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1. About the Designer's handbook

1.1 Intended users of the Designer's handbook

The Designer's handbook is primarily for the person who designs the control system, electrical system, and communication system
where the controllers are installed. This includes drawing the system drawings, setting the controller parameters, and selecting and
setting up the protections and functions. The Designer's handbook can also be used during commissioning to check the design
drawings and the controller parameters. Operators may find the Designer's handbook useful for understanding the system and for
troubleshooting.

DANGER!
A Read this manual before designing the system. Failure to do this could result in human injury or damage to the equipment.

1.2 Symbols and conventions in the Designer's handbook
Inputs and outputs
Most of the controller inputs and outputs are configurable. You can assign functions to inputs or outputs by using either the display

unit or PICUS. To assign a function, under Configure > Input/output, select a hardware module, then select a set of terminals to
configure.

Parameters

You can select and change the parameters by using either the display unit or PICUS, under Configure > Parameters.
Functions

As far as possible, the Designer's handbook descriptions are based on functions. Each function description includes the relevant
input and output functions, and parameters.

Multi-function parameters and 1/Os

Some parameters and inputs/outputs can be used by more than one function. Search the whole Designer's handbook to see the
impact of a change.

Parameter used by more than one function example

For a GENSET controller, Configure > Parameters > Generator > Nominal settings > Nominal settings 1 > Voltage
(V) is the genset Nominal voltage for the first set of nominal settings. The Nominal voltage is the basis for all the voltage
alarms.

General names

Square brackets [ ] are used to create general names. General names are used to avoid repeating the same function description.

Use of square brackets examples
[Source] represents the Generator for a GENSET controller.
[Hardware module] represents the relevant controller hardware module.

[Breaker] represents the Generator breaker for a GENSET controller.

More information
See System principles, Overall principles, General names for controller types for more information.
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Numbered possibilities

The hash symbol # is used when there are several numbered possibilities, to avoid repeating the same function description for each
numbered possibility.

Use of hash # example

Controller ID #: # represents 1 to 64. That is, the system can have up to 32 controllers, each with their own unique
Controller ID between 1 and 64.

Number format
The number format uses the following symbols.

Decimal separator 10.1 s = 10 seconds 100 milliseconds

Thousands separator , comma 20,000 kW =20 MW

1.3 Symbols for notes

Safety notes

DANGER!
A This highlights dangerous situations. If the guidelines are not followed, these situations could result in death, serious
personal injury, and equipment damage or destruction.

CAUTION
A This highlights potentially dangerous situations. If the guidelines are not followed, these situations could result in personal
injury or damaged equipment.

General notes

INFO
This highlights general information.

More information
This highlights where to find more information.

Example heading

This highlights examples.

1.4 Software versions
The information in this document corresponds to the following software versions.

PPM 300 Software versions

PCM APPL Controller application 1.0.15.x
DU APPL Display unit application 1.0.15.x
PICUS PC software 1.0.15.x
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1.5 Technical support

If you need technical support:
1. Help:
* The display unit includes context-sensitive help.
2. Technical documentation:
+ Download relevant technical documentation from www.deif.com/documentation.
3. Support:
» DEIF offers 24-hour support.
+ See www.deif.com for contact details, there may be a DEIF subsidiary located near you.
* You can also e-mail support@deif.com.
4. Service:
+ DEIF engineers can help with design, commissioning, operating and optimisation.
5. Training:
+ DEIF regularly offers training courses at the DEIF offices worldwide.

You can read more about service and support options on www.deif.com.
1.6 Warnings and safety

Safety during installation and operation

When you install and operate the equipment, you may have to work with dangerous currents and voltages. The installation must
only be carried out by authorised personnel who understand the risks involved in working with electrical equipment.

A\ DANGER!

Hazardous live currents and voltages

Do not touch any terminals, especially the AC measurement inputs and the relay terminals, as this could lead to injury or
death.

Controller power supply

The controller must have a reliable power supply and a backup power supply. The switchboard design must ensure sufficient
protection of the system, if the controller power supply fails.

If the controller has no power supply, it is OFF and does not provide any protection. The controller cannot enforce any trips,
shutdowns or latches when it is off. The controller does not provide any control or power management. All the controller relays de-
energise.

Connect the controller protective earth

A\ DANGER!

Failure to ground
A Failure to ground the controller (or extension rack) could lead to injury or death.

You must ground the controller (or extension rack) to a protective earth.
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Switchboard control

Under Switchboard control, the operator controls and operates the equipment from the switchboard. When Switchboard control is
activated:

» The controller trips the breaker and/or shuts down the engine, if an alarm situation arises that requires a trip and/or shutdown.
* The controller does not respond to a blackout.

» The controller does not provide any power management.

* The controller does not accept operator commands.

» The controller cannot and does not prevent any manual operator actions.

The switchboard design must therefore ensure that the system is sufficiently protected when the controller is under Switchboard
control.

Manual override of alarm action
A Do not use switchboard or manual control to override the alarm action of an active alarm.

An alarm may be active because it is latched, or because the alarm condition is still present. If the alarm action is
manually overridden, a latched alarm does NOT provide any protection.

Factory settings

The controller is delivered pre-programmed from the factory with a set of default settings. These settings are based on typical values
and may not be correct for your system. You must therefore check all parameters before using the controller.

Automatic and remote-controlled starts

/\ CAUTION

Automatic genset start

inexperienced operator to predict which gensets will start. In addition, gensets can be started remotely (for example, via

fz The power management system automatically starts gensets when more power is needed. It can be difficult for an
an Ethernet connection, or a digital input).

To avoid personal injury, the genset design, the layout, and maintenance procedures must take this into account.

Electrostatic discharge

Protect the equipment terminals from electrostatic discharge when not installed in a grounded rack. Electrostatic discharge can
damage the terminals.

Shelving and taking alarms out of service

A\ DANGER!

Shelved and out of service alarms are completely disabled.

These alarms cannot be activated by the operating conditions, and provide NO protection. Shelving or taking out of
service also automatically acknowledges the alarm and resets the latch.

It is possible to shelve and/or take selected alarms out of service. However, only qualified personnel should shelve and/or take
alarms out of service. This must be done carefully, and only as a temporary measure, for example, during commissioning.
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Do not manually override active alarm actions

Manual override of alarm action

A Do not override the alarm action of an active alarm.

An alarm may be active because it is latched, or because the alarm condition is still present. If the alarm action is
manually overridden, a latched alarm does NOT provide any protection.

S Latched Over-current alarm example

The controller trips a breaker because of over-current. The operator then manually (that is, not using the controller) closes
the breaker while the Over-current alarm is still latched.

If another over-current situation arises, the controller does not trip the breaker again. The controller regards the original
Over-current latched alarm as still active, and it does not provide protection.

Do not use unsupported hardware modules

Only use the hardware modules that are listed in the Technical specifications. Unsupported hardware modules can make the
controller malfunction.

Data security

To minimise the risk of data security breaches we recommend:

» If possible, avoid to expose controllers and networks to public networks and the Internet.
» Use additional security layers like a VPN for remote access.

* Install a firewall.

» Restrict access to authorised persons.

1.7 Legal information

Third party equipment

DEIF takes no responsibility for the installation or operation of any third party equipment, including the genset.
Warranty

The rack may only be opened to remove, replace, and/or add a hardware module or the internal battery on PCM3.1. The procedure
in the Installation instructions must be followed. If the rack is opened for any other reason, and/or the procedure is not followed,
then the warranty is void.

If the display unit is opened, then the warranty is void.

Open source software

This product contains open source software licensed under, for example, the GNU General Public License (GNU GPL) and GNU
Lesser General Public License (GNU LGPL). The source code for this software can be obtained by contacting DEIF at
support@deif.com. DEIF reserves the right to charge for the cost of the service.
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Trademarks

DEIF, power in control and the DEIF logo are trademarks of DEIF A/S.

Bonjour® is a registered trademark of Apple Inc. in the United States and other countries.
CANopen® is a registered community trademark of CAN in Automation e.V. (CiA).

SAE J1939% is a registered trademark of SAE International®.

CODESYS®is a trademark of CODESYS GmbH.

EtherCAT®, EtherCAT P®, Safety over EtherCAT®, are trademarks or registered trademarks, licensed by Beckhoff Automation
GmbH, Germany.

Modbus® is a registered trademark of Schneider Automation Inc.

Windows® is a registered trademark of Microsoft Corporation in the United States and other countries.

All trademarks are the properties of their respective owners.

Copyright

© Copyright DEIF A/S. Al rights reserved.

Disclaimer

DEIF A/S reserves the right to change any of the contents of this document without prior notice.

The English version of this document always contains the most recent and up-to-date information about the product. DEIF does not
take responsibility for the accuracy of translations, and translations might not be updated at the same time as the English document.
If there is a discrepancy, the English version prevails.
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2. System principles

2.1 About the controllers

211 About the PPM 300

The PPM 300 Protection and Power Management controller is a highly configurable and designed for marine use. It includes a wide
range of control, protection and supervision functions. Applications range from simple genset control and protection, to fully
integrated and engineered power management solutions, developed for fuel-efficient operation. Each controller contains all the
functions that are needed to protect and control a diesel generator, an inverter with battery storage (HYBRID), an emergency diesel
generator, a shaft generator, a shore connection, or a bus tie breaker. You can connect up to 32 controllers to create one integrated
system solution for standard applications.

The controllers' power management system controls the system and ensures that it operates optimally. It ensures that the power
required is always available and takes preventative actions to ensure a reliable power supply. Up to 64 heavy consumers can be
configured in the system.

The PPM 300 controllers work together as a true multi-master system. This means that each controller functions as a master
controller. If a controller fails, the remaining controllers continue to function. Redundant communication between the controllers is
possible. If a communication link fails, the system continues to function.

AC measurements can be configured with average filters for use on noisy or oscillating systems.

The controller display unit can have push-buttons for the operator to change the controller mode, close and open the breaker, and
start and stop a generator or inverter. The colour graphic screen shows status and info messages. Visual synchronisation screen
shows the synchronisation state and values. The screen also allows access to live data, and alarm management. With the right
authorisation, the operator can also check and/or change the input/output and parameter configuration. The light indicators of the
display unit show the system status.

Each controller includes processors and high-speed internal communication. This provides fast protection functions and includes
built-in redundancy.

The controller design is modular, and hardware modules may be replaced or added in the field.

PICUS is a proprietary, free PC software interface to the controller. The designer can use PICUS to create a single-line diagram for
the system, and configure the inputs, outputs and parameters for all the controllers in the system. PICUS also offers system
emulation, supervision, and management of permissions, backups and firmware updates.

Flexible application creation in PICUS with the added option for quick connection of equipment.
The network communication can be configured for IP address settings and for type of Ethernet port and connection node.
2.1.2 Controller types

The GENSET controller type controls both a breaker and the genset engine. The EMERGENCY genset controller type controls both
breakers and the genset engine. The HYBRID controller type controls both the inverter breaker and the inverter. The SHAFT
generator, SHORE connection, and BUS TIE breaker controller types each control one breaker.

The hardware listed is for the recommended configuration. Additional modules may be ordered and mounted as required. A
customised PPM 300 controller may also be ordered. For example, you may need additional inputs and outputs.
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Control and protection of

GENSET . PSM3.1 ACM3.1 IOM3.1 EIM3.1 GAM3.1 IOM3.1 PCM3.1
a diesel generator
Control and protection of

EMERGENCY  an emergency diesel PSM3.1 ACM3.1 IOM3.1 EIM3.1 GAM3.1 Blind PCM3.1

genset generator (including as a module
harbour generator)
Control and protection of

HYBRID an inverter and power PSM3.1 ACM3.1 IOM3.1 EIM3.1 GAM3.1 IOM3.1 PCM3.1
source.

AT e ier Control and protection for PSM31 ACM3.1 IOM3.1 Blind Blind module Blind PCMS3.1
a shaft generator module module

SHORE' Control and protgctlon for PSM31 ACM3.1 IOM3.1 Blind Blind module Blind PCMS3.1

connection a shore connection module module

BUS TIE breaker Contro! and protection for PSM3.1 ACM3.1 IOM3.1 Blind Blind module Blind PCMS3.1
a bus tie breaker module module

21.3 Change controller type

You can change the type of the controller with the display unit (Tools > Advanced > Change type). This feature requires the
necessary permission in order to access it.

Restrictions on changing type
Changing the controller type is restricted by the initial type of the controller.
*  GENSET, EMERGENCY genset or HYBRID controllers can be changed to any other PPM 300 controller type.

» SHAFT generator, SHORE connection, or BUS TIE breaker controllers can only be changed to one of these three controller
types.

You can only change the controller type if it is safe for commissioning:

1. The engine must be stopped (not applicable to BUS TIE breaker controller).

2. The breaker must be open (for EMERGENCY genset controller, BOTH breakers must be open).
3. The controller must be under switchboard control.

or
1. The controller is in emulation mode.

Changing the controller type resets the default /0O configuration. The 1/0 configuration must checked and reconfigured as necessary
after changing the controller type.

More information
See the controller types in the Data sheet for more information on each different controller configuration.

2.2 Application as a system

2.21 How it works

The PPM 300 controllers work together as a standard power management system for use in marine applications. The system
provides power management, protection and supervision functions.

The power management system calculates the control set points, although some of these can also come from third party equipment
(external set points). The power management system automatically starts and stops engines, and closes and opens breakers. The
operator, or another external source, can also initiate these actions.
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A number of controllers are used together to create a controller system. Each controller has configurable hardware, which in turn
has configurable inputs and outputs. The controller gets information from the measurements, the inputs, and the DEIF network. The
controller sends out information using the outputs, and the DEIF network.

Information can flow between a GENSET controller and the genset it controls in many ways. It can also flow to the display, another
controller, a PLC, and the switchboard.

Busbar

Switchboard HE)——— Display
Other
PLC —@——
— o o
y 1 N A
—0 > ‘ o ’ o Controller
| ee - Controller LLLLLL
Extensi
o LL
LT
y ( e @
AVR
= e AGI
o < o » Computer
— ) GOV 4] Other
[ ] [ ] [ ]

[ ]
(

Cerdmes

0 AC measurements

Q0 6 o

Analogue and digital
inputs

Analogue and digital
outputs

Analogue or digital
outputs for governor
control

Analogue or digital
outputs for AVR control

CAN bus
communication

ECU controls GOV
(future use)

Description

The controller measures the AC voltage and current

from the genset and the voltage on the busbar.

Analogue and digital measurement devices on the
genset can be connected to the controller. The
controller can also receive analogue and digital
inputs from breakers, a PLC, the switchboard, and
other sources (for example, heavy consumers).

The controller can send analogue and digital
outputs to the genset, breakers, a PLC, the
switchboard (for example, for lights and meters),
and other equipment (for example, heavy
consumers).

The controller can control the genset governor
(GOV) using digital outputs (relay control), or
analogue outputs.

The controller can control the genset automatic
voltage regulator (AVR) using digital outputs (relay
control), or analogue outputs.

The controller receives information from the ECU
using CAN bus communication.
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Protection, running detection, control,
synchronisation, power management, and
logging.

A wide variety of purposes, including
protection, user inputs, various levels of
alarms, power management, running
detection, and logging.

A wide variety of purposes, including
control, status and alarm indicators, and as
input to a PLC.

Regulate the genset frequency, and/or
active power (depending on the system
configuration).

Regulate the genset voltage and/or reactive
power (depending on the system
configuration).

Read the engine data, various levels of
alarms, running detection, and logging.
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The controllers produce a voltage proportional to the

percentage of their nominal power for the load Equal load sharing (active and/or reactive)
sharing line, and then use the voltage on the load between 2 or more gensets.

sharing line to adjust their genset set points.

e Analogue load sharing

Send inputs from the display to the
controller, and information from the
The DEIF equipment communicates with other DEIF controller to the display. Send information
equipment using this network. from one controller to another, including
power management, load sharing, and
heavy consumers.

© DEF network

Allows external devices to communicate with the A wide variety of purposes, including
@ Modbus TCP/IP controller using the Modbus TCP/IP communication monitoring, off site control, and alarm

protocol. handling.

Allows DEIF controllers to communicate with DEIF  Extend controller functionality by adding
m Internal communication extension units. The communication ports are additional inputs and outputs to one or

located on the power supply modules (PSM). more extension units.

Configurable hardware

After you assign a function to an input or output, you can assign parameters to that function. Each controller type has a default
configuration.

Most of the controller inputs and outputs can be assigned any function. Functions are not restricted to specific hardware modules.
For example, governor and AVR control functions can use any inputs and outputs, and do not have to use the inputs and outputs on
the Governor and AVR modules (GAM3.1 and/or GAM3.2).

Variety of input and output types
The controllers allow the same function to use a number of alternative types of inputs and/or outputs. This makes the controllers

versatile and compatible with a wide range of equipment and systems.

For example, a generator breaker close can be initiated by the power management system for a GENSET controller in AUTO mode.
Alternatively, if the GENSET controller is in SEMI mode, an operator using the display unit, PICUS, a digital input, CustomLogic, or
an external system using a Modbus command can initiate the generator breaker close.

Similarly, the generator excitation (AVR) can be controlled using an analogue output, or digital outputs.

The DEIF network allows information from all the controllers to be used by any of the controllers. For example, for power
management, the analogue and digital inputs and outputs for a heavy consumer can be connected to a SHAFT generator controller.
The SHAFT generator controller shares the power management information with the rest of the system, even if the shaft generator
itself is not connected while the heavy consumer is active.

Each controller's display only displays the operating information for the paired controller.

2.2.2 Maximum number of controllers

There can be up to a total of 32 controllers per DEIF network ring. That is, you can assign up to 32 unique Controller ID numbers out
of a possible range of 64.

These restrictions also apply:

N T

GENSET controller 1to 32 There must be at least one GENSET controller.
EMERGENCY genset controller Oto1
HYBRID controller 0to 32
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N T

SHAFT generator controller 0 to 31 See Restrictions.
SHORE connection controller 0 to 31 See Restrictions.
BUS TIE breaker controller 0 to 31

2.2.3 Restrictions

PPM 300 is not suitable for all possible marine configurations. Some configurations, which require an engineered controller solution,
like DEIF's Delomatic, are listed briefly below.

Shaft generators cannot run in parallel with each other

PPM 300 allows multiple SHAFT generator controllers. If the shaft generators must connect at the same time, then they must be on
separate busbar sections. However, during power take home, one shaft generator can drive another shaft generator.

Shaft generator cannot run in parallel with a shore connection

The shaft generator and shore connection cannot run in parallel with each other. If they run at the same time, they must
connect to separate busbar sections.

Redundant busbar is not supported

PPM 300 controllers cannot control a system with a redundant busbar. If you need to control a system with a redundant busbar,
use the DEIF Delomatic controller.

2.2.4 Control and command structure

The controllers communicate with each other using the Ethernet connections between controllers. This is a virtual network referred
to as the DEIF network. This network is only for the controllers in the controller system.

Commands to start sequences

A controller can automatically start controller sequences. For example, if the available power is too low, then a GENSET controller in
AUTO mode can automatically start and connect the genset.

Alternatively, the controller can receive external commands to start controller sequences. For example, a GENSET controller in
SEMI mode can respond to an external command to start the engine. If the controller is in AUTO mode, then the controller displays
an info message and ignores the external command.

An external command can only start a sequence if all the conditions are met, and the controller mode allows the external command
to start the sequence.

The controller provides several different ways in which to start the same sequence. The following table lists the various types of
commands.

Table 2.1 Commands to start sequences

N o

The controller parameters are set so that the controller starts the genset

when the available power is too low.
The controller starts the

sequence.

AUTO Internal

The controller calculates that the available power is too low, and starts the
sequence to start the genset.

The operator presses the Start @ button on the display unit.
The operator presses a push-

button on the display unit. R

The controller gets the command over the DEIF network, and starts the
sequence to start the genset.
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A digital input, which is assigned

A button on the switchboard is wired to a digital input on IOM3.1 in slot 6
(terminals 22 and 23) of the controller rack. Under Configure > Input/output,
these terminals are assigned the Engine > Command > Start engine function.

an external command function, SEMI External The operator presses the button on the switchboard, to activate the digital
is activated. input.
The controller detects that the digital input is activated, and starts the
sequence to start the genset.
The operator presses the controller Start @ button on the Supervision
The operator selects a virtual page in PICUS.
display unit push-button onthe  SEMI External
e The controller gets the command over the DEIF network, and starts the
sequence to start the genset.
A function is programmed in CustomLogic. The CustomLogic rung has the
conditions that need to be met. There is a Normally open coil with the
function Engine > Command > Start engine at the end of the rung.
CustomLogic activates an
external command function. EE A The conditions are met, and CustomLogic activates the function.
The controller detects that the function is activated, and starts the sequence
to start the genset.

; L A PLC has a Modbus connection to the required controller. The PLC writes 1
Using Modbus communication, (True) to Modbus address 1000 in the discrete output coil using the Modbus
an operator, a SCADA system, e el 05 6 13
or a PLC sets a Modbus SEMI External ’

address in the function group
Command to 1 (True).

The controller gets the command, and starts the sequence to start the

genset.

The controller ignores the command and displays an info message if the controller cannot execute the command. For example, if a
GENSET controller is under Switchboard control, it ignores a Start engine command. The controller displays the info message
Engine start not possible in SWBD.

2.2.5 Priority of input sources

Each controller can receive inputs from a number of sources. The rules for when a source can be used, as well as how the controller
handles conflicting inputs, are described below.

Digital input functions
Digital input functions can be activated by wiring connected to hardware, Modbus and/or CustomLogic coils.

Rules for digital input functions:

1.
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If a digital input function is assigned to hardware, you cannot assign that function to a CustomLogic coil (that is, a normally open
or normally closed coil).

If a digital input function is assigned to a CustomLogic coil, you cannot assign that function to hardware.

+ If you try to assign a digital input that is already assigned to a CustomLogic coil to hardware, it may seem possible. However,
if you refresh the hardware view, you will see that the input has not been assigned.

For pulse functions:

a. If there is a command from Modbus, then the controller can activate the function. This is true even if the function is assigned
to hardware.

b. The controller always responds to the most recent input, without considering the source.
For continuous functions:
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a. If the function is assigned to hardware: If Modbus sends a command, then the command is not allowed and has no effect.
b. If the function is not assigned to hardware: If Modbus and CustomLogic send conflicting signals, then the controller uses the
CustomLogic signal.

Commands from display unit push-buttons have the same priority as wiring connected to hardware.

Analogue input functions
Analogue input functions can receive inputs from wiring connected to hardware, Modbus, and/or CustomLogic coils.

Rules for analogue input functions:
1. If the analogue input function is assigned to hardware, Modbus can only read the input value. Modbus and CustomLogic cannot
modify the input value.

If the analogue input function is not assigned to hardware, Modbus and CustomLogic can modify the input value.
If Modbus and CustomLogic send conflicting signals, then the controller uses the CustomLogic signal.

2.3 Control and modes
2.3.1 About the control modes

The controllers use control types and modes to distinguish between fully automatic operation and various degrees of operator (or
external) control.

Table 2.2 Controller types and modes

Push-button @ @

GENSET controller . ° ° °
EMERGENCY genset controller ° ° ° °
HYBRID controller ) . . °
SHAFT generator controller . - - °
SHORE connection controller ° - - °
BUS TIE breaker controller ° - - °

+ The GENSET, HYBRID, and EMERGENCY genset controllers normally run in AUTO mode. Alternatively, they can run in SEMI
mode, so that an operator or external command can initiate a controller sequence.

o Both AUTO and SEMI mode are under power management system (PMS) control.

o These controllers can be changed between SEMI and AUTO mode using the display unit push-buttons, a digital input, or an
external signal.

> In AUTO mode, as needed, the power management system automatically starts (or stops) the genset engines, and connects
(or disconnects) the generators breakers.

+ The SHAFT generator, SHORE connection and BUS TIE breaker controllers are normally under PMS control.
o These controllers do not normally automatically close their breakers.
> An external command is required to start breaker sequences.
> These controllers can be configured to automatically close their breakers as part of a blackout recovery sequence.

» If required, any or all of the controllers can be put under switchboard control (SWBD), so that the equipment can be operated
and controlled manually.

o Each controller can be put under switchboard control using a digital input, for example, from a switch on the switchboard,
from a PLC, or from CustomLogic. The controller remains under switchboard control until the digital input is turned off.

» Acontroller is unpowered if it loses its power supply.

DESIGNER'S HANDBOOK 4189340911R UK Page 29 of 542



2.3.2 Power management system control

All of the controllers normally run under PMS control. The power management system is enabled and monitors the available power.
Load sharing is active. AUTO mode and SEMI mode both fall under PMS control.

Input
Configure the input under Configure > Input/output. Select the hardware module, then select the input to configure.

Funoion 10— Jtwe oot

If it is possible, the controller is put under PMS control when this input is activated.
The controller will remain under PMS control for as long as the input is activated.

Local > Mode >  Digital Continuous If this input is configured but not activated, then the controller is forced to
PMS control input Switchboard control.

If the Switchboard control digital input is also configured, when it is activated it
overrides the PMS control digital input.

NOTE The PMS control input function acts as a safety function, by forcing the controller to switchboard control if the PMS control
input is not activated.

2.3.3 Switchboard control

Under Switchboard control, the operator controls and operates the equipment from the switchboard. The operator can manually
regulate the frequency and voltage using digital inputs (if configured) or Modbus.

Under Switchboard control, the controller does not accept any commands from the display unit or other external sources (for
example, PLC and Modbus) to open or close the breaker. The GENSET controller does not accept any commands to start or stop
the engine. However, the controller alarms can still trip the breaker, and the GENSET controller alarms can shut down the engine.

Inputs and outputs

If needed, configure the input(s) and output for each controller under Configure > Input/output. Select the hardware module, then
select the input/output to configure.

Table 2.3 Input and output for switchboard control
e N N
Local > Mode > Switchboard L . The controller is forced to Switchboard control when this input is
Digital input Continuous .
control activated.

All the controllers in the section are forced to Switchboard

Power management > Force all control when this input is activated.

controllers in section to SWBD  Digital input Continuous

control This input function is not available in the BUS TIE breaker
controller.

Local > Mode > Under

. Digital output ~ Continuous Activated if the controller is under Switchboard control.
switchboard control

INFO
@ If you want to automatically activate Switchboard control when the digital input is deactivated, use the PMS control digital
input.
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Table 2.4 Optional inputs for manual governor regulation

T R S

This input only has an effect when the genset is under switchboard control.

Regulators > GOV > When this input is activated, the controller increases the output to the governor.

Digital . This affects the Regulators > GOV > Control > GOV increase digital output or
Manual > Manual input CEILITETES Regulators > GOV > Control > GOV output [%] analogue output
GOV increase P g put {7 9 pu-
Set the percentage change of the governor input per second under Configure >
Parameters > Regulators > GOV analogue configuration > Manual slope.
This input only has an effect when the genset is under switchboard control.
When this input is activated, the controller decreases the output to the governor.
Regulators > GOV > . | . .
Digital . This affects the Regulators > GOV > Control > GOV decrease digital output or
Manual > Manual input Continuous Regulators > GOV > Control > GOV output [%] analogue output
GOV decrease P g putiz. 9 put.
Set the percentage change of the governor input per second under Configure >
Parameters > Regulators > GOV analogue configuration > Manual slope.
This input only has an effect when the regulator uses the analogue output for
Requlat GOV regulation.
> >
egulators Digital

Command > Reset inout Pulse o ) .
GOV to offset p When this input is activated, the controller resets the governor output to the offset.

This cancels the accumulated effect of the Manual GOV increase and/or Manual
GOV decrease digital inputs.

Table 2.5 Optional inputs for manual AVR regulation

T R S

This input only has an effect when the genset is under switchboard control.

When this input is activated, the controller increases the output to the AVR. This

Regul > AVR > . L
egulators Digital . affects the Regulators > AVR > Control > AVR increase digital output or Regulators
Manual > Manual . Continuous
AVR increase input > AVR > Control > AVR output [%] analogue output.
Set the percentage change of the AVR voltage per second under Configure >
Parameters > Regulators > AVR analogue configuration > Manual slope.
This input only has an effect when the genset is under switchboard control.
Requlators > AVR > When this input is activated, the controller decreases the output to the AVR. This
9 Digital . affects the Regulators > AVR > Control > AVR decrease digital output or
Manual > Manual : Continuous o
AVR decrease input Regulators > AVR > Control > AVR output [%] analogue output.
Set the percentage change of the AVR voltage per second under Configure >
Parameters > Regulators > AVR analogue configuration > Manual slope.
This input only has an effect when the regulator uses the analogue output for
regulation.
Regulators > AVR > Digital 9
Command > Reset | - Pulse o ) . )
AVR to offset input When this input is activated, the controller resets the AVR output to the offset. This

cancels the accumulated effect of the Manual AVR increase and/or Manual AVR
decrease digital inputs.

More information
See Regulation for more information.
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Manual slope

These parameters are active when the controller is under switchboard control, and the operator manually controls the regulator
using the Manual GOV increase, Manual GOV decrease, Manual AVR increase, and Manual AVR decrease digital inputs.

Configure these parameters under Configure > Parameters > Regulators > [Regulator] analogue configuration > Manual slope
(where [Regulator] is either Governor, or AVR).

These parameters are only visible if a governor or AVR output is configured.

e N

The controller increases or decreases the analogue output by this
amount when the digital input is activated.

0,
Manual GOV 0 t0 200 %/s 1 A>/§ of genset
slope nominal power ) .
For relay outputs, depending on the relay output settings, the effect
might not be linear.
The controller increases or decreases the analogue output by this
9 amount when the digital input is activated.
Manual AVR 10 @/s of gen.set 9 p
e 0 to 200 %/s nominal reactive
power For relay outputs, depending on the relay output settings, the effect
might not be linear.
Parameters

Controller types: These parameters only apply to the GENSET, HYBRID, and EMERGENCY genset controllers.

These parameters define the controller mode after certain other modes and events. You can configure these parameters under
Configure > Parameters > Local power management > Return modes > After SWBD control.

If the controller was put under Switchboard control, but is now no longer under Switchboard control, this parameter determines the
controller mode.

Table 2.6 Mode parameter

The default. After Switchboard control, the controller returns to the mode it was in before it was under

NO eSS E T Switchboard control.

SEMI mode After Switchboard control, the controller mode is semi-automatic (SEMI).

AUTO mode After Switchboard control, the controller mode is automatic (AUTO).

Events that force controllers under switchboard control
The following events force all the controllers in the section to operate under Switchboard control-

» The Power management > Force all controllers in section to SWBD control command or digital input on ANY controller in the
section.

* Any breaker position failure in the section.
» Any critical alarms in a connected controller (that is, a controller with a closed breaker) in the section:
o Duplicate controller ID
o Missing all controllers
o System not OK alarm on any controller (that is, there is a problem with a hardware module in that controller)
> ACM voltage measurement error alarms
o [Source] L1-L2-L3 wire break
o [Busbar] L1-L2-L3 wire break
o [Source] L1 wire break
o [Source] L2 wire break
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o [Source] L3 wire break
o [Busbar] L1 wire break
o [Busbar] L2 wire break
o [Busbar] L3 wire break
+ Power management system disabled, as shown by any of these alarms:
o PMS disabled due to an error
o Network protocol incompatible
o Different single-line configurations
o Controller type mismatch
o Single-line missing/none active
o Priority network error
o Different power management rules activated
o Controller ID not configured

The controllers return to power management system control when the cause is removed.

More information
See Power management, Power management protections for the Forced to switchboard control alarm.

EMERGENCY genset controller and force to switchboard control

The events that force controllers to switchboard control (listed above) only apply to the EMERGENCY genset controller when it is in
Harbour operation. If the EMERGENCY genset controller is not in Harbour operation, then none of the events force the controller to
Switchboard control.

The EMERGENCY genset controller is not forced to Switchboard control by alarms that force the other controllers to Switchboard
control. However, if the controller(s) in the same section with connected equipment are forced to switchboard control, then the
EMERGENCY genset controller is forced to SEMI mode.

The EMERGENCY genset controller is not forced to Switchboard control by the Power management > Force all controllers in
section to SWBD control input. This allows the EMERGENCY genset controller to still respond to a blackout.

Alarms under switchboard control

Under Switchboard control, if the switchboard design provides for this, the operator can perform a manual synchronisation (for
example, by using switchboard buttons for relay speed control of the genset) and then close the breaker. This command does not go
through the controller, and the switchboard design must therefore ensure that the breaker synchronisation is always checked before
closing.

If an action is performed from the switchboard that activates a controller alarm while the controller is under Switchboard control, the
controller will execute the associated alarm action. For example, if an alarm with an alarm action Trip generator breaker and
shutdown engine is activated while the controller is under Switchboard control, then the controller trips the breaker and shuts down
the engine.

S Alarm actions under switchboard control example

For a GENSET controller, you can create a low lube oil pressure alarm (based on an analogue input from a sensor) that
has the action Trip generator breaker and shutdown engine. If there is a low lube oil pressure, then this alarm shuts down
the engine in AUTO or SEMI mode. This alarm also shuts down the engine when the controller is under Switchboard
control.

You can create a low oil pressure alarm with the Warning alarm action. If there is a low oil pressure, then this alarm
activates and the warning appears even if the controller is under Switchboard control.

