and SEL_CL. If FDBK_SEL isn't set within T_SPV_SEL,
SEL_ERR and SEL_RES will be set.

If seq. 2b is used the both outputs SEL_OP and SEL_CL are set after th
activation of SEL_GRT. In the next step the inputs CMD_OP or
CMD_CL together with the CMD_EXE input will activate the command,
i.e. activation of output EXE_OP or EXE_CL.

If seq. 2a is used one of the input signals CMD_OP or CMD_CL are set ai
the selection. This cause an activation of one of the outputs SEL_OP o
SEL_CL. In the next step the CMD_EXE will be activated, which cause
EXE_OP or EXE_CL to be set.

If seq. 3 is used the both outputs SEL_OP and SEL_CL are set after th
activation of SEL_GRT. In the next step the inputs CMD_OP or
CMD_CL are set. This cause an activation of only one of the outputs
SEL_OP or SEL_CL. Then the operator has to set CMD_EXE. This sig-
nal causes either EXE_OP or EXE_CL to be set.

When EXE_OP or EXE_CL are set, the timer T_SPV_ST_CMD is initial-
ized and there has to be a change in the position indication (OP_DEFI an
CL_DEFI) before this time expires, otherwise the CMD_ERR and the
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3.4.9.1 Synchrocheck

3.4.9.2 Autoreclose

SEL_RES will be set high during one program execution cycle. When
both OP DEFI and CL_DEFI are equa to O during the time
T_SPV_POS FAIL it indicates arunning switch (intermediate position).

The parameter T_PLS is the time the outputs EXE_OP or EXE_CL wiill
be activated. The parameter ALWAYS ACT_OUT decides whether an
request of opening an opened apparatus should go through and energize
the relay or not.

SWICON
OP_DEFI SEL_OP
From POSIND [ CL_DEFI SEL_CL ToPl
BAYRES — SEL_GRT EXE_OP
Pl or external —t FDBK_SEL EXE_CL
select relay CMD_OP SEL_RES — COMCON
CMD_CL EXECUTING — POSIND
COMCON CMD_EXE SEL_ERR —
CMD_CAN CMD_ERR | | 'Mdications
ITL_OVR BLK_AR [ Application SW
From SetReset SYN_OVR BLK_IND
function in [ BLK_OP ITL_IND Indications
licaionSw | BLK_CL SYN_FAIL_IND
P ITL_OP ST_SYN — Application SW
. ITL_CL
Application SW SYN_FAIL
SYN_OK
T _SPV_SEL
Timers | | T_SPV_ST_CMD
T PLS
T_SPV_POS FAIL
T_SYN_CHK
ALWAYS ACT_OUT

Figure 14: Function block SWICON

SWICON works with different connections for the synchro-check func-
tion. The base function is to start the synchro check (ST_SY N) and super-
vise the time until the conditions arefulfilled. Whenthesignal ST_SYN is
activated, the command supervision is stopped until the time
T_SYN_CHK has elapsed. When the synchronisation conditions are ful-
filled the input SYN_OK is set. At this time the supervision of the syn-
chro-check stops and the supervision of the command starts.

If the SYN_OK input is not set until thetime T_SYN_CHK has elapsed,
an output SYN_FAIL_IND is set. This output is also set if the input
SYN_FAIL is set.

If there is no synchro-check connected, the input SYN_OK shall be set to
true and the input SYN_FAIL shall be set to false.

The BLK_AR signal is used to block the autoreclose when the breaker is
selected for operation. Thisis to prevent an autoreclose when the breaker
is operated manually or automaticaly. A trip in this case means that the
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3.4.9.3 Parameters

breaker is closed on afault situation and therefore should not reclose. This
signal is reset at the same time as SEL_RES if it is operating in open
direction.

T _SPV_SEL:

Parameter defining supervision time for selection. FDBK_SEL must be
high within this time.

T_SPV_ST_CMD:

Parameter defining supervision time for the apparatus to start to move
after a command. If the apparatus does not start, the selection and com-
mand are cancelled.

T PLS:

Parameter defining the time for the output command pulse.

T_SPV_POS FAIL:

If the apparatus does not reach the new position within this time for run
time supervision, the selection and command are cancelled.
T_SYN_CHK:

Parameter defining supervision time for the synchro-check. The timer
starts when the ST_SYN output is set. The timer is stopped when
SYN_OK or SYN_FAIL isset or the position indication is changed.

ALWAYS ACT_OUT:

The parameter is set when the customer would like to energize appara-
tuses when making an opening or closing command of an already opened
or closed apparatuses respectively.
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4 Configurations

4.1 Connections to other This part describes type solutions for connection to other application

functions functions. All functions are described in separate chapters.
4.1.1 Reservation The reservation function is primarily a method to transfer interlocking
function information from other bays in a safe way.

To reserve other bays, the BAYRES module needs interaction with the
bays that must be reserved. Note that only bays that must be reserved or
need to reserve other bays must have these connections.

The question of which bays that should be reserved by this bay is delivery
specific. In genera there are three ways.

» Only the bays that influence the interlocking conditions must be
reserved.

* The whole voltage level must be reserved. All other bays on this bus-
bar voltage level must be blocked.

» The whole station must be reserved. All other bays in the station
must be blocked.

The connections to reserve the apparatuses within the own bay are shown
in figure 15. The timing diagram is shown in figure 16. The reservation
function follows the steps below:

1. The selection signal in the packed input signal CMDS_x to COM-
CON is activated when an apparatus is selected for operation.
COMCON sets the REQ_SEL output.

2. The signal REQ_SEL activates the RSV_BAYS output via
REQ_SEL_ x in BAYRES for reserving other bays. After success-
ful acknowledgement from other bays, the select output
(SEL_GRT_x) is set to inform that it has reached a reserved state.
In this state, it will not accept other requests, which ensures that
no other operations are possible in this bay.

3. After acknowledgement from all bays, the select output
(SEL_GRT_x) from BAYRES activates the SEL_GRT in COM-
CON and allows the execute command to pass through.

4. When SEL_GRT in SWICON is activated, SWICON with the
input signals CMD_OP/CMD_CL/CMD_EXE from COMCON
gives an execution signal (open/close) using the output signals
SEL_OP/CL and EXE_OP/CL.

5. The signal SEL_RES is resetting the selection request
(REQ_SEL) after successful operation (that is, new position
reached) or command error. SEL_RES is active until SEL_GRT is
reset.
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BAYRES
— REQ SEL_1 SEL_GRT 1
© —| REQ_SEL_2 SEL_GRT 2
RSV_BAYS Reserve
Acknowledgement from other bays % ﬁﬁﬁ_i?:\& _T:T?_BBQ\((SS Eg}f

®

COMCON SWICON
' SEL_RES SEL RES
SEL_GRT REQ SEL — B Reset
SEL_GRT
From HMI_— CMDS_x @

COMCON SWICON

L SEL_RES SEL RES
SEL_GRT REQ_SEL h

SEL_GRT
From HMI — CMDS x

Figure 15: The reservation function within the own bay

1. REQ_SEL (COMCON) _ /( L
2. RSV_BAYS (BAYRES) _ / L
ANY_ACK_FR BAYS ____ | L

ACK_RSV_FR _BAYS

3. SEL_GRT_x (BAYRES)/
SEL_GRT (COMCON)

4. OPEN/CLOSE (SWICON)

5. SEL_RES (SWICON) [ 1 ’

Figure 16: Timing diagram for the reservation function

For reservation of other bays, signa exchange between the bays is neces-
sary. The signals to reserve other bays and signals to reserve the own bay
from other bays are shown in figure 17, which describes the receiving and
sending part of the reservation function. Receive function blocks are used
to receive the information from other bays.



1MRK 580 450-XEN
Page 6 — 48

Apparatus control

Version 3.0-00

The module BAYRES requests the reservation of other bays with
RSV_BAYS and needs to know if other bays are reserved or not. It
receives the acknowledgements on the ACK_RSV_FR BAYS input,
which specifies that al bays are reserved and on ANY_ACK_FR_BAYS
that any bay is reserved. It also checks the communication status
(VALID_TX).

The logic to gather these signals from the requested number of bays (in
this example from three bays X, Y, Z) is delivery specific and made with
the RSV_| module. This is because the BAY RES is independent of the
number of baysto communicate with.

When the request is coming from another bay, there is one signal
(RSV_REQ_FR_BAY) for reservation request. VALID_RSV_REQ isthe
signal for valid request from any bay.

With the inputs PAR_REQ_INT_x (x =1,...8) set to 1= TRUE, it is possi-
ble to suppress the reservation of other bays a a request select
(REQ_SEL) from a specific apparatus (1,...8) in the own bay. That is, the
BAY RES only reserves the own bay.

The signal BLK_RSV blocks the reservation. That is, no reservation can
be made from the own bay or any other bay. This can be set via a binary
input from an external device to prevent operations from another operator
place at the same time. This function can be overridden in the own bay
with the OVERRIDE signd, for example, from the HMI.
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From bay X RSV_I
RECEIVE X_RSV Tlngin Exern
B_1 —_— BAYX_RSV_TO OWN_BAY
B 2 BAYX_ACK_TO OWN_BAY
B3 BAYX_VALID_TX
: Interlocking |
information
B_16 EXCH_OUT
VALID
From bay Y RSV |
RECEIVE v RSV TO BAYL ] EXCH_IN
B 1 = BAYX_RSV_TO OWN_BAY
B2 BAYX_ACK_TO_OWN_BAY
B3 BAYX_VALID_TX
: Interlocking |
information
B_16 EXCH_OUT
VALID
From bay Z RSV_I
RECEIVE L EXCH_IN
B 1 Z RSV_TO BAY1
_ BAYX_RSV_TO OWN_BAY
B 2 BAYX_ACK_TO_OWN_BAY
B 3 BAYX_VALID_TX
: Interlocking Y
B 16 information ACK_RSV_FR_BAYS
VALID ANY_ACK_FR_BAYS
VALID_TX
RSV_REQ FR BAY
VALID_RSV_REQ
BAYRES SEND
Signals used to B_1
reserve other bays: e [IB 2
ACK_RSV_FR BAYS RSV _BAYS X_RSV_TO_BAY1 -
| | ANY_ACK_FR BAYS Y Rsv_To BAY11] & []B-3
VALID_TX Z Rsv_To BAY1— & B4
Signals used to B 5
reserve this bay: -
[ RSV_REQ_FR_BAY Iterlocking
VALID_RSV_REQ B 16
ACK_RSV_TO BAYS -

Broadcast sending
to other bays

Figure 17: The reservation function between bays
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Figure 17 shows also the sending part of the reservation function. From
this part, the request (RSV_BAY S) from BAY RES to reserve other bays
are sent to other bays by broadcast, that is, to al bays at the same time.
Send function blocks are used to send the information to other bays.

The connection for acknowledgement (ACK_RSV_TO_BAYS) from
BAY RES gives the result that only the bay that asked for reservation gets
the acknowledgement back.

In REC 580, one or more Send function blocks are used to broadcast
information from one REC 580. One or several REC 580s are configured
to receive this information. Each Receive function block can only get
information from one Send function block.

Thefirst bit in the Send function block is used for reserve request of other
bays (RSV_BAYS in BAYRES). This signal must be steady, so the
reserve request equal s true means reserve and equals fal se means release.

After this reserve request bit, there is one reserve acknowledgement bit
(ACK_RSV_TO _BAYS in BAYRES) for each bay that can reserve the
bay. So if three bays can reserve the bay, three signals are used.

ACK_RSV_TO BAYSis reset after RSV_REQ FR_BAY isresat. If the
RSV_REQ_FR_BAY remains (for example due to communication error),
ACK_RSV_TO BAYS is resst a time T _SPV_CAN_RSV after
VALID_RSV_REQ isreset.

After the reserve acknowledgement signals, the apparatus positions are
needed for the interlocking. Thisinformation can be of these types:

* Busbar A and busbar B is connected
» Busbar A and busbar B is disconnected

This means that the position for each apparatus is not distributed, if not

needed.

If this interlocking information needs additional event blocks for sending,
the first bit of all the extra blocks is a reserve acknowledgement signal to

acknowledge any bays, see figure 18.
These steps can be defined for the complete execution:

» The command execution bay receives a request for operation, for
example by a selection from HMI.

« If the bay is reserved the command is cancelled.

« If other bays should be reserved, the reserve request bit is set in the

send function block.
» The request information is broadcasted to all other bays.

» The receiving bays put the data to the receive function blocks in the

different bays.

* The bays that must be reserved, read the request from the receive

function block, block all commands in the own bay, evaluate the
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apparatus positions, and set the interlocking information and the
reserve acknowledgement on the send function block.

» The response is broadcasted to all other bays.

» The other bays configured to read this message put the data to the
receive function blocks.

» The command executing bay receives reserve acknowledgement sig
nals from all the bays that were requested. If one or several bays do
not respond within a predefined time, the command is cancelled.

» When all reserve acknowledgement signals are received, the inter-
locking condition is evaluated. If the command is allowed, it will be
performed.

» When the command is executed, the reserve request bit is reset on al
send function blocks and broadcasted in the same way as the reserv
request.

» The reset reserve request bit is interpreted as a release in the bay the
was reserved. So the bay is free, and the reserve acknowledgement
bit is reset on the send function block and broadcasted back.

» The command executing bay waits until all reserve acknowledge-
ment signals are reset. When this is done, the bay is ready for a new
command.

Example:
Figure 18 illustrates the above described step-by-step command executio
and bay-to-bay communication.

The example station is a double busbar with only two lines and one bus
coupler. The bus coupler also handles the busbar earthing switches.

In this station, Line 1 and Line 2 need information from the bus coupler
and the bus coupler need information from Line 1 and Line 2.

Figure 18 illustrates the station-wide communication. The signals not
used in the figure are removed.

The bus coupler has information for two send function blocks. But for the
two lines, one block is enough.



1MRK 580 450-XEN

Page 6 — 52

Apparatus control

Version 3.0-00

Besides these outputs, a valid hit is available on the command function

blocks..
Bus Coupler (BC) bay
F— = = — - — - — - — - — -
' | RECEIVE SEND
‘ B 1 Reserve bay Reserve reg. to bays B_l
| B 2 |AdkntoBCby _, Adnlobyllp
‘ B:3 Ackn. to bay 2 B 3
i B 4 B_4
? ‘ B_16 B_16
‘ RECEIVE SEND
: Reserve bay ||
B1—— 21— B1
‘ B:Z Ackn.toBC-bay | B 2
: B 3 B_3
A | B 4 B_4
! B_16 B_16
L. L L
-
-
-
Linebay 1
r-— - - 1
. | RECEIVE SEND '
! B 1 Reserve bay Reserve reg. to bayg B 1 ‘
' B 2 |Ackn.tobay1  Ackn toBC-bay, B 2 '
| B_3 B_3 |
N o
| B_16 B_16 ‘
| RECEIVE ‘
. — & Ackn. to bay 1 .
B_1
| a2 f |
. B 3 .
| B_4 ‘
| B_16 ‘
L. L L _I
1 23 = Interlocking information
To next page
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4.1.2

Interlocking

From previous page:
1 23

| -
Line bay 2

RECEIVE SEND
B 1 Reserve bay Reserve reqg. to bays

B 2

B 1
Ackn. to BC-bay B_Z
B_3 | Ackn.tobay 2 B 3
B 4 B 4

RECEIVE
B 1
B2
B 3
| B 4

L Ackn. to bay 2
& |[p&nlobdy s

|
|
|
B_16 B_16 |
|
|
|

Figure 18: The principle of the communication between bays

Figure 19 shows the connection between an interlocking module and
apparatus control modules. The input is activated when the apparatus is
interlocked. The interlocking information within the REC 580 control ter-

minal are taken from the binary input boards. Information from other bays

are transferred over the station bus. The “Reservation function” on
page 46 describes the method for transferring these data.

COMCON
ITL_OVR
SWICON
. ITL_OVR

Interlocking -
Signals from ITL Interlocked
binary input P_ ITL_OP/CL
boards and
from other
bays

Figure 19: Connection of an interlocking module to apparatus control
modules



1MRK 580 450-XEN

Page 6 — 54

Apparatus control

Version 3.0-00

4.1.3

Synchrocheck

Connections between the apparatus control modules and the synchro-
check function can be made either for the built-in synchro-check module
or for an external synchro-check/synchronising equipment. Figure 20
shows the connections for a synchro-check function that checks the syn-
chro-check condition continuously and gives a signal on SYN_OK if
there is synchronism. The close execution signal from SWICON will be
activated only if SYN_OK comesin during thetime T_SYN_CHK. If the
override function is used, the signal SYN_OVR from COMCON must be
activated before the execution is performed.

COMCON SWICON
SYN_OVR SYN_OVR

Synchro-check
CloseRelease SYN_OK

Figure 20: Connections between the built-in synchro-check module and
the apparatus control modules

Figure 21 shows an example of configuration when an external synchro-
check/synchronising equipment is used, for example, type RES 010. For
the external synchronising equipment, the close command is handled out-
side REC 580. At the close command from the operator, SWICON acti-
vates the ST_SYN outputs, which starts the synchronisation. ST_SYN
will be reset when SYN_OK is activated.

External
synchronising
equipment
SWICON
SYN OK CLOSE = = CB caoil

FAULT
F SYN_FAIL W

|
|
|
|
|
| |
T
ST_SYN|—+—| START |
|
|
|
|
| |
| s
|

Figure 21: Connections between external synchronising equipment and
the apparatus control modules
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4.1.4

Autoreclosing

Figure 22 shows the interaction between the autoreclosing (AR) module
and the apparatus control modules. The signal BLK_AR from SWICON
isused to block the autoreclose function at the moment the circuit breaker
isunder operation.

Circuit Breaker
SWICON AR Pl
CLOSE_CB— AR_CL
BLK_AR{—EXT_BLK_AR EXE_CL_BO |— To output board

Figure 22: Connections between autoreclosing (AR) module and appa-
ratus control modules
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5 Appendix

5.1 Function blocks

5.1.1 AUTHALL

5.1.2 L_APPCMD

AUTHALL

DATA VALID  AUTH_ALL
EXT_OFF VALID
EXT_LOC OFF
EXT_REM LOCAL
BAY_STA STATION
BAY_REM REMOTE
STA STA

STA_REM

PAR_FORCE_VALID

Figure 23: Function block for Authority Allocation

AUTHORITY
SELECT
EXECUTE
DIR_ON
DIR_OFF

DACT

QU_OF QOC
PAR_STD_CTL
PAR ITL_OVR
PAR_SYN_OVR
PAR_ITLSYN_OVR
MODE
BLK_UPD
PROC_UPD
SUBS

DSUBS

SUBS OP

SUBS CL

EXE BLK_OPR
ON_BLK_OPR
OFF BLK_OPR
LONG_OPR_ERR

L_APPCMD

CMDS
CMD_FAIL_AUTH

Figure 24: Function block for LON Switch Command
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5.1.3 S_APPCMD

S APPCMD

AUTHORITY CMDS
SELECT CMD_ERR
SEL_OP

SEL_CL

EXE_OP

EXE_CL

EXECUTE

CANCEL

ITL_OVR

SYN_OVR

BLK_OPR

DBLK_OPR

BLK_UPD

PROC_UPD

SUBS OP

SUBS CL

LONG_OPR ERR

Figure 25: Function block for Standard Switch Command
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5.1.4

L_APPRSP

L_APPRSP

SELECT

EXECUTE

DIR_ON

DIR_OFF

DACT

REQ_SUCC

REQ FAIL
SEL_SUcCC
SEL_FAIL
EXE_CL_SUCC
EXE_CL_FAIL
EXE_OP_SUCC
EXE_OP_FAIL
CAN_SuCC
CAN_FAIL
RSV_GONE
ACR_INPUT
UPD_SCO_EXE
UPD_SCO DIRON
UPD_SCO_DIROFF
UPD_ORDER_ACKN
UPD_EXED_ON
UPD_EXED_OFF
UPD_ACR NEG_VAL
SUB_SCO_EXE
SUB_SCO_DIRON
SUB_SCO_DIROFF
SUB_ORDER_ACKN
SUB_EXED _ON
SUB_EXED_OFF
SUB_ACR NEG_VAL
BLK_SCO_EXE
BLK_SCO_DIRON
BLK_SCO_DIROFF
BLK_ORDER ACKN
BLK_EXED_ON
BLK_EXED_OFF
BLK_ACR NEG_VAL
ITL_SCO_EXE
ITL_SCO_DIRON
ITL_SCO_DIROFF
ITL_ORDER ACKN
ITL_EXED_ON
ITL_EXED_OFF
ITL_ACR_NEG_VAL
T_SUP_CONV_RSP2
T_SUP TERM_RSP2

SEL_IND
NOT_SEL_IND
EXE_IND
NOT_EXE_IND
CAN_IND
NOT_CAN_IND

POS_ACTTERM
NEG_ACTTERM
ACR_OUT

UPD_POS_CONV
UPD_NEG_CONV

UPD_POS ACTT
UPD_NEG _ACTT
UPD_ACR_IND

SUB_POS CONV
SUB_NEG_CONV

SUB_POS ACTT
SUB_NEG_ACTT
SUB_ACR_IND

BLK_POS CONV
BLK_NEG_CONV

BLK_POS ACTT
BLK_NEG_ACTT
BLK_ACR_IND

ITL_POS CONV
ITL_NEG_CONV

ITL_POS ACTT
ITL_NEG_ACTT
ITL_ACR_IND

Figure 26: Function block for LON Switch Command Response
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5.1.5 RSV _|
RSV _|
EXCH_IN ACK_RSV_FR BAYS
BAYX_RSV_TO OWN_BAY ANY_ACK_FR BAYS
BAYX_ACK_TO_OWN_BAY VALID_TX
BAYX_VALID_TX RSV_REQ FR_BAY
FUT_USE VALID_RSV_REQ
EXCH_OUT
Figure 27: Function block for Reserve Input
5.1.6 BAYRES
BAYRES
EXCH_IN SEL GRT 1
REQ_SEL 1 SEL_GRT_2
PAR_REQ INT_1 SEL GRT 3
REQ_SEL 2 SEL_GRT 4
PAR_REQ INT 2 SEL GRT 5
REQ_SEL_3 SEL_GRT 6
PAR_REQ_INT_3 SEL_GRT 7
REQ_SEL_4 SEL_GRT 8
PAR_REQ_INT_4 RSV_BAYS
REQ_SEL_S ACK_RSV_TO_BAYS
PAR_REQ_INT_5 RESERVED
REQ_SEL._6 EXCH_OUT
PAR_REQ INT 6
REQ SEL 7
PAR_REQ INT 7
REQ SEL_8
PAR_REQ INT 8
ACK_RSV_FR BAYS
ANY_ACK_FR BAYS
VALID_TX
RSV_REQ FR_BAY
VALID_RSV_REQ
BLK_RSV
OVERRIDE
T_SPV_CAN_RSV

Figure 28: Function block for Bay Reserve
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5.1.7

COMCON

COMCON
SEL_RES CMD_ALL
SEL_GRT REQ_SEL
T_SPV_LONG_OPR CMD_OP
T_SPV_RSV CMD_CL
AUTH_ALL CMD_EXE
CMDS 1 CMD_CAN
CMDS 2 ITL_OVR
CMDS 3 SYN_OVR
CMDS 4 BLK_OPR
CMDS.5 DEBLK_OPR

BLK_UPD
PROC_UPD
SUBS OP

SUBS CL
CMD_ACT
LONG_OPR_ERR
RSV_ERR
CMD_SEQ ERR

Figure 29: Function block for Command Control
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518 PI

Pl_1
SEL_OP EXE_OP_BO
SEL_CL EXE_CL_BO
EXE_OP SEL _IND
EXE_CL -
TRIP
AR CL
SYN_CL

PI_2
SEL_OP EXE_OP_P _BO
SEL_CL EXE_OP_N_BO
EXE_OP EXE_CL_P BO
EXE_CL EXE_CL_N_BO
TRIP SEL_IND
AR CL
SYN_CL

PI_15
SEL_OP EXE_OP_P BO
SEL_CL EXE_CL_P BO
EXE_OP EXE_N_BO
EXE_CL SEL_IND
TRIP
AR CL
SYN_CL

Figure 30: Function blocks for Process Interface PI_1, Pl 2and PI_1 5

5.1.9 POSIND

POSIND1

BI_OP_POS OP_DEFI
BI_CL_POS CL_DEFI
IV_IN IV_OouT
BL_IN BL_OUT
SB_IN SB_OUT
IV_SET BY_ASW POS ERR
BLK_UPD UNCTL_CHANGE_POS
PROC_UPD OP_IND
STDY_BLK_UPD CL IND
SUBS CL CLOSE_SET

EXECUTING
T SPV POS FAIL IV_SET_INPUT
—SFV_FOS | BL_SET_INPUT
SB_SET_INPUT

Figure 31: Function block for POSIND1



1MRK 580 450-XEN
Page 6 — 62

Apparatus control

Version 3.0-00

5.1.10 SWICON

POSIND3
BI_OP _POS L1 OP_DEFI
BI_CL_POS L1 CL_DEFI
IV_IN_L1 IV_OUT
BL_IN_L1 BL_OUT
SB IN_L1 SB OUT
BI_OP_POS L2 POS_ERR
BI_CL_POS L2 POLE_DISC
IV_IN_L2 UNCTL_CHANGE_POS
BL_IN_L2 OP_IND
SB_IN_L2 CL_IND
BI_OP_POS L3 OPEN_SET_L1
BI_CL_POS L3 CLOSE_SET_L1
IV IN L3 OPEN_SET L2
BL_IN L3 CLOSE_SET L2
SB_IN_L3 OPEN_SET L3
IV_SET_BY_ASW CLOSE_SET_L3
BLK_UPD IV_SET_INPUT_L13
PROC_UPD BL_SET_INPUT_L13

STDY_BLK_UPD SB_SET_INPUT_L13
SUBS OP

SUBS CL

EXECUTING

T_SPV_POS FAIL

T_SPV_POLE DISC

Figure 32: Function block for POSIND3

SWICON
OP_DEFI SEL_OP
CL_DEFI SEL_CL
SEL_GRT EXE_OP
FDBK_SEL EXE_CL
CMD_OP SEL_RES
CMD_CL EXECUTING
CMD_EXE SEL_ERR
CMD_CAN CMD_ERR
ITL_OVR BLK_AR
SYN_OVR BLK_IND
BLK_OP ITL_IND
BLK_CL SYN_FAIL_IND
ITL_OP ST_SYN
ITL_CL

SYN_FAIL

SYN_OK

T_SPV_SEL

T_SPV_ST_CMD

TPLS

T_SPV_POS FAIL

T_SYN_CHK

ALWAYS ACT_OUT

Figure 33: Function block for SWICON
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5.2 Signal lists
5.2.1 AUTHALL
Table 1: Signal list for Authority Allocation (AUTHALL)
Signal Type Infout |Description
DATA_VALID BOOL |[In Input indicating that the input data is valid.
EXT_OFF BOOL |[In Input indicating that the external switch is in off position.
EXT_LOC BOOL |[In Input indicating that the external switch is in local position.
EXT_REM BOOL |[In Input indicating that the external switch is in remote position.
BAY_STA BOOL |[In Signal is set to set the operator place to station for the bay.
BAY_REM BOOL |[In Signal is set to set the operator place to remote for the bay.
STA_STA BOOL |(In Signal is set to set the operator place to station for the station.
STA REM BOOL |[In Signal is set to set the operator place to remote for the station.
PAR_FORCE_VALID BOOL |[In To force the output to show the positions from the station HMI,

though the VALID output is false, this input is set to true.
AUTH_ALL INT Out Output containing the packed information of the other outputs.
VALID BOOL (Out Output indicating that the selected operator place is valid.
OFF BOOL |(Out Output indicating the no operator place is selected.
LOCAL BOOL (Out Output indicating that Local operator place is selected.
STATION BOOL |(Out Output indicating that Station operator place is selected.
REMOTE BOOL |(Out Output indicating that Remote operator place is selected.

5.2.2 L_APPCMD

Table 2: Signal list for LON Switch Command (L_APPCMD)

Signal Type Infout |Description

AUTHORITY BOOL |In Authority for this function.

SELECT BOOL |In Command from base software: Switch selection.

EXECUTE BOOL |In Command from base software: Switch exectution.

DIR_ON BOOL |[In Command from base software: Switch direction opening.

DIR_OFF BOOL |In Command from base software: Switch direction closing.

DEACT BOOL |[In Command from base software: Switch cancel operation.

QU_OF_QOC SINT In Command from base software: Qualifier of command.

PAR_STD_CTL SINT In Parameter QU value for control with interlocking and synchr.

PAR_ITL_OVR SINT In Parameter QU value for control with interlock override.

PAR_SYN_OVR SINT In Parameter QU value for control with synchrocheck override.

PAR_ITLSYN_OVR SINT In Parameter for control with interlocking and synchrocheck over-
ride.
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Table 2: Signal list for LON Switch Command (L_APPCMD)

(Continued)

Signal Type Infout |Description
MODE INT In Parameter for selecting single or double control commands,
Select with / without direction or Execute with / without direc-
tion:

« 0 = single command: Select + direction + execute

» 1 = double command: Select -> execute + direction

e 2 = double command: Select + direction -> execute

» 3 = triple command: Select -> direction -> execute
BLK_UPD BOOL |In Command for set of position indication freezing.
PROC_UPD BOOL |In Command for reset of position indication freezing.
SUBS BOOL |In Signal for setting a substitution.
DESUBS BOOL |In Signal for resetting a substitution.
SUBS_OP BOOL |In Substitution for open position (force open indication).
SUBS_CL BOOL |In Substitution for closed position (force close indication).
EXE_BLK_ BOOL |In Switch operation blocking command to be executed, including
OPR one of the next following signals set.
ON_BLK_ BOOL |In Switch operation blocking to be set, executed with
OPR EXE_BLK_OPR.
OFF_BLK_ BOOL |In Switch operation blocking to be reset, executed with
OPR EXE_BLK_OPR.
LONG_OPR_ BOOL |In Long operation error output from COMCON to reset the error
ERR detection.
CMDS INT Out Packed in one signal for COMCON CMDS_x signal.
CMD_FAIL_ BOOL |Out The output is set if the authority for a command is not true when
AUTH a command is activated.

5.2.3 S_APPCMD

Table 3: Signal list for Standard Switch Command (S_APPCMD)

Signal Type In/Out |Description

AUTHORITY BOOL |In Authority for this function.

SELECT BOOL |In Selection for relating switch.

SEL_OP BOOL |In Selected for opening for relating switch.
SEL_CL BOOL |In Selected for closing for relating switch.
EXE_OP BOOL |In Execution for opening for relating switch.
EXE_CL BOOL |In Execution for closing for relating switch.
EXECUTE BOOL |In Execution for relating switch.

CANCEL BOOL |In Cancel selection for relating switch.
ITL_OVR BOOL |In Control handling: without interlocking.
SYN_OVR BOOL |In Control handling: without synchrocheck.
BLK_OPR BOOL |In Blocking of operation for relating switch.
DEBLK_OPR BOOL |In Reset operation blocking for relating switch.
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Table 3: Signal list for Standard Switch Command (S_APPCMD)

(Continued)

Signal Type In/Out |Description

BLOCK_UPD BOOL |[In Process updating blocked, position to be frozen.

PROC_UPD BOOL |[In Process updating active, reset of position freezing function.

SUBS_OP BOOL |[In Substitution for open position (force open indication).

SUBS _CL BOOL |[In Substitution for closed position (force close indication).

LONG_OPR_ERR BOOL |[In Long operation error output from COMCON to reset the error
detection.

CMDS INT Out Packed in one signal for COMCON CMDS_x signal.

CMD_ERR BOOL (Out Error detection output. It is set if error in the command

sequence is detected or the authority for a command is not
true.

5.24 L_APPRSP

Table 4: Signal list for LON Switch Command Response (L_APPRSP)

Signal Type Infout |Description

SELECT BOOL |In Command from base software: Switch selection.

EXECUTE BOOL |(In Command from base software: Switch exectution.

DIR_ON BOOL |[In Command from base software: Switch direction opening.

DIR_OFF BOOL |[In Command from base software: Switch direction closing.

DEACT BOOL |(In Command from base software: Switch cancel operation.

REQ_ SUCC BOOL |In Request is successful.

REQ_ FAIL BOOL |[In Request is not successful.

SEL_SUCC BOOL |(In Selection is successful.

SEL_FAIL BOOL |In Selection is not successful.

EXE_CL_ BOOL |[In Closing is successful.

SuUCC

EXE_CL_FAIL BOOL |(In Closing is not successful.

EXE_OP_ BOOL |[In Opening is successful.

SuUCC

EXE_OP_FAIL BOOL |[In Opening is not successful.

CAN_SuUCC BOOL |(In Cancelling is successful.

CAN_FAIL BOOL |(In Cancelling is not successful.

RSV_GONE BOOL |[In Reservation resettet: switch has finished controlling (all activi-
ties for relating switch are reset).

ACR_INPUT SINT In Integer value for additional information on switch state (i.e.
interlocked, blocked,...).

UPD_SCO_ BOOL |[In Update position indication freezing execution.

EXE

UPD_SCO_ BOOL |[In Update position indication freezing order.

DIRON
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Table 4: Signal list for LON Switch Command Response (L_APPRSP) (Continued)

Signal Type Infout |Description

UPD_SCO_ BOOL |In Update position indication freezing reset.

DIROFF

UPD_ORDER _ BOOL |In Update position indication freezing command is acknowledged.

ACKN

UPD_EXED _ BOOL |In Update position indication freezing is executed.

ON

UPD_EXED _ BOOL |In Update position indication freezing is reset.

OFF

UPD_ACR_ SINT In Integer value for additional information on substitution negative

NEG_VAL response reason (i.e. auth. invalid).

Same for SUBS, BLK and Same principle as above for:

ITL as for UPD... Substitution, Control Block and Interlock Override.

T _SUP_CONV_ TIME See setting table.

RSP2

T SUP_TERM _ TIME See setting table.

RSP2

SEL_IND BOOL |Out Command response: selection running.

NOT_SEL_IND BOOL |Out Command response: no positive action on switch selection.

EXE_IND BOOL |Out Command response: execution running.

NOT_EXE_IND BOOL |Out Command response: no positive action on switch execution.

CAN_IND BOOL |Out Command response: switch command was cancelled.

NOT_CAN_IND BOOL |Out Command response: no positive action on switch cancelling.

POS ACTTERM BOOL |Out Command response: positive activation termination, switch
command was successfully finished.

NEG_ACTTERM BOOL |Out Command response: no positive activation termination, switch
command was not successfully finished.

ACR_OUT SINT Out Command response: actual integer value for additional infor-
mation on switch state.

UPD_POS_CONV BOOL |Out Command response: Update position indication freezing
acknowledged.

UPD_NEG_CONV BOOL |Out Command response: Update position indication freezing not
acknowledged.

UPD_POS_ACTT BOOL |Out Command response: Update position indication freezing exe-
cuted.

UPD _NEG_ACTT BOOL |Out Command response: Update position indication freezing not
executed.

UPD_ACR_IND SINT Out Integer value for additional information on substitution negative

response reason (i.e. auth. invalid), for succesful execution set
to 0.

Same for other 3 response
signals
i.e. SUB, BLK and ITL
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525 RSV_|

Table 5: Signal list for Reserve Input (RSV_1I)

Signal Type Infout |Description

EXCH_IN INT In Input for exchange signal between different RSV_| elements.

BAYX_RSV_TO_OWN_ BOOL |[In Input from other bay to reserve this bay.

BAY

BAYX_ACK_TO_OWN_ BOOL |[In Input from another bay that it is reserved by this bay.

BAY

BAYX_ BOOL |[In Input from the communication indicating that the communica-

VALID_TX tion with all bays that are reserved, is working.

FUT_USE BOOL |In Input to indicate that this bay is for future use.

ACK_RSV_ BOOL |(Out Acknowledgement from all other bays which must be reserved

FR_BAYS when an apparatus is selected for operation.

ANY_ACK _ BOOL |(Out Acknowledgement from any other bay which must be reserved

FR_BAYS when an apparatus is selected for operation.

VALID_TX BOOL (Out Signal indicating that the communication with all bays that are
reserved, is working.

RSV_REQ_ BOOL |(Out Request from other bay to reserve this bay.

FR_BAY

VALID_RSV_REQ BOOL |Out Check if the request of reserving the bay is valid.

EXCH_OUT INT Out Output for exchange signal between different RSV _| elements.

5.2.6 BAYRES

Table 6: Signal list for Bay Reserve (BAYRES)

Signal Type Infout |Description

EXCH_IN INT In Input for exchange signal between different BAYRES blocks.

REQ_SEL_x BOOL |[In Signal for each operable apparatus (x) that is requesting a
selection for operation. When one of these signals is true the
reservation function starts.

PAR_REQ_INT_x BOOL |[In A parameter for each apparatus (x) which states that only res-
ervation of the own bay is required. If the parameter is set only
the own bay is reserved.

ACK_RSV_FR_BAYS BOOL |[In Input from all other bays that they are reserved by this bay.

ANY_ACK_FR_BAYS BOOL |In Input from all other bays. If any one of them is reserved by this
bay. This input must be false before a new reservation is
allowed.

VALID_TX BOOL |[In Input from the communication indicating that the communica-
tion with all bays that are reserved, is working.

RSV_REQ_FR_BAY BOOL |In Input from other bay to reserve this bay.

VALID_RSV_REQ BOOL |In When this input is true the reservation request from another bay
is valid.

BLK_RSV BOOL |[In When this input is true no reservation is possible. The interlock

override function is not blocked.
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Table 6: Signal list for Bay Reserve (BAYRES) (Continued)

Signal Type Infout |Description

OVERRIDE BOOL |In Signal is set when there has been a command to override the
interlocking and/or reservation.

SEL_GRT_x BOOL |Out Signal to the corresponding operable apparatus (x). When this
signal is set, the reservation is made and the apparatus is
allowed to operate.

RSV_BAYS BOOL |Out Output to the other bays which must be reserved when an
apparatus is selected for operation.

ACK_RSV_ BOOL |Out Output to acknowledge reservation, requested by another bay.
TO_BAYS

RESERVED BOOL |Out Output to indicate that the bay is reserved.

EXCH_OUT INT Out Output for exchange signal between different BAYRES blocks.
T SPV_ TIME See setting table.

CAN_RSV

5.2.7 COMCON

Table 7: Signal list for Command Control (COMCON)

Signal Type Infout |Description

SEL_RES BOOL |In Signal which resets the selection. Reset is made:
1. after a successful operation,

2a. after selection time-out (no open or close),
2b. after direction time-out (no execute),

3. when reservation failed,

4. when an interlock occurred,

5. in blocking state,

6. cancel after selection.

SEL_GRT BOOL |In When this signal is set, the reservation is made and the appara-
tus is allowed to operate.

T SPV_LONG_OPR TIME See setting table.

T _SPV_RSV TIME See setting table.

AUTH_ALL INT In An unsigned integer containing the number of the current oper-
ator place.

CMDS_x INT In The commands, from each operator place, packed in an
unsigned integer.

CMD_ALL INT Out The number of the operator place that has started the com-
mand sequence.

REQ_SEL BOOL |Out Signal for each operable apparatus that is requesting a selec-
tion for operation. When this signal is true the reservation func-
tion starts.

CMD_OP BOOL |Out Signal is set at selection or execution command and indicates a

open operation.

CMD_CL BOOL |Out Signal is set at selection or execution command and indicates a
close operation

CMD_EXE BOOL |Out Signal is set when the command has to be executed.
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Table 7: Signal list for Command Control (COMCON) (Continued)

Signal Type Infout |Description

CMD_CAN BOOL |Out Signal is set after selection is made, when cancelling of the
selection is desired.

ITL_OVR BOOL |(Out Signal is set when there has been a command to override the
interlocking.

SYN_OVR BOOL |(Out Signal is set when there has been a command to override the
synchro-check.

BLK_OPR BOOL |(Out Signal for blocking operation of an apparatus.

DEBLK_OPR BOOL (Out Signal for deblocking operation of an apparatus.

BLK_UPD BOOL (Out This signal will set the internal update block function for the
apparatus.

PROC_UPD BOOL (Out Signal that resets the update blocking for an apparatus. It will
resume process updating.

SUBS_OP BOOL |(Out Signal that sets the position indication to open position, when
the updating is blocked.

SUBS _CL BOOL (Out Signal that sets the position indication to closed position, when
the updating is blocked.

CMD_ACT BOOL |Out This signal is set when a sequence of operations are in
progress e.g. selection or interlocking override.

LONG_OPR_ERR BOOL |Out Output indicating that the long operation supervision timer has
expired.

RSV_ERR BOOL |(Out Output indicating that the reservation supervision timer has
expired.

CMD_SEQ_ERR BOOL (Out Output indicating that the commands in the command

sequence weren't done in a logical sequence.

Table 8: Content of the CMDS_x input for COMCON

Signal Type Infout |Description

sel_Des BOOL |[In Signal showing there is a request of selecting the apparatus.

sel_Op BOOL |(In Signal showing there is a request of selecting and opening the
apparatus.

sel_ClI BOOL |[In Signal showing there is a request of selecting and closing the
apparatus.

exe_Op BOOL |[In Signal showing there is a request of opening the apparatus.

exe_ClI BOOL |[In Signal showing there is a request of closing the apparatus.

exe_Des BOOL |[In Signal showing there is a request of executing the operation
(the direction is already given in previous commands).

can BOOL |[In Signal showing there is a request of cancelling the operation.

itl_Owvr BOOL |[In Signal showing there is a request of overriding the interlocking
function.

syn_Ovr BOOL |[In Signal showing there is a request of overriding the synchroniza-
tion function.

blk_Opr BOOL |[In Signal for blocking operation of an apparatus.

deblk_Opr BOOL |[In Signal for deblocking operation of an apparatus.
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Table 8: Content of the CMDS_x input for COMCON (Continued)

Signal Type Infout |Description

blk_Upd BOOL |In This signal will set the internal update block function for the
apparatus.

proc_Upd BOOL |In Signal that resets the update blocking for an apparatus. It will

resume process updating.

subs_Op BOOL |In Signal that sets the position indication to open position, when
the updating is blocked.

subs_ClI BOOL |In Signal that sets the position indication to closed position, when
the updating is blocked.

5.28 PI

Table 9: Signal list for Process Interface (PI_1)

Signal Type Infout |Description

SEL_OP BOOL |In Signal is set when there will be an order to select the apparatus
for an open command.

SEL_CL BOOL |In Signal is set when there will be an order to select the apparatus
for a close command.

EXE_OP BOOL |In Signal is set when there will be an order to open the apparatus.

EXE_CL BOOL |In Signal is set when there will be an order to close the apparatus.

TRIP BOOL |In Signal is set when there is a trip, it causes the apparatus to
open.

AR_CL BOOL |In Signal is set when the result of the auto reclose logic closes the
apparatus.

SYN_CL BOOL |In Boolean Signal is set when the result of the sycnhronization

logic closes the apparatus.

EXE_OP_BO BOOL |Out Output is set when the apparatus is selected and an open com-
mand is given or if any of the commands that doesn’t need any
selection have to open the switch. Output is used to activate the
open command relay.

EXE_CL_BO BOOL |Out Output is set when the apparatus is selected and a close com-
mand is given. When synchro-check is used the conditions
from the synchro-check relay are considered as well. Output is
used to activate the close command relay.

SEL_IND BOOL |Out Select is set when any or both of the selection inputs are set.

Table 10: Signal list for Process Interface (P1_2)

Signal Type Infout |Description

SEL_OP BOOL |In Signal is set when there will be an order to select the apparatus
for an open command.

SEL_CL BOOL |In Signal is set when there will be an order to select the apparatus
for a close command.

EXE_OP BOOL |In Signal is set when there will be an order to open the apparatus.
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Table 10: Signal list for Process Interface (Pl_2) (Continued)

Signal Type Inf/out |Description

EXE_CL BOOL |[In Signal is set when there will be an order to close the apparatus.

TRIP BOOL |[In Signal is set when there is a trip, it causes the apparatus to
open.

AR _CL BOOL |[In Signal is set when the result of the auto reclose logic closes the
apparatus.

SYN_CL BOOL |[In Boolean Signal is set when the result of the sycnhronization
logic closes the apparatus.

EXE_OP_P_BO BOOL (Out Output is set when the apparatus is selected for an open com-

mand or if any of the commands that doesn’t need any selec-
tion have to open the apparatus. Output is used to activate the
first open command relay.

EXE_OP_N_BO BOOL |Out Output is set when the apparatus is executed for an open com-
mand or if any of the commands that doesn’t need any selec-
tion have to open the apparatus. Output is used to activate the
second open command relay.

EXE_CL_P_BO BOOL (Out Output is set when the apparatus is selected for a close com-
mand or if any of the commands that doesn’t need any selec-
tion have to close the apparatus. Output is used to activate the
first close command relay.

EXE_CL_N_BO BOOL (Out Output is set when the apparatus is executed for a close com-
mand or if any of the commands that doesn’t need any selec-
tion have to close the apparatus. Output is used to activate the
second close command relay.

SEL_IND BOOL |Out Select is set when any or both of the selection inputs are set.

Table 11: Signal list for Process Interface (PI_1_5)

Signal Type In/out |Description

SEL_OP BOOL |[In Signal is set when there will be an order to select the apparatus
for an open command.

SEL_CL BOOL |[In Signal is set when there will be an order to select the apparatus
for a close command.

EXE_OP BOOL |[In Signal is set when there will be an order to open the apparatus.

EXE_CL BOOL |[In Signal is set when there will be an order to close the apparatus.

TRIP BOOL |[In Signal is set when there is a trip, it causes the apparatus to
open.

AR _CL BOOL |[In Signal is set when the result of the auto reclose logic closes the
apparatus.

SYN_CL BOOL |[In Boolean Signal is set when the result of the sycnhronization

logic closes the apparatus.

EXE_OP_P_BO BOOL (Out Output is set when the apparatus is selected for an open com-
mand or if any of the commands that doesn’t need any selec-
tion have to open the apparatus. Output is used to activate the
first potential of the open command relay.
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Table 11: Signal list for Process Interface (P1_1_5) (Continued)

Signal Type Infout |Description

EXE_CL _P_BO BOOL |Out Output is set when the apparatus is selected for a close com-
mand or if any of the commands that doesn’t need any selec-
tion have to close the apparatus. Output is used to activate the
first potential of the close command relay.