The non-essential load (NEL) trips are active under Switchboard control. If a condition is present that activates a non-essential load
trip alarm, the non-essential loads are disconnected.
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Remote breaker signals under switchboard control

You can configure remote breaker signals as inputs to the controller. You can configure an alarm on an external over-current
detection input, so that the controller trips the breaker when the input is activated.

Under Switchboard control, the controller will respond to the remote breaker signal IF the alarm action has an effect under
Switchboard control. In the examples above, under Switchboard control, the controller will not respond to the under-voltage coil
input. However, under Switchboard control the controller will trip the breaker if the over-current detection input is activated.

Effect of switchboard control in ALL controllers

The power management system is disabled when all the controllers are under Switchboard control. The controllers do not respond
to blackouts or requests from heavy consumers.

Effect of switchboard control in ONE controller

The controller under Switchboard control does not start or stop the engine, or open or close breakers. The controller under
Switchboard control does not respond to a blackout.

If the controller under Switchboard control receives a request from a heavy consumer, and power is available from controllers in
AUTO mode, then the controller acknowledges the request.

Effect of switchboard control on other controllers

If a connected GENSET, SHAFT generator or SHORE connection controller is under Switchboard control, all the other GENSET
controllers go into SEMI mode. Power management is disabled.

DEIF network

Switchboard
b GENSET GENSET \ GENSET
| controller controller controller

If a BUS TIE breaker controller is put under Switchboard control, then this has no effect on the other controllers.
If any unconnected controller is put under Switchboard control, then this has no effect on the other controllers.

There can be a blackout while a connected controller is under Switchboard control. For the GENSET, EMERGENCY genset, SHAFT
generator, and SHORE connection controllers, for the default under-voltage settings, the breaker will trip.

2.3.4 Automatic (AUTO) mode
Controller types: Only GENSET, HYBRID, and EMERGENCY genset controllers

In AUTO mode, the GENSET controllers automatically start and stop gensets according to the power management requirements
and the system settings. No operator actions are needed. In AUTO mode, power management includes load management, priority
start, load sharing, and heavy consumer control.

External signals to start, stop, connect or disconnect gensets are ignored in AUTO mode.
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For the power management system to operate, at least one GENSET controller must be in AUTO mode. However, it is not
necessary for all the GENSET controllers to be in AUTO mode for the power management system to operate.

Input
Configure the input under Configure > Input/output. Select the hardware module, then select the input to configure.

L N

If it is possible, the controller is put into AUTO mode when this input is
Mode > AUTO mode Digital input ~ Pulse activated. This input has the same effect as pressing the AUTO push-
button on the display unit.

If it is possible, each GENSET controller in the section is put into

P > F .. . . .
ower management > Force AUTO mode when this input is activated. This input has the same

ibgr?sn?ctysd;n section to Digital input  Pulse effect as pressing the AUTO push-button on the display unit of each
GENSET controller.
Mode > In AUTO mode Digital output Continuous Activated if the controller is in AUTO mode.

2.3.5 Semi-automatic (SEMI) mode
Controller types: Only GENSET, HYBRID, and EMERGENCY genset controllers

In SEMI mode, the controller cannot automatically start, stop, connect or disconnect the genset. However, when a controller is in
SEMI mode, operator intervention (or an external signal) can start, stop, connect or disconnect the genset. In SEMI mode, the
controller automatically synchronises before closing a breaker, and automatically de-loads before opening a breaker.

Load sharing is active in SEMI mode.

Non-essential load (NEL) trips are active in SEMI mode. If local measurements show that the genset is overloaded, then the NEL(s)
trip to protect the power supply to the main busbar.

Input
Configure the input under Configure > Input/output. Select the hardware module, then select the input to configure.

Funoion ————io—Tpe omais

If it is possible, the controller is put into SEMI mode when this input is
Mode > SEMI mode Digital input  Pulse activated. This input has the same effect as pressing the SEMI push-
button on the display unit.

If it is possible, each GENSET controller in the section is put into SEMI

>
Power management > Force mode when this input is activated. This input has the same effect as

all gensets in section to Digitalinput  Pulse pressing the SEMI push-button on the display unit of each GENSET
SEMI mode

controller.
Mode > In SEMI mode Digital output Continuous Activated if the controller is in SEMI mode.

Effect of SEMI mode on genset priority order

As the following drawing shows, if only one GENSET controller is in AUTO mode, the PMS always starts the genset for that
controller and connects the genset to the busbar. The PMS does this to have control over the system. The PMS starts the genset
that is in AUTO even if there is enough power available from other controllers in SEMI mode, and even if the genset has the lowest
priority.
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DEIF network

\ GENSET "oRr \ GENSET “oR
controller/ —, controller/_,

Event that forces controllers to SEMI mode

If one or more controller in the section with connected equipment is under Switchboard control, then all the controllers in the section
that are in AUTO mode are forced to SEMI mode. The EMERGENCY genset controller equipment is connected if the generator
breaker and the tie breaker are closed.

The controllers return to the return mode after switchboard when the cause is removed (Configure > Parameters > Local power
management > Return modes > After SWBD control).

More information
See Power management, Power management protections for the Forced to SEMI mode alarm.

2.3.6 Controller unpowered

A controller is unpowered if it loses power, for example, because its power supply is disconnected. When the controller is
unpowered, none of its protections and functions are active.

An unpowered controller does not communicate with the rest of the system, and is invisible to the rest of the system.

The following alarms are activated when a controller detects that one of the system's controllers is unpowered:
» Missing controller ID #
» Missing any controller

Effect of the unpowered controller hardware

DEIF network links through the unpowered controller are broken. If a redundant DEIF network link is not available, the controllers on
either side of the unpowered controller cannot communicate with each other. If a redundant DEIF network link is available, then the
controllers on either side of the unpowered controller communicate through the redundant link.

All relays return to their de-energised hardware condition. For example, on IOM3.1 there is a changeover switch on terminals 1 to 3.
If the controller loses power, then there will be an open circuit between terminals 1 and 2 (the normally open terminals of the
changeover switch), and a closed circuit between terminals 2 and 3.

The analogue output terminals on GAM3.1 (terminals 12 and 13, and terminals 16 and 17) and GAM3.2 (terminals 3 and 4, and
terminals 5 and 6) will have a resistance of over 10 MQ.

Even though a controller relay may be configured as normally energised, it is also de-energised if the controller loses power.

Maritime classification approval societies require an independent backup power supply for the controller, to avoid having an
unpowered controller.
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2.4 Controller functions

Each type of controller has a default configuration. After you assign a function to an input or output, you can assign parameters to
that function.

Most of the controller inputs and outputs can be assigned any function. Functions are not restricted to specific hardware modules.
For example, governor and AVR control functions can use any inputs and outputs, and do not have to use the inputs and outputs on
the Governor and AVR module (GAM3.1).

The controllers allow the same function to use a number of alternative types of inputs and/or outputs. This makes the controllers
very versatile and compatible with a wide range of equipment and systems.

For example, a generator breaker close can be initiated by the power management system for a GENSET controller in AUTO mode.
Alternatively, if the GENSET controller is in SEMI mode, an operator using the display, PICUS, a digital input, CustomLogic, or an
external system using a Modbus command can initiate the generator breaker close. Similarly, the generator excitation can be
controlled using an analogue output, or digital outputs.

The DEIF network allows information from all the controllers to be used by any of the controllers. For example, for power
management, the analogue and digital inputs and outputs for a heavy consumer can be connected to a SHAFT generator controller.
The SHAFT generator controller shares the power management information with the rest of the system, even if the shaft generator
itself is not connected while the heavy consumer is active.

Each controller's display only displays the operating information for that controller. However, the controller processor also has
access to operating information from the rest of the system.

2.5 Alarms and protections

2.5.1 How alarm processing works

The controller alarms prevent unwanted, damaging, or dangerous situations from occurring. The alarm handling is an adaptation of
the ISA 18.2 standard. You can configure alarm parameters to suit your design and operational needs.

Some of the alarms are Enabled by default in the controller. You can enable or disable certain alarms and configure their alarm
settings (typically the Set point and Delay) as required.

The alarm parameters, states, and operator actions are described in the following sections.

CAUTION
A Improper configuration of the alarm parameters can result in unwanted operational conditions and possible damage to
equipment or injury to personnel.

INFO
@ Some of the alarms are not configurable, as the system must maintain a basic level of protection.
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Alarm process

The controller detects an Alarm condition. Alarm
A condition

'

Disabled

Check whether the alarm is disabled.
alarm?

Check whether the alarm has an active inhibit.

Alarm
condition
still?

Check whether the Alarm condition is still present.

The alarm is not activated until the delay timer has
expired.

Delay timer

expired? No

Check whether the Alarm condition is still present.

Alarm

The alarm is activated and included in the alarm list. handling

When an alarm condition is met (typically, the operating value reaches the Set point), then the controller starts the Time delay.
During this period the controller checks whether the Alarm condition is still present. If not, the alarm returns to normal.

» If the Alarm condition continues after the Time delay has expired:
o The alarm becomes active in the system.
o The alarm requires action and acknowledgement.
» If the Alarm condition clears after the Time delay has expired:
o The associated alarm does not become active, unless a Latch is present on the alarm.
o The alarm requires acknowledgement.

The alarm results in both a visual and audible (if a horn is correctly installed) indication (subject to design of the system) for the
operator. The system controls the alarm states as necessary based upon the operational conditions. Some alarms can be
configured to be automatically acknowledged.

INFO
@ Auto acknowledge can be useful during commissioning and troubleshooting. However, DEIF does not recommend Auto
acknowledge during normal operation.

During operation the system continues to monitor the Alarm condition(s) and moves alarms between different states as necessary.
Operator action can also move the alarm(s) to other states.
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More information
See Alarm handling later in this chapter for more information.

Alarm latch
An additional layer of protection can be added by using a Lafch on most alarms.

When a Latch is enabled on an alarm, an extra confirmation must be made by the operator, before the alarm can be cleared. The
alarm action remains active, even if the Alarm condition clears, until the operator resets the latched alarm.

INFO
@ A latched alarm can only be reset after both the alarm has been acknowledged and the Alarm condition has cleared.

Acknowledging the alarm does not Reset the alarm latch.

* An acknowledged alarm, that has no latch enabled, clears from the alarms list if the alarm condition clears.

» An acknowledged alarm, that has a latch enabled, does not clear from the alarms list even if the alarm condition clears.
o The operator must Reset (unlatch) the alarm to clear the alarm from the alarms list.
o The alarm action remains active until the alarm is reset.

More information
See Alarm handling, Latch reset later in this chapter for more information on the operator action.

Operator actions

Operators can perform different actions to change the alarm state. Typically acknowledging an alarm. The operator actions are
described in more detail in the Alarm handling section in this chapter.

INFO
@ Operator actions can be done by using the display unit, a digital input, PICUS, Modbus and/or CustomLogic.

2.5.2 Alarm levels

Alarm levels refers to configuring a number of alarms for one reference value. For each alarm level, the Set point, Time delay, Action
and other parameters are configured.

Example of alarm levels

The following graph shows the busbar voltage alarms that are present by default, that is, Busbar over-voltage 1, Busbar over-voltage
2, Busbar under-voltage 1 and Busbar under-voltage 2.
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Figure 2.1 Example of alarm levels for busbar voltage
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Over-voltage 2
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| | | | -
0 1 2 3 4 5 Delay [s]

If the operation is in the green area, the controller does not activate any busbar voltage alarms.

In the example, an over-voltage Warning alarm is activated if the busbar voltage has been over 105 % of the busbar's nominal
voltage for 5 seconds. If the busbar voltage is over 115 % of the nominal voltage for more than 3 seconds, the controller activates
the Trip [Breaker] alarm action. Both alarms will be active if the busbar voltage is over 115 % of the nominal voltage for more than 5
seconds. The alarm action Trip [Breaker] has a higher priority than Warning.

The graph shows two protection levels for under-voltage. In the example, if the busbar voltage is under 95 % of the nominal voltage
for more than 5 seconds, a Warning is activated. If the busbar voltage is under 80 % of the nominal voltage for more than 3 seconds,
the Trip [Breaker] alarm action is activated.

2.5.3 Operate time

The operate time is the total time that the controller takes to respond to a change in the operating conditions. The operate time is a
controller characteristic, and not a configurable parameter.

The controller operate time is listed for each AC protection. The operate time starts when the AC conditions change so that the
alarm set point is exceeded. The operate time is completed when the controller has changed its output(s) accordingly.

Operate time = measurement time + calculation time + time to change the controller output(s)

For example, the operate time may be "< 100 ms". This means that the controller protection responds to the change in the
alternating current conditions within 100 ms.

INFO

@ The operate times do not include any provision for the time delay configured for the AC protection. For example, over-
voltage has an operate time of < 100 ms, but the default time delay for Over-voltage 1 is 5 seconds. The Over-voltage 1
alarm action is therefore between 5.0 and 5.1 seconds after the alarm set point is exceeded.

254 Customising alarms
You can customise the alarms for your system by configuring the alarm parameters. The parameters that you can configure are

restricted for some alarms.

More information
See Alarms, Alarm parameters for more information about parameter settings.
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You can also create custom alarms for the input/output configurations for both analogue and digital terminals.

Limitations
There are a few limitations to the customising of alarm parameters. These are stated below.

Table 2.7 Alarm parameters that cannot be customised

The list of alarms is fixed, and you cannot add more alarms.

Additional alarms . . . . ) o
If an alarm is not available, you can set it up in CustomLogic. However, it will not be part of the alarm

list, or the alarm management system.

Some alarms cannot be disabled. For example, the Phase sequence error protection (which prevents
Certain alarms synchronisation when the phase sequence is not the same on either side of the breaker) is always
Enabled.

You cannot change certain alarm actions. For example, for Voltage or frequency not OK, the action is

in al . .
Certain alarm actions always Block, to stop the breaker from closing.

You cannot create additional alarm actions. You can only choose alarm actions from the list of alarm
actions.

Additional alarm actions

You can set up responses to operating values or conditions in CustomLogic, but these will not be
available as alarm actions to the alarms.

You cannot add more inhibits to the list of inhibits available for selection for the controller type. For
example, for a GENSET controller, you cannot select the Tie breaker closed inhibit, as this is not

nhibitshiatarelnot applicable to the GENSET controller.

configured for the

controller type o . o
However, there are three custom inhibits for each controller. You can activate a custom inhibit using a

digital input, Modbus, and/or CustomLogic.

Change the Trigger level Most alarms have a fixed Trigger level. For example, Busbar over-voltage is always a High alarm, while
for certain alarms Busbar under-frequency is always a Low alarm.

2.6 CustomlLogic
2.6.1 Using CustomLogic

CustomLogic is used in PICUS to create and configure customised logical operations for use in the system. These functions are built
using ladder logic elements and can include interaction with external equipment, or more advanced logic interfaces.

More information
See CustomLogic in the PICUS manual for more information about using CustomLogic.

2.6.2 Enable CustomLogic
Configure Enable CustomLogic parameter under Configure > Parameters > Local > CustomLogic > Configuration.

Table 2.8 Enable CustomLogic

oramer arge ———osout—Lcammen

Not enabled: The controller ignores the CustomLogic projects. The inputs and

Not enabled, outputs remain assigned to CustomLogic and cannot be used elsewhere.

Enable Enabled Not enabled

Enabled: The controller executes the CustomLogic project.
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2.6.3 CustomLogic inputs and outputs (optional)

Assign CustomLogic inputs and outputs under Configure > Input/output. Select the hardware module, then select the input/output to
configure.

Table 2.9 CustomLogic inputs and outputs (optional)

S S

If this input is activated, then the controller activates the
corresponding CustomLogic digital input function.
> ic>
Local > CustomLogic Digital Pulse/ o o
CustomLogic digital input (x . , The controller can execute the logic in a CustomLogic Project once
input continuous - ) . - :

20) every 200 milliseconds. If an input signal is not available for at least
200 milliseconds there is a risk that the input signal will not be
detected by the controller.

Local > CustomLogic >
Outputs > CustomLogic
digital output (x 20)

Digital Pulse/ If CustomLogic activates the digital output function, then the
output continuous controller activates the digital output.

If the parameter Configure > Parameters > Local > CustomLogic >
Continuous Configuration > Enable is Enabled, then the controller activates this
output.

Local > CustomLogic > State Digital
> |s enabled output

2.6.4 Custom parameters

Custom parameters can be used with CustomLogic for reading, comparing, or writing values. Up to 50 customer parameters can be
configured.

Configure custom parameters under Configure > Parameters > Custom parameters.
Where # is the parameter number from 0 to 49.

Table 2.10 Custom parameter #

T e T

Not enabled: The parameter is not used.

Enable # Not enabled, Enabled Not enabled

Enabled: The parameter can be used in a CustomLogic project.
Integer # - 2147483647 to 2147483647 0 The range for the integer value to be stored.
Float # - 2147480000 to 2147480000 0.0000 The range for the float value to be stored.

2.6.5 Activating controller outputs

CustomLogic cannot directly activate controller outputs that are configured for controller functions. For example, CustomLogic
cannot activate the [Breaker] > Control > Open digital output.

However, CustomLogic can activate external commands, for example, the [Breaker] > Open command. The CustomLogic command
has the same effect as, for example, the [Breaker] > Command > Open digital input. The controller only follows the external
command if the controller is in SEMI mode.

2.6.6 CustomLogic and Modbus

Each controller has 20 Modbus signals that can be assigned to contacts and coils.
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When a Modbus signal is assigned to a contact, the contact can be activated and deactivated using the correct Modbus address for
the signal number.

When a Modbus signal is assigned to a coil, the state of the coil can be read using the correct Modbus address for the signal
number. It is not possible to use a Modbus interface to write a value to a Modbus signal that has been assigned to a coil.

2.6.7 Restrictions
CustomLogic reset on save
If you make a change to the CustomLogic and then save the change to the controller, all the CustomLogic states and timers are

reset.

CustomLogic under switchboard control
CustomLogic remains enabled when the controller is under switchboard control.

However, the controller does not accept external commands under switchboard control. For example, if CustomLogic activates a
command to open a breaker, the controller ignores the command.

If the logic should not be processed while the controller is under switchboard control, a open normally closed contact should be
added to the logic lines where necessary. Set the normally closed contact to Mode > Inputs > Under switchboard control.

2.7 Emulation

With emulation you can run your controllers in a virtual operating mode. During emulation you can simulate various real-world
actions, such as starting or stopping the genset without actually having any genset connected. You can also test and configure your
controller, and mimic inputs or outputs that are configured.

More information
See Emulation in the PICUS manual for more information about using and configuring the emulation feature.

2.8 Custom parameters

You can configure up to 50 custom parameters for use in CustomLogic or Modbus.
Configure custom parameters under Parameters > Custom parameters.

Where # is the parameter number from 0 to 49.

Table 2.11 Custom parameter #

T e T

Not enabled: The parameter is not used.

Enable # Not enabled, Enabled Not enabled

Enabled: The parameter can be used in a CustomLogic project.
Integer # - 2147483647 to 2147483647 0 The range for the integer value to be stored.
Float # - 2147480000 to 2147480000 0.0000 The range for the float value to be stored.

2.9 Date and time
2.9.1 About date and time settings

The date and time can be set manually from PICUS or the display, or automatically obtained from an external time server.
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The time is stored locally on each controller, and automatically synchronised between all of the DEIF controllers connected in the
same Ethernet network.

The alarms, logs, and display unit use the time.
Time master
The time master's time is synchronised to all the other controllers. The synchronisation is achieved by using a Network Time

Protocol (NTP) client and server system. The controller that has been powered ON for the longest time on the Ethernet network is
the time master.

When a new controller is added to the network, it fetches the time from the time master in the network.

If two Ethernet networks with DEIF controllers are joined, then the time from the network with the controller that has been powered
on for the longest is used.

If the time master fails, the controllers in the network determine which controller has been ON the longest. The controller that has
been on the longest, then becomes the new time master.

Synchronisation interval and performance
Each controller checks the time from the time master at regular intervals. The frequency of these checks adapts to the

synchronisation quality. If the synchronisation is poor, then the controller uses shorter intervals between checks.

The time difference can initially be a few seconds. This is adjusted down over time. The time synchronisation can take some time
(for example, 30 minutes) to synchronise the controllers.

Table 2.12 Date and time settings

R e =

i * 00:00:00 to 23:59:59 If an NTP server is configured, then you are not able to change
+ 12:00:00 AM to 11:59:59 PM the time manually.
. 12 hour clock The AM/PM selector for Time is only visible when 12 hour clock is
Time format 24 hour clock
* 24 hour clock selected.
Date 2018-01-01 to 2037-12-31 If an NTP server is configured, then you are not able to change
the date manually.
* YYYY-MM-DD
*  YY-MM-DD
+ DD-MM-YYYY
Date format YYYY-MM-DD
+ DD-MM-YY
+ MM-DD-YYYY
+ MM-DD-YY
The adjustment for daylight saving is based on the time zone, and
are automatically applied by the controller.
Time zone  Selectable list Etc/UTC

Daylight savings is not applied to the controller when you select
the Etc/UTC time zone.

INFO
@ If a setting is changed on any controller in the network, the new setting is synchronised to all controllers in the network.
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Table 2.13 Network time protocol settings

e e

Type the IP address or server address of the NTP server in this field. When either of the Host

Host ) fields have data inside them, it is no longer possible to configure the date or time manually.
Unicast: The controller sends requests to the specified host and to request the date and time.
. Unicast The controller updates the date and time when the host responds to the request.
Mode ; Unicast
* Multicast

Multicast: The controller waits for a date and time to be broadcast from a server on the host
location. The controller updates the date and time when a broadcast is received.

29.2 Setting the time manually

Use the Configure > Time settings interface in PICUS or the display unit to set the time manually.

When you change the time on any controller in the network, the new time is shared with all the controllers in the network through the
time master.

2.9.3 Using an external NTP server

Use the Configure > Time settings interface in PICUS to configure the NTP server.

INFO
@ For this option, the network design must allow the controllers to access the NTP server(s).

If two NTP servers are configured, then the NTP server with the lowest Stratum is the server used. If the NTP servers have the
same Stratum, then the NTP server configured in Server 1 is the server used.

2.10 About permissions

Access to the controllers' configuration and functionality is protected with user permission access. The controller is supplied with a
number of default Groups, Users and Passwords.

INFO
@ Only users with the correct permission may access, configure, or update the configuration.

Permission structure

The permissions structure allows the creation and maintenance of users and groups within each controller configuration. These are
stored locally on each controller, and therefore each controller can store its own set of user permissions and groups.
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Figure 2.2 User profiles on controllers

- DEIF
network
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Controller Controller
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However, you can also Broadcast
permissions on them.

these settings to any or all of the other connected controller(s), which creates the same

Figure 2.3 Broadcast user profiles to all controllers
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N User2 , N User2 , N User2 ,

INFO
Create the same permissions on all the connected controllers. If a controller must have different permission settings, do not
broadcast these settings.

Each user is a member of a group. The group gives the user permissions to associated features or functions of the controller.

When a user is assigned to a group, they inherit the permissions for that group.
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In the following diagram, you can see the permissions that User 1 and User 2 have to the controller. Both User 1 and User 2 are
members of a basic permission group, and they inherit the permissions from that specific group.

Figure 2.4 Simple permission example

Basic group

[ ]
|
User 1 .

User 2

Read access ====c===

Alarms Log Tools Configure

In the diagram, User 1 and User 2 are members of the Basic group. They have read access to the Alarms, and Log, but they have
no access to the Tools or Configure functions.

Permissions access enables you to easily control which user can access which function. This provides a layer of control for the
operation of the controller.

consideration.

CAUTION

INFO
@ In order to benefit fully from the permissions structure, you need to set up your users and groups with careful
A You can only access the user permissions option if you are a member of a group that has access to that function.

2.10.1 User settings
The following information is stored for each of the Users on the controller.

Table 2.14 User settings

e 7

User name Required Minimum 2 characters.
Organisation Optional

Group Required Selectable from list.
Mobile number Optional

Direct number Optional

Email (primary) Optional

Email (secondary) Optional

Notes Optional

Password Required Minimum 8 characters.

2.10.2 Group settings

Permissions are divided into group settings and the permission levels under that group.
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Group settings

The Group settings contain the general information about the permission group.

e i

Name

Owner

Date of creation
Users in group

Notes

Group permissions

The group permissions grant or remove access to each of the different areas in the software.

Table 2.15 Access levels

Required

Optional

Automatic

Automatic

Optional

System created

List of users assigned to this group

Read access Allows settings to be read from the controller.
Read/write access Allows settings to be read or written back to the controller.
No access Allows no access for the function or setting.

Mixed access

Where permissions are different at different levels within the permission area.

Assigned automatically by system.

Table 2.16 Permission areas and features

Live Data

Live Data

Application

Alarms

1/0O status

Log

Tools
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Single-line creator
Emulation

Single-line supervision
Alarm acknowledge
Alarm reset latch
Alarm out of service
Alarm shelved

1/0 status

Log
Engine interface J1939 DM2

Translations

Report

Backup

Restore

Restore configuration
Trending
Communication
Regulator status
Alarm test

Advanced
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o Firmware
o Change controller
o Permissions

+ Date and time
* View design
* Input/output configuration
+ Parameters
Configure + Counters
» CustomLogic
» Flexible Modbus
» Fieldbus configuration
* Fieldbus supervision

2.10.3 Default users

NOTICE

Secure your system

Ensure that all default passwords are changed to reduce any security risk to your system. Additionally, it is recommended to adjust
or edit the group and user permissions according to your own operational needs.

Default users

The controller is supplied with a number of default users, groups, and passwords. These provide initial access to the controller and
should be changed during commissioning.

Table 2.17 Default users

Password (before PCM APPL | Password (from PCM APPL
1.0.13.x) 1.0.13.x or later)

Operator 00000000 Operators
Service 00000002 0 Service engineers
Designer 00000003 0 Designers

Admin 00000004 0 Administrators

2.10.4 Default group permissions

Table 2.18 Operators group

S S T

Live data
Live data o
Application °
Single-line creator °
Single-line supervision °
Single-line emulation °
Alarms °
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Alarm acknowledge

Alarm reset latch °
Alarm out of service °
Alarm shelved o
Log °
Log °
Engine interface °
Tools °
Translations °
Report °
Backup °
Restore °
Restore configuration °
Communication °
Regulator status o
Alarm test °
Tools > Advanced °
Firmware °
Change controller °
Permissions °
Configure °
Date and time °
View design °
Input/output .
configuration
Parameters °
Counters °
CustomLogic °
Flexible Modbus o
Fieldbus configuration °
Fieldbus supervision °

Table 2.19 Service engineers group

N S T

Live data
Live data °

Application °
Single-line creator °
Single-line supervision °
Single-line emulation °
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Alarms
Alarm acknowledge
Alarm reset latch
Alarm out of service
Alarm shelved
Logs
Log
Engine interface
Tools

Translations
Report
Backup
Restore
Restore configuration
Communication
Regulator status
Alarm test
Tools > Advanced
Firmware
Change controller
Permissions
Configure
Date and time
view design

Input/output
configuration

Parameters

Counters
CustomLogic

Flexible Modbus
Fieldbus configuration

Fieldbus supervision

Table 2.20 Designers group

Peatere | mem ]

Live data

Live data
Application

Single-line creator

Single-line supervision
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Single-line emulation

Alarms °
Alarm acknowledge °
Alarm reset latch °
Alarm out of service °
Alarm shelved o

Logs °
Log °
Engine interface °

Tools °
Translations °
Report °
Backup °
Restore °
Restore configuration °
Communication °
Regulator status [
Alarm test °

Tools > Advanced °
Firmware °
Change controller °
Permissions °

Configure °
Date and time °
View design °
Input/output .
configuration
Parameters °
Counters °
CustomLogic °
Flexible Modbus °
Fieldbus configuration °
Fieldbus supervision °

NOTE You cannot delete the Administrators group.

Table 2.21 Administrators group

O T

Live data

Live data °
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Application

Alarms

Logs

Tools

Tools > Advanced

Configure

NOTE You cannot delete the Display group.

Single-line creator
Single-line supervision

Single-line emulation

Alarm acknowledge
Alarm reset latch
Alarm out of service

Alarm shelved

Log

Engine interface

Translations

Report

Backup

Restore

Restore configuration
Communication
Regulator status

Alarm test

Firmware
Change controller

Permissions

Date and time
View design

Input/output
configuration

Parameters

Counters
CustomLogic

Flexible Modbus
Fieldbus configuration

Fieldbus supervision
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Table 2.22 Display group

romison T Reas | eadwrio | Noscess | i svess
[ )

Live data
Live data o
Application °
Single-line creator °
Single-line supervision °
Single-line emulation °
Alarms °
Alarm acknowledge °
Alarm reset latch °
Alarm out of service °
Alarm shelved °
Logs °
Log °
Engine interface o
Tools °
Translations °
Report °
Backup °
Restore °
Restore configuration °
Communication °
Regulator status °
Alarm test °
Tools > Advanced °
Firmware °
Change controller °
Permissions °
Configure °
Date and time °
View design ° °
Input/output .
configuration
Parameters °
Counters °
CustomLogic °
Flexible Modbus L
Fieldbus configuration [
Fieldbus supervision U
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2.11 Event log

The controller stores a maximum of 2000 log entries. When the log is full, the controller discards the excess log entries using first in,
first out.

If an ECU has been configured, you can also switch to see the DM2 logs.

2.12 Non-Essential Loads (NEL)

You can assign a non-essential load to a GENSET, HYBRID, EMERGENCY genset, SHAFT generator and/or SHORE connection
controller.

You cannot assign a non-essential load to a BUS TIE breaker controller.

Table 2.23 NEL configuration options

NEL ID Select NEL 1, NEL 2 or NEL 3. IDs that are already used are not shown.
NEL trip signal # Select a controller from the list. Controllers that are not in the same section are not shown.

If there are other controllers in the section that the NEL trip signal can be connected to, you can select

New NEL trip signal(s) these in the New NEL trip signal list.

Label Customisable label for the non-essential load.

The NEL must be assigned to the controller on the single-line diagram in order for the NEL functions to be visible under the
controller inputs and outputs.

2.12.1 Non-essential load trip (NEL) function

Non-essential load trip (NEL) groups are tripped to protect the busbar against imminent blackout. The NEL can be configured to trip
(that is, disconnect) if over-current, low busbar frequency, overload and/or reactive overload is measured by a controller.

Each non-essential load (NEL) trip is a function with a warning alarm. The trip is active until the measurement that activated the
alarm returns to normal (unless the alarm is latched; then the trip remains active until the latch is reset). The operator can then
reconnect the non-essential load.

For NEL alarms, you can only set the set point and the delay. You cannot assign other alarm actions or use inhibits.

Up to three non-essential loads (NEL) can be defined per controller. The NELs are tripped individually, that is, a trip of NEL 1 does
not directly influence NEL 2 or NEL 3. Inhibits are used to prevent an NEL trip when the breaker to the busbar is open.

The order in which the non-essential loads trip depend on the associated reference value, set point and delay. The convention is to
trip NEL 1 first and NEL 3 last.

The NEL trip relay is activated when one or more of the NEL alarms is activated. It remains active whenever there is at least one
NEL alarm, even if the original NEL alarm is deactivated.

The NEL trips are always active if the controller has power.

INFO
In this description, # represents the NEL ID.
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Wiring examples

Figure 2.5 Example of three non-essential loads that are connected for full redundancy
NEL 1 NEL 2
\

—\

NEL 3

For redundancy and secure operation, DEIF strongly recommends that all controller NEL trip settings are identical.
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Figure 2.6 Example of 12 non-essential loads that are connected with no redundancy

-mZ
NEmZ
wrm2z
- mZ
NEmZ2Z
wrm2z
-mZ
NEmZ
wrm2z2
_-m2Z
NEmZ
wrm2z

DEIF recommends that you connect each non-essential load to each controller, so that any controller can trip the non-essential
loads. As a minimum, each non-essential load should be connected to at least two controllers. However, it is possible to connect
each controller to up to three non-essential loads, with no interaction from the other controllers.

Inputs and outputs

Assign the non-essential load inputs and outputs under Configure > Input/output for each controller. Select the hardware module,
then select the input/output to configure.

Table 2.24 Hardware required in addition to the minimum standard controller wiring
Funcion 10— [0 |

Non-essential load
trip > Non-essential
load trip #

The controller activates the output when a non-essential load alarm is activated.

Digital Continuous  The digital output will be activated as long as at least one NEL alarm is active.

output That is, if the operating value no longer exceeds the set point, the digital output
is normally deactivated. However, if an NEL alarm has a latch, the digital output
will not be deactivated until latch is reset.

Parameters
The non-essential load parameter is only visible when the Non-essential load trip # function is configured.

Configure this parameter under Configure > Parameters > Non-essential load trip > Trip # > Settings, where #is 1, 2 or 3.

Table 2.25 Non-essential load parameter

e N T

Not enabled: Controller breaker trips have no direct effect on the non-

Trip when breaker - Not enabled, Not enabled essential load trips.

trips Enabled
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Enabled: Whenever the controller breaker trips, then the controller also
activates the Non-essential load trip # output. The NEL trip remains active as
long as the breaker trip is active.