EXE_N_BO BOOL |Out Output is set when the apparatus is executed for an open or
close command or if any of the commands that doesn’t need
any selection have to operate the apparatus. Output is used to
activate the common potential for all grouped command relays
in a bay.

SEL_IND BOOL |Out Select is set when any or both of the selection inputs are set.

5.29 POSIND

Table 12: Signal list for Position Indication 1 (POSIND1)

Signal Type In/out |Description

BI_OP_POS BOOL |In Input for switch positions; open positions for all phases
together.

Bl_CL_POS BOOL |In Input for switch positions; close positions for all phases
together.

IV_IN BOOL |In Invalid bit from base software interface for all phase signals
together.

BL_IN BOOL |In Blocked bit from base software interface for all phase signals
together.

SB_IN BOOL |In Substituted bit from base software interface all phase signals
together.

IV_SET _BY_ASW BOOL |In Input for setting of invalid information from application SW (e.g.
indication of voltage trip).

BLK_UPD BOOL |In Pulse input (from COMCON) for setting of blocking information,
positions are frozen.

PROC_UPD BOOL |In Pulse input (from COMCON) for resetting of blocking informa-
tion, positions are updated again.

STDY_BLK_UPD BOOL |In Steady input (e.g. from a switch) for setting of blocking informa-
tion, positions are not updated.

SUBS_OP BOOL |In Signal for setting to open position, validity checked by COM-
CON logic.

SUBS _CL BOOL |In Signal for setting to closed position, validity checked by COM-
CON logic.

EXECUTING BOOL |In Input from SWICON, set as long as a command for that object
is started or runs.

T _SPV_POS_FAIL TIME See setting table.

OP_DEFI BOOL |Out Set if definite open position, set by process inputs or substitu-
tion, reset if intermediate, disturbed or 1V set. Output used for
application SW (Interlocking, SWICON and horizontal commu-
nication).
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Table 12: Signal list for Position Indication 1 (POSIND1) (Continued)

Signal Type Infout |Description
CL_DEFI BOOL (Out Set if definite close position, set by process inputs or substitu-
tion, reset if intermediate, disturbed or IV set. Output used for
application SW (Interlocking, SWICON and horizontal commu-
nication).
IV_OUT BOOL (Out Invalid bit via base software interface for indication. Output
used for application SW.
BL_OUT BOOL |(Out Blocked bit via base software interface for indication. Output
used for application SW.
SB_OUT BOOL (Out Substituted bit via base software interface for indication. Output
used for application SW.
POS _ERR BOOL |(Out No correct position, set if:
e V=1
 Intermediate position after elapse of T_SPV_POS_FAIL
« Disturbed position (open and close =1 signal)
UNCTL_CHANGE_POS BOOL |Out Indication set if the position is changed without command,
pulse output for minimum one cycle.
OP_IND BOOL |Out Position indication including disturbed state indication as 1-1.
CL_IND BOOL (Out Position indication including disturbed state indication as 1-1.
OPEN_SET BOOL (Out Set by application (e.g. substitution).
Output used for writing process database inputs in base-SW.
CLOSE_SET BOOL |(Out Set by application (e.g. substitution)
Output used for writing process database inputs in base-SW.
IV_SET _INPUT BOOL |Out Invalid bit to base software interface used for writing process
database inputs in base-SW.
BL_SET_INPUT BOOL |Out Block bit to base software interface used for writing process
database inputs in base-SW.
SB_SET_INPUT BOOL |Out Substitution bit to base software interface to enable overwriting

of signal value and quality attributes.

Table 13: Signal list for Position Indication 3 (POSIND3)

Signal Type Infout |Description

Bl_OP_POS_ BOOL |[In Input for switch position; open position for phase L1.

L1

Bl_CL POS_ BOOL |[In Input for switch position; close position for phase L1.

L1

IV_IN_L1 BOOL |[In Invalid bit from base software interface for phase L1 signal.

BL_IN_L1 BOOL |[In Blocked bit from base software interface for phase L1 signal.

SB IN L1 BOOL |[In Substituted bit from base software interface for phase L1 sig-
nal.

Bl_OP_POS_ BOOL |[In Input for switch position; open position for phase L2.

L2

Bl_CL _POS_ BOOL |[In Input for switch position; close position for phase L2.

L2
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Table 13: Signal list for Position Indication 3 (POSIND3) (Continued)

Signal Type Inf/out |Description

IV_IN_L2 BOOL |In Invalid bit from base software interface for phase L2 signal.

BL_IN_L2 BOOL |In Blocked bit from base software interface for phase L2 signal.

SB IN L2 BOOL |In Substituted bit from base software interface for phase L2 sig-
nal.

Bl_OP_POS_ BOOL |In Input for switch position; open position for phase L3.

L3

BI_CL_POS_ BOOL |In Input for switch position; close position for phase L3.

L3

IV_IN_L3 BOOL |In Invalid bit from base software interface for phase L3 signal.

BL_IN L3 BOOL |In Blocked bit from base software interface for phase L3 signal.

SB_IN_L3 BOOL |In Substituted bit from base software interface for phase L3 sig-
nal.

IV_SET BY_ BOOL |In Input for setting of invalid information from application SW (e.g.

ASW indication of voltage trip).

BLK_UPD BOOL |In Pulse input (from COMCON) for setting of blocking information,
positions are frozen.

PROC_UPD BOOL |In Pulse input (from COMCON) for resetting of blocking informa-
tion, positions are updated again.

STDY_BLK BOOL |In Steady input (e.g. from a switch) for setting of blocking informa-

_UPD tion, positions are not updated.

SUBS OP BOOL |In Signal for setting to open position, validity checked by COM-
CON logic.

SUBS_CL BOOL |In Signal for setting to closed position, validity checked by COM-
CON logic.

EXECUTING BOOL |In Input from SWICON, set as long as a command for that object
is started or runs.

T SPV_ TIME See setting table.

POS_FAIL

T SPV_ TIME See setting table.

POLE_DISC

OP_DEFI BOOL |Out Set if definite open position, set by process inputs or substitu-
tion, reset if intermediate, disturbed or 1V set. Output used for
application SW (Interlocking, SWICON and horizontal commu-
nication).

CL_DEFI BOOL |Out Set if definite close position, set by process inputs or substitu-
tion, reset if intermediate, disturbed or 1V set. Output used for
application SW (Interlocking, SWICON and horizontal commu-
nication).

IV_OUT BOOL |Out Invalid bit via base software interface for indication, logical OR
related to responding IV_IN_L1...L3. Output used for applica-
tion SW.

BL_OUT BOOL |Out Blocked bit via base software interface for indication, logical OR
related to responding BL_IN_L1..L3. Output used for applica-
tion SW.

SB_OUT BOOL |Out Substituted bit via base software interface for indication, logical

OR related to responding SB_IN_L1..L.3. Output used for appli-
cation SW.
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Table 13: Signal list for Position Indication 3 (POSIND3) (Continued)

Signal Type Inf/out |Description
POS ERR BOOL (Out No correct position, set if:
e V=1
 Intermediate position after elapse of T_SPV_POS_FAIL
« Disturbed position (open and close =1 signal)
POLE_DISC BOOL |Out Pole discordance, set if not all phases of one direction are
same after elapse of T_SPV_POLE_DISC. (i.e. L1 + L2 = open,
L3 = closed).
UNCTL_ BOOL |(Out Indication set if the position is changed without command,
CHANGE_ pulse output for minimum one cycle.
POS
OP_IND BOOL |Out Position indication including disturbed state indication as 1-1.
CL_IND BOOL (Out Position indication including disturbed state indication as 1-1.
OPEN_ BOOL (Out Set by application (e.g. substitution).
SET L1..L3 Output used for writing process database inputs in base-SW.
CLOSE_ BOOL |(Out Set by application (e.g. substitution)
SET L1..L3 Output used for writing process database inputs in base-SW.
IV_SET _ BOOL |(Out Invalid bit to base software interface used for writing process
INPUT_L13 database inputs in base-SW.
BL_SET_ BOOL (Out Blocked bit to base software interface used for writing process
INPUT_L13 database inputs in base-SW.
SB_SET_ BOOL |Out Substituted bit to base software interface to enable overwriting
INPUT_L213 of signal value and quality attributes.

5.2.10 SWICON

Table 14: Signal list for Switch Control (SWICON)

Signal Type Infout |Description

OP_DEFI BOOL |[In Real indication of the apparatus is open.

CL_DEFI BOOL |[In Real indication of the apparatus is closed.

SEL_GRT BOOL |[In Apparatus is to asked to be controlled (all reservations are
made).

FDBK_SEL BOOL |[In Relay of apparatus energised.

CMD_OP BOOL |[In Apparatus asks to work in open direction.

CMD_CL BOOL |[In Apparatus asks to work in close direction.

CMD_EXE BOOL |[In Apparatus asks to execute the command.

CMD_CAN BOOL |In Selection is cancelled.

ITL_OVR BOOL |[In Proceed without regarding interlocking.

SYN_OVR BOOL |[In Proceed without regarding sychrocheck.

BLK_OP BOOL |[In Acting in open direction is blocked.

BLK_CL BOOL |[In Acting in close direction is blocked.

ITL_OP BOOL |[In Acting in open direction is interlocked.

ITL_CL BOOL |[In Acting in close direction is blocked.
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Table 14: Signal list for Switch Control (SWICON) (Continued)

Signal Type In/f/out |Description

SYN_FAIL BOOL |In Synchro-check fails.

SYN_OK BOOL |In Synchro-check ok.

T SPV_SEL TIME See setting table.

T SPV_ST_CMD TIME See setting table.

T_PLS TIME See setting table.

T _SPV_POS_FAIL TIME See setting table.

T _SYN_CHK TIME See setting table.

ALWAYS_ACT_OUT BOOL |(In See setting table.

SEL_OP BOOL |Out Apparatus selected for open (or direction unknown).

SEL_CL BOOL |Out Apparatus selected for close (or direction unknown).

EXE_OP BOOL |Out Command execution open.

EXE_CL BOOL |Out Command execution close.

SEL_RES BOOL |Out End of apparatus control.

EXECUTING BOOL |Out A command is running.

SEL_ERR BOOL |Out End of apparatus control because an error occurred.

CMD_ERR BOOL |Out End of apparatus control because new position was not
reached or apparatusdoes not start moving.

BLK_AR BOOL |Out Blocking of autoreclose in case of open command.

BLK_IND BOOL |Out End of apparatus control because of blocking condition, one
execution cycle.

ITL_IND BOOL |Out End of apparatus control because of interlocking condition, one
execution cycle.

SYN_FAIL_IND BOOL |Out End of apparatus control because synchrocheck fails, one exe-
cution cycle.

ST_SYN BOOL |Out Start of synchrocheck.

5.3 Setting tables

Table 15: Setting table for LON Switch Command Response (L_APPRSP)

Parameter Typ'e/ Usable Default Description
[unit] range
T_SUP_CONV_RSP2 REAL |0.0-200.0 |5.0 Supervision time for time between receiving
[s] order and getting acknowledge, common for all
4 functions, UPD, SUB, BLK and ITL.
T _SUP_TERM_RSP2 REAL |0.0-200.0 |5.0 Supervision time for time between executing
[s] order and getting confirmation of executed
order, common for all 4 functions, UPD, SUB,
BLK and ITL.
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Table 16: Setting table for Bay Reserve (BAYRES)
Parameter Typ.e/ Usable Default Description
[unit] range
T _SPV_CAN_RSV REAL 0.0-200.0 |30.0 For cancelling a reservation if the communica-
[s] tion fails at incoming requests and the commu-
nication is not back within the supervision time.

Table 17: Setting table for Command Control (COMCON)

Parameter Typ.e/ Usable Default Description
[unit] range
T _SPV_LONG_OPR REAL |0.0-200.0 [30.0 Maximum time between a select and the exe-
[s] cute command coming from the operator. Also
the maximum time between the request to
override and the following select.
T _SPV_RSV REAL [0.0-200.0 |30.0 Allowed time to make the reservation, that is,
[s] the time from selection request (REQ_SEL) to
the response of granted reservation
(SEL_GRT).

Table 18: Setting table for Position Indication (POSIND)

Parameter Typ.e/ Usable Default Description
[unit] range
T_SPV_POS_FAIL REAL |0.0-200.0 |10.0 Allowed time for middle position.
[s]
T _SPV_POLE_DISC REAL [0.0-200.0 |1.0 Time parameter for pole discordance. Allowed
[s] time to have discrepancy between the poles.
Used only in POSIND3

Table 19: Setting table for Switch Control (SWICON)

Parameter Typ.e/ Usable Default Description
[unit] range
T _SPV_SEL REAL [0.0-200.0 |3.0 Allowed time from selection to feedback select.
[s}
T SPV_ST _CMD REAL [0.0-200.0 |1.0 Allowed time from execute to position indica-
[s] tion change.
T_PLS REAL |0.0-200.0 |2.0 Time parameter for command output pulse
[s] length.
T _SPV_POS_FAIL REAL |0.0-200.0 |10.0 Allowed time for middle position
[s]
T _SYN_CHK REAL |0.0-200.0 |15.0 Parameter defining supervision time for the
[s] synchro-check. The timer starts when the
ST_SYN output is set. The timer is stopped
when SYN_OK or SYN_FAIL is set or the posi-
tion indication is changed.
ALWAYS ACT_OUT BOOL False Is set to true if the command shall act in an
already reached position.
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1 Application

The interlocking of switchgear operation can have two main purposes.

» To avoid dangerous or damaging operation of switchgear

» To put restrictions on the operation of the substation for other rea-
sons e.g. load configuration. Examples of the latter are to limit the
number of parallel transformers to a maximum of two or to assure
that energising is always made from one side, for example, the high
voltage side of a transformer.

This document only deals with the first point, and only with restrictions
caused by switching devices other than that one to be controlled. This
means that switch interlock, because of device alarms, is not part of this
document.

Disconnectors and earthing switches have a limited switching capacity.
Disconnectors are allowed to operate:

» With basically zero current. The circuit is open at one side and has a
small extension. The capacitive current is small (for example < 5A)
and power transformers with inrush current are not allowed.

» To connect or disconnect a parallel circuit carrying load current. The
switching voltage across the open contacts is thus virtually zero,
thanks to the parallel circuit (for example < 1% of rated voltage).
Paralleling of power transformers is not allowed.

Earthing switches are allowed to connect and disconnect earthing of iso
lated points. Due to capacitive or inductive coupling there may be some
voltage (for example < 40% of rated voltage) before earthing and some
current (for example < 100A) after earthing of a line.

Circuit breakers are usually not interlocked. Closing is only interlocked
against running disconnectors in the same bay, and the bus-coupler opel
ing is interlocked during a busbar transfer.

As conditions for operational interlocking, the positions of all switching
devices of a bay and from some other bays are used. Conditions fron
other stations are usually not available. So a line earthing switch is usually
not fully interlocked. The operator must be convinced that the line is not
energised from the other side before closing the earthing switch. As ar
option, a voltage indication can be used for interlocking. Take care to
avoid a dangerouenable condition at loss of VT secondary voltage, for
example, because of a blown fuse.

The switch positions used in the operational interlocking logic are
obtained from auxiliary contacts or position sensors. For each end posi-
tion (open or close) a true indication is needed - thus forming a double
indication. The apparatus control function continuously checks its consis-
tency. If neither condition is high (1 or TRUE), the switch may be in inter-
mediate position, for example, moving. This moving state may be in
progress a certain time, for example, 10 seconds for disconnectors. Shoul
both indications stay low for a longer time, the position is interpreted as
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2 Theory of operation

unknown. If both indications stay high, then there is something wrong,
and the state is again treated as unknown. In both cases an alarm is given
to the operator. Indication from position sensors shall be self-checked and
system faults indicated by afault signal. In the interlocking logic, the sig-
nals are used to avoid dangerous enable or release of operation condi-
tions. Unknown positions are not alowed to release operation.

For switches with individual operation gear per phase, the evaluation must
consider possible phase discrepancies. This is done by ANDing all three
phases of open and close state. This leads to an unknown state double
indication in case of phase discrepancies.

The interlocking function consists of software modules located in each
control terminal. The function is distributed and not dependent on any
central function. Communication between modules in different bays is
performed via the station bus.

The basic method is the use of the reservation function (see the section of
apparatus control). This method ensures that the position of the HV appa-
ratuses are not changed during the time gap, which arises between the
position updatings. This can occur by reserving al of those HV appara-
tuses by means of the communication system, which might influence the
interlocking condition of the intended operation. The reservation is
intended to remain until the operation is performed.

After the selection and reservation of an apparatus, the function has full
information on all positions of the apparatuses in the switchyard that are
affected by the selection. This status cannot be affected by other operators
because the selection is blocked for all apparatuses of which the status is
important for the selected one.

The positions of the HV apparatuses are inputs to software modules dis-
tributed in the control terminals. Each module contains the interlocking
logic for abay. The interlocking logic in a module is different, depending
on the bay function and the switchyard arrangements, that is, double-
breaker or 1 1/2 breaker bays have different modules. Specific interlock-
ing conditions and connections between standard interlocking modules
are performed by an engineering tool. The signals involved in the bay-
level interlocking can consist of these types:

* Positions of HV apparatuses (sometimes per phase)

« Valid positions (if evaluated in the control module)

» External release (to add special conditions for release)
« Line voltage (to block operation of line earthing switch)
» Output signals to release the HV apparatus
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The interlocking module is connected to the surrounding functions within
abay as shown in Figure 1..

Interlocking
modules in
other bays

# / Control module |-—p =

Interlocking ~«—» Control module | x

module
\ Control module |«g—p =—j

Figure 1: Interlocking module on bay level

The communication between different bays is performed via the station
bus and can consist of signals of these types:

» Unearthed busbars

» The busbars are connected together

» Other bays connected to a bushar

* Received data from other bays are valid

Figure 2: shows the principle of data exchange.

Station bus
Bay 1 Bay n Bus coupler
Disc Q4 and Qg closed Disc Q and Qg closed A unearthed
A B Qaand Qg B unearthed
A and B interconnected
A not earthed A not earthed
B not earthed B not earthed . .
A and B interconnected A and B interconnected A and B interconn in other bay

A —
B 1 _
QaT T QB QaT TQg Qa1 TQrT QAEiQBE
QO QO QO =i =
QL QL

Figure 2: Data exchange between interlocking modules

The interlocking function in a bay that uses invalid data as conditions
does not give a release for command. Invalid data of positions of HV
apparatuses can be obtained, for example, at intermediate positions, los
of a control terminal, or at input board error.
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On the station HMI an override function exists, which can be used to
bypass the interlocking function if not all available data for the condition
arevalid.

For all included interlocking modul es these general rules apply:

» The interlocking conditions for opening or closing of disconnectors

and earthing switches are always identical.

Earthing switches at line feeder end, e. g. rapid earthing switches, are
normally interlocked only with reference to the conditionsin the bay
where they are located, not with reference to switches on the other
side of theline. So aline voltage indication may beincluded into line
interlocking modules. If there is no line voltage supervision within
the bay, then the appropriate inputs must be set to no voltage, and the
operator must consider this when operating.

Earthing switches can only be operated at isolated sections e.g. with-
out load/voltage. Circuit breaker contacts cannot be used for isolat-
ing of a section, i.e. the status of the circuit breaker is irrelevant for
earthing switch operation.

Disconnectors cannot break power current or connect different volt-
age systems. Disconnectors in series with a circuit breaker can only
be operated if the circuit breaker is open, or if the disconnectors
operate in parallel to other closed connection. Other disconnectors
can be operated if one side is completely isolated, or if the discon-
nectors operate in parallel to other closed connection, or if they are
earthed on both sides.

Circuit breaker closing is only interlocked against running discon-
nectors in its bay or additionally in a transformer bay against the dis-
connectors and earthing switch on the other side of the transformer,
if there is no disconnector between CB and transformer.

« Circuit breaker opening is only interlocked at a bus-coupler bay, if a

busbar transfer is in progress.
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3 Design

3.1 General

3.2 Standard modules

3.2.1 Linefordoubleand
transfer busbars,

ABC_LINE

The implementation of the interlocking is distributed to each bay. There
are different interlocking modules dependent on the topology kind of the
substation (breaker and a half or various bus bar arrangements) and the
bay types. The interlocking logic for each module is specified in boolean
algebra for the switch states. To keep their amount easy to handle, only
operating sequencesin normal service are permitted. For other uncommon
operations, the command handling has an interlock override feature.

To make the implementation of the interlocking function easy, severa
standard modules are available. The modules also have inputs that can be
used for delivery-specific interlocking conditions. The switchyard
arrangements are described below, to which the standard modules can be
used. The appendix describes input and output details.

In REC 580, these standard modules are available:
« ABC_LINE
« ABC_BC
* AB_TRAFO
* A1A2_BS
AlA2_DC
BB_ES
DB_BUS_A, DB_LINE, DB_BUS B
BH_LINE_A, BH_CONN, BH_LINE_B

ABC_LINE contains the interlocking for a line connected to a double bus-
bar configuration and a transfer busbar. This module is also used for sin:

gle busbar configurations and with no transfer busbar.

A (BB1)
B (BB2)
Cc(TB)
(5!
1 e = =
X~ L
IQ52_
| Module
oo e ABC LINE

Figure 3:  Switchyard layout ABC_LINE
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3.2.2

3.2.3

Bus coupler for
double and
transfer busbars,
ABC BC

Transformer bay
for double
busbars,
AB_TRAFO

ABC_BC containsthe interlocking for a bus-coupler bay that is connected
to adouble bushar configuration and atransfer busbar. This moduleisalso
used for single busbar with transfer busbar or double busbar without
transfer busbar.

A (BBY)
B (BB2)
C(TB)

o

| — — —

Q0
x = Module
ABC_BC
_/

Figure 4:  Switchyard layout ABC_BC

AB_TRAFO contains the interlocking for a transformer bay that is con-
nected to a double busbar configuration.This module is used if thereis no
disconnector between circuit breaker and transformer. Otherwise, the
module ABC_LINE can be used. For safety reasons, the module assumes
that the other side of the transformer is not interlocked. This module is
also used for single busbar configuration.

A (BB1)
B (BB2)
1 Q51 -_ -
|
X < -
. Q52
|
B Module
8 T AB_TRAFO
g 751
|
x TQO 1
I TQTSZ TQO and TQ52 are not included in the module
|
TQ1 TQ2

Figure 5:  Switchyard layout AB_TRAFO
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3.2.5

3.2.6

Bus-section
breaker for double
busbars, A1A2_BS

Bus-section
disconnector for
double busbars,
A1A2 DC

Busbar earthing
switch, BB_ES

A1A2_BS contains the interlocking for one bus-section circuit breaker
between section A1 and A2. This module is used for different busbars,
which includes a bus-section circuit breaker, that is, not only busbar A.

Al (BB1A) A2 (BB1B)
Al Q15 o11 012 A2 Q15
X
51 Q52
_ /)

Module A1A2_BS

Figure 6:  Switchyard layout A1A2_BS

Al1A2 DC contains the interlocking for one bus-section disconnector
between section A1 and A2. This module is used for different busbars
which includes a bus-section disconnector, that is, not only busbar A.

Q11

A1l (BB1A) I A2 (BB1B)

_A1QI5 A2 Q15

Module A1A2_DC

Figure 7:  Switchyard layout A1A2_DC

BB_ES contains the interlocking for one busbar earthing switch on any
busbar parts.

Q15

Figure 8:  Switchyard layout BB_ES
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3.2.7 Double CB bay, Two types of interlocking modules per double circuit breaker bay are
DB_BUS A, defined. DB_LINE is the connection from the line to the circuit breaker
DB_LINE, parts that are connected to the busbar. DB_BUS is the connection from
DB BUS B DB_LINE to one busbar and is used for each busbar. The busbar earthing
- o switches must also be interlocked as described in the BB_ES chapter.
A (BB1)
B (BB2)
_\
Q15 P20 e Q1 Q2
|Q51 IQ54
— — | |
Q0L_| 02 L
X — XQ — |DB
Q52 Q5%  |BUS
l |
i i
—61 L —62 ——
- 53
IQ
1
9 DB
== — |LINE
8
IQ
|
— -~/

Figure 9:  Switchyard layout double circuit breaker
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3.2.8

3.2.9

1%2-CB diameter,
BH_LINE_A,
BH_CONN,
BH_LINE_B

Communication
between modules

Two types of interlocking modules per diameter are defined. BH_LINE is
the connection from one line to the busbar and is used twice per diameter.
BH_CONN is the connection between the two lines of a diameter. The
busbar earthing switches must also be interlocked as described in the
BB_ES chapter.

A (BB1)
B (BB2)
Q51 51
L L | I
- - |
*QO p— XQO p—
Q52 Q52—
| |
| i
_—6 - L
|Q53_ Q53
BH
I I LINE
- IQ61 Qo IQ62 -
| X |
= Q9 -5l 052 Q9
Q8 3
I |
— — |
BH_CONN D

L1 L2

Figure 10: Switchyard layout breaker-and-a-half

The interlocking module is implemented per bay. The modules needs the
status indication of all switching devicesin the own bay and some switch-
ing devices of other bays. The communication between modulesin differ-
ent baysis performed viathe station bus. For the bay-bay communication,
there is a need for two communication elements, one for sending and one
for receiving. See the documentation for the Send and Receive function
block.

The Send/Receive function block supervises the transmission itself. Each
communication error results in a deactivation of the data valid signa in
the receive function block, which is used as a condition in the interlocking
logic.
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4 Configurations

4.1 General

4.2 Project-specific logic

4.2.1 Single breaker
arrangement, line
bay

4.2.1.1 Signals from transfer
busbar

This section describes how the interlocking for a certain switchgear con-
figuration can be realised by using standard interlocking modules and
their interconnections. It also describes the input settings. The
EXVVA _xx input signals, which are normally not used, are always set to
1=TRUE. The inputs for delivery specific conditions (QxEXy) are set to
1=TRUE, if they are not used except:

* Q9EX2 and Q9EX4 in modules BH_LINE_A and BH_LINE_B
* QOEX3 in module AB_TRAFO

which are set to 0=FALSE.

The signals from other bays connected to the module ABC_LINE are
described below.

To derive the signals:

C_DC_OP

All line disconnectors on transfer busbar C except in the own bay are
open.

VP_C DC

The switch status of C_DC is valid.

EXDU_BPB

Signal if no transmission error from any bay connected to a transfer bus-
bar.

These signals from each line bay (ABC_LINE) except that of the own bay
are needed:

Q70PTR
Q7 is open

VPQ7TR

The switch status Q7 is valid.
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4.2.1.2 Signals from bus
coupler

EXDU_BPB

Signal if there is no transmission error from the bay that contains the
above information. This signal is taken from the data valid output on the
receive function block.

For bay n, these conditions are valid:

Q7OPTR (bay 1) ——
Q7OPTR (bay2) @———— &

——— C.DC.OP

Q7OPTR (bay n-1) ———

VPQ7TR (bay 1) ——

VPQ7TR (bay2) @— &| VP_CDBC

VPQTTR (bay n-1) ———

EXDU_BPB (bayl) ——
EXDU BPB (bay2) — &

———— EXDU_BPB

EXDU_BPB (bay n-1) ——

Figure 11: Signals from transfer busbar in line bay n

If the busbar is divided by bus-section disconnectorsinto bus sections, the
busbar-bushar connection could exist via the bus-section disconnector and
bus-coupler within the other bus section.

Al Section 1 : Section 2 A2

B1 : B2

C C
TTT 11T paz posf 1] LT

B1B2 DC(BS)
ABC_LINE ABC_BC ABC_LINE ABC BC

Figure 12: Busbars divided by bus-section disconnectors (circuit break-
ers)

To derive the signals:

BC_AB_CL

Signal if abus-coupler connection exists between busbar A and B.

BC_AC_OP

Signal if there is no bus-coupler connection between busbar A and C.
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BC_AC_CL

Signal if abus-coupler connection exists between busbar A and C.

BC_BC_OP

Signal if thereis no bus-coupler connection between busbar B and C.

BC_BC_CL

Signal if abus-coupler connection exists between busbar B and C.

VP_BC_AB
The switch status of BC_AB isvalid.

VP_BC_AC
The switch status of BC_AC isvalid.

VP _BC BC
The switch status of BC_BC isvalid.

EXDUP_BC

Signal if thereisno transmission error from bay BC (bus-coupler bay).

These signals from each bus-coupler bay (ABC_BC) are needed:

BCABCLTR

Signal if a bus-coupler connection through the own bus coupler exists
between busbar A and B.

BCACOPTR

Signal if there is no bus-coupler connection through the own bus coupler
between busbar A and C.

BCACCLTR

Signa if a bus-coupler connection through the own bus coupler exists
between busbar A and C.

BCBCOPTR

Signal if there is no bus-coupler connection through the own bus coupler
between busbar B and C.

BCBCCLTR

Signal if a bus-coupler connection through the own bus coupler exists
between busbar B and C.

VPBCABTR

The switch status of BC_AB isvalid.
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VPBCACTR
The switch status of BC_AC isvalid.

VPBCBCTR
The switch status of BC_BC isvalid.

EXDUP_BC

Signal if there is no transmission error from the bay that contains the
above information. This signal is taken from the data valid output on the
receive function block.

These signals from each bus-section disconnector bay (A1A2 DC) are
also needed. For B1B2 DC, corresponding signals from busbar B are
used. The same type of module (A1A2_DC) is used for different busbars,
that is, for both bus-section disconnector A1A2_DC and B1B2_DC.
DCOPTR

Signal if the bus-section disconnector is open.

DCCLTR
Signal if the bus-section disconnector is closed.

VPDCTR
The switch status of A1A2 DCisvalid.

EXDUP_DC

Signal if there is no transmission error from the bay that contains the
above information. This signal is taken from the data valid output on the
receive function block.

If the busbar is divided by bus-section circuit breakers, the signals from
the bus-section coupler bay (A1A2_BS), rather than the bus-section dis-
connector bay (A1A2_DC) must be used. For B1B2_BS, corresponding
signals from busbar B are used. The same type of module (A1A2 BS) is
used for different busbars, that is, for both bus-section circuit breakers
A1A2 BSand B1B2 _BS.

A1A20PTR

Signal if there is no bus-section coupler connection between bus sections
Aland A2.

A1A2CLTR

Signal if abus-section coupler connection exists between bus sections A1
and A2.
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VPA1A2TR
The switch status of A1A2 DCisvalid.

EXDUP_BS

Signal if there is no transmission error from the bay that contains the
above information. This signa is taken from the data valid output on the
receive function block.

For aline bay in section 1, these conditions are valid:
BCABCLTR (sect.1)

o BCABCL

DCCLTR(A1A2)  — g
DCCLTR (B1B2) ~ ——

BCABCLTR (sect.2)

VPBCABTR (sect.1)
VPDCTR (A1A2)

VPDCTR (B1B2)
VPBCABTR (sect.2)

VP BC_AB

BCACOPTR (sect.1) BC AC OP

DCOPTR (A1A2) —

BCACOPTR (sect.2)

=

BCACCLTR (sect.1) BC_AC_CL

BCACCLTR (sect.2)

VPBCACTR (sect.1)

VPDCTR (A1A2)
VPBCACTR (set.2)

DCCLTR (A1A2) — s
] VP_BC_AC
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BCBCOPTR (sect.l) ——1 | BC BC OP

DCOPTR (B1B2) —
BCBCOPTR (sect.2) —

I\
=

BCBCCLTR (sect.l) —— BC BC CL

DCCLTR (B1B2) — &
BCBCCLTR (sect.2) —

VPBCBCTR (sect.1)

VPDCTR (B1B2) — &
VPBCBCTR (sect.2) ———

VP_BC_BC

EXDUP_BC (sect.1) — |
EXDUP_DC (AlA2) ____ |&
EXDUP_DC (B1B2)
EXDUP_BC (sect.2)

EXDUP_BC

Figure 13: Signals to a line bay in section 1 from the bus-coupler bays in
each section

For a line bay in section 2, the same conditions as above are valid by
changing section 1 to section 2 and vice versa.

4.2.1.3 Input setting If there is no transfer busbar and therefore no Q7 disconnector, then the
interlocking for Q7 is not used. The states for Q7, Q75, C_DC, BC_AC,
BC_BC are set to open by setting the appropriate module inputs as fol-
lows. In the functional block diagram, O and 1 are designated O=FAL SE
and 1=TRUE:

- Q7. 0P=1
«Q7.CL=0

« Q75 OP=1
« Q75 CL=0

«C DC OP=1

BC_AC OP =1
BC_AC CL=0
BC_BC_ OP=1
BC_BC CL=0

EXDU_BPB =1
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4.2.2 Single breaker
arrangement, bus-
coupler bay

4.2.2.1 Signals from all feed-
ers

VP.CDC=1

«VP_BC AC=1

«VP_BC BC=1
If there is no second busbar B and therefore no Q2 disconnector, then the
interlocking for Q2 is not used. The state for Q2, Q25, BC_AB, BC_BC

are set to open by setting the appropriate module inputs as follows. In the
functional block diagram, 0 and 1 are designated 0=FALSE and 1=TRUE:

Q2 0P=1

« Q2. CL=0

« Q25 OP=1

« Q25 CL=0

« BC_AB_CL=0
« BC_BC OP=1
«BC_BC CL=0
«VP_BC_AB=1

The signals from other bays connected to the bus-coupler module
ABC_BC are described below.

To derive the signals:

BBTR_OP

Signal if no busbar transfer is in progress concerning this bus coupler.

VP_BBTR
The switch status of BBTR is valid.

EXDUP_AB

Signal if there is no transmission error from any bay connected to the AB
busbars.

These signals from each line bay (ABC_LINE), each transformer bay
(ABC_TRAFO), and bus-coupler bay (ABC_BC), except the own bus-
coupler bay are needed:
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Q1Q20PTR
Signal if Q1 or Q2 or both are open.

VPQ1Q2TR
The switch status of Q1 and Q2 are valid.

EXDUP_AB

Signal if there is no transmission error from the bay that contains the
above information. This signal is taken from the data valid output on the
receive function block.

For bus-coupler bay n, these conditions are valid:

Q1Q20PTR (bay 1) ——
QI1Q20PTR (bay2) —— &

——— BBTR_OP

Q1Q20PTR (bay n-1) ——

VPQLQ2TR (bay 1) ——
VPQLQ2TR (bay2) —— & VP_BBTR

VPQIQ2TR (bay n-1) ———

EXDUP_AB (bay 1) ———
EXDUP AB (bay2) — &

———— EXDUP_AB

EXDUP_AB (bay n-1) ——

Figure 14: Signals from any bays in bus-coupler bay n

If the busbar is divided by bus-section disconnectors into bus sections, the
signas BBTR are connected in parallel - if both bus-section disconnectors
are closed. So for the basic project-specific logic for BBTR above, add
thislogic:

Al Section 1 : Section 2 A2
Bl : B2
D W d T B
— 1 A1A2_DC(BS) - - —
B1B2_DC(BS) ABC_BC
ABC_LINE ABC_BC ABC_LINE AB_TRAFO

Figure 15: Busbars divided by bus-section disconnectors (circuit break-
ers)
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The following signals from each bus-section disconnector bay
(A1A2 DC) are needed. For B1B2 DC, corresponding signals from bus-
bar B are used. The same type of module (A1A2_DC) isused for different
busbars, that is, for both bus-section disconnector A1A2 DC and
B1B2 DC.

DCOPTR

Signal if the bus-section disconnector is open.

VPDCTR
The switch status of A1A2_DC isvalid.

EXDUP_DC

Signa if there is no transmission error from the bay that contains the
above information. This signa is taken from the data valid output on the
receive function block.

If the busbar is divided by bus-section circuit breakers, the signals from
the bus-section coupler bay (A1A2 BYS), rather than the bus-section dis-
connector bay (A1A2_DC), have to be used. For B1B2_BS, correspond-
ing signals from busbar B are used. The same type of module (A1A2_BS)
is used for different busbars, that is, for both bus-section circuit breakers
A1A2 BSand B1B2 BS.

A1A20PTR
Signal if there is no bus-section coupler connection between bus sections
Aland A2.

VPA1A2TR
The switch status of A1A2 DCisvalid.

EXDUP_BS

Signal if there is no transmission error from the bay that contains the
above information. This signa is taken from the data valid output on the
receive function block.
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4.2.2.2 Signals from bus
coupler

For a bus-coupler bay in section 1, these conditions are valid:
BBTR_OP (sect.l)

| g BBTROP
DCOPTR (A1A2) —
DCOPTR (B1B2) —
BBTR OP(sect2)  ——

VP BBTR (sect.1) N
VPDCTR (A1A2) &
VPDCTR (B1B2) —
VP BBTR (sect.2)

VP BBTR

EXDUP AB (sect.l) — |
EXDUP DC(A1A2) ____ |&
EXDUP DC (B1B2) ——
EXDUP_AB (sect.2)

EXDUP_AB

Figure 16: Signals to a bus-coupler bay in section 1 from any bays in
each section

For a bus-coupler bay in section 2, the same conditions as above are valid
by changing section 1 to section 2 and vice versa.

If the busbar is divided by bus-section disconnectorsinto bus sections, the
signals BC_AB from the busbar coupler of the other busbar section must
be transmitted to the own busbar coupler if both disconnectors are closed.

Al Section 1 , Section 2 A2

Bl | B2

C j j C
1 A1A2 DC(BS) “

B1B2 DC(BS)
ABC_BC ABC BC

Figure 17: Busbars divided by bus-section disconnectors (circuit break-
ers)

To derive the signals:

BC_AB_CL

Signal if an other bus-coupler connection exists between busbar A and B.
VP_BC_AB

The switch status of BC_AB isvalid.

EXDUP_BC

Signal if thereis no transmission error from bay BC (bus-coupler bay).
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These signals from each bus-coupler bay (ABC_BC), except the own bay
are needed:

BCABCLTR

Signa if a bus-coupler connection through the own bus coupler exists
between busbar A and B.

VPBCABTR

The switch status of BC_AB isvalid.

EXDUP_BC

Signal if there is no transmission error from the bay that contains the
above information. This signal is taken from the data valid output on the
receive function block.

These signals from each bus-section disconnector bay (A1A2 DC) are
aso needed. For B1B2 DC, corresponding signals from busbar B are
used. The same type of module (A1A2_DC) is used for different busbars,
that is, for both bus-section disconnector A1A2_DC and B1B2 DC.
DCCLTR

Signal if the bus-section disconnector is closed.

VPDCTR
The switch status of A1A2 DCisvalid.

EXDUP_DC

Signal if there is no transmission error from the bay that contains the
above information. This signal is taken from the data valid output on the
receive function block.

If the busbar is divided by bus-section circuit breakers, the signals from
the bus-section coupler bay (A1A2_BS), rather than the bus-section dis-
connector bay (A1A2_DC), must be used. For B1B2 BS, corresponding
signals from busbar B are used. The same type of module (A1A2_BS) is
used for different busbars, that is, for both bus-section circuit breakers
A1A2 BSand B1B2 BS.

A1A2CLTR

Signal if abus-section coupler connection exists between bus sections A1
and A2.

VPA1A2TR

The switch status of QO0, Q11 and Q12 are valid.
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4.2.2.3 Input setting

EXDUP_BS

Signal if no transmission error from the bay containing the above infor-
mation. Thissignal istaken from the datavalid output on the receive func-
tion block.

For abus-coupler bay in section 1, these conditions are valid:

DCCLTR (A1A2) — |&+——— BC_AB CL
DCCLTR (B1B2) |
BCABCLTR (sect.2) — L |

VPDCTR (A1A2)

—&l—— VP BC AB
VPDCTR (B1B2) & -
VPBCABTR (sect.2) L

EXDUP_DC (A1A2) & ——— EXDUP_BC

EXDUP_DC (B1B2)
EXDUP_BC (sect.2)

Figure 18: Signals to a bus-coupler bay in section 1 from a bus-coupler
bay in an other section

For a bus-coupler bay in section 2, the same conditions as above are valid
by changing section 1 to section 2 and vice versa.

If there is no transfer busbar and therefore no Q20 and Q7 disconnectors,
then the interlocking for Q20 and Q7 is not used. The states for Q20, Q7,
Q75, BC_AB are set to open by setting the appropriate module inputs as
follows. In the functional block diagram, O and 1 are designated O=FAL SE
and 1=TRUE:

« Q20 OP=1
« Q20 CL=0

- Q7. 0P=1
«Q7.CL=0

« Q75 OP=1
« Q75 CL=0

« BC_AB_CL=0
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4.2.3 Single breaker
arrangement,
transformer bay

4.2.3.1 Signals from bus cou-
pler

If thereis no second busbar B and therefore no Q20 and Q2 disconnectors,
then the interlocking for Q20 and Q2 are not used. The states for Q20, Q2,
Q25, BC_AB, BBTR are set to open by setting the appropriate module
inputs as follows. In the functional block diagram, 0 and 1 are designated
0=FALSE and 1=TRUE:

« Q20 OP=1
« Q20 CL=0
Q2 0P=1
«+Q2.CL=0
« Q25 OP=1
« Q25 CL=0

« BC_AB_CL=0

« BBTR OP =1

If the busbar is divided by bus-section disconnectors into bus sections, the
busbar-busbar connection could exist via the bus-section disconnector and
bus coupler within the other bus section.

Al Section 1 : Section 2 A2

Bl I B2

C C
I Wlasepcesd LT

B1B2 DC(BS)
AB_TRAFO ABC BC AB_TRAFO ABC BC

Figure 19: Busbars divided by bus-section disconnectors (circuit break-
ers)

The project-specific logic for input signals concerning bus coupler are the

same as the specific logic for the line bay (ABC_LINE):

BC_AB_CL

Signal if a bus-coupler connection exists between busbar A and B.

VP_BC_AB
The switch status of BC_AB is valid.
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4.2.3.2 Input setting

424 Double-breaker
arrangement

4.2.4.1 Input setting

EXDUP_BC
Signal if there is no transmission error from bay BC (bus-coupler bay).

See “Signals from bus coupler” on page 89.

If there is no second busbar B and therefore no Q2 disconnector, then th
interlocking for Q2 is not used. The state for Q2, Q25, BC_AB are set to
open by setting the appropriate module inputs as follows. In the functional
block diagram, 0 and 1 are designated 0=FALSE and 1=TRUE:

Q2 0P=1
Q2 CL=0

« Q25 OP=1
« Q25 CL=0

« BC_AB CL=0

If there is no second busbar B at the other side of the transformer an
therefore no TQ2 disconnector, then the state for TQ2 is set to open by
setting the appropriate module inputs as follows:

- TQ2 OP=1
e TQ2_CL=0

For a double circuit-breaker bay, the modules DB_BUS A, DB_LINE
and DB_BUS_B must be used.

For application without Q9 and Q8, just set the appropriate inputs to open
state and disregard the outputs. In the functional block diagram, 0 and
are designated O=FALSE and 1=TRUE:

Q9 OP=1
Q9 CL=0

- Q8 OP=1
« Q8 CL=0

If, in this case, a line voltage supervision is added, then rather than settin
Q9 to open state, specify the state of the voltage supervision:

« Q9_OP = VOLT_OP
« Q9 _CL=VOLT CL
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425 Breaker and a half
arrangement

4.2.5.1 Input setting

If there is no voltage supervision, then set the corresponding inputs as fol-
lows:

« VOLT OP =1
« VOLT CL=0

For a breaker-and-a-half arrangement, the modules BH_LINE_A,
BH_CONN and BH_LINE_B must be used.

For application without Q9 and Q8, just set the appropriate inputs to open
state and disregard the outputs. In the functional block diagram, 0 and 1
are designated 0=FALSE and 1=TRUE:

«Q9 OP=1
Q9 CL=0

Q8 OP=1
«Q8 CL=0

If, in this case, a line voltage supervision is added, then rather than setting
Q9 to open state, specify the state of the voltage supervision:

« Q9_OP = VOLT_OP
« Q9 _CL=VOLT CL

If there is no voltage supervision, then set the corresponding inputs as fol-
lows:

* VOLT_OP =1
* VOLT_CL=0
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426 Bus-section
breaker

4.2.6.1 Signals from all feed-
ers

If the busbar is divided by bus-section circuit breakers into bus sections
and both circuit breaker are closed, the opening of the circuit breaker must
be blocked if a bus-coupler connection exists between busbar A and B on
one bus-section side and if on the other bus-section side a busbar transfer
isin progress:

Al Section 1 Section 2 A2
Bl B2
- N — AlA2 BS — =
ABC _BC B1B2 BS ABC_BC
ABC_LINE AB_TRAFO  ABC_LINE AB_TRAFO

Figure 20: Busbars divided by bus-section circuit breakers

To derive the signals:

BBTR_OP

Signal if no busbar transfer isin progress concerning this bus section.

VP_BBTR
The switch status of BBTR isvalid.

EXDUP_AB

Signal if there is no transmission error from any bay connected to the AB
busbars.

These signals from each line bay (ABC_LINE), each transformer bay
(ABC_TRAFO), and bus-coupler bay (ABC_BC) are needed:
Q1Q20PTR

Signal if Q1 or Q2 or both are open.

VPQ1Q2TR
The switch status of Q1 and Q2 are valid.

EXDUP_AB

Signal if there is no transmission error from the bay that contains the
above information. This signal is taken from the data valid output on the
receive function block.
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These signals from each bus-coupler bay (ABC_BC) are needed:

BCABOPTR

Signal if there is no bus-coupler connection through the own bus coupler
between busbar A and B.

VPBCABTR

The switch status of BC_AB isvalid.

EXDUP_BC

Signal if there is no transmission error from the bay that contains the
above information. This signal is taken from the data valid output on the
receive function block.

These signas from the bus-section circuit bresker bay (A1A2_BS,
B1B2_BYS) are needed.

A1A20PTR

Signal if there is no bus-section coupler connection between bus sections
Aland A2.

VPA1A2TR

The switch status of A1A2 BSisvadid.