The parameters for each alarm are given in the following sections.

How the NEL function works
Table 2.26 Sequence diagram example with NEL 1 over-current, without a latch

1. Current: The current fluctuates based on the demand.
When the current exceeds the set point, the alarm's delay

(1) Current \_\r_» timer starts. If the current is over the set point for the delay
Pela): time, the alarm is activated and the NEL breaker trips. In
c response, the current drops.
) NEL 1 2. NEL 1 over-current: The controller activates the NEL
) alarm when the operating value is above the set point for
over [ ] | hen th t | bove the set point f
current .
the delay time.
* The alarm is deactivated when the alarm value returns
< to normal.
(9 NELtip | [ ] ) . . . .
3. NEL trip: Non-essential load trip > Non-essential load trip
# (digital output): The controller activates this output when
an NEL alarm is activated. The output is deactivated when

NEL - all the NEL alarm values return to normal.
(4) | |
breaker ../.. 4. NEL breaker: The NEL breaker disconnects the NEL
‘ when the controller activates the NEL trip output. The
operator has to close the breaker to reconnect the NEL.
@ 5. Operator: Operator intervention is required to reconnect
the NEL.

(5) Operator

Table 2.27 Sequence diagram example with NEL 1 over-current with a latch
1. Current: See the previous example.

(1) Current 2. NEL 1 over-current: The controller activates the NEL
\_\r‘—\ alarm when the operating value is above the set point for

the delay time.

NEL 1 A ¢ The alarm is reset when the latch is reset.

(2 over | | 3. NEL trip: Non-essential load trip > Non-essential load trip

current # (digital output): The controller activates this output when
an NEL alarm is activated. The output is deactivated when
all the NEL alarm values are normal, and all latches are

: < reset.
(3) NEL trip | |
4. NEL breaker: The NEL breaker disconnects the NEL

when the controller activates the NEL trip output. The
operator has to close the breaker to reconnect the NEL.
NEL

—-—e
(4) breaker -./.- | | 5. Operator: Operator intervention is required to reset the

‘ latch and reconnect the NEL.

N
(5) Operator \9/ @
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2.13 Lamp test

The lamp test lights all the LEDs on the display. The test cycles through the LED colours for the time configured in the lamp test
parameters.

During the lamp test a message box is shown on the display.

J= Home /Tools /Advanced / Message Popup 07:47

Lamp test active

Press Stop to end lamp test

Inputs
The table below describes optional inputs for the lamp test.

Assign the inputs under Configure > Input/output. Select the hardware module, then select the input to configure.

Table 2.28 Optional inputs for the lamp test

Funoon 0 e st

Test functions > Lamp test > Start lamp Activating this input has the same effect as enabling the lamp

test Digital input - Pulse test Activate parameter.

If this input is activated while a lamp test is in progress, the
controller stops the lamp test.

Test functions > Lamp test > Stop lamp

tost Digital input Pulse

Configure the parameters under Configure > Parameters > Test functions > Lamp test.

Table 2.29 Lamp test parameters

Not enabled: There is no lamp test.

e ——— Enabled: When the parameter is saved, the lamp test starts. After the lamp

Activate Enabled Not enabled test, the controller automatically changes the parameter to Not enabled.
Alternatively, you can start the lamp test from the display unit (Tools >
Advanced > Lamp test) or a digital input (see above).

Duration 1sto1h 18 s The time for the lamp test.
The time that each colour is lit. The colour cycle is green, yellow, red. The

Color cycle .

time 1stolh 3s color cycle repeats for the duration of the lamp test.
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For the default settings, the lamp test will cycle through all the colours twice.

INFO
To identify a controller, use the Identify function.

2.14 Alive

To confirm that the controller is operational, a digital output can be configured to activate for a specified amount of time in a time
period. If the signal does not repeat within the defined time period, then the controller is no longer operational.

Outputs
Assign the outputs under Configure > Input/output. Select the hardware module, then select the output to configure.

Table 2.30 Optional inputs for the lamp test

Funion 10— Ttpe lomals

The output is set to high for the Duty cycle time each Period.

Local > Alive > Digital Pulse

Alive output For example, if the Duty cycle is set to 50 % and the Period is set to 2 s, then the output
is high for 1 s and low for 1 s. This signal repeats while the controller is operational.

Configure the parameters under Configure > Parameters > Local > Alive > Alive configuration.

Table 2.31 Alive parameters

roamair Jrompe ——osaut [commen P

The percentage of the Period that the signal is high.
Duty cycle  0to 100 % 50 % If the Duty cycle is set to 0 %, then the I/O output is always low.

If the Duty cycle is set to 100 %, the output is always high.
Period 0.1sto60s 2s The time between the start of a high signal to the start of the next high signal.
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3. AC configuration and nominal settings

3.1 AC configuration

Phase configuration: AC configuration
Configure Phase configuration: AC configuration under:

Configure > Parameters > [Source] > AC setup > Phase configuration

This parameter must be the same for all the controllers in the system.

Poamair Range s hees

AC
configuration

Three-phase
Three-phase (2 CT,
L1-L3)

Split-phase L1-L3
Split-phase L1-L2
Split-phase L2-L3
Single-phase L1
Single-phase L2
Single-phase L3

Three-phase: The generator and busbar are three-phase, and there are
current measurements on all three phases. Voltage and current
measurement on the neutral phase (N) is optional.

Three-phase (2 CT, L1-L3): The generator and busbar are three-phase.
However, the controller only uses the current measurements on L1 and L3.
Voltage and current measurement on the neutral phase (N) is optional.

Split-phase L1-L3: The waveforms are offset by a half-cycle (180
degrees) from the neutral wire. This is sometimes called single-phase in
the USA.

Split-phase L1-L2: The waveforms are offset by a half-cycle (180
degrees) from the neutral wire. This is sometimes called single-phase in
the USA.

Split-phase L2-L3 The waveforms are offset by a half-cycle (180 degrees)
from the neutral wire. This is sometimes called single-phase in the USA.

Single-phase L1: The generator and busbar are single-phase. Use the L1
terminal for the voltage and current measurements (not the L2 or L3
terminals). The current measurement on the neutral phase (N) is optional.

Single-phase L2: The generator and busbar are single-phase. Use the L2
terminal for the voltage and current measurements (not the L1 or L3
terminals). The current measurement on the neutral phase (N) is optional.

Single-phase L3: The generator and busbar are single-phase. Use the L3
terminal for the voltage and current measurements (not the L1 or L2
terminals). The current measurement on the neutral phase (N) is optional.

Some of the controller protections are irrelevant in a single-phase
configuration (for example, Current unbalance, Voltage unbalance and
Phase sequence).

More information
See System AC configuration under Wiring the equipment in the Installation instructions for examples of three-
phase, single-phase wiring, and split-phase wiring.
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Phase configuration: AC setup
Configure Phase configuration: AC setup under:

Configure > Parameters > [Source] > Voltage protections

You must set these parameters if you do not want the AC measurements that the controller uses for the alarms to be phase-to-
phase. These parameters determines whether the controller uses phase-to-phase or phase-to-neutral voltages.

Measurements from the neutral line can be present for phase-to-phase measurements.

This parameter does not affect the nominal voltages. The nominal voltages are always phase-to-phase voltages.

Porame nge —osaut_naes

Phase-phase: The controller uses the phase-to-phase voltages for the alarms (that is,

L1-L2, L2-L3, and L3-L1). nf See the Installation instructions for a wiring examples
for a phase-to-phase AC configuration.

* Phase-
phase Phase-
AC setup . Phase- phase Phase-neutral: The controller uses the phase-to-neutral voltages for the alarms (that is,
neutral L1-N, L2-N, and L3-N). Measurements from the neutral line must be present in a phase-

to-neutral system.

If you select Single-phase L1 (or L2 or L3), you must also select Phase-neutral.
More information
See System AC configuration under Wiring the equipment in the Installation instructions for examples of three-
phase, single-phase wiring, and split-phase wiring.

Phase direction: AC phase rotation
Configure Phase direction: AC phase rotation under:

Configure > Parameters > [Source] > AC setup > Phase direction

You must set this parameter if the AC phase rotation is not L1-L2-L3.

This parameter must be the same in all the controllers in the system.

oamar ronse oo

L1-L2-L3: The global standard phase rotation is L1-L2-L3. Using an alternative
wiring can lead to confusion, fatal accidents and serious damage to equipment.

A
Voltage
vi L1 L2 L3

AC phase °* L1-L2-L3

. L1-L2-L3
rotation e L1-L3-L2

\ / \ ;ime [s]
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L1-L3-L2: DEIF does not recommend that you wire the system L1-L3-L2, due to
the potential for confusion. However, this parameter allows the controller to
function correctly even though the generator is wired L1-L3-L2.

Voltage A
v

L3 L2

Time

¢ [s]

DANGER!
Never attempt to connect gensets to the same busbar if they do not have the same phase rotation.

DANGER!

Do not use this parameter to attempt to correct for incorrect wiring of the controller's AC measurement terminals. Rewire

the terminals correctly.

3.1.1 [Source] and [Busbar] for each controller type

The names used for [Source] and [Busbar] for the AC configuration of each controller type:

Controller type [Source] (ACM3.1 terminals 5 to 8) [Busbar] (ACM3.1 terminals 1 to 4)

GENSET Generator
HYBRID Inverter
EMERGENCY genset Generator
SHAFT generator Generator
SHORE connection Shore connection
BUS TIE breaker Busbar A

3.1.2 [Source] AC configuration

Configure the source's AC configuration under:

Configure > Parameters > [Source] > AC setup

Voltage transformer
These parameters relate to the terminals on the ACM3.1.

Configure the Voltage transformer under:

Busbar
Busbar
Busbar
Busbar
Busbar

Busbar B

Configure > Parameters > [Source] > AC setup > Voltage transformer

You must set these parameters if there is a voltage transformer on the source's voltage measurement.
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If Primary:Secondary ratio is 1, the controller uses the voltage measurement without any correction for a voltage transformer.

The controller does not need information about the voltage transformer type (for example, open delta, star-star, and so on).

Poamer ranse o o

Primary 10 Vto 160 kV 400V  The voltage transformer primary side (source side) value.

The voltage transformer secondary side (controller side) value.

Secondary 17 to 690 VV 400V Note: No phase shift is allowed in the v9ltage transformer. That is, the phase angle must be
the same on the high and low voltage sides of the voltage measurement transformer.
Note: The minimum normal operating voltage for the controller is 100 V. However, this
range starts at 17 V to allow switchboard tests.

More information
See [Source] AC configuration under Wiring the equipment in the Installation instructions for an example of
generator voltage transformer wiring.

Current transformer
These parameters relate to the terminals on the ACM3.1.

Configure the Current transformer under:

Configure > Parameters > [Source] > AC setup > Current transformer

CAUTION
A Changing the current transformer settings, changes the protection range for the over-current and fast over-current
protections.

If you change the current transformer values and the set points for the over-current and fast over-current protections are out of the
set point range, then the Protection set point out of range alarm activates. The alarm action is warning, and cannot be configured.

You must set these parameters for the current transformer on the source's current measurement. These parameters only apply to
the current measurements on L1, L2 and L3.

More information
See the Installation instructions > Default wiring for controller types > ACM3.1 terminal connections and default
wiring for examples of generator current transformer wiring.

Primary 5t0 9000 A 1000 A The current transformer primary side (source side) nominal current.

Serondary ion5A 1A The current transformer secondary side (controller side) nominal current. You can select either

1Aor5A
CT - ACM3.2 - Consumer side
Configure these parameters under:
Configure > Parameters > [Source] > AC setup > CT - ACM3.2 - Consumer side

These parameters are only visible if you have an ACM3.2 installed.
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More information
See the Installation instructions > Default wiring for the optional modules > ACM3.2 terminal connections and
default wiring for examples of generator current transformer wiring.

PoamairJmome oo s

Primary

Secondary

Current
reference dir.

5 to 9000 A

1or5A

» Towards prot. obj.

Away from prot.
obj.

CT - ACM3.2 - Neutral side
Configure these parameters under:

Configure > Parameters >

[Source]

1000 A

1A

Towards prot.

obj.

The current transformer primary side nominal current for terminals 1 to
6.

The current transformer secondary side nominal current for terminals 1
to 6. You can select either 1 A or 5 A.

Defines if the current transformer direction is installed towards or away
from the protected object for terminals 1 to 6.

m'usz

Protected
object

Towards:

szu's1

Protected
object

Away:

> AC setup > CT - ACM3.2 - Neutral side

These parameters are only visible if you have an ACM3.2 installed.

1

More information
See the Installation instructions > Default wiring for the optional modules > ACM3.2 terminal connections and

default wiring for examples of generator current transformer wiring.

Poomeir—Jmomse ———Jovaun—hees

Primary

Secondary

Current
reference dir.

5 to 9000 A

1or5A

« Towards prot. obj.

Away from prot.
obj.

Voltage and frequency OK
Configure these parameters under:

Configure > Parameters >
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1000 A

1A

Towards prot.

obj.

The current transformer primary side nominal current for terminals 7 to
12.

The current transformer secondary side nominal current for terminals 7
to 12. You can select either 1 A or 5 A.

Defines if the current transformer direction is installed towards or away
from the protected object for terminals 7 to 12.

&'u&

Protected
object

Towards:

szu'm

Protected
object

Away:

[Source] > AC setup > Voltage and frequency OK
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The controller uses these parameters to calculate whether the voltage and frequency from the source measurements are OK, so
that the breaker can close.

I e

If the voltage and frequency are OK for this time in seconds, then the equipment's
to1h 2s LED becomes steady green. The breaker is not allowed to close before the LED
is steady green (that is, not flashing).

Voltage and frequency 0s
OK

The voltage must be above this voltage (as a percent of nominal voltage) for the

- o o
Minimum OK voltage 700 100 % 95 % breaker to start to synchronise and close.

The voltage must be below this voltage (as a percent of nominal voltage) for the

1 o, (o)
Maximum OK voltage - 10010 120 % 105 % breaker to start to synchronise and close.

Minimum OK o o The frequency must above this frequency (as a percent of nominal frequency) for
70t0 100 % 99 % .

frequency the breaker to start to synchronise and close.

Maximum OK The frequency must below this frequency (as a percent of nominal frequency) for
100to 110 % 101 % .

frequency the breaker to start to synchronise and close.

Voltage and frequency OK (blackout start)
For the GENSET, EMERGENCY genset, SHAFT generator and/or SHORE connection controller, configure these parameters under:

Configure > Parameters > [Source] > AC setup > Voltage and frequency OK (blackout start)

During a blackout, the controller uses these parameters to calculate whether the voltage and frequency from the generator
measurements are OK, so that the breaker can close.

e S

If the voltage and frequency from the source are OK for this time in seconds, then
Osto1h 2s the equipment LED becomes steady green. The breaker is not allowed to close
before the LED is steady green (that is, not flashing).

Voltage and
frequency OK

The voltage must be above this voltage (as a percent of nominal voltage) for the

- o o
MinimumiolCvoltagel TONOMOORRY 851 breaker to start to synchronise and close.

The voltage must be below this voltage (as a percent of nominal voltage) for the

i 0, 0,
ARV OIXelags | o Ay | a9 breaker to start to synchronise and close.

Minimum OK The frequency must above this frequency (as a percent of nominal frequency) for
700100 % 94 % :

frequency the breaker to start to synchronise and close.

Maximum OK 10010 110 % 106 % The frequency must below this Trequency (as a percent of nominal frequency) for

frequency the breaker to start to synchronise and close.

3.1.3 [Busbar] AC configuration

Configure the busbar's AC configuration under:

Configure > Parameters > [Busbar] > AC setup

Voltage transformer
Configure the Voltage transformer under:

Configure > Parameters > [Busbar] > AC setup > Voltage transformer

You must set these parameters if there are voltage transformers on the busbar voltage measurement.
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If Primary:Secondary ratio is 1, the controller uses the voltage measurement without any correction for a voltage transformer.

The controller does not need information about the voltage transformer type (for example, open delta, star-delta, and so on).

Poamer ranse oo o

Primary 10to 160 kV 400V The voltage transformer primary side (busbar side) value.
The voltage transformer secondary side (controller side) value.

Secondary 1710690V 400 V Note: No phase shift is allowed in the V(?Itage transformer. That is, the phase angle must be
the same on the high and low voltage sides of the busbar voltage measurement transformer.

Note: The minimum normal operating voltage for the controller is 100 V. However, this range
starts at 17 V to allow switchboard tests.

More information
See [Busbar] AC configuration under Example wiring for controller functions in the Installation instructions for an
example of busbar voltage transformer wiring.

Voltage and frequency OK
Configure the Voltage and frequency OK under:

Configure > Parameters > [Busbar] > AC setup > Voltage and frequency OK

The controller uses these parameters to calculate whether the voltage and frequency from the busbar measurements are OK.

e S

If the busbar voltage and frequency are OK for this time in seconds, then the
0sto3600s Os busbar LED becomes steady green. The breaker is not allowed to close before
the busbar LED is steady green (that is, not flashing).

Voltage and
frequency OK

The voltage must be above this voltage (as a percent of nominal voltage) for the

- o o
O e S U o breaker to start to synchronise and close.

The voltage must be below this voltage (as a percent of nominal voltage) for the

i 0, 0,
MO licach NIUDICRIZDRAR RIOSKE breaker to start to synchronise and close.

Minimum OK The frequency must above this frequency (as a percent of nominal frequency) for
70t0 100 % 98 % :

frequency the breaker to start to synchronise and close.

Maximum OK 10010 110 % 102 % The frequency must below this frequency (as a percent of nominal frequency) for

frequency the breaker to start to synchronise and close.

Blackout detection
Configure the Blackout detection under:

Configure > Parameters > [Busbar] > AC setup > Blackout detection

e N T

After detecting the blackout, the controller does not respond, unless the blackout is still
Blackout delay 0sto3600s Os present after this time. All the Blackout delay timers in the section must run out before
any controller can allow a blackout close.
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3.1.4 Voltage and frequency as digital outputs

For the [Source] and the [Busbar], you can configure digital outputs with functions for Voltage and frequency OK and No voltage and
frequency. These functions are based on the AC measurements and parameters, and can be useful for troubleshooting.

Outputs
Assign the function to a digital output under:

Configure > Input/output

Select the hardware module and select the digitial output to configure.

T N S

Activated if the voltage and frequency from the source are within the
Digital output Continuous range specified in under Configure > Parameters > [Source]
> AC setup > Voltage and frequency OK.

[Source] > State > Voltage
and frequency OK

[Source] > State > No voltage
and frequency

Activated if the phase-to-phase voltage from the source is less than

Digital output - Continuous 10 % of the nominal voltage.

Activated if the voltage and frequency at the [Busbar] are within the
Digital output Continuous range specified in under Configure > Parameters > [Busbar]
> AC setup > Voltage and frequency OK.

[Busbar] > State > Voltage
and frequency OK

[Source] > State > No voltage
and frequency

Activated if the phase-to-phase voltage at the [Busbar] is less than 10

Digital output Continuous % Pl reriin] vl e,

3.1.5 4th current input configuration

Nominal current
Configure the Nominal current under:

Configure > Parameters > Local > 4th current input > Nominal settings > Nominal settings # >
Current (I4)

Where #is 1 to 4.

Nominal setting Nominal setting Nominal setting Nominal setting Notes

Parameter Range 1 2 3 4

The maximum 4th current
Nominal (4th) 1 Ato 9kA 867 A 345 A 345 A 345 A flow during normal
operation.

Current transformer
You can configure the 4th current input current transformer under:

Configure > Parameters > Local > 4th current input > Current transformer (I4)

You must set these parameters if there is a current transformer on the 4th current input measurement.

DESIGNER'S HANDBOOK 4189340911R UK Page 68 of 542



Parameter Range Default Notes
Primary (14) 5At0 9kA 1KkA The current transformer primary side (measurement side) nominal current.

The current transformer secondary side (controller side) nominal current. You can select

Secondary (14) 1or5A 1A cither 1 A or 5 A

More information
See the Installation instructions for examples of 4th current input wiring for the neutral phase.

3.2 Nominal settings
3.2.1 About the nominal settings

The controller nominal settings are used in a number of key functions. These include power management and protections. Many
protection settings are based on a percentage of the nominal settings.

Each controller can store four sets of nominal settings. You can easily change the active set of nominal settings by changing the
parameter, using a digital input, analogue input, or an external source (for example, Modbus).

Always check that the conditions are safe to change the nominal settings. Changing nominal settings while a genset is running with
a load could lead to unexpected actions. For example, the generator breaker can trip due to an under frequency alarm when
changing the nominal frequency from 50 Hz to 60 Hz.

The nominal settings for the controller are mainly the alternating current (AC) settings. Changing the nominal settings set also
changes the engine nominal speed, and analogue governor and AVR offsets.

More information
See each controller type for more information about the nominal settings and regulation for more information about the
analogue regulator offsets.

This is how the AC measurements on the ACM3.1 module relate to the controller types:
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1. [Busbar] voltage measurements
ACM3.1 2. [Source] voltage measurements
:1'?: - » For example: GENSET controller: The voltage at the genset
L u]
3. [Source] current measurements
L2 ® p
Al > o * For example: GENSET controller: The current from the genset
to(op 4. 4th current measurement
N OPp / * For example: Earth current
L1 @p A
L2 ® g
A ©
L3 @p
N ® R y,
Cr—— 1
s1° O
S§2 ©
. (O
S$1
=° 1 ®
O}
S2
. (O
$1
gz ®
s )@ 7
st 8
2O
Ss2
O

Inputs and outputs

Assign the nominal settings inputs and outputs under Configure > Input/output. Selectthe hardware module, then select the
input/output to configure.

Table 3.1 Nominal settings inputs and outputs
N R S
Local > Nominal settings > The controller changes the active nominal setting group
Controller nominal setting > Nominal Digital input Pulse to the nominal setting group assigned to the digital

setting # input.

Local > Nominal settings >
Controller nominal setting > Nominal Digital output  Continuous
setting # selected

Activated if the active nominal setting group is the same
as the nominal setting group configured to the output.

Local > Nominal settings > The controller changes the active nominal setting group

. - . . Supervised to the nominal setting group assigned to the analogue
Controller nominal setting > Nominal Analogue input . . . . . .
setting # binary input input. The input signal is treated by the controller as a

g pulse signal.

Local > Nominal settings > The controller outputs a number correlating to the

, . . Analogue . , . . ,
Controller nominal setting > Nominal outout Oto3 active nominal setting group. Where Nominal setting 1
setting # selected P is zero.

Parameters

More information
See each controller type for the nominal setting parameters for voltage, current and generator speed (if applicable).

Configure > Parameters > Local > Nominal settings > Controller nominal setting
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Table 3.2 Local nominal setting parameters

T

Nominal setting 1 The selected nominal setting group for the controller when Source is set to
Local.
. * Nominal setting 2 Nominal
SreER Nominal setting 3 setting 1
Changing the nominal setting group using a digital input, analogue input, or
* Nominal setting 4 external command changes this parameter.
Local: The nominal setting selection is independent of the power management
rules. The selected nominal setting is the same regardless of the active power
management rule.
Changing the nominal setting group with a digital input, analogue input, or
external command, changes the nominal setting Selection parameter for the
* Local local settings.
Source » Power management Local
rules Power management rules: The nominal setting depends on the active power

management rule. Each power management rule can determine which set of
nominal settings should be active at a given time.

Changing the nominal setting group with a digital input, analogue input, or
external command, changes the nominal setting Selection parameter for the
active power management rules.

Configure this parameter under

Configure > Parameters > Power management rules > Configuration # > Nominal settings >
Controller nominal setting

where #is 1 to 8.

Table 3.3 Power management nominal setting parameter

T N T

The selected nominal setting group for the controller when the Source

© Rl sl | parameter (Local > Nominal settings > Controller nominal
. * Nominal setting 2 Nominal settings) is set to Power management rules.
Selection ) . )
+ Nominal setting 3 setting 1
* Nominal setting 4 Changing the nominal setting group using a digital input, analogue input, or

external command changes this parameter.

3.2.2 Nominal power calculations

Configure the controller nominal power calculations under
Configure > Parameters > [Source] > Nominal settings > Nominal settings # > Calculation method

where #is 1 to 4.

DESIGNER'S HANDBOOK 4189340911R UK Page 71 of 542



Reactive power (Q) nominal

Some alarms and regulators use the nominal reactive power (Q). However, Q is not defined in the controller's nominal settings. The
controller therefore always calculates Q. You can select the method that the controller uses here.

Table 3.4 Calculation method

e e e

Q nominal calculated: The controller calculates Q nominal based on S
nominal and the power factor.

Reactive power See notes Q nominal Q nominal = P nominal: The controller uses the nominal power as the nominal
(Q) nominal calculated reactive power.

Q nominal = S nominal: The controller uses the nominal apparent power as
the nominal reactive power.

It is normally not necessary to change these defaults. The DEIF ML-2 products use Q nominal = P nominal.

P or S nominal
Table 3.5 Calculation method

e e T

No calculation: P nominal has the value entered in the Power (P) nominal
parameter. S nominal has the value entered in the Apparent power (S) nominal
parameter.

. S . . .
P or S nominal n:)at?es No calculation P nominal calculated: The controller uses the nominal apparent power (S) and
nominal power factor (PF) to calculate the nominal power.

S nominal calculated: The controller uses the nominal power (P) and the nominal
power factor (PF) to calculate the nominal apparent power.

3.3 AC measurement filters
3.3.1 About AC measurement filters

You can configure average filtering on the primary AC measurements for smooth measurement readout on noisy or oscillating
systems.

The AC filtered measurements are used on the values shown in Live data, CustomLogic, Modbus, and other shown operational
values. The internal calculations and protections continue to use the actual values.

AC measurement filters can be configured as:

* No filter - Always show the actual value.

* Averaged : 200 ms - Show an averaged value based on a 200 ms sample.
* Averaged : 800 ms - Show an averaged value based on an 800 ms sample.

3.3.2 AC measurement filters

Configure these parameters under Configure > Parameters > Local > AC measurement filters > Primary AC measurements.
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S [

Voltage No filter, Averaged (200 ms), Averaged (800 ms) No filter
Current No filter, Averaged (200 ms), Averaged (800 ms) No filter
Active power No filter, Averaged (200 ms), Averaged (800 ms) No filter
Reactive power No filter, Averaged (200 ms), Averaged (800 ms) No filter
Apparent power No filter, Averaged (200 ms), Averaged (800 ms) No filter
Power factor and cos phi No filter, Averaged (200 ms), Averaged (800 ms) No filter
Frequency from voltage No filter, Averaged (200 ms), Averaged (800 ms) No filter
Frequency from current No filter, Averaged (200 ms), Averaged (800 ms) No filter

3.4 AC measurements as analogue outputs
3.41 About AC measurements as analogue outputs

You can configure an analogue output with the function for an alternating current (AC) operating value. This value may be measured
directly or calculated from the AC measurements. The controller then adjusts the analogue output to reflect the AC operating value.

Applications
An analogue output with a function for an alternating current (AC) operating value may be wired to a switchboard instrument, to help

the operator. For example, the total kW from a generator can be displayed.

Alternatively, an analogue output may be wired to a switchboard instrument, to help troubleshooting. For example, the voltage
unbalance between two phases (Busbar | L-L unbalanced [V]) can be displayed.

3.4.2 [Source] AC measurements

Assign the AC measurement function to an analogue output under Configure > Input/output. Select a hardware module with
an analogue output, then select the output to configure.

Function names
The [Source] AC measurement function names follow these formats:

[Source] > [Physical quantity] > [Equipment] | [Measurement] [[unit]].

For example, Shore busbar > Phase angle > Shore | Phase angle L3-L1 [degrees].

Table 3.6 [Source] AC measurement function names for each controller type

Convalorope —————lsoueel Jeiomen)
GENSET Generator Generator

HYBRID Inverter Inverter

EMERGENCY genset Generator Generator

SHAFT generator Generator Generator

SHORE connection Shore busbar Shore

BUS TIE breaker Busbar B Busbar A
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Table 3.7 [Source] voltage analogue output functions

[Source] > Voltage (V) > [Equipment] | L1-N [V AC]
[Source] > Voltage (V) > [Equipment] | L2-N [V AC]
[Source] > Voltage (V) > [Equipment] | L3-N [V AC]

[Source] > Voltage (V) > [Equipment] | N [V AC]
[Source] > Voltage (V) > [Equipment] | L1-L2 [V AC]
[Source] > Voltage (V) > [Equipment] | L2-L3 [V AC]

[Source] > Voltage (V) > [Equipment] | L3-L1 [V AC]

[Source] > Voltage (V) > [Equipment] | Positive sequence
[V AC]
[Source] > Voltage (V) > [Equipment] | Negative sequence

[VAC]

[Source] > Voltage (V) > [Equipment] | Zero sequence [V
AC]

[Source] > Voltage (V) > [Equipment] | L-N min. [V AC]

[Source] > Voltage (V) > [Equipment] | L-N max. [V AC]

[Source] > Voltage (V) > [Equipment] | L-N unbalanced [V
AC]

[Source] > Voltage (V) > [Equipment] | L-L min. [V AC]

[Source] > Voltage (V) > [Equipment] | L-L max. [V AC]

[Source] > Voltage (V) > [Equipment] | L-L unbalanced [V
AC]

The controller outputs the L1-N voltage from the source.
The controller outputs the L2-N voltage from the source.
The controller outputs the L3-N voltage from the source.

The controller outputs the N voltage from the source, relative to the
star point.

The controller outputs the L1-L2 voltage from the source.
The controller outputs the L2-L3 voltage from the source.
The controller outputs the L3-L1 voltage from the source.

The controller outputs the magnitude of the positive sequence
voltage.

The controller outputs the magnitude of the negative sequence
voltage.

The controller outputs the magnitude of the zero sequence voltage
from the source.

The controller outputs the lowest L-N voltage (that is, for the phase
with the lowest L-N voltage).

The controller outputs the highest L-N voltage (that is, for the phase
with the highest L-N voltage).

The controller outputs the L-N unbalanced voltage from the source,
relative to the zero of the star point.

The controller outputs the lowest L-L voltage (that is, for the phases
with the lowest L-L voltage).

The controller outputs the highest L-L voltage (that is, for the phases
with the highest L-L voltage) from the source.

The controller outputs the L-L unbalanced voltage between the
phases of the source.

Table 3.8 [Source] frequency analogue output functions

[Source] > Frequency (f) (from voltage) > [Equipment] | L1
[HZ]

[Source] > Frequency (f) (from voltage) > [Equipment] | L2
[HZ]

[Source] > Frequency (f) (from voltage) > [Equipment] | L3
[Hz]

[Source] > Frequency (f) (from voltage) > [Equipment] |
Min. [Hz]

[Source] > Frequency (f) (from voltage) > [Equipment] |
Max. [HZ]

[Source] > Frequency (f) (from current) > [Equipment] | L1
[HZ]

[Source] > Frequency (f) (from current) > [Equipment] | L2
[HZ]
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The controller outputs the L1 frequency (based on the voltage
measurement).

The controller outputs the L2 frequency (based on the voltage
measurement).

The controller outputs the L3 frequency (based on the voltage
measurement).

The controller outputs the frequency of the phase with the lowest
frequency (based on the voltage measurement).

The controller outputs the frequency of the phase with the highest
frequency (based on the voltage measurement).

The controller outputs the L1 frequency (based on the current
measurement).

The controller outputs the L2 frequency (based on the current
measurement).
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[Source] > Frequency (f) (from current) > [Equipment] | L3 The controller outputs the L3 frequency (based on the current

[Hz] measurement).
[Source] > Frequency (f) (from current) > [Equipment] | The controller outputs the frequency of the phase with the lowest
Min. [Hz] frequency (based on the current measurement).
[Source] > Frequency (f) (from current) > [Equipment] | The controller outputs the frequency of the phase with the highest
Max. [HZ] frequency (based on the current measurement).

Table 3.9 [Source] current analogue output functions

[Source] > Current (1) > [Equipment] | L1 [A]
[Source] > Current (1) > [Equipment] | L2 [A]
[Source] > Current (1) > [Equipment] | L3 [A]

[Source] > Current (1) > [Equipment] | N [A]

[Source] > Current (l) > [Equipment] | Positive sequence [A]

[Source] > Current (1) > [Equipment] | Negative sequence [A]

[Source] > Current (1) > [Equipment] | Zero sequence [A]

[Source] > Current (1) > [Equipment] | Min. [A]
[Source] > Current (1) > [Equipment] | Max. [A]

[Source] > Current (l) > [Equipment] | Unbalanced nominal
[Al

[Source] > Current (1) > [Equipment] | Unbalanced average
[Al

The controller outputs the L1 current from the source.
The controller outputs the L2 current from the source.
The controller outputs the L3 current from the source.

The controller outputs the N current from the source, relative to the
star point.

The controller outputs the magnitude of the positive sequence
current.

The controller outputs the magnitude of the negative sequence
current.

The controller outputs the magnitude of the zero sequence current
from the source.

The controller outputs the lowest phase current.
The controller outputs the highest phase current.

The controller outputs the unbalanced current from the source,
calculated using the nominal method.

The controller outputs the unbalanced current from the source,
calculated using the average method.

Table 3.10 [Source] current - ACM3.2 analogue output functions

[Source] > Current (l) - ACM3.2 > [Equipment] | L1 (Consumer
side) [A]

[Source] > Current (1) - ACM3.2 > [Equipment] | L2 (Consumer
side) [A]

[Source] > Current (1) - ACM3.2 > [Equipment] | L3 (Consumer
side) [A]

The controller outputs the L1 current from the consumer side.

The controller outputs the L2 current from the consumer side.

The controller outputs the L3 current from the consumer side.

[Source] > Current (1) - ACM3.2 > [Equipment] | Min (Consumer  The controller outputs the lowest phase current from the

side) [A]

consumer side.

[Source] > Current (1) - ACM3.2 > [Equipment] | Max (Consumer The controller outputs the highest phase current from the

side) [A]

[Source] > Current (1) - ACM3.2 > [Equipment] | L1 (Neutral
side) [A]

[Source] > Current (1) - ACM3.2 > [Equipment] | L2 (Neutral
side) [A]

[Source] > Current (1) - ACM3.2 > [Equipment] | L3 (Neutral
side) [A]
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consumer side.

The controller outputs the L1 current from the neutral side.

The controller outputs the L2 current from the neutral side.

The controller outputs the L3 current from the neutral side.
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[Source] > Current (l) - ACM3.2 > [Equipment] | Min (Neutral
side) [A]

[Source] > Current (1) - ACM3.2 > [Equipment] | Max (Neutral
side) [A]

[Source] > Current (1) - ACM3.2 > [Equipment] | L1 differential
[A]

[Source] > Current (1) - ACM3.2 > [Equipment] | L2 differential
[A]

[Source] > Current (1) - ACM3.2 > [Equipment] | L3 differential
[A]

[Source] > Current (I) - ACM3.2 > [Equipment] | Min differential
[A]

[Source] > Current (1) - ACM3.2 > [Equipment] | Max differential
[A]

[Source] > Current (1) - ACM3.2 > [Equipment] | L1 restraint [A]
[Source] > Current (1) - ACM3.2 > [Equipment] | L2 restraint [A]
[Source] > Current (1) - ACM3.2 > [Equipment] | L3 restraint [A]

[Source] > Current (I) - ACM3.2 > [Equipment] | Min. restraint
[A]

[Source] > Current (1) - ACM3.2 > [Equipment] | Max. restraint
[A]

[Source] > Current (l) - ACM3.2 > [Equipment] | Frequency [Hz]

Table 3.11 [Source] power analogue output functions

The controller outputs the lowest phase current from the neutral
side.

The controller outputs the highest phase current from the neutral
side.

The controller outputs the difference between the consumer and
the neutral side of the L1 current.

The controller outputs the difference between the consumer and
the neutral side of the L2 current.

The controller outputs the difference between the consumer and
the neutral side of the L3 current.

The controller outputs the lowest difference between the
consumer and the neutral side phase currents.

The controller outputs the highest difference between the
consumer and the neutral side phase currents.

The controller outputs the L1 restraint current.
The controller outputs the L2 restraint current.

The controller outputs the L3 restraint current.

The controller outputs the lowest phase restraint current.

The controller outputs the highest phase restraint current.

The controller outputs the frequency of the phase with the
highest frequency (based on the ACM3.2 current
measurements).

[Source] > Power (P) > [Equipment] | L1 [kW]
[Source] > Power (P) > [Equipment] | L2 [kW]
[Source] > Power (P) > [Equipment] | L3 [kW]
[Source] > Power (P) > [Equipment] | Total [kW]
[Source] > Power (P) > [Equipment] | Min. [kW]
[Source] > Power (P) > [Equipment] | Max. [kW]

[Source] > Power (P) > [Equipment] | Total [%]

[Source] > Power (P) > [Equipment] | Available [kW]

The controller outputs the L1 power.

The controller outputs the L2 power.

The controller outputs the L3 power.

The controller outputs the total power.

The controller outputs the power of the phase with the lowest power.
The controller outputs the power of the phase with the highest power.

The controller outputs the total power, as a percentage of the source's
nominal power.

The controller outputs the available power for the source in kW. Available
power = Nominal power - Total power

[Source] > Power (P) > [Equipment] | Available [%]

Table 3.12

The controller outputs the available power for the source, as a percentage of
the source's nominal power. Available power = Nominal power - Total power

[Source] reactive power analogue output functions

[Source] > Reactive power (Q) > [Equipment] | L1 [kvar]

[Source] > Reactive power (Q) > [Equipment] | L2 [kvar]
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[Source] > Reactive power (Q) > [Equipment] | L3 [kvar]

[Source] > Reactive power (Q) > [Equipment] | Total
[kvar]

[Source] > Reactive power (Q) > [Equipment] | Min.
[kvar]

[Source] > Reactive power (Q) > [Equipment] | Max.
[kvar]

[Source] > Reactive power (Q) > [Equipment] | Total [%]

[Source] > Reactive power (Q) > [Equipment] | Available
[kvar]

[Source] > Reactive power (Q) > [Equipment] | Available
[%]

The controller outputs the L3 reactive power.
The controller outputs the total reactive power.

The controller outputs the reactive power of the phase with the lowest
reactive power.

The controller outputs the reactive power of the phase with the highest
reactive power.

The controller outputs the total reactive power, as a percentage of the
source's nominal reactive power.

The controller outputs the available reactive power for the source in kvar.
Available reactive power = Nominal reactive power - Total reactive
power

The controller outputs the available reactive power for the source, as a
percentage of the source's nominal reactive power. Available reactive
power = Nominal reactive power - Total reactive power

Table 3.13 [Source] apparent power analogue output functions

[Source] > Apparent power (S) > [Equipment] | L1 [kVA]
[Source] > Apparent power (S) > [Equipment] | L2 [kVA]
[Source] > Apparent power (S) > [Equipment] | L3 [kVA]

[Source] > Apparent power (S) > [Equipment] | Total
[kVA]

[Source] > Apparent power (S) > [Equipment] | Min.
[kVA]

[Source] > Apparent power (S) > [Equipment] | Max.
[kVA]

[Source] > Apparent power (S) > [Equipment] | Total [%]

[Source] > Apparent power (S) > [Equipment] | Available
[kVA]

[Source] > Apparent power (S) > [Equipment] | Available
[%]

The controller outputs the L1 apparent power.
The controller outputs the L2 apparent power.

The controller outputs the L3 apparent power.
The controller outputs the total apparent power.

The controller outputs the apparent power of the phase with the lowest
apparent power.

The controller outputs the apparent power of the phase with the highest
apparent power.

The controller outputs the total apparent power, as a percentage of the
source's nominal apparent power.

The controller outputs the available apparent power for the source in
kVA. Available apparent power = Nominal apparent power - Total
apparent power

The controller outputs the available apparent power for the source, as a
percentage of the source's nominal apparent power. Available apparent
power = Nominal apparent power - Total apparent power

Table 3.14 [Source] power factor analogue output functions

[Source] > Power factor (PF) > [Equipment] | cos phi

[Source] > Power factor (PF) > [Equipment] | Power factor
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The controller outputs the power factor, calculated as cos phi.

The controller outputs the power factor.
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Table 3.15 [Source] phase angle analogue output functions

[Source] > Phase angle > [Equipment] | Phase angle L1-L2

The controller outputs the phase angle between L1 and L2.
[degrees]

[Source] > Phase angle > [Equipment] | Phase angle L2-L3

The controller outputs the phase angle between L2 and L3.
[degrees]

> > i =
[Source] > Phase angle > [Equipment] | Phase angle L 3-L1 The controller outputs the phase angle between L3 and L1.

[degrees]

[Source] > Phase angle > [Equipment] | A-B phase angle L1 The controller outputs the phase angle between L1 of the
[degrees] source and L1 of the busbar.

[Source] > Phase angle > [Equipment] | A-B phase angle L2 The controller outputs the phase angle between L2 of the
[degrees] source and L2 of the busbar.

[Source] > Phase angle > [Equipment] | A-B phase angle L3 The controller outputs the phase angle between L3 of the
[degrees] source and L3 of the busbar.

3.4.3 [Busbar] AC measurements

Assign the AC measurement function to an analogue output under Configure > Input/output. Select a hardware module with
an analogue output, then select the output to configure.

Function names
The busbar AC measurement function names follow these formats:

[Busbar] > [Physical quantity] > [Equipment] | [Measurement] [[unit]].
For example, Busbar A > Apparent power (S) > Busbar A | Total [kVA].

Table 3.16 [Busbar] AC measurement function names for each controller type

GENSET Busbar Busbar

HYBRID Busbar Busbar

EMERGENCY genset Busbar Busbar

SHAFT generator Busbar Busbar

SHORE connection Ship busbar Busbar

BUS TIE breaker Busbar B Busbar B
Table 3.17 [Busbar] voltage analogue output functions
N T —
[Busbar] > Voltage (V) > [Equipment] | L1-N [V AC] The controller outputs the L1-N voltage from the busbar.
[Busbar] > Voltage (V) > [Equipment] | L2-N [V AC] The controller outputs the L2-N voltage from the busbar.
[Busbar] > Voltage (V) > [Equipment] | L3-N [V AC] The controller outputs the L3-N voltage from the busbar.
[Busbar] > Voltage (V) > [Equipment] | N [V AC] The controller outputs the N voltage from the busbar.
[Busbar] > Voltage (V) > [Equipment] | L1-L2 [V AC] The controller outputs the L1-L2 voltage from the busbar.
[Busbar] > Voltage (V) > [Equipment] | L2-L3 [V AC] The controller outputs the L2-L3 voltage from the busbar.
[Busbar] > Voltage (V) > [Equipment] | L3-L1 [V AC] The controller outputs the L3-L1 voltage from the busbar
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[Busbar] > Voltage (V) > [Equipment] | Positive sequence [V The controller outputs the magnitude of the positive sequence
AC] voltage.

[Busbar] > Voltage (V) > [Equipment] | Negative sequence [V The controller outputs the magnitude of the negative sequence
AC] voltage.

The controller outputs the magnitude of the zero sequence

> > i
[Busbar] > Voltage (V) > [Equipment] | Zero sequence [V AC] e —

The controller outputs the lowest L-N voltage (that is, for the

[Busbar] > Voltage (V) > [Equipment] | L-N min. [V AC] sl i e D b weliEaely

The controller outputs the highest L-N voltage (that is, for the

> > i -
[Busbar] > Voltage (V) > [Equipment] | L-N max. [V AC] sl it e (st L velEas),
[Busbar] > Voltage (V) > [Equipment] | L-N unbalanced [V AC]  The controller outputs the L-N unbalanced voltage.

The controller outputs the lowest L-L voltage (that is, for the

[Busbar] > Voltage (V) > [Equipment] | L-L min. [V AC] slmees v e (et L veliags),

The controller outputs the highest L-L voltage (that is, for the

[Busbar] > Voltage (V) > [Equipment] | L-L max. [V AC] slrEEEs Wil Te e wellEee)

[Busbar] > Voltage (V) > [Equipment] | L-L unbalanced [V AC]  The controller outputs the L-L unbalanced voltage.

Table 3.18 [Busbar] frequency analogue output functions

[Busbar] > Frequency (f) > [Equipment] | L1 [HZ] The controller outputs the L1 frequency (based on the voltage measurement).
[Busbar] > Frequency (f) > [Equipment] | L2 [HZ] The controller outputs the L2 frequency (based on the voltage measurement).
[Busbar] > Frequency (f) > [Equipment] | L3 [HZ] The controller outputs the L3 frequency (based on the voltage measurement).

The controller outputs the frequency of the phase with the lowest frequency

[Busbar] > Frequency (f) > [Equipment] | Min. [Hz] (based on the voltage measurement).

The controller outputs the frequency of the phase with the highest frequency

> > i
[Busbar] > Frequency (f) > [Equipment] | Max. [Hz] (based on the voltage measurement).

Table 3.19 [Busbar] phase angle analogue output functions

The controller outputs the phase angle between L1 and

[Busbar] > Phase angle > [Equipment] | Phase angle L1-L2 [degrees] L2

The controller outputs the phase angle between L2 and

[Busbar] > Phase angle > [Equipment] | Phase angle L2-L3 [degrees] L3

The controller outputs the phase angle between L3 and

[Busbar] > Phase angle > [Equipment] | Phase angle L3-L1 [degrees] L1

3.4.4 A4th current input

Assign the AC measurement function to an analogue output under Configure > Input/output. Select a hardware module with an
analogue output, then select the output to configure.

Table 3.20 4th current input current analogue output function

Local > 4th current input > Current (1) > L4 [A]  The controller outputs the 4th current (based on the 4th current measurement).
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Table 3.21 4th current input frequency analogue output function

The controller outputs the 4th frequency (based on the 4th current

Local > 4th current input > Frequency (f) > L4 [Hz] eastraman)

Table 3.22 4th current input power analogue output function

The controller outputs the 4th power (based on the 4th current measurement and

Local > 4th current input > Power (P) > L4 [kW] ihe [Busbar] L1 voltage)

Table 3.23 4th current input reactive power analogue output function

Local > 4th current input > Reactive power (Q) > L4 The controller outputs the 4th reactive power (based on the 4th current
[kvar] measurement and the [Busbar] voltage).

Table 3.24 4th current input apparent power analogue output function

The controller outputs the 4th apparent power (based on the 4th

Local > 4th current input > Apparent power (S) > L4 [kVA] current measurement and the [Busbar] voltage).

Table 3.25 4th current input power factor analogue output functions

Local >4th current input > Power factor (PF) > L4 | cos The controller outputs the power factor, calculated as cos phi (based on

phi the 4th current measurement and the [Busbar] voltage).
Local > 4th current input > Power factor (PF) > L4 | The controller outputs the power factor (based on the 4th current
Power factor measurement and the [Busbar] voltage).

Table 3.26 4th current input phase angle analogue output function

Local > 4th current input > Phase angle > L4 The controller outputs the phase angle between the 4th current
[degrees] measurement and the [Busbar] L1 voltage measurement.

3.5 Source AC protections

3.5.1 About AC protections

This section describes the AC protections based on the controller's measurements on the [Source] side of the breaker.

GENSET Diesel genset GB

HYBRID Inverter Breaker
EMERGENCY genset * Emergency diesel genset EGB and TB *
SHAFT generator Shaft generator SGB
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SHORE connection Shore connection SCB

BUS TIE breaker Busbar A BTB

NOTE * The EMERGENCY genset controller also controls the tie breaker to the emergency busbar. The Trip generator breaker
alarm action trips the emergency genset breaker (EGB), while Trip tie breaker trips the tie breaker.

The controllers include the following alternating current (AC) protections, according to IEEE Std. C37.2-1996 (R2008).

The protections comply with the protection functionality in IEC 61850-5 and IEC 61850-7-4, but not the communication requirements
of IEC 61850. The protection names in the following tables are derived from the specification that provides the most accurate
description of the protection.

3.5.2 [Source] over-voltage (ANSI 59)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 Operate time

Over-voltage u>, U>> PTOV <100 ms

Table 3.27 Alarm present in controller types

GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
[ ] [ [ [ ] [ ] ]

Value 1\
. ) . Z Delay A

The alarm response is based on the highest phase-to-phase voltage, or the highest phase-to-

neutral voltage, from the source, as measured by the controller. The phase-to-phase voltage is S‘?tt

the default. poin

time

Configure the parameters under:

Configure > Parameters > [Source] > Voltage protections > Over-voltage #
where #is 1 or 2.
Table 3.28 Default parameters

Set point 80 to 120 % of nominal voltage 105 % 115 %

Time delay 0.00sto1h 5.00s 1.00 s

Enable Not enabled, Enabled Not enabled Not enabled

Latch Not enabled, Enabled Not enabled Enabled

Action Warning Block
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Table 3.29 Default inhibits

GENSET Generator breaker closed

HYBRID Inverter breaker closed

EMERGENCY genset EDG in parallel, EDG handling blackout
SHAFT generator Shaft breaker closed

SHORE connection Shore breaker closed

3.5.3 [Source] under-voltage (ANSI 27)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 Operate time

Under-voltage U<, U<< PTUV <100 ms

Table 3.30 Alarm present in controller types
GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
[ ] [} [} o o [ )

Value \

Delay
The alarm response is based on the lowest phase-to-phase voltage, or the lowest phase-to- Set \' ’
neutral voltage, from the source, as measured by the controller. The phase-to-phase voltage is point

the default.

time

Configure the parameters under:

Configure > Parameters > [Source] > Voltage protections > Under-voltage #
where #is 1 or 2.
Table 3.31 Default parameters

Set point 50 to 100 % of nominal voltage 95 % 80 %

Delay 0.00sto1h 5.00s 3.00s

Enable Not enabled, Enabled Enabled Enabled

Latch Not enabled, Enabled Not enabled Enabled

Action Warning Block

Table 3.32 Default inhibits

GENSET » Generator breaker closed

DESIGNER'S HANDBOOK 4189340911R UK Page 82 of 542



Controller type Inhibit(s)

* Engine not running
* Idle run active

* Inverter breaker closed

HYBRID .

* Inverter not running

» Engine not running

* Idle run active
EMERGENCY genset .

+ EDG in parallel

» EDG handling blackout

» Shaft breaker closed
SHAFT generator .

» Shaft generator not running
SHORE connection » Shore breaker closed

3.5.4 [Source] voltage unbalance (ANSI 47)

IEC symbol (IEC60617) | ANSI (IEEE C37.2) | IEC 61850 |Operate time

Voltage unbalance (voltage asymmetry) uuB> <200 ms *

NOTE * This operate time includes the minimum user-defined delay of 100 ms.

Table 3.33 Alarm present in controller types
GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
° ° ° - - °

The alarm response is based on the highest difference between any of the three phase-to-

phase voltage or phase-to-neutral true RMS values and the average voltage, as measured by Value 1‘ Z ﬁ
the controller. The phase-to-phase voltage is the default. Delay
Set
If phase-to-phase voltages are used, the controller calculates the average phase-to-phase point
voltage. The controller then calculates the difference between each phase-to-phase voltage

and the average voltage. Finally, the controller divides the maximum difference by the average
voltage to get the voltage unbalance.

time
Configure the parameters under:

Configure > Parameters > [Source] > Voltage protections > Voltage unbalance

Table 3.34 Default parameters

Set point 0to 50 % 10 %

Delay 0.1sto1h 10.00 s
Enable Not enabled, Enabled Enabled
Alarm action Warning
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Table 3.35 Default inhibits

GENSET ACM wire break
HYBRID ACM wire break
EMERGENCY genset EDG handling blackout
SHAFT generator ACM wire break
SHORE connection ACM wire break
BUS TIE breaker ACM wire break

S Voltage unbalance example

A GENSET controller controls a genset with a nominal voltage of 230 V. The L1-L2 voltage is 235 V, the L2-L3 voltage is
225V, and the L3-L1 voltage is 210 V.

The average voltage is 223.3 V. The difference between the phase-to-phase voltage and the average is 12.7 V for L1-L2,
2.7V for L2-L3 and 13.3 V for L3-L1.

The voltage unbalance is 13.3 V/223.3 V = 0.06 = 6.0 %.

3.5.5 Negative sequence voltage (ANSI 47)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 | Operate time

Negative sequence voltage PNSC <200 ms *

NOTE * This operate time includes the minimum user-defined delay of 100 ms.

Table 3.36 Alarm present in controller types

GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
[ ] = [ ] = = [ ]

Negative sequence voltages arise when the virtual representation of the phase rotation for an
unbalanced system appears negative.

Negative sequence voltages can occur where there are single phase loads, unbalanced line
short circuits and open conductors, and/or unbalanced phase-to-phase or phase-to-neutral
loads.

L2 L3

The alarm response is based on the estimated phase-to-neutral voltage phasors, as measured
from the source.

Configure the parameters under

Configure > Parameters > [Source] > Voltage protections > Negative sequence voltage
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Table 3.37 Default parameters

Set point 1 to 100 % of nominal voltage 5%

Time delay 01sto1h 05s
Enable Not enabled, Enabled Not enabled
Action Warning

3.56.6 Zero sequence voltage (ANSI 59U0)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 | Operate time

Zero sequence voltage 59Uo PZOV <200 ms *

NOTE * This operate time includes the minimum user-defined delay of 100 ms.

Table 3.38 Alarm present in controller types

GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
° - ° = - °

Zero sequence voltages arise when the phases rotation is positive, but the vector zero value
(star point) is displaced. This zero sequence voltage protection can be used instead of using
zero voltage measurement or summation transformers (zero sequence transformers).

This protection is used for detecting earth faults.

The alarm response is based on the estimated phase-to-neutral voltage phasors, as measured
from the source.

Configure the parameters under:

Configure > Parameters > [Source] > Voltage protections > Zero sequence voltage

Table 3.39 Default parameters

Set point 1 to 100 % of nominal voltage 5%

Time delay 0.1sto1h 05s
Enable Not enabled, Enabled Not enabled
Action Warning

3.5.7 Over-current (ANSI 50TD)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850

Over-current 31>, 3I>> 50TD PTOC <100 ms
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Table 3.40 Alarm present in controller types

GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
[ [ ] [ [ ] [ ] [ ]

Value \
Z Delay A
The alarm response is based on the highest phase current true RMS values from the source, Set mﬁ
as measured by the controller. point

time

Configure the parameters under Configure > Parameters > [Source] > Current protections > Over-current #, where #is 1 or 2.

Table 3.41 Default parameters

Set point Variable. Depends on current transformer settings. 100 % 110 %

Delay 0.00sto1h 20s 60 s

Enable Not enabled, Enabled Enabled Enabled
Latch Not enabled, Enabled Not enabled Enabled
Alarm action Warning Trip [Breaker]

3.5.8 Fast over-current (ANSI 50/50TD)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 Operate time

Fast over-current 3I>>> 50/50TD * PlOC * <50 ms

NOTE * ANSI 50 and IEC 61850-5 PIOC apply when the Delay parameter is O s.

Table 3.42 Alarm present in controller types

GENSET EMERGENCY HYBRID SHAFT SHORE : BUS TIE breaker
genset connection
[ ] [ ] [ ] [ ] [ ] [ ]

Value ,
Z Delay A
The alarm response is based on the highest phase current true RMS values from the source, Set
as measured by the controller. point

time
Configure the parameters under:

Configure > Parameters > [Source] > Current protections > Fast over-current #
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where #is 1 or 2.

Table 3.43 Default parameters

Set point Variable. Depends on current transformer settings. 200 % 300 %

Delay 0.00sto1h 0.00s 0.00s
Enable Not enabled, Enabled Not enabled Not enabled
Latch Not enabled, Enabled Enabled Enabled
Action Trip [Breaker] Trip [Breaker]

3.5.9 Current unbalance (ANSI 46)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 | Operate time

Current unbalance UuB> <200 ms *

NOTE * This operate time includes the minimum user-defined delay of 100 ms.

Table 3.44 Alarm present in controller types

GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection

° ° ° - - °

The alarm response is based on the highest difference between any of the three phase current

true RMS values, as measured by the controller. You can choose either the Average method Value Z A

(ANSI) or the Nominal method to calculate the Current unbalance. See the description and Delay

examples below. Set ;
point

ti;)e
Configure the parameters under:

Configure > Parameters > [Source] > Current protections > Current unbalance (average calc.)

or

Configure > Parameters > [Source] > Current protections > Current unbalance (nominal calc.)

Table 3.45 Default parameters

Parameter |Range Current unbalance (average calc.) Current unbalance (nominal calc.)

Set point 0 to 100 % 30 % 30 %

Delay 0.10sto1h 10.00 s 10.00 s
Enable Not enabled, enabled Enabled Enabled
Action Warning Warning
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Average method

The Average method uses the ANSI standard calculation method to determine current unbalance. The controller calculates the
average current for the three phases. The controller then calculates the difference between each phase current and the average
current. Finally, the controller divides the maximum difference by the average current to get the current unbalance. See the example
below.

S Average method example

A GENSET controller controls a genset with a nominal current of 100 A. The L1 current is 80 A, the L2 current is 90 A, and
the L3 current is 60 A.

The average current is 76.7 A. The difference between the phase current and the average is 3.3 A for L1, 13.3 A for L2
and 16.7 A for L3.

The current unbalance is therefore 16.7 A/ 76.7 A = 0.22 = 22 %.

Nominal method

The controller calculates the difference between the phase with the highest current, and the phase with the lowest current. Finally,
the controller divides the difference by the nominal current to get the current unbalance. See the example below.

Nominal method example

A GENSET controller controls a genset with a nominal current of 100 A. The L1 current is 80 A, the L2 current is 90 A, and
the L3 current is 60 A.

The current unbalance is (90 A - 60 A)/ 100 A = 0.3 = 30 %.

3.5.10 Directional over-current (ANSI 67)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 | Operate time

Directional over-current PTOC <100 ms

Table 3.46 Alarm present in controller types

GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
° - ° - - -

Value ?
Z Delay A
The alarm response is based on the highest phase current true RMS value, with the direction Set
from the active power from the source, as measured by the controller. point

time
Configure the parameters under:
Configure > Parameters > [Source] > Current protections > Directional over-current #

where #is 1 or 2*.
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Table 3.47 Default parameters

Parameter Range Directional over-current 1 Directional over-current 2

Set point -300 to 300 % of nominal current 110 % 130 %
Delay 0.00sto1h 0.10 s 0.10 s
Enable Not enabled, Enabled Not enabled Not enabled
Action Warning Warning

For a positive set point, the alarm trigger level is High. When a negative set point is written to the controller, then the controller
automatically changes the alarm trigger level to Low.

3.5.11 Inverse time over-current (ANSI 51)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 | Operate time

Inverse time over-current PTOC

Table 3.48 Alarm present in controller types

GENSET EMERGENCY HYBRID SHAFT SHORE : BUS TIE breaker
genset connection
[ ] [ ] [ ] [ ] o L]

(1)
[s]

)

|

. . . . ‘
This is an inverse time over-current alarm. \
\

The alarm response is based on the highest phase current true RMS \
values, based on IEC 60255 part 151, as measured by the controller. \

\|
The alarm response time depends on an approximated integral of the A
current measurement over time. The integral is only updated when the
measurement is above the activation threshold (indicated in the diagram to
the right by the value 1.1 Iyom)- See the description below for more details.

Note: The diagram on the right is a simplified representation of this alarm
and does not show the integral over time.
1.1 = Threshold default setting.

Inom 1.1 Inom 1[A]

Inverse time over-current calculation method

The controller uses this equation from IEC 60255 to calculate the time that the current measurement may be over the set point
before the inverse time over-current alarm is activated:

k

—+
a1y ¢
G

{G) = TMS

where:
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t(G) Theoretical operating time constant value of G, in seconds

k,cand a Constants for the selected curve (k and ¢ in seconds, a (alpha) has no unit)
G Measured value, that is, Ipnase

Gs Alarm set point (Gg = lpom * LIM / 100 %)

TMS Time multiplier setting

Parameters

Configure the parameters under:

Configure > Parameters > [Source] > Current protections > Inverse time over-current

Table 3.49 Three-phase inverse time over-current alarm default parameters

Parameter Range Inverse time over-current

Curve See the table below IEC inverse
Limit (the set point, also known as LIM) 2 to 200 % of nominal current 110 %

Time multiplier setting (TMS) 0.01 to 100.0 1.0
Threshold (Gt) 1.0t0 1.3 1.1

k (only used if custom curve is selected) 0.001 s to 2 min 0.14 s

c (only used if custom curve is selected) 0.000 s to 1 min Os

alpha (a, or a) (only used if custom curve is selected) 0.001 to 1 min 0.02

Enable Not enabled, Enabled Not enabled
Latch Not enabled, Enabled Enabled
Alarm action Trip [Breaker]

Standard inverse time over-current curves
The controller includes these standard inverse time over-current curves, in accordance with IEC 60255.

Table 3.50 Parameters for the inverse time over-current curves

IEC inverse 0.14 s 0.02
IEC very inverse 13.5s Os 1
IEC extremely inverse 80 s Os 2
IEEE moderately inverse 0.0515 s 0.114 s 0.02
IEEE very inverse 19.61s 0.491s 2
IEEE extremely inverse 28.2s 0.1217 s 2

Custom characteristic
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Figure 3.1 Standard curve shapes for inverse time over-current, with time multiplier setting (TMS) = 1
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Definite time characteristic

Gp is the point where the alarm shifts from an inverse curve to a definite time characteristic, as the following graph shows. That is,
after this point, the curve is flat, and a current increase does not have any effect on the alarm response time. In IEC60255, this point

is defined as Gp = 20 x Gg.
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Figure 3.2 Inverse time over-current time characteristic graph
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In this controller, if the rated secondary current of the current measurement transformer is 1 A (that is, the current transformer rating

is -/1 A), then Gp = 17.5 % lcT primary for this protection. However, if the rated secondary current of the current transformer is 5 A
(thatis, -/5 A), then Gp = 3.5 x Ict primary -

S Influence of the CT primary current rating on Gp example

A current transformer has a primary rating of 500 A and a secondary rating of 5 A. The nominal current of the system is
350 A, and the three-phase inverse time over-current alarm Limit is 100 %.

Gp of the inverse time over-current characteristic graph according to IEC60255 is 7000 A.
* Gp=20xGg =20 x (Inom * (Limit / 100)) = 20 x (350 x (1 /1)) = 7000 A

However, the highest Gp value where measurements can be made is 1750 A.

* Because the secondary current rating is 5 A, the formula to calculate the measurable Gp is Gp = 3.5 X IcT primary-
* Gp=3.5*IcT primary = 3.5 x 500 = 1750 A

If the performance of the inverse time over-current protection is important, DEIF recommends using a current transformer that is
rated for a 1 A secondary current (that is, -/1 A).

3.5.12 Negative sequence current (ANSI 46)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850

Negative sequence current PUBC <200 ms *

NOTE * This operate time includes the minimum user-defined delay of 100 ms.

Table 3.51 Alarm present in controller types

GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
[ ) - [ o - °
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Negative sequence currents arise when the virtual representation of the phase rotation for an
unbalanced system appears negative.

Negative sequence currents can occur where there are single phase loads, unbalanced line
short circuits and open conductors, and/or unbalanced phase-phase or phase-neutral loads.

This protection is used to prevent the generator from overheating. Negative sequence currents
produce a magnetic field in the generator counter-rotating to the rotor. This field crosses the
rotor at twice the rotor velocity, inducing double-frequency currents in the field system and in
the rotor body.

L2

The alarm response is based on the estimated phase-to-neutral current phasors, from the
source, as measured by the controller.

Configure the parameters under:

Configure > Parameters > [Source] > Current protections > Negative sequence current

Table 3.52 Default parameters

Parameter Range Negative sequence current

Set point 1 to 100 % of nominal current 20 %

Time delay 0.1sto1h 0.50 s
Enable Not enabled, Enabled Not enabled
Action Warning

3.5.13 Zero sequence current (ANSI 51lo0)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 | Operate time

Zero sequence current 51lo PTOC <200 ms *

NOTE * This operate time includes the minimum user-defined delay of 100 ms.

Table 3.53 Alarm present in controller types

GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
° - ° = - °

Zero sequence currents arise when the phases rotation is positive, but the vector zero value
(star point) is displaced.

This protection is used for detecting earth faults.

The alarm response is based on the estimated phase-to-neutral current phasors from the
source, as measured by the controller.
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Configure the parameters under

Configure > Parameters > [Source] > Current protections > Zero sequence current

Table 3.54 Default parameters

Parameter Range Zero sequence current

Set point 1 to 100 % of nominal current 20 %

Time delay 0.1sto1h 0.50 s
Enable Not enabled, Enabled Not enabled
Action Warning

3.5.14 [Source] over-frequency (ANSI 810)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 Operate time

Over-frequency >, f>> 810 PTOF <100 ms

Table 3.55 Alarm present in controller types

GENSET e HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
[ ] [ ] [} [ ) [ ) [ )

Value A
Z Delay A
The alarm response is based on the lowest fundamental frequency (based on phase voltage),
from the source. This ensures that the alarm only activates when all of the phase frequencies S?tt
are above the set point. poin

time
Configure the parameters under:
Configure > Parameters > [Source] > Frequency protections > Over-frequency #

where #is 1 or 2.

Table 3.56 Default parameters

Set point 80 to 120 % of nominal frequency 105 % 107 %
Delay 0.00sto1h 5.00s 3.00s
Enable Not enabled, Enabled Enabled Enabled
Latch Not enabled, Enabled Not enabled Enabled
Action Warning Block
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Table 3.57 Default inhibits

GENSET Generator breaker closed

HYBRID Inverter breaker closed

EMERGENCY genset Generator breaker closed, Tie breaker closed
SHAFT generator Shaft breaker closed

SHORE connection Shore breaker closed

3.5.15 [Source] under-frequency (ANSI 81U)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 Operate time

Under-frequency f<, f<< 81U PTUF <100 ms

Table 3.58 Alarm present in controller types
GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
[ ] [} [} o o [ )

Value 1

XA
Delay
The alarm response is based on the highest fundamental frequency (based on phase voltage), Set

from the source. This ensures that the alarm only activates when all of the phase frequencies point
are below the set point.

time
Configure the parameters under
Configure > Parameters > [Source] > Frequency protections > Under-frequency #

where #is 1 or 2.