EXDUP_BS

Signal if there is no transmission error from the bay that contains the
above information. This signa is taken from the data valid output on the
receive function block.
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For a bus-section circuit breaker between Al and A2 section busbars,
these conditions are valid:

A1A20PTR (B1B2)
BCABOPTR (sect 1)

Q1Q20PTR (bay 1/sect 2) & & — BBTR_OP

Q1Q20PTR (bay n/sect 2)

A1A20PTR (B1B2)
BCABOPTR (sect 2)

Q1Q20PTR (bay 1/sect 1) &

Q1Q20PTR (bay n/sect 1)

VPA1A2TR (B1B2)
VPBCABTR (sect 1)
VPQ1Q2TR (bay 1/sect 2) —

VPQIQ2TR (bay n/sect 2) —

VP BBTR

VPBCABTR (sect 2)
VPQ1Q2TR (bay 1/sect 1) —

VPQIQ2TR (bay n/sect 1) —

EXDUP_BS (B1B2)
EXDUP_BC (sect 1)
EXDUP_AB (bay 1/sect 2)—

EXDUP_AB (bay n/sect 2) —
& ——— EXDUP_AB

EXDUP_BC (sect 2)
EXDUP_AB (bay 1/sect 1)—

EXDUP_AB (bay n/sect 1) —

Figure 21: Signals from any bays for a bus-section circuit breaker
between sections Al and A2
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For a bus-section circuit breaker between B1 and B2 section busbars,
these conditions are valid:

A1A20PTR (A1A2)
BCABOPTR (sect 1)

Q1Q20PTR (bay 1/sect 2) & & —BBTR OP

Q1Q20PTR (bay n/sect 2)

A1A20PTR (A1A2)
BCABOPTR (sect 2)

Q1Q20PTR (bay 1/sect 1) &

Q1Q20PTR (bay n/sect 1)

VPAIA2TR (A1A2)
VPBCABTR (sect 1)
VPQL1Q2TR (bay 1/sect 2) —

VPQL1Q2TR (bay n/sect 2) —

VP BBTR

VPBCABTR (sect 2)
VPQ1Q2TR (bay 1/sect 1) —

VPQIQ2TR (bay n/sect 1) —

EXDUP_BS (A1A2)——
EXDUP_BC (sect 1)
EXDUP_AB (bay 1/sect 2)—

EXDUP_AB (bay n/sect 2) —
& ——— EXDUP_AB

EXDUP_BC (sect 2)
EXDUP_AB (bay 1/sect 1)—

EXDUP_AB (bay n/sect 1) —

Figure 22: Signals from any bays for a bus-section circuit breaker
between sections B1 and B2



Interlocking 1MRK 580 451-XEN
Page 6 — 107

Version 3.0-00

4.2.6.2 Input setting If there is no other busbar via the busbar loops that are possible, then
either the interlocking for the QO open circuit breaker is not used or the
state for BBTR is set to open. That is, no busbar transfer isin progressin
this bus section:

« BBTR OP =1

4.2.7 Bus-section
disconnector

4.2.7.1 Signals in single If the busbar is divided by bus-section disconnectors, the sigrather
breaker arrangement  disconnector connected to the bus section must be made by a project-spe-
cific logic.

The same type of module (A1A2_DC) is used for different busbars, that
is, for both bus-section disconnector A1A2_DC and B1B2_DC. But for
B1B2_DC, corresponding signals from busbar B are used.

Al Section 1 : Section 2A2 . .. A3
B1 | B2 | . . B3
C - C
_:j _:_ AlAZ_DC(BS) -:j -:ﬁ _:_
B1B2_DC(BS) ABC_BC
ABC_LINE AB_TRAFO  ABC_LINE AB_TRAFO

Figure 23: Busbars divided by bus-section disconnectors (circuit break-
ers)
To derive the signals:

A1DC_OP

Signal if all disconnectors on busbar Al are open.

A2DC_OP

Signal if all disconnectors on busbar A2 are open.

VPA1l DC
The switch status of A1_DC is valid.

VPA2_DC
The switch status of A2_DC is valid.
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EXDUP_BB

Signal if there is no transmission error from any bay that contains the
above information.

These signals from each line bay (ABC_LINE), each transformer bay
(AB_TRAFO), and each bus-coupler bay (ABC_BC) are needed:
Q1OPTR

Signal if Q1 isopen.

Q20PTR
Signal if Q2 (AB_TRAFO, ABC_LINE) is open.

Q200PTR
Signa if Q20 (ABC_BC) is open.

VPQITR
The switch status of Q1 isvalid.

VPQ2TR
The switch status of Q2 isvalid.

VPQ20TR
The switch status of Q2 and Q20 are valid.

EXDUP_BB

Signal if there is no transmission error from the bay that contains the
above information. This signa is taken from the data valid output on the
receive function block.

If there is an additional bus-section disconnector, the signal from the bus-
section disconnector bay (A1A2_DC) must be used:
DCOPTR

Signal if the bus-section disconnector is open.

VPDCTR
The switch status of A1A2_DC isvalid.

EXDUP_DC

Signa if there is no transmission error from the bay that contains the
above information. This signal is taken from the data valid output on the
receive function block.
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If there is an additional bus-section circuit breaker rather than an addi-
tional bus-section disconnector the signals from the bus-section, circuit-
breaker bay (A1A2 BS) rather than the bus-section disconnector bay
(A1A2_DC) must be used:

QUOPTR

Signal if Q11 is open.

Q120PTR
Signal if Q12 is open.

VPQ11TR
The switch status of Q11 isvalid.
VPQI12TR
The switch status of Q12 isvalid.

EXDUP_BS

Signal if there is no transmission error from the bay BS (bus-section cou-
pler bay) that contains the above information. This signal is taken from
the data valid output on the receive function block.

For a bus-section disconnector, these conditions from the A1 busbar sec-
tion are valid:

Q1OPTR (bay 1/sect A1) — ALDC OP
e — & -

Q1OPTR (bay n/sect A1) —

VPQITR (bay 1/sect Al)— VPAL DC
ce — & _

VPQITR (bay n/sect A1) —

EXDUP_BB (bay 1/sect A1l)— EXDUP BB
s — & .,

EXDUP_BB (bay n/sect A1)—

Figure 24: Signals from any bays in section Al to a bus-section discon-
nector
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For a bus-section disconnector, these conditions from the A2 busbar sec-
tion are valid:

Q1OPTR (bay 1/sect A2) —— ADC OP

— &

Q1OPTR (bay n/sect A2) —
DCOPTR (A2/A3) B—

VPQITR (bay 1/sect A2)—]
- — &

VPA2 DC

VPQITR (bay n/sect A2) —
VPDCTR (A2/A3) —

EXDUP_BB (bay 1/sect A2)— EXDUP BB

EXDUP_BB (bay n/sect A2)—
EXDUP DC (A2A3)  ——

Figure 25: Signals from any bays in section A2 to a bus-section discon-
nector

For a bus-section disconnector, these conditions from the B1 busbar sec-
tion arevalid:

Q2(20)OPTR (bay Vsect B)™) | pipc op(A1DC_OP)

Q2(20)OPTR. (bay n/sect B1) —

VPQ2(20)TR (bay sect B L \/pgq pe (vPAL DO)

VPQ2(20)TF& (bay n/sect Bl)t

EXDUP BB (bay /sectB)—| | eypup BB

EXDUP_BB (bay n/sect B1) —

Figure 26: Signals from any bays in section B1 to a bus-section discon-
nector
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4.2.7.2 Signals in double-

breaker arrangement

For a bus-section disconnector, these conditions from the B2 busbar sec-
tion arevalid:

Q2(20)OPTR (bay Usect B2) 7} 'L ponc op (A2DC_OP)

Q2(20)OPTR (bay n/sect B2)—
DCOPTR (B2/B3) —]

VPQ2A20)TR (bay Usect B2) 7 L \/pps pe (vPa2 DC)

VPQ2(20) TR (bay n/sect B2)—
VPDCTR (B2/B3) —

EXDUP_BB (bay 1/sect B2)—] EXDUP BB

EXDUP_BB (bay n/sect B2) —
EXDUP DC (B2/B3)  —

Figure 27: Signals from any bays in section B2 to a bus-section discon-
nector

If the busbar is divided by bus-section disconnectors, the signal for the
busbar disconnector bay no other disconnector connected to the bus sec-
tion must be made by a project-specific logic.

The same type of module (A1A2_DC) is used for different busbars, that
is, for both bus-section disconnector A1A2 DC and B1B2_DC. But for
B1B2_DC, corresponding signals from busbar B are used.

Section 1

Al Section 2 A2
jL A1A2 DC(BS) jL

B1 jL jL B2
B1B2 DC(BS)

DB_BUS DB_BUS DB_BUS DB_BUS

Figure 28: Busbars divided by bus-section disconnectors (circuit break-
ers)

To derive the signals:

A1DC _OP
Signal if al disconnectors on busbar A1 are open.
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A2DC_OP

Signal if al disconnectors on busbar A2 are open.

VPA1 DC
The switch statusof A1 DCisvalid.

VPA2 DC
The switch status of A2 _DC isvalid.

EXDUP_BB

Signal if there is no transmission error from bay DB (double-breaker bay)
that contains the above information.

These signals from each double-breaker bay (DB_BUS) are needed:

Q10PTR
Signal if Q1isopen.

Q20PTR
Signal if Q2 isopen.

VPQITR
The switch status of Q1 isvalid.

VPQ2TR
The switch status of Q2 isvalid.

EXDUP_DB

Signa if there is no transmission error from the bay that contains the
above information. This signal is taken from the data valid output on the
receive function block.

The logic is identical to the double busbar configuration described in
“4.2.7.1 Signals in single breaker arrangement”.
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For a bus-section disconnector, these conditions from the A1 busbar sec-

tion arevalid:

Q1OPTR (bay 1/sect A1) —]

Q10PTR (bay n/sect Al) —

——— AIDC OP

VPQITR (bay I/sect Al)——

VPQITR (bay n/sect A1) ——

——— VPAL1 DC

EXDUP_DB (bay 1/sect A1)

EXDUP_DB (bay n/sect A1)—

———— EXDUP_BB

Figure 29: Signals from double-breaker bays in section Al to a bus-sec-

tion disconnector

For a bus-section disconnector, these conditions from the A2 busbar sec-

tion arevadlid:

Q1OPTR (bay 1/sect A2) —]

Q10PTR (bay n/sect A2) —

——— A2DC_OP

VPQITR (bay 1/sect A2)—

VPQITR (bay n/sect A2) —

VPA2 DC

EXDUP_DB (bay 1/sect A2)—

EXDUP_DB (bay n/sect A2)—

———— EXDUP_BB

Figure 30: Signals from double-breaker bays in section A2 to a bus-sec-

tion disconnector
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4.2.7.3 Signalsin breaker and
a half arrangement

For a bus-section disconnector, these conditions from the B1 busbar sec-

tion are valid:

Q20PTR (bay 1/sect B1) ——

Q20PTR (bay n/sect B1) —

— B1DC_OP (A1DC_OP)

VPQ2TR (bay L/sect B1——

VPQ2TR (bay n/sect B1) —

— VPB1_DC (VPAL DC)

EXDUP_DB (bay 1/sect B1)—

EXDUP_DB (bay n/sect B1)—

EXDUP_BB

Figure 31: Signals from double-breaker bays in section B1 to a bus-sec-

tion disconnector

For a bus-section disconnector, these conditions from the B2 busbar sec-

tion are valid:

Q20PTR (bay 1/sect B2) ——

Q20PTR (bay n/sect B2) ——

— B2DC_OP (A2DC_OP)

VPQ2TR (bay 1/sect B2)—]

VPQ2TR (bay n/sect B2) —

— VPB2_DC (VPA2 DC)

EXDUP_DB (bay 1/sect B2)—]

EXDUP_DB (bay n/sect B2)—

EXDUP_BB

Figure 32: Signals from double-breaker bays in section B2 to a bus-sec-

tion disconnector

If the busbar is divided by bus-section disconnectors, the signal for the
busbar disconnector bay no other disconnector connected to the bus sec-
tion must be made by a project-specific logic.
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The same type of module (A1A2 DC) is used for different busbars, that
is, for both bus-section disconnector A1A2 DC and B1B2 _DC. But for
B1B2 DC, corresponding signals from busbar B are used.

Al Section 1 : Section 2 A2
Bl : B2
A1A2 DC(BS)

B1B2_DC(BS)

BH_LINE BH_LINE BH_LINE BH_LINE

Figure 33: Busbars divided by bus-section disconnectors (circuit break-
ers)

The project-specific logic are the same as for the logic for the double-
breaker configuration. See “Signals in double-breaker arrangement” on
page 111.

A1DC_OP

Signal if all disconnectors on busbar Al are open.

A2DC_OP

Signal if all disconnectors on busbar A2 are open.

VPA1l DC
The switch status of A1_DC is valid.

VPA2_DC
The switch status of A2_DC is valid.

EXDUP_BB

Signal if there is no transmission error from bay BH (breaker and a half)
that contains the above information.
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4.2.8 Bus earthing
switch
4.2.8.1 Signals in single The busbar earthing switch is only allowed to operate if al disconnectors
breaker arrangement  of the bus section are open.
Al Section 1 { Section 2 A2
Bl I B2
C C
+4+ +4++ 44+ A1A2DCBS++ +++ ++
== —j — BlBZ:DCéBS)) — —j = —-_-—i
BB_ES ABC_BC AB_TRAFO BB_ES
ABC_LINE ABC_LINE

Figure 34:  Busbars divided by bus-section disconnectors (circuit breakers)

To derive the signals:

ABCDC_OP

Signal if all disconnectors of this busbar section are open.

VP_ABCDC
The switch status of ABCDC isvalid.

EXDUP_BB

Signal if no transmission error from any bay containing the above infor-
mation.

These signals from each line bay (ABC_LINE), each transformer bay
(AB_TRAFO), and each bus-coupler bay (ABC_BC) are needed:

Q1OPTR
Signal if Q1isopen.

Q20PTR
Signad if Q2 (AB_TRAFO, ABC_LINE) isopen.

Q200PTR
Signal if Q2 and Q20 (ABC_BC) are open.

Q70PTR
Signal if Q7 isopen.

VPQITR
The switch status of Q1 isvalid.
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VPQ2TR
The switch status of Q2 isvalid.

VPQ20TR
The switch status of Q2 and Q20 are valid.

VPQ7TR
The switch status of Q7 isvalid.

EXDUP_BB

Signal if there is no transmission error from the bay that contains the
above information.This signal is taken from the data valid output on the
receive function block.

These signals from each bus-section disconnector bay (A1A2 DC) are
also needed. For B1B2 DC, corresponding signals from busbar B are
used. The same type of module (A1A2_DC) is used for different busbars,
that is, for both bus-section disconnectors A1A2 DC and B1B2 _DC.
DCOPTR

Signal if the bus-section disconnector is open.

VPDCTR
The switch status of A1A2 DCisvalid.

EXDUP_DC

Signal if there is no transmission error from the bay that contains the
above information. This signal is taken from the data valid output on the
receive function block.

If no bus-section disconnector exists the signal DCOPTR, VPDCTR and
EXDUP_DC are set to 1 (TRUE).

If the bushar is divided by bus-section circuit breakers, the signals from
the bus-section coupler bay (A1A2_BS) rather than the bus-section dis-
connector bay (A1A2 DC) must be used. For B1B2 BS, corresponding
signals from busbar B are used. The same type of module (A1A2_BYS) is
used for different busbars, that is, for both bus-section circuit breakers
A1A2 BSand B1B2 _BS.

Q110PTR
Signal if Q11 is open.

Q120PTR
Signal if Q12 is open.
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VPQI1ITR
The switch status of Q11 isvalid.

VPQI2TR
The switch status of Q12 isvalid.

EXDUP_BS

Signal if there is no transmission error from the bay (bus-section coupler
bay) that contains the above information. This signal is taken from the
datavalid output on the receive function block.
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For abusbar earthing switch, these conditions from the A1 busbar section
arevalid:

Q1OPTR (bay 1/sect A1) —
e — &

ABCDC_OP

Q1OPTR (bay n/sect A1) —
DCOPTR (AVA2) B—

VPQITR (bay Vsect A)——| | \,p ABCDC

— &

VPQITR (bay n/sect A1) —
VPDCTR (AL/A2) —

EXDUP BB (bay Usect Al | =yvpuP BB

EXDUP_BB (bay n/sect A1)—
EXDUP DC (ALA2)  —

Figure 35: Signals from any bays in section Al to a busbar earthing
switch in the same section

For abusbar earthing switch, these conditions from the A2 busbar section
arevalid:

Q1OPTR (bay 1/sect A2) —]
. — &

ABCDC_OP

Q10PTR (bay n/sect A2) —
DCOPTR (AVA2) —

VPQITR (bay /sect A2)— VP_ABCDC

VPQITR (bay n/sect A2) —
VPDCTR (AL/A2) E—

EXDUP_BB (bay 1/sect A2)—] EXDUP BB

EXDUP_BB (bay n/sect A2)—
EXDUP DC (AVA2)  —

Figure 36: Signals from any bays in section A2 to a busbar earthing
switch in the same section
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For a busbar earthing switch, these conditions from the B1 busbar section
arevalid:

Q2(20)0PTR (bay /sectBL)—1 | rgeepe op

Q2(20)OPTR (bay n/sect B1)
DCOPTR (B1/B2) —

VPQ2(20)TR (bay 1/sect B1) VP ABCDC

VPQ2(20) TR (bay n/sect B1)—
VPDCTR (BL/B2) —

EXDUP_BB (bay 1/sect B1)— EXDUP BB

EXDUP_BB (bay n/sect B1) —
EXDUP DC (BI/B2)  ——

Figure 37: Signals from any bays in section B1 to a busbar earthing
switch in the same section

For a bushar earthing switch, these conditions from the B2 busbar section
arevalid:

Q2(20)OPTR (bay 1/sect B2)— ABCDC_OP

Q2(20)OPTR (bay n/sect B2)
DCOPTR (B1/B2) —

VPQ2(20)TR (bay 1/sect B2)—]

VP_ABCDC

VPQ2(20) TR (bay n/sect B2)—
VPDCTR (B1/B2) —

EXDUP_BB (bay 1/sect B2)— EXDUP BB

EXDUP_BB (bay n/sect B2) —
EXDUP DC (BI/B2)  ——

Figure 38: Signals from any bays in section B2 to a busbar earthing
switch in the same section
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4.2.8.2 Signals in double-
breaker arrangement

For a busbar earthing switch on transfer busbar C, these conditions are
valid:

Q7OPTR (bay 1) g [ ABCDC.OP
Q70PTR (bay n) -]
VPQ7TR (bay 1) ] g VPABCDC
VPQ7TR (bay n) 1
EXDUP BB (bay 1) — g EXDUPBB
EXDUP BB (bayn) —

Figure 39: Signals from transfer busbar to busbar earthing switch

The busbar earthing switch is only allowed to operate if al disconnectors
of the bus section are open.

Al Section 1 , Section 2 A2
B1 i jL : jL l B2
11 A1A2 DC(BS) 11

BB_ES B1B2_DC(BS) BB_ES

DB_BUS DB_BUS

Figure 40: Busbars divided by bus-section disconnectors (circuit break-
ers)

To derive the signals:

ABCDC_OP

Signal if al disconnectors of this busbar section are open.

VP_ABCDC
The switch status of ABCDC isvalid.

EXDUP_BB

Signal if there is no transmission error from any bay that contains the
above information.
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4.2.8.3 Signals in breaker
and a half arrange-
ment

These signals from each double-breaker bay (DB_BUYS) are needed:

Q1OPTR
Signal if Q1 isopen.

Q20PTR
Signal if Q2 isopen.

VPQITR
The switch status of Q1 isvalid.

VPQ2TR
The switch status of Q2 isvalid.

EXDUP_DB

Signal if there is no transmission error from the bay that contains the
above information. This signa is taken from the data valid output on the
receive function block.

These signals from each bus-section disconnector bay (A1A2 DC) are
also needed. For B1B2 _DC, corresponding signals from busbar B are
used. The same type of module (A1A2_DC) is used for different busbars,
that is, for both bus-section disconnectors A1A2 DC and B1B2 DC.
DCOPTR

Signal if the bus-section disconnector is open.

VPDCTR
The switch status of A1A2 DC isvalid.

EXDUP_DC

Signa if there is no transmission error from the bay that contains the
above information. This signa is taken from the data valid output on the
receive function block.

The logic is identical to the double busbar configuration described in
“4.2.8.1 Signals in single breaker arrangement”.

The busbar earthing switch is only allowed to operate if all disconnectors
of the bus section are open.
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Al Section 1 : Section 2 A2
B1 i : i B2
11 A1A2 DC(BS) 11
BB_ES B1B2_DC(BS) BB_ES
BH_LINE BH_LINE

Figure 41: Busbars divided by bus-section disconnectors (circuit break-
ers)

The project-specific logic are the same as for the logic for the double bus-
bar configuration. See “4.2.8.1 Signals in single breaker arrangement

ABCDC_OP

Signal if all disconnectors of this busbar section are open.

VP_ABCDC
The switch status of ABCDC is valid.

EXDUP_BB

Signal if there is no transmission error from any bay that contains the
above information.
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5 Appendix

5.1 Function blocks and
function block
diagrams

5.1.1 ABC_LINE

ABC_LINE

Q0 OP QOCLREL

Qo CL QOCLITL

Q9 OP QOREL

Q9 CL QIITL

QL OP QI1REL

Q1L CL QLUTL

Q2 OP Q2REL

Q2 CL QITL

Q7_OP Q7REL

o7 cL Q7ITL

351 0P Q51REL

1L Q51ITL
_ Q52REL

Q52_OP Q52ITL

Q52_CL Q8REL

Q8 OP Q8ITL

Q8 CL Q10PTR

Q15_OP QICLTR

Q15_CL Q20PTR

25 0P Q2CLTR

025 CL Q7OPTR

S7270P Q7CLTR

S7e L Q1Q20PTR

& B op Q1Q2CLTR

BC_AB_CL x%%TrRR

BC_AC_OP VPOTTR

BCACCL  po

BC BC OP PQIQ2TR

BC_BC CL

VOLT_OP

VOLT CL

VP_C DC

VP _BC_AB

VP _BC_AC

VP BC BC

EXDUP_ES

EXVVA_ES

EXDU_BPB

EXVV_BPB

EXDUP BC

EXVVA_BC

Q9EX1

Q9EX2

QIEX1

QIEX2

QIEX3

Q2EX1

Q2EX2

Q2EX3

Q7EX1

Q7EX2

Q7EX3

Q7EX4

Figure 42: Function block ABC_LINE
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"@oop ABC_LINE '
 Q0_CL VPQO

'Qo_oP — |
Q9 _CL VPQ9 '
| QL OP — QOCLREL |
' Q1 CL VPQ1 QOCLITL '
| Q2 oP S e |
oo ™ '
| Q7_OP — |
L Q7 CL VPQ7 ,
| Q51 OP — |
''Qs51 CL VPQ51

Q52 OP — '
| Q52_CL VPQ52 |
' Q8_OP — '
[ Q8 CL VPQ8 ]
' Q15_OP — '
| Q15 CL VPQ15 ’
. Q25 OP p— \
| Q25 _CL VPQ25 |
' Q75_OP — .
| Q75 CL VPQ75

'vOLT OP — |
' VOLT_CL VPVOLT '
T v |
| VPQ51 & o1 Q9REL |
, VPQ52 = QIITL
| VPQ8 |
. Q0_OP \
| Q51_OP |
| Q52_OP |
| Q8 OP |
Q9EX1 '
! VPQ52 — |
' VPQ8 & '
| Q52 CL |
i Q8 CL |
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| VPQO |
| VPQ2 & QIREL |

| VPQS51 =1 QuTL'
| VPQS52

, VPQ15
| Q0_OP |

Q2 OP
| Q51_OP |

Q52 OP
| Q15 OP |
' EXDUP_ES
| EXVVA_ES |
' QIEX1 !
| VPQ2 - ‘
. VP_BC_AB '
! Q2 CL
| BC_AB CL |
' EXDUP BC !
| EXVVA _BC |
. QIEX2 .
| VPQ51 — |

VPQ15 & .
\ Q51 CL \

Q15 CL
| EXDUP ES |

EXVVA_ES
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| VPQ1 & Q2REL |

VPQ5L 21 QITL '
VPQS52

VPQ25
| Q0_OP |
QL OP
| Q51 OP |
Q52 OP
| Q25 OP |
EXDUP _ES
\ EXVVA_ES |
' Q2EX1 '
| VPQ1 — |
' VP_BC_AB '
| QL CL
i BC_AB_CL |
EXDUP_BC |
| EXVVA_BC |
. Q2EX2 .
| VPQ51 — |
VPQ25 & .
| Q51 CL |
Q25 CL
| EXDUP_ES |
EXVVA_ES :
| Q2ex3 |
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VPQ8

| VPQ75

. VP_C DC

| VP BC_AC

VP BC BC

Q8_OP

Q75_OP

EXDUP ES

EXVVA_ES

| C DC OP

| EXDU_BPB

'EXvv_BPB

| BC_AC_OP

' BC_BC_OP

| Q7EX1

EXDUP_BC

EXVVA_BC

VPQO

VPQL

VPQ8

VPQ9

VPQ75

VP_C DC

VP_BC AC

Qo0_CL

QL CL

Q8_OP

Q9 CL

Q75 OP

EXDUP_ES

EXVVA_ES

C_DC_OP

EXDU_BPB

EXVV_BPB

. BC_AC CL

| Q7EX2

EXDUP_BC

EXVVA_BC
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VPQO
| VPQ2 &1>1 |

VPQ8
| VPOS |
i VPQT5 |
. VP_C DC |
| VP_BC BC |
, Qo0_CL .
| Q2 CL |

Q8 OP ,
| Q9_CL |

Q75 OP '
| EXDUP_ES |

EXVVA_ES
| C DC OP |
' EXDU_BPB '
| EXVV_BPB |
| BC_BC_CL '
EXDUP_BC ‘
| EXVVA_BC |

| v " |
. VPQ75 & .
| Q8 CL |
Q75_CL .
| EXDUP_ES |
' EXVVA_ES /
IQ7EX4 |
' VPQL — Q51REL -
| VPQ2 &
' VPQ9
| Q1 oP
' Q2 OP
! Q9_OP ‘
| VPQ7 — |
VPQ9 & Q8REL

| é:’V(;);.T QBITL |

| Q9 OP |
VOLT OP

Q51ITL |
Q52REL '
Q52ITL |
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[ |
. Q1 OP Q1OPTR .
| Q1 CL QICLTR |

VPQ1 VPQITR
| Q2 OP Q20PTR |
' Q2 CL Q2CLTR |
| VPQ2 VPQ2TR |
| Q7_OP Q7OPTR |

Q7. CL Q7CLTR
| VPQ7 VPQ7TR |
| Q1 OP QLQ20P
| Q2 OP =21 Q1Q2CL |

VPQ1 -
| VPQIQ2TR |
. VPQ2 & .
Lo [ _

Figure 43: Function block diagram of ABC_LINE
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5.1.2 ABC_BC

ABC_BC
Q0_OP QOOPREL
Qo_CL QOOPITL
Q1_OP QOCLREL
QL CL QOCLITL
Q20 OP QIREL
Q20_CL QUTL
Q7 _OP Q20REL
Q7 CL Q20ITL
Q2 OP Q7REL
2L Q7ITL
Q51 OP %255'[
Q51 CL Q51REL
Q52_OP Q51ITL
Q52 _CL Q52REL
Q15 OP Q52ITL
Q15 _CL Q1OPTR
Q25 0P Q00PTR
832—8; Q20CLTR
d7ecL Q7OPTR
BBTR OP Q7CLTR
BC AB cL  Q1Q200PT
VP BBTR Q1Q20CLT
~ BCABOPTR
VP BC AB
BCABCLTR
EXDUP_ES
- BCACOPTR
EXVVA_ES
BCACCLTR
EXDUP _AB
- BCBCOPTR
EXVVA_AB
BCBCCLTR
EXDUP BC
- VPQ20TR
EXVVA_BC
VPQ7TR
Q0 O EX1
30 0 EX2 VPQ1Q20T
L VPBCABTR
Q0 O EX3  \peCACTR
Q1EX1
S1ExX2 VPBCBCTR
QI1EX3
Q20EX1
Q20EX2
Q20EX3
QZEX1
QZEX2
Q7EX1
Q7EX2

Figure 44: Function block ABC_BC
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" Q52_CL = VPQ52

+ Q15 CL = VPQ15

. Q25 CL = VPQ25
| Q75_OP —
' Q75 _CL = VPQ75 ,
v |
. Q1 OP P QOOPREL

| Q0 O EXx1 21 QOOPITL |
VPQ2 — :

Q2 oP & |
Q0_0_EX2 '
VP BBTR — |
| BBTR_OP & '
' EXDUP AB |
| EXVVA_AB |
. Q0_O_EX3 .
VPQL — QOCLREL |

| |
. VPQ2 & T—Hc QOCLITL
| VPQ7 1] \
|

VPQ20
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VPQO
VPQ20 & QIREL

|

>1 |

VPQ51 QUTL
VPQ52 |
|

VPQ15

Q0_OP

|

|

|

: Q20 OP
| Q51 OP
' Q52 OP
| Q15 OP
|

|

|

|

|

|

I

|

EXDUP_ES

EXVVA_ES

QIEX1

VPQ20 1

VP_BC AB

|

|

|

|

Q20 CL & |
BC_AB_CL |
|

|

|

|

|

EXDUP_BC
EXVVA_BC
QIEX2

VPQ51 ]

|

! VPQ15 &
| Q5L CL
|

Q15 CL
EXDUP_ES
EXVVA_ES
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VPQO

VPQ1

VPQ51

VPQ52

VPQ25

Q0_OP

Q1 OP

Q51 OP

Q52 OP

Q25 OP

EXDUP_ES

EXVVA_ES

| Q20EX1

VPQL

VP _BC AB

Q1 CL

BC_AB_CL

EXDUP_BC

EXVVA_BC

+ Q20EX2

| Q20EX3

VPQ51

VPQ25

Q51 CL

Q25 CL

EXDUP_ES

EXVVA_ES

!
Q20REL

Q20ITL,
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VPQO

’ VPQ2
VPQ51

| VPQ52

VPQ75

| Q0 _OP

Q2 OP

| Q51 OP

Q52 OP

Q75 OP

EXDUP_ES

| EXVVA_ES

" Q7EX1

! VPQ52

| VPQ75
Q52_CL

| Q75 CL
EXDUP_ES

| EXVVA_ES

. Q7EX2

! VPQO

Q7REL

QUITL |

VPQ7

’ VPQ51

VPQ52

| VPQ25

i Q0_OP
Q7 OP

i Q51 OP

Q52 OP

| Q25 _OP

EXDUP_ES

| EXVVA_ES

. Q2EX1

] VPQ52

VPQ25

| Q52 CL

Q25 CL

EXDUP_ES

EXVVA_ES

| QZEX2

Q2REL

Q2ITL
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! VPQL — Q51REL |
| VPQ2 & Q5UTL,
| VPQ7 Q52REL
‘ VPQ20 Q52ITL |
. QL OP f
| Q2 OP |
. Q7. OP .
| Q20 OP |
' QL OP o QIOPTR '
| QL CL QICLTR |
' VPQ1 VPQITR
| Q2 OP - Q200PTR!
i Q20 OP & Q20CLTR,
VPQ2 — |
' VPQ20TR
| VPQ20 & |
, Q7_OP - Q70PIR |
| Q7 CL Q7CLTR |
1
, VPQ7 VPQ7TR |
| QL OP Q1Q200PT |
. Q20 OP 21 Q1Q20CLT
| VPQL — |
VPQ1Q20T
' VPQ20 & '
| QO_OP L BCABOPTR |
' 1 OP '
‘ Q1 ¢ >1 BCABCLTR |
Q2 OP
. VPOO — .
\ P VPBCABTR |
VPQL & !
| s |
! Q0 _OP — BCACOPTR |
1 OP
| Q1 >1 BCACCLTR |
. Q7 OP ,
VPQO -
| P VPBCACTR|
. VPQ1 & .
| VPQ7 |
. Q0 _OP — BCBCOPTR
20 OP
| Q20_ 1 BCBCCLTR |
' Q7 OP '
| VPQO —
. P VPBCBCTR,
VPQ20 &
Lo L _

Figure 45: Function block diagram of ABC_BC
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5.1.3 AB_TRAFO

AB_TRAFO

Q0 _OP QOCLREL
Q0_CL QOCLITL
Q1_OP Q1REL
Q1 CL Q1TL
Q2 OP Q2REL
Q2 CL Q2ITL
Q51_OP Q51REL
Q51 _CL QSIITL
Q52_OP Q52REL
Q52 CL Q52ITL
Tor QIOPTR

Q1 OP QICLTR
TQl_CL QZOPTR
TQ2_OP Q2CLTR
TQ2_CL Q1Q20PTR
TQ51_OP Q1Q2CLTR
TQ51 CL VPQITR
Q15_OP VPQ2TR
Q15_CL VPQ1Q2TR
Q25 OP
Q25_CL
BC AB_CL
VP_BC_AB
EXDUP_ES
EXVVA_ES
EXDUP_BC
EXVVA_BC
QOEX1
QOEX2
QOEX3
Q1EX1
Q1EX2
Q1EX3
Q2EX1
Q2EX2
Q2EX3

Figure 46: Function block AB_TRAFO
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" 00.0p - AB_TRAFO
| Q0_CL = VPQO |
' QL_OP — :
| QLCL = VPQ1 |
'Qz oP — .
Q2. CL = VPQ2 |
| Q51_0P — !
" Q51 _CL = VPQ51
[Q52_0OP L |
. Q52_CL = VPQ52 '
| TQL OP p— |
' TQL CL = VPTQ1 '
| TQ2_OP p— |
'TQ2 cL = VPTQ2 '
" TQ51_OP — |
[ TQ51 CL = VPTQ51 '
"Q15 OP — |
| Q15_CL = VPQ15 .
+ Q25 _OP — |
| Q25_CL = VPQ25 .
I VPOL — _ QOCLREL |
‘ VPQ2 & .1 - QOCLITL
. VPQ51 |
| VPQ52 '
' VPTQ1 |
| VPTQ2 |
' VPTQ51 .
| QOEX2 |
i TQ51 OP - .
| QOEX3 o1 | |
Q51 CL — '
| Q52_CL |
i TQ5L CL & :
| QUEX1 |
|
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| VFQD |

i VPQ2 & 51 QI1REL !
. VP51 = QUTL
| VPQ52 |

VPTQ51
| VPQ15 |
! Q0 _OP '
! Q2 OP |
| Q51 OP |
. Q52 OP .
| TQ51 OP |
. Q15 OP
| EXDUP ES |
' EXVVA_ES
| QiEX1 |
; o= ] .
| VPTQ51 & |
| VP_BC_AB |
! Q2_cL !
| TQ51 OP |
. BC_AB_CL
| EXDUP_BC |
' EXVVA_BC
| QIEX2 |
' VPQ51 — '
| VPQ52 ‘
| VPTQ51 |
. VPQI5 .
| Q51 CL |
. Q52 CL
| TQ51 CL |

Q15 CL
| EXDUP ES |

EXVVA_ES '
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| VPQO !

| VPQL & 1 Q2REL |
. VPQ51 = Q2TL .
| VPQ52 |

VPTQ51
| VPQ25 |
' Q0 OP '
| QL OP |
i Q51 OP |

Q52_OP .
| TQ51 OP |

Q25 OP
| EXDUP_ES |

EXVVA_ES '
| QeeEx1 |
B —T i
| VPTQ51 & |
| VP_BC AB |

Q1L CL .
| TQ51 OP |

BC AB_CL
| EXDUP_BC |
| EXVVA_BC |

QZEX2

| VPQ51 — ‘
| VPQ52 |
| VPTQ51 |
. VPQ25 ,
| Q51 _CL |

Q52 CL .
| TQ51 CL |

Q25 CL
| EXDUP _ES |

EXVVA_ES '
| Q2EX3 |
| |
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| VPQL — Q51REL !
| VPQ2 & Q51ITLi
VPTQ1 Q52REL ,
| VPTQ2 Q52ITL |
QL OP
| Q2 OP |
TQ1 OP '
| TQ2 OP |
| QL OP QIOPTR |
' Q1L CL QICLTR .
| VPQ1 VPQITR |
| Q2 _OP Q20PTR |
. Q2_CL Q2CLTR |
| VPQ2 VPQ2TR |
Q1 OP Q1Q20PTR
! Q2 OP 21 Q102CLTR |
VPQ1 —_— VPQIQ2TR
! VPQ2 & |
Lo JE J

Figure 47: Function block diagram of AB_ TRAFO
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5.1.4 AlA2_BS

AlA2 BS

Q0 _OP QOOPREL
Q0 CL QOOPITL
Q11_OP QOCLREL
Q11 CL QOCLITL
Q12_OP QI1REL
Q12_CL Q11ITL
Q51_OP QI2REL
Q51 _CL Q12ITL
Q52 _OP Q51REL
Q52 CL Q51TL
A1Q15 OP Q52REL

— Q52ITL
A2Q15 OP A1A2CLTR
A2Q15 CL Q110PTR
BBTR_OP Q1ICLTR
VP BBTR QI120PTR
EXDUP_AB QI2CLTR
EXVVA_AB  VPAIA2TR
EXDUP_ES VPQIITR
EXVVA_ES VPQI2TR
Q0 O EX1
Q0_O EX2
Q0 O EX3
QITEX1
QI1EX2
QI12EX1
QI12EX2

Figure 48: Function block A1A2_BS
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VPQ11

VPQI12

" Q52_CL

VPQ51

| A1Q15 OP

" A1Q15 CL

VPQ52

| A2Q15_OP

+ A2Q15_CL

| VPQ11

Q11 OP

| Q0 0 Ex1

' VPQI12

| Q12 OP

. Q0_O_EX2

' vP BBTR

| BBTR_OP
' EXDUP_AB

| EXVVA_AB

. Q0_O EX3

VPQ11

VPA2Q15

VPA1Q15 '

QOOPREL

QOOPITL |

QOCLREL |

|
| VPQ12
| VPQO

QOCLITL

VPQ51

VPQ52

VPA1Q15

Q51 OP

|
| QO0_OP
|

Q52_OP

A1Q15 OP

EXDUP_ES

|EXVVA_ES

'QLIEX1

VPQ51

VPA1Q15

Q51 CL

A1Q15 CL

EXDUP_ES

EXVVA_ES

QLIREL

QUUTL |
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| VPQO |
i VPQ51 9 QlZRELi
| VPOS52 QI2ITL!
| VPA2Q15 |
. Q0_OP .
| Q51 _OP y
' Q52 OP :
| A2Q15 OP !
! EXDUP_ES '
| EXVVA_ES |
| QI2EX1 '
| VPQS52 |
| VPA2Q15 |
. Q52 CL .
| A2Q15 CL |

EXDUP_ES .
| EXVVA_ES |
' QL2EX2 :
| VPQ11 Q51REL |
' VPQ12 Q5LUTL
| Q11 OP Q52REL |
i Q12 OP Q52ITL |
| Q11 OP QLOPTR |
. Q1L CL QLICLTR ,
| VPQLL VPQIITR |
| Q12 OP QL20PTR |
. Q12 CL QI2CLTR ,
| VPQ12 VPQIZTR |
' Q11 OP :
! Q12 OP o1 A1A20PTR |
| Q0 OP = AIAZCLTR

VPQLL
i VPQ12 VPAIA2TR |
. VPQO .
Lo T 4

Figure 49: Function block diagram of A1A2_BS
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5.1.5 A1A2 DC

A1A2 DC
Q11 _OP Q110PREL
Q11 CL QLIOPITL
A1Q15 OP QIICLREL
A1Q15 CL QLICLITL
A2Q15 OP DCOPTR
A2Q15 CL DCCLTR
A1DC OP VPDCTR
A2DC_OP
VPAL DC
VPA2 DC
EXDUP_ES
EXVVA_ES
EXDUP BB
EXVVA_BB
QI1IC_EX1
QI1IC_EX2
Q110 _EX1
Q110_EX2
Q110 _EX3

Figure 50: Function block A1A2_DC
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A1Q15 OP

VPDCTR |

DCOPTR

DCCLTR

A10Q15 CL

VPA1Q15

' A2Q15 OP

! A2015 CL

VPA20Q15

VPA1Q15

VPA2Q15

A1Q15_OP

A2Q15_OP

A1DC_OP

|
|
| VPA1 DC
|
|
|

EXDUP _ES

. EXVVA_ES

EXDUP_BB

EXVVA_BB

Q110 _EX1

VPA1Q15

VPA2Q15

VPA2 DC

A20Q15 OP

A2DC_OP

EXDUP_ES

EXVVA_ES

EXDUP_BB

|
’
|
|
. A1Q15 OP
|
|
|
i EXVVA BB

Q110_EX2

VPA1Q15

VPA2Q15

A1Q15 CL

A20Q15 CL

EXVVA_ES

Q110_EX3

|
|
| EXDUP_ES
|
|

Q110PREL

Q110PITL
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VPA1Q15
VPA2Q15 &
VPAL DC 51 Q11CLREL.