Table 3.59 Default parameters

Set point 80 to 100 % of nominal frequency 95 % 93 %
Delay 0.00sto1h 5.00 s 3.00s
Enable Not enabled, Enabled Enabled Enabled
Latch Not enabled, Enabled Not enabled Enabled
Alarm action Warning Block

Table 3.60 Default inhibits

GENSET » Generator breaker closed
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Controller type Inhibit(s)

* Engine not running
* Idle run active

* Inverter breaker closed

HYBRID .

* Inverter not running

* Generator breaker closed

» Tie breaker closed
EMERGENCY genset . .

» Engine not running

* |dle run active

» Shaft breaker closed
SHAFT generator .

» Shaft generator not running
SHORE connection » Shore breaker closed

3.5.16 Overload (ANSI 32)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 Operate time

Overload P>, P>> PDOP <100 ms
Value 1\ A
Z Delay
The alarm response is based on the active power (all phases), from the source, as measured Set : ;
by the controller. point
time

Configure the parameters under:

Configure > Parameters > [Source] > Power protections > Overload #
where #is 1 or 2.
Table 3.61 Default parameters

Set point 0 to 200 % of nominal power 95 % 110 %

Delay 0.00sto1h 30.00 s 30.00 s

Enable Not enabled, Enabled Enabled Enabled

Latch Not enabled, Enabled Not enabled Enabled

Alarm action Warning Trip [Breaker]

3.5.17 Reverse power (ANSI 32R)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 Operate time

Reverse power P<, P<< PDRP <100 ms
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Table 3.62 Alarm present in controller types

GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
[ [ ] [ [ ] [ ] =

Value \
Z Delay A
The alarm response is based on the active power (all phases), to the source, as measured by Set : ;
the controller. point
time
Configure the parameters under:
Configure > Parameters > [Source] > Power protections > Reverse power #
where #is 1 or 2.
Table 3.63 Default parameters
Set point 0 to 200 % of nominal power 8.0 % 15.0 %
Delay 0.00sto1h 5.00 s 2.00s
Enable Not enabled, Enabled Enabled Enabled
Latch Not enabled, Enabled Enabled Enabled
Action Trip [Breaker] Trip [Breaker]

Table 3.64 Default inhibits

SHAFT generator Power take home active

3.5.18 Overload reverse power (ANSI 32R)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 | Operate time

Overload reverse power <100 ms

Table 3.65 Alarm present in controller types

GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
- - [ - - -
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Value ,
Z Delay A
The alarm response is based on the active power (all phases), to the source, as measured by Set : ;
the controller. point
time

Configure the parameters under:

Configure > Parameters > Inverter > Power protections > Overload reverse power #

where #is 1 or 2.

Table 3.66 Default parameters

Set point 0 to 200 % of nominal power 95.0 % 110.0 %
Delay 0.00sto1h 30s 30s

Enable Not enabled, Enabled Enabled Enabled
Latch Not enabled, Enabled Not enabled Enabled
Action Warning Trip breaker

Table 3.67 Default inhibits

Operating mode PTI (Power take in)
HYBRID controller
Operating mode standby

3.5.19 Reactive power export (ANSI 400)

IEC symbol (IEC60617) | ANSI (IEEE C37.2) |IEC 61850 |Operate time

Reactive power export (over-excitation) Q>, Q>> POEX <100 ms

Table 3.68 Alarm present in controller types

GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
[ ] [ ] [ ] [ ] [ ] [}

Value A
Z Delay A
The alarm response is based on the reactive power (Q) from the source, as measured and Set
calculated by the controller. point

time
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Configure the parameters under:
Configure > Parameters > [Source] > Reactive power protections > Reactive power export #

where #is 1 or 2.

Table 3.69 Default parameters

Set point 0 to 100 % of nominal reactive power 60 % 75 %

Delay 0.00sto1h 10.00 s 5.00s
Enable Not enabled, Enabled Not enabled Not enabled
Action Warning Warning

3.5.20 Reactive power import (ANSI 40U)

IEC symbol (IEC60617) | ANSI (IEEE C37.2) | IEC 61850 | Operate time

Rea.lctl\./e power import (loss of excitation/under- Q<. Q<< 40U PUEX <100 ms
excitation)

Table 3.70 Alarm present in controller types

GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
[ ] [ ] [ [ ] [ ] [ ]

Value \
Z Delay A

The alarm response is based on the reactive power (Q) to the source, as measured and Set

calculated by the controller. point

time

Configure the parameters under:

Configure > Parameters > [Source] > Reactive power protections > Reactive power import #
where #is 1 or 2.
Table 3.71 Default parameters

Set point 0 to 150 % of nominal reactive power (Q) 50 % 70 %

Delay 0.00sto1h 10.00 s 5.00 s

Enable Not enabled, Enabled Not enabled Not enabled

Action Warning Warning
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3.5.21 Generator differential current protection (ANSI 87G)

Protection IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 Operate time
Generator stabilised differential current Id> 87G PDIF <55 ms
Generator high set differential current Id>> 87G PDIF <55ms

The differential current protection detects current faults in the protected ) ) ) ) )
zone between the current transformers. The differential current Differential A Region 1| Region 2 Region 3
. . - . . current
protection consists of two parts, the stabilised differential current [%]
protection and the high set differential current protection. A

The alarm response of the stabilised differential current protection is

dependent on the operating characteristic and the measured restraint Lt min
and differential currents (evaluation is made per phase). The operating -
characteristic separates the operation area (grey) and the restraint area 0 Restraint current [%]
(white) in the figure. The restraint current is the highest value of neutral

and consumer side RMS currents. The differential current is the RMS

value of the fundamental frequency part of the sum (or difference) of the

neutral side and consumer side currents.

The alarm response of the high set differential current protection only
depends on the differential current. That is, the RMS value of the
fundamental frequency part of the sum (or difference) of the neutral side
and consumer side currents.

More information
See AC configuration and nominal settings > AC configuration > [Source] AC configuration for more information
about changing the reference direction of the current transformer.

Configure the parameters for the Stabilised differential current protection under:

Configure > Parameters > Generator > Current protections > Stabilised differential current

Table 3.72 Stabilised differential current default parameters

Parameter Range Default

| diff. min. 5 to 100 % of lom 15 %

Region 1: End 10 to 150 % of I om 75 %

Region 2: Slope 10 to 50 % of lhom 20 %

Region 2: End 100 to 1000 % of lom 200 %

Region 3: Slope 30 to 100 % of Iom 75 %

Delay 0to60s 0.00s

Enable Not enabled, Enabled Enabled

Latch Not enabled, Enabled Enabled

Alarm action Trip generator breaker + AVR + stop engine*

Configure the parameters for the High set differential current protection under

Configure > Parameters > Generator > Current protections > High set differential current
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Table 3.73 High set differential current default parameters

Parameter Range Default

Set point 50 to 1200 % of lom 800 %

Delay 0to 60 s 0.00 s

Enable Not enabled, Enabled Enabled

Latch Not enabled, Enabled Enabled

Alarm action Trip generator breaker + AVR + stop engine*

3.5.22 Synchronisation check, including blackout close (ANSI 25)

IEC symbol (IEC60617) | ANSI (IEEE C37.2) |IEC 61850 | Operate time

Synchronisation check (including blackout close) - RSYN -

>
A
Voltage

For all breakers under power management system (PMS) control, the sync check ensures v { —
that the voltages, frequencies, and phase angles are within the allowed limits before the
controller closes the breaker.

\j

The synchronisation check includes blackout close. That is, if equipment is trying to close a Frequency A

breaker to a busbar that does not have voltage, the breaker is allowed to close without Hz] A —
synchronisation.

\

The check is based on the frequency difference, the voltage difference, and the phase Phase
angle across the breaker, as measured by the controller. angle [°] 1‘
L1
The synchronisation check does not have an alarm or inhibits. However, if the controller { \
cannot synchronise within the time allowed, there will be a sync failure alarm. L3 L2

time
The synchronisation check is based on the parameters under

Configure > Parameters > Breakers > [Breaker] configuration > Synchronisation setting

More information
See Power management, Blackout for more information about blackout closing.

3.6 Busbar AC protections

3.6.1 [Busbar] over-voltage (ANSI 59)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 Operate time

Over-voltage u>, U>> PTOV <50 ms
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Table 3.74 Alarm present in controller types

GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
[ [ ] [ [ ] [ ] [ ]

Value 1\
The alarm response is based on the highest phase-to-phase voltage, or the highest phase-to- Z Delay A
neutral voltage, from the busbar, as measured by the controller. Set 7%
point
For the BUS TIE breaker controller, these voltages are measured on busbar B.
time
Configure the parameters under:
Configure > Parameters > [Busbar] > Voltage protections > Over-voltage #
where #is 1 or 2.
Table 3.75 Default parameters
Set point 90 to 120 % of nominal voltage 105 % 115 %
Delay 0.00sto1h 5.00 s 3.00 s
Enable Not enabled, Enabled Enabled Enabled
Latch Not enabled, Enabled Not enabled Enabled
Action Warning Trip [Breaker] *

NOTE * For the EMERGENCY genset controller: This alarm action trips the tie breaker to the main busbar. For other controllers:
The controller trips the breaker to the equipment it controls.

Table 3.76 Default inhibits

GENSET * Generator breaker open
HYBRID * Inverter breaker open

* Generator breaker open
EMERGENCY genset » Tie breaker open
» EDG handling blackout

SHAFT generator * Shaft breaker open

SHORE connection * Shore breaker open

3.6.2 [Busbar] under-voltage (ANSI 27)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 Operate time

Under-voltage U<, U<< PTUV <50 ms
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Table 3.77 Alarm present in controller types

GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
[ [ ] [ [ ] [ ] [ ]

Value 1\ X ﬁ
The alarm response is based on the lowest phase-to-phase voltage, or the lowest phase-to-

Delay
neutral voltage, from the busbar, as measured by the controller. Set \\__\_’

point

For the BUS TIE breaker controller, these voltages are measured on busbar B.

time

Configure the parameters under:

Configure > Parameters > [Busbar] > Voltage protections > Under-voltage #
where #is 1 or 2.
Table 3.78 Default parameters

Set point 50 to 100 % of nominal voltage 95 % 80 %

Delay 0.00sto1h 5.00 s 3.00 s

Enable Not enabled, Enabled Enabled Enabled

Latch Not enabled, Enabled Not enabled Enabled

Action Warning Trip [Breaker] *

NOTE * For the EMERGENCY genset controller, this alarm action trips the tie breaker to the main busbar. For other controllers:
the controller trips the breaker to the equipment it controls.

Table 3.79 Default inhibits

* Generator breaker open
* ACM wire break

GENSET

* Inverter breaker open
* ACM wire break

HYBRID

* Generator breaker open
EMERGENCY genset » Tie breaker open
» EDG handling blackout

» Shaft breaker open

SHAFT generator .
* ACM wire break

* Shore breaker open
* ACM wire break

BUS TIE breaker « ACM wire break

SHORE connection
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3.6.3 [Busbar] voltage unbalance (ANSI 47)

IEC symbol (IEC60617) | ANSI (IEEE C37.2) |IEC 61850 |Operate time
uuB>

Voltage unbalance (voltage asymmetry) <200 ms *

NOTE * This operate time includes the minimum user-defined delay of 100 ms.

Table 3.80 Alarm present in controller types
GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
[ ] [ ] [ ] [ ] [ ] [ ]

The alarm response is based on the highest difference between any of the three busbar phase-
to-phase voltage or phase-to-neutral true RMS values and the average voltage, as measured

by the controller. The phase-to-phase voltage is the default. Value 1\ X f
Delay
If phase-to-phase voltages are used, the controller calculates the average phase-to-phase Set
voltage. The controller then calculates the difference between each phase-to-phase voltage point
and the average voltage. Finally, the controller divides the maximum difference by the average
voltage to get the voltage unbalance. See the example. tinﬁe
For the BUS TIE breaker controller, these are the voltages measured on busbar B.
Configure the parameters under:
Configure > Parameters > [Busbar] > Voltage protections > Voltage unbalance
Table 3.81 Default parameters
Set point 0 to 50 % of nominal voltage 10 %
Delay 0.1sto1h 10.0s
Enable Not enabled, Enabled Enabled
Action Warning

Table 3.82 Default inhibits

GENSET ACM wire break
HYBRID ACM wire break
EMERGENCY genset EDG handling blackout
SHAFT generator ACM wire break
SHORE connection ACM wire break
BUS TIE breaker ACM wire break

& Busbar voltage unbalance example
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The busbar has a nominal voltage of 230 V. The L1-L2 voltage is 235 V, the L2-L3 voltage is 225 V, and the L3-L1 voltage
is 210 V.

The average voltage is 223.3 V. The difference between the phase-to-phase voltage and the average is 12.7 V for L1-L2,
2.7V for L2-L3 and 13.3 V for L3-L1.

The busbar voltage unbalance is 13.3 V /223.3V =0.06 =6 %

3.6.4 [Busbar] over-frequency (ANSI 810)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 Operate time

Over-frequency >, >> 810 PTOF <50 ms

Table 3.83 Alarm present in controller types

GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
[ [ ] ° [ ] [ ] [ ]

Value \
The alarm response is based on the lowest fundamental frequency (based on phase voltage), 1 Z Delay A
from the busbar. This ensures that the alarm only activates when all of the phase frequencies m,_
are above the set point. Set
point
For the BUS TIE breaker controller, this is the frequency measured on busbar B.

time
Configure the parameters under:
Configure > Parameters > [Busbar] > Frequency protections > Over-frequency #

where #is 1 or 2.

Table 3.84 Default parameters

Set point 100 to 130 % of nominal frequency 105 % 110 %

Delay 0.00sto1h 5.00 s 8.00 s

Enable Not enabled, Enabled Enabled Enabled

Latch Not enabled, Enabled Not enabled Enabled

Alarm action Warning Trip [Breaker] *

NOTE * For the EMERGENCY genset controller, this alarm action trips the tie breaker to the main busbar. For other controllers:
the controller trips the breaker to the equipment it controls.
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Table 3.85 Default inhibits

GENSET * Generator breaker open
HYBRID * Inverter breaker open

» Generator breaker open
EMERGENCY genset » Tie breaker open
« EDG handling blackout

SHAFT generator » Shaft breaker open

SHORE connection » Shore breaker open

3.6.5 [Busbar] under-frequency (ANSI 81U)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 Operate time

Under-frequency f<, f<< 81U PTUF <50 ms

Table 3.86 Alarm present in controller types
GENSET EMERGENCY HYBRID SHAFT SHORE . BUS TIE breaker
genset connection
[ ] [ ] [} () ® ()

Value
The alarm response is based on the highest fundamental frequency (based on phase voltage), 1

2 A
i i i Delay
from the busbar. This ensures that the alarm only activates when all of the phase frequencies Set \H

are below the set point. point

For the BUS TIE breaker controller, this is the frequency measured on busbar B.

time
Configure the parameters under:
Configure > Parameters > [Busbar] > Frequency protections > Under-frequency #

where #is 1 or 2.

Table 3.87 Default parameters

Busbar under-frequency 1 Busbar under-frequency 2

Set point 80 to 100 % of nominal frequency 96 % 93 %

Delay 0.00sto1h 10.00 s 5.00 s

Enable Not enabled, Enabled Enabled Enabled

Latch Not enabled, Enabled Not enabled Enabled
Action Warning Trip [Breaker] *

NOTE * For the EMERGENCY genset controller, this alarm action trips the tie breaker to the main busbar. For other controllers:
The controller trips the breaker to the equipment that it controls.
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Table 3.88 Default inhibits

GENSET

HYBRID

EMERGENCY genset

SHAFT generator

SHORE connection

BUS TIE breaker

3.7 Other AC protections

3.71 Lockout relay (ANSI 86)

Generator breaker open
ACM wire break

Inverter breaker open
ACM wire break

Generator breaker open
Tie breaker open
EDG handling blackout

Shaft breaker open
ACM wire break

Shore breaker open
ACM wire break

ACM wire break

The lockout relay ensures that the alarm action continues for an alarm, until the lockout relay is reset. The controller can function as
a lockout relay for alarm conditions which have the Latch parameter enabled. The protection is in effect until the alarm condition is

cleared, the alarm acknowledged and the latch is reset.

The lockout relay applies to all latched alarms, and does not activate a specific alarm or have any inhibits.

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 | Operate time

Lockout relay

A\
(1) Alarm |

condition
1

—

Controller

Dependent on protection

(2) protection

. -
active ‘j 4

!

(3) Alarm | |
@ Acki;;vrﬁdge | |_|
(5) Latch 4

(6) Clearlatch

-t

DESIGNER'S HANDBOOK 4189340911R UK

Page 107 of 542



1. Alarm condition: When an alarm condition occurs, an alarm-dependent delay timer activates. If the alarm condition occurs for
longer than the delay timer, the protection activates.

2. Controller protection: If a latch is enabled for the protection, the latch activates when the controller protection activates. The
protection will remain active until the latch is reset, even if the alarm condition clears.

3. Alarm: The alarm output, for example, an alarm horn, remains active until the alarm is acknowledged. When the alarm is
acknowledged, the protection remains active if a latch is enabled.

4. Acknowledge alarm: The alarm can be acknowledged while the alarm condition is still active, or when the alarm condition has
cleared. If a latch is active and the alarm is acknowledged after the alarm condition has cleared, the protection will remain active.

5. Alarm latch: If a latch is enabled for the alarm, the alarm latch will activate when the controller protection activates. While the
latch is active, the alarm protection will also be active.

6. Clear alarm latch: The alarm latch can only be removed once the alarm condition is no longer active and the alarm is
acknowledged. The protection will remain active until the latch is cleared.

For most alarms, a latch can be Enabled as a parameter under
Configure > Parameters > [Alarm location] > [Alarm] > Latch

[Alarm location] is the location of the alarm parameters, for example, Busbar > Voltage protections.

[Alarm] is the alarm name.

CAUTION
If the controller is unpowered, the controller relays will de-energise.

CAUTION
Alarms that are latched will not trip the breaker again if the breaker is closed manually by the operator.

Optional: Configuring an external lockout relay

An external lockout relay with manual reset functionality can be connected to a digital output. The digital output activates if a specific
alarm condition is triggered by the controller. For example: Under Configure > Input/output, a digital output can be
configured to activate if Any latched alarm is present. When the digital output is activated, the lockout relay connected to it is also
activated. If the alarm condition is cleared on the controller, an operator must manually reset the lockout relay.

When the controller is connected to an external lockout relay, the controller interfaces with the lockout relay. When the controller
interfaces with an external lockout relay, the controller is not seen as the lockout relay for the system.

3.7.2 Earth inverse time over-current (ANSI 51G)

IEC symbol (IEC60617) ANSI (IEEE C37.2) IEC 61850 | Operate time

Earth inverse time over-current 51G
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t(l)
[s]

This is the inverse time over-current alarm for the ground current
measurement.

The alarm response is based on the ground current, as measured by the \
4th current measurement filtered to attenuate the third harmonic (at least 18 \
dB). A 128 tap FIR low pass filter is applied. The busbar frequency, as A
measured by the controller (f0), is used as the cutoff frequency. The filter

has 0 dB attenuation at f0, and 33 dB attenuation at 3 x f0.

The alarm response time depends on an approximated integral of the
current measurement over time. The integral is only updated when the
measurement is above the activation threshold.

Note: The diagram on the right is a simplified representation of this alarm.
The diagram does not show the integral over time.

Inom 1.1 Inom 1[A]
Wiring
You must wire the 4th current measurement on ACM3.1 (terminals 15,16) to measure the ground current.

The Earth inverse time over-current and Neutral inverse time over-current alarms each require the 4th current measurement. You
therefore cannot have both of these protections at the same time.

Parameters
Configure the parameters under:

Configure > Parameters > Local > 4th current input > Earth inverse time over-current

Table 3.89 Default parameters

Earth inverse time
Parameter Range
over-current

Curve See the reference IEC Inverse
Limit (the set point, also known as LIM) 2 to 200 % of nominal current (4th current input) 10 %

Time multiplier setting (TMS) 0.01 to 100.0 1.0
Threshold 1.0t01.3 1.1

k (only used if custom curve is selected) 0.001 s to 2 min 0.14 s

¢ (only used if custom curve is selected) 0sto 1 min Os
:Ierizstg;,)or a) (only used if custom curve is 0.001 to 1 0.02

Enable Not enabled, Enabled Enabled
Latch Not enabled, Enabled Enabled
Alarm action Trip breaker

More information
See Source AC protections, Inverse time over-current (ANSI 51N) in this chapter for the calculation method, the
standard curves, and information about the definite time characteristic.
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3.7.3 Neutral inverse time over-current (ANSI 51N)

IEC symbol (IEC60617) ANSI (IEEE C37.2)  |IEC 61850 |Operate time

Neutral inverse time over-current 51N

t(l)
[s]
This is the inverse time over-current alarm for the neutral current
measurement. \

The alarm response is based on the unfiltered (except for anti-aliasing) y
neutral current, as measured by the 4th current measurement.

The alarm response time depends on an approximated integral of the
current measurement over time. The integral is only updated when the
measurement is above the activation threshold.

Note: The diagram on the right is a simplified representation of this alarm. —
The diagram does not show the integral over time.

Inom 1.1 Inom 1[A]

Wiring
You must wire the 4th current measurement on ACM3.1 (terminals 15,16) to measure the neutral current.

More information
See Wiring examples for controller functions in the Installation instructions for an example of how to wire the neutral
current measurement.

The Earth inverse time over-current and Neutral inverse time over-current alarms each require the 4th current measurement. You
therefore cannot have both of these protections at the same time.

Parameters
Configure the parameters under

Configure > Parameters > Local > 4th current input > Neutral inverse time over-current

Table 3.90 Default parameters

over-current
Curve See the reference IEC Inverse
Limit (the set point, also known as LIM) 2 to 200 % of nominal current (4th current input) 30 %
Time multiplier setting (TMS) 0.01 to 100.0 1.0
Threshold 1.0t01.3 1.1
k (only used if custom curve is selected) 0.001 s to 2 min 0.14 s
¢ (only used if custom curve is selected) 0sto 1 min Os

alpha (a, or a) (only used if custom curve is

selected) 0.001 to 1 0.02
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Neutral inverse time
Parameter Range
over-current

Enable Not enabled, Enabled Enabled
Latch Not enabled, Enabled Enabled
Alarm action Trip [Breaker]

More information
See Source AC protections, Inverse time over-current (ANSI 51) in this chapter for the calculation method, the
standard curves, and information about the definite time characteristic.
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4. Alarms and protections

4.1 Alarm parameters

You can configure alarms by adjusting the parameters in the controller. Each alarm parameter is explained in detail in the following
sections. Some alarm settings are not configurable and these are not shown for some alarms.

Figure 4.1 Typical alarm parameters in PICUS

Over-current 2

o—. Set point Reset hysteresis ‘ Delay ‘
110.0 o 0.0 o 60.00 5
@—.Amion
Trip generator breaker w
0—. Inhibit
# #2 #3
#4
:
Configuration a
@—. Enable & Trigger level Auto acknowledge 6
[ | High
e—. Latch @ Suppress action Alarm test @ @
Start test
e
Actual value 0 %

Timer remaining 60 =

Counter 0
State Mo alarm
Test state Inactive

B S

The setting at which the alarm is triggered.

Set point Varies Must be considered with Trigger level setting.

2 Reset hysteresis Varies See Reset hysteresis for more information.

3 Delay Varies Delay before the alarm becomes active.

4 Trigger level (fixed) * High, Low Whether the alarm is triggered at a High or Low setting.
Not enabled, . . .

5 Auto acknowledge Enabled If Enabled the alarm is automatically acknowledged when it occurs.

Selecting Start test starts an alarm test for the selected protection. Starting

Start test, Stop an alarm test also activates the alarm action.

6 Alarm test tost

Selecting Stop test stops the alarm test for the selected protection.

Additional alarm

7 . ) Varies Shows additional information about the state of the alarm.
information
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Not enabled, If Enabled the alarm action is suppressed. The alarm message will appear
Suppress action
Enabled in the alarm list.
9 Latch Not enabled, If Enabled the alarm is latched when it occurs and requires both
Enabled acknowledgement and reset (unlatch) to clear.
10 Enable Not enabled, If the alarm is enabled or not enabled in the controller.

Enabled

Inhibit(s), that if active, can inhibit the alarm from becoming active.
11 Inhibit(s) #1 to #32 Varies
Note that there are only four fields for inhibits in PICUS.

12 Action Varies Action to be taken.

NOTE * Trigger level is typically fixed and cannot be changed. However, the set point for Directional over-current determines the
Trigger level. In addition, you can configure 1/0 alarms with a High or Low Trigger level.

Set point

The Set point is the reference value that is compared by the controller to decide whether the Alarm condition is present in the
system.

When the operating value, that the alarm is based on, reaches the Set point, the controller starts the Time delay (if applicable) for
the alarm. The Set point is often a percentage of the controller's nominal setting.

Most alarms require a Set point to be configured.

For example, the Set point for the Over-current 1 alarm can be 100 %. This means that the current from the equipment must be 100
% (or more) of the nominal current to activate the alarm.

Reset hysteresis

The Reset hysteresis prevents the operating value from being too close to the alarm Set point when the alarm is reset. The Reset
hysteresis makes the system more stable by imposing hysteresis on the alarm Set point. The Reset hysteresis is a value that is
subtracted from the set point of high alarms (and added to the Set point of low alarms).

A Reset hysteresis can only be used where the alarm is based on an analogue value.

& Overspeed example Value 4
Set /\/'\
Consider an Overspeed alarm with a Set point of 110 % of nominal speed and a point
Reset hysteresis of 10 %. The overspeed alarm cannot be reset until the operating / \
value falls below 100 % of nominal speed. The red line in the following figure shows Reset / \
that the alarm is activated when the value exceeds the Set point. The alarm is only 0 ~
deactivated when the value drops below the reset value. time
S Under-speed example Value &
Consider an Under-speed alarm with a Set point of 80 % of the nominal speed and Reset \ /
a Reset hysteresis of 5.0 %. The alarm is only reset when the operating value is s \ /
above 85.0 % of the nominal speed. po(iar:t

time
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Delay

When the alarm Set point is exceeded and a Delay is configured for the alarm, the controller starts the timer for the alarm. If the
operational value stops exceeding the Set point, the timer is stopped and reset. If the value exceeds the alarm Set point for the
whole of the Delay, the controller activates the alarm.

The following graphs show how the Delay works.

Figure 4.2 Delay for a high alarm based on an analogue operating value

Value A Zt ® Zt A
et jy\} delay g

point / S——"—

0 >
time

Figure 4.3 Delay for a high alarm based on a digital input

Digital

input 4 Z ® Z A
t4 } ta

HIGH —

LOW >

Time
The total delay before the alarm Action is activated is the Operate time for the alarm plus the Delay parameter.
Trigger level
If the reference value must be equal to or higher than the Set point to activate the alarm, a High Trigger level is selected in the alarm

configuration.

Similarly, if the reference value must be equal to or lower than the Set point to activate the alarm, a Low Trigger level is selected in
the alarm configuration.

For most alarms the Trigger level is set and cannot be changed. Custom I/O alarms can be configured for High or Low setting of the
Trigger level.

Auto acknowledge

When Auto acknowledge is selected, the alarm is immediately marked as acknowledged in the alarm display when the alarm is
activated.

Alarms that have a Latch configured, even if automatically acknowledged, still require unlatching by the operator.

Action

The alarm Action is the response that you allocate to the Alarm condition. Each alarm can only be assigned one alarm Action. The
controllers are delivered with pre-defined alarm actions. You can change the alarm Action for most alarms.
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Alarm actions are used to assign a set of responses for each alarm. Each alarm Action consists of a group of actions that the
system takes when the alarm conditions are met. Alarm actions also act as a type of alarm categorisation. Minor alarm situations
may be assigned warnings, while a critical situation may trip the breaker and shutdown the genset.

The alarm actions are effective as long as the operating value exceeds the alarm Set point (including the Reset hysteresis if
configured) or the alarm is latched.

The description of the common alarm actions follows.

Controller types All
Priority Low
Effect The controller activates a warning alarm.

Controller types All
Priority -

Breaker closing is blocked: If the breaker is open, the controller will not close it. (If the breaker
is closed, this alarm action does not open the breaker.)
Effect

Genset start is blocked: If the genset is stopped, the controller will not start it. (If the genset is
running, this alarm action does not stop the genset.)

PMS-controlled stop

Controller types GENSET, HYBRID, and EMERGENCY genset controllers
Priority Medium

The breaker is de-loaded and then opened.

Effect After the cooldown period, the genset stops.

If the power management system cannot de-load the breaker (for example, because there is not
enough power), nothing happens. This alarm action only opens the breaker when it is de-loaded.

PMS-controlled open breaker

Controller types SHAFT generator, SHORE connection and BUS TIE breaker controllers
Priority -
The breaker is de-loaded and then opened.

Effect
If the power management system cannot de-load the breaker, nothing happens. This alarm action

only opens the breaker when it is de-loaded.

Trip generator breaker

Controller types GENSET, EMERGENCY genset and SHAFT generator controllers
Priority High
Effect The controller trips the genset or shaft generator breaker (that is, without de-loading).
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Trip breaker

Controller types HYBRID controllers
Priority High
Effect The controller trips the inverter breaker (that is, without de-loading).

Trip tie breaker

Controller type EMERGENCY genset controller
Priority High
Effect The controller trips the tie breaker to the emergency busbar (that is, without de-loading).

Trip shore connection breaker

Controller type SHORE connection controller
Priority High
Effect The controller trips the shore connection breaker (that is, without de-loading).

Trip bus tie breaker

Controller type BUS TIE breaker controller
Priority High
Effect The controller trips the bus tie breaker (that is, without de-loading).

Trip generator breaker and stop engine

Controller types GENSET and EMERGENCY genset controllers

Priority High

The controller trips the genset breaker (that is, without de-loading). After the cooldown period, the

Effi
ect controller stops the engine.

Trip breaker and stop inverter
Controller types HYBRID controllers
Priority High

The controller trips the inverter breaker (without de-loading) and stops the inverter at the same

Effect .
time.

Trip generator breaker and shutdown engine
Controller types GENSET and EMERGENCY genset controllers
Priority Highest

The controller trips the genset breaker (that is, without de-loading). The controller shuts down the

iz engine, without a cooldown period.

Controller types GENSET, HYBRID, EMERGENCY genset and SHAFT generator controllers
Priority High
Effect The controller trips the AVR (that is, stops voltage or reactive power regulation).
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Trip generator breaker + AVR

Controller types GENSET, EMERGENCY genset and SHAFT generator controllers
Priority High

The controller trips the genset or shaft generator breaker (that is, without de-loading) and the AVR

Effi
ect (that is, stops reactive power regulation).

Trip breaker + AVR

Controller types HYBRID controllers
Priority High

The controller trips the inverter breaker (that is, without de-loading) and the AVR (that is, stops

Effect . .
reactive power regulation).

Trip generator breaker + AVR + stop engine
Controller types GENSET and EMERGENCY genset controllers
Priority High

The controller trips the genset breaker (that is, without de-loading) and the AVR (that is, stops

Effect reactive power regulation). After the cooldown period, the controller stops the engine.

Trip breaker and AVR and stop inverter

Controller types HYBRID controllers
Priority High
Effect The controller trips the inverter breaker (that is, without de-loading) and the AVR (that is, stops

reactive power regulation). The controller stops the inverter.

Trip generator breaker + AVR + shutdown engine

Controller types GENSET and EMERGENCY genset controllers
Priority Highest

The controller trips the genset breaker (that is, without de-loading) and the AVR (that is, stops

Eff . . . . .
ect reactive power regulation). The controller shuts down the engine, without a cooldown period.

Stop inverter

Controller types HYBRID controller
Priority High
Effect The controller stops the inverter without checking the breaker position.

Priority of alarm action

It is possible for two or more alarm actions to be active for the same equipment at the same time. In these cases, the controller
performs the alarm Action with the highest priority. A later alarm Action with a lower priority does not change the controller's
execution of the earlier alarm Action with the higher priority. Similarly, if a more severe alarm Action is activated after a less severe
alarm Action, the controller performs the more severe alarm Action.

Alarm action priority example

One alarm activates Trip generator breaker and stop engine, and at the same time another alarm activates Trip generator
breaker and shutdown engine. Trip generator breaker and stop engine includes a cooldown period, while Trip generator
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breaker and shutdown engine does not. The controller shuts down the engine without cooling, regardless of the order of
the alarms.

Inhibits

Inhibits stop the alarm Action when the inhibit conditions are active. When an inhibit is active, the controller does not activate the
alarm Action, even if all the other alarm conditions are met. Inhibits are automatic and are not controlled by the operator.

If an inhibit with active conditions is created for an active, unacknowledged alarm (with or without a latch), then the alarm state
changes to an inactive, unacknowledged alarm (with or without a latch). The alarm needs to be acknowledged (and unlatched if
required) before the alarm is removed from the alarm list.

Inhibited alarms are not shown in the alarm list, unless they have occurred and are unacknowledged before they were inhibited.