VP2 DC LHQ QUICLITL |
A1Q15_OP 1

|

|

|

! A2Q15 OP ‘
| A1DC_OP
|

|

|

A2DC_OP

EXDUP_ES

|

|

EXVVA_ES .
EXDUP BB |
|

EXVVA_BB
Q11C EX1

i VPA1Q15 . |

. VPA2Q15 & .

| A1Q15 CL |

|

A20Q15 CL

| EXDUP_ES
. EXVVA_ES .
| QUIC EX2 |

Figure 51: Function block diagram of A1A2_DC
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516 BB_ES
BB ES
Q15 OP Q15REL
Q15 CL Q15ITL
ABCDC OP  BBESOPTR
VP_ABCDC  BBESCLTR
EXDUP_BB
EXVVA_BB
Figure 52: Function block BB_ES
re BB_ES |
+ VP_ABCDC '
| ABCDC OP & QI5REL |
. EXDUP BB QI5ITL |
' EXvvA_BB |
| Q15_OP BBESOPTR |
. Q15 CL BBESCLTR .
L. _

Figure 53: Function block diagram of BB_ES

5.1.7 DB_BUS A

DB_BUS A

Q01 OP QO1CLREL
Q01_CL QOICLITL
Q1 OP Q61REL
Q1 CL Q61ITL
Q61_OP QI1REL
Q61_CL QUTL
Q51_OP Q51REL
Q51 CL Q51ITL
Q52_OP Q52REL
Q52 CL Q52ITL
353 0P QI10PTR

a QICLTR
Q53 CL VPQITR
Q15 OP
Q15 CL
EXDUP_ES
EXVVA_ES
Q61EX1
Q61EX2
QI1EX1
QIEX2

Figure 54: Function block DB_BUS_A
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e
. Q01 OP -

| QoL CL = VPQO1 |
" Q61_OP — .
| Q61_CL = VPQ61 |
Q1 opP —

Q1 CL =1 VPQ1

Q51 OP L |
" Q51 CL = VPQ51 '
| Q52 0P — |
Q52 _CL = VPQ52 .
| Q53 OP
, Q53 CL
| Q15_OP
' Q15 CL

VPQ53

=1
=1 VPQ15
VPQ61 — QO1CLREL
&
&

VPQL QOICLITL

VPQ51 Q61REL

|
|
|
|
|
VPQ52 21 Q61ITL |
VPQ53 .
|
|
|
|

VPQOL

Q0L OP

Q51 OP

Q52 OP

Q53 _OP

QB1EX1

|

|

|

|

|

|

' VPQ52 —
| VPQ53 &
|

|

!

|

|

|

|

Q52 CL |
Q53 CL
QB1EX2 |
VPQOL ,
VPQS51 & QIREL

VPQ15

Q01 OP

Q51 _OP

|

|

|

Q52 OP :
Q15 OP |
|

|

|

'EXDUP_ES
|EXVVA_ES
'QIEX1
! VPQS51 —

VPQ15 &

! Q51 _CL ,
| Q15 _CL |
|
|

EXDUP_ES \
EXVVA_ES |

QLEX?2
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! VPQ6L - Q51REL |
| VPQL & QBUTL

Q61_OP Q52REL |

52ITL

L - T
. Q1 OP QIOPTR
| QLCL QICLTR |
: VPQL VPQITR
L. L ]

Figure 55: Function block diagram of DB_BUS_A

5.1.8 DB_LINE

DB_LINE
QO01_OP QIREL
Q01_CL QIITL
Q02_OP Q53REL
Q02_CL Q53ITL
Q61_OP Q8REL
Q61 _CL Q8ITL
Q51_OP

Q51 CL

Q52_OP

Q52 CL

Q62_OP

Q62_CL

Q54 _OP

Q54 CL

Q55_OP

Q55 CL

Q9_OP

Q9_CL

Q53 OP

Q53 CL

Q8 OP

Q8 CL

VOLT_OP

VOLT_CL

QOEX1

Q9EX2

Q9EX3

Q9EX4

Q9EX5

Figure 56: Function block DB_LINE
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!—Q01_OP o DB_LINE |
| Qo1 CL = VPQO1 |
. Q02_OP — ,
| Q02_CL = VPQO2 |
' Q61 _OP — .
| Q61_CL = VPQ61 |
Q51 oP — |
Q51 _CL = VPQ51
'Q52_OP — |
' Q52_CL = VPQ52 '
Q62 0P — !
' Q62_CL = VPQ62 '
[ Q54 OP — !
Q54 CL = VPQ54 '
| Q55_0P — |
. Q55 CL = VPQ55 .
| Q9 OP — |
. Q9 _CL = VPQ9 .
| Q53_OP — |
' Q53 CL = VPQ53 :
| Q8_OP — |
'Q8 CL = VPQ8 .
| VOLT_OP —
'voLT_CL = VPVOLT |
i VPQOL — |
. VPQO2 & QOREL |
| VPQ51 21 QIITL |
. VPQ52 .
| VPQ53 |
' VPQ54 '
| VPQ55 ’
. VFOS .
! Q01_OP |
| Q02_OP |
: Q51_OP :
| Q52_OP |
. Q53 OP |
| Q54 OP |
' Q55_OP '
| Q8 OP ’
iQ9Ex1 |
|
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. VPQO1 - .
‘ VPQ51 & ‘
. VPQ52 .
| VPQ53 |
. VPQ8 .
| VPQ62 |
' Q01_OP '
| Q51_OP |
' Q52 OP '
| Q53 OP |
' Q8 OP '
| Q62_OP |

! VPQO2 —
| VPQ61 |
. VPQS53 .
| veow |
' VPQS55 .
| VPQ8 |
: Q02 OP :
| Q61 OP |
' Q53 OP '
| Q54 OP |
i Q55_OP |

Q8 OP

. VPQ53 .
| VP8 |
. VPQ6L .
| VPQ62 |
. Q53 OP .
| Q8 OP |
' Q61 _OP '
| Q62 OP |
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| VPQ6L I |
| VPQB2 & QS3REL |

1
. vPQ9 Q53ITL
| Q61 OP |

Q62 OP
! Q9_OP |
. VFQO L .
| VPVOLT & QsreL |
' Q9 OP T—.o Q8ITL |
— 1

! VOLT OP 1] !
Lo _

Figure 57: Function block diagram of DB_LINE
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5.1.9

DB_BUS_B

DB_BUS B

Q02_OP QO2CLREL
Q02_CL QO2CLITL
Q62_OP Q62REL
Q62_CL Q62ITL
Q2 OP Q2REL
Q2 CL Q2ITL
Q54 OP Q54REL
Q54 CL Q541TL
Q55_OP Q55REL
Q85 CL Q55ITL
353 0P Q20PTR

— Q2CLTR
Q53 CL VPQ2TR
Q25 OP
Q25 CL
EXDUP_ES
EXVVA_ES
Q62EX1
Q62EX2
Q2EX1
Q2EX2

Figure 58: Function block DB_BUS B
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" DB BUS B |

| VPQ62

VPQO2
VPQ62
VPQ2

VPQ54
VPQS5
VPQS53

VPQ25

QO2CLREL

VPQ2

VPQO2

QO2CLITL |

VPQ54

VPQS55

VPQ53

Q02_OP

Q54 OP

Q55 OP

| Q53 OP

'Q62EX1

| VPQ55
' VPQ53

| Q55 _CL

i Q53 CL
' Q62EX2

VPQO2

Q62REL

Q62ITL

VPQ54

VPQ55

VPQ25

Q54_OP

Q55_0OP

|
|
| Qo2 OP
|
|

Q25 OP

'EXDUP_ES

|[EXVVA_ES

| Q2EX1

| VPQ54
' VPQ25

| Q54 CL
' Q25 CL

EXDUP_ES

|
i EXVVA_ES
|

Q2REL

Q2ITL
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' VPQ62 A Q54REL |
| VPQ2 & QBAITL

Q62 OP Q55REL

55ITL

2y - oot
\ Q2_OP Q20PTR
| Q2 CL Q2CLTR |
: VPQ2 VPQ2PTR
L. T ]

Figure 59: Function block diagram of DB_BUS B
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5.1.10 BH_LINE_A

BH_LINE_A

QO0_OP QOCLREL
Q0_CL QOCLITL
Q6_OP Q6REL
Q6_CL Q6ITL
Q1 0P QI1REL
QL CL QUTL
Q51 _OP Q51REL
Q51 CL Q51ITL
Q52_OP Q52REL
052 CL Q521TL
Q53 OP Q53REL

— Q53ITL
Q53 CL O9REL
Q9_OP QIITL
Q9_CL QBREL
Q8_oP Q8ITL
Q8_CL Q1OPTR
CQO_OP QICLTR
CQO_CL VPQITR
CQ61_OP
CQ61_CL
CQ51_0OP
CQ51_CL
CQ52_OP
CQ52 CL
Q15 OP
Q15 CL
VOLT_OP
VOLT_CL
EXDUP_ES
EXVVA_ES
Q6EX1
QBEX2
QIEX1
QIEX2
Q9EX1
Q9EX2
Q9EX3
Q9EX4
Q9EX5
Q9EX6
Q9EX7

Figure 60: Function block BH_LINE_A
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Q0_0P - BH_LINE_A '
| Qo_CL = VPQO |
Q1 OP — .
| Q1 CL = VPQ1 |
' Q6_OP L .
| QG_CL = VPQ6 ‘
''Q8 oP —
. Q8_CL = VPQ8
' Q9 _oP — |
' Q9_CL = VPQ9 '
| Q51 OP — |
" Q51 CL = VPQ51 '
[Q52_ 0P L |
. Q52 CL = VPQ52
| Q53_OP — |
. Q53 CL = VPQ53 .
| CQ0_OP — |
"CQO_CL = VPCQO .
| CQ51_OP — ‘
' CQ51_CL = VPCQ51 ,
, CQ52_OP = |
l'cQs2 CL = VPCQ52
' CQ61_OP — '
| CQ61_CL = VPCQ61 |
' Q15 OP — '
| Q15 CL = VPQ15 \
' VOLT_OP — '
[VOoLT cL = VPVOLT |
. VPQ1 p— QOCLREL
| VPQ6 e QOCLITL \
' VPQ9
| VPQO — |
i VPQ51 & 1 Q6REL |
= |
| VPQ52 Q6ITL
. Q0 _OP ,
| Q51_OP |
Q52 _OP .
| Q53 OP |
" QBEX1 :
| VPQ52 — \
' VPQ53 &
| Q52_CL ‘
i Q53 CL |
QBEX2 .
|
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| VPQO

| VPQ51
VPQ52

| VPQ15

Q0 OP

| Q51_OP

Q52 OP

| Q15 OP

'EXDUP_ES

| EXVVA_ES

| QIEX1
! VPQ51

i VPQ15

Q51 CL

| Q15 CL

EXDUP_ES

| EXVVA_ES

| VPQL
' VPQ6

Q51REL

| Q1 OP
' Q6_OP

| VPQ6

i VPQ9

Q5LTL |

Q52REL

Q52ITL |

Q53REL |

VPCQ61

i Q6_OP
Q9_OP

| CQ61_OP

VPQO

Q53ITL |

| VPQ6
' VPQ8

| VPQ51
' VPQ52

| VPQ53

VPCQO

! VPCQ61

| VPCQ51
VPCQ52

| QUEX1

Q6_OP

| QUEX2

Q0 OP

| Q51 OP

Q52 OP

| Q9EX3
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| CQ6L OP I

|
| QUEX4 & |21 ‘
I

|

CQO_OP —
| CQ51_OP &
. CQ52_OP

: Q8 OP
Q53 OP |

VPQ9
VPVOLT

|

. n

| me Lo |
) Q8ITL

. 1 s

w1

|

QL OP Q1OPTR |
Q1 CL QICLTR |
VPQ1 VPQITR

Figure 61: Function block diagram of BH_LINE_A
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5.1.11 BH_CONN

BH_CONN

QO0_OP QOCLREL
QO_CL QOCLITL
Q61_OP Q61REL
Q61 CL Q61ITL
Q62_OP Q62REL
Q62_CL Q62ITL
Q51 OP Q51REL
Q51 CL Q51ITL
Q52 OP Q52REL
Q52 CL Q52ITL
AQ53_OP

AQ53_CL

BQ53_OP

BQ53_CL

Q61EX1

Q61EX2

Q62EX1

Q62EX2

Figure 62: Function block BH_CONN
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. Q52 CL

| AQ53 OP

" AQ53_CL

| BQ53_OP

'BQ53 CL

VPQ61

VPQO

VPQ61
VPQ62
VPQ51
VPQ52

VPAQ53

QOCLREL

VPQ62

VPQO

QOCLITL

VPQ51

VPQ52

VPAQ53

Q0 OP

Q51 OP

| Q52 OP

AQ53_OP

VPQ51

VPAQS53

Q51 CL

AQ53 CL

VPQO

|
|
VPBQS53 |
|
|
|

Q61REL

Q61ITL

VPQ51

VPQ52

VPBQ53

QO0_OP

Q51 OP

Q52 _OP

QB62EX1

VPQ52

VPBQ53

Q52 CL

BQ53 CL

VPQ61

QB62REL

Q621TL !

Q51REL

VPQ62

Q61 OP

Q51ITL

Q52REL

|
|
|
|
|
|
|
| BQ53_OP
|
|
|
|
|

Q62 OP

Q52ITL

Figure 63: Function block diagram of BH_CONN
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5.1.12 BH_LINE_B

BH_LINE_B

Qo0_OP QOCLREL

Q0_CL QOCLITL

Q6_OP Q6REL

Q6_CL Q6ITL

Q2_OP Q2REL

Q2_CL Q2ITL

Q51 _OP Q51REL

Q51 CL QSLITL

Q52 OP Q52REL

Q52 CL Q52ITL

Q53 0P Q53REL
— Q53ITL

Q53_C|_ QQREL

Q9_OP QIITL

Q9_CL QBREL

Q8_OP Q8ITL

Q8_CL Q20PTR

CQO0_OP Q2CLTR

CQo_CL VPQ2TR

CQ62_OP

CQ62_CL

CQ51_0OP

CQ51_CL

CQ52_OP

CQ52_CL

Q25 OP

Q25 CL

VOLT_OP

VOLT_CL

EXDUP _ES

EXVVA_ES

QB6EX1

Q6EX2

QZEX1

Q2EX2

Q9EX1

Q9EX2

Q9EX3

Q9EX4

Q9EX5

Q9EX6

Q9EX7

Figure 64: Function block BH_LINE_B
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"qo op - BH_LINE B
I Q0 _CL = VPQO ‘
Q2 oP —
"Q2. CL = VPQ2 '
I Q6_OP — \
' Q6_CL = VPQ6 '
| Q8 oP p— |
"Q8 CL = VPQ8 '
Qo oP — |
Q9 _CL = VPQ9 .
| Q51_OP — |
. Q51_CL = VPQ51
| Q52_OP — |
' Q52 CL = VPQ52
| Q53 OP — |
"Q53 CL = VPQ53
| CQO_OP — |
'cqo cL = VPCQO .
, CQ51_OP p—
l'cQs1 cL = VPCQ51 |
"CQ52_OP L— '
| cQs2 CcL = VPCQ52 |
' CQ62_OP — '
[cQ62_CL = VPCQ62 |
Q25 _OP — '
| Q25_CL = VPQ25 |
. VOLT_OP — .
| VOLT_CL = VPVOLT |
j VPQ2 — QOCLREL
| VPQ6 & QOCLITL |
. VPQ9 '
| VPQO — |
. VPQ51 & 51 QB6REL '
! VPQ52 Q6ITL |
VPQ53 |
| Q0 _OP .
i Q51 _OP |
. Q52 _OP ,
| Q53 OP |
L QBEX 1
| VPQ52 L |
' VPQ53 & '
| Q52 CL |
! Q53 CL ‘
|Q6EX2
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VPQO

VPQ51

VPQ52

VPQ25

Q0_OP

Q51 OP

Q52 OP

Q25 OP

EXDUP_ES

'EXVVA_ES

| Q2EX1
[

VPQ51

VPQ25

Q51 CL

Q25 CL

EXDUP_ES

EXVVA_ES

VPQ2

VPQ6

Q51REL '

Q2_OP

Q6_OP

VPQ6

VPQ9

Q5UTL |

Q52REL |

Q52ITL |

Q53REL |

VPCQ62

Q6_OP

Q9_OP

CQ62_OP

VPQO

Qs3ITL |

VPQ6

VPQ8

VPQ51

VPQ52

VPQ53

VPCQO

VPCQB2

VPCQ51

VPCQ52

| QUEX2

Q6_OP

' QUEX3

Q0_OP

Q51 OP

Q52 OP

Q9REL |

i

QaITL |
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CQ62_OP

CQO_OP

CQ51 OP

CQ52_OP

VPVOLT

QB8REL

Q9 OP

VOLT OP

|
|
| VPQ9
|
|

Q2_OP

Q8ITL

Q20PTR

Q2 CL

Q2CLTR

| VPQ2

VPQ2TR

Figure 65: Function block diagram of BH_LINE_B
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5.2 Signal lists

52.1 ABC_LINE
Table 1: Signal list for ABC_LINE

Signal Type Inf/out |Description

BC_AB _CL BOOL |In There exists a bus coupler connection between busbar A and B

BC_AC CL BOOL |In There exists a bus coupler connection between busbar A and C

BC_AC_OP BOOL |[In There is no bus coupler connection between busbar A and C

BC BC CL BOOL |In There exists a bus coupler connection between busbar B and C

BC_BC OP BOOL |In There is no bus coupler connection between busbar B and C

C_DC_OP BOOL |[In All line disconnectors on transfer busbar C except in the own
bay are open

EXDU_BPB BOOL |In Signal is 1 if there is no transmission error from bay BPB

EXDUP_BC BOOL |In Signal is 1 if there is no transmission error from any bus coupler
bay

EXDUP_ES BOOL |In Signal is 1 if there is no transmission error from any bay con-
taining earthing switches Q15, Q25 or Q75

EXVV_BPB BOOL |In Signal is 1 if there is no transmission error from any bay con-
taining disconnectors on transfer busbar C

EXVVA _BC BOOL |In Signal is 1 if the interlocking programs in all bus coupler bays
are running

EXVVA_ES BOOL |In Signal is 1 if the interlocking programs in all bays containing
earthing switches Q15, Q25 or Q75 are running

Q0 _CL BOOL |In Signal is 1 if QO is closed

QO0_OP BOOL |In Signal is 1 if QO is open

Q1 CL BOOL |[In Signal is 1 if Q1 is closed

Q1 OP BOOL |In Signal is 1 if Q1 is open

Q15 CL BOOL |In Signal is 1 if Q15 on busbar A is closed

Q15 OP BOOL |[In Signal is 1 if Q15 on busbar A is open

Q1EX1 BOOL |In Input for an external condition for apparatus Q1

Q1EX2 BOOL |In Input for an external condition for apparatus Q1

Q1EX3 BOOL |In Input for an external condition for apparatus Q1

Q2 _CL BOOL |In Signal is 1 if Q2 is closed

Q2_OP BOOL |In Signal is 1 if Q2 is open

Q25 CL BOOL |In Signal is 1 if Q25 on busbar B is closed

Q25 OP BOOL |In Signal is 1 if Q25 on busbar B is open

Q2EX1 BOOL |In Input for an external condition for apparatus Q2

Q2EX2 BOOL |In Input for an external condition for apparatus Q2

Q2EX3 BOOL |In Input for an external condition for apparatus Q2

Q51 CL BOOL |In Signal is 1 if Q51 is closed

Q51_OP BOOL |In Signal is 1 if Q51 is open

Q52 CL BOOL |In Signal is 1 if Q52 is closed

Q52 _OP BOOL |In Signal is 1 if Q52 is open
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Table 1: Signal list for ABC_LINE (Continued)

Signal Type Infout |Description

Q7 _CL BOOL |In Signal is 1 if Q7 is closed

Q7_OP BOOL |In Signal is 1 if Q7 is open

Q75 _CL BOOL |In Signal is 1 if Q75 on busbar C is closed

Q75 _OP BOOL |In Signal is 1 if Q75 on busbar C is open

Q7EX1 BOOL |In Input for an external condition for apparatus Q7

Q7EX2 BOOL |In Input for an external condition for apparatus Q7

Q7EX3 BOOL |In Input for an external condition for apparatus Q7

Q7EX4 BOOL |In Input for an external condition for apparatus Q7

Q8 CL BOOL |In Signal is 1 if Q8 is closed

Q8 OP BOOL |In Signal is 1 if Q8 is open

Q9 CL BOOL |In Signal is 1 if Q9 is closed

Q9 OP BOOL |In Signal is 1 if Q9 is open

Q9EX1 BOOL |In Input for an external condition for apparatus Q9

Q9EX2 BOOL |In Input for an external condition for apparatus Q9

VOLT_CL BOOL |In There is voltage on the line or there is a VT (fuse) failure

VOLT_OP BOOL |In There is no voltage on the line and not fuse failure

VP_BC_AB BOOL |In Switch status of the bus coupler apparatuses connected
between busbar A and B are valid (open or closed)

VP_BC_AC BOOL |In Switch status of the bus coupler apparatuses connected
between busbar A and C are valid (open or closed)

VP_BC BC BOOL |In Switch status of the bus coupler apparatuses connected
between busbar B and C are valid (open or closed)

VP_C_DC BOOL |In Switch status of the disconnectors on transfer busbar C are
valid (open or closed)

QOCLITL BOOL |Out Closing of QO is forbidden

QOCLREL BOOL |Out Closing of QO is allowed

Q1CLTR BOOL |Out Signal is 1 if Q1 is closed

QLITL BOOL |Out Switching of Q1 is forbidden

Q10PTR BOOL |Out Signal is 1 if Q1 is open

Q1Q2CLTR BOOL |Out Signal is 1 if Q1 and Q2 are closed

Q1Q20PTR BOOL |Out Signal is 1 if Q1 or Q2 or both are open

Q1REL BOOL |Out Switching of Q1 is allowed

Q2CLTR BOOL |Out Signal is 1 if Q2 is closed

Q2ITL BOOL |Out Switching of Q2 is forbidden

Q20PTR BOOL |Out Signal is 1 if Q2 is open

Q2REL BOOL |Out Switching of Q2 is allowed

Q51ITL BOOL |Out Switching of Q51 is forbidden

Q51REL BOOL |Out Switching of Q51 is allowed

Q52ITL BOOL |Out Switching of Q52 is forbidden

Q52REL BOOL |Out Switching of Q52 is allowed

Q7CLTR BOOL |Out Signal is 1 if Q7 is closed
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Table 1: Signal list for ABC_LINE (Continued)

Signal Type Inf/out |Description

Q7ITL BOOL |Out Switching of Q7 is forbidden

Q70PTR BOOL |Out Signal is 1 if Q7 is open

Q7REL BOOL |Out Switching of Q7 is allowed

Q8ITL BOOL |Out Switching of Q8 is forbidden

Q8REL BOOL |Out Switching of Q8 is allowed

Q9ITL BOOL |Out Switching of Q9 is forbidden

Q9REL BOOL |Out Switching of Q9 is allowed

VPQ1Q2TR BOOL |Out Switch status of Q1 and Q2 are valid (open or closed)

VPQITR BOOL |Out Switch status of Q1 is valid (open or closed)

VPQ2TR BOOL |Out Switch status of Q2 is valid (open or closed)

VPQ7TR BOOL |Out Switch status of Q7 is valid (open or closed)

522 ABC_BC

Table 2: Signal list for ABC_BC

Signal Type Inf/out |Description

BBTR_OP BOOL |In Signal is 1 if no busbar transfer is in progress concerning this
bus coupler

BC_AB CL BOOL |[In There exists a bus coupler connection between busbar A and B

EXDUP_AB BOOL |In Signal is 1 if there is no transmission error from any bay con-
nected to the AB busbars

EXDUP_BC BOOL |In Signal is 1 if there is no transmission error from any bay con-
nected to the BC busbars

EXDUP_ES BOOL |In Signal is 1 if there is no transmission error from any bay con-
taining earthing switches Q15, Q25 or Q75

EXVVA_AB BOOL |In Signal is 1 if the interlocking programs in all bays connected to
the AB busbars are running

EXVVA_BC BOOL |In Signal is 1 if the interlocking programs in all bays connected to
the BC busbars are running

EXVVA_ES BOOL |In Signal is 1 if the interlocking programs in all bays containing
earthing switches Q15, Q25 or Q75 are running

Q0 _CL BOOL |In Signal is 1 if QO is closed

Q0_O_EX1 BOOL |In Input for an external open condition for apparatus QO

Q0_O_EX2 BOOL |In Input for an external open condition for apparatus QO

Q0_O_EXS3 BOOL |In Input for an external open condition for apparatus QO

Q0_OP BOOL |[In Signal is 1 if QO is open

Q1 CL BOOL |[In Signal is 1 if Q1 is closed

Q1 OP BOOL |In Signal is 1 if Q1 is open

Q15 CL BOOL |[In Signal is 1 if Q15 on busbar A is closed

Q15 OP BOOL |In Signal is 1 if Q15 on busbar A is open

Q1EX1 BOOL |In Input for an external condition for apparatus Q1
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Table 2: Signal list for ABC_BC (Continued)

Signal Type Infout |Description

Q1EX2 BOOL |In Input for an external condition for apparatus Q1

Q1EX3 BOOL |In Input for an external condition for apparatus Q1

Q2 CL BOOL |In Signal is 1 if Q2 is closed

Q2 _OP BOOL |In Signal is 1 if Q2 is open

Q20 _CL BOOL |In Signal is 1 if Q20 is closed

Q20_OP BOOL |In Signal is 1 if Q20 is open

Q20EX1 BOOL |In Input for an external condition for apparatus Q20

Q20EX2 BOOL |In Input for an external condition for apparatus Q20

Q20EX3 BOOL |In Input for an external condition for apparatus Q20

Q25 CL BOOL |In Signal is 1 if Q25 on busbar B is closed

Q25_OP BOOL |In Signal is 1 if Q25 on busbar B is open

Q2EX1 BOOL |In Input for an external condition for apparatus Q2

Q2EX2 BOOL |In Input for an external condition for apparatus Q2

Q51 CL BOOL |In Signal is 1 if Q51 is closed

Q51 _OP BOOL |In Signal is 1 if Q51 is open

Q52 CL BOOL |In Signal is 1 if Q52 is closed

Q52_OP BOOL |In Signal is 1 if Q52 is open

Q7 _CL BOOL |In Signal is 1 if Q7 is closed

Q7_OP BOOL |In Signal is 1 if Q7 is open

Q75 _CL BOOL |In Signal is 1 if Q75 on busbar C is closed

Q75 _OP BOOL |In Signal is 1 if Q75 on busbar C is open

Q7EX1 BOOL |In Input for an external condition for apparatus Q7

Q7EX2 BOOL |In Input for an external condition for apparatus Q7

VP_BBTR BOOL |In Switch status are valid for all apparatuses involved in the bus-
bar transfer

VP_BC_AB BOOL |In Switch status of the bus coupler apparatuses connected
between busbar A and B are valid (open or closed)

BCABCLTR BOOL |Out Bus coupler connection via the own buscoupler between bus-
bar A and B

BCABOPTR BOOL |Out No bus coupler connection via the own buscoupler between
busbar A and B

BCACCLTR BOOL |Out Bus coupler connection via the own buscoupler between bus-
bar Aand C

BCACOPTR BOOL |Out No bus coupler connection via the own buscoupler between
busbar A and C

BCBCCLTR BOOL |Out Bus coupler connection via the own buscoupler between bus-
bar B and C

BCBCOPTR BOOL |Out No bus coupler connection via the own buscoupler between
busbar B and C

QOCLITL BOOL |Out Closing of QO is forbidden

QOCLREL BOOL |Out Closing of QO is allowed

QOOPITL BOOL |Out Opening of QO is forbidden
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Table 2: Signal list for ABC_BC (Continued)

Signal Type Inf/out |Description

Q1EX2 BOOL |In Input for an external condition for apparatus Q1

Q1EX3 BOOL |In Input for an external condition for apparatus Q1

Q2 _CL BOOL |In Signal is 1 if Q2 is closed

Q2_OP BOOL |In Signal is 1 if Q2 is open

Q20 CL BOOL |[In Signal is 1 if Q20 is closed

Q20 _OP BOOL |In Signal is 1 if Q20 is open

Q20EX1 BOOL |In Input for an external condition for apparatus Q20

Q20EX2 BOOL |In Input for an external condition for apparatus Q20

Q20EX3 BOOL |In Input for an external condition for apparatus Q20

Q25 CL BOOL |In Signal is 1 if Q25 on busbar B is closed

Q25_0OP BOOL |In Signal is 1 if Q25 on busbar B is open

Q2EX1 BOOL |In Input for an external condition for apparatus Q2

Q2EX2 BOOL |In Input for an external condition for apparatus Q2

Q51 _CL BOOL |In Signal is 1 if Q51 is closed

Q51 OP BOOL |In Signal is 1 if Q51 is open

Q52 CL BOOL |In Signal is 1 if Q52 is closed

Q52_OP BOOL |In Signal is 1 if Q52 is open

Q7_CL BOOL |In Signal is 1 if Q7 is closed

Q7_OP BOOL |In Signal is 1 if Q7 is open

Q75 _CL BOOL |In Signal is 1 if Q75 on busbar C is closed

Q75 _OP BOOL |In Signal is 1 if Q75 on busbar C is open

Q7EX1 BOOL |In Input for an external condition for apparatus Q7

Q7EX2 BOOL |[In Input for an external condition for apparatus Q7

VP_BBTR BOOL |In Switch status are valid for all apparatuses involved in the bus-
bar transfer

VP_BC_AB BOOL |In Switch status of the bus coupler apparatuses connected
between busbar A and B are valid (open or closed)

BCABCLTR BOOL |Out Bus coupler connection via the own buscoupler between bus-
bar A and B

BCABOPTR BOOL |Out No bus coupler connection via the own buscoupler between
busbar A and B

BCACCLTR BOOL |Out Bus coupler connection via the own buscoupler between bus-
bar Aand C

BCACOPTR BOOL |Out No bus coupler connection via the own buscoupler between
busbar A and C

BCBCCLTR BOOL |Out Bus coupler connection via the own buscoupler between bus-
bar Band C

BCBCOPTR BOOL |Out No bus coupler connection via the own buscoupler between
busbar B and C

QOCLITL BOOL |Out Closing of QO is forbidden

QOCLREL BOOL |Out Closing of QO is allowed

QOOPITL BOOL |Out Opening of QO is forbidden
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Table 2: Signal list for ABC_BC (Continued)

Signal Type Infout |Description

QOOPREL BOOL |Out Opening of QO is allowed

Q1CLTR BOOL |Out Signal is 1 if Q1 is closed

QLITL BOOL |Out Switching of Q1 is forbidden

Q10PTR BOOL |Out Signal is 1 if Q1 is open

Q1Q20CLT BOOL |Out Signal is 1 if Q1 and Q20 are closed

Q1Q200PT BOOL |Out Signal is 1 if Q1 or Q20 or both are open

Q1REL BOOL |Out Switching of Q1 is allowed

Q20CLTR BOOL |Out Signal is 1 if Q2 or Q20 or both are closed

Q20ITL BOOL |Out Switching of Q20 is forbidden

Q200PTR BOOL |Out Signal is 1 if Q20 and Q2 are open

Q20REL BOOL |Out Switching of Q20 is allowed

Q2ITL BOOL |Out Switching of Q2 is forbidden

Q2REL BOOL |Out Switching of Q2 is allowed

Q51ITL BOOL |Out Switching of Q51 is forbidden

Q51REL BOOL |Out Switching of Q51 is allowed

Q52ITL BOOL |Out Switching of Q52 is forbidden

Q52REL BOOL |Out Switching of Q52 is allowed

Q7CLTR BOOL |Out Signal is 1 if Q7 is closed

Q7ITL BOOL |Out Switching of Q7 is forbidden

Q70PTR BOOL |Out Signal is 1 if Q7 is open

Q7REL BOOL |Out Switching of Q7 is allowed

VPBCABTR BOOL |Out Switch status of the bus coupler apparatuses (Q0, Q1 and Q2)
connected between busbar A and B are valid (open or closed)

VPBCACTR BOOL |Out Switch status of the bus coupler apparatuses (QO0, Q1 and Q7)
connected between busbar A and C are valid (open or closed)

VPBCBCTR BOOL |Out Switch status of the bus coupler apparatuses (Q0, Q20 and Q7)
connected between busbar B and C are valid (open or closed)

VPQ1Q20T BOOL |Out Switch status of Q1 and Q20 are valid (open or closed)

VPQITR BOOL |Out Switch status of Q1 is valid (open or closed)

VPQ20TR BOOL |Out Switch status of Q2 and Q20 are valid (open or closed)

VPQ7TR BOOL |Out Switch status of Q7 is valid (open or closed)

52.3 AB_TRAFO

Table 3: Signal list for AB_TRAFO

Signal Type Infout |Description

BC_AB_CL BOOL |In There exists a bus coupler connection between busbar A and B

EXDUP_BC BOOL |In Signal is 1 if there is no transmission error from any bus coupler
bay

EXDUP_ES BOOL |In Signal is 1 if there is no transmission error from any bay con-
taining earthing switches Q15 or Q25
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Table 3: Signal list for AB_TRAFO (Continued)

Signal Type Inf/out |Description

EXVVA _BC BOOL |In Signal is 1 if the interlocking programs in all bus coupler bays
are running

EXVVA_ES BOOL |In Signal is 1 if the interlocking programs in all bays containing
earthing switches Q15 or Q25 are running

Q0 _CL BOOL |In Signal is 1 if QO is closed

QO0_OP BOOL |In Signal is 1 if QO is open

QOEX1 BOOL |In Input for an external condition for apparatus QO

QOEX2 BOOL |In Input for an external condition for apparatus QO

QOEX3 BOOL |In Input for an external condition for apparatus QO

Q1_CL BOOL |In Signal is 1 if Q1 is closed

Q1 OP BOOL |In Signal is 1 if Q1 is open

Q15 CL BOOL |In Signal is 1 if Q15 on busbar A is closed

Q15_OP BOOL |In Signal is 1 if Q15 on busbar A is open

Q1EX1 BOOL |In Input for an external condition for apparatus Q1

Q1EX2 BOOL |In Input for an external condition for apparatus Q1

Q1EX3 BOOL |In Input for an external condition for apparatus Q1

Q2 _CL BOOL |In Signal is 1 if Q2 is closed

Q2_OP BOOL |In Signal is 1 if Q2 is open

Q25 CL BOOL |In Signal is 1 if Q25 on busbar B is closed

Q25 OP BOOL |In Signal is 1 if Q25 on busbar B is open

Q2EX1 BOOL |In Input for an external condition for apparatus Q2

Q2EX2 BOOL |[In Input for an external condition for apparatus Q2

Q2EX3 BOOL |In Input for an external condition for apparatus Q2

Q51 CL BOOL |In Signal is 1 if Q51 is closed

Q51_OP BOOL |In Signal is 1 if Q51 is open

Q52 CL BOOL |In Signal is 1 if Q52 is closed

Q52 _OP BOOL |In Signal is 1 if Q52 is open

TQ1 CL BOOL |In Signal is 1 if T_Q1 is closed

TQ1 _OP BOOL |In Signal is 1if T_Q1 is open

TQ2 CL BOOL |In Signal is 1if T_Q2 is closed

TQ2 _OP BOOL |[In Signal is 1 if T_Q2 is open

TQ51 _CL BOOL |In Signal is 1if T_Q51 is closed

TQ51_OP BOOL |In Signal is 1 if T_Q51 is open

VP_BC_AB BOOL |In Switch status of the bus coupler apparatuses are valid (open or
closed)

QOCLITL BOOL |Out Closing of QO is forbidden

QOCLREL BOOL |Out Closing of QO is allowed

Q1CLTR BOOL |Out Signal is 1 if Q1 is closed

Q1ITL BOOL |Out Switching of Q1 is forbidden

Q1O0PTR BOOL |Out Signal is 1 if Q1 is open

Q1Q2CLTR BOOL |Out Signal is 1 if Q1 and Q2 are closed
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Table 3: Signal list for AB_TRAFO (Continued)

Signal Type In/fout |Description

Q1Q20PTR BOOL |Out Signal is 1 if Q1,Q2 or both are open

Q1REL BOOL |Out Switching of Q1 is allowed

Q2CLTR BOOL |Out Signal is 1 if Q2 is closed

Q2ITL BOOL |Out Switching of Q2 is forbidden

Q20PTR BOOL |Out Signal is 1 if Q2 is open

Q2REL BOOL |Out Switching of Q2 is allowed

Q51ITL BOOL |Out Switching of Q51 is forbidden

Q51REL BOOL |Out Switching of Q51 is allowed

Q52ITL BOOL |Out Switching of Q52 is forbidden

Q52REL BOOL |Out Switching of Q52 is allowed

VPQ1Q2TR BOOL |Out Switch status of Q1 and Q2 are valid (open or closed)

VPQITR BOOL |Out Switch status of Q1 is valid (open or closed)

VPQ2TR BOOL |Out Switch status of Q2 is valid (open or closed)

524 AlA2 BS

Table 4: Signal list for A1A2_BS

Signal Type Infout |Description

A1Q15 CL BOOL |In Signal is 1 if Q15 on busbar Al is closed

AlQ15 OP BOOL |In Signal is 1 if Q15 on busbar Al is open

A2Q15 CL BOOL |In Signal is 1 if Q15 on busbar A2 is closed

A2Q15 OP BOOL |In Signal is 1 if Q15 on busbar A2 is open

BBTR_OP BOOL |In No busbar transfer is going on concerning this bus section

EXDUP_AB BOOL |In Signal is 1 if there is no transmission error from any bay con-
nected to the AB busbars

EXDUP_ES BOOL |In Signal is 1 if there is no transmission error from any bay con-
taining earthing switches Q15 in section Al and A2

EXVVA_AB BOOL |In Signal is 1 if the interlocking programs in all bays connected to
the AB busbars are running

EXVVA_ES BOOL |In Signal is 1 if the interlocking programs in all bays containing
earthing switches Q15 in section A1 and A2 are running

Q0 _CL BOOL |In Signal is 1 if QO is closed

Q0_O_EX1 BOOL |In Input for an external open condition for apparatus QO

Q0_O_EX2 BOOL |In Input for an external open condition for apparatus QO

Q0_O_EX3 BOOL |In Input for an external open condition for apparatus QO

QO0_OP BOOL |In Signal is 1 if QO is open

Q11 CL BOOL |In Signal is 1 if Q11 is closed

Q11 _OP BOOL |In Signal is 1 if Q11 is open

Q11EX1 BOOL |In Input for an external condition for apparatus Q11

Q11EX2 BOOL |In Input for an external condition for apparatus Q11
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Table 4: Signal list for A1A2_BS (Continued)
Signal Type Inf/out |Description
Q12 CL BOOL |In Signal is 1 if Q12 is closed
Q12_OP BOOL |In Signal is 1 if Q12 is open
Q12EX1 BOOL |In Input for an external condition for apparatus Q12
Q12EX2 BOOL |In Input for an external condition for apparatus Q12
Q51 _CL BOOL |[In Signal is 1 if Q51 is closed
Q51 OP BOOL |In Signal is 1 if Q51 is open
Q52 CL BOOL |In Signal is 1 if Q52 is closed
Q52_OP BOOL |In Signal is 1 if Q52 is open
VP_BBTR BOOL |In Switch status are valid for all apparatuses involved in the bus-
bar transfer
A1A2CLTR BOOL |Out Bus coupler connection between bus section Al and A2
A1A20PTR BOOL |Out No bus coupler connection between bus section A1 and A2
QOCLITL BOOL |Out Closing of QO is forbidden
QOCLREL BOOL |Out Closing of QO is allowed
QOOPITL BOOL |Out Opening of QO is forbidden
QOOPREL BOOL |Out Opening of QO is allowed
QIICLTR BOOL |Out Signal is 1 if Q11 is closed
QL1ITL BOOL |Out Switching of Q11 is forbidden
Q110PTR BOOL |Out Signal is 1 if Q11 is open
QIl1REL BOOL |Out Switching of Q11 is allowed
Q12CLTR BOOL |Out Signal is 1 if Q12 is closed
Q12ITL BOOL |Out Switching of Q12 is forbidden
Q120PTR BOOL |Out Signal is 1 if Q12 is open
Q12REL BOOL |Out Switching of Q12 is allowed
Q51ITL BOOL |Out Switching of Q51 is forbidden
Q51REL BOOL |Out Switching of Q51 is allowed
Q52ITL BOOL |Out Switching of Q52 is forbidden
Q52REL BOOL |Out Switching of Q52 is allowed
VPA1A2TR BOOL |Out Switch status of Q0, Q11 and Q12 are valid (open or closed)
VPQIITR BOOL |Out Switch status of Q11 is valid (open or closed)
VPQ12TR BOOL |Out Switch status of Q12 is valid (open or closed)
525 AlA2 DC
Table 5: Signal list for A1A2_DC
Signal Type Infout |Description
A1DC_OP BOOL [IN Signal is 1 if all disconnectors on busbar Al are open
A1Q15 CL BOOL |IN Signal is 1 if Q15 on busbar Al is closed
Al1Q15 OP BOOL |IN Signal is 1 if Q15 on busbar Al is open
A2DC_OP BOOL |IN Signal is 1 if all disconnectors on busbar A2 are open
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Table 5: Signal list for A1A2_DC (Continued)

Signal Type Infout |Description

A2Q15 CL BOOL |In Signal is 1 if Q15 on busbar A2 is closed

A2Q15 OP BOOL |In Signal is 1 if Q15 on busbar A2 is open

EXDUP_BB BOOL |In Signal is 1 if there is no transmission error from any bay con-
taining disconnectors connected to the busbar sections Al and
A2

EXDUP_ES BOOL |In Signal is 1 if there is no transmission error from any bay con-
taining earthing switches Q15 in section Al and A2

EXVVA_BB BOOL |In Signal is 1 if the interlocking programs in all bays containing
disconnectors connected to the busbar sections Al and A2

EXVVA_ES BOOL |In Signal is 1 if the interlocking programs in all bays containing
earthing switches Q15 in section A1 and A2 are running

Q11 CL BOOL |In Signal is 1 if Q11 is closed

Q1l1_OP BOOL |In Signal is 1 if Q11 is open

Q11C _EX1 BOOL |In Input for an external close condition for apparatus Q11

Q11C_EX2 BOOL |In Input for an external close condition for apparatus Q11

Q110_EX1 BOOL |In Input for an external open condition for apparatus Q11

Q110_EX2 BOOL |In Input for an external open condition for apparatus Q11

Q110_EXS3 BOOL |In Input for an external open condition for apparatus Q11

VPA1 DC BOOL |In Switch status of disconnectors on busbar Al are valid

VPA2_DC BOOL |In Switch status of disconnectors on busbar A2 are valid

DCCLTR BOOL |Out Signal is 1 if the bus section disconnector is closed

DCOPTR BOOL |Out Signal is 1 if the bus section disconnector is open

QI11CLITL BOOL |Out For GIS closing of Q11 is forbidden

Q11CLREL BOOL |Out For GIS closing of Q11 is allowed

Q110PITL BOOL |Out Switching of Q11 is forbidden. For GIS opening of Q11 is forbid-
den

Q110PREL BOOL |Out Switching of Q11 is allowed. For GIS opening of Q11 is allowed

VPDCTR BOOL |Out Switch status of Q11 is valid (open or closed)

5.2.6 BB_ES

Table 6: Signal list for BB_ES

Signal Type Infout |Description

ABCDC_OP BOOL |In Signal is 1 if all disconnectors on this busbar part are open

EXDUP_BB BOOL |In Signal is 1 if no transmission error from any bay containing all
disconnectors on this busbar part

EXVVA_BB BOOL |In Signal is 1 if the interlocking programs in all bays containing all
disconnectors on this busbar part are running

Q15 CL BOOL |In Signal is 1 if Q15 on this busbar part is closed

Q15_OP BOOL |In Signal is 1 if Q15 on this busbar part is open

VP_ABCDC BOOL |In The switch status of all disconnectors on this busbar part are

valid.
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Table 6: Signal list for BB_ES (Continued)
Signal Type Inf/out |Description
BBESCLTR BOOL |Out Signal is 1 if Q15 on this busbar part is closed
BBESOPTR BOOL |Out Signal is 1 if Q15 on this busbar part is open
QI15ITL BOOL |Out Switching of Q15 is forbidden
Q15REL BOOL |Out Switching of Q15 is allowed
5.2.7 DB_BUS A
Table 7: Signal list for DB_BUS_A
Signal Type Infout |Description
EXDUP_ES BOOL |In Signal is 1 if there is no transmission error from any bay con-
taining earthing switches Q15
EXVVA_ES BOOL |In Signal is 1 if the interlocking programs in all bays containing
earthing switches Q15 are running
Q01_CL BOOL |[In Signal is 1 if Q01 is closed
Q01 OP BOOL |In Signal is 1 if Q01 is open
Q1 CL BOOL |[In Signal is 1 if Q1 is closed
Q1 _OP BOOL |[In Signal is 1 if Q1 is open
Q15 CL BOOL |In Signal is 1 if Q15 on busbar A is closed
Q15 OP BOOL |In Signal is 1 if Q15 on busbar A is open
Q1EX1 BOOL |In Input for an external condition for apparatus Q1
Q1EX2 BOOL |In Input for an external condition for apparatus Q1
Q51 _CL BOOL |[In Signal is 1 if Q51 is closed
Q51 OP BOOL |[In Signal is 1 if Q51 is open
Q52 CL BOOL |In Signal is 1 if Q52 is closed
Q52 _OP BOOL |[In Signal is 1 if Q52 is open
Q53 CL BOOL |In Signal is 1 if Q53 is closed
Q53 OP BOOL |In Signal is 1 if Q53 is open
Q61 CL BOOL |[In Signal is 1 if Q61 is closed
Q61_OP BOOL |[In Signal is 1 if Q61 is open
Q61EX1 BOOL |In Input for an external condition for apparatus Q61
Q61EX2 BOOL |In Input for an external condition for apparatus Q61
QO1CLITL BOOL |Out Closing of Q01 is forbidden
QO1CLREL BOOL |Out Closing of Q01 is allowed
Q1CLTR BOOL |Out Signal is 1 if Q1 is closed
QLITL BOOL |Out Switching of Q1 is forbidden
Q1O0PTR BOOL |Out Signal is 1 if Q1 is open
Q1REL BOOL |Out Switching of Q1 is allowed
Q51ITL BOOL |Out Switching of Q51 is forbidden
Q51REL BOOL |Out Switching of Q51 is allowed
Q52ITL BOOL |Out Switching of Q52 is forbidden
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Table 7: Signal list for DB_BUS_A (Continued)

Signal Type Infout |Description

Q52REL BOOL |Out Switching of Q52 is allowed

Q61ITL BOOL |Out Switching of Q61 is forbidden

Q61REL BOOL |Out Switching of Q61 is allowed

VPQITR BOOL |Out Switch status of Q1 is valid (open or closed)

5.2.8 DB_LINE

Table 8: Signal list for DB_LINE

Signal Type Infout |Description

Q01 _CL BOOL |In Signal is 1 if Q01 is closed

Q01_OP BOOL |In Signal is 1 if Q01 is open

Q02 _CL BOOL |In Signal is 1 if Q02 is closed

Q02_OP BOOL |In Signal is 1 if Q02 is open

Q51 CL BOOL |In Signal is 1 if Q51 is closed

Q51 _OP BOOL |In Signal is 1 if Q51 is open

Q52 CL BOOL |In Signal is 1 if Q52 is closed

Q52 _OP BOOL |In Signal is 1 if Q52 is open

Q53 CL BOOL |In Signal is 1 if Q53 is closed

Q53 OP BOOL |In Signal is 1 if Q53 is open

Q54 _CL BOOL |In Signal is 1 if Q54 is closed

Q54_OP BOOL |In Signal is 1 if Q54 is open

Q55 CL BOOL |In Signal is 1 if Q55 is closed

Q55_0OP BOOL |In Signal is 1 if Q55 is open

Q61 _CL BOOL |In Signal is 1 if Q61 is closed

Q61_OP BOOL |In Signal is 1 if Q61 is open

Q62_CL BOOL |In Signal is 1 if Q62 is closed

Q62_OP BOOL |In Signal is 1 if Q62 is open

Q8 CL BOOL |In Signal is 1 if Q8 is closed

Q8_OP BOOL |In Signal is 1 if Q8 is open

Q9 CL BOOL |In Signal is 1 if Q9 is closed

Q9 OP BOOL |In Signal is 1 if Q9 is open

Q9EX1 BOOL |In Input for an external condition for apparatus Q9
Q9EX2 BOOL |In Input for an external condition for apparatus Q9
Q9EX3 BOOL |In Input for an external condition for apparatus Q9
Q9EX4 BOOL |In Input for an external condition for apparatus Q9
Q9EX5 BOOL |In Input for an external condition for apparatus Q9
VOLT_CL BOOL |In There is voltage on the line or a VT (fuse) failure
VOLT_OP BOOL |In There is no voltage on the line and no fuse failure
Q53ITL BOOL |Out Switching of Q53 is forbidden
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Table 8: Signal list for DB_LINE (Continued)

Signal Type Inf/out |Description

Q53REL BOOL |Out Switching of Q53 is allowed

Q8ITL BOOL |Out Switching of Q8 is forbidden

Q8REL BOOL |Out Switching of Q8 is allowed

Q9ITL BOOL |Out Switching of Q9 is forbidden

Q9REL BOOL |Out Switching of Q9 is allowed

529 DB_BUS B

Table 9: Signal list for DB_BUS B

Signal Type Infout | Description

EXDUP_ES BOOL |In Signal is 1 if there is no transmission error from any bay con-
taining earthing switches Q25

EXVVA_ES BOOL |In Signal is 1 if the interlocking programs in all bays containing
earthing switches Q25 are running

Q02_CL BOOL |In Signal is 1 if Q02 is closed

Q02_OP BOOL |[In Signal is 1 if Q02 is open

Q2 _CL BOOL |In Signal is 1 if Q2 is closed

Q2_OP BOOL |In Signal is 1 if Q2 is open

Q25 CL BOOL |[In Signal is 1 if Q25 on busbar A is closed

Q25 OP BOOL |In Signal is 1 if Q25 on busbar A is open

Q2EX1 BOOL |In Input for an external condition for apparatus Q2

Q2EX2 BOOL |In Input for an external condition for apparatus Q2

Q53 CL BOOL |In Signal is 1 if Q53 on busbar A is closed

Q53 OP BOOL |In Signal is 1 if Q53 on busbar A is open

Q54 CL BOOL |In Signal is 1 if Q54 is closed

Q54 OP BOOL |In Signal is 1 if Q54 is open

Q55 CL BOOL |In Signal is 1 if Q55 is closed

Q55_OP BOOL |In Signal is 1 if Q55 is open

Q62 _CL BOOL |In Signal is 1 if Q62 is closed

Q62_OP BOOL |In Signal is 1 if Q62 is open

Q62EX1 BOOL |In Input for an external condition for apparatus Q62

Q62EX2 BOOL |In Input for an external condition for apparatus Q62

QO2CLITL BOOL |Out Closing of Q02 is forbidden

QO02CLREL BOOL |Out Closing of Q02 is allowed

Q2CLTR BOOL |Out Signal is 1 if Q2 is closed

Q2ITL BOOL |Out Switching of Q2 is forbidden

Q20PTR BOOL |Out Signal is 1 if Q2 is open

Q2REL BOOL |Out Switching of Q2 is allowed

Q54ITL BOOL |Out Switching of Q54 is forbidden

Q54REL BOOL |Out Switching of Q54 is allowed
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Table 9: Signal list for DB_BUS_B (Continued)

Signal Type Infout |Description

Q55ITL BOOL |Out Switching of Q55 is forbidden

Q55REL BOOL |Out Switching of Q55 is allowed

Q62ITL BOOL |Out Switching of Q62 is forbidden

Q62REL BOOL |Out Switching of Q62 is allowed

VPQ2TR BOOL |Out Switch status of Q2 is valid (open or closed)

5.2.10 BH_LINE_A

Table 10: Signal list for BH_LINE_A

Signal Type Infout |Description

CQO0_CL BOOL |In Signal is 1 if Q0 in module BH_CONN is open

CQO0_OP BOOL |In Signal is 1 if Q0 in module BH_CONN is open

CQ51_CL BOOL |In Signal is 1 if Q51 in module BH_CONN is closed

CQ51_OP BOOL |In Signal is 1 if Q51 in module BH_CONN is open

CQ52_CL BOOL |In Signal is 1 if Q52 in module BH_CONN is closed

CQ52_OP BOOL |In Signal is 1 if Q52 in module BH_CONN is open

CQ61_CL BOOL |In Signal is 1 if Q61 in module BH_CONN is closed

CQ61_OP BOOL |In Signal is 1 if Q61 in module BH_CONN is open

EXDUP_ES BOOL |In Signal is 1 if there is no transmission error from any bay con-
taining earthing switches Q15

EXVVA_ES BOOL |In Signal is 1 if the interlocking programs in all bays containing
earthing switches Q15

Q0 _CL BOOL |In Signal is 1 if QO is closed

Q0 _OP BOOL |In Signal is 1 if QO is open

Q1 CL BOOL |In Signal is 1 if Q1 is closed

Q1 OP BOOL |In Signal is 1 if Q1 is open

Q15 CL BOOL |In Signal is 1 if Q15 on busbar A is closed

Q15 _OP BOOL |In Signal is 1 if Q15 on busbar A is open

Q1EX1 BOOL |In Input for an external condition for apparatus Q1

Q1EX2 BOOL |In Input for an external condition for apparatus Q1

Q51 CL BOOL |In Signal is 1 if Q51 is closed

Q51_OP BOOL |In Signal is 1 if Q51 is open

Q52 CL BOOL |In Signal is 1 if Q52 is closed

Q52_OP BOOL |In Signal is 1 if Q52 is open

Q53 CL BOOL |In Signal is 1 if Q53 is closed

Q53 OP BOOL |In Signal is 1 if Q53 is open

Q6_CL BOOL |In Signal is 1 if Q6 is closed

Q6_OP BOOL |In Signal is 1 if Q6 is open

Q6EX1 BOOL |In Input for an external condition for apparatus Q6

Q6EX2 BOOL |In Input for an external condition for apparatus Q6




Version 3.0-00

Interlocking

Table 10: Signal list for BH_LINE_A (Continued)

Signal Type Inf/out |Description

Q8 CL BOOL |In Signal is 1 if Q8 is closed

Q8_OP BOOL |In Signal is 1 if Q8 is open

Q9 CL BOOL |In Signal is 1 if Q9 is closed

Q9 _OP BOOL |In Signal is 1 if Q9 is open

Q9EX1 BOOL |In Input for an external condition for apparatus Q9
Q9EX2 BOOL |In Input for an external condition for apparatus Q9
Q9EX3 BOOL |In Input for an external condition for apparatus Q9
Q9EX4 BOOL |In Input for an external condition for apparatus Q9
Q9EX5 BOOL |In Input for an external condition for apparatus Q9
Q9EX6 BOOL |In Input for an external condition for apparatus Q9
Q9EX7 BOOL |In Input for an external condition for apparatus Q9
VOLT_CL BOOL |In There is voltage on the line or there is a VT (fuse) failure
VOLT_OP BOOL |In There is no voltage on the line and not fuse failure
QOCLITL BOOL |Out Closing of QO is forbidden

QOCLREL BOOL |Out Closing of QO is allowed

QICLTR BOOL |Out Signal is 1 if Q1 is closed

QLITL BOOL |Out Switching of Q1 is forbidden

Q10PTR BOOL |Out Signal is 1 if Q1 is open

Q1REL BOOL |Out Switching of Q1 is allowed

Q51ITL BOOL |Out Switching of Q51 is forbidden

Q51REL BOOL |Out Switching of Q51 is allowed

Q52ITL BOOL |Out Switching of Q52 is forbidden

Q52REL BOOL |Out Switching of Q52 is allowed

Q53ITL BOOL |Out Switching of Q53 is forbidden

Q53REL BOOL |Out Switching of Q53 is allowed

Q6ITL BOOL |Out Switching of Q6 is forbidden

Q6REL BOOL |Out Switching of Q6 is allowed

Q8ITL BOOL |Out Switching of Q8 is forbidden

Q8REL BOOL |Out Switching of Q8 is allowed

QIITL BOOL |Out Switching of Q9 is forbidden

Q9REL BOOL |Out Switching of Q9 is allowed

VPQITR BOOL |Out Switch status of Q1 is valid (open or closed)
5.2.11 BH_CONN

Table 11: Signal list for BH_CONN

Signal Type Inf/out |Description

AQ53 CL BOOL |In Signal is 1 if Q53 on line 1 is closed

AQ53 OP BOOL |In Signal is 1 if Q53 on line 1 is open

BQ53_CL BOOL |In Signal is 1 if Q53 on line 2 is closed

1IMRK 580 451-XEN
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Table 11: Signal list for BH_CONN (Continued)

Signal Type Infout |Description

BQ53 OP BOOL |In Signal is 1 if Q53 on line 2 is open

Q0 _CL BOOL |In Signal is 1 if QO is closed

Q0 _OP BOOL |In Signal is 1 if QO is open

Q51 CL BOOL |In Signal is 1 if Q51 is closed

Q51_OP BOOL |In Signal is 1 if Q51 is open

Q52 CL BOOL |In Signal is 1 if Q52 is closed

Q52 _OP BOOL |In Signal is 1 if Q52 is open

Q61 _CL BOOL |In Signal is 1 if Q61 is closed

Q61_OP BOOL |In Signal is 1 if Q61 is open

Q61EX1 BOOL |In Input for an external condition for apparatus Q61
Q61EX2 BOOL |In Input for an external condition for apparatus Q61
Q62 _CL BOOL |In Signal is 1 if Q62 is closed

Q62_OP BOOL |In Signal is 1 if Q62 is open

Q62EX1 BOOL |In Input for an external condition for apparatus Q62
Q62EX2 BOOL |In Input for an external condition for apparatus Q62
QOCLITL BOOL |Out Closing of QO is forbidden

QOCLREL BOOL |Out Closing of QO is allowed

Q51ITL BOOL |Out Switching of Q51 is forbidden

Q51REL BOOL |Out Switching of Q51 is allowed

Q52ITL BOOL |Out Switching of Q52 is forbidden

Q52REL BOOL |Out Switching of Q52 is allowed

Q61ITL BOOL |Out Switching of Q61 is forbidden

Q61REL BOOL |Out Switching of Q61 is allowed

Q62ITL BOOL |Out Switching of Q62 is forbidden

Q62REL BOOL |Out Switching of Q62 is allowed

5.2.12 BH_LINE_ B
Table 12: Signal list for BH_LINE_B

Signal Type Infout |Description
CQO0_CL BOOL |In Signal is 1 if Q0 in module BH_CONN is closed
CQO0_OP BOOL |In Signal is 1 if Q0 in module BH_CONN is open
CQ51_CL BOOL |In Signal is 1 if Q51 in module BH_CONN is closed
CQ51_OP BOOL |In Signal is 1 if Q51 in module BH_CONN is open
CQ52_CL BOOL |In Signal is 1 if Q52 in module BH_CONN is closed
CQ52_OP BOOL |In Signal is 1 if Q52 in module BH_CONN is open
CQ62_CL BOOL |In Signal is 1 if Q62 in module BH_CONN is closed
CQ62_OP BOOL |In Signal is 1 if Q62 in module BH_CONN is open
EXDUP_ES BOOL |In Signal is 1 if there is no transmission error from any bay con-
taining earthing switches Q25
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Table 12: Signal list for BH_LINE_B (Continued)

Signal Type Inf/out |Description

EXVVA_ES BOOL |In Signal is 1 if the interlocking programs in all bays containing
earthing switches Q25

Q0 _CL BOOL |[In Signal is 1 if QO is closed

QO0_OP BOOL |In Signal is 1 if QO is open

Q2 _CL BOOL |In Signal is 1 if Q2 is closed

Q2_OP BOOL |In Signal is 1 if Q2 is open

Q25 CL BOOL |In Signal is 1 if Q25 on busbar B is closed

Q25 OP BOOL |In Signal is 1 if Q25 on busbar B is open

Q2EX1 BOOL |In Input for an external condition for apparatus Q2

Q2EX2 BOOL |In Input for an external condition for apparatus Q2

Q51 CL BOOL |In Signal is 1 if Q51 is closed

Q51_OP BOOL |In Signal is 1 if Q51 is open

Q52 CL BOOL |In Signal is 1 if Q52 is closed

Q52 _OP BOOL |In Signal is 1 if Q52 is open

Q53 CL BOOL |[In Signal is 1 if Q53 is closed

Q53 OP BOOL |In Signal is 1 if Q53 is open

Q6_CL BOOL |In Signal is 1 if Q6 is closed

Q6_OP BOOL |In Signal is 1 if Q6 is open

Q6EX1 BOOL |In Input for an external condition for apparatus Q6

Q6EX2 BOOL |In Input for an external condition for apparatus Q6

Q8_CL BOOL |[In Signal is 1 if Q8 is closed

Q8 _OP BOOL |In Signal is 1 if Q8 is open

Q9 CL BOOL |In Signal is 1 if Q9 is closed

Q9_OP BOOL |In Signal is 1 if Q9 is open

Q9EX1 BOOL |In Input for an external condition for apparatus Q9

Q9EX2 BOOL |In Input for an external condition for apparatus Q9

Q9EX3 BOOL |In Input for an external condition for apparatus Q9

Q9EX4 BOOL |In Input for an external condition for apparatus Q9

Q9EX5 BOOL |In Input for an external condition for apparatus Q9

Q9EX6 BOOL |[In Input for an external condition for apparatus Q9

Q9EX7 BOOL |In Input for an external condition for apparatus Q9

VOLT_CL BOOL |In There is voltage on the line or there is a VT (fuse) failure

VOLT_OP BOOL |In There is no voltage on the line and not fuse failure

QOCLITL BOOL |Out Closing of QO is forbidden

QOCLREL BOOL |Out Closing of QO is allowed

Q2CLTR BOOL |Out Signal is 1 if Q2 is closed

Q2ITL BOOL |Out Switching of Q2 is forbidden

Q20PTR BOOL |Out Signal is 1 if Q2 is open

Q2REL BOOL |Out Switching of Q2 is allowed

Q51ITL BOOL |Out Switching of Q51 is forbidden

Q51REL BOOL |Out Switching of Q51 is allowed
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Table 12: Signal list for BH_LINE_B (Continued)

Signal Type Infout |Description

Q52ITL BOOL |Out Switching of Q52 is forbidden
Q52REL BOOL |Out Switching of Q52 is allowed
Q53ITL BOOL |Out Switching of Q53 is forbidden
Q53REL BOOL |Out Switching of Q53 is allowed
Q6ITL BOOL |Out Switching of Q6 is forbidden
Q6REL BOOL |Out Switching of Q6 is allowed
QS8ITL BOOL |Out Switching of Q8 is forbidden
Q8REL BOOL |Out Switching of Q8 is allowed
Q9ITL BOOL |Out Switching of Q9 is forbidden
Q9REL BOOL |Out Switching of Q9 is allowed
VPQ2TR BOOL |Out Switch status of Q2 is valid (open or closed)
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1 Application

The transformer voltage control function provides voltage control for on-
load tap changers for up to six transformersin parallel operation. The sin-
gle transformer control module is used for the control of a single trans-
former. For parallel operation one single transformer control module and
one parallel transformer control module are used for each transformer.
The transformer voltage control function has the following main features:

Adjustable inverse time characteristic.
» Constant time characteristic.
* Single or parallel transformer operation mode.

Parallel operation based on minimum reactive power circulation.

Tap changer supervision.

» Overvoltage blocking.

» Undervoltage blocking.

» Overvoltage detection and fast step down mode.
» Undervoltage detection and fast step up mode.

The transformer voltage controller serves for automatic control of trans-
formers with a motor driven on-load tap changer. The control follows the
step-by-step principle, i.e. a single control pulse operates the tap change
from one service position to the next. Motor drive units without step-by-
step function require a continuous control pulse, which is also available.
In both cases thRaise or Lower control signals are generated by the
transformer voltage controller and issued to the motor drive whenever the
measured voltage deviates from preset conditions.
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2 Theory of operation

The time delay from the detection of a deviation, between the selected
voltage setpoint and the measured busbar voltage, to the output of the con-
trol pulse depends on the magnitude of the deviation and corresponds to
an inverse time characteristic; the time delay is shorter for larger devia-
tions. The inverse time characteristic is illustrated in figure 1, where the
small voltage deviation corresponds to a long time delay, t1, while the
large voltage deviation resultsin a short delay, t2.

A 2
Controlled Voltage

t1 K Step -1
Step -1
Upper trigger levet d

Upper reset level — —

Voltage setpoint —— - —

Lower reset leveb— — — — — — — — — — — — — - — — —

Lower trigger levet

\

Time

99000799.vsd

Figure 1:  Controlled voltage as a function of time, for inverse time char-
acteristic

The inverse time characteristic can be modified by three parameters,
according to figure 2:

a) U_sensitivity, depending on the size of the taps.
U_sensitivity isequal to
(upper trigger level) - (voltage setpoint) and
(voltage setpoint) - (lower trigger level)

b) Maximumdelay time, t,,y, between the detection of
the lowest unacceptable voltage deviation and the
control command to the tap changer, in case of a
deviation of 1 x U_sensitivity.

¢) Minimum delay time, ty5, in case of adeviation of
15 x U_sensitivity.

In figure 2 the command output delay time t is plotted against the control
deviation, du, where

U

du = |Usetpo/nt_ actual|

U

(Equation 1)
sensitivity

The reset ratio (Upper reset level)/(Upper trigger level) = 1.00, is afixed
not setable value.
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FSDL isthe Fast Step Down Limit (see section 3.5 and 3.6). If the control
deviation islarger than FSDL, the delay will be set to t;gy. If the controller
is in parale operation mode, the minimum circulating current criteria
(see section 3.2) creates a voltage correction term that is added to the
actual voltage, that is:

U

actual = Umeasured + Ucorrect/on (Equation 2)

The characteristic is shown for three different time settings in figure 2 for
different values of constant voltage deviation. If the voltage deviation,
after the trigger level is hit, is not constant, the time delay will correspond
to the time-integral of the voltage deviation. If the voltage is still outside
the dead-band, after araise/lower command the timer is reset and the pro-
cess starts all over again.

60
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®
®
®
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0 5 10 15
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Figure 2: Inverse time characteristic for the transformer voltage control-
ler function.

In parallel mode of operation (see section 3.2) each regulator calculates
the circulating reactive currents between the transformers. These reactive
currents cause additional reactive loads in the transformers and therefore-
they have to be minimised. The currents are used to calculate a signed
influencing quantity added to the measured busbar voltage in order to
minimise the voltage deviation as well asthe circulating currents. At each
transformer bay the reactive power Qi is measured. At each node the ratio
of the sums of the reactive power values, Qi, and the rated transformer
power, SNi, are calculated to yield areference value for the distribution of
the reactive power among the parallel power transformers:
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SN - ) (Equation 3)
S Shi
i=1

where k is the number of transformersin parallel operation.

The condition for each power transformer to fulfil is that the ratio Q;/Sy;
is as close as possible to the reference value Q/Sy. Therefore, the devia-
tion from the optimal reactive power of each transformer is described by

AQi = Qi - EB?-N [SNE (Equation 4)

The deviation of the reactive power AQ; is related to the deviation of the
imaginary part of the current according to

_ AQ, .
A(I m{ Ii}) - U (Equation 5)
B

where Ug is the actual phase busbar voltage.

The deviation of the imaginary part of the current A(Im{1;}) is converted
into a correction of the measured busbar voltage Ug;, which is the mea-
sured value of the busbar voltage at node i. The busbar voltage correction
is added to the measured busbar voltage Ug;j, to obtain the compensated
busbar voltage Ug;, as input for the Single Tap Changer Control module,
which treats it as an ordinary measured val ue of the busbar voltage.

The busbar corrections are finally obtained from expressions involving
no-load (NL) voltages. The general expression reads

5(1/2Z,)
AUy, = C,IA(Im{1}) (Z, G

""(2(1/2,)-1/Z) (Equation 6)

The factor C; is a compensation parameter, which is usually set to 1, and
m is asummation index m=[1,k].
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To operate the controller in a “constant time delay” mode, the two param-
eters for the minimum delay timg£) and the maximum delay timg,§,)

have to be given the same value; equal to the desired time delay. The prir
ciple way of operation is shown in figure 3.

A
Controlled Voltage

Upper trigger levet N\
Upper reset level — —f — — — ———————?/—\U/—\%X

Voltage setpoint — - 4+— - — - — - — - — - - —— -} ——

Lower reset leveb— — — — — — — — — —\— —  — — — — — — — — — —

Lower trigger levet

Time

99000798.vsd

Figure 3:  Controlled voltage as a function of time, for constant time
delay.

In figure 3, the parameters have been chosen to achieve a constant tirr
delay, irrespective of the voltage deviation. When a trigger level is hit
(upper or lower) a timer is started. If the reset level is reached before the
timer has ran out the timer is reset and no tap changer operation is pel
formed. The time t3, in figure 3, is shorter than the chosen delay time,
which is equal to t1 and t2. If the voltage level not hits the reset level,
within the delay time, a tap changer operation command will be sent.
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3 Design

3.1 Control modes

3.2 Operation modes

The regulator can be used for a single transformer tap changer as well as
for up to six transformers in parallel, equipped with tap changers. Mini-
mum circulating reactive power is used as the criterion for the parallel
mode operation.

The control mode can be AUTOMATIC or MANUAL. The actual control
mode is indicated at the local control panel and sent to the station HMI
(Human Machine Interface) as well asto the master station.

In the control mode AUTOMATIC the regulator operates the tap changer
of the corresponding power transformer by single control pulses Raise or
L ower in order to keep the voltage of the controlled busbar section inside
aspecified limited range.

In the control mode AUTOMATIC the operator can not control the tap
changer by manual Raise or L ower commands.

In the control mode MANUAL the operator can control the tap changer

by single Raise or L ower commands from every operator level according

to the authorities ‘Local’, ‘Station’ and ‘Remote’. The commands are pro-
cessed by the regulator and forwarded to the tap changer by single control
pulses as in the AUTOMATIC mode. The regulator itself generates no
control commands in case of an unacceptable voltage deviation.

If only one transformer is connected to a MV busbar section the corre-
sponding regulator is in SINGLE operation mode. In this mode the regula-
tor operates only on the MV busbar voltage irrespective of another
regulator according to the functionality described above.

In case two or more transformers are connected to MV busbar segments
being interconnected by sectionalizer bays every affected regulator is in
PARALLEL operation mode. In this mode each regulator calculates the
circulating reactive currents between the transformers.

In parallel operation up to six transformers can be controlled at the same
time.

In order to guarantee minimisation of circulating currents all regulators
operating together in PARALLEL mode must have the same voltage set-
point.

If one of the regulators in PARALLEL operation mode is in MANUAL
control mode and the other regulators are in AUTOMATIC control mode
the regulator in MANUAL mode becomes thitaster and the other regu-
lators becomé&ollowers. In this special case the Followers only minimise
the circulating currents between their own transformer and the Master’'s
transformer without regarding the voltage deviation. It is only permitted
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3.3 Tap changer
supervision

3.4 Blocking

3.5 Fast step down mode

to have one Master in a group of regulators operating in PARALLEL
mode. If this constraint is disregarded, any regulator set to AUTOMATIC
mode is blocked.

The tap changer is supervised continuously by the regulator regarding
static indications and dynamic operation behaviour.

If no plausible tap position can be calculated, the regulator is blocked and
an alarm is initiated. In MANUAL mode operator control commands to
the tap changer are still possible. If the device reaches the configured
upper (lower) end position, Raise (L ower) commands are inadmissible in
MANUAL aswell asin AUTOMATIC mode.

If the regulator generates a command that is not executed by the tap
changer, the command is repeated a configurable number of times (nor-
mally 3 repetitions). In case the tap changer does not operate after this
number of repetitions the regulator is blocked and an darm is initiated.

If the expected tap position after an operation command differs from the
indicated new position (e.g. the position isincreased by one tap although a
LOWER command has been generated), the regulator is blocked as well
and an alarm is initiated.

In both cases operator control commands to the tap changer are till possi-
blein MANUAL mode.

In case the controlled voltage falls below a configurable limit value the
regulator isblocked and an alarm isinitiated. In MANUAL mode operator
commands are still possible.

In case the controlled voltage exceeds a configurable limit value the regu-
lator is blocked and an alarm is initiated. In MANUAL mode operator
commands are still possible.

In order to avoid an increase of circulating currents in parallel operation
of two or more transformers due to malfunction of a single tap changer all
regulators being in parallel mode are affected by a blocked state of at least
one of the units.

As soon as one regulator is blocked due to reasons listed above al other
units interacting in parallel mode with this regulator are blocked as well
and an alarm is initiated. When the cause for the blocking of the unit is
removed the blocking of all other unitsisreset as well.

If the controlled voltage exceeds a configurable limit value the delay time
between two operating commands from the regulator is set to a config-
urable minimum time in order to return the voltage level into the admissi-
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ble sector within the shortest possible range of time. As soon as the
measured voltage falls under the limit value the delay follows the charac-
teristic line again.

3.6 Fast step up mode If the controlled voltage falls below a configurable limit value the delay
time between two operating commands from the regulator is set to a con-
figurable minimum time in order to return the voltage level into the
admissible sector within the shortest possible range of time. As soon as
the measured voltage exceeds the limit value the delay follows the charac-
teristic line again.

3.7 Input process To realize a voltage regulation with the function blocks described above it
Interface is necessary among other things to detect the tap changer position at any
time.

Generally there are several possibilities, dependent on the construction of
the on-load tap changer, to encode the exact position:

* Position is binary coded (BC-Code), which means that every tap
position is represented by a binary input signal.

* Position is binary decimal coded (BCD-Code), which means that the
tap positions are coded by 5 or 6 binary input signals.

 Position is coded via an analog value, which means that every tap
position is mapped in a defined current or voltage range. This value
can be read via an analog input channel.

The analog process interface is used to connect the transformer voltage
control function to a process where the tap changer information (tap posi-
tion) is given as an analog value.
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4 Setting

4.1 Single mode of
operation

The setting parameters are accessible through the CAP 580 configuration
tool. The parameters for the transformer voltage control function consist
mainly of time and limit settings together with rated data for the con-

trolled transformers.

The appendix shows the parameters and their setting ranges.

For a step-down transformer with the following rated voltages:
20000 (+/-13 x 500) V / 6000 V, the settings could be according to the

function block below.
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Figure 4:

Voltage regulator function block example for a single step
down transformer.
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4.2 Parallel mode of
operation

The tap-changer is on the primary side, with quite large steps (2.5%). On
the secondary, controlled, side this corresponds to 150V. The
U_sensitivity ischosento 120 V, which isabit lessthan the tap size. If the
voltage exceeds the upper trigger level just alittle, the voltage level, after
the time delay and tap-changer operation, will be 30 V below the setpoint.

For parallel operation of two identical transformers as in section 4.1, with
Z,=0.1 pu and S,=12 MVA, each transformer needs both the single trans-
former control function block and the parallel transformer control func-
tion block.

For transformer 1, input values example for the parallel function block are
shown in the following figure. Corresponding values are used for trans-
former 2.
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Figure 5:  Parallell operation input values (example)
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5 Appendix

5.1 Function blocks
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Figure 6:
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Single mode transformer voltage control
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Figure 7:  Parallel mode transformer voltage control
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Analog process interface
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5.2 Function block
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Figure 9:  Calculation of the inverse regulating characteristic
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Figure 10: OLTC supervision circuit
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Figure 11: Calculating the circulating current and the additional voltage
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5.3 Signal lists

Table 1: Single mode transformer voltage control

Signal Type Infout |Description

CMD_MODE_AUTO BOOL |[In Command to switch the regulator to automatic mode

CMD_MODE_MANUAL BOOL |[In Command to switch the regulator to manual mode

CMD_OLTC_RAISE BOOL |In Command to step up the tap changer

CMD_OLTC_LOWER BOOL |In Command to step down the tap changer

CMD_SETP_RAISE BOOL |[In Command to raise the setpoint value

CMD_SETP_LOWER BOOL |In Command to decrease the setpoint value

CMD_SETP_SET BOOL |In Command to set a new setpoint value

OLTC_POS_IND INT In Position of the tap changer (without suppression of undefined
positions while stepping)

OLTC_POS_ MAX INT In Highest possible tap changer position, for example 19

OLTC_POS_MIN INT In Lowest possible tap changer position, normally 1

OLTC_POS_ERR BOOL |In Invalid position indication of the tap changer, that is, information
from the process is invalid, for instance a broken cable

OLTC_DISTURBED BOOL |In Tap changer is disturbed, a hardware signal directly from the
tap changer

OLTC_IND_RAISE BOOL |In Tap changer is running up indication

OLTC_IND_LOWER BOOL |In Tap changer is running down indication

OLTC_ORD_RETRY INT In Max. number of retries of step commands in case of malfunc-
tion

U_SETPOINT_INIT DINT In Initial value of setpoint

U_SETPOINT_NEW DINT In New setpoint value to take over by CMD_SETP_SET

U_SETPOINT_STEP DINT In Difference of two successive setpoint values, when the com-
mands CMD_SETP_RAISE or CMD_SETP_LOWER are used

U_SETPOINT_MAX DINT In Max. permissible setpoint value

U_SETPOINT_MIN DINT In Min. permissible setpoint value

U_MEAS_VALUE DINT In Measured secondary voltage

U_ADDITIONAL DINT In Additional secondary voltage caused by the compensation of
circulating current

U_SENSITIVITY DINT In Sensitivity of control characterization dependent on the size of
the tap changer step

U HIGH_LIMIT_1 DINT In Overvoltage limit for Fast Step Down mode

U_HIGH_LIMIT_2 DINT In Overvoltage limit for regulator blocking

U LOW_LIMIT_1 DINT In Undervoltage limit for Fast Step Up mode

U LOW_LIMIT_2 DINT In Undervoltage limit for regulator blocking

EXT_BLOCK BOOL |In Input for an external blocking of the regulator

REG_FOLLOWER BOOL |In Input which forces the regulator to run in follower mode

TIME_MAX TIME In Max. delay time between the detection of the lowest voltage
deviation and the control command to the tap changer, in case
of a deviation of 1x relative sensitivity

TIME_15 TIME In Min. delay time in case of a deviation of 15x relative sensitivity
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Table 1: Single mode transformer voltage control

Signal Type Infout |Description

TIME_FSDL TIME In Delay time between two step commands in case of Fast Step
Down Limit Operation

TIME_PULSE TIME In Duration of step command

TIME_OLTC_RUN TIME In Max. runtime of tap changer, used for runtime supervision

U_SETPOINT DINT Out Setpoint voltage

REG_MODE_AUTO BOOL |Out Operation mode of regulator: 0: Manual 1: Automatic

REG_BLOCKED BOOL |Out Regulator is blocked

OLTC_TAP_POS INT Out Position of the tap changer (with suppression of undefined posi-
tions while stepping)

OLTC_BLOCKED BOOL |Out Tap changer is blocked

ORD_RAISE BOOL |Out Step command up

ORD_LOWER BOOL |Out Step command down

REG_ORD_DELAY TIME Out Calculated delay time until the next step command will occur

DEVIATION_POS BOOL |Out Positive voltage derivation (measured voltage > setpoint volt-
age)

DEVIATION_NEG BOOL |Out Negative voltage derivation (measured voltage < setpoint volt-
age)

FSD_ACTIVE BOOL |Out Fast step operation is active

CMD_EXED BOOL |Out Command was executed successfully

Table 2: Parallell mode transformer voltage control

Signal Type Infout |Description

TRAFO_ID INT In Identity number of the transformer

U _MEAS_VALUE DINT In Measured secondary voltage

Q _TRAFO_1 DINT In Reactive power of transformer 1, measured on the controlled
side

Q_TRAFO 2 DINT In Reactive power of transformer 2, measured on the controlled
side

Q_TRAFO_3 DINT In Reactive power of transformer 3, measured on the controlled
side

Q_TRAFO 4 DINT In Reactive power of transformer 4, measured on the controlled
side

Q_TRAFO 5 DINT In Reactive power of transformer 5, measured on the controlled
side

Q_TRAFO_6 DINT In Reactive power of transformer 6, measured on the controlled
side

ZK_TRAFO_1 REAL |In Short-circuit impedance of transformer 1, referred to the sec-
ondary side

ZK_TRAFO_2 REAL |In Short-circuit impedance of transformer 2

ZK_TRAFO_3 REAL |In Short-circuit impedance of transformer 3

ZK_TRAFO_4 REAL |In Short-circuit impedance of transformer 4

ZK_TRAFO_5 REAL |In Short-circuit impedance of transformer 5

ZK_TRAFO_6 REAL |In Short-circuit impedance of transformer 6
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Table 2: Parallell mode transformer voltage control
Signal Type Inf/out |Description
SN_TRAFO_1 DINT In Rated power of transformer 1
SN_TRAFO 2 DINT In Rated power of transformer 2
SN_TRAFO_3 DINT In Rated power of transformer 3
SN_TRAFO 4 DINT In Rated power of transformer 4
SN_TRAFO 5 DINT In Rated power of transformer 5
SN_TRAFO_6 DINT In Rated power of transformer 6
PARA_COMP REAL |In Compensation parameter for commissioning. This parameter is

used to adjust the sensitivity of the compensation behaviour.
Normally this parameter should be set to 1.

PARAL_OP_TRFO_1 BOOL |In Set to 1, if transformer 1 is working in parallel mode
PARAL_OP_TRFO_2 BOOL |[In Set to 1, if transformer 2 is working in parallel mode
PARAL_OP_TRFO_3 BOOL |In Set to 1, if transformer 3 is working in parallel mode
PARAL_OP_TRFO 4 BOOL |In Set to 1, if transformer 4 is working in parallel mode
PARAL_OP_TRFO_5 BOOL |[In Set to 1, if transformer 5 is working in parallel mode
PARAL_OP_TRFO_6 BOOL |In Set to 1, if transformer 6 is working in parallel mode
U_ADDITIONAL DINT Out Additional voltage to add to measured bus bar voltage
I_CIRCULATING DINT Out Calculated circulating current

Table 3: Analog process interface

Signal Type Infout |Description

TC_ANALOG_IN INT In Analog coded position of the tap changer
TCLOW_LIM_1 INT In Lower limit for recognizing physical tap position 1
TCLOW_LIM_2 INT In Lower limit for recognizing physical tap position 2
TCLOW_LIM_3 INT In Lower limit for recognizing physical tap position 3
TCLOW_LIM_26 INT In Lower limit for recognizing physical tap position 26
TCLOW_LIM_27 INT In Lower limit for recognizing physical tap position 27
TCLOW_LIM_END INT In Upper limit for recognizing physical tap position 27
TC_MINIM_POS REAL |In Lowest logical tap position

TAP_POS_ERR BOOL |Out No valid position detected

TC_STEP_INT INT Out Calculated logical tap position

5.4 Setting tables

Table 4: Single mode transformer voltage control

Parameter Typel/ |Usable Description
[unit] range
OLTC_POS_MAX INT -30-+30 Upper position of the tap changer, for
example 19
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Table 4: Single mode transformer voltage control

Parameter Type/ |Usable Description
[unit] range
OLTC_POS_MIN INT -30-+30 Lower position of the tap changer, for
example -5
OLTC_ORD_RETRY INT 0-10 Max. number of retries of step commands in
case of malfunction
U_SETPOINT_INIT INT 0-100000 |Initial value of setpoint
\
U_SETPOINT_NEW INT 0-100000 |New setpoint value to take over by
V] CMD_SETP_SET
U_SETPOINT_STEP INT 0-1000 Difference of two successive setpoint values,
V] when the commands CMD_SETP_RAISE or
CMD_SETP_LOWER are used.
U_SETPOINT_MAX INT 0-100000 |Max. permissible setpoint value
\
U_SETPOINT_MIN INT 0-100000 |Min. permissible setpoint value
\4|
U_SENSITIVITY INT 0-1000 Sensitivity of control characterization depen-
V] dend on a step of the tap changer
U HIGH _LIMIT_ 1 INT 0-100000 |Overvoltage limit for Fast Step Down mode
\
U HIGH_LIMIT_2 INT 0-100000 |Overvoltage limit for regulator blocking
\4|
U LOW_LIMIT_ 1 INT 0-100000 |Undervoltage limit for Fast Step Up mode
\4|
U LOW_LIMIT_2 INT 0-100000 |Undervoltage limit for regulator blocking
\
EXT_BLOCK BOOL Input for an external blocking of the regulator
REG_FOLLOWER BOOL Input which forces the regulator to run in fol-
lower mode
TIME_MAX TIME 0-100 Max. delay time between the detection of the
[s] lowest voltage deviation and the control com-
mand to the tap changer, in case of a deviation
of 1x relative sensitivity.
TIME_15 TIME 0-100 Min. delay time in case of a deviation of 15x rel-
[s] ative sensitivity.
TIME_FSDL TIME 0-100 Delay time between two step commands in
[s] case of Fast Step Down Limit Operation
TIME_PULSE TIME 0-10 Duration of step command
[s]
TIME_OLTC_RUN TIME 0-100 Max. runtime of tap changer, used for runtime
[s] supervision




Version 3.0-00

Transformer voltage control

1IMRK 580 452-XEN

Page 6 — 203

Table 5: Parallell mode transformer voltage control

Parameter Type Usable Description
[Unit] range
TRAFO_ID INT 1-6 Identity number of the transformer
ZK_TRAFO_1 REAL 0.0-5.0 Short-circuit impedance of transformer 1,
[ohm] referred to the secondary side
ZK_TRAFO_2 REAL 0.0-5.0 Short-circuit impedance of transformer 2
[ohm]
ZK_TRAFO_3 REAL 0.0-5.0 Short-circuit impedance of transformer 3
[ohm]
ZK_TRAFO 4 REAL 0.0-5.0 Short-circuit impedance of transformer 4
[ohm]
ZK_TRAFO_5 REAL 0.0-5.0 Short-circuit impedance of transformer 5
[ohm]
ZK_TRAFO 6 REAL 0.0-5.0 Short-circuit impedance of transformer 6
[ohm]
SN_TRAFO_1 INT 0-500000 |Rated power of transformer 1
[kVA]
SN_TRAFO 2 INT 0-500000 |Rated power of transformer 2
[kVA]
SN_TRAFO_3 INT 0-500000 |Rated power of transformer 3
[kVA]
SN_TRAFO 4 INT 0-500000 |Rated power of transformer 4
[kVA]
SN_TRAFO 5 INT 0-500000 |Rated power of transformer 5
[kVA]
SN_TRAFO_6 INT 0-500000 |Rated ppower of transformer 6
[kVA]
PARA_COMP REAL 0.0-1.0 Max. runtime of tap changer, used for runtime
supervision
PARAL_OP _TRFO_1 BOOL Set to 1, if transformer 1 is working in parallel
mode
PARAL OP _TRFO 2 BOOL Set to 1, if transformer 2 is working in parallel
mode
PARAL_OP_TRFO_3 BOOL Set to 1, if transformer 3 is working in parallel
mode
PARAL_OP _TRFO 4 BOOL Set to 1, if transformer 4 is working in parallel
mode
PARAL OP _TRFO 5 BOOL Set to 1, if transformer 5 is working in parallel
mode
PARAL_OP_TRFO_6 BOOL Set to 1, if transformer 6 is working in parallel
mode
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1 Application

Automatic reclosing (AR) is awell-established method to restore the ser-
vice of apower line after atransient line fault. The majority of line faults
are flashover arcs, which are transient by nature. When the power line is
switched off by operation of line protection and line breakers, the arc de-
ionises and recovers voltage withstand at a somewhat variable rate. So a
certain line dead time is needed. But then line service can resume by the
auto-reclosing of the line breakers. Select the length of the dead time to
enable good probability of fault arc de-ionisation and successful reclos-

ing.

For the individual line breakers and auto-reclosing equipment, the Auto-
reclose open time (AR open time) expression is used. At simultaneous
tripping and reclosing at the two line ends, Auto-reclose open time equals
the dead time of the line. Otherwise these two times may differ. In case of
a permanent fault as shown in figure 1, the line protection trips again at
reclosing to clear the fault.

The reclosing function can be selected to perform single-phase and/or
three-phase reclosing from four single-shot to multiple-shot reclosing pro-
grams. The three-phase auto-reclose open time can be set to give either
high-speed auto-reclosing (HSAR) or delayed auto-reclosing (DAR). The
auto-reclosing can be performed with or without the use of synchro-check
and energising check.

Single-phase tripping and single-phase reclosing is a way to limit the
effect of a single-phase line fault to system operation. Especidly at the
higher voltages, the majority of line faults are of the single-phase type.
The method is of particular value to maintain system stability in systems
with limited meshing or parallel routing. It requires individual operation
of each phase of the breakers, which is most common at the higher trans-
mission voltages.
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A somewhat longer dead time may be required at single-phase reclosing
compared to high-speed three-phase reclosing, due to influence on the
fault arc of the non-tripped phases.
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Figure 1:  Single shot automatic reclosing sequence in the event of a
permanent fault

Table 1:

1 Fault occurs

t1 The autoreclosing function activates (Start AR) the
same time as the line protection function trips

2 Break time

t2 Contact separation

t3 Arc extinguishes

t4 Line protection function resets

3 Closing time

t5 The autoreclosing function makes a reclose attempt

t6 Contact closed

4 Fault recurs

t7 The line protection function trips

t8 Line protection function reset

t9 Autoreclosing function reset

Fault duration

AR open time for breaker

Set AR open time

5
6
7 Fault duration
8
9

Reclaim time
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2 Theory of operation

2.1 Autorecloser and
distance protection
connections

The autorecloser function can perform from one to four single or three
phase autorecloser attempts. The type and number is determined by the
parameters AR_1 MODE (four different modes for the first reclosure
cycle) and AR_2_4 MODE. Single phase reclosure is only performed for
the first reclosure attempt.

The function can operate in conjunction with an external distance protec-
tion relay or with an internal protection function. It can also operatein a
scheme comprising two or more distance relays.

It recloses the circuit breaker after a trip by the protection unit, if not
blocked by the synchrocheck function. It can be applied for single or three
phase autorecloser. Main features of the autorecloser function are:

 Up to four fast or slow reclosure attempts.

* First cycle with four separate single and/or three-phase attempts.
* Individual signals for every reclosure cycle.

» Wide dead time setting range.

* Provision for bypassing the synchrocheck unit and extending the
dead time for the first zone by an external signal.

* Clearly defined response to changing fault conditions during the
dead time (evolving faults).

* Logic for first and second main protection, duplex and mas-
ter/follower schemes.

The autorecloser function determines from the states of the input signal
START, TRIP_CB and TRIP_CB_3P, whether the distance protection has
picked up and whether it has issued a single-phase (TRIP_CB) or a three
phase (TRIP_CB_3P) tripping signal.

The distance protection decides whether single or three phase tripping
should take place. The autorecloser function can send two signals to th
distance protection. The TRIP_3_POL signal informs the distance protec-
tion whether it should perform a single or a three phase trip. The ZEX-
TENSION signal switches the distance protection’s overreaching zone on
and off.

Where the SOTF logic in distance protection function is not required to
operate during autorecloser, connect the AR_IN_PROG signal to the
EXTBLKSOTF binary input of the distance function. The SOFT_10_S

timer in the distance function’s SOTF logic is normally activated for dead
times shorter than 10 s and in this case the above connection is not nece
sary.

An autorecloser cycle can be inhibited by connecting trip switch-onto-
fault from the distance function to the COND_BLK_AR input of the
autorecloser function, if the SOTF logic initiates tripping.
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2.2 Autorecloser and
overcurrentprotection
connections

REC 580
<7 »| Start Autoreclosure
»| Trip_CB function
» Trip_CB_3P
> >
» CondBkAR § § § 8
Q o 9 |
< Trip 3 Pol O & & o
. m oo O °
< ZExtension O 0O O O
A A A
v
I N >
99000800.vsd

Figure 2:  Distance protection and autorecloser functions signal
exchange

To prevent the discrimination timer from operating, the overcurrent TRIP
signal must be connected to the START and TRIP_CB_3P inputs of the

autorecloser function.

The time value T_CLOSE must be set so that it covers the maximum
operating time of the activated (graded) overcurrent functions:

t CLOSE > ty,ax overcurrent time delay (Equation 1)

In cases where the zone extension signal is used in conjunction with over-
current functions (see zone extension settings), the terms overreach and

underreach have the following meanings:
overreach,enabling of an overcurrent function having a short (non-
graded) time delay
underreach,enabling of an overcurrent function having along
(graded) time delay.
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t; standard delay (0.5-1.5 s)
t, short delay (0.02-02 s)
1>, 1,> pick up value |_SET for TRIP
Note:

The TRIP signal from the second current function may be connected to
the inputs START_2 and TRIP_CBZ2_3P instead of the logic function.

Figure 3:  Overcurrent protection and autorecloser signal exchange

Provision is made for coordinating the operation of two distance relays
and one or two autorecloser relays per line terminal (see figure 4 and 5).
A master/follower logic has to be used to avoid any time-race problems
due to differing timer tolerances.

2.3 Redundant schemes
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Figure 4: Redundant scheme (redundant sets of <Z and autorecloser
functions) with master/follower logic
2.3.1 Blocking In a redundant scheme, both sets of protection must be instantly blocked

when the inhibit time in either of the autoreclosure functions starts to run.

Thisis achieved by applying asignal from the INHIBIT_OUTP output of
one autorecloser function to the INHIBIT_INP input of the other.
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2.4 Master/follower logic

function

REC 580
<Z(1) startrsT » Start
Trip CB »{ Trip_CB
Trip CB 3P » Trip_CB_3P
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» Start_2
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» Trip_CB2_3P
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Backup
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Figure 5: Redundant distance protection and a common autorecloser

Provision is made for a master/follower logic in one single distance pro-

tection and an autorecloser function per circuit breaker.

One of the autorecloser functions is assigned the role of master by appro-
priately setting the parameter MASTER_MODE. After a successful reclo-
sure, the master circuit breaker enables the FOLLOWER AR
autorecloser function, respectively its circuit breaker (see figure 6).
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Figure 6:  Master/follower scheme
241 Follower CB delay The master recloser function sends an active DELAY_FLWR signal to the

2.4.2

2.4.3

Blocking the
follower reclosure

Duplex logic

MASTERDELAY input of the follower recloser function where it delays
the CLOSE_CB command to the follower circuit breaker until the master
recloser function has completed its reclosure cycle (DELAY _FLWR sig-
nal resets).

Should this signal reset before the end of the follower dead time, the close
command to the follower circuit breaker is issued at the end of the dead
time.

The master reclosure function sends an active BLK_TOFLWR signal to
the MAST_NOSUCC input of the follower reclosure function and blocks
reclosure by the follower.

A duplex logic for two circuit-breakers on alineis aso included (see fig-
ure7).
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Figure 7:  Duplex scheme (<Z possibly redundant)

The corresponding circuit breaker signals must be connected to the
CB_OPEN and CB2_OPEN inputs for the duplex logic to operate cor-
rectly (setting to FAL SE inhibits the duplex logic).
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If separate CB_READY and CB_OPEN signals are not available from the
circuit breakers, do the following:

1. Connect the two signalling contacts CB_READY (air pressure or spring
charging) and CB_CLOSED on the circuit breakers in series

For this, T_CLOSE must be set longer than the maximum spring
charging time to suppress the definitive trip signa in the case of a
successful reclosure.

2. Assign the combined signals to the corresponding CB_READY inputs

3. Assign the same signals but inverted to the corresponding CB_OPEN
inputs.

The CB_READY and CB2_READY inputs must be applied to an
OR logic in the autorecl osure function. If both circuit breakers were
closed prior to the fault, the lockout signal will be generated the
instant at least one of the circuit breakers does not reclose.
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3 Design

3.1 Timers

3.1.1 Dead times

3.1.2 Extended dead
time

3.1.3 Maximum fault
duration for a
reclosure attempt

Any timer setting must not exceed 300 s and must not be changed after the
settings procedure.

The dead time is the period between the tripping signal (TRIP_CB) and
the close signa (CLOSE_CB). The required dead time must be entered
separately for each reclosure cycle.

This necessitates setting the parameters T_DEAD1 1P, T_DEAD1 3P,
T_DEAD2, T_DEAD3and T_DEADA4.

Provision is made for externally switching the dead times T_DEAD1 1P
and T_DEAD1 3P for thefirst (fast) reclosure attempt to a second setting.
The corresponding additional time period can be set with the aid of the
parameter T_DEAD1 EXT and activated via the binary input
EXTEND_T1.

The 2nd., 3rd. and 4th. reclosure attempts are always three-phase.

The timer T_DEAD1 EXT provides for extending the dead time (for
example should the communications channel be defective or for a mas-
ter/follower scheme with two autorecloser functions). The extended dead
timeis enabled by the binary input EXTEND_T1.