The controller types are delivered with the appropriate default inhibits for each alarm. You can remove these inhibits, and/or add
more inhibits. In addition to the default inhibits, you can also configure three customisable 1/O inhibits for selection.

More information
See Alarms, Customised inhibits for more information.

For example, for a GENSET controller, for generator under-voltage, the inhibits Engine not running is selected. This means that if
the genset is either starting up, or if there is no running detection, the generator under-voltage alarm is disabled.

In addition to the default inhibits available, some alarms include permanent inhibit conditions. These inhibits are not configurable,
and are described under the alarm that uses them.

For some alarms, inhibits are not applicable. The controller will not allow you to select any inhibits for these alarms.
Suppress action
For all controller types, an alarm action is suppressed when Suppress action is Enabled for the alarm, and the function Alarm

system > Additional functions > Suppress alarm action is activated by a digital input, PICUS, Modbus, and/or CustomLogic.

If the alarm action is suppressed, when the alarm is activated, the alarm is shown in the alarm handling system, but the alarm action
is only Warning.

For EMERGENCY genset controllers, if there is a blackout, then the controller must ensure that power is restored to the emergency
busbar as soon as possible.

For the EMERGENCY genset controller, when Suppress action is selected for an alarm, the alarm action is suppressed during the
blackout recovery. The alarm is shown in the alarm handling system, but the alarm action is only Warning.

More information
See Power management, Blackout for more information about blackout recovery.

Latch

You can configure a Latch on any alarm. When an alarm with a Latch is activated, the alarm Action remains in force until the alarm is
acknowledged and then reset (unlatched). Alarm latching provides an extra layer of safety.

For example, you can create a low oil pressure alarm with a latch and a Trip generator breaker and shutdown engine alarm action.
Then, if there is low oil pressure, the controller trips the breaker and stops the engine. The engine remains stopped and will not be
able to start until the alarm is reset.
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NOTICE

Effective action with latch

Enabling a Latch on an alarm is not enough for safety protection. To be effective, the alarm must also be Enabled, and the alarm
Action must be effective against the unsafe situation. For example, a Latch on an alarm with the action Warning offers little extra
protection.

Enable
Some alarms can be Not enabled or Enabled, according to your requirements.

If the alarm is Not enabled, it does not respond to changes in the operating values, and is never activated.

If the alarm is Enabled, it is activated when the alarm Set point and Delay are exceeded. However, if the conditions for one or more
inhibits are met, then the alarm and its Action are inhibited, and not activated.

Do not change an active alarm to Not enabled.

If you change an active alarm to Not enabled the alarm action continues. The alarm action cannot be reset until after the alarm is
enabled again.

Alarm test
The alarm test activates the alarm and its alarm action. You can use the alarm test parameter to test individual alarms, for example,
during commissioning.

NOTICE

Alarm tests activate alarm actions

Alarm tests activate alarm actions, some of which can force the system to switchboard control, trip breakers, create a blackout,
and shut down engines. Use extreme care when performing alarm tests during normal operation.

Alarm tests of individual alarms can be stopped one at a time using the parameter, or at the same time using the Stop test button on
the Alarms page in PICUS.

Additional alarm information
The additional alarm information provides information about the state of the alarm. This information can be useful during
commissioning and trouble shooting.

Table 4.1 Additional alarm information
Actual value Shows the operating value of the alarm.
Timer remaining Shows the remaining delay time before the alarm activates.
Counter Counts how many times the alarm was activated. The amount shown also includes activation during an
alarm test.
Shows the state of the alarm.
State m More information
See Alarms > Alarm handling for a detailed description of each alarm state.
Test state Shows if an alarm test is in progress (Active) or not in progress (Inactive) for the alarm.

Reset counter value Changes the Counter parameter value to the selected value.
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4.2 Customised inhibits

In addition to the default inhibits, you can also use three custom inhibit functions (Inhibit 1, Inhibit 2 and Inhibit 3). You can activate a
custom inhibit using a digital input, PICUS, Modbus, and/or CustomLogic.

Each controller can have a maximum of three customised inhibits configured.

Inputs
Assign the inhibit function under Configure > Input/output. Select the hardware module, then select the input to configure.

Table 4.2 Hardware required in addition to the minimum standard controller wiring

T [ S S

Alarm system > Inhibits > Activate inhibit #, When the digital input is activated, then the controller

where #is 1 to 3 Digital input - Continuous e i hibit # where #is 1 to 3.

If you use CustomLogic, you do not have to wire up a digital input, and assign the Activate inhibit # function to the input.

Parameters

Select the customised inhibit under Configure > Parameters > [Alarm] > Inhibit > #{[number], where [Alarm] represents any alarm,
and [number] represents the number of the inhibit field.

Table 4.3 Inhibit parameters

S

The controller inhibits, plus Inhibit #, where # is 1 If you select Inhibit #, and the digital input Activate inhibit # is activated, then
to3 the controller inhibits the alarm.

4.21 Suppress action inhibit

It can be useful to use a digital input function to suppress the alarm action for certain alarms. You can activate the function using a
digital input, PICUS, Modbus, and/or CustomLogic.

Input
Assign the function under Configure > Input/output. Select the hardware module, then select the input to configure.

Function 110 Type Details

Alarm system > Additional functions >
Suppress alarm action

When the digital input is activated, then the controller

Digital input - Continuous suppresses all the alarms with Suppress action enabled.

4.3 Alarm handling

When an Alarm condition occurs the controller automatically creates an active alarm in the system (subject to inhibits). The active
alarm is handled by automatic and operator actions. The system only returns to a fully normal state (A) when the Alarm condition is
inactive, the alarm has been acknowledged, and if applicable, the alarm has been reset (unlatched). While the alarm condition is
Active, the alarm state remains in state B or C.

The following diagram shows the typical alarm handling process. The three additional special states G Shelve, H Inhibited, and | Out
of service are not shown in this diagram.
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Figure 4.4 Alarm processing states (excluding state G, H and I)
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INFO

For alarms configured with a Latch, the alarm remains Active even if the Alarm condition has become Inactive. The alarm
requires acknowledgement and resetting (unlatch) by the operator before the alarm can be cleared and return to normal.

This provides an additional layer of protection.

Table 4.4 Alarm states

Normal operating condition Inactive
B Unacknowledged alarm Yes Active
C Acknowledged alarm Yes Active
D Unacknowledged alarm No Inactive
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Unacknowledged latched alarm Active

F Acknowledged latched alarm No Active

*Note: The alarm condition that triggers the alarm, typically the Set point, may be present Yes or not present No.

**Note: Any alarm may be Active or Inactive in the system. If active the alarm Action is also active.

INFO
@ Inhibited, shelved, or out of service alarm states force the alarm to be Inactive in the system, even if the Alarm condition is
still present.

Automatic actions

The controller's alarm handling system can perform the following automatic actions:
* Horn/siren output

* Inhibit

+ Auto acknowledge

+ Control alarm state

* Suppress action

More information
See Horn outputs later in this chapter for more information on the alarm horn outputs.

Operator alarm actions

An operator can perform the following alarm actions:
* Acknowledge

+ Shelve

» Out of service

» Latch reset

» Silence alarm horn/siren

INFO
@ Alarm actions are controlled by the group and user permissions.

431 Acknowledge
Alarms that have no Auto acknowledge require acknowledging by operator action. The operator must take action regarding the

alarm condition. The operator can mark the alarm as acknowledged.

INFO
@ Acknowledging an alarm has no influence on the alarm Action.
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Table 4.5 Acknowledgement status and operator actions

Acknowledged? Alarm condition? Required operator actions

The alarm condition must be corrected.
Active Active » The alarm must be acknowledged.
Latch * The alarm must be reset (unlatched).

* The alarm must be acknowledged.

Inactive Active
Unacknowledged » The alarm must be reset (unlatched).
) . » The alarm condition must be corrected.
Active Active
No latch » The alarm must be acknowledged.
Inactive Inactive » The alarm must be acknowledged.
. . » The alarm condition must be corrected.
Active Active
* The alarm must be reset (unlatched).
Latch
s ol « The alarm condition must be corrected.
nactive ctive
G » The alarm must be reset (unlatched).
Active Active » The alarm condition must be corrected.
No latch
Inactive Inactive » No further action is required.

*Note: Alarm action is controlled automatically by the controller.
Inhibited, shelved, and out of service alarms all have an inactive alarm Action.

Inputs

You can assign these functions inputs under Configure > Input/output. Select the hardware module, then select the input to
configure.

Table 4.6 Optional hardware

N N 3 T

Alarm system > Command > When this input is activated, the controller acknowledges all its

Acknowledge all alarms Digital input - Pulse alarms.

When this input is activated, the controller acknowledges all its own
Digital input Pulse alarms, along with all the alarms in all the other controllers in the
system.

Power management > Acknowledge all
alarms in system

4.3.2 Shelve
The operator can shelve each alarm for a period of time, during any alarm state (except if the alarm is already Out of service).

If an unacknowledged alarm is shelved, the alarm is automatically acknowledged. If a latched alarm is shelved, the latch on the
alarm is reset. While the alarm is shelved, the alarm action is not active.

When the period expires, the alarm is automatically unshelved. Alternatively, an operator can manually unshelve the alarm. The
alarm then responds as normal to alarm conditions.

DANGER!
A Shelving certain alarms can disable critical protections. In addition, shelving automatically acknowledges the alarm and
resets the latch.
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Operator shelves the alarm.

A

»  Any state
(e )

Operator unshelves the alarm.

Shelve
alarm
for a period
y
°
Unshelve @ _ State G
alarm D shelved

Check whether the shelve
period has expired.

The controller automatically
unshelves the alarm after the
period expires.

4.3.3 Out of service

Unshelve@J

alarm

@

State A

Operator action

Automatic action

You can take any alarm Out of service, during any alarm state (except if the alarm is already Shelved). When an alarm is Out of

service, the alarm is suspended indefinitely.

DANGER!
A Taking certain alarms Out of service can disable critical protections. In addition, taking Out of service automatically
acknowledges the alarm and resets the latch.

Operator removes the alarm from service.

Alarm is out of service and not active.

Operator returns the alarm to service.
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4.3.4 Latch reset

You can enable a Latch on most alarms. When an alarm with a Latch is activated, the alarm Action remains in force after the Alarm
condition clears. The latched alarm then requires acknowledgement and resetting to clear the alarm Action.

INFO
@ Alarm latching can provide an extra layer of safety for the system.

The controller checks the Alarm
condition.

The controller checks whether the
alarm has a Latch enabled.

The latched alarm can be reset after
acknowledgment by the operator.

If the alarm condition reoccurs, the
alarm is activated again.

Acknowledge
alarm e

'

Reset latch
[

State A
Normal

-

State Bor C

A

Alarm
condition
clears?

Yes

Latched

alarm? No

Yes

State EorF  «—

Alarm
condition
reoccurs?

'

Acknowledge
alarm e

y

State A
Normal

°
@ Operator action

For example, you can configure a low oil pressure alarm with a latch enabled, with a Trip generator breaker and shutdown engine
alarm action and an Engine not running inhibit. If there is low oil pressure, the controller trips the breaker and shuts down the
engine. The engine remains stopped and will not be able to start until the operator acknowledges the alarm AND then resets the

latch.

Input

You can assign a function to reset latched alarms to an input under Configure > Input/output. Select the hardware module, then

select the input to configure.
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Table 4.7 Optional hardware

N N S

Alarm system > Command > Reset all The controller resets all its latched alarms (that are ready to be

latched alarms Digital input - Pulse reset) when this input is activated.

4.4 Alarm test

The alarm tests activate controller alarms AND all their alarm actions. You can activate alarm tests from the Alarms page in PICUS,
or by enabling the Enable alarm test parameter, or by starting an alarm test for an individual alarm using the alarm's Alarm test
parameter. When you use the Enable alarm test parameter to perform the alarm test, all the enabled alarms and their alarm actions
are activated, and shut down the engine.

DANGER!
A DO NOT use the alarm test during normal operation. The alarm actions will force the system under switchboard control, trip
all the breakers, create a blackout.

More information
See Alarms > Alarm parameters > Alarm test for more information about testing individual alarms.

More information
See Alarms > Tasks > Perform an alarm test in the PICUS manual for more information about the alarm test buttons
available on the Alarms page in PICUS.

D D

Before the test
Make sure that you are ready for a blackout. If a blackout is not acceptable, do not use the alarm test function.

Be aware that it may take you some time to get the system back to normal after an alarm test.

During the test

When the test is Enabled, the alarms appear on the display and in the alarm list, and are recorded in the log. Test alarms appear in
green text on the display, and are marked with a grey dot in the T column in the alarm list in PICUS.

If an alarm was acknowledged before the test, the alarm status changes to unacknowledged during the alarm test.

If an alarm is acknowledged during the test, the alarm remains on alarm list, and the alarm action continues until the alarm test
stops.

Latches: Alarms with latches can be acknowledged and the latches reset manually during the test. If an alarm latch is reset during
the test, then the alarm is removed from the alarm list, and the alarm action stops.

Shelved alarms: The alarm test unshelves these alarms, and they remain unshelved after the test.

Out of service alarms: The alarm test returns these alarms to service. These alarms remain in service after the test.
After the test

When the test is Not enabled, the tested alarms remain active until they are acknowledged and, if required, their latches are

removed. The alarms are rechecked, and reactivated if the alarm conditions are still present. All the test alarms remain in the log,
and are indicated with a grey dot in the T column.

Alarms that were acknowledged before the alarm test, but the alarm condition remains active after the test are still acknowledged
when the alarm test stops.
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441 Alarm status digital outputs

You can configure a digital output with a function for an alarm status. The controller activates the digital output if the alarm status is

present.

Assign the function to a digital output under Configure > Input/output. Select a hardware module with a digital output, then select

the output to configure.

Table 4.8 Alarm status digital output functions

Local > System OK >

Status OK Continuous
Alarm system > State > .

. Continuous
Any warning alarm
Alarm system > State > .

Continuous

Any block alarm
Alarm system > State >
Any PMS-controlled Continuous

stop alarm

Alarm system > State >
Any PMS-controlled Continuous
open breaker alarm

Alarm system > State >

Any GB trip alarm CeinUELS

Alarm system > State >

Any breaker trip alarm Continuous

Alarm system > State >
Any GB trip and stop Continuous
alarm
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Activated if the power supply
to PSM3.1 is OK, and all of
the controller hardware
module self-checks were OK.

Status OK is always
configured on terminals 3 and
4 of PCM3.1. Status OK can
also be configured on any
other digital output terminals.

This digital output has a
safety function. The controller
deactivates this output if there
is a problem with the
controller.

Activated if there are any
warning alarm active in the
controller.

Activated if there is any active
alarm in the controller with
the alarm action Block.

Activated if there is any active
alarm in the controller with
the alarm action PMS-
controlled stop.

Activated if there is any active
alarm in the controller with
the alarm action PMS-
controlled open breaker.

Activated if there is any active
alarm in the controller with
the alarm action Trip
generator breaker.

Activated if there is any active
alarm in the controller with
the alarm actions Trip
breaker.

Activated if there is any active
alarm in the controller with
the alarm action Trip
generator breaker and stop
engineand/or Trip generator
breaker and AVR and stop
engine.
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Alarm system > State >

Any breaker trip and Continuous
stop inverter alarm
Alarm system > State >
Any GB trip and Continuous
shutdown alarm

> >
Alarm system > State Continuous

Any alarm

Alarm system > State >
Any unacknowledged  Continuous
alarm

Alarm system > State >

Any latched alarm Continuous

Alarm system > State > .
Continuous

Any shelved alarm

Alarm system > State >

Any out of service Continuous

alarm

Alarm system > State > Continuous

Any SGB trip alarm

Alarm system > State > Continuous

Any SCB trip alarm

Alarm system > State > Continuous

Any BTB trip alarm

Alarm system > State > Continuous

Any AVR trip alarm

Alarm system > State > Continuous

Any GB + AVR alarm

Alarm system > State >

Any breaker + AVR Continuous

alarm
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Activated if there is any active
alarm in the controller with
the alarm action Trip breaker
and stop inverterand/or Trip
breaker and AVR and stop
inverter.

Activated if there is any active

alarm in the controller with

the alarm action Trip

generator breaker and ° .
shutdown engine and/or Trip

generator breaker and AVR

and shutdown engine.

Activated if there are any

acknowledged,

unacknowledged or alarms ° ° °
with active latches in the

controller.

Activated if there are any
unacknowledged alarms in ° ° °
the controller.

Activated if there are any
active alarms with active ° ° °
latches in the controller.

Activated if there are any
shelved alarms in the ° ° °
controller.

Activated if any alarms in the
controller are out of service.

Activated if there is any active
alarm in the controller with
the alarm action Trip shaft
generator breaker.

Activated if there is any active
alarm in the controller with
the alarm action Trip shore
connection breaker.

Activated if there is any active
alarm in the controller with
the alarm action Trip bus tie
breaker.

Activated if there is any active
alarm with the alarm action ) ° °
Trip AVR.

Activated if there is any active
alarm with the alarm action
Trip generator breaker +
AVR.

Activated if there is any active
alarm with the alarm action °
Trip breaker + AVR.
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Activated if there is any active

Alarm system > State > Continuous alarm with the alarm action .
Any SGB + AVR alarm Trip generator breaker +
AVR.

Activated if there is any active

Alarm system > State > . .
. alarm with the alarm action
Any GB + AVR + stop  Continuous . ° .
. Trip generator breaker + AVR
engine alarm

+ stop engine.

Activated if there is any active

Alarm system > State > . .
. alarm with the alarm action
Any breaker + AVR +  Continuous . o
. Trip breaker + AVR + stop
stop inverter alarm

inverter.

Applications

A digital output with an alarm status may be wired to a switchboard light, to help the operator. For example, you can configure a
relay with the Alarm system > State > Any latched alarm function, and wire it to a light on the switchboard. When there are any
alarms with active latches, the light is lit. The operator then knows that there are alarms that must be checked and unlatched.

Alarm test
The alarm test activates these outputs. Acknowledging the test alarms deactivates the outputs.

4.5 Horn output function

Any of the controller's configurable digital outputs can be configured as horn outputs. These horn outputs are typically connected to
an acoustic alarm or visual indicator.

The controller alarm system is in full control of the horn outputs. Other systems, including CustomLogic, cannot control the horn
outputs. If a digital output is configured as a horn output, it cannot be configured for anything else.

You can configure up to three horn output functions, and the parameter settings for each of these functions. By adjusting the
parameters, each horn output function can be configured as one of four different types of horn output:

» Simple horn
» Simple horn with acknowledgement
+ Siren

» Siren with acknowledgement

The horn outputs are only activated when an alarm condition becomes active in the system.

An operator can silence the horn output by pressing Horn silence on the display unit.

More information
See Alarms, Horn outputs, Silencing alarms for more information.

Output
Assign the horn output function under Configure > Input/output. Select the hardware module, then select the output to configure.
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Table 4.9 Hardware required in addition to the minimum standard controller wiring

N S S

Continuous (performance  The controller activates the horn output based on
Digital output depends on the output whether alarms are active and/or acknowledged,
parameter) according to the selected parameters.

Local > Alarm horn > Horn #,
where #is 1to 3

Parameters
Configure the horn output parameters under Configure > Parameters > Local > Alarm horn > Horn #.

Table 4.10 Default horn output parameters

N T T

Not enabled: New alarms have no effect on the horn output.

Not enabled, . . .

Reset when new alarm Enabled Not enabled Enabled: When a new alarm is activated, then the timers for
Minimum down time and Minimum up time restart. This gives a
wailing effect for new alarms.

.. . Only relevant if Reset when new alarm is Enabled. See the

Minimum down time Osto1h 1s . .
examples for more information.

i e O0stolh 10's Only relevant if Res.et When. new alarm is Enabled. See the
examples for more information.

Not enabled: Alarm acknowledgement has no effect on the horn
. i output.

De-energise when all (e —— p

alarms are Enabled Not enabled

acknowledged Enabled: When all active alarms are acknowledged, then the horn

output is deactivated.

Simple horn
The horn output is activated when one or more alarms are active.

The horn output is deactivated when there are no active alarms.

Table 4.11 Simple horn parameters
L - [
Reset when new alarm Not enabled
Minimum down time Os No effect on the output.
Minimum up time Os No effect on the output.
De-energise when all alarms are acknowledged Not enabled

INFO
@ Acknowledging alarms (or not acknowledging alarms) has no effect on this horn output.

& Simple horn example
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Acknowledge
Alarm 1

(1) Alarm 1

IZI:

]

L
(2) Alarm 2
(3) Horn :j A |_|

Simple horn with acknowledge
The horn output is activated when one or more alarms are active.

The horn output is deactivated when all alarms are acknowledged, even if there are still active alarms. The horn output is also
deactivated when there are no active alarms.

Table 4.12 Simple horn with acknowledge parameters

Reset when new alarm Not enabled
Minimum down time Os No effect on the output.
Minimum up time Os No effect on the output.

When all active alarms are acknowledged, the horn output is deactivated.

De-energise when all alarms are

e Enabled If there are no latched alarms, the horn output is also deactivated when all the

alarms do not exceed their set points, regardless of the acknowledgement
status of the alarms.

Simple horn with acknowledge example
& Acknowledge
Alarm 1

(1) Alarm 1 A

Acknowledge
,‘Alarm 2

(2) Alarm 2 | | | |

|
(3  Hom :j b [

The horn output is deactivated when both alarms are acknowledged (even though both alarms are still active).

Siren
The horn output is activated when one or more alarms are active.

The horn output is deactivated when there are no active alarms.
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The horn output is affected when a new alarm becomes active. To alert the operator to the new alarm, the horn output is deactivated
for the time in the Minimum down time parameter, and then activated again. If the horn output is connected to a siren, this gives a
wailing effect every time there is a new alarm.

Each time the horn output is activated, the horn output must remain activated for the time in the Minimum up time parameter. This
stops multiple new alarms from deactivating the horn output.

Table 4.13 Siren parameters

Reset when new alarm Enabled

Minimum down time Osto1h Required
Minimum up time Osto1h Required
De-energise when all alarms are acknowledged Not enabled

INFO
@ Acknowledging alarms (or not acknowledging alarms) has no effect on the horn output.

S Siren example
(1) Alarm 1 A |—

(2) Alarm 2

-
F

(3 Homn :j |
Min. uptime Min. uptime
1 M

downtime

The horn output is deactivated for the Minimum down time when Alarm 2 becomes active. To fulfil the Minimum up time
requirement, the horn output remains active for a short time after both alarms become inactive.

Siren with acknowledge
The horn output is activated when one or more alarms are active.

The horn output is deactivated when there are no active alarms. The horn output is also deactivated when all alarms are
acknowledged, even if there are still active alarms.

The horn output is affected when a new alarm is activated. To alert the operator to the new alarm, the horn output is deactivated for
the time in the Minimum down time parameter, and then activated again. If the horn output is connected to a siren, this gives a
wailing effect every time there is a new alarm.

There is no new Minimum down time when all the alarms are acknowledged.

Each time the horn output is activated, the horn output must remain activated for the time in the Minimum up time parameter, to stop
multiple new alarms from deactivating the horn output. The horn output will also be activated for the time in the Minimum up time
parameter even if all alarms are acknowledged.
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Table 4.14 Siren with acknowledge parameters

Reset when new alarm Enabled
Minimum down time Osto1h Required
Minimum up time Osto1h Required

When all active alarms are acknowledged, the horn output is deactivated.

De-energise when all alarms are

e Enabled  |f there are no latched alarms, the horn output is also deactivated when all the

alarms do not exceed their set points, regardless of the acknowledgement
status of the alarms.

Siren with acknowledge example
& Acknowledge
Alarm 1

(1) Alarm 1 A

Acknowledge
Alarm 2 and
Alarm 3

(2) Alarm 2

(3) Alarm 3

|
(4) Horn :j | | | | | |
Min. up time Min. up time Min. up time
Min.
down time

1. The horn output is deactivated when alarm 1 is acknowledged. There is no Minimum down time when the alarms are
acknowledged.

2. Alarm 2 becomes active, and shortly after that, alarm 3 become active. For alarm 2, the horn output remains activated
for the Minimum up time.

3. The horn output is then deactivated for the Minimum down time for alarm 3.

4. All alarms are acknowledged during the Minimum down time for alarm 3. After the Minimum down time for alarm 3, the
horn output is activated for the Minimum up time, to complete the horn output for alarm 3.

5. The horn output is deactivated after the Minimum up time, since all alarms are acknowledged.

Horn silence

When the operator presses Horn silence on the display unit, the controller immediately deactivates all horn outputs. Horn

silence does NOT have any other effect on the alarm system. If a new alarm is activated after the push-button is pressed,
then the horn output restarts.

& Effect of the horn silence push-button example
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(1) Alarm 1 A |_|

Silence Silence
pressed pressed

@ 1 [

(3) Horn :j A | I_l

@ INFO

Horn silence @ on the display unit does not affect the acknowledgement status of any alarms.

4.6 Non-essential loads

4.6.1 NEL # over-current

These non-essential load trips (NELs) are for over-current protection. The over-current trip may,

for example, be activated by inductive loads and an unstable power factor (PF < 0.7), which Value ﬂ\ Z f

increase the current. Delay
Set

The trip response is based on the highest phase current true RMS values from the source, as point

measured by the controller.

time
By default, up to three NEL trips are available.

These parameters are only visible if the non-essential loads are configured on the single line diagram.

Configure the parameters under Configure > Parameters > Non-essential load trip > Trip # > Over-current, where #is 1, 2 or 3.

Table 4.15 Default parameters
Set point 50 to 200 % of nominal current 100 % 100 % 100 %
Delay 0.1sto1h 50s 80s 10.0s
Enable Not enabled, Enabled Not enabled Not enabled Not enabled
Action* Warning Warning Warning

*Note: The NEL function also trips NEL #. You cannot reconnect the NEL until the alarm is deactivated. The alarm action cannot be
changed.

Inhibits: The trips are inhibited if the breaker to the busbar is open.
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4.6.2 NEL # under-frequency

These NEL trips are for busbar under-frequency protection. Value ﬂ\ X A

Delay
The trip response is based on the lowest frequency in the 3-phase voltage from the busbar, as Set \

measured by the controller. poin

By default, up to three NEL trips are available. tir?e

These parameters are only visible if the non-essential loads are configured on the single line diagram.

Configure the parameters under Configure > Parameters > Non-essential load trip > Trip # > Under-frequency, where #is 1, 2
or 3.

Table 4.16 Default parameters

Trip 1 > Under-frequency | Trip 2 > Under-frequency | Trip 3 > Under-frequency

70 to 100 % of nominal

Set point EENETEY 95 % 95 % 95 %

Delay 0.1sto1h 50s 8.0s 10.0s
Enable Not enabled, Enabled Not enabled Not enabled Not enabled
Action* Warning Warning Warning

*Note: The NEL function also trips NEL #. You cannot reconnect the NEL until the alarm is deactivated. The alarm action cannot be
changed.

4.6.3 NEL # overload

These non-essential load trips (NEL) are for overload protection. Tripping the NEL groups
reduces the active power load at the busbar, and thus reduce the load percentage on all the

running gensets. This can prevent a possible blackout at the busbar due to overloading the Value ﬂ\ Z f
running gensets. Delay
Set ;
The alarm response is based on the active power (all phases), supplied by the source, as point /
measured by the controller.
time

By default, up to six NEL trips are available. You can configure Overload 1 for three overload
trips, and Overload 2 for three fast overload trips.

These parameters are only visible if the non-essential loads are configured on the single line diagram.
Configure the parameters under Configure > Parameters > Non-essential load trip > Trip # > Overload 1, where #is 1, 2 or 3.

Table 4.17 Default overload NEL trip parameters

Trip 1 > Overload 1 Trip 2 > Overload 1 Trip 3 > Overload 1

Set point 10 to 200 % of nominal power 100 % 100 % 100 %
Time delay 0.1sto1h 5.0s 8.0s 10.0 s
Enable Not enabled, Enabled Not enabled Not enabled Not enabled
Action* Warning Warning Warning
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*Note: The NEL function also trips NEL #. You cannot reconnect the NEL until the alarm is deactivated. The alarm action cannot be
changed.

Configure the parameters under Configure > Parameters > Non-essential load trip > Trip # > Overload 2, where #is 1, 2 or 3.

Table 4.18 Default fast overload NEL trip parameters

Trip 1 > Overload 2 Trip 2 > Overload 2 Trip 3 > Overload 2

Set point 10 to 200 % of nominal power 110 % 110 % 110 %

Time delay 0.1sto 100 s 10s 10s 10s
Enable Not enabled, Enabled Not enabled Not enabled Not enabled
Action* Warning Warning Warning

*Note: The NEL function also trips NEL #. You cannot reconnect the NEL until the alarm is deactivated. The alarm action cannot be
changed.

Inhibits: The trips are inhibited if the breaker to the busbar is open.

4.6.4 NEL # reactive overload

These non-essential load trips (NELs) are for reactive overload protection. Tripping the NELs

reduces the reactive power load at the busbar, and thus reduce the load percentage on all the Value 4

running gensets. This can prevent a possible blackout at the busbar due to overloading the ﬂ Z Del A
elay

running gensets.
Set j

The alarm response is based on the reactive power (all phases), supplied by the source, as point /
measured by the controller.

time
By default, up to three NEL trips are available.

These parameters are only visible if the non-essential loads are configured on the single line diagram.

Configure the parameters under Configure > Parameters > Non-essential load trip > Trip # > Reactive overload, where #is 1, 2
or 3.

Table 4.19 Default reactive overload NEL trip parameters

Trip 1 > Reactive Trip 2 > Reactive Trip 3 > Reactive
Parameter | Range
overload overload overload

10 to 200 % of nominal reactive

Set point s 110 % 110 % 110 %
Timedelay 0.1sto1h 50s 8.0s 10.0s
Enable Not enabled, Enabled Not enabled Not enabled Not enabled
Action* Warning Warning Warning

*Note: The NEL function also trips NEL #. You cannot reconnect the NEL until the alarm is deactivated. The alarm action cannot be
changed.

Inhibits: The trips are inhibited if the breaker to the busbar is open.
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4.7 Custom input alarms
4.7.1 Digital input (DI) alarms

You can configure custom alarms for any of the controller digital inputs (DI). When the digital input (DI) is triggered the alarm
becomes active in the system and the controller does the associated alarm action.

HIGH input trigger example Digi
gital
& it B Q@ 2 A
Select High for the alarm trigger level. %—»h } F—w

HIGH

By default, a digital input (DI) is normally open, and the
alarm is activated if the digital input is closed for longer than
the Time delay.

LOW »
Time

LOW input trigger example i
& Digital , 54 ® Z A
input
Alternatively, configure the digital input (DI) so that the alarm %t;}» %t—zﬁ

is activated if the digital input is open for longer than the HIGH
Time delay.

Select Low for the alarm trigger level.

LOW >
Time

The custom alarm can be configured with typical alarm parameter settings.
Configure the alarm under Configure > Input/output > [Hardware module] > DI > Alarms

Table 4.20 Custom alarm (DI) parameters

N S T

Name Text Name for the alarm

Trigger level Low, High - Whether the alarm is triggered at High or Low.
Auto acknowledge Not enabled, Enabled Not enabled

Latch Not enabled, Enabled Not enabled

Delay Osto1h 10s

Action Selectable list -

Inhibit(s) Selectable list -

4.7.2 Analogue input (Al) alarms

You can configure custom alarms for the controller analogue inputs (Al). When the analogue input alarm set point is exceeded for
longer than the delay time, then the alarm becomes active in the system and the controller does the associated alarm action.

The configuration of the analogue input determines the configuration of the alarm. For example, the analogue input can be
configured as a 0 to 20 mA current input that corresponds to a percentage. The analogue input alarm is then configured for a certain
percentage set point.
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More information
See Hardware characteristics and configuration, General characteristics, Analogue input characteristics and
configuration for information about configuring sensor failure alarms.

INFO
@ Configure the analogue input (Al) sensor setup (including the scale) before creating an alarm for the input.

Configure the alarm under Configure > Input/output > [Hardware module] > Al > Alarms

Table 4.21 Custom alarm (Al) parameters
Parmeir ——[rgs oot Mo
Name Text Name for the alarm

Trigger level Low, High High Whether the alarm is triggered at High or Low.

Auto acknowledge Not enabled, Enabled Not enabled

Delay Osto1h 10s

Set point Varies - Depends upon selected input scale unit

Reset hysteresis Varies - Depends upon selected input scale unit

Action Selectable list =

Inhibit(s) Selectable list =

S Low oil pressure analogue input alarm example

Configure the analogue input for the oil pressure sensor under Configure > Input/output > [Hardware module] > Al >
Sensor setup. In this example, the sensor provides a 4 to 20 mA signal, which corresponds linearly to 0 to 10 bar.

Configure the sensor as follows:

Sensor = 0 to 25 mA

Units = bar

Select an unused Custom input scale #.

Input (mA), Minimum = 4, Maximum = 20

Output (bar), Minimum = 0, Maximum = 70

Create two points for the curve: 4 mA and 0 bar; and 20 mA and 10 bar.

Configure the alarm as follows:

Name = Low oil pressure

Trigger level = Low

Enable = Enabled

Delay = 0.1 seconds

Set point = 1 bar

Action = Trip generator breaker and shutdown engine
Inhibit = Engine not running

If the engine is running, but the oil pressure falls below 1 bar (this corresponds to an analogue input of less than 5.6 mA)
for more than 0.1 seconds, then the alarm is activated. The controller trips the breaker and shuts down the engine.
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4.8 General system alarms

4.8.1 System not OK

This alarm communicates that there is a problem with one of the hardware modules in the

controller. A

The system is okay if all of the following conditions are met: Alarm >
. . . Status OK
» All the modules in the rack are sending an OK signal.

« All the modules in the rack have a software version that is compatible with the 0

C Time
controller application software.

» All the modules required for a specific controller type are present in the rack.

* The alternating current module has received all the required settings (wiring mode,
nominal settings, and so on) at start-up.

* The controller software has started and is running OK.

By default, the Status OK alarm output is configured to terminals 3 and 4 of the power
supply module of the controller. This configuration cannot be removed or changed.

Configure the parameters under Configure > Parameters > Local > Monitoring > System not OK. The alarm is always enabled.

Table 4.22 Default parameters

N N S

Action Warning

Latch Not enabled, Enabled Enabled
More information
See Alarms, Alarm test and status, Alarm status digital outputs for more information about the configuration of the
Status OK alarm output.

4.8.2 Critical process error

The alarm communicates that the controller's critical communication and/or processing are disrupted.

The alarm action is Warning and the alarm is always enabled. The controller also activates the System not OK alarm. The alarm
parameters are not visible.

It is unlikely that customers will see this alarm. If you do see this alarm take the following actions:
1. Restart the controller.

2. If restarting does not help, update the controller software to the latest version.

3. Contact DEIF.

4.8.3 Configuration update delayed

The controller activates this alarm if an operator and/or external equipment is changing the controller configuration too quickly. For
example, a programming error on a PLC can create a storm of Modbus changes.

To protect the controller's internal memory, the excess configuration changes are not stored immediately. The delay can be up to 10
minutes. If the controller loses power during this time, the changes may be lost.

The alarm is always enabled. The alarm action is Warning. The alarm is automatically acknowledged when the configuration
changes are stored. The alarm parameters are not visible.
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4.8.4 System power management network error
Controller types: This alarm is present in all controllers.

This alarm communicates that the same System power management setting changed at the exact same time on two or more
controllers. If the alarm activates, all the controllers where the setting changed at the same time are forced to switchboard control.

The alarm condition can be cleared by resetting the controllers on which the alarms occurred.

The alarm action is Warning, and the alarm is always enabled. You cannot see or change the alarm parameters.
4.8.5 Power management rules network error

Controller types: This alarm is present in all controllers.

This alarm communicates that the same setting in Power management rule 1 to 8 changed at the exact same time on two or more
controllers. If the alarm activates, all the controllers where the setting changed at the same time are forced to switchboard control.

The alarm condition can be cleared by resetting the controllers on which the alarms occurred.
The alarm action is Warning, and the alarm is always enabled. You cannot see or change the alarm parameters.
4.8.6 Fieldbus connection missing

This alarm is for the internal communication between the controller and its extension units. If there is a redundancy connection, this
alarm communicates that an Ethernet connection is missing or broken.

The alarm is always enabled, and the alarm action is Block. The alarm parameters are not visible.
4.8.7 Fieldbus conflict

This alarm is for the internal communication between the controller and its extension units. If there is a hardware change or
hardware failure, this alarm communicates that the hardware configuration does not match the previous hardware configuration. Use
Configure > Fieldbus configuration in PICUS to correct the hardware configuration.

The alarm is always enabled, and the alarm action is Block. The alarm parameters are not visible.
4.8.8 Priority error
Controller types: This alarm is present in all controllers.

This alarm communicates that a number of controllers cannot synchronise the priorities in the network. If the alarm activates, the
controller is forced to switchboard control.

This alarm activates when one of the following conditions are present:

* There is an error in the system.

+ The wrong controller types are present in the system.

* The wrong controller IDs are present in the system.

» The single line diagrams for all the controllers in the system are not the same.

The alarm action is Warning, and the alarm is always enabled. You cannot see the alarm parameters.
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4.8.9 Controller ID not configured

This alarm communicates that the user has never configured the Controller ID. When this alarm is active, the controller is always
under Switchboard control.

The alarm is always enabled and the action is Warning. The alarm parameters are not visible.

4.8.10 Trip AVR output not configured

This alarm communicates that there is an alarm configured that has a Trip AVR alarm action, but the Trip AVR output is not
configured.

The alarm is always enabled and the action is Warning. The alarm parameters are not visible.

The Trip AVR digital output can be configured under Generator > AVR > Trip AVR on the Input/output page. Alternatively the
output can be configured using Modbus.

4.8.11 NTP server not connected

The alarms NTP server 1 not connected, NTP server 2 not connected, or No NTP server(s) connected are activated when the NTP
server(s) are configured, but the controller did not connect to the server(s) within 10 minutes after the configuration is written to the
controller. These alarms are triggered if the controller network cannot access the NTP server(s), or if the NTP server(s) are not set
up correctly.

Configure the parameters for these alarms under Configure > Parameters > Communication > NTP. The alarm action is always
Warning and cannot be changed.

4.8.12 NTP server no response

The alarms NTP server 1 no response, NTP server 2 no response, or No NTP server time synchronisation are activated when the
controller was successfully connected to NTP server(s), but the server(s) did not respond to the controller for up to 22 minutes.

Configure the parameters for these alarms under Configure > Parameters > Communication > NTP. The alarm action is Warning
and cannot be changed.

4.8.13 Live power detected (emulation)
This alarm informs the operator that live power was detected during emulation.

The controller activates this alarm if Configure > Parameters > Test functions > Emulation > Emulation active is Enabled and
live power is detected on ACM3.1.

The alarm is always enabled. You cannot see or change the alarm parameters.
4.8.14 Emulation disabled (live power)
This alarm informs the operator that emulation has been disabled (because live power was detected during emulation).

The controller activates this alarm if Configure > Parameters > Test functions > Emulation > Emulation active is Enabled and
live power is detected on ACM3.1. The alarm changes the emulation parameter to Not enabled on all controllers in the system.

The alarm is always enabled. You cannot see or change the alarm parameters.
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4.9 General hardware module alarms
49.1 Software mismatch on hardware module(s)

This alarm is activated if any of the hardware modules in the controller have a software version installed that differs from the
expected version. The alarm action is Warning. This alarm activates the System not OK alarm. The alarm parameters are not visible.

INFO
@ This alarm is only activated if you install a replacement hardware module in the controller. The new module can have
different software to the rest of the controller. Reinstall or update the controller firmware to fix the problem.

4.9.2 Required I/O card(s) not found

This alarm communicates that some of the default hardware modules for the controller type were not found. The alarm action is
Warning.

If one or more default controller hardware modules are missing, then this alarm is activated on start-up. The controller also activates
the System not OK alarm. The alarm parameters are not visible.

4.10 Power supply module PSM3.1

4.10.1 PSM3.1 1 supply voltage low alarm

Value ﬂ‘ Z ﬁ
This default alarm is for power supply voltage protection. \ Delay
Set

oint \_\’
The alarm is based on the power supply voltage measured by the PSM. The alarm is activated P
when the power supply voltage is less than the set point for the delay time.

time

Configure the parameters under Configure > Parameters > Hardware > PSM3.1 1 > Low voltage alarm .

Table 4.23 Default parameters

Set point 8.0t0 32.0VDC 18.0VDC
Delay Osto1h 10s
Enable Not enabled, Enabled Enabled
Alarm action Warning

4.10.2 PSM3.1 1 supply voltage high alarm

Value ﬂ‘

Z Delay A
Set :

The alarm is based on the power supply voltage measured by the PSM. The alarm is activated point /
when the power supply voltage exceeds the set point for the delay time.

This default alarm is for power supply voltage protection.

time
Configure the parameters under Configure > Parameters > Hardware > PSM3.1 1 > High voltage alarm .
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Table 4.24 Default parameters

Set point 12.0to 36.0 V DC 30.0 v DC
Delay Osto1h 10s
Enable Not enabled, Enabled Enabled
Alarm action Warning

4.11 Power supply module PSM3.2

4.11.1 PSM3.2 1 supply voltage low alarm

Value ? Z é
This default alarm is for power supply voltage protection. /\ Delay
Set

point

The alarm is based on the power supply voltage measured by the PSM. The alarm is activated
when the power supply voltage is less than the set point for the delay time.

time

Configure the parameters under Configure > Parameters > Hardware > PSM3.2 1 > Low voltage alarm .

Table 4.25 Default parameters

Set point 8.0t0 32.0VDC 18.0VDC
Delay Osto1h 10s
Enable Not enabled, Enabled Enabled
Alarm action Warning

4.11.2 PSM3.2 1 supply voltage high alarm

Value ?

Z Delay A
Set j

The alarm is based on the power supply voltage measured by the PSM. The alarm is activated point /
when the power supply voltage exceeds the set point for the delay time.

This default alarm is for power supply voltage protection.

time

Configure the parameters under Configure > Parameters > Hardware > PSM3.2 1 > High voltage alarm .

Table 4.26 Default parameters

Set point 12.0to 36.0 V DC 30.0 v DC
Delay Osto1h 10s
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Enable Not enabled, Enabled Enabled

Alarm action Warning

4.12 Alternating current module ACM3.1
4.12.1 [Source]/[Busbar] L1-L2-L3 wire break

Controller types: GENSET, HYBRID, SHAFT generator, SHORE connection and BUS TIE breaker controllers

These alarms alert the operator to a voltage measurement failure:
*  [Source] L1-L2-L3 wire break
e [Busbar] L1-L2-L3 wire break

L1 L2 L3

The controller only activates the alarm when all of these conditions are met: G\(/égg;(teor
» The generator breaker is closed
* Voltage is detected by one set of ACM voltage measurements
* No voltage is detected on all three phases for the other set of ACM voltage
measurements
Busbar
voltage >
Busbar
L1-L2-L3
Wire break
0 >
Time
Parameters

Configure > Parameters > [Source] > AC setup > Multiple phase wire break
Configure > Parameters > [Busbar] > AC setup > Multiple phase wire break

Table 4.27 Default parameters

poamar e o

Enable Not enabled, Enabled Enabled
Latch Not enabled, Enabled Enabled
Alarm action Warning

4.12.2 [Source]/[Busbar] L# wire break

Controller types: GENSET, HYBRID, SHAFT generator, SHORE connection and BUS TIE breaker controllers
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These alarms alert the operator to a measurement failure on a phase:
* [Source] L1 wire break

*  [Source] L2 wire break
Generator

* [Source] L3 wire break voltage

* [Busbar] L1 wire break
* [Busbar] L2 wire break
» [Busbar] L3 wire break L2

The controller only activates the alarm when all of these conditions are met: Busbar
voltage

» The generator breaker is closed

* Voltage is detected by one set of ACM voltage measurements \/\X \/\

No voltage is detected on one of the phases for the other set of ACM voltage

measurements
Busbar
L1
Wire break
0 »
Time
Parameters

Configure the [Source] parameters under Configure > Parameters > [Source] > AC setup > L# wire break, where #is 1, 2 or 3.
Configure the [Busbar] parameters under Configure > Parameters > [Busbar] > AC setup > L# wire break, where #is 1, 2 or 3.

Table 4.28 Default parameters

N L [ S

Enable Not enabled, Enabled Enabled
Latch Not enabled, Enabled Enabled
Alarm action Warning

412.3 ACM 1 data is missing

The alarm communicates that the data protocol in the alternating current module (ACM) is not correct.
This can occur when the ACM software version is incorrect. Contact DEIF support if you see this error.
The alarm action is Warning, and the alarm is always enabled. The alarm parameters are not visible.
412.4 ACM 1 protections not running

This alarm communicates that the configuration data for protections and measurements are not correct in the controller alternating
current module (ACM).

This alarm can occur if the ACM has unintentionally restarted, or if the ACM configuration data was not received within the time limit.
Contact DEIF support if you see this error.

The alarm action is Warning, and the alarm is always enabled. The alarm parameters are not visible.
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4.13 Engine interface module EIM3.1

4.13.1 EIM3.1 # supply voltage low or missing alarm

Value ? Z ﬁ
This default alarm is for auxiliary power supply voltage protection. ’\ Delay
Set

oint
The alarm is based on the power supply voltage measured by the EIM. The alarm is activated P

when the power supply voltage is less than the set point for the delay time.

time

Configure the parameters under Configure > Parameters > Hardware > EIM3.1 # > Low voltage alarm.

Table 4.29 Default parameters

Set point 8.0t0 32.0 VDC 18.0 V DC
Delay Osto1h 10s
Enable Not enabled, Enabled Enabled
Alarm action Warning

4.13.2 EIM3.1 # supply voltage high alarm

Value ?

Z Delay A
Set j

The alarm is based on the power supply voltage measured by the EIM. The alarm is activated point /
when the power supply voltage exceeds the set point for the delay time.

This default alarm is for auxiliary power supply voltage protection.

time

Configure the parameters under Configure > Parameters > Hardware > EIM3.1 # > High voltage alarm.

Table 4.30 Default parameters

Set point 12.0t0 36.0 V DC 30.0VvV DC
Delay Osto1h 10s
Enable Not enabled, Enabled Enabled
Alarm action Warning
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4.13.3 Magnetic pickup wire break alarm

[RPM] A
This alarm is for magnetic pickup wire break. If the engine is running but there is no .
pulse for 2 seconds, then the controller monitors the cable. If there is no change during com g A

the alarm delay time, then the controller activates the alarm. 2s 10s ‘

time
Configure the parameters under Configure > Parameters > Engine > Running detection > Magnetic pickup wire break.
Table 4.31 Default parameters
Delay 1sto1h 10s
Enable Not enabled, Enabled Not enabled
Action Warning
Inhibit Engine not running

CAUTION
A If third party equipment is connected to the magnetic pickup unit, the wire break detection might not work.

4.13.4 EIM3.1 # relay 4 wire break alarm

This alarm is for EIM3.1 # relay 4 (terminals 9,10) wire break detection (where # is 1 to
3). The wire break monitoring is only active when the relay is de-energised. Hardware:

Relay 4 can be configured for any digital output function, for example, Stop coil. This EIM 3.1

alarm then acts as stop coil wire break detection.

Configure the parameters under Configure > Parameters > Hardware > EIM3.1 # > Relay 4 supervision.

Table 4.32 Default parameters

Delay Osto1h 1s
Enable Not enabled, Enabled Not enabled
Action Warning

4.14 Governor and AVR module GAM3.2
4.14.1 GAMS3.2 1 status not OK

This alarm communicates that the GAM3.2 cannot perform stand-alone regulation. This may be due to incomplete or incorrect
configuration.

The alarm is always enabled, and the alarm action is Warning. The alarm parameters are not visible.
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414.2 GAM3.2 1 supply voltage low or missing

Value ﬂ‘ z A
This default alarm is for auxiliary power supply voltage protection. ’\ Delay
Set

oint \__\_’
The alarm is based on the power supply voltage measured by the GAM. The alarm is activated P
when the power supply voltage is less than the set point for the delay time.

time

Configure the parameters under Configure > Parameters > Hardware > GAM3.2 1 > Low voltage alarm.

Table 4.33 Default parameters

Set point 8.0t0 32.0 VDC 18.0 V DC
Delay Osto1h 10s
Enable Not enabled, Enabled Enabled
Alarm action Warning

4.14.3 GAM3.2 1 supply voltage high alarm

Value ?

Z Delay A
Set ,-j

The alarm is based on the power supply voltage measured by the GAM. The alarm is activated point /
when the power supply voltage exceeds the set point for the delay time.

This default alarm is for auxiliary power supply voltage protection.

time

Configure the parameters under Configure > Parameters > Hardware > GAM3.2 1 > High voltage alarm.

Table 4.34 Default parameters

Set point 12.0 to 36.0 V DC 30.0 v DC
Delay Osto1h 10s
Enable Not enabled, Enabled Enabled
Alarm action Warning

4.15 Processor and communication module PCM3.1
4.15.1 Controller temperature too high

This is a built-in alarm for the controller internal temperature, as measured on PCM3.1. The alarm is triggered when the controller
internal temperature is higher than 80 °C (176 °F). The alarm action is Warning. The alarm parameters are not visible.

INFO
@ If the controller operates at internal temperatures higher than 80 °C (176 °F), the performance and the lifetime of the
controller is significantly reduced.
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Impact of temperature on lifetime

The expected minimum lifetime for the controller is 10 years, for constant operation at ambient temperatures up to 40 °C. This
lifetime is halved for each additional 10 °C rise in ambient temperature.

4.15.2 PCM clock battery failure alarm

The PCM clock battery failure alarm is activated when the battery in PCM3.1 needs to be replaced. The alarm action is Warning.
The alarm parameters are not visible.

More information
See Maintenance, PCM3.1 internal battery, Changing the battery in the Operator's manual.

4.15.3 Network protocol incompatible
The alarm communicates that the controller has a different network protocol from the rest of the controllers in the system.

The alarm can for example activate when a controller with a newer software version than the other controllers is added to the
network. This includes different DEIF products in the same system, for example, PPU 300 controllers and PPM 300 controllers.

Update all the controllers in the system to the latest software.

The alarm action is Warning. You cannot see or change the alarm parameters.

4.16 Advanced blackout prevention
4.16.1 Advanced blackout prevention function

The advanced blackout prevention (ABP) function stops a faulty genset from causing a blackout. ABP trips the BTB if a genset
governor or AVR fails. ABP also trips the faulty genset's generator breaker. The ABP protections allow the system to run with the
bus tie breaker (BTB) closed during critical operations. This saves fuel.

ABP is optional, and is not enabled by default.
ABP is a set of protections, and therefore overrides the requirements of the power management system (PMS).

Requirements for ABP

If you want to use ABP, ensure that you have:

» Atleast one GENSET controller in each section.

» Atleast one BUS TIE breaker controller between the sections.

* ALL the ABP alarms enabled in the BUS TIE breaker controller(s).

Recommendations for ABP
Before closing the bus tie breaker during critical operation, DEIF recommends that you:
+ Ensure that there is at least one connected genset in each section.

» Set the GENSET controller priorities so that the power management system does not disconnect and stop all of the gensets in
one section.

* In each section, connect the Power management > Available P in section [%] analogue output to the heavy consumer(s), for
example, the thruster. If ABP trips the BTB and the available power for a section is reduced, the heavy consumer can then
reduce its load.

» Configure the timers for tripping the BTB and disconnecting the gensets so that the BTB trips first. The faulty genset's GENSET
controller can then trip the generator breaker after the BTB trips.
Single-line diagram

Configure ABP in the BUS TIE breaker controller(s) and the GENSET controllers.
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If one or more ABP alarms are not enabled in a BUS TIE breaker controller, ABP is not enabled for that BUS TIE breaker controller.

For BUS TIE breaker controllers where all the ABP alarms are enabled, ABP trips the BTB based on the measurements from the
connected GENSET controllers on the Busbar A section and Busbar B section.

ABP can be used with multiple BUS TIE breaker controllers and busbar sections. Each BUS TIE breaker controller with ABP
enabled responds to the measurements from the closest connected GENSET controllers on its Busbar A section and Busbar B
section.

When a BTB is opened or closed, the busbar sections change.

The position of an externally controlled bus tie breaker affects the busbar sections. However, ABP cannot be configured for an
externally controlled bus tie breaker.

More information
See Power management, Power management principles, Busbar sections for more information.

ABP is not designed for connected shaft generators and/or shore connections, and ignores their measurements.

Figure 4.5 Example of ABP with two bus tie breakers

BUS TIE BUS TIE
breaker breaker
controller controller
Bus tie Bus tie
breaker 1 breaker 2

Busbar ‘H Busbar Busbar m Busbar
A \ ) B A | ) B

— — — — —— — —— —

s [ [ e [ s [ [ ¢ [ s [ [ e [T
'II T T IIl lII T T II' lII T T IIl lII T T II' 'II T T IIl lII T T T
Genset A Genset B Genset C Genset D Genset E Genset F

If all the ABP protections are enabled in both BUS TIE breaker controller 1 and BUS TIE breaker controller 2:
» If the governor/AVR fails on Genset A:

> One of the ABP protections trips bus tie breaker 1, to protect the section with Gensets C, D, E and F.

o Bus tie breaker 2 does not trip, because there is a closer bus tie breaker with ABP enabled (that is, bus tie breaker 1).
» If the governor/AVR fails on Genset C:

> One of the ABP protections trips bus tie breaker 1, to protect the section with Gensets A and B.

> One of the ABP protections trips bus tie breaker 2, to protect the section with Gensets E and F.

If all the ABP protections are only enabled on BUS TIE breaker controller 2:
» If the governor/AVR fails on Genset A:
> One of the ABP protections trips bus tie breaker 2, to protect the section with Gensets E and F.

» If the governor/AVR fails on Genset C:
> One of the ABP protections trips bus tie breaker 2, to protect the section with Gensets E and F.
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If none of the ABP protections are enabled in the BUS TIE breaker controllers, but all of the ABP protections are enabled in the
GENSET controllers:

» If the governor/AVR fails on Genset A:
> One of the ABP protections can trip the Genset A generator breaker.
> One of the AC protections can trip the Genset A generator breaker.
> One of the AC protections can trip Genset B, C, D, E or F's generator breaker.

Parameters in the GENSET controllers
Configure this parameter under Configure > Parameters > Local power management > Advanced blackout prevention.

Paramaer—Range oesu commen:

After any of the following changes in the busbar section, ABP is disabled for the configured
delay:
* Agenset connects.
» A genset disconnects. The timer starts when de-loading starts.
+ ABTB closes.
ety efier logs + A BTB opens. The timer starts when de-loading starts.
share changes Osto1h 12s + Asymmetric load sharing is activated/deactivated in a GENSET controller.
* An asymmetric load sharing parameter is changed in a GENSET controller.

Use this delay to stop ABP from tripping the generator breaker due to normal load sharing
changes. This delay timer must run out before the delay configured in an ABP protection can
start.

Note that a bus tie breaker trip caused by an ABP protection does NOT reset the ABP timer
for the genset.

The GENSET controllers also include the following ABP alarms:
» P load sharing failure (low frequency) on DG
* P load sharing failure (high frequency) on DG

* Qload sharing failure (low voltage) on DG

(
* Qload sharing failure (high voltage) on DG

Parameters in the BUS TIE breaker controller
Configure this parameter under Configure > Parameters > Local power management > Advanced blackout prevention.

Faameisr——rampe osaut commen

The conditions for this delay are the same as for the GENSET controllers.

Delay after load share

changes Osto1h 12s Use this delay to stop ABP from tripping the BTB due to normal load sharing

changes. This delay timer must run out before the delay configured in an ABP
protection can start.

The BUS TIE breaker controllers also include the following ABP alarms:
* P load sharing failure (low frequency) on a DG

* P load sharing failure (high frequency) on a DG

* Qload sharing failure (low voltage) on a DG

* Qload sharing failure (high voltage) on a DG

* Overload on a DG

* Reverse power on a DG

* Reactive power export on a DG

* Reactive power import on a DG
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* Over-current on a DG

Examples of ABP
These examples are based on the following single-line drawing, and the default ABP parameters. All the ABP alarms are enabled.

Figure 4.6 Example of an ABP single-line drawing
Bus tie
breaker
— | en— — ——
s || G || s ] s ||
lII IT T IIl lII [T 1 II] lII [T T IIl lII [T T II]
Genset A Genset B Genset C Genset D

For these examples:

» The system is running with the bus tie breaker closed.

» There are no recent load share changes, and so the "Delay after load share changes" timers are not relevant.
* Gensets A, B and C are connected, and have equal load sharing.

S Genset A governor set point failure example

The GOV increase relay that regulates Genset A is stuck in a closed position. This drives up the load on Genset A, while
the other gensets have less load. The busbar section frequency starts to increase.

One of the following ABP protections trips the BTB:

* P load sharing failure (high frequency) on a DG

* Overload on a DG

» Over-current on a DG

Genset A continues to draw load from Genset B. This ABP protection can trip the Genset A generator breaker:
* P load sharing failure (high frequency) on DG

Alternatively, one of the following AC protections can trip the Genset A generator breaker:
» Overload

» Over-current

» Directional over-current

» Fast over-current

* Inverse time over-current

The system now runs with a split busbar, and the generator with the faulty governor (Genset A) disconnected.

S Genset C AVR excitation failure example

Genset C's AVR fails, and does not excite the generator as needed. Genset C takes less of the reactive load. The busbar
section voltage starts to decrease.

One of the following protections trips the BTB:
* Qload sharing failure (low voltage) on DG
» Reactive power import on a DG

Genset C tries to supply the required reactive load for the busbar section, but cannot, and the voltage is low. The Busbar
under-voltage alarm trips the generator breaker, and activates a precautionary genset start of Genset D.

The generator breaker trip causes a blackout on the busbar section. When Genset D is started, the power management
system connects Genset D in order to recover from the blackout.
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4.16.2 Calculating the load sharing error

For active power, the load sharing error is based on the difference between the measured power and the internal controller set point,
as a percentage of the genset nominal power.

Load sharing error = (Measured power - Internal set point power) / (Nominal power)

S Load sharing error example

Two gensets are connected to the busbar. Genset A has a nominal power of 1000 kW, while Genset B has a nominal
power of 500 kW. The gensets are configured to each take an equal percentage (based on the genset nominal power) of
the load.

The total load is 900 kW. The internal controller set point Genset A is therefore 600 kW, and the set point for Genset B is
300 kW, that is, 60 % of nominal power.

Genset A supplies 500 kW, and Genset B supplies 400 kW.
For Genset A, the load sharing error is (500 kW - 600 kW) / (1 000 kW) =-0.1 =-10 %

For Genset B, the load sharing error is (400 kW - 300 kW) / (500 kW) = 0.2 = 20 %

4.16.3 P load sharing failure (low frequency)

Limit

This advanced blackout prevention alarm can be activated if there is both a low frequency and a
negative P load sharing error at a GENSET controller.

2 A
2N Delay

Controller types: This alarm is present in GENSET, HYBRID, and BUS TIE breaker controllers. Set o

ot ' time
v \‘\-—

GENSET or HYBRID controllers

Configure the parameters under Configure > Parameters > Local power management > Advanced blackout prevention > P
load sharing failure (low frequency).

Table 4.35 Default parameters

S N S

Low frequency limit 90 to 110 % 99 %

Set point -100 to -0.1 % -20 %

Delay Osto1h 3s

Enable Not enabled, Enabled Not enabled

Latch Not enabled, Enabled Enabled

Action Trip generator breaker

BUS TIE breaker controller

Configure the parameters under Configure > Parameters > Local power management > Advanced blackout prevention > P
load sharing failure (low frequency).
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Table 4.36 Default parameters

N L S

Low frequency limit 90 to 110 % 99.5 %

Set point -100 to -0.1 % -20 %

Delay Osto1h 2s

Enable Not enabled, Enabled Not enabled

Latch Not enabled, Enabled Enabled

Action Trip bus tie breaker
Inhibit Bus tie breaker open

4.16.4 P load sharing failure (high frequency)

A

This advanced blackout prevention alarm can be activated if there is both a high frequency and Limit g
a positive P load sharing error at the GENSET controller.

A

Delay

Set
Controller types: This alarm is present in GENSET, HYBRID, and BUS TIE breaker controllers. point

time

GENSET or HYBRID controllers

Configure the parameters under Configure > Parameters > Local power management > Advanced blackout prevention > P
load sharing failure (high frequency).

Table 4.37 Default parameters

N N S

High frequency limit 90 to 110 % 101 %

Set point 0.1to 100 % 20 %

Delay Osto1h 3s

Enable Not enabled, Enabled Not enabled

Latch Not enabled, Enabled Enabled

Action Trip generator breaker

BUS TIE breaker controller

Configure the parameters under Configure > Parameters > Local power management > Advanced blackout prevention > P
load sharing failure (high frequency).

Table 4.38 Default parameters

N [ S S

High frequency limit 90 to 110 % 100.5 %
Set point 0.1 to 100 % 20 %

Delay Osto1h 2s

Enable Not enabled, Enabled Not enabled
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Latch Not enabled, Enabled Enabled
Action Trip bus tie breaker
Inhibit Bus tie breaker open

4.16.5 Q load sharing failure (low voltage)

Limit

This advanced blackout prevention alarm can be activated if there is both a low voltage and a
negative Q load sharing error at the GENSET controller.

2 A
2N Delay

Controller types: This alarm is present in GENSET, HYBRID, and BUS TIE breaker controllers. Set = \ ti;re

point \_\_’
\

GENSET or HYBRID controllers

Configure the parameters under Configure > Parameters > Local power management > Advanced blackout prevention > Q
load sharing failure (low voltage).

Table 4.39 Default parameters

L S

Low voltage limit 90 to 110 % 99 %

Set point -100 t0 -0.1 % -20 %

Delay Osto1h 3s

Enable Not enabled, Enabled Not enabled

Latch Not enabled, Enabled Enabled

Action Trip generator breaker

BUS TIE breaker controller
Configure the parameters under Configure > Parameters > Local power management > Advanced blackout prevention > Q
load sharing failure (low voltage).

Table 4.40 Default parameters

N L S

Low voltage limit 90 to 110 % 99.5 %

Set point -100 to -0.1 % -20 %

Delay Osto1h 2s

Enable Not enabled, Enabled Not enabled

Latch Not enabled, Enabled Enabled

Action Trip bus tie breaker
Inhibit Bus tie breaker open
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4.16.6 Q load sharing failure (high voltage)

This advanced blackout prevention alarm can be activated if there is both a high voltage and a Z

positive Q load sharing error at the GENSET controller.

Controller types: This alarm is present in GENSET, HYBRID, and BUS TIE breaker controllers. point

GENSET or HYBRID controllers

Limit

Delay A
Set

time

Configure the parameters under Configure > Parameters > Local power management > Advanced blackout prevention > Q

load sharing failure (high voltage).

Table 4.41 Default parameters

N N S

High voltage limit
Set point

Delay

Enable

Latch

Action

BUS TIE breaker controller

90 to 110 %

0.1 to 100 %
Osto1h

Not enabled, Enabled
Not enabled, Enabled

101 %

20 %

3s

Not enabled
Enabled

Trip generator breaker

Configure the parameters under Configure > Parameters > Local power management > Advanced blackout prevention > Q

load sharing failure (high voltage).

Table 4.42 Default parameters

S

High voltage limit
Set point

Delay

Enable

Latch

Action

Inhibit

4.16.7 Overload on DG

This advanced blackout prevention alarm can be activated if the load on any genset in the

section exceeds the alarm set point.

Controller types: This alarm is present in BUS TIE breaker controllers.
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90 to 110 %

0.1 to 100 %
Osto1h

Not enabled, Enabled
Not enabled, Enabled

100.5 %

20 %

2s

Not enabled
Enabled

Trip bus tie breaker

Bus tie breaker open

Value ?

Z Delay A

Set ;
point /

time
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Configure the parameters under Configure > Parameters > Local power management > Advanced blackout prevention >

Overload on a DG.

Table 4.43 Default parameters

S S

Set point 70 to 250 %

Delay Osto1h

Enable Not enabled, Enabled
Latch Not enabled, Enabled
Action

Inhibit

4.16.8 Reverse power on DG

120 %

3s

Not enabled
Enabled

Trip bus tie breaker

Bus tie breaker open

Value ? Z A

This advanced blackout prevention alarm can be activated if the reverse power to any genset in \ Delay
Set

the section exceeds the alarm set point.

Controller types: This alarm is present in BUS TIE breaker controllers.

point \_\_—

time

Configure the parameters under Configure > Parameters > Local power management > Advanced blackout prevention >

Reverse power on a DG.

Table 4.44 Default parameters

N S

Set point -2510-0.1 %

Delay Osto1h

Enable Not enabled, Enabled
Latch Not enabled, Enabled
Action

Inhibit

4.16.9 Reactive power export on DG

This advanced blackout prevention alarm can be activated if the reactive power export from any

genset in the section exceeds the alarm set point.

Controller types: This alarm is present in BUS TIE breaker controllers.

-5%

3s

Not enabled
Enabled

Trip bus tie breaker

Bus tie breaker open

Value ?

Z Delay A

Set
point

time

Configure the parameters under Configure > Parameters > Local power management > Advanced blackout prevention >

Reactive power export on a DG.
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Table 4.45 Default parameters

N S

Set point 0.1 to 250 % 120 %
Delay Osto1h 10s

Enable Not enabled, Enabled Not enabled
Latch Not enabled, Enabled Enabled
Action Trip bus tie breaker
Inhibit Bus tie breaker open
4.16.10 Reactive power import on DG

Value ? Z A

This adyanced blalickout prevention alarm can t.>e activated if the reactive power import to any /\I Delay
genset in the section exceeds the alarm set point. Set

point

Controller types: This alarm is present in BUS TIE breaker controllers.

time

Configure the parameters under Configure > Parameters > Local power management > Advanced blackout prevention >
Reactive power import on a DG.

Table 4.46 Default parameters

N S

Set point -120 to -0.1 % -100 %

Delay Osto1h 10s

Enable Not enabled, Enabled Not enabled

Latch Not enabled, Enabled Enabled

Action Trip bus tie breaker
Inhibit Bus tie breaker open

4.16.11 Over-current on DG

Value ?