If afault has persisted for some time, the probability of a successful reclo-
sure reduces. The likelihood of the power system becoming unstable is
also greater for an unsuccessful autoreclosure attempt following a fault
which has persisted for alonger period. It isfor these reasons that the time
after the inception of afault during which reclosure can be initiated is lim-
ited. The fault duration is set using parameter T_OPER.

The timer for the fault duration is started by the pick-up signal from the
protection function (START). Faults resulting in tripping after T_OPER
are locked out (DEF_TRIP) and reclosure does not take place.

Should the fault duration time expire before the protection trips, auto-
reclosure is blocked and the reclaim time is started.

Example: Time T_OPER < Delay, of the distance function means that
auto-reclosure only takes place for faults in the first distance zone

(Delayy).

Thisfunction is not required by schemes only using current functions. The
binary inputs START and TRIP_CB_3P are connected together.
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3.1.4 Reclaim time Following successful reclosure or a definitive trip (see output signal
DEF_TRIP), the auto-reclosure function is disabled for the duration of the
inhibit time set for parameter T_INHIBIT. The purpose of the inhibit time
isamong other things to permit the circuit-breaker to recover its full with-
stand.
3.1.5 Close signal The maximum duration of the circuit-breaker close signal (command out-
duration put CLOSE_CB) is determined by the parameter T_CLOSE. Any tripping
signal which occurs during this time overrides the close signal. A second,
third or fourth reclosure attempt can only take place, if the next trip occurs
withinthetime T_CLOSE.
3.1.6  Discrimination The discrimination time determines the procedure in the event of a differ-
times ent kind of fault occurring during the dead time (evolving fault), i.e. one

of the other two phases also picks up or the tripping signal resets and
picks up again. The discrimination time is started together with the dead
time. Should a tripping signal recur due to an evolving fault between the
expiry of the discrimination time and before the end of the dead time, the
reclaim timer is started and a definitive trip (DEF_TRIP) initiated. The
dead time is also discontinued and the signal AR_IN_PROG reset.

If the first fault was initially a single-phase fault and evolves during the
time T_DEAD1 1P, but before the end of the discrimination time
T _DISCRIM_1P, then the dead time T_DEAD1 3P is started and three
phase reclosure takes place.

The discrimination time T_DISCRIM_3P is also needed for 2 or 11/2
breaker schemes, where each circuit-breaker has its own autorecloser
function.

Typical settings for the parameters T_DISCRIM_1P or T_DISCRIM_3P
for single and three phase reclosure are 50% of the shortest dead time.

The minimum permissible setting for the discrimination timeis:

td/scr/m = 100 ms + tCB (Equation 2)

Note: The time T1IEVOLFAULTS during which a subsequent fault has to
be detected (evolving or unsuccessful reclosure) is adistance function set-
ting (see the section “Distance protection”).

The distance protection parameter TLEVOLFAULTS enables the time to
be set during which a subsequent fault (evolving or unsuccessful reclo-
sure) results in a three phase trip, i.e. every second trip by the distance
protection function trips all three poles. The autorecloser function also
signals the switch-over to three phase tripping by exciting the signal
TRIP_3_POL at the end of the fault duration time T_DISCRIM_1P.

It is advisable to set the time TIEVOLFAULTS longer than the auto-
reclosure dead time T_DEAD1_1P.
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3.1.7

3.1.8

Close assertion
time-out

Blocking time

3.2 External binary inputs

3.2.1

Start and trip
signals from the
distance protection
function

The parameter T_TIMEOUT determines the period after the dead time
within which the close signal must be issued, otherwise a lock-out trip is
generated and no further reclosure attempt is made. Before a close com-
mand isissued at the end of every dead time, the boolean expression

(SYNCROCHCK ICO_READY) +
DEAD _LINE+ EXTSCBYPASS

(Equation 3)

isevaluated and the command is only enabled providing al the criteriaare
correct within the setting of T_TIMEOUT.

The autorecloser function can be enabled or disabled by the binary input
signds.

* EXT_BLK_AR —also blocks during the reclosure cycle

* MANUAL_CLOSE - also blocks during the reclosure cycle
* INHIBIT_INP — also blocks during the reclosure cycle

» CB_READY - blocks excepting during the reclosure cycle
« CB2_READY - blocks excepting during the reclosure cycle

* CO_READY - blocks at the end of the reclosure cycle after expiry
of the T_TIMEOUT window

» CO_READY_2 - blocks at the end of the reclosure cycle after
expiry of the t_timeout window1

* MAST_NOSUCC - blocks the master CB following its unsuccessful
reclosure attempt

* COND_BLK_AR - blocks excepting during the reclosure cycle.

Should a COND_BLK_AR signal occur during a reclosure cycle (i.e. the
AR_IN_PROG signal is active), it is only observed from the end of the
current reclosure cycle.

A reclosure cycle remains blocked for the duration of the set blocking
time T_AR_BLOCK after the last binary input has been enabled. Block-
ing also takes place during initialization of the protection relay when its
auxiliary supply is switched on or the parameter settings are being loaded

In order to control the autorecloser function, it is necessary to configure
the three input signals TRIP_CB (general trip), TRIP_CB_3P (three phase
trip) and START. Since the autorecloser function is completely indepen-
dent, signals from other functions may also be selected.

1. The figure ‘2’ denotes the CB 2 1/O’s in a duplex scheme (see “Redundant schemes” on
page 209).
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In a 1st. and 2nd. main protection scheme with one autorecloser function
(see “Autorecloser and overcurrent protection connections” on page 208),
the input signals TRIP_CB2, TRIP_CB2_3P and START_2 must also be
connected to the second distance protection function.
3.2.2 Circuit breaker The inputs for the parameters CO_READY and CB_READY (or

3.2.3

ready signals

Circuit breaker
open

CO_READY_2 and CB2_READY in a duplex scheme) must be con-
nected to the circuit breakers in order to signal that they are ready to per-
form a complete reclosure cycle. In cases where one of the inputs is not
used, it must thus be set to TRUE, while taking into account that the two
inputs CB_READY and CB2_READY are applied to an OR logic.

An active CB_READY signal informs the autorecloser function that
reclose is permissible (i.e. sufficient energy is available for a full
open/close/open cycle). Once a reclosure cycle has started, this signal is
ignored (because the pressure varies during a reclosure cycle of an air-
blast breaker).

The CO_READY signal (close-open cycle can be carried out) is only
evaluated during a reclosure cycle, i.e. during the dead time. Should there
be insufficient energy to open the circuit-breaker again following closure,
the close signal is disabled and a DEF_TRIP (definitive trip) is generated.

This input is only used in conjunction with circuit-breakers, which pro-
vide the corresponding information (C-O query), for example spring-
charged and air-blast circuit breakers with two switching energy levels.

It is also necessary to include the initial status of the circuit-breakers to
prevent one from receiving a close signal, which was already open before
the fault occurred.

The binary input CB_OPEN (and CB2_OPEN in a duplex scheme) is thus
provided to determine the initial status of a circuit-breaker.

These signals have an operating delay of 100 ms, so that no unwanted
blocking takes place in the case of fast circuit-breakers.

A circuit breaker which was already open before the start signal was
received (CB_OPEN at logical 1) is not closed by the autorecloser func-
tion.

Where a circuit breaker does not provide the necessary information
(CB_OPEN signal), the input must be permanently set to FALSE and if it

also is not a duplex scheme (only one CB) the binary input CB2_OPEN

must be permanently set to on (T or True). Accordingly these are also the
default settings for CB_OPEN and CB2_OPEN.

The auto-recloser function can then operate with a single circuit-breaker
without a CB_OPEN signal and no superfluous close signal is generated
for the non-existing CB2.
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3.2.4 De-energized line
and checking
synchronism

3.2.5 External blocking

3.2.6 External
synchrocheck
bypass signal

3.2.7 External extension
of the dead time

3.3 Close CB and
signalling outputs

3.3.1 Function status

Before the CLOSE_CB (or CLOSE_CB?2) instruction can be issued,
either the DEAD _LINE or the SYNCHROCHCK input (or
DEAD_LINE_2 or SYNCHROCHCK2 in a duplex scheme) must be at
logical 1. See the following boolean expressions:

(SYNCHROCHCK OCO_READY) +
DEAD_LINE + EXTSCBYPASS

(Equation 4)

(SYNCROCHCKZ2[OCO_READY_2) +
DEAD LINE 2+ EXTSCBYPASS

(Equation 5)

The reclosure function is always blocked by an active EXT_BLK_AR
input. An active COND_BLK_AR input will only block the function, pro-
viding areclosure cycleis not running (i.e. the AR_IN_PROG signal isat
logical 0).

The COND_BLK_AR signal is only needed to prevent a reclosure cycle,
when the first trip was initiated by the switch-onto-fault protection
(SOTF).

The COND_BLK_AR signal must be connected to the distance protection
signal SOTF_start.

The autorecloser function is immediately blocked (for the blocking time
T_AR_BLOCK) by the MANUAL_CLOSE signal. This signd is also
needed for the overreaching logic to switch the ZEXTENSION signal to
on.

This input provides facility for bypassing the SYNCHROCHCK and
CO_READY (or SYNCHROCHCK2 and CO_READY_2 for CB2)
enabling inputs. It is only used for afirst fast three phase or single phase
reclosure.

A logica 1 a the EXTEND_T1 input extends the dead times
T_DEAD1_1Pand T_DEAD1 3P by the setting T_DEAD1 EXT for the
first (fast) reclosure attempt. This could be necessary, for example, in the
event of a communication channel failure or in a master/follower scheme
when using a separate autorecloser function per circuit-breaker.

The most important autorecloser output is the CLOSE_CB command,
which must be assigned to a heavy-duty auxiliary output relay. Thisand a
number of other outputs are available for signalling purposes.

The signal AR_READY is generated when the auto-reclosure function is
ready to perform a reclosure cycle and the AR_BLOCKED that a reclo-
sure cycleis blocked. The AR_READY signal isat logical 1, whenever a
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reclosure cycle is not blocked (no AR_BLOCKED signa) and a dead
timeis not in progress. The AR_READY signa is active during a reclo-
sure command for purposes of enabling the synchrocheck function.
3.3.2 Autoreclosure There are six signals which show that a reclosure cycle is running and

3.3.3

3.34

3.35

cycle in progress

Circuit-breaker
closing signals

Definitive trip

Perform three
phase trip

what stage has been reached:

* AR_IN_PROG - reclosure cycle in progress
* FIRST_AR_1P —first single-phase cycle

* FIRST_AR_3P — first three-phase cycle

« SECOND_AR - second cycle

* THIRD_AR - third cycle

* FOURTH_AR — fourth cycle.

The CB closing instruction is normally assigned to a heavy-duty auxiliary
output relay by correspondingly setting the parameter CLOSE_CB (and
also CLOSE_CB2 in a duplex scheme). It is also possible to assign the
same signal to a signalling output under the same parameter name.

A trip during a close commandifre = t,,., + 300 ms ) switches the dead
time step (second, third and fourth AR) or initiates a lock-out trip (accord-
ing to setting). A close command is reset immediately after a trip.

The DEF_TRIP signal indicates that the circuit-breaker will remain
tripped and no further reclosure attempts will be made. A definitive trip
can be caused when:

« all reclosure attempts were unsuccessful

* a starting or tripping signal was generated after the discrimination
time or during the reclaim time

* tripping takes place while a reclosure cycle is blocked (either via the
blocking I/P or by the reclaim time)

» the SYNCHROCHCK (or DEAD_LINE) and/or CO_READY
inputs were not enabled during T_TIMEOUT due to lack of syn-
chronism

« The CB_OPEN signal is still active 300 ms after the close signal has
reset (i.e. the CB has not responded to the close signal).

The TRIP_3_POL output instructs the line protection to trip all three
phases. The signal can be externally connected or internally via the binary
circle function. This signal is generated automatically, if reclosure is
blocked, after a three phase trip or at the end of the discrimination time
(T_1P/3P_DISCRIM).
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3.3.6

Zone extension

The setting of the autorecloser parameter ZE_PREFAULT determines the
prefault reach of the distance protection when the autorecloser function is
inactive (before the first fault), i.e. setting ZE_ PREFAULT to on activates
the output signal ZEXTENSION which then switches the distance func-
tion to overreach.

The parameters ZE_AR_1 to ZE_AR_4 provide facility for individually
switching the reach for each reclosure attempt. Setting one of these
parameters to on means that the ZEXTENSION output is at logical 1 and
the distancerelay is switched to overreach for the corresponding reclosure
cycle, otherwise the distance relay is set to underreach. The signa to
switch the reach isissued at the same time asthe CLOSE_CB SIGNAL.

The distance relay is switched to overreaching for a MANUAL_CLOSE.
It is switched to under-reaching when the auto-reclosure function is
blocked.

Note also that the ZEXTENSION signal is connected to the binary input
ZEMODE_AR of the zone extension logic of the distance protection.

The parameters ZE_ PREFAULT and ZE_AR1 to ZE_AR4 must not be
changed after the settings procedure.
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4 Appendix

4.1 Function block

AR_2
AR
| AR_1_mode AR_Blodked |+
| AR_Z_4_Mode  AR_IN_Progf+
+— Master_tdode AR_Ready |+
| scBypas_1p Bh_toFhur |+
| scBypas_1P3P Close_CB [+ | |
+— ZE_AR_1 Close_CB2 [+ | |
| ZE_sR_2 Det_Tip [+ I I
| ZE_aR_z Delay_Fwr | | SE2-Friemy
| ZE_aR_a Fist_aR_1p | 7] SF2-Ready
| ZE_Pretautt Fist_ar_zp |+ SO-Feady
| t_AR_Blodk Fouth_apr |  *| FO-Fead 2
| t_close Inhibh_outp | | SONI-BH_AR
| t_Deadi_1p second_aR | | DEIE-INE
| t_Dead1_zp Thid_am e ] PE39-IN=2
| t_Deadi_Ext Tip_3_pol|ls | BAEEAR
| t_Deadz ZEstension | *] FA-SEEVRES
| t_Deads Gutputi | | EEMAH : :
| t_Deaaa cutputz |+ *| IMNIERITR | |
| t_DEenm_1P outputz |, *] MaEnualclese | THp_cEz_se
| t_DEenm_3P outputa |, *] MEstnesuse ] inpurt
| tinnit outputs |, *] MEsterdelay | inpue
| t_oper outputs . ] ST ] Inputz
! t_Timeout outputr |» ] FETE ] inputa
| Timert outputs | | FETE | Inputs
] Timerz | Synenresh | Inputs
A e | Synehrochoa o gt
! Timera ] Trlp_CE ] Inputs
! Times — Tre_LB_ER ] Inputa
! Times ] Trlp_CcB2 ] Inputio
! Timer ] Tre_LB2_ER ] Input1d
! Timer= ] Trlp_CEF ] Inputiz
+—| CB_oOpen | |« Inputis
| CB_Ready : ! | Inputia
| cBz_open | Inputis
| | +— Inputis
: : ] TFact
99000818.vsd
4.2 Signal list
Signal Type In/Out |Description
Start BOOL |In Start of a reclosure cycle
TRIP_CB_3P BOOL |In Three phase trip signal
TRIP_CB BOOL |In General trip signal
CB_READY BOOL |In CB is ready (open/close/open cycle)
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Signal Type In/Out | Description
CO_READY BOOL |In CB ready for close/open cycle
CB_OPEN BOOL |In CB open
SYNCHROCHCK BOOL |In Input from synchrocheck which enables the close CB command
DEAD_LINE BOOL |In Line is de-energized (CB_Open and v.t's on the bus-bar side)
EXT_BLK_AR BOOL |In Block autorecloser
COND_BLK_AR BOOL |In Conditional blocking signal. The switch-onto-fault signal from a

distance protection function can be connected to this input to
prevent an autoreclosure cycle when tripped from the SOTF

logic

MANUAL_CLOSE BOOL |In Manual CB close signal

EXT_SCBYPAS BOOL |In Bypass the synchroChck and CO_Ready signals

EXTEND_T1 BOOL |In Conditionally extend the t1 dead time for the first (fast) reclo-
sure (single and three phase)

MASTERDELAY BOOL |In Delay the dead time of the master CB

MAST_NOSUCC BOOL |In Blocking signal from the master CB

INHIBIT_INP BOOL |In Block the 2nd. reclosure in a 1st. and 2nd. main protection
scheme (during its dead time)

START_2 BOOL |In AR start signal. In redundant protection schemes, the general
start signal from the 2nd. protection is connected to this input

TRIP_CB2_3P BOOL |In Three phase trip signal. In redundant protection schemes, the
three phase trip signal from the 2nd. protection is connected to
this input

TRIP_CB2 BOOL |In General trip signal. In redundant protection schemes, the gen-
eral start signal from the 2nd. protection is connected to this
input

CB2_READY BOOL |In CB2 ready (open/close/open cycle). In a duplex scheme, either

an active CB_Ready or CB2_Ready input enables the autore-
closure cycle

CO_READY_2 BOOL |In CB2 ready for close/open cycle

CB2_OPEN BOOL |In CB2 open

SYNCHROCHCK2 BOOL |In Input from second synchrocheck which enables the close CB
command in a duplex scheme

DEAD_LINE_2 BOOL |In Line 2 is de-energized (CB2_Open and v.t's 2 on the bus-bar
side)

START_3 BOOL |In AR start signal. In redundant protection schemes, the general
start signal from the 3rd. protection is connected to this input

TRIP_CB3 3P BOOL |In Three phase trip signal. In redundant protection schemes, the
three phase trip signal from the 2nd. protection is connected to
this input

TRIP_CB3 BOOL |In General trip signal. In redundant protection schemes, the gen-
eral start signal from the 3rd. protection is connected to this
input

DELAY_FLWR BOOL |Out Delay the follower CB while the master circuit-breaker has not
completed its autoreclosure cycle

BLK_TOFLWR BOOL |Out Block the follower CB as long as reclosure of the master CB is
unsuccessful

CLOSE_CB BOOL |Out Auxiliary relay output for the CB close command
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Signal Type In/Out |Description
TRIP_3_POL BOOL |Out Signals the distance function to carry out a three phase trip for
an earth fault
ZEXTENSION BOOL |Out Signals the distance function to switch to overreach or enable
an overcurrent function with a short delay.
DEF_TRIP BOOL |Out Lock-out tripping of the CB
AR_READY BOOL |Out Reclosure relay ready for a reclosure cycle
AR_IN_PROG BOOL |Out Reclosure cycle is in progress
AR_BLOCKED BOOL |Out Autorecloser is blocked
FIRST_AR_3P BOOL |Out 1st. three phase reclosure cycle is in progress
FIRST_AR_1P BOOL |Out 1st. single phase reclosure cycle is in progress
SECOND_AR BOOL |Out 2nd. reclosure cycle is in progress (always three phase)
THIRD_AR BOOL |Out 3rd. reclosure cycle is in progress (always three phase)
FOURTH_AR BOOL |Out 4th. reclosure cycle is in progress (always three phase)
INHIBIT_OUTP BOOL |Out Block the 2nd. reclosure in a 1st. and 2nd. main protection
scheme
CLOSE_CB2 BOOL |Out Auxiliary relay output for the CB2 close command
4.3 Settings table Note: Parameters must be set during the setting procedure and must not
be changed afterwords.
Parameter Type/ |Usable Default Description
[unit] range
AR_1 MODE INT 0-4 0 Type of first reclosure:
0: Off
1: 1 ph. reclosure, earth fault only, no reclosure
for 3 ph. faults
2: 3 ph. reclosure, earth fault only, no reclosure
for 3 ph. faults
3: 3ph. reclosure, earth and phase faults
4: 1 ph. reclosure, earth fault only, 3 ph. faults
reclosure
AR _2 4 MODE INT 0-3 0 Maximum number of reclosure attempts (all
three-phase) after first reclosure
MASTER_MODE BOOL FALSE Selection of the particular autorecloser function
to be master. Used only in 1 1/2 and 2 breaker
schemes
ZE_PREFAULT BOOL TRUE Distance relay reach setting before the first
fault.
FALSE: underreaching (ZExtension signal
inactive), TRUE: overreaching (ZExtension sig-
nal active)
ZE_AR 1 BOOL FALSE Distance relay reach for the 1st. reclosure
attempt
FALSE: underreaching (Zextension signal inac-
tive), TRUE: overreaching (Zextension signal
active)
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Parameter Typel/ |Usable Default Description
[unit] range
ZE_AR 2 BOOL FALSE Distance relay reach for the 2nd. reclosure
attempt

FALSE: underreaching (Zextension signal inac-
tive), TRUE: overreaching (Zextension signal
active)

ZE_AR 3 BOOL FALSE Distance relay reach for the 3rd. reclosure
attempt

FALSE: underreaching (Zextension signal inac-
tive), TRUE: overreaching (Zextension signal
active)

ZE_AR 4 BOOL FALSE Distance relay reach for the 4th. reclosure
attempt

FALSE: underreaching (Zextension signal inac-
tive), TRUE: overreaching (Zextension signal

active)

SCBYPAS_1P BOOL FALSE Bypass of the synchrocheck and close/open
ready signals for the first single phase reclo-
sure

SCBYPAS_1P3P BOOL FALSE Bypass of the synchrocheck and close/open

ready signals for the first single and three
phase reclosure

T DEAD1 1P REAL |0.05-300 |001.20 1st. dead time for single phase reclosure.
[s] Increment in steps of 0.01 s

T DEAD1 3P REAL [0.05-300 |000.60 1st. dead time for three-phase reclosure. Incre-
[s] ment in steps of 0.01 s

T _DEAD1 EXT REAL |0.05-300 |001.00 Extension of 1st. dead time for single and three
[s] phase reclosure (only effective, if a logical 1 is

applied to the Extend_t1 input). Increment in
steps of 0.01 s

T _DEAD2 REAL |0.05-300 |001.20 2nd. dead time. Increment in steps of 0.01 s
[s]
T_DEAD3 REAL |0.05-300 |005.00 3rd. dead time. Increment in steps of 0.01 s
[s]
T _DEADA4 REAL |0.05-300 |060.00 4th. dead time. Increment in steps of 0.01 s
[s]
T _OPER REAL |0.05-300 |000.50 Maximum duration of a fault for which a reclo-
[s] sure attempt is made. Increment in steps of
0.01s
T_INHIBIT REAL |0.05-300 |005.00 Period (CB recovery time) after re-closing dur-
[s] ing which another trip causes definitive trip.
Increment in steps of 0.01 s
T _CLOSE REAL |0.05-300 |000.25 Duration of CB close signal. Increment in steps
[s] of 0.0l s
T _DISCRIM_1P REAL |0.10-300 |000.60 Evolving fault discrimination time for single
[s] phase reclosure. Increment in steps of 0.01 s
T DISCRIM_3P REAL [0.10-300 |000.30 Evolving fault discrimination time for three-

[s] phase reclosure. Increment in steps of 0.01 s
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Parameter

Typel
[unit]

Usable
range

Default

Description

T_TIMEOUT

REAL
[s]

0.05-300

001.00

Period after the dead time during which the
close_CB signal must occur. If this is not the
case, the Def_Trip signal is generated. Incre-
ment in steps of 0.01 s

T_AR_BLOCK

REAL
[s]

0.05-300

005.00

Time during which reclosure is blocked.
t_AR_Block is started by every blocking signal
(Ext_BIKk_AR or Cond_BIk_AR). Increment in
steps of 0.01 s
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4.4 Timing diagrams The diagrams only show unsuccessful reclosure attempts. In the case of a
successful attempt:

* the close signal would reach its full length
* the reclaim time would start at the end of the close signal
» the definitive trip would not be generated.

Table 2: Acronyms and definitions

TRIP_CB single phase trip by the protection function

TRIP_CB_3P |three phase trip by the protection function

START protection function pick-up

CLOSE_CB closing signal to the circuit-breaker

ZEXTENSION |overreach/underreach control signal (logical 1 for over-
reaching enabled)

DEF_TRIP CB trips and remains locked out
FIRST _AR_1P |first single phase reclosure cycle running

SECOND_AR |2nd. three phase reclosure cycle running

THIRD AR 3rd. three phase reclosure cycle running
AR_IN_PROG |function in operation
AR_READY function ready for a reclosure cycle
AR BLOCKED |function blocked
T DEAD_2 2nd. dead time before three phase reclosure
T DEAD_3 3rd. dead time before three-phase reclosure
T_INHIBIT reclaim time
T OPER default duration beyond which no reclosure takes place
<t Oper. <t Oper.
—— —
Trip CB : f" : f"
Start 'T' \'TI
Close CB l n
ZExtension ':
Def. Trip i

First AR 1P e
AR in Prog. —

AR Ready '; ‘I‘E
|
AR Blocked 1 } J
} tDeadl 1P | } t Inhibit
<t p «———p
. 99000811.vsd
Conditions:

single phase, ZE_AR_1_REACH set to FALSE

Figure 8:  Timing diagram for one reclosure cycle
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<t Oper. <t Oper. <t Oper. <t Oper.
. } I I n I A1 I A
Trip CB 3P i; ;‘ - —
i e
Start _ITI T H-l H-l
Close CB ! n I I
ZExtension _“ i i H i i f_
Def. Trip 3 i 3 3 3 3 *—I 3
First AR 1P —" | i‘ : : : : :
Second AR : : "—m : : :
AR in Prog. — } } i } ,_;_
AR Ready _‘} H ﬁ h ‘i_
AR Blocked ; — — ; f_ﬁ—
! t Deadl 1P } | tDead2 N tDead3 | | tInhibit
99000812.vsd
Conditions:

FIRST AR_1P, SECOND AR, THIRD_AR, ZE_PREFAULT, ZE_AR 1
FALSE, ZE_AR_2 on, ZE_AR_3 FALSE).

Figure 9:  Timing diagram for three phase autoreclosure
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1 Application

The synchrocheck function is designed for applications where the condi-

tions prevailing between two parts of a power system have to be checked
beforeit is permissible to connect them in parallel. It isintended to control

a circuit-breaker in substations with double busbars and 1% breaker con
figurations.

The function performs a full check of the differences between the volt-
ages, phase-angles and frequencies or simply checks for voltage on th
two sides of the circuit-breaker. The full synchrocheck function is neces-
sary to parallel two power systems that are both live, while a simple volt-
age check is needed when one power system is live and the other is not.
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2 Theory of operation
2.1 Features » Controlling a circuit-breaker in substations with double busbars and

1% breaker configurations.
* No additional hardware required.
« All the features of the terminal are available.
* Multiple usage.

» Supervision of the synchronization criteria:
Check of differences in amplitude, frequency and phase angle of sin-
gle-phase voltages
Determination of these variables based on a circuit comprising a
bandpass filter and A/D converter.

« \oltage supervision:
Three-phase voltage measurement (single-phase reference voltage)
Calculation of the r.m.s. values following a bandpass filter and A/D
conversion.

» Adjustable voltage supervision for paralleling a live power system
with a dead power system.

 Supervision of the line orientated current transformer.

Provision for displaying the values of all inputs and outputs.

Switching between four sets of settings.

Local control via local machine interface.

Inputs for blocking and bypassing the synchrocheck function.

Programming of the synchrocheck function when engineering a
scheme using a function plan programming language according to
the IEC 1131.

The effective zero-crossingg)of the voltage signals are determined by
linearly interpolating the sample values before and after each zero-cross-
ing ( and §+ty). The frequency and phase-angle differences are then
determined by comparing the resulting signals.

u()

Y

Figure 1:  Zero-crossing detection and linear approximation of the effec-
tive zero-crossing

99000840.vsd
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2.2 \oltage supervision
operating modes

2.3 Continuous mode

The voltage supervision function integrated in the synchrocheck device
enables alive or dead power system to be connected to a dead power sys-
tem. The voltages of the line and the ring bus are declared to be live or
dead in relation to the parameters Umax, Umin and additionally the reset
ratio defining parameters ResetRatioUmax and ResetRatioUmin. The volt-
age supervision function can operate in the following modes as deter-
mined by the status of the user input parameter VoltageCheckMode:

» No paralleling for dead line or dead ring bus.
» Paralleling for live line and dead ring bus.
» Paralleling for dead line and live ring bus.

« Paralleling for live line and dead ring bus or dead line and live ring
bus.

« Paralleling for dead line and dead ring bus.

The assignment of the subnetworks (line, ring bus) depends on the busbz
transfer with the user input$L_Active, UB1_Active andUB2_Active.

The following figure shows the ranges in which the line or ring bus is
deemed to be live, respectively dead (settiRggetRatioUmin andRese-
tRatioUmax = 100%). The default settings dfmax=0.3*U,, and
Umin=0.7*U,, are assumed. The parametdrsax andUmin can be set
within the minimum and maximum limits. Voltages higher thgpdde
also considered to be live. Voltages smaller than Q,B1e considered to

be dead.

Default value
Umin=0.7*U

Default value
Umax=0.3*U

u,
0.1 05 1

Maximum value
Umin and Umax

Minimum value Minimum value
Umax Umin

99000842.vsd

Figure 2:  Definition of the voltage limits

An overlapping of the parametddsnax andUmin can be configured (i.e.
Umax=0.7*U,, and Umin=0.6*U,)). Therefore a subnet assigned as live
and dead. In configuring an overlapping of these values no disturbance o
the functionality is caused, but has to avoided in general.

In the continuous mode, the synchrocheck device enables or disables a C
close command issued by a control device (FUP). The synchrocheck func
tion controls the control device which is directly connected to the CB. In

this mode, the interlock signal from the synchrocheck device becomes
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2.4

2.5 Multiplication of the

2.5.1

Busbar transfer

synchrocheck
function

Multiplication by
hardware

active when the criteria for synchronization (AU, Af and APhi) and the
voltage supervision condition are fulfilled for at least the duration of the
check time (tcheck).- The command signal is inactive as long as the syn-
chronization criteria are not fulfilled. The check period is determined by
the setting for the parameter topeck -

Command signal CB close signal

SC ——»| CM - ce

99000841.vsd

Figure 3:  Block diagram of the synchrocheck device (SC) an control
module (CM) in the continuous mode

At maximum three sub-nets could be involved for the synchrocheck.

« three phase voltage of the feeder
* one phase voltage of the first reference voltage
* one phase voltage of the second reference voltage

The sub-nets to checked by the synchrocheck are defined by the busbar
transfer:

« feeder and first reference voltage
« feeder and second reference voltage
« first and second reference voltage

The verification of the synchronism of the first and second reference volt-
age is used in switchgear with 1% breaker configurations.

The busbar transfer is made by the user inpliisActive, UB1_active
andUB2_Active.

Two slots are foreseen for each analog input module 500AIM02 and the
mixed transformer module in the basic and the extension rack.

Maximum configurations of the synchrocheck:

« Two analog input modules and mixed transition modules in the basic
rack and the extension rack.



Synchrocheck 1MRK 580 454-XEN
Page 6 — 233
Version 3.0-00

2.6 Response times The response time topcont between the change in a process variable (Al)
and the generation of the corresponding control signal to the circuit-
breaker (BO) is determined by the following.

» Al module processing time
+ Data transfer time to the processor unit
» CPU processing time (FUP)

Data transfer time to the BO module

BO module processing and command output time

r—-———————-- hl r————————- bl r————————- Bl
| Al module : | CPU module : | BO module :
| | |

| Synchrocheck !Synch,l | Signal | | Command |
7| measurement jyes/no, processing {Output, p-| OUtpUL T
| | |
| | |

L | L | L |
Al Command "BO
topCount

99000843.vsd

Figure 4:  Definition of the response time tgycont in the continuous
mode
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3 Design

3.1 Block diagram of the

The synchrocheck function is based on the 500AIMO02 analog input mod-

ule. The analog measured variables obtained from the main VT's are
applied to the input transformer module 500MTMO02 which reduces them
to a level of£10V. The module 500MTM is connected via the analog bus
on the backplane to the analog input module 500AIMO02, in which after a
band-pass filter and A/D conversion, the RMS values are calculated and
zero-crossing detectors and linear approximation determine the differ-
ences of voltage, phase-angle and frequency. The analog input module is
connected to the processor unit 500CPUOS3 via the process bus, which is
engineered to take account of the user inputs in the function plan. Depend-
ing on the operating mode, the circuit-breaker is controlled via the binary
output module 500BOMO1 either by the processor unit 500CPUO3 or
directly by the analog input module 500AIM02 connected to the VME
bus. The binary input module 500BIMO1 provides facility for connecting
the m.c.b’s in the VT circuits.

synchrocheck
function
| ''''''''''''''''''''''''''''''''''''''''' A
iSynchrocheck |
. Measured variable |
w1 | detecno.n and output . Saved binary outputs and
s N — (W I measured variables
w3 00 e Diff(ParaSetNr) ) > _ >
< —
mtaqelchecw‘> ( PhaseOfsett(ParaSetNr) )

UL_Active

| Binary outputs

h =
UBT Active {{i I (__Umin(ParaSetNr) ) . Dimary output
UB2_Active s (__Umax(ParaSetNr) ) |
[ ( ResetRatioUmin ) > T =
| ResetRatioUmax [ =
! |
| Control logic X .
| Trig |
Trip =| tCheck(ParaSetNr | ClosingSig
CmdSigin >t T
Blocked i ¢ [Pulse ) { CloseRel
Bridged {>i ( SyncheckMode ) j —OseRefease
. Parameter set MemoryMode |
| switchover
i Parametersatz 1 ) |
ParaSetNr ~ | —_—_—=——= '
1% (__Parametersatz2 :>( Parametersatz 1
| D, faeeenael ), !
i Parametersatz 3 ) |
. Parametersatz 4 |
I )
L I

99000844.vsd

Figure 5:  Block diagram of the synchrocheck function
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| Measurement input and output
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99000845.vsd
Figure 6: Measurement detection and output function block

3.1.1.1 Measurement detec-
tion and processing

Following a bandpass filter and A/D conversion, the measurement input
and processing function block determines the r.m.s. values of the analog
input variables uq, u,, Uz ugy and ug, and then determines the voltage,
phase-angle and frequency differences between them by detecting the
respective zero-crossings using a detector operating with linear approxi-
mation. The setting of the parameter Phase determines which input vari-
able is compared with the reference voltage of the ring busbar.

Measurement input and processing

e
. |
|

L | ULl
B | —TTY
u3 UL3
81 | P | UBL
B2 | aaging = sen | wux f=| aoc | DOSP P B2
UL_Active . fers - '—ijl';:l'
UBL_Acti | s
s | —
— Aphi

PRI . .\ oo\ !

99000846.vsd
Figure 7: .Measurement input and processing function block

For the application in isolated networks (with earth faults) phase-to-phase
voltages are processed internally.

The calculation of the voltage, phase and frequency difference and also
the calculation of the rms value and frequency of the reference voltage
depends on the busbar transfer with the user inputs UL_Active,
UB1 Activeand UB2_Active.

The verification of the synchronism between the line and a reference is
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defined by the parameter Phase (designation of the phase of the line cur-
rent).

In case of missing configuration information for the busbar transfer with
the user inputs UL_Active, UB1_Active and UB2_Active the calculated
values (URef, fRef, AU, Af and APhi) will be set on the maximum. The
calculation of the phase difference ill depends on the parameter
PhaseOffset to compensate a constant phase shift.

The following table displays how values are calculated for three cases,
synchrocheck between UB1 and UB2 (line 1), between UL and UB1 (line
2), and between UL and UB2 (line 3).

Table 1: Definitions depending on the busbar transfer

UL_active UB1_active UB2_active Urei |fTref |AU Af Ad

FALSE TRUE TRUE Ug: |fe1 Ug,— Ug; foo—Tfg;2 |dgo— g — Phys?
TRUE TRUE FALSE Ug:1 |fe1 U,,— Ug; fin—fa® |&,,—bg;—Ph 2
TRUE FALSE TRUE Ugs |fg2 U ,—Ug, fin—fg2 &, —0g—Phys?
FALSE FALSE FALSE

FALSE FALSE TRUE

FALSE TRUE FALSE All at maximum value®

TRUE FALSE FALSE

TRUE TRUE TRUE

a. Use the parameter PHASE to select phase.

b. For voltage and frequency, the maximum value is 327.25% of U,, or f,, respectively. For phase angle, the maximum angle is 180.00°

3.1.2

Voltage detection

function block

The analog input variables are sampled at afrequency of 1000 Hz (50 Hz)
or 1200 Hz (60 Hz).

The voltage detection function block builds the user outputs LivelLine,
LiveBusl, LiveBus2, DeadL ine, DeadBusl and DeadBus2 dependent on

the parameters Umax and Umin for the voltage limits and the parameters

ResetRatioUmax and ResetRatioUmin for the reset ratios.

u Uiax(ParaSetn)
ResetRatioUmax

DEAD

DEAD

Umax = 03— = —
Umax * ResetRatioUmax =0.285—= = >&€ L = = ¢ = = =

U Aumax | UIU,< UmaxResetRatioUmax)
|

.

Dead

TRUE' —I
FAL

Figure 8:

[IVE )
Umin(ParaSetNr) Live

ResetRatioUmin

UIU, < (Umin*ResetRatioUmin)

.

Definition of voltage detection

99000847.vsd
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3.1.2.1 Voltage supervision
block

The user outputs Liveline and DeadLine were build by the three of the
line currents.

uL1

LIVE |_
LIVE |_ &
LIVE |—

uL2 LiveLine

uL3

. DeadLine
DEAD & ! >

UBL LiveBusl

g

DeadBus1

LiveBus2

>

DeadBus2

c
<
m

99000848.vsd

Figure 9:  Function block voltage detection

In accordance with its set operating mode, the voltage supervision func-
tion block generates the criterion (Voltag_Check_Is OK) for enabling the
paraleling of alive and a dead power system on the basis of the inputs
LiveLine, DeadBus, DeadLine and LiveBus. The operating mode of the
voltage supervision function is determined by the status of the user input
VoltageCheckMode (LLDB, DLLB, LLDB_DLLB, NONE).

The integrated voltage supervision enables the paralleling of adead and a
dead or alive and adead power system. The function block voltage super-
vision processes the user input VoltageCheckM ode (function block VCM)
and builds dependent on the busbar transfer with the user inputs
UL_Active, UBL1_Active and UB2_Active (function block SSU) together
with LiveLine, LiveBusl, LiveBus2, DeadL ine, DeadBusl and DeadBus2
the criteriafor paralleling of the power networks (Voltage Check_Is OKk).
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The function block aso provides the criterion live bus and live line (Live-
LineLiveBus) asthe condition for performing the synchrocheck function.

I Voltage supervision

! LiveLineDeadBus

VoltageCheckMode I 5 DeadLineDeadBus
N >

DeadLineLiveBus

UL_Active
UB1_Active
UB2_Active

UL_UBL
UL_UB2
UB2_UB1]

[[ssv ] |

VvV

LiveLine
LiveBusl
LiveBus2

LiveLine

VvV

21

DeadLine

DeadBusl
DeadBus2 I

j

SR

>1 |ReadBus |/

\VoltageCheck_ls_Ok
E— & 21 —I—D

> |ReadLine

14

51 |LiveBus ] &

LiveLineLiveBus

I

Figure 10: Function block voltage supervision

The function block SSU defines dependent on the busbar transfer with the
user inputs UL_Active, UB1 Active and UB2_Active, the power net-
works to be checked for synchronism. In case of no clear choice of the
two power networks the function will be blocked (see next table).

Table 2: Behavior of function block SSU

UL_Active |UB1_Active|UB2_Active |UL_UB1 |UL_UB2 |UB2_UB1 |Description

FALSE TRUE TRUE FALSE |FALSE |TRUE Synchrocheck between ug; und ug,

TRUE TRUE FALSE TRUE FALSE |FALSE Synchrocheck between u; und ugq

TRUE FALSE TRUE FALSE |TRUE FALSE Synchrocheck between u_ und ug,

FALSE FALSE FALSE FALSE |FALSE |FALSE Blocking of the synchrocheck func-
tion

FALSE FALSE TRUE FALSE |FALSE |FALSE Blocking of the synchrocheck func-
tion

FALSE TRUE FALSE FALSE |FALSE |FALSE Blocking of the synchrocheck func-
tion

TRUE FALSE FALSE FALSE |FALSE |FALSE Blocking of the synchrocheck func-
tion

TRUE TRUE TRUE FALSE |FALSE |FALSE Blocking of the synchrocheck func-
tion
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The following table shows the response of the operating mode function
block. For example, in the voltage supervision operating mode Volt-
ageCheckMode = 2 (LLDB_DLLB), the two outputs LivelLineDeadBus
and DeadLine LiveBus of the operating mode function block are active
and the paralleling of aliveline (LiveLine) and adead bus (DeadBus) or a
dead line (DeadLine) and alive bus (LiveBus) is enabled.

Table 3: Behavior of the function block VCM

VoltageCheckMode LiveLineDeadBus DeadLineLiveBus DeadLineDeadBus
0 LLDB TRUE FALSE FALSE
1 DLLB FALSE TRUE FALSE
2 DLDB FALSE FALSE TRUE
3 LLDB_DLLB TRUE TRUE FALSE
4 NONE FALSE FALSE FALSE

The verify the synchronism between the first and the second reference
voltage (UL_Active = FALSE, UB1_Active = TRUE, UB2_Active =
TRUE => UB2_UB1 = TRUE) the second reference voltage is designed
as line and the first reference voltage is designed as bus to build up the
user output Voltage Check |Is OKk.

Table 4: Definition for the voltage supervision

UL _UB1 |UL_UB2 |UB2_UB1 |LiveLine |DeadlLine [LiveBus |DeadBus |Description

TRUE FALSE FALSE LiveLine |DeadLine [LiveBusl |DeadBusl |Synchrocheck between
u_ und ugq

FALSE TRUE FALSE LiveLine |DeadLine |LiveBus2 |DeadBus2 |Synchrocheck between
u. und Ugo

FALSE FALSE TRUE LiveBus2 |DeadBus2 |LiveBusl |DeadBus2 |Synchrocheck between
ugp und ugq

3.1.3 Comparator The comparator function block compares the voltage, frequency and

function block

phase-angle differences with the set maximum values and generates the
criteria for  synchronism  UDIff_IS OK, fDiff Is OK and
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PhaseDiff Is OK. The corresponding outputs of the function block are
active, providing the differences are less than the settings of the respective
parameters.
| Comparator |
: | .
CUDIParaSeli) ) ' b ! UDiff_Is_Ok
AU | as [
b
! |
C DfParaseny) D : @ | Diff_Is_Ok
Af | ) asb |
! |
(PhaseDiParaSeiND) I @ I PhaseDiff_Is_Ok
APhi | asb | —
- b
[ "
99000850.vsd
Figure 11: : Comparator function block
3.1.3.1 Memory function When a positive-going edge is applied to the control input “Trig” of the
block memory function block, the statuses of the binary outputs and the values

of the measured variables are saved until the next positive-going edge.

Binary outputs and A

measured variables > >
A

Trig ” ” o
A -

2nc measurad vanables < X >

99000851.vsd

Figure 12: Response of the memory function block
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3.14

Control logic
function block

r T T T T T T/ R
Control logic . I

The control generates the user output CmdSigOut and the process output
ClosingSig.

Measurement input
and output

PhaseDiff Is_Ok tCheck(ParaSetNr,

t-ON

CloseRelease

Op. L_
model—¢
t-Pulse
’—H ClosingSig »

MemoryMode

CmdSiglin

ClosingSig

Trig

L Y ls
&
2
MemoryMode =

99000852.vsd

Figure 13: Control logic function block

Depending on the setting of the parameter MemoryMode, the trigger func-
tion block generates the trigger signal for the memory function block on
the basis of the user input CmdSigln and the process output ClosingSig.
In the memory operating modes UNSUCC and SUCC_UNSUCC, the
memory function block is triggered when the user input CmdSigin is reset
without the process output ClosingSig ever being active (unsuccessful CB
close command).

N

Y

succC X UNSUCC X SUCC_UNsucCC
I
I

A\

[1 111

\J

A\

99000853.vsd

Figure 14: Response of the trigger function block
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3.1.5 Parameter set Depending on the setting of the user input ParaSetNr, the parameter set
switch-over switch-over function block enables and disables the various sets of param-
function block eter settings.
i “Parameter set switchover |
I
ParaSetNr ! I_ |
I
3] |
| g 1 Ty )
& |
| | C s
| . O )
I

99000854.vsd

Figure 15: Parameter set switch-over function block
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4 Appendix

4.1 Signal list

Signal Type Infout | Description

ULl REAL |In Phase 1 of the synchrocheck-function of the feeder oriented
voltage.

uL2 REAL |In Phase 2 of the synchrocheck-function of the feeder oriented
voltage.

uL3 REAL |In Phase 3 of the synchrocheck-function of the feeder oriented
voltage.

uB1 REAL |In The first reference voltage; (phase-to-phase ore phase-to
ground)

uB2 REAL |In The second reference voltage; (phase-to-phase ore phase-to
ground)

TRIP BOOL |In Supervision of the feeder orientated current transformers.

BLOCKED BOOL |In Blocking

BRIDGED BOOL |In Bridge over

VOLTAGECHECKMODE  |INT In Voltage supervision.

UL_ACTIVE BOOL |In Input for busbar transfer

UB1 ACTIVE BOOL |In Input for busbar transfer

UB2_ACTIVE BOOL |In Input for busbar transfer

PARASETNR INT In Select set of parameters.

CLOSERELEASE BOOL |Out Enabling signal for the CB close command in the continuous
mode

DEADLINE BOOL |Out Dead line signal

DEADBUS1 BOOL |Out Dead busbar signal

DEADBUS2 BOOL |Out Dead busbar signal

LIVELINE BOOL |Out Live line signal

LIVEBUS1 BOOL |Out Live busbar signal

LIVEBUS2 BOOL |Out Live busbar signal

VOLTAGECHECK IS OK |[BOOL |Out Voltage supervision condition fulfilled

UDIFF_IS_OK BOOL |Out Amplitude difference in permissible range signal

FDIFF_IS_OK BOOL |Out Frequency difference in permissible range signal

PHASEDIFF_IS OK BOOL |Out Phase-shift in permissible range signal

DEADLINE* BOOL |Out Available for future application. Do not use

DEADBUS1* BOOL |Out Available for future application. Do not use

DEADBUS2* BOOL |Out Available for future application. Do not use

LIVELINE* BOOL |Out Available for future application. Do not use

LIVEBUS1* BOOL |Out Available for future application. Do not use

LIVEBUS2* BOOL |Out Available for future application. Do not use

VOLTAGECHECK_IS_OK* |[BOOL |Out Available for future application. Do not use

UDIFF_IS_OK* BOOL |Out Available for future application. Do not use

FDIFF_IS_OK* BOOL |Out Available for future application. Do not use




1MRK 580 454-XEN
Page 6 — 244

Synchrocheck

Version 3.0-00

Signal Type Infout |Description

PHASEDIFF_IS_OK* BOOL |Out Available for future application. Do not use

U _DELTA REAL |Out Amplitude difference measurement

F DELTA REAL |Out Frequency difference measurement

PHI_DELTA REAL |Out Phase-shift measurement

UREF REAL |Out Reference voltage amplitude measurement

FREF REAL |Out Reference voltage frequency measurement

U_DELTA* REAL |Out Available for future application. Do not use

F_DELTA* REAL |Out Available for future application. Do not use

PHI_DELTA* REAL |Out Available for future application. Do not use

UREF* REAL |Out Available for future application. Do not use

FREF* REAL |Out Available for future application. Do not use

4.2 Settings table

Parameter Typ'e/ Usable Default Parameter description

[unit] range
uDiff2 REAL |0.05-0.40 |0.20 Maximum permissible difference between the
[pu] voltage amplitudes of two power systems,
expressed as a magnitude of rated voltage.
fDiff2 REAL |0.01-0.50 |0.20 Maximum permissible difference between the
[Hz] frequencies of two power systems
PhaseDiff2 REAL |1-80 10 Maximum permissible phase-shift between two
[degr] power systems
PhaseOffset? REAL |-179-180 |0 Offset value for phase for compensation of a
[degr] constant phase shift
Umax? REAL |0.1-1.00 0.30 Lower voltage limit below which a subnet is
[pu] declared to be dead, expressed as a magni-
tude of rated voltage.

Umin?@ REAL |0.50-1.00 |0.70 Upper voltage limit above which a subnet is

[pu] declared to be live, expressed as a magnitude
of rated voltage.

ResetRatioUmax REAL |0.90-1.00 |0.95 Reset ratio of the pickup of the parameter
Umax

ResetRatioUmin REAL |1.00-1.10 |1.05 Reset ratio of the pickup of the parameter Umin

tCheck?® TIME 0.01-30.00 |0.2 Duration of synchronism checking period

[s]

Phase INT 0-5 3 Selection of which of the three phase voltages
of the line shall be compared with the single-
phase reference voltage.

0: L1-Ground
1: L2-Ground
2: L3-Ground
3:L1-L2
4:12-L3
5:L3-L1
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Parameter Typ.e/ Usable Default Parameter description
[unit] range
SyncheckMode INT 0 0 Selection of synchrocheck operating mode.
0: Continuous

a. The parameter can exist in more than one instance depending on the selected parameter set. Use the input PARASETNR to select a pa-
rameter set.

4.3 Wiring diagram The following figure shows the external connections to the terminal that
are required by the synchrocheck device in the case of double busbars for
two phase-to-phase reference voltages.
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Figure 16: Wiring diagram for a synchrocheck device connected to two
phase-to-phase voltages of the busbar
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1 Application

2 Design

2.1 BCDS8_| (C6000)

2.1.1 Function

2.1.2 Supervision

2.2 | _BCD8 (C6001)

2.2.1 Function

2.2.2 Supervision

Use the additional configurable logic function blocks to:

» convert between binary coded decimal and integers.
» convert between binary coded booleans and integers.
» create pulses and oscillating signals.

The element converts binary coded decimal code (BCD) to integer.

The following table shows the decimal values of the binary inputs
Inl1..In8.

Table 1: Decimal values of the binary inputs in BCD8_|

In1 In2 In3 In4 In5 In6 In7 In8
1 2 4 8 10 20 40 80

When converting data which cannot be represented as binary coded dec
mal code (BCD), the error signal output will be set. The output for con-
verted data is undefined.

The element converts integers to binary coded decimal code (BCD).

The following table shows the decimal values of the binary outputs
Outl..0ut8.

Table 2: Decimal values of the binary outputs in |_BCD8

Outl Out?2 Out3 Out4 Outb Out6 Out7 Out8

1 2 4 8 10 20 40 80

When converting data from integers to binary coded dcimal code (BCD),
the numbers are restricted to 0 to 99. If the integer value to be converte
exceeds the value which can be represented at the outputs, the error sigr
output is set. The outputs for converted data are undefined.
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2.3 1_10f32 (C6002)

2.3.1 Function

2.3.2  Supervision

2.4 10f32_| (C6003)

2.4.1 Function

2.4.2 Supervision

2.5 B8_| (C6010)

2.5.1 Function

2.6 |_B8 (C6011)

2.6.1 Function

2.6.2 Supervision

2.7 B16_| (C6012)

2.7.1 Function

The element converts integers to 1-of-N code.

When converting data from integers to 1-of-N code, the numbers are
restricted to 0 to 32. If the integer value to be converted exceeds the value
which can be represented at the outputs, the error signal output is set. In
this case the outputs for converted data are set to zero.

The element converts 1-of-N code to integer.

When converting data from 1-of-N code to integer, the setting of only one
of the inputs In1..In32 is supervised. If two or more inputs are set, the
value with the lowest number is shown at the output and the error signal
output is set.

Converts eight binary coded booleans to an integer.

OUTPUT= B1 D20+ BZD21+B3D22+B4D23+BSD24+BGD25+B7D26+88D27

Converts an integer to eight binary coded booleans.

0 2 3

inpUT= B1 20+ B2t + B3P + B4 + B5 2% + B6 2° + B7 28

+38527

Allowed input values are zero to 255, otherwise error is set to one and all
B-outputs are set to zero.

Converts sixteen binary coded booleans to an integer.

OUTPUT= B1 D20+ 52D21+B3D22+ B4 D23+ B5D24+56D25+ B7D26+ B8D27

+B9 D28+ B10 D29+ B11 D210+ B12 D211 +B13 D212+ B14 D213+ B15 D214 +B16 D215
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2.8 | _B16 (C6013)

2.8.1 Function

2.8.2 Supervision

2.9 PULSE (C6020)

2.9.1 Function

Converts an integer to sixteen binary coded booleans.

INPUT= B1 D20+ BZD21+B3D22+ B4 D23+ B5D24+56D25+B7D26+ B8D27

+B9 D28+ B10 D29+ B11 D210+ Bi12 D211 +B13 D212+ B14 D213+ B15 D214 +B16 D215

Allowed input values are zero to 65 535, otherwise error is set to true and
al B-outputs are set to zero.

The function block PUL SE can be used, for example, for time limiting of
operation of outputs or for impulse extension with a subsequent config-
urable detection function of a signal state change caused direct or indirect
by the output signal.

Start ; L

detection

DETECT /I

SUCC I_I—

1 program cycle

Figure 1: Time diagram PULSE (detection of 0->1 successful during
T_D)
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2.10 N_PULSE (C6021)

2.10.1 Function

N
ouT I<— T_P—>l\)

Start |/<— TD—>» —l
detection

DETECT \
FAIL l_l

/

1 program cycle

Figure 2:  Time diagram PULSE (detection of 0->1 fail during T_D)

This function generates a pulse of length T_P whenever the input IN
changes from 1 to 0.

The function block N_PUL SE can be used, for example, for time limiting
of operation of outputs or for impul se extension.

ouT

A

Y

A
Y

Figure 3:  Time diagram N_PULSE
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2.11 P_PULSE (C6022)

2.11.1 Function

2.12 OSC_B (C6023)

2.12.1 Function

This function generates a pulse of length T_P whenever the input IN
changesfrom Oto 1.

The function block P_PULSE can be used, for example, for time limiting
of operation of outputs or for impulse extension.

ouT

< <
< <

TP TP

»
»

Y

Figure 4. Time diagram P_PULSE

This function generates an oscillating signal as long the input is high.

The function block OSC_B can be used, for example, for visualization of
an important indication or alarm on the LED’s of the LCP.

> > »
LR L] »

»&
< L

T HIGH T_LOW T _HIGH T_LOW

Figure 5:  Time diagram OSC_B
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3 Appendix

3.1 Function blocks

BCOE_|
BCOG_|
In1  ERR [+

In2 QUT
In=
Ina
Ins
Ins

In¥

T 1T 1 1T 1 111

Ina

Figure 6:  Function block BCD8 _|

2
B
T 1T 1T T T

Figure 7:  Function block |_BCD8
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IR
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Quts
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outs

outry
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outa

Qutio

i

outid

IR

outiz

outis
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outi14

IR

outls

outis

1

outiv

IR

outls

outis

1

Qutzo

outzd

IR

outzz

outes

i

outza

IR

outzs

outes

i

outz2T

IR

out2s

outzs

1

Qutzo

IR

outsd

outsz2

1

Figure 8:  Function block |_10f32
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_of3z_|
otz
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Inz ouT =

Ing

Ing
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In¥
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Ina
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Ini1

In1z

Ini13

Ini1g
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Figure 9:  Function block 10f32_I
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B8 |

B_1 OUTPUT
B_2
B_3
B_4
B_5
B_6
B_7
B_8

Figure 10: Function block B8 _|

|_B8
INPUT  ERROR
B 1

B 2

B 3

B 4

B 5

B 6

B 7

B 8

Figure 11: Function block |_B8
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B16_|

B.1  OUTPUT
B 2
B 3
B 4
B5
B 6
B 7
B 8
B O
B_10
B 11
B 12
B 13
B 14
B 15
B 16

Figure 12: Function block B16_|

|_B16

INPUT  ERROR
B 1
B 2
B 3
B 4
B 5
B 6
B 7
B 8
B9

B_10
B 11
B 12
B 13
B 14
B 15
B 16

Figure 13: Function block |_B16
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Figure 14: Function block PULSE

Figure 15: Function block N_PULSE
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Figure 17: Function block OSC_B
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3.2 Function block
diagrams

EN
& ACK
IN _[—
9 & REJ
RTG | | ouT
Tp I -
v ACTIVATION
OPR_MODE State Change succ
- Detector EAIL
DETECT with
Time Supervision
T_D TE

3.3 Signal lists

Table 3: Signal list for function block BCD8_|

Figure 18: Function block PULSE

Signal Type Infout |Description

Inx (x=1-8) BOOL |[In Input x (x=1-8) for BCD

ERR BOOL (Out Output which is set, when the input data cannot be represented
as BCD-code at the output

ouT INT Out Output for converted data

Table 4: Signal list for function block I_BCD8

Signal Type Infout |Description

IN INT In Input for the integer value to be converted

ERR BOOL (Out Output which is set, when the integer value to be converted
exceeds the value which can be represented at the outputs

Outx (x=1-8) BOOL |(Out Output x (x=1-8) for BCD
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Table 5: Signal list for function block 1_10f32

Signal Type Infout |Description

IN INT In Input for the integer value to be converted

ERR BOOL |Out Output which is set, when the integer value to be converted
exceeds the value which can be represented at the outputs

Outx (x=1-32) BOOL |Out Output x (x=1-32) for 1-of-N

Table 6: Signal list for function block 1o0f32_|

Block |Signal Type Infout |Description

10f32_1 |Inx (x=1-32) BOOL |In Input x (x=1-32) for 1-of-N

10f32_I |ERR BOOL |Out Output which is set, when the integer value to be converted
exceeds the value which can be represented at the outputs

10f32_I |OUT INT Out Output for converted data

Table 7: Signal list for function block B8_|

Signal Type Infout |Description
B_x (x=1-8) BOOL |In Input x (x=1-8) for binary coded booleans
OUTPUT INT Out Output for converted data

Table 8: Signal list for function block |_B8

Signal Type Infout |Description

INPUT INT In Input for the integer value to be converted

ERROR BOOL |Out Output which is set, when the integer value to be converted
exceeds the value (255) which can be represented at the out-
puts

B_x (x=1-8) BOOL |Out Output x (x=1-8) for binary coded booleans

Table 9: Signal list for function block B16 _|

Block |Signal Type Infout |Description
B16 | |B_x (x=1-16) BOOL |In Input x (x=1-16) for binary coded booleans
B16_I |OUTPUT INT Out Output for converted data

1IMRK 580 455-XEN
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Table 10: Signal list for function block I_B16

Signal Type Infout |Description

INPUT INT In Input for the integer value to be converted

ERROR BOOL |Out Output which is set, when the integer value to be converted
exceeds the value (65535) which can be represented at the
outputs

B_x (x=1-16) BOOL |Out Output x (x=1-16) for binary coded booleans

Table 11: Signal list for function block PULSE

Signal Type Infout |Description

IN BOOL |[In Input for start of the function, when input changes from 0 to 1

RTG BOOL |[In Input for selection of if the PULSE function is to be retriggerable
or not. If RTG is set, a retriggerable function is obtained.

EN BOOL |[In Input which activates function block PULSE

OPR_MODE BOOL |[In See settings table

DETECT BOOL |In Input signal from which the state change should be detected
according to setting OPR_MODE

TP TIME See settings table

T D TIME See settings table

ouT BOOL |(Out Output which is set when the PULSE function starts and resets
when the time set (T_P) has elapsed. With the reset of the out-
put the sub function for the detection will be activated.

ACK BOOL (Out Output which is set for one program cycle when starting input
signal (IN) is detected and the enable input (EN) is set to 1.

REJ BOOL (Out Output which is set for one program cycle when starting input
signal (IN) is detected and the enable input (EN) is set to 0.

SuUCC BOOL |Out Output which is set for one program cycle when starting input
signal (DETECT) is detected during the detection time T_D and
the sub function for the detection is activated.

FAIL BOOL (Out Output which is set for one program cycle when starting input
signal (DETECT) is not detected during the detection time T_D
and the sub function for the detection is activated.

TE TIME Out Output for time which has elapsed when the output SUCC is
set. When the detection time set (T_D) has elapsed T_E will
reset to zero.

Table 12: Signal list for function block N_PULSE

Signal Type Infout |Description
IN BOOL |[In The function starts, when input changes from 1to 0
TP TIME See settings table
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Table 12: Signal list for function block N_PULSE

Signal

Type

In/out

Description

ouT

BOOL

Out

Output which is set when the N_PULSE function starts and
resets when the time set (T_P) has elapsed

Table 13: Signal list for function block P_PULSE

Signal Type Infout |Description

IN BOOL |In The function starts, when input changes from 0 to 1.

TP TIME See settings table

ouT BOOL |Out Output which is set when the P_PULSE function starts and
resets when the time set (T_P) has elapsed.

Table 14: Signal list for function block OSC_B

Signal Type Infout |Description

IN BOOL |In The function starts, when input changes from 0 to 1

T_HIGH TIME See settings table

T LOW TIME See settings table

ouT BOOL |Out Output which is set when the OSC_B function starts. Output
oscillate with the two times T_HIGH and T_LOW and resets
when the input changes from 1 to 0.

1IMRK 580 455-XEN
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3.4 Setting tables

Table 15: Settings table for function block PULSE

Version 3.0-00

Parameter Typel/ |Usable Description
[unit] range
OPR_MODE No detec- |Input for setting the operation mode. Detection
tion, detect |is done on input DETECT. Can only be set from
rising edge, | CAP 580 configuration tool.
detect fall-
ing edge
TP TIME Input for setting the output pulse time. Can only
[s] be set from CAP 580 configuration tool.
TD TIME Input for setting the detection time interval. Can
[s] only be set from CAP 580 configuration tool.

Table 16: Settings table for function block N_PULSE

Parameter Type/ |Description
[unit]

TP TIME Input for setting the pulse duration. Can only be
[s] set from CAP 580 configuration tool

Table 17: Settings table for function block P_PULSE

Parameter Type/ |Description
[unit]

TP TIME Input for setting the pulse duration. Can only be
[s] set from CAP 580 configuration tool

Table 18: Settings table for function block OSC_B

Parameter Type/ |Description
[unit]
T HIGH TIME Input for setting the pulse duration during
[s] OUT=1. Can only be set from CAP 580 config-
uration tool
T LOW TIME Input for setting the pulse duration during
[s] OUT=0. Can only be set from CAP 580 config-
uration tool




Version 3.0-00
December 1999

Interbay communication 1MRK 580 456-XEN
Page 6 — 263

1 Application

The interbay communication is used for interchange of information
between control terminals. The information is exchanged viaa L ON-bus.

The information that is exchanged between the control terminals are used
for the functions included in the terminals.

One main task of the control terminas is to send signals to primary
switching equipment in the bay, in order to change the switching state in
the power system. To assure power system security and personal safety, it
is of great importance that the right maneuvers are made and that the
maneuvers are made in the correct sequence. To assure thisthere are inter-
nal interlocking functions in the control terminal. Further there is a reser-
vation function in the control terminal. This means that more than one
action can not be executed at the same time. When a maneuver is initiated
to a control terminal, all other maneuver possibilities are blocked until the
maneuver action is completed. The reservation function can either be
local within the bay or it can include some other bays, sections of the sub-
station or the whole substation.

For the interlocking function the switching state (positions) of the differ-
ent equipment (circuit breakers, line disconnectors, earthing disconnec-
tors, etc.) have to be included in the logic. The switching information for
each bay is collected by the corresponding control terminal. Certain appa-
ratuses in abay may require the switching state of an apparatusin another
bay. The switching information is handled via the interbay communica-
tion.

For the reservation function, when it includes the other bays, the informa-
tion of one maneuver in one bay, is sent from the control terminal to per-
form the maneuver to the control terminals for the bays where maneuvers
shall be blocked.
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2 Design

2.1 SEND

2.2 RECEIVE

The function is realized in two types of functional blocks, namely the
SEND function and the RECEIVE function. In each terminal there can be
severa SEND and RECEIVE blocks. Each SEND block will communi-
cate with one or several RECEIVE blocksin the other terminals. The con-
nection between the blocks in the different terminals are defined in the
LON network setup.

The SEND function block is used to transmit information from the own
bay to the other bays.

Each variable in the bay, that shall be transmitted to the other bays, are
defined as boolean variables. An example can be aboolean variable where
true indicates that the circuit breaker of the bay is closed. Several boolean
input variables are input signals to one SEND block. In the SEND block
up to 16 input boolean variables are converted into a binary integer. The
SEND block also hasa DELAY_TIME input, where the integer to be sent
will be sent to the other bayswith atime delay between the sendings equal
tothe TIME_DELAY input.

The RECEIVE function block is used for reception of information from
the other bays to the own bay.

An integer is received from a SEND block in another terminal. In the
RECEIVE block thisinteger is transferred to up to 16 binary coded bool-
eans. There is aso an input: VALID_TIME. After a change of the input
value the valid bit will be true for aperiod of the adjustable interval time.
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3 Appendix

3.1 Function blocks

3.2 Signal lists
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Figure 1:

The SEND function block
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Figure 2:  The RECIEVE funtion block

Table 1: Signa list for the function block SEND

Signal Type In/Out | Description

B 1 BOOL |In First data bit for network variable packing

B_2..B_15 BOOL |In Data bits for network variable packing

B 16 BOOL |In Last data bit for network variable packing
DELAY_TIME TIME In Time after which the inputs are converted to OUTPUT
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Table 1: Signa list for the function block SEND

Signal Type In/Out |Description
OUTPUT INT Out Converted inputs B1 ... B_16 into integer format

Table 2: Signal list for the function block RECIEVE

Signal Type In/Out |Description

INPUT INT In Packed network variables content

VALID_TIME TIME In Time after which the inputs are converted to OUTPUT

B 1 BOOL |Out First data bit from network variable unpacked

B 2..B_15 BOOL |Out Data bits from network variable unpacked

B_16 BOOL |Out Last data bit from network variable unpacked

VALID BOOL |Out Change of the input value the valid bit will be true for a period of
VALID_TIME
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1 Application
With the event recording function can the user define which signal and
status changes that shall be handled as events. The function handles both
the binary and analog signals.

2 Theory of operation
When achange in asignal is detected, it has to be transferred as an event
to the next higher control level. The data transfer functions must fulfil the
following requirements:

» They have to be able to transfer data to several communication serv-
ers or station control servers.

* No event may be lost.

* Recording of further events must not be impaired during data trans-
fer.

As far as the generation and transfer of events is concerned, actual proce:
signals and calculated process signals are treated in the same wa
Figure 1 illustrates how events are generated from binary and analog sig

nals.
Binary N ~ Status
signals signals
Monitoring
(change
detection &
time Queue Dest. tag
tagging) = IBB Queue 1 » Filter1 —» o
|y IBB Queue 2 P Filter 2 —» Interbay
Events L bus
= IBB Queue 3 Filter 3 —» (IBB)
Monitoring \\: IBB Queue 4 > Filter 4 —
d(C“af_‘ge& \ LCP Queue I Large front
etection & ;
time EMI Queue display
tagging) Ext. HMI
(laptop)
Analog | Measur-
signals - ands
EventsF1_R3.00

Figure 1:  Generation of events from different signal sources

IBB Queue 1-4:

corresp. to station servers’ log-in at the bay unit (session 1-4)

Filter 1-4:

correspond to a destination server for a particular event

LCP Queue:

for event indication on the large front display

EMI Queue:

for event indication an external PC connected to the front of REC 580
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3 Design

3.1 Generation of events

3.2 Buffering and
transmission of
events

Before aprocess signal can generate events, a name must be assigned to it
and the type of signal change that generates an event has to be defined.

In the case of abinary signal, a choice can be made between generating an
event on a positive-going edge (logical “0” to logical “1” transition), a
negative-going edge (logical “1” to logical “0” transition) or on both
edges.

The configuration defining the generation of events is made by parameter
settings for each queue (size and overflow strategy, Table 1), and for each
event (event text, selection of the queues, Table 2).

Event data is transferred from a bay unit to a communication server or sta-
tion control server in a data telegram which is initiated by the occurrence
of the event itself, i.e. data transfer is event-controlled. Therefore an event
data telegram must always include a time stamp.

For transfer to the station level servers the events are stored in volatile
buffers (queues) of configurable size.

Provision is made in the bay unit for configuring which queues have to be
available. The following queues can be configured:

* IBB Queue 1
IBB Queue 2
IBB Queue 3
IBB Queue 4
EMI Queue
¢ LCP Queue

IBB Queue 1 to 4 signify the log-in sessions with the respective commu-
nication servers or station control servers, EMI and LCP an external local
control unit (laptop) or the large display installed in the bay unit.

Event telegrams can be transferred to a maximum of 4 communication
servers and/or station control servers (IBB Queue 1-4, see Figure 1), pro-
vision being made for addressing each telegram to a particular one (Filter
1-4). No distinction is made at the bay unit level, whether an event is

transferred to a communication server or a station control server.

Events are sent to all IBB queues. In addition the event is put in the LCP
and EMI queues respective of the corresponding enable parameter setting
(Table 2). A station server logging in at an IBB queue (“session”) may set
a filter information 0, 1, 2, 3 or 4 in the bay unit. Filter 0 means that all
events in the queue are sent to the station server (standard), while filters 1-
4 effect that only events tagged with the corresponding filter information
are transferred from this queue to the IBB.
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3.3 Failure of a station
level unit

3.4 Length of the event
queue

3.5 Event queue overflow

3.6 Time synchronisation

Bay units cannot send event telegrams to a communication server or sta-
tion control server that is out of operation. A bay unit detecting that a
server hasfailed deletes all the eventsin the corresponding queue.

Once a server that was out of operation becomes available again, it sends
ageneral datarequest telegram (General Interrogation, Gl) to actualize its
status information.

Upon a Gl events are generated in the bay unit representing the actual pro-
cess status information. This means that for the relevant process signals
both the positive-going and the negative-going edge events have to be
configured. For the double-point indications these are the intermediate,
open, closed and disturbed events, accordingly. For the measurands it is
the delta value event that must be configured to transfer the actual value.

The length of an event queue in abay unit is sufficient for at least 200 val-
ues.

The length of every queue in abay unit can be individually configured up
to atotal for all the queues of 1000 event telegrams.

Thereis a choice of three responses to a queue overflow:

1. Savetheoldest event telegrams:
If thisresponseis set, all subsequent events are not recorded once
aqueueisfull.

2. Savethe most recent event telegrams:
If thisresponseis set, the oldest events are successively deleted as
sooN as new events arrive.
3. Savethe oldest and the most recent event telegrams:
In this case, a configurable number of old events and the most
recent events are saved. Should an overflow occur, the set number
of old eventsisretained and the older ones del eted.
The desired response to an overflow can be individualy set for each bay
unit queue.

A queue overflow itself generates an event which istransferred to the next
control level up.

Thetime for time stamping is synchronised in all the unitsviathe interbay
bus.
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4 Appendix

4.1 Settings tables

Table 1: Settings for each queue

Keep the Most Recent
Keep Oldest and Most Recent

Recent (all
queues)

Parameter Range Unit Default Description
Size 1..1000 Events |500 (IBB queues) |Maximum queue length
The sum of all queue sizes 500 (LCP queue) |(number of events)
together cannot exceed 1000 500 (EMI queue) |IBB = Interbay bus (LON)
events. LCP = Local contol panel
(large front HMI)
EMI = External machine
interface (laptop, e.g.)
Number of Kept |0 .. 1000 Events |0 (all queues) Number of the oldest events
Events to be retained in the case of
an overflow “Keep Oldest
and Most Recent”
Overflow Strategy | Keep the Oldest - Keep the Most Method selection for keeping

events when a queue over-
flow occurs

Table 2: Settings for each event derived from binary signals or measurands

Parameter

Range

Unit

Default

Description

Event Status Text

Max. 20 ASCII characters

Event text for EMI and LCP
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Table 2: Settings for each event derived from binary signals or measurands

Cause for Event

Event from binary signal:

* (0) Negative Going

* (1) Positive Going

* (2) Change of Quality
Attribute

Event from a double-point indi-

cation:
* (0) INTERMEDIATE
* (1) OPEN
* (2) CLOSED
« (3) DISTURBED
* (4) Change of Quality
Attribute

Event from a measurand:

 (0) Higher Zone->Zone

* (1) Lower Zone->Zone 2

* (2) Higher Zone->Zone
* (3) Lower Zone->Zone 3
* (4) Higher Zone->Zone
* (5) Lower Zone->Zone 4
* (6) Higher Zone->Zone
* (7) Lower Zone->Zone §
* (8) Higher Zone->Zone
* (9) Lower Zone->Zone ¢
* (10) Change of Quality

Choice

ST =+ 1o

Corresponding to
the kind of event

Setting options for the cause
of which the event shall be
generated

Attribute
* (11) Delta value

Filter 1 False - False Sets the destination tag Filter
True 1if True

Filter 2 False - False Sets the destination tag Filter
True 2 if True

Filter 3 False - False Sets the destination tag Filter
True 3if True

Filter 4 False - False Sets the destination tag Filter
True 4 if True

EMI Queue False - False If True the event will be put in
True the EMI queue

LCP Queue False - True If True the event will be put in
True the LCP queue
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1 Application

This section describes the counter and metering processing functions in
the bay units. The types of counters and meters concerned are:

 incremental counters for binary signals

* meters for measuring power

The acquisition of the corresponding signals and measurements take
place in the bay units. Provision is made for counting the binary signals
and for computing the power values directly from the primary system
measurements. The results are 32 bit values.

Counter and metering values are transferred at configurable intervals an
the counters and meters can be either reset or left as they are after transf
The telegrams with the data are time stamped at the instant they wer
saved ready for transfer.

2 Operating principle and design

Impulses generated by external power meters are acquired through binar
inputs of 500BIMO1 or 500BIO01. After the normal pre-processing (see
Section “Signal processing”) for binary signals a pulse counter function
adds the impulses and generates a 32 bit measured variable (count
value).

The primary system values for metering are obtained from the measure
ments performed by the analogue input unit 500AIM02. After pre-pro-
cessing of the voltage and current measured variables a function blocl
(AIM_Multi) calculates the kWhs (see Section “Analogue measure-
ments”). The power measured variable then passes a signal scaling bloc
to attach scaling information.

Thereafter the processing of the counter impulses and the digitised meter
ing values is the same. Figure 1 shows the processing chain. The transfe
mode can be set for each signal individually.
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Figure 1:  Processing steps for pulse counting and metering
2.1 Incremental counters
2.1.1 Signal acquisition In the case of the counters, one binary input can be used for counting
upwards or/and downwards. A single binary input can be connected to
different counters.
A binary input either increments or decrements a counter by 1. Whether
the positive or negative-going edge or both edges activate a counter is
determined by the configuration. In the case of both edges, the counter is
incremented, respectively decremented by each successive edge.
Where two inputs have been configured for upwards and downwards
counting and both signals coincide, the counter does not change at all.
212 Start When the bay unit is switched on, the counter is at zero. No provision is
made for entering a starting value or setting the counter to a particular
value.
2.1.3 Overflow The counter restarts at zero should an over or underflow occur. An over-
flow is signalled the next time a counter value is transferred (see 2.3.2).
2.1.4 Representation The counter and metering values are represented as a 32 bit number in the

range -231 .. 2311,
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2.1.5

2.1.6

2.1.7

2.1.8

Counter clock
frequency

Integrity

Accuracy

Design

2.2 Power meter

221

2.2.2

General

Calculation of
scaling factors

The counter clock frequency isin therange O .. 25 Hz which corresponds
to a minimum pulsewidth of 20 ms.

The signals acquisition circuits are designed such that no impulses can be
lost.

Counters counting the impulses from the same impulse generator via dif-
ferent binary inputs deviate by a maximum of 1 count.

Each binary counter consists of asignal acquisition function in the binary
input unit 500BIMO1 or 500B1001, respectively, and a counting function
in the central processor unit 500CPUO3.

The counters can be assigned to any of the binary inputs for counting
upwards or downwards and they can be read and reset via the central pro-
Cessor unit.

Apart from the actual counting function, the central processor unit also
performs the following :

* supervises overflow and counter integrity

* transfers the counter readings to the higher control levels

Power and energy values are calculated by the bay units from the priman
voltages and currents applied to the analogue input unit.

The energy values determined by the bay units, however, are not suffi-
ciently accurate for billing purposes.

An explanation of the implications and implementation of measuring
power and energy is given in Section “Analog measurements”.

The transfer of power and energy measurements to the next control leve
up is performed in the same way as for the binary counters.

The metered power value tansferred to upper system levels can be scale
in terms of kWh per digit. To make the metering function correctly assign
the metered power to the “kWh per digit” value scaling factors consider-
ing the ratio of instrument transformers and REC 580 input channel
chararacteristics must be set. The setting procedure for the parameters |
Table 2 and the calculation formulas are described in the following.
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Sep 1l Energy per Digit

Choose the metered power that shall correspond to one digit of the trans-
ferred metering value.

Sep 2 Primary voltage

Choose the primary voltage reference value which will be used in the fol-
lowing calculation formula. Normally the primary system rated voltage is
chosen.

Sep 3 Primary current

Choose the primary current reference value which will be used in the fol-
lowing calculation formula. Normally the primary system rated current is
chosen.

Sep 4 Voltage scaling

This setting is obtained from the following formula:

(Equation 1)

U 1 oV
U = U, =V RV
AIM_U P Up_VT Ur_MTMWRu ﬁ

L egend Equation 1:

Uaiv v Scaling factor [V] (setting parameter): Voltage measured at
B theinput of S00AIM02 when Uy, is applied to the primary sys-
tem side
U, Primary voltage reference value (phase-to-ground voltage)
[V] (setting parameter)
Up vt Main voltage transformer primary rating (phase-to-ground
voltage) [V]
Ug vT Main voltage transformer secondary rating (phase-to-ground
- voltage) [V]
U mtm  Rated voltage of input transformer unit 500MTMO02 [V]
- (63.51V / 120V / 220V, default 63.51V)
MR, Measuring range of 500MTMO2 (default =2 U, p1m)
V, [V] Voltsrms B

Sep 5 Current scaling

This setting is obtained from the following formula:

(Equation 2)

/ 1 ov
Uy = | O3€T 0 oV
AIM P Ip_CT /r_MTM WR/ ,\/_2

L egend Equation 2:
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Uaim | Scaling factor [V] (setting parameter): Voltage measured at
B the input of 5S00AIM02 when |, is applied to the primary sys-
tem side
Iy Primary current reference value [A] (setting parameter)
lp cT Main current transformer primary rating [A]
ls ot Voltage transformer secondary rating [A]
I MTM Rated current of input transformer unit 5S00MTMO2 [A] (1A /
B 5A, default 1A)
MR; Measuring range of 500MTMO2 (1.6 |, 1\ for metering, 70

Iy mTm for protection, default = 1.6 1, p1m)
V, [V] Voltsrms B
[A] Ampsrms

Sep 6 Plausibility check

This check must be made to assure that “Energy_per_digit” value setting
is not below the resolution of the metered power value. The following
condition must be fulfilled:

(Equation 3)

E, 1pigi= Energy_Base_Value

where
Ep_lDigit Primary power per digit of the transferred metering value [Wh]

and
(Equation 4)

U [ VI O [A] Lh 2000V v

Energy Base Value =
Uam_ul V1 DUy, [V1 4800 (8600

Legend Equation 4:

Up Primary voltage reference value, phase-to-ground voltage
(setting parameter)
lp Primary current reference value (setting parameter)

Uaim U Scaling factor [V] (setting parameter): Voltage measured at
B the input of 500AIMO2 when KJis applied to the primary sys-
tem side (obtained from Equation 1)
Uaim | Scaling factor [V] (setting parameter): Voltage measured at
B the input of 500AIMO2 whenylis applied to the primary sys-
tem side (obtained from Equation 2)

Example calculation:

Sep1 Energy per_Digit
Energy_per_Digit = 1000 Wh (setting = 100)



1MRK 580 459-XEN
Page 6 — 278

Pulse counters and meters

Version 3.0-00

Sep 2 Primary voltage

U, = 110kV/ /3= 63510V

Sep 3 Primary current
I, =500 A
Sep 4 Voltage scaling

Main vt ratings:

U, yw = 110kV/ /3= 63510V

Ug w = 110V/ /3= 63.51V

63.51V D; v
Uam_u = 63510V 025y Bea 51VD2 = 3.536V

Sep 5 Current scaling

Main ct ratings:

Iy bw = 500A

ls hw=1A

1%
U - 500A-A o1 Dl— 4.419V
AlM_I 500A 1A Dl 6

Step 6 Plausibility check

63510V [LO0A Dlh 200 Lv v

Energy_Base_Value = o o tua19v " 48008600

= 23.52Wh

and

E, ipigi= 1000Whz= Energy_Base_Value= 23.52Wh

The necessary condition is fulfilled.
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2.3

23.1

2.3.2

2.3.3

Transferring counter
and metering values

Data transfer

Status information

Storage of counter

and metering
values

Counter and metering values are transferred via the interbay bus as events.
Depending on the transfer mode settings at every intermediate and end
period an event is generated. These events are handled in the same way as

all the other events, see Section “Event processing”. An indication of
energy values on the local HMI of the bay unit is possible based on specia
application software engineering.

Once a counter or metering value has been established, it has to be tran
ferred to the next level up. To enable this to be done, the transfer proce
dure provides the following:

» The transfer of the values is time-controlled at a configurable rate
(period) with or without resetting the counter or meter (end-of-
period reading (EOP) and intermediate reading (IR)).

A time stamp is attached to all counter and metering values.

Counter and metering values can be transferred to a maximum of four
communication gateways or station control HMI units. Provision is also
made for addressing a counter or metering value to a specific communica
tion gateway or HMI unit.

In accordance with the IEC 870-5-101 format, the following status infor-
mation is provided when processing counter and metering values in the
bay units:

* |V: Value valid/invalid
This parameter is set when disturbed process signals or hardware are
detected (e.g. the failure of a module) during counter or metering
value acquisition.

» CA: Counter was reset
This parameter is set when the corresponding counter or metering
value was reset during the preceding period.

» CY: Overflow/underflow in the last period
This parameter is set when an over or underflow of the correspond-
ing counter or metering value was detected during the preceding
period.

o IT: Time invalid
This parameter is set when the bay unit is not synchronised or
receives an incorrect time for a transfer request.

Counter and metering telegrams are stored in a queue in the bay unit an
are only deleted after they have been successfully transferred to thei
respective communication gateways or station control HMI units.
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234

2.4 Time-controlled data

24.1

2.4.1.

2.4.2

Time
synchronisation

transfer

Periodic transfer
between queues

1 Period

On request

Counter and metering telegrams that are received by a server are also put
into a queue. Should this queue become full, no more telegrams are
accepted and they remain stored in the queue in the bay unit until spaceis
cleared in the server queue (tail-back of counter and metering values in
the bay unit).

For configuring the event queues, setting the queue length and overflow
strategy, and defining to which of the respective communication gateways
or station control HMI units the counter or metering values have to be
sent, see Section “Event processing”.

To ensure that counter and metering values are transferred to the respec-
tive intermediate register at the same time, the bay units are synchronised
to absolute time.

The timing control for periodically transferring counter and metering tele-
grams is performed in the bay units. Before a telegram is transferred, the
current counter or metering value is transferred to an intermediate register.
The corresponding counter or meter can either be reset (EOP) or not reset
(IR) after the data is transferred. A separate period can be configured for
each of the two possibilities, providing the EOP period is a multiple of the
IR period. The time stamp attached to a counter or metering telegram
refers to the instant it is transferred to the intermediate register.

Only one EOP and one IR can be configured for each counter or meter.

Counter and metering values are distributed to all the power system con-
trol centres during the same process cycle. Thus for one and the same
counter or metering channel periods cannot be individually set for the var-
ious power system control centres receiving the respective values.

The period for transferring counter and metering data to the intermediate
register can be set in a range from 30 seconds to 24 hours. The reference
time for the period is 00.00 hours on the current day.

In addition to the periodic data transfer counter or metering values can be
sent on request from the station level at any time. In this transfer mode the
group information (see Table 3) is evaluated, i.e. values of a specific
group or all values can be sent depending on the request command.
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2.4.3 Time accuracy

3 Setting

Table 1: Pulse counter settings

The discrepancy between the instants of transferring the data of two
counters or metersis at the most half a pulse-width. Thus at a maximum
pulse repetition rate of 25 Hz, the discrepancy is better than 20 ms. This
applies equally to transfer within the same bay unit and between bay units.

Rising and Falling

Parameter Range Unit Default Description
Counting Mode Up - Up Counting direction
Down Up = incrementing
Down = decrementing
Edge Mode Rising - Rising Edge that leads to an incrementing
Falling or decrementing impulse

Table 2: Power meter settings

Parameter Range Unit Default Description

Energy per Digit 0 .. 50000 0.01 kwh |100 Primary power (kwWh) per digit of the
transferred metering value

Primary Voltage 0 .. 50000 0.01 kv 11000 Primary reference voltage (normally
the rated voltage)

Primary Current 0 .. 50000 A 500 Primary reference current (normally
the rated current)

AIM Input Voltage 0 .. 10000 mV 3536 Scaling factor for the metering func-
tion considering vt ratio and charac-
teristics of the REC 580 input
channel (see 2.2.2)

AIM Input Current 0 .. 10000 mV 4419 Scaling factor for the metering func-

tion considering ct ratio and charac-
teristics of the REC 580 input
channel (see 2.2.2)
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Table 3: Transfer mode settings possible on each pulse counter or energy meter

Parameter Range Unit Default Description
Group 0.3 - 0 Group assignment for transfer mode
“On request’
End of Period Read- |[0-0.5-1-15-2-25- |min 1d Period at the end of which the corre-
ing 3-4-45-5-6-75-8 sponding counter or metering value
-9-10-12-15-16-18 is transferred and the counter is
-20-225-24-30-32- reset.
36 -40-45-48 min
-1-12-133-15-1.6 |h
-2-24-266-3-4-
48-6-8h
-05-1d d
Intermediate Read- |0-0.5-1-15-2-25- min 0 Period at the end of which the corre-
ing 3-4-45-5-6-75-8 sponding counter or metering value
-9-10-12-15-16-18 is transferred without resetting the
-20-225-24-30-32- counter.
36 -40-45-48 min
-1-1.2-133-15-1.6 |h
-2-24-266-3-4-
48-6-8h
-0.5d d




Version 3.0-00
December 1999

Analogue measurements 1MRK 580 460-XEN
Page 6 — 283

1 System overview

This section describes the provision of measurements for display on the
local HMI and the station and power system control units.

The acquisition of the process signals, i.e. primary voltage and current and
status signals from the switchgear, is performed by the bay units. The bay
units pre-process the signals and transfer their metered values together
with the associated signals to the station control level via the station bus.
The metered values can a so be viewed on the local HMI on the bay unit.

Metered variables are measured, evaluated and supervised by each of the

bay units independently. The REC 580 comprises a 19” rack (main rack)
and where necessary an extension rack. Each of these can accommode
one or two analogue input units 500AIMO02 (Figure 1).

An analogue input unit has 16 processing channels which can be assigne
either to the input transformer module 500MTMO02 (max. 13 AC measure-
ments) or the transducer module 500ITM01 (max. 16 DC signals). The
process signals are connected directly to the 500MTMO02 respectively
5001TMO1 units. Because of the different hardware versions and the abil-
ity to configure each with jumper plugs, a large number of combinations
of MTM and ITM signals can be accommodated.

The analogue input unit 500AIMO02 includes the anti-aliasing filters and

samples the analogue signals in the analogue-to-digital converter to obtail
their instantaneous values. The software installed in the 500AIM02 com-
putes the values of the measured variables at a cycling time of less than

ms.

The measured variables are transferred to the central processing un
500CPUO3 via the internal MVB bus every 128 ms. A maximum of 30
measured variables can be transferred from a 500AIM02 to the CPU. The
measured variables can be transferred from the central processing un
500CPUO3 to the station control level.

In contrast to Figure 1, the 500AIM0O2 can also communicate with the
500CPUO3 via the internal VME bus, providing

* an extension rack is not needed
* an input/output unit Type 500BIO01 is not fitted
* no PISA’s are fitted

This, however, has no influence on the processing of the measured vari
ables as far as the user is concerned.
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1 —] I - I A
500MTMO02 N
Max. 13 U and | n
i input transformers 3 500AIM02
13 — 13— A/D conversion,
o scaling, max.
AC and DC function ¢ 30 >
processing and
1 — 1 supervision
I of max. 16 analogue
>00ITMO1 channels ’
16 input channels i ﬂ
for20mA/5mA/ *\/
10 V signals 3
16 — —16— —16—
1 — —1— —1—
500MTMO02 f N
Max. 13 U and | n
i input transformers : 500AIMO02 500CPUO03
1‘3 1 —13— A/D conversion, Central processing
o scaling, max. | m unit, application
AC and DC function 130 |2 function processing
<# = <#>
processing and in IEC 1131
1 — supervision environment,
o —1— of max. 16 analogue monitoring of PISA
500|TM01 channels measured variables
16 input channels ﬂ
for20 mA/5mA/ *\/
10 V signals 3
16 — —16— —16—

Sensor PISA | MVB (optical) |

Metering function processing

CB PISA MVB (optical) >00SCMO1 —

Metering function processin MVB star coupler, 5
9 P 9 optical duplex ports
DE PISA MVB (optical)

Metering function processing

500MBAO02
MVB bus K—>

administrator

Figure 1:  Signal acquisition and processing

AnalogMeasF1_R3.xx

As can be seen from Figure 2, the measured variables arriving at the
500AIMO02 are scaled first, regardless of whether they come from the
500MTMO2 or the 5001 TMO01. Once they are referred to the rated values,
they can be processed by the software modules from the AC function
block libraries. The resulting AC and DC measured variables are then
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AIM
measured

variables
(sampled)

Scaling
(for each
channel)

available in the signdl list together with the PISA measured variables.
From there they can be transferred to the station control level, viewed on
the local HMI or processed by the function chart.

The measured variables can also be supervised in relation to specified

limits by the “Monitoring” function block. If a measured variable trans-
gresses one of its permissible limits, a time-stamped event can be gene
ated that is available for display or further processing. The “Monitoring”
function block is configured for the 500AIM02 where it supervises the
unit's measured variables and also for the 500CPUO3 to supervise the
PISA and ASW measured variables. For the user, the operation and se
tings are the same in both cases.

AC

PISA
measured
variables

b
V

RMS / Signal —
Power zero

calcula-

b

IBB

band

Signal LCP/
tion setting —>

list LMI

v

Signal
Do : ASW > list

o
b

>

Filter and 3 Monit-
signal

setting

min. ! oring —T> Events

zero

VVYV

AnalogMeasF2_R3.xx

Figure 2:  Block diagram for the processing and supervision of mea-
sured variables

AIM 500AIMO02

ASW Application software (function plan)
IBB Interbay bus

LCP Local control panel (large display)
LMI Local HMI (small display)

2 Transfer of measured variables

2.1 Cyclic

The measured variables in the bay units are transferred from the analogu
signal processing function to the central processing unit every 128 milli-
seconds. The central processing unit processes the measured variabl
according to the parameters set for the data point and saves the calculate
results.
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2.2 Signal integration

The measured variables are then transferred via the station bus at a pre-
defined cycling time to the communication gateways and station control
HMI units.

Provision is made in the bay units for integrating each of the measured
variablesto obtain astable signal. To this end, changesin the values of the
measured variables are added or subtracted as the case may be and the
resultant compared with a set threshold value. When the resultant exceeds
the threshold value, the corresponding value in the central processing unit
is updated.

In the bay units, the central processing unit polls the digitised measured
variables every 128 milliseconds and apply them to their integrators. Pro-
viding stabilisation has been configured, the changes in the value of the
respective measured variable are cyclically added and the resultant com-
pared with the threshold setting.

The integrator threshold is set individually for each of the measured vari-
ables. Its value corresponds to the percentage total change normalised to
1s and can have a setting in the range 0% to approx. 320% (Table 1). No
integration takes place for a setting of 0% and the measured variable in
the bay unit is continuously updated.

Table 1: Integrator settings

Parameter Range Unit Default |Description

Measured 0..32767 |0.01% 0 The instantaneous

hysteresis nominal value of the measured
value variable is transferred

when the integral of
the changes in its
value exceeds this
setting.
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3 Signal scaling
3.1 Description
3.1.1 General There is a “Scaling” function block (see Figure 3) for each input channel

of a 500AIM02 module which

- adjusts the instantaneous valyeas determined by the scaling factor s
and offset o

- normalises the instantaneous valyernxper unit of the respective nom-
inal value (current or voltage rating of the item of plant) n

Scaling
LIn Out—l
- - - -/ -/ -/ /1
1| . X L. |X I
—1 % Scaling ¢ _,/Normalisation|-" | & !
. Para: s, 0o Para: n :
o - o . - . . _ __ _1

Figure 3:  “Scaling” function block

Equation 1 represents the conversion of the sampled instantaneous value
x at the output of the A/D converter to the adjusted instantaneous value:

X
(Equation 1)
X, = sk+o
Input
X sampled instantaneous values at the output of the A/D con-
verter
Output
X, scaled instantaneous value
Parameters
S scaling factor
0 offset

Equation 1: Scaling the instantaneous values x

Equation 2 represents the conversion of the adjusted instantaneous value
X¢ to the normalised instantaneous valugs x
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(Equation 2)
- X
Xp = —
Input
X, scaled instantaneous value
Output
X, normalised instantaneous value
Parameter
n nominal value
Equation 2: Normalising the instantaneous values X,
3.1.2 Determination of Normally the following values are used for the scaling factor and offset:

the scaling factor s
and offset o

scaling factor s : 1.0000
offset o 1 0%

The accuracies given in Section 5.2.1 for the AC measured variables
apply when using these values.

Should in a special case, values other than the default values be used for s
and o, follow the procedure given in Table 2:

Table 2: Determination of the scaling factor s and offset o

& | Operation
0]

1 |Sets=1.0000 and o = 0%.

2 | Configure a process signal with avalue = 0 and the RM S function block to
measure RMS_OUT (see Section 5.5.2).

3 | Calculate the parameter o

o[ %] = ﬂ.R_M‘_SDIOO%
Nominal

4 | Sets=1.0000 and o ascalculated in Step 3.

5 | Configure aprocess signal with avalue = 0 and the RM S function block to
measure RMS_OUT.

If now the measured variable hasincreased in relation to Step 2, use param-
eter o with the opposite sign.

Example: -5% is used instead of +5%

6 | Configure aprocess signal with avalue = nominal and the RMS function
block to measure RMS_OUT.

7 | Cdlculate the parameter s

_ Nominal
SIP-UT = 501 RMS

8 |Setsascaculated in Step 7 and 0 as calculated in Step 3.
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Figure 4 shows the influence of the parameters s and o on the transfer
characteristic between the sampled instantaneous values and the scaled
instantaneous values.

0.03* Nominal value

|
- Nominal value |

5

Nomina value! X
|
!

Nm;%?(l)%%o F- -/ - - - -0.94* Nominal value |
0=0%
Scaled - Nominal value
s=1.0309
0=-3%

Figure 4. Influence of the scaling factor s and offset o on the transfer
characteristic from the sampled values x at the output of the
A/D converter to the scaled values x

3.1.3 Determination of The nominal value n is needed to convert the absolute sampled values to
the nominal value n  per-unit values referred to a nominal value (normally the rated value of
the item of primary plant such as current or voltage). Functional blocks
such as RMS, RMS 0 etc., that process the instantaneous values of the
input channels of the 500AIMO02 use the scaled and normalised sampled
values at the output of the “Scaling” function block.

The nominal value n for the metered AC values depends on the following:

- the ratings of the primary plant (current and voltage)

- the ratios of the main instrument transformers (current and voltage)

- the ratings of the input transformer unit 500MTMO02 (current and volt-
age)

- the input channels used on the input transformer unit 500MTMO02 (volt-
age, current metering or current protection)

The nominal value n is a fixed value for DC measurements and cannot be
configured.
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3.1.3.1 Nominal value n for
AC voltage measure-
ment

3.1.3.2 Nominal value n for
AC current measure-
ment

Equation 3 calculates the parameter n for an AC voltage measurement.
The measuring range of the 500MTMO02 is 2*U,_y1m:

(Equation 3)
. Used V] 1 2767
n[Digit] = U] V] -35— [ S
' Uprim[ V] Ur_MTM[ V] 2 EL/?
Parameters
U, Primary phase-to-ground voltage
Uprim Rated primary phase-to-ground voltage of the main
V.t
Usec Rated secondary phase-to-ground voltage of the
main v.t.
U, vim Rated voltage of the input transformer unit
- 500MTMO02
Ratings: 63.51V / 120V / 220V

Equation 3: Calculating the nominal value n for an AC voltage measure-
ment

Example:
Primary data U, = 110000/ /3 V

Uprim = 110000/ /3 V

Ugc= 110/./3 v =6351V
REC580 data: Ur mtm = 6351V

n= llOOOOVD63'51V 0O 1 Ij3’2767_

110000V 63.51V ZD/_Z_ 11585

Equation 4 calcul ates the parameters n for an AC current measurement via
the metering c.t. of the input transformer unit 500M TMO02. The measuring
range of the S00MTMO02 is 1.6* |,y
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(Equation 4)

Dlsec[A] o1 32767

Loriml Al 1 il Al 1.6 02

n[Digif] = 1[A]

Parameters
I Rated primary current
Lovim Rated primary current of the main c.t's
lsee Rated secondary current of the main c.t's
Iy Rated current of the input transformer unit

500MTMO02
Ratings: 1A/5A

Equation 4. Calculation of the parameter n for an AC current measure-
ment via a metering input on the 500MTMO02

Example:

Primary data: Iy = 1200A
| orim = 1200A
lsec =1A

REC580 data: I v = 1A

_ 1A 1 32767 _
n = 1200A Dm Dﬂ D_TD/?_ 14481

Equation 5 calculates the parameter n for an AC current measurement via
aprotection input c.t. on the input transformer unit 500MTMO02. The mea
suring range of the 500MTMO02 is 70 X | _y1m:

(Equation 5)

D/sec[A]D 1__ 32767

n[Digif] = I [A] Ll Al 1wl Al 70 02

Parameters
I, Rated primary current
orim Rated primary current of the main c.t's
lsoe Rated secondary current of the main c.t's
/ Rated current of the input transformer unit
r_MTM

500MTMO02
Ratings: 1A/5A

Equation 5: Calculation of the nominal value n for an AC current mea
surement viaa protection c.t. on the input transformer unit 500M TM 02

Example:

Primary data: [ = 1200A
loim = 1200A
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lsec =1A
REC580 data: Ik vtm =1A
_ 1A 1 _32767_
n = 1200A DlZOOADﬂ me— 331
3.1.3.3 Nominal value n for The nomina value n for DC measurement has a fixed setting of 32767
DC measurement and is independent of how the unit is configured. Any entry made for the
nominal vaue of a DC measurement is ineffective.
3.2 Settings A scaling factor s, an offset 0 and anominal value n can be configured for

each of the 16 input channels of a 500AIM02 (see Table 3). The “Channel
type” parameter is ineffective and should show the default setting DC
10V. The parameter n has no influence on DC measurements.

Table 3: “Scaling” function settings (individual for each input channel)

Parameter Range Unit Default Description

Nominal value (O .. Digital 10800 |Reference value for converting absolute values

n 32767 to per unit of nominal value (see Section 3.1.3
3.1.3 "Determination of the nominal value n")

Scaling factor |0 .. Amplification 10000 |Amplification factor for scaling the analogue

s 20000 10000 corres. to 1.0000 signal (see Section 3.1.2 "Determination of the

15000 corres. to 1.5000 scaling factor s and offset 0")

Offset -32000 .. |0.01% of nominal value |0 Offset for normalising the analogue signal (see

o} +32000 Section 3.1.2 "Determination of the scaling fac-
tor s and offset 0")

4 Supervision (zone configuration)

4.1 Description A signal’'s measuring range can be divided into a maximum of 6 zones,
zone 1 being the lowest and zone 6 the highest. The upper limits of zones
1 to 5 are adjustable. The settings of the upper limits determine how the
overall range is divided into the 6 zones.

An event is generated whenever the measured variable transgresses the
upper or lower limit of a zone, providing it remains outside the zone for an
adjustable time (minimum zone stay). It is only possible for the measured
variable to leave zone 1 in an upwards direction and zone 6 in a down-
wards direction. Thus a total of 10 time-stamped events can be generated.

Supervision can be configured for the following AC parameters:
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* rms values of land |

* frequency f

* single and three-phase values of P, Q and S powers
and all the DC signals (low-level signals).

Provision is also made for supervising PISA (process interface for sensor:
and actuators) measured variables.

The principle of the supervision function can be seen from Figure 5. The
widths of the supervision zones can be freely chosen within the measuring
range of a measured variable, but the zones must be in ascending orde
The minimum width of a zone must also be greater than the set hysteresis

'S
Upper limit of measuring range
Measured
variable
Zone 6
t>tmin: Event >Zoneb5
. Zone 5 upper limit
777777777777 I Hysteresis PR
t>tmin: Event <Zone6
Zone 5
t>tmin: Event >Zone4
Zone 4 upper limit
?ﬂmin: Event <Zone5
|
L4
t
Zone 4
Measured variable
Zone 3 upper limit \
\
Zone 3 {%btmin: Event <Zone4
Zone 2 upper limit \
\
Zone 2 %}Dtmin: Event <Zone3
Zone 1 upper limit |
|
Zone 1 {%btmm: Event <Zone2
J' Lower limit of measuring range
v AnalogMeasF5_R3.xx

Figure 5:  Principle of the supervision function for measured variables
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The processing of the events generated by the measured variable supervi-
sion function is described in Section “Event recorder”.
4.2 Settings Table 4 below lists all the configurable parameters for AC and DC

measured variables.

Table 4: Supervision settings for each AC and DC measured variable

Parameter Range Unit Default Description
Hysteresis limit 0..32767 0.01% * |100 Hysteresis for the limits of the super-
nominal vised zones
value
Minimum period in zone |0 .. 32767 ms 5 Minimum period a measured vari-
(stay) able has to be in a zone to generate
an event
Alarm mode Manual - Manual Acknowledgement of alarms (zones
Automatic 1..6 alarm) on the local HMI

Manual: Alarm maintained until
manually acknowledged

Automatic: Alarm automatically
acknowledged after a set time delay
“Time to auto-ackknowledge”

Time to auto-acknowl- |0 .. 65535 s 10 Determines the time delay before an
edge alarm is automatically acknowl-
edged when Alarm mode = Auto-
matic
Zone n alarm False/True - False True = activates zone n alarm on the
(n=1..6) local HMI
Zone n upper limit -2147483648 .. 0.01% * |Zone 1: 0 Upper limit setting for zone n
(n=1..6) 2147483647 nominal |Zone 2: 2500
value Zone 3: 7500 The upper limit of zone 6 is indepen-

Zone 4: 10000 dent of the setting (do not change
Zone 5: 20000 the default setting)
Zone 6: 32767

Alarm Status Text n 20 ASCII charac- |- Event text for EMI and LCP in the
Customer ters customer’s language 1)

Alarm Status Text n 20 ASCII charac- |- Event text for EMI and LCP in the
Supplier ters supplier’s language 1)

1) The selection which text is shown on the EMI screen and on the LCP
display is done by means of the Builder tool when generating the data-
base download file for REC 580.

5 AC measurements

5.1 Overview Table 5 gives an overview of the measured variable modules provided on
every 500AIMO02. Each of these modules is described in detail in the Sec-
tions given in Table 5, which also states how many times a module can be
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configured and any additional rules and interdependencies that apply
between the modules. The input variables can be assigned to any of the 16
input channels that are available.

Table 5: Software modules available for processing AC measured variables

Input Configurable .
Module name (instantaneous value) Output guantity on a | See Section
500AIM02
RMS Single-phase voltage or | RMS value 16 5.5.2
current
RMS 0 Three-phase voltage or |RMS value of residual voltage 2 5.5.3
current (3Ug or 3lg)
Active power Single-phase voltage Single-phase active power 3 5.5.4
and current (only if AIM_Multi
not configured)
Reactive power |Single-phase voltage Single-phase reactive power 3 555
and current (only if AIM_Multi
not configured)
AIM_Multi Three-phase voltage Single-phase and three-phase 1 5.5.6
and current active, reactive and apparent
powers, active and reactive
import and export of energy,
power factor (cos ¢)
Frequenz Phase-to-ground or Frequency 1 5.5.7
phase-to-phase voltage

The various measurement processing function blocks are given in Figure

6. The measurement circuit shown applies for all rms current and voltage,
frequency and power measurements. Neither “Zero band setting” nor
“Monitoring” can be configured for power factor (apsand energy mea-
surements.

After the input signals have been scaled, the rms values and powers ar
calculated from the instantaneous currents and voltages and the signe
level is determined (default setting 1%), below which the output is set to
zero (zero band setting). The signal then becomes available in the signe
list for processing by the function chart (application software) or for trans-
fer to the station control level.

The output of the “Zero band setting” block is also fed to the “Monitor-
ing” block where it is supervised and can generate events when it trans
gresses one of 5 configurable limits (see Section 4).
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5.2 Accuracy

5.2.1

AC measured

variables

AC measuring modules

AlM Scaling RMS / Signal Signal list

measured (function

variables —> (for each >~ Power > zero band = chart

(sampled) channel) calculation setting indications)

——> Monitoring =—> Events

AnalogMeasF6_R3.xx

Figure 6:  Function blocks for processing AC measured variables

Table 6 lists the measuring ranges, resolutions and accuracies applicable

for AC measured variables. The table assumes that the c.t and v.t second-
ary ratings are the same as the input ratings of the input transformer unit
500MTMO02.

Table 6: Characteristic data of the signal acquisition modules for AC measured variables

Variable Nominal Measuring range RESOIU_ Accuracy
value tion
min max Overflow Class Standard Reference range
Uph-o» U, 0 2 U, >2 U, 0.0001 |0.5 IEC688 0.8.. 49.51Hz /
Ug, Uy U, 12U, 59.61HzY
lehs Ig I 0 1.6, >1.6 1, 0.0001 |0.5 IEC688 0..1.21, 49.51Hz/
I, 59..61HzY
fu, fref o, U, 0 2f, >2 f, 0.0001 |0.1 IEC688 0.98.. 49.51Hz/
f, 102U, 59..61Hz
0.2 48..52Hz /
58..62Hz
P P,=3*U/*, [-3.2P, +3.2P, >+3.2P, |0.0001 |1 IEC688 0.98.. 49.51Hz/ cos($)=
three- <-32P, |P, 102U, 59.61Hz 0.8ind..1
phase 0..1.21, ..0.8 cap.
Q Q =3*U*,|-3.2Q, +3.2Q, >+3.2Q, [0.0001 |1 IEC688 0.98.. 49.51Hz/ sin($)=
three- <-32Q, |Q 1.02 U, 59..61Hz% 0.8ind..1
phase 0..1.21, ..0.8 cap.
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Table 6: Characteristic data of the signal acquisition modules for AC measured variables

S S, =3*U*, |-3.2S, +3.2S, >+3.2S, |0.0001
three- <-3.2S, |S
phase

Power -1 +1 none 0.0001
factor

D According to IEC688, the permissible error at 45..55 Hz (54..66 Hz) is
double that expressed by the accuracy class (e.g. the maximum error of
Class 0.5 at afrequency between 45 Hz and 55 Hz is 1%).

2 Accordi ng to IEC688, no variation from the stated frequency range is
permissible for frequency-sensitive transducers.
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5.2.2 Energy Table 7 lists the measuring ranges, resolutions and accuracies applicable
measurement for energy calculations. The table assumes that the c.t and v.t secondary
ratings are the same as the input ratings of the input transformer unit
500MTMO02.

Table 7: Characteristic data of the modules for energy metering

Variable Nomin- | Measuring Resolution |Accuracy
al value |range
min max Class Standard Reference range
Ep+ Ep- |Ur Ik |0 (23-1)0 |1impulse |2 IEC1036 0.98..1.02 U, 49.75..50.25Hz/ cos($)=
impulse 0.05..1.21, 59.75..60.25Hz 0.5ind ..
value 1..0.5cap
Eqt Eq |Ur, Ik |0 (2%1-1)0 |1impulse |2 IEC1268 0.98..1.02 U, 49.75..50.25Hz/ sin(¢)=
impulse 0.05..1.21, 59.75..60.25Hz 0.5ind..
value 1..0.5cap
5.3 Common settings The system frequency is set for all the measuring modules together (Table
8).
Table 8: Common settings for all the measuring modules
Parameter Range Unit Default |Description
System 50/60 Hz 50 System frequency
frequency f, setting
5.4 Assigning attributes Quality attributes are assigned to measured variables as shown in Table 9.

to measured variables

Table 9: Assignment of attributes to measured variables

HW | Bay unit Station level Remarks

Measured variable Supervi- Measured variable

sion
v v OV  Value IV OV Value
0 0 0 mmmm | active 0O O mmmm | Normal acquisition of measured variables
1 1 0 XXXX inactive 1 0 XXXX HW failure (v.t. m.c.b. tripped, A/D con-
verter failure, module failure)

0 0 1 XXXX inactive 0 1 XXXX Process signal overflow

IV ... invaid / OV ... overflow / mmmm ... measured variable / Xxxx ...
undefined value
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5.5 Software modules

5.5.1 Zero band setting Thisfunction isincluded in the measurement modules and affects all mea-
sured variables excepting power factor and energy (kwWh).

Values of measured variables between the positive and negative zero band
settings are considered to be zero. The zero level can be set as given in
Table 10 for all the measured variables. The zero setting for P, Q and S has
no influence on the calculation of energy values.

The principle of the zero band setting function can be seen from Figure 7.
The values of measured variables in the band

-Zero band setting < X,,, < +Zero band setting

are set to zero. The zero band setting function is inactive when set to zero.
The zero band for the PISA (process interface for sensors and actuators)

measured variables that are already digitised cannot be set on the
REC580.

“Zero band setting”
output 4
[%0]

>

100% T

- zero band setting

»
I »

T
0 \ 100%  ‘Zero band setting”

+ zero band setting i?{g‘}“
0

[~ -100%

Figure 7:  Principle of the zero band setting function
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5.5.1.1 Settings

Table 10 shows the possible zero settings for AC measured
variables.

Table 10: Zero band setting available for each measured variable

Parameter Range Unit Default Description
Zero band setting 0 .. 5000 0.01% nomi- |10 Defines the range of a mea-
nal value sured variable within which its
value is considered to be zero

55.2 RMSvalue

5.5.2.1 Description This function block calculates the rms values of currents and voltages
from their instantaneous val ues.

RMS

== In RMS=

Figure 8: The RMS function block

Table 11: RMS function block input

Signal Type Description
In Analogue Instantaneous value of current
or voltage

Table 12: RMS function block output

Signal Type Description

RMS Analogue True rms value of the input sig-
nal in steps of 0.01% of nomi-
nal, range -32768 .. 32767,
10000 corresponds to 100% of
nominal
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5.5.2.2 Settings
Table 13: RMS function settings
Parameter Range Unit Default |Description
IN ChannelO1 |- Channel | Selection of input
. 01 channel on the
Channell6 500AIMO02
Zero band setting Inidividual setting for

5.5.3 Residual RMS
voltage or current

5.5.3.1 Description

each output signal
(see Table 10)

Thisfunction block calculates the rms value of the residual voltage 3Ug or
current 3l from the instantaneous values or the three-phase system.

RMS_0

=

L1 RMS

L2

o v |-

L3

Figure 9: RMS_O function block

Table 14: RMS_0 function inputs

Signal Type Description

L1 Analogue Instantaneous current or volt-
age of phase L1

L2 Analogue Instantaneous current or volt-
age of phase L2

L3 Analogue Instantaneous current or volt-

age of phase L3
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5.5.3.2 Settings

5.5.4 Active power

5.5.4.1 Description

Table 15: RMS_0 function output

Signal

Type

Description

RMS

Analogue

True rms of the vectorial sum
of the three-phase input sig-
nals (3Uq or 3lg) in 0.01% of
nominal of the input variables,
range -32768 .. 32767, 10000
corresponds to 100% nominal

Table 16: RMS_0 function settings

Parameter Range Unit Default |Description

L1 ChannelO1 |- Channel | Selection of input
o 01 channel on the
Channell6 500AIMO02

L2 ChannelO1 |- Channel | Selection of input
. 02 channel on the
Channell6 500AIMO02

L3 ChannelO1 |- Channel | Selection of input
. 03 channel on the
Channel16 500AIMO02

Zero band setting Output signal setting

(see Table 10)

Active power

U P

S

I~

This function block calculates the active power from the instantaneous
values of current and voltage. It can only be configured if the AIM_Multi
function block is not configured.

Figure 10: “Active power” function block

Table 17: “Active power” function setting

Signal

Type

Description

U

Analogue

Instantaneous voltage
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Table 17: “Active power” function setting
Signal Type Description
| Analogue Instantaneous current
Table 18: “Active power” function output
Signal Type Description
P Analogue Active power in 0.01% steps of

the rated power U*l,, range
-32768 .. 32767, 10000 corre-
sponds to 100% nominal

5.5.4.2 Settings

Table 19: “Active power” function settings

Parameter Range Unit Default [Description
U ChannelO1 |- Channel | Selection of input
. 05 channel on the
Channell6 500AIM02
I ChannelO1 |- Channel | Selection of input
. 01 channel on the
Channell6 500AIM02
Zero band setting Inidividual setting for
each output signal
(see Table 10)
5.5.5 Reactive power
5.5.5.1 Description This function block calculates the reactive power from the instantaneous

values of current and voltage. It can only be configured if the AIM_Multi
function block is not configured.

Reactive
power

4l NER
2

Figure 11: “Reactive power” function block
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Table 20: “Reactive power” function inputs

Signal Type Description
U Analogue Instantaneous voltage
I Analogue Instantaneous current

Table 21: “Reactive power” function output

Signal Type Description

Q Analogue Reactive power in 0.01% steps
of the rated power U,*I,, range
-32768 .. 32767, 10000 corre-
sponds to 100% nominal

5.5.5.2 Settings

Table 22: “Reactive power” function settings

Parameter Range Unit Default Description
U ChannelO1 |- Channel | Selection of input
. 05 channel on the
Channel16 500AIMO02
I ChannelO1 |- Channel | Selection of input
" 01 channel on the
Channell6 500AIMO02
Zero band setting Inidividual setting for
each output signal
(see Table 10)

5.5.6 Multifunctional
measurement

5.5.6.1 Description This function block calculates the following values from the instanta-
neous values of the three-phase voltages and currents:

* active power per phase (P1, P2, P3)

« three-phase active power (Sum_P)

« reactive power per phase (Q1, Q2, Q3)
« three-phase reactive power (Sum_Q)
apparent power per phase (S1, S2, S3)
three-phase apparent power (Sum_S)

active power export and import (Ep+, Ep-)

reactive power export and import (Eq+, EQ-)
» power factor
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AIM_Multi

|-

ULl P1

I

uL2 P2

Joo

UL3 P3

IS

IL1 Sum_P

Jon

IL2 Q1

|o

IL3 Q2
Q3
Sum_Q
S1

S2

S3
Sum_S|
Ep+
Ep-
Eqg+
Eg-

Cos_Phij

3 7 VU (N IS = =S o CE NN N N S O (S O

I~

Figure 12: AIM_Multi function block

Table 23: AIM_Multi function inputs

Signal Type Description

ULl Analogue Instantaneous voltage of phase
L1

uL2 Analogue Instantaneous voltage of phase
L2

uL3 Analogue Instantaneous voltage of phase
L3

IL1 Analogue Instantaneous current of
phase L1

IL2 Analogue Instantaneous current of
phase L2

IL3 Analogue Instantaneous current of

phase L3
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Table 24: AIM_Multi function outputs

Signal Type Description

P1 Analogue Active power phase L1 in steps of 0.01% of the rated power UL1,*IL1,, range
-32768 .. 32767, 10000 corresponds to 100% nominal

P2 Analogue Active power phase L2 in steps of 0.01% of the rated power UL2*IL2,, range
-32768 .. 32767, 10000 corresponds to 100% nominal

P3 Analogue Active power phase L3 in steps of 0.01% of the rated power UL3,*IL3,, range
-32768 .. 32767, 10000 corresponds to 100% nominal

Sum_P Analogue Three-phase active power in steps of 0.01% of the rated power 3UL*IL,, range
-32768 .. 32767, 10000 corresponds to 100% nominal

Q1 Analogue Reactive power phase L1 in steps of 0.01% of the rated power UL1,*IL1,, range
-32768 .. 32767, 10000 corresponds to 100% nominal

Q2 Analogue Reactive power phase L2 in steps of 0.01% of the rated power UL2,*IL2,, range
-32768 .. 32767, 10000 corresponds to 100% nominal

Q3 Analogue Reactive power phase L3 in steps of 0.01% of the rated power UL3,*IL3,, range
-32768 .. 32767, 10000 corresponds to 100% nominal

Sum_Q Analogue Three-phase reactive power in steps of 0.01% of the rated power 3UL;*IL,, range
-32768 .. 32767, 10000 corresponds to 100% nominal

S1 Analogue Apparent power phase L1 in steps of 0.01% of the rated power UL1*IL1,, range
-32768 .. 32767, 10000 corresponds to 100% nominal

S2 Analogue Apparent power phase L2 in steps of 0.01% of the rated power UL2,*IL2,, range
-32768 .. 32767, 10000 corresponds to 100% nominal

S3 Analogue Apparent power phase L3 in steps of 0.01% of the rated power UL3,*IL3,, range
-32768 .. 32767, 10000 corresponds to 100% nominal

Sum_S Analogue Three-phase apparent power in steps of 0.01% of the rated power 3UL*IL,, range
-32768 .. 32767, 10000 corresponds to 100% nominal

Ep+ Analogue Three-phase active power export D

Ep- Analogue Three-phase active power import D

Eg+ Analogue Three-phase reactive power export D

Eg- Analogue Three-phase reactive power import D

Cos_Phi Analogue Power factor, cos_Phi = Sum_P/Sum_S, range -10000 .. 10000, 10000 corre-
sponds to cos_Phi =1.0000

5.5.6.2 Settings

1) Refer to Section “Pulse counters and meters” for the scaling and pro-

cessing of the metered power signals.

Table 25: AIM_Multi function settings

Parameter Range Unit Default |Description

ULl ChannelO1 |- Channel | Selection of input
. 01 channel on the
Channell6 500AIM02

uL2 ChannelO1 |- Channel | Selection of input
. 02 channel on the
Channell6 500AIM02
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5.5.7 Frequency

5.5.7.1 Description

Table 25: AIM_Multi function settings

uL3 Channel01 |-

Channell6

Channel
03

Selection of input
channel on the
500AIM02

IL1 Channel01 |-

Channell6

Channel
04

Selection of input
channel on the
500AIM02

IL2 Channel01 |-

Channell6

Channel
05

Selection of input
channel on the
500AIM02

IL3 Channel01 |-

Channell6

Channel
06

Selection of input
channel on the
500AIM02

Zero band setting

Individual settings
for each output sig-
nal, excepting for
power factor, Ep+,
Ep-, Eg+ and Eg-
(see Table 10)

This function block caculates the power system frequency from the

instantaneous voltage measurements.

Frequency

[~

= In f

Figure 13: “Frequency” function block

Table 26: “Frequency” function input

Signal Type

Description

In Analogue

Instantaneous voltage mea-

surements
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5.5.7.2 Settings

6 DC measurement

6.1 Overview

Table 27: “Frequency” function output

Signal

Type

Description

f

Analogue

of the inpu

Frequency of the fundamental

0.01% of rated frequency,
10000 corresponds to 100% of
rated frequency

t signal in steps of

Table 28: “Frequency” function settings

Parameter Range Unit Default Description

IN ChannelO1 |- Channel | Selection of input
. 01 channel on the
Channell6 500AIM02

Zero band setting

Inidividual setting for
each output signal
(see Table 10)

ting

Signal zero set-

Inidividual setting for
each output signal
(see Table 10)

Process data can also be acquired via 20 mA, 5 mA or 10 V low-
level signal inputs. AC modules can be used to determine the measured
variables in relation to these process signals. The processing of the mea-
sured variables for low-level signals can be seen from Figure 14.

Signal list
>~ (function

chart,
indications)

i AC module
20mA, 5mA i
or 10V Scaling Ra'\:(?;;lg'
measured —> (for each ——|> band
variables channel) i settin
(sampled) 9

> Monitoring

—T> Events

AnalogMeasF15_R3.00

Figure 14: Processing measured variables from DC input signals
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6.2 Accuracy

The detection of low-level signals can be performed either with or without
supervision of the live zero signal level. The supervision function is con-
figurable and identical to that for AC measured variables (see Section 4).

Table 29 shows the measuring range, resolution and accuracy applicable
for DC signals.

Table 29: Characteristic data of the signal acquisition modules for 20 mA low-level signhals

Variable Nominal value |Measuring range Sgﬁolu- Accuracy
min max Overflow Error Reference
range

Low-level iy =20 mA -y + 1y >+ i, <-i, |0.0001i, [<0.5%, -y Hp
signal ir=5mA -y + 1y >+ i, <-i, |0.0001i, [<0.5%, -y Hp

u=10V - Uy + U, >+ U, <-u, |0.0001u, [<0.5% u, -Uy .. +U,
6.3 Modules None
7 Testing

7.1 AC measured
variables

7.2 DC measured
variables

A stabilised AC supply unit with variable current and voltage and high-
precision current, voltage, power and frequency meters are needed to test
the AC measuring functions. The operating range of the supply unit must
correspond to the rated AC current and voltage of the terminalsto which it
is connected.

Connect the generators and instruments to the input terminals of the unit
under test. Check that the values displayed on the HMI are within the per-
missible variation of those of the respective input signals.

A stabilised DC supply unit with variable current and voltage and high-
precision milliammeters and voltmeters are needed to test the DC measur-
ing functions. The DC supply unit and the voltmeter must have a range of
at least -12 to +12 V and the milliammeter -25 to +25 mA.

Connect the DC supply unit and the meters to the corresponding DC cur-
rent and voltage input terminals of the unit under test. Check that the val-
ues displayed on the HMI are within the permissible variation of those of
the respective input signals.
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1 Application
This section describes the signal processing of binary status signals (indi-
cations) in the bay unit as well as the setting possibilities of each type of
binary 1/0 unit. Both processing of status signals and event telegrams are
described.
Figure 1 shows the communication structure at the station control level to
illustrate the interaction between the various signal processing functions.
Communi- Communi-
cation cation
Station control
HMI
LONLAG 13
Interbay bus 1BB
Bay unit Internal communication |
REC 580 |

"4
< VME bus > Bay unit
@ @ @ ‘ ‘ L REC 580

Central pro-| | Analogue . O
cessing unit input unit . . Binary /0
500CPUO3 500AIM02 _ Blnary' Binary ' unit
input unit output unit 500BIO01 * Communication of
500BIMO1 500BOMO1 500A1M02 must be
viaMVB in case an
<@ MVB bus @ * @ — extension rack,
500BI001 or PISA

— are used
PISA ) .
SignalProcessingF1R3.xx

Figure 1. Communication structure of the bay unit within a substation
automation system

The central processing units in the bay units communicate with their input
and output modules via an internal backplane bus (VME or MVB).
The bay units communicate viathe interbay bus (IBB) with the
e communication gateways
* station control HMI units
 each other
Whether communicating via the interbay bus or the backplane bus, a dis
tinction has to be made between two types of data:

* signals that give the current status of the process
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11

111

Communication via
the interbay bus

Generation of
status information

« event telegrams that are generated by changes in status

Status signals are processed by the function plan, exchanged for purposes
of interlocking between the bay units and used to determine the instant for
transferring measurements.

Event telegrams are used to record changes of status for evaluation at sta-
tion or power system control levels, to generate general signals and alarms
and to calculate relative times for signals.

The purpose is to give a general overview of how the supplementary
information concerning signal statuses (e.g. status and the cause of trans-
mission) are processed at station control level.

Information is transferred via the interbay bus in the form of data tele-
grams conforming to the definition in IEC 870-5-101. Apart from the
actual signal status, a data telegram includes information on the quality of
the signal and the cause of transmission. The most important supplemen-
tary information is:

« status of the signal itself (valid/invalid)

At the station control level, the following status signals conforming to
IEC 870-5-101 are supported:

* invalid (IV)
* time invalid (TV)

The following are not supported:

blocked (BL)
substituted (SB)
overflow (OV)
not topical (NT)
test bit (T)

Invalid (1V)

The “Invalid” attribute is set when a bay unit detects a hardware failure in
the process signal circuit or the bay unit itself has failed, i.e. for the sig-
nals:

* module defective (500BIM01, 500BI0O01)

* spurious oscillation of the input signal was detected (oscillation sup-
pression)
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1.1.2

Cause of
transmission

» failure of bay unit or communication with the bay unit (supported by
units on station level)

Measurements:

» module defective (500AIM02)

Process data with an invalid attribute are assigned the last valid value. It i
not permissible to use the value, because it does not necessarily corre
spond to the actual value.

Position indicator signals with an “Invalid” attribute act in a blocking
sense on interlocking logics, i.e. the interlock check is negative.

Timeinvalid (TV)

The quality attribute TV does not concern the actual process information,
but is merely a time stamp attached to an event. This means that it can b
set for every event telegram regardless of the statuses of the other qualit
attributes.

The condition for setting the “Time invalid” (TV) attribute is fulfilled
when the corresponding bay unit is not synchronised and the deviation o
the internal clock exceeds the permissible limit.

This status information does not influence the processing of the proces:
data and the signal status continues to be valid.

According to IEC 870-5-101, the cause of transmission (COT) comprises
the following:

 Test bit (T): indicates that a signal was generated in the test mode.

» P/N bit: positive or negative confirmation in the response to a com-
mand.

» Cause: The event that initiated transmission.

Apart from P/N, the station control level distinguishes a number of causes
of transmission. Table 1 is based on IEC 870-5-101 and lists all the cause
of transmission supported by a bay unit.

It should be noted that any COT number between 1 and 127 can be
attached to the signal, e.g. by means of an ASW function, and transferre
to the station level.

Table 1: Cause of transmission supported by REC 580

EOOT Designation according to IEC 870-5-101 Significance

<3> spontaneous Process data are transferred when a change
takes place

<6> activation Transmission was activated by a command

<7> activation confirmation Confirmation of the activating command
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Table 1: Cause of transmission supported by REC 580

<8> deactivation Deactivating command
<9> deactivation confirmation Confirmation of the deactivating command
<20> interrogated by general interrogation General data transfer request

1.1.3 Originator address  The originator address is mirrored, i.e. the same originator address which
is sent from station level is used for the reply.

1.2 Overview of The following Sections describe the main signal processing structure in
processing functions the binary input unit and the central processing unit.

1.2.1 Processing by the Signal processing by the binary input unit consists of the signal acquisi-
binary input unit tion functions

« time stamping signal changes

input voltage level detection at defined thresholds

contact bounce filtering

signal inversion

suppressing spuriously oscillating signals

and the signal processing and transfer functions
 processing double-point indications
* generating event telegrams
* management of quality attributes

1.2.2 Processing by the Signal processing by the central processing unit consists of

central processing
unit e processing signal statuses

signal acquisition and transfer

processing and transferring counter and metering values

running the function chart
* etc.

Running the function chart entails

« further processing of double point indications
« handling signals with relative time
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2 Design

2.1 Signal acquisition by
the binary input unit

 suppression of dependent signals
* supervision of the signal voltage
* supervision of the control voltage
* processing commands

. etc.

The binary input unit 500BIMO1 and the binary I/0O unit 500BIO01 per-
form the acquisition of binary process signals in the bay units. The func-
tion blocks in the processing chain are shown in Figure 2 by the example
of 500BIMO1.

500BIMO1
Binary input group ~

a?gu?:ilt- Deboun- Oscillat > Signal
BIN1 acquisi L1 nversion | ~on —— ion sup- list

ion, time cing ession )

stamp P Double-

Sianal point

igna illat- indication

acquisit- ) Deboun- Oscillat = > _
BIN2 ion. ti —— Inversion —— . F— ion sup- Monitor-

ion, time cing pression o ) o Events

stamp ing

SignalProcessingF3R3.xx

Figure 2:  Binary signal processing chain for one binary input group of
500BIMO1. The output of the block “Double point indication” is
a signal with four possible statuses.

The application program and functions generate derived binary process
signals as a conseguence of process statuses (e.g. warnings when intervals
are exceeded etc.).

The signal acquisition function performs the tasks up to the point that a
signal isfinally recognised as binary status data.

Thetasksin the case of actual binary process signals are:
* acquisition of signals with a resolution of 1 ms

* detection of the first edge of a status change and attaching a time
stamp

* inversion of the voltage level definition in special cases
« filtering of contact bounce phenomena (decaying oscillations)
* suppression of events generation during spurious signal oscillations
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Once these tasks have been completed and the signal recognised as binary
process data, it is ready for processing.

Derived binary process signals aready count as statuses and can be pro-
cessed directly.

2.1.1 Signal acquisition
and resolution

Actual process signals are detected with aresolution of 1 ms. The absolute
timeit occursis attached to every change in signal status.

The accuracy of the signal times in relation to each other in a bay unit is
+1ms

The time a signal occursis the instant of itsfirst valid positive (0 to 1) or
negative-going (1 to 0) edge. A changein signal statusisachangein volt-
age from one defined logical signal state to the other defined logica sig-
nal state.

The threshold values for logical “1” and logical “0” for each actual binary
process signal (i.e. the setting and resetting levels) are shown in Table 4).

2.1.2 Inversion Provision has to be made for inverting every actual process signal. This
involves configuring an input such that it generates a logical “1” at its out-

put either when a logical “1” or when a logical “0” is applied to its input.

Where configured, signal inversion takes place in the binary input circuits
of the units 500BIM01 and 500BIOO01. All processing afterwards in the
binary input unit and in the central processing unit (e.g. application pro-
gram or general functions) is performed using the inverted value.

This means, for example, that for process signals which are configured as
double signals, the status of the double signal is determined on the basis of
the inverted signal value.

The table below shows the different statuses that are possible for inverting
signals. Input in this case refers to the actual binary process signal and
output the signal used for further processing.

Inverted Input Output
No 0 0
No 1 1
Yes 0 1
Yes 1 0

Table 2: Statuses of inverted signals

Inversion can be configured for each of the binary inputs individually.
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2.1.3 Contact bounce The switching edges of process signals generated by contacts can be dis-
filter torted by contact bounce. Provision therefore has to be made for filtering
process signals to obtain a clean switching edge.

The filter detects the first edge of a signal and then commences to super-
viseit for aconfigurable time. The signal isvalid providing it is still being
detected or detected again at the end of the set filter time.

Each input of the input units 500BIM 01 and 500BIO01 is equipped with a
contact bounce filter that operates according to the following principle:

A counter is started when thefirst signal edge is detected which counts the
clock impulses corresponding to the set filter time. When the counter
reaches the set number of clock impulses, the function checks whether the
signa change is still present and if it is, it is made available for further
processing.

The time stamp attached to actual process signals is uninfluenced by the
contact bounce filter. The time stamp applies to the first valid signal edge
that is detected. A process signal isthus defined by:

» the first valid edge of a signal voltage change regardless of the dura-
tion of the contact bounce filter

« the attainment of a stable state within a configurable interval
A process signal is only available for further processing after the contact

bounce filter time has expired. Figure 3 illustrates the operating principle
of the contact bounce filter.

A | Set contact bounce filter time

1
Signal change
with contact
bounce

v

1
Filter output
signal

Time stamp instant Signal available for
further processing

Figure 3:  Operation of the contact bounce filter for a binary process sig-
nal
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When configuring the system, the contact bounce filter for each binary
input has to be set in the range 0 .. 100 ms. A setting of 0 means that the
filter is deactivated.
2.1.4 Suppression of Spuriously oscillating signas are repeated several times within a short

spurious
oscillation

period of time (e.g. 12 changes of status within a second).

The first occurrence of such signals has to be processed, but the repeats
should not and therefore have to be suppressed. This is achieved by set-
ting the quality attribute “Invalid” (1V) for the duration of the oscillation
suppression setting.

The oscillation suppression interval can be set individually for each pro-
cess signal.

The oscillation suppression function can be configured on the units
500BIM0O1 and 500BIO01 independently for each of the binary inputs
using the following procedure:

1.

Every change of signal increments the signal’s counter (signal
change counter) which has a range from 0 to 255. The increment-
ation and decrementation procedure is illustrated in Figure 4 and
5.

The counter is decremented by a signal with a period of max. 2048
ms (decrement rate, configurable to lower values). It follows from
this and the procedure which has been described that only oscilla-
tion of a signal at a frequency higher than 0.5 Hz will activate the
oscillation suppression function. At lower frequencies, the contin-
uous decrementation of the counter prevents it from reaching its
set upper limit.

If the counter reaches its upper limit (maximum count), the signal
is deemed to be oscillating and the attribute “Invalid” (IV) is set to
logical “1".

When the counter reaches its lower limit (minimum count) again,
the attribute “Invalid” (1V) is reset to logical “0".

Once a signal is deemed to be oscillating, its status is fixed at the
last valid value and only this value is then available for processing
by the central processing unit in the bay unit. The generation of
events with a time stamp is also suppressed.

If the signal oscillates for a given maximum time (maximum sup-
pression time), the signal’s “Invalid” attribute (1V) is reset and the
counter is reinitiated at O (Figure 4). The resetting of the counter at
the limit time can itself be suppressed by setting the corresponding
parameter to 0 which sets the maximum suppression time to infin-

ity.
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: 1
Signal 0
Signal change
counter 255 [ [
[ [
Maximum count T l = l
Minimum count l [ I l
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period 2048 ms ]—l H H H I—l [—[ I—I H ﬂ ]_[
Signal deemed to 1 I | I
be oscillating 0
Oscillation suppression time
Figure 4: Example of a continuously oscillating signal for which a sup-
pression time > 0 has been set
. 1
Signal 0
Signal change
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Figure 5. Example of a briefly oscillating signal
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2.15

2.1.6

Processing double
point indications

Generation of
events

To properly acquire switchgear position indicator signal's, two process sig-
nals have to be combined to form a double point indication. A double
point indication can have four statuses:

« 00 = intermediate position or defective
* 01 = open

* 10 = closed

* 11 = defective

All four statuses have to be reliably transferred to the higher control lev-
els.

According to IEC 870-5-101, four different events can be generated by a
double signal: immediately each of the end positions “Open” and
“Closed” (01, 10) is reached, in the defective position (11) and after a set
delay time in the intermediate position (00).

The binary input unit 500BIMO1 has a total of 24 binary inputs. These are
divided into pairs, each pair having a common connection. Each input pair
can be used for a double point indication. Provision is made for configur-
ing whether the signals connected to a contact pair should be processed as
single point indications, as double point indication or both of them.

The detection of the statuses of double signals and the supervision of the
run-time between them are performed in the binary input unit. They are
then processed by the central processing unit 500CPUO3 and transferred
to the next higher control level as a single signal which can be unequivo-
cally interpreted.

The operating time supervision for double point indications can be indi-
vidually configured for each double point indication (Table 4).

There is also a parameter for every double point indication which when
configured suppresses the intermediate position. When this parameter is
set, the intermediate position is not included in the status information of
the double point indication. In this case, the last valid status, i.e. the last
end position, is maintained until the new end position is reached. The sta-
tus of the intermediate position is transferred, however, should the set
operating time be exceeded.

Whenever the status of a signal changes, an event described the kind of
change and the accurate time it occurred can be generated. This is done in
the function block “Monitoring” (Figure 2). The following events can be
configured for the three different types of signals (also see Section “Event
processing”):

Single point indications (SPI):
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3 Settings

3.1 500BIMO1

* Negative Going
* Positive Going

Double point indications (DPI):

* Intermediate (00)
» Open (01)

* Closed (10)

* Disturbed (11)

Double point indications can generate events in the end positions “Open
(01) and “Closed” (10), the defective position (11) and when the operating
time is exceeded in the intermediate position (00).

Table 3: Settings for each binary input unit 500BIM01

Parameter Range Unit Default Description
Name Customer 20 ASCIl |- 500BIMO1 | Customer’s designation for the binary input unit 1)
characters
Name Supplier 20 ASCIl |- 500BIMO1 | Supplier’s designation for the binary input unit 1)
characters
Max. Oscillation Time 0..65535 |0.1s 30000 Max. oscillation suppression time. After this time
has elapsed the counter is set to 0 and the super-
vision restarts. The suppression time is infinity for
a setting of 0.
Min. Number Of Transi- |0 .. 127 - 7 When the oscillation counter falls below this set-
tions ting the oscillation suppression becomes inactive
Max. Number Of Transi- |0 .. 127 - 10 When the oscillation counter exceeds this setting
tions the oscillation suppression becomes active
Decrement Rate 32, 64, ms 2048 Cycle time for decrementing the oscillation
128, 256, counter
512, 1024,
2048

1) The selection which text is shown on the EMI screen and on the LCP
display is done by means of the Builder tool when generating the data-
base download file for REC 580.
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Table 4: Settings for each binary input group (i.e. two optocoupler inputs with common negative pole) on

500BIMO1
Parameter Range Unit Default Description
Battery Voltage 18..312 |V 110 Nominal battery voltage U,pc
Pick-up, reset thresholds of binary inputs:
U>75%, U<70% U,pc (120 < U;pc £ 312 V)
U >70%, U<60% Uypc (60 < Uypc <120 V)
U >60%, U <40% U,pc (18 < Uypc <60 V)
Max. Operating Time 0..131000 | ms 25000 Operating time supervision for switching objects
Intermediate Position False - False Suppression of the intermediate position
Suppression True False = intermediate position generates an event,
True = intermediate position does not generate an
event

Table 5: Settings for each binary input channel on 500BIM01

Parameter Range Unit Default Description
Debounce Time 0..127 ms 20 Contact bounce filter time
Low Active False - False Signal inversion
True False = input not inverted,
True = input inverted

3.2 500BOMO1

Table 6: Settings for each binary output unit 500BOMO01

Parameter Range Unit Default Description

Name Customer 20 ASCIl |- 500BOMOL1 | Customer’s designation for the binary input unit %)
characters

Name Supplier 20 ASCIl |- 500BOMOL1 | Supplier’s designation for the binary input unit 1)
characters

1) The selection which text is shown on the EMI screen and on the LCP
display is done by means of the Builder tool when generating the data-
base download file for REC 580.
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