This advanced blackout prevention alarm can be activated if the current from any genset in the Z Delay A
section exceeds the alarm set point. Set

point /

Controller types: This alarm is present in BUS TIE breaker controllers.

time

Configure the parameters under Configure > Parameters > Local power management > Advanced blackout prevention >
Over-current on a DG.
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Table 4.47 Default parameters

N S S

Set point 70 to 250 % 200 %

Delay Osto1h 0.3s

Enable Not enabled, Enabled Not enabled

Latch Not enabled, Enabled Enabled

Action Trip bus tie breaker
Inhibit Bus tie breaker open
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5. Breakers, synchronisation and de-loading

5.1 Introduction
5.1.1 Introduction to synchronisation and de-loading

A number of power sources can supply power to the same busbar. These power sources must be synchronised in order to safely
connect them. Synchronisation consists of matching the voltage, frequency and phases on both sides of the breaker that must be
closed.

Synchronisation is one of the controller's key functions. The power management system synchronises the power sources by using
the appropriate GENSET controller(s) to adjust the speed of the relevant genset(s).

This chapter describes:

* Regulation required to synchronise and de-load

» Synchronisation and de-loading under power management or switchboard control

» Synchronisation and de-loading in AUTO or SEMI mode (GENSET and EMERGENCY genset controllers)
» Configuring the breakers

* Dynamic synchronisation

+ Static synchronisation

More information
See Regulation for more information on the regulation of the gensets.
See Power management for more information on the automatic actions to optimise the power supply.

See each controller type for more information on each controller's breaker sequences.

5.1.2 Regulation required for synchronisation

For synchronisation, the controller must be able to adjust the genset frequency (by regulating the genset governor) and voltage (by
regulating the genset AVR).

The power management system (PMS) adjusts the genset speed(s) so that the frequencies and phases of the power sources on
either side of the breaker match.

The PMS can only regulate the voltage and frequency by using the GENSET controllers. The PMS cannot regulate the voltage or
frequency of the shaft generator, the shore connection, or (in some cases) the busbar. Where the PMS must synchronise to
equipment that is not regulated, the PMS regulates the gensets to synchronise to the unregulated equipment.

It does not matter whether the gensets are already connected to the busbar, or whether the unregulated equipment is already
connected to the busbar. In both cases, the PMS only regulates the gensets to synchronise.

The power management system regulates the gensets to synchronise the power sources. The controller measures the
synchronisation across its breaker(s). When the synchronisation is within the configured limits, the controller activates the Breakers
> [Breaker] > Control > Close output.

EMERGENCY genset controller

Most of the controller types control only one breaker. However, the EMERGENCY genset controller controls two breakers: the
emergency genset breaker and the tie breaker to the emergency busbar. You can configure different synchronisation settings for
each breaker.
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5.1.3 Regulation required for de-loading

Whenever possible, the breakers are de-loaded before they are opened, to reduce the wear on them. A breaker is de-loaded by
reducing the flow of power through the breaker to the required level. In AUTO and SEMI mode, the power management system de-
loads a breaker by regulating and/or starting the appropriate gensets to take the load off that breaker.

INFO
@ The power management system does not normally disconnect loads to de-load breakers. A load is only disconnected if the
conditions for a non-essential load (NEL) trip are met.

Regulation
For de-loading, the controller must be able to adjust the genset frequency (by regulating the genset governor).

De-loading uses the same principles as synchronisation. For synchronisation, the power management system adjusts the genset
speed(s) so that the frequencies and phases of the power sources on either side of the breaker match. For de-loading, the power
management system adjusts the genset speed(s) to minimise the flow of power through the breaker.

The power management system (PMS) can only regulate the voltage and frequency of the gensets, by using the GENSET
controllers. The PMS cannot regulate the voltage or frequency of the shaft generator, the shore connection, or (in some cases) the
busbar. Where the PMS must de-load equipment that is not regulated, the PMS therefore regulates the gensets to de-load to the
unregulated equipment.

Genset breaker de-loading in SEMI mode
The controller only responds to operator and external breaker commands in SEMI mode.

If the operator pushes the push-button Open breaker @ on the display unit of a GENSET controller in SEMI mode, the power
management system checks whether opening the breaker would cause a blackout. If it would, the power management system will
not allow the breaker to open.

PMS-controlled stop
If a running genset has a PMS-controlled stop alarm action, the power management system will start the next genset, synchronise it

with the busbar, and close its breaker. The power management system will then de-load and open the genset breaker, and stop the
genset that had the PMS-controlled stop alarm action.

INFO
@ PMS-controlled stop does not ensure that the genset stops. PMS-controlled stop tries to stop the genset, but will not stop a
genset that cannot be de-loaded.

5.2 Synchronisation in each control mode

5.21 Synchronisation in AUTO mode

In AUTO mode, the power management system automatically does the regulation required for synchronisation. When the power
sources are synchronised, the controller automatically closes the breaker.

5.2.2 Synchronisation in SEMI mode

In SEMI mode, the controller must receive an external signal to synchronise and close the breaker. The power management system
then automatically regulates the gensets as required for synchronisation. When the power sources are synchronised, the controller
automatically closes the breaker.

S Synchronisation in SEMI mode example

The operator presses Close breaker @ on the display unit.
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5.2.3 Synchronisation under switchboard control
If the controller is under switchboard control, the synchronisation must be done manually.

To get under switchboard control, the controller must receive an external signal. This is normally done using a switch on the
switchboard that is connected to one of the controller's digital inputs. That digital input is then assigned the Local > Mode >
Switchboard control function.

Switchboard control equipment

The following table lists the third party equipment (hardware not generally supplied by DEIF) that may be used for switchboard
control. The switchboard buttons are connected directly to the genset or breaker, and are not connected to the controller.

Table 5.1 Example of typical third party equipment used during switchboard control

e

Switchboard control

selector ON/OFF switch The operator uses this to switch the controller to switchboard control.
GOV up* Push-button The operator sends a signal directly to the governor to increase the genset
speed.
GOV down* Push-button The operator sends a signal directly to the governor to decrease the genset
speed.
AVR up* Push-button Thg operator sends a signal directly to the AVR to increase the genset
excitation.
AVR down* Push-button Thg operator sends a signal directly to the AVR to decrease the genset
excitation.
Breaker close Push-button The operator sends a signal directly to the breaker to close the breaker.
Breaker open Push-button The operator sends a signal directly to the breaker to open the breaker.
, The synchroscope shows the synchronisation across the breaker. The sync
For example, DEIF's . . Y
Synchroscope check relay in the synchroscope prevents the breaker from closing when it is

Cee not synchronised.

*These only apply to gensets. The AVR inputs are optional.

INFO
@ For stable operation during manual regulation under switchboard control, the governor and AVR must include the required
amount of droop.

Manual regulation during switchboard control using controller inputs

The switchboard manual regulation buttons can be connected to digital inputs on the controller, and configured with the following
functions:

* Regulators > GOV > Manual > Manual GOV increase
* Regulators > GOV > Manual > Manual GOV decrease
* Regulators > AVR > Manual > Manual AVR increase
* Regulators > AVR > Manual > Manual AVR decrease

During switchboard control, when the operator presses the buttons, the controller adjusts the governor and/or AVR output.

More information
See System principles, Control and modes, Switchboard control for more information.
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Synchronising during switchboard control

During switchboard control, if the operator wants to synchronise and close a breaker, the operator must use the switchboard to
operate the system. The operator manually adjusts the speed of the relevant equipment until the frequencies are almost the same.
The operator then finely adjusts the speed until the power sources are in phase. The phase synchronisation of the power sources
must be shown by a switchboard instrument, for example, a synchroscope. When the phases are within the synchronisation limits,
the operator closes the breaker.

Protections during switchboard control

CAUTION
A The controller protections will not protect the system against all possible operator errors during switchboard control.

The controller protections are active during switchboard control, but there are no proactive checks for the operator inputs. This
means that while the controller is under switchboard control, it is possible for an operator to use switchboard operations to
potentially damage or destroy equipment.

S Operator error during switchboard control

In a slow system, an operator accidentally increases the generator speed above the recommended speed by repeatedly
pressing the GOV up switchboard push-button.

If the speed increases past the set point for the Overspeed 1 alarm, the timer for the alarm starts. If the generator speed
stays above the set point for longer than the allowed time, the Overspeed 1 alarm activates and the generator shuts down.

If the speed increases past the set point for the Overspeed 2 alarm, the alarm activates and the generator shuts down.

In the example the damage to the generator was minimised due to the active protections in the controller. However a more
dangerous situation could occur if a breaker is forced to close when the busbars are not synchronised.

For this reason, a well-designed switchboard (including a sync check relay) is essential for operating the system during switchboard
control.

5.3 Configuring breakers
5.3.1 Breaker commands

Inputs
The following inputs are not part of the breaker configuration and are optional. They can be used for commands to the controller.

Assign the inputs under Configure > Input/output. Select the hardware module, then select the input to configure.

Table 5.2 Breaker commands (optional)

N S N

Breakers > [Breaker] > Command > This input has the same effect as pressing the Breaker open

[*B] open Digital input - Pulse button on the display unit.

This input has the same effect as pressing the Breaker close
button on the display unit.

Breakers > [Breaker] > Command >

['B] close Digital input Pulse

Breakers > [Breaker] > Command > . . The controller does not allow the breaker to close while this
. Digital input Continuous . . .
Block [*B] close input is active.

5.3.2 Pulse breaker

A pulse breaker closes or opens in response to a pulse from the controller.
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Wiring examples

More information
See Wiring examples for controller functions, Breaker wiring in the Installation instructions for an example of pulse
breaker wiring.

Inputs and outputs

Assign the breaker inputs and outputs under Configure > Input/output. Select the hardware module, then select the input/output to
configure.

Table 5.3 Breaker configuration

N L N

Breakers > [Breaker] > Control > [*B]

close Digital output Pulse The controller activates the Close output to close the breaker.

Breakers > [Breaker] > Control > [*B]

- Digital output Pulse The controller activates the Open output to open the breaker.

The controller activates the Trip output when an alarm with a

trip breaker action activates.
Breakers > [Breaker] > Control > [*B] _. . .
trip Digital output Continuous
The output remains active until all alarms with a trip breaker

action are resolved.

Breakers > [Breaker] > Feedback > L . Wire this feedback from the breaker, to inform the controller
. Digital input ~ Continuous .
[*B] open when the breaker is open.

Breakers > [Breaker] > Feedback >
[*B] closed

Wire this feedback from the breaker, to inform the controller

IgElipus - | Comiiovs when the breaker is closed.

Breakers > [Breaker] > Feedback >
[*B] short circuit

Optional: Wire this feedback from the breaker, to inform the

Digital i t ti . ..
gital inpu (Coal el controller if a short circuit occurs.

Parameters
Configure the parameters under Configure > Parameters > Breakers > [Breaker] configuration > Configuration.

Table 5.4 Parameters for a pulse breaker

Poamair—Rarge oo o

» Pulse breaker
Pulse This breaker requires a pulse signal to close, and a different pulse

Breaker type »  Compact breaker breaker signal to open.

« Continuous breaker

The length of the synchronisation pulse (that is, the maximum
amount of time that the Breakers > [Breaker] > Control > [*B] close

. output is activated).
Pulse time ON 0.0to 10.0 s 10s

If the controller receives breaker closed feedback within this time,
the controller stops activating the breaker close output.

The breaker is de-loaded when the power flowing through the
5% breaker is less than this set point. The nominal power is the
nominal power of the source.

Open point (de- 1.0 to 20.0 % of nominal
loading) power

Sequence diagram
The following sequence diagrams show the sequences for closing and opening for a pulse breaker.
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Table 5.5

Close
breaker

(1)

Breaker
closed
feedback

(2)

Breaker
open
feedback

(3)

Table 5.6

Open
breaker

(1)

Breaker
closed
feedback

2

Breaker
open
feedback

3

Table 5.7

Number of
(1) trip breaker
alarms

Trip
breaker

(2

Open
breaker

3

Breaker
closed
feedback

(4)

Breaker
open
feedback

%)

Closing a pulse breaker

t1

[

L

J

- [

S

Opening a pulse breaker

t1

J_ 1

S N

U

Trip a pulse breaker

t1

Pulse on (Parameters > Breakers > [Breaker] > Pulse time ON)

To close a pulse breaker:

1.

t1

Close breaker: Breakers > [Breaker] > Control > [*B] close (digital output).
The controller activates this output until there is breaker closed feedback,
or for the Pulse time ON.

Breaker closed feedback: Breakers > [Breaker] > Feedback > [*B] closed
(digital input). This input is activated when the breaker is closed.

Breaker open feedback: Breakers > [Breaker] > Feedback > [*B] open
(digital input). This input is deactivated when the breaker is closed.

Pulse on (Parameters > Breakers > [Breaker] > Pulse time ON)

To open a pulse breaker:

1.

E

Open breaker: Breakers > [Breaker] > Control > [*B] open (digital output).
The controller activates this output until there is breaker open feedback, or
for the Pulse time ON.

Breaker closed feedback: Breakers > [Breaker] > Feedback > [*B]
closed (digital input). This input is deactivated when the breaker is
opened.

Breaker open feedback: Breakers > [Breaker] > Feedback > [*B] open
(digital input). This input is activated when the breaker is opened.

Pulse on (Parameters > Breakers > [Breaker] >

t Pulse time ON)

To trip a pulse breaker:

1. Number of trip breaker alarms: The number of active
alarms with a Trip [breaker] (or similar) alarm action.

2. Trip breaker: Breakers > [Breaker] > Control > [*B] trip

J_ ]

i

(digital output). The controller activates this output until
all alarms with a Trip [breaker] (or similar) alarm action
are not active.

3. Open breaker: Breakers > [Breaker] > Control > [*B]

open (digital output). The controller activates this output
until there is breaker open feedback, or for the Pulse

time ON.

4. Breaker closed feedback: Breakers > [Breaker] >
Feedback > [*B] closed (digital input). This input is
deactivated when the breaker is opened.

5. Breaker open feedback: Breakers > [Breaker] >
Feedback > [*B] open (digital input). This input is
activated when the breaker is opened.
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5.3.3 Compact breaker
To close a compact breaker, the controller sends an open pulse to load the spring, followed by a pause, and then a close pulse.
Wiring examples

More information
See Wiring for controller functions, Breaker wiring in the Installation instructions for an example of compact breaker
wiring.

Inputs and outputs
Assign the breaker inputs and outputs under Configure > Input/output. Select the hardware module, then select the input/output to

configure.

Table 5.8 Breaker configuration

T = N =

Breakers > [Breaker] > Control > Digital When the power sources are synchronised, the controller activates

[*B] close output Pulse the [*B] close output to close the breaker.
- The controller activates the [*B] open output to open the breaker.
> > >
Breakers > [Breaker] > Control > Digital Pulse The controller also activates the [*B] open output to spring-load the

[*B] open output breaker.

The controller activates the Trip output when an alarm with a trip
breaker action activates.

Continuous

The output remains active until all alarms with a trip breaker action
are resolved.

Breakers > [Breaker] > Control > Digital
[*B] trip output

Breakers > [Breaker] >
Feedback > [*B] closed

Wire this feedback from the breaker, to inform the controller when

Digital input ~ Continuous the breaker is closed.

Breakers > [Breaker] >
Feedback > [*B] open

Wire this feedback from the breaker, to inform the controller when

Digital input  Continuous e Al e

Breakers > [Breaker] >
Feedback > [*B] spring loaded

Optional. The breaker sends this pulse when it is spring loaded.

Digital input  Pulse There is also a timer for spring loading.

Breakers > [Breaker] >
Feedback > ['B] short circuit

Optional: Wire this feedback from the breaker, to inform the

RS (eemiielrs controller if a short circuit occurs.

The following inputs and outputs are not part of the breaker configuration and are all optional.

Table 5.9 Breaker commands for a compact breaker

(T N =N =

Breaker > [Breaker] > Command > [*B] . . . This input has the same effect as pressing the Breaker open
Digital input Pulse . .
open button on the display unit.

Breaker > [Breaker] > Command > [*B]
close

This input has the same effect as pressing the Breaker close

Digital input - Pulse button on the display unit.

Breaker > [Breaker] > Command > L . The controller does not allow the breaker to close while this
. Digital input Continuous . . .
Block [*B] close input is active.

Parameters
Configure the parameters under Configure > Parameters > Breakers > [Breaker] configuration > Configuration.
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Table 5.10

Parameters for a compact breaker

roamair—range oo hees

Breaker type

Pulse time ON

Pulse time OFF

Spring load time

Open point (de-
loading)

* Pulse breaker
» Compact breaker

Pulse
breaker

* Continuous breaker

0.0t0 10.0 s

0.0to 10.0 s

0.0t0 30.0 s

1.0 to 20.0 % of
nominal power

Sequence diagrams
The sequence diagram below shows the sequence for closing a compact breaker.

Table 5.11
(1) Open
breaker
Spring-
(2) loaded
feedback
(3) Close
breaker
Breaker
4) closed
feedback

J

10s

0.5s

10s

5%

Closing a compact breaker

Compact breaker: This is a type of pulse breaker. In addition, a
compact breaker has a spring loaded opening mechanism, which must
be allowed to charge before the compact breaker is allowed to close.

To see the compact breaker parameters, you must change the breaker
type, then write the change to the controller, and refresh.

The length of the synchronisation pulse (that is, the maximum amount
of time that the Breakers > [Breaker] > Control > [*B] close output is
activated).

If the controller receives breaker closed feedback within this time, the
controller stops activating the breaker close output.

During the close sequence, after spring-loading, the controller will not
send the [*B] close pulse until after this time has elapsed.

At the start of the close sequence, for spring loading, the controller
activates the [*B] open output for the Spring load time.

The breaker is de-loaded when the power flowing through the breaker
is less than this set point. The nominal power is the nominal power of
the source.

Spring load time (Parameters > Breakers > [Breaker]

>

SN
-
|

t1 ) ) ) )
configuration > Spring load time)

t Wait after spring-loading (Parameters > Breakers >
[Breaker] > Pulse time OFF)

t3 Pulse on (Parameters > Breakers > [Breaker] > Pulse time

ON)

[

t2 t3

>

To close a compact breaker:

1. Open breaker: Breakers > [Breaker] > Control > [*B] open (digital output). To spring load the breaker, the controller activates this
output until there is spring loaded feedback, or for the Spring load time. After the breaker is spring loaded, the controller waits for
the Pulse time OFF.

2. Optional: Spring loaded feedback: Breakers > [Breaker] > Feedback > [*B] spring loaded (digital input). This input is activated

when the breaker is spring loaded.

3. Close breaker: Breakers > [Breaker] > Control > [*B] close (digital output). The controller activates this output until there is
breaker open feedback, or for the Pulse time ON.
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4. Breaker closed feedback: Breakers > [Breaker] > Feedback > [*B] closed (digital input). This input is activated when the
breaker is closed.

Table 5.12 Opening a compact breaker

t1 Pulse on (Parameters > Breakers > [Breaker] > Pulse time ON)

t1
Open b
(M breaker <:| | | To open a compact breaker:

1. Open breaker: Breakers > [Breaker] > Control > [*B] open (digital output).
The controller activates this output until there is breaker open feedback, or
Breaker for the Pulse time ON.

(2) closed > |
2. Breaker closed feedback: Breakers > [Breaker] > Feedback > [*B]

feedback oo e i L ]
closed (digital input). This input is deactivated when the breaker is

opened.
Breaker P .
(3) open — Ii 3. Breaker open feedback: Breakers > [Breaker] > Feedback > [*B] open
feedback (digital input). This input is activated when the breaker is opened.
Table 5.13 Trip a compact breaker
2 ” Pulse on (Parameters > Breakers > [Breaker] >
Number of Pulse time ON)
1) trip breaker ‘
(M I,;Iarms 0 ‘ To trip a pulse breaker:

1. Number of trip breaker alarms: The number of active
alarms with a Trip [breaker] (or similar) alarm action.

Trip - 2. Trip breaker: Breakers > [Breaker] > Control > [*B] trip
(2 breaker (digital output). The controller activates this output until

all alarms with a Trip [breaker] (or similar) alarm action
are not active.

t1 3. Open breaker: Breakers > [Breaker] > Control > [*B]
3 Open :ZI 4—4 open (digital output). The controller activates this output

breaker until there is breaker open feedback, or for the Pulse
time ON.
4. Breaker closed feedback: Breakers > [Breaker] >
Breaker Feedback > [*B] closed (digital input). This input is
(4) closed deactivated when the breaker is opened.
feedback 5. Breaker open feedback: Breakers > [Breaker] >
Feedback > [*B] open (digital input). This input is
Breaker activated when the breaker is opened.
(5) open >
feedback

5.3.4 Continuous breaker

CAUTION
A Due to class requirements, this breaker type is not suitable for marine use. This is because, if the controller failed, then the
breaker would open and the ship would lose power.

You can configure a continuous breaker to use a open breaker signal, an close breaker signal, or an open and a close breaker
signal to open and close the breaker. Configuring both an open and a close breaker signal for a continuous breaker ensures that
synchronisation is precise and that AC protections meet the required operation times.

Wiring examples

More information
See Wiring examples for controller functions, Breaker wiring in the Installation instructions for an example of
continuous breaker wiring.
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Inputs and outputs

Assign the breaker inputs and outputs under Configure > Input/output. Select the hardware module, then select the input/output to
configure.

INFO
@ For a continuous breaker, DEIF recommends installing both of the breaker control relays to ensure precise synchronisation
and AC protection operate times.

Table 5.14 Breaker configuration

T L S

The controller activates the Close output to close the breaker. To

Breakers > [Breaker] > Digital . .
reaxers *[ reaker] igita Continuous  open the breaker, the controller deactivates the Close output. The
Control > [*B] close output . o
Close relay ensures precise synchronisation.
- The controller activates the Open output when the breaker must
Breakers > [Breaker] > Digital . .
s = 15| el - Continuous open. The controller deactivates the Open output when the breaker
must close. The Open relay ensures the AC protection operate times.
The controller activates the Trip output when an alarm with a trip
. breaker action activates.
Breakers > [Breaker] > Digital .
T o Continuous
Control > [*B] trip output ) . ) ) ) .
The output remains active until all alarms with a trip breaker action
are resolved.
Breakers > [Breaker] > Wire this feedback from the breaker to inform the controller when the

Digital input  Continuous

Feedback > [*B] closed breaker is closed.*

Breakers > [Breaker] > o . Wire this feedback from the breaker to inform the controller when the
. Digital input  Continuous . N
Feedback > [*B] open breaker is open.

Breakers > [Breaker] > o . Optional. Wire this feedback from the breaker if a short circuit
N ... Digital input  Continuous
Feedback > [*B] short circuit occurs.

*Note: There must be at least one breaker feedback.

Parameters

Configure the parameters under Configure > Parameters > Breakers > [Breaker] configuration > Configuration.

Table 5.15 Parameters for a continuous breaker

roamair e osout s

Continuous breaker: This breaker receives a continuous signal to close if
[B*] close, or the [B*] close and [B*] open functions are configured. If this
signal stops, the breaker opens.

* Pulse breaker

Breaker type + Compact breaker Erl:aIZier If only the [B*] open is configured, the breaker receives a continuous
. Continuous breaker signal to open. If this signal stops, the breaker synchronises and closes.
Due to class requirements, this breaker type is not suitable for marine use.
This is because the ship would lose power if the controller failed.
. The breaker is de-loaded when the power flowing through the breaker is
0,
Open point LAULIR UGl 5% less than this set point. The nominal power is the nominal power of the

(de-loading) nominal power
source.

Sequence diagrams
The sequence diagrams below show the sequences for closing and opening for a continuous breaker.
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Table 5.16

(1) Close
breaker

Breaker
(2) closed
feedback

Open
(3 breaker

Breaker
(4) open
feedback
Table 5.17

(1) bClose
reaker

Breaker
(2) closed
feedback

(3) Open
breaker

Breaker
(4) open
feedback

J_

>

Closing a continuous breaker

[

-~

Opening a continuous breaker

J

S

J

_

-~
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. Close breaker: Breakers > [Breaker] > Control > [*B] close (digital

output). The controller activates this output to close the breaker.

. Breaker closed feedback: Breakers > [Breaker] > Feedback > [*B]

closed (digital input). This input is activated when the breaker is closed.

. Open breaker: Breakers > [Breaker] > Control > [*B] open (digital

output). The controller deactivates this output to close the breaker.

. Breaker open feedback: Breakers > [Breaker] > Feedback > [*B] closed

(digital input). This input is deactivated when the breaker is closed.

. Close breaker: Breakers > [Breaker] > Control > [*B] close (digital

output). The controller deactivates this output to open the breaker.

. Breaker closed feedback: Breakers > [Breaker] > Feedback > [*B]

closed (digital input). This input is deactivated when the breaker is
opened.

. Open breaker: Breakers > [Breaker] > Control > [*B] open (digital

output). The controller activates this output to open the breaker.

. Breaker open feedback: Breakers > [Breaker] > Feedback > [*B] open

(digital input). This input is activated when the breaker is opened.
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Table 5.18 Trip a continuous breaker

2 1. Number of trip breaker alarms: The number of

Number of 1 active alarms with a Trip [breaker] (or similar) alarm
(1) trip breaker action.
alarms 0

2. Trip breaker: Breakers > [Breaker] > Control > [*B]
trip (digital output). The controller activates this
output until all alarms with a Trip [breaker] (or similar)

; larm action are not active.
Trip b a
2
& breaker ‘:I 3. Close breaker: Breakers > [Breaker] > Control > [*B]
close (digital output). The controller deactivates this
output to open the breaker.
Close « 4. Breaker closed feedback: Breakers > [Breaker] >
(3 ,j Feedback > [*B] closed (digital input). This input is
breaker ; )
deactivated when the breaker is opened.
5. Open breaker: Breakers > [Breaker] > Control > [*B]
Breaker open (digital output). The controller activates this
(4) closed > output to open the breaker.
feedback 6. Breaker open feedback: Breakers > [Breaker] >
Feedback > [*B] open (digital input). This input is
“© activated when the breaker is opened.
o O 7] p
breaker
Breaker
(6) open >
feedback Q

5.3.5 Redundant breaker feedback
Redundant breaker feedback can be configured on bus tie breaker controllers and externally controlled breakers.
Wiring examples

More information
See Wiring examples for controller functions, Breaker wiring in the Installation instructions for an example of
redundant breaker feedback wiring.

Inputs

Assign the redundant breaker feedback inputs Configure > Input/output. Select the hardware module, then select the input to
configure. The redundant breaker feedback inputs are only visible if a redundant breaker feedback was configured to the controller.

Table 5.19 Hardware required in addition to the minimum standard controller wiring

N S S

Breakers > Breaker feedback # > Feedback > Digital input  Continuous Wire this feedback from the breaker, to inform the
Breaker # feedback open* 9 P controller when the breaker is open.

Breakers > Breaker feedback # > Feedback > Wire this feedback from the breaker, to inform the

Breaker # feedback closed* IGHEI MRS (CTmifeys controller when the breaker is closed.

* Note: # is the number of the breaker that has it's redundant breaker feedback assigned to the controller.

5.3.6 External breaker

More information
See Power management, Externally controlled breakers for information on how the external breaker works.
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5.3.7 Short circuit, and short circuit close attempts
You can connect the breaker's short circuit detection to the controller.

Hardware
Configure this input under Configure > Input/output. Select the hardware module, then select the input to configure.

Table 5.20 Breaker configuration

T N

Required for short circuit detection, when the breaker is tripped

BN [Breaker] independently due to a short circuit. One input is required for each breaker.
reakers > [Breaker] >

Feedback > [*B] short  Digital input Continuous

. The breaker activates this input when it detects a short circuit. The controller

then activates the [Breaker] short circuit alarm

Short circuit close attempt parameters

In exceptional circumstances, where a short circuit input is configured, this function allows a breaker to attempt to close during a
blackout even though another breaker in the system was tripped by a short circuit. This may only be done in systems that are
designed for this type of operation. If you choose to attempt to close the breaker even though a short circuit input was activated,
this is your own responsibility.

DANGER!
Closing a breaker after a short circuit is extremely risky.

Configure the parameter under Configure > Parameters > Power management rules > Configuration # > Blackout > Short
circuit close attempts, where #is 1 to 8.

INFO
@ The Short circuit close attempts function is only active when there is a blackout.

e e

0 close attempts: The power management system will not close a breaker to connect to a system
where a short circuit was detected. The breaker must first be reset and the [Breaker] short circuit

. alarm deactivated and acknowledged.
Setpoint Oto1 O

1 close attempt: In exceptional circumstances, you may change this parameter to allow a breaker
to attempt to close once, even though a short circuit was detected by another breaker.

5.3.8 Breaker state outputs
You can configure outputs for the breaker state.

Inputs and outputs
Assign the breaker state outputs under Configure > Input/output. Select the hardware module, then select the output to configure.

The outputs are not part of the breaker configuration and are optional.
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Table 5.21 Breaker states

Funoon o e s

Breakers > [Breaker] > State > [*B] is open Digital output Continuous Activated when the breaker is open.
Breakers > [Breaker] > State > [*B] is closed Digital output Continuous Activated when the breaker is closed.

Breakers > [Breaker] > State > [*B] is
synchronising

Activated when the system is synchronising the

Digital '
iz e pui | Conties | o

Activated when the system is de-loading the

Breakers > [Breaker] > State > [*B] is de-loading  Digital output Continuous breaker.

Only for compact breakers.

Breakers > [Breaker] > State > [*B] is preparing Digital output Continuous ) . . .
Activated when the system is loading the spring

on a compact breaker.

Application
A digital output with a breaker state may be wired to a switchboard light, to help the operator.

For example, for a SHAFT generator controller, a digital output may have the Shaft generator breaker > State > SGB is de-loading
function. A switchboard light is lit when the controller system is de-loading the shaft generator breaker.

5.4 Synchronisation functions
5.4.1 Dynamic synchronisation

During dynamic synchronisation, the synchronising genset can run at a slightly different speed to the genset(s) on the busbar. This
speed difference is called the slip frequency. Dynamic synchronisation is recommended where fast synchronisation is required, and
where the synchronising genset is able to take load when the breaker closes.

The synchronising genset is typically run with a positive slip frequency. That is, the synchronising genset runs at a slightly higher
speed than the genset(s) on the busbar. This is to avoid a reverse power trip after synchronisation.

This type of synchronisation is relatively fast because of the minimum and maximum frequency differences. Synchronisation is
possible while the controller is still busy regulating the frequency towards the set point. The frequency does not have to be the same
as the busbar frequency. As long as the frequency difference is within the limits and the phase angles are matched, the controller
can send the close breaker signal.

INFO
@ Dynamic synchronisation is recommended where fast synchronisation is required, and where the incoming gensets are
able to take load when the breaker closes.

Inputs and outputs
This function uses the controller AC measurements, regulators, and breaker configuration.

Parameters

Configure the synchronisation parameters under Configure > Parameters > Breakers > [Breaker] configuration >
Synchronisation setting.

Table 5.22 Dynamic synchronisation parameters

TN R o=

Sync. type Dynamic, Static Dynamic Dynamic must be selected.

For synchronisation: Add Delta frequency min. to the busbar frequency, for

Delta frequency -0.5t0 0.3 Hz -0.1 Hz  the minimum frequency of the synchronising generator.

min.
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If this value is too low, there can be reverse power when the breaker
closes.

For synchronisation: Add Delta frequency max. to the busbar frequency,

Delta frequency for the maximum frequency of the synchronising generator.

0.0to 2.0 Hz 0.3 Hz
max.

Delta frequency max. must always be higher than Delta frequency min.

Delta voltage min 2 t0 10 % of nominal 5 9 The maximum that the voltage of the synchronising generator may be
9 " voltage ° below the voltage of the busbar for the breaker to close.
Delta voltage 2 t0 10 % of nominal The maximum that the voltage of the synchronising generator may be
5%
max. voltage above the voltage of the busbar for the breaker to close.
I?reaker close 40 to 300 ms 50 ms The time between when the close breaker signal is sent and when the
time breaker actually closes.

S Frequency window example

Busbar frequency: 50.1 Hz
Delta frequency min.: -0.1 Hz
Delta frequency max.: 0.3 Hz

The generator frequency must be between 50.0 Hz and 50.4 Hz for synchronisation.

For a SHAFT generator controller, the synchronisation settings for power take home (PTH) can be configured separately. These are
under Synchronisation setting (PTH).

More information
See SHAFT generator controller, Other SHAFT generator controller functions, Power take home (PTH) for more
information.

Slip frequency
The slip frequency is calculated as follows:

Slip frequency = (Delta frequency min. + Delta frequency max.)/2

Slip frequency example

Delta frequency min.: -0.1 Hz
Delta frequency max.: 0.3 Hz

The slip frequency is 0.1 Hz.

When the dynamic synchronisation starts, the frequency control function regulates the synchronising genset frequency towards the
following set point:

fset point = fhusbar + Slip frequency

Slip frequency bad example

Delta frequency min.: -0.3 Hz
Delta frequency max.: 0.3 Hz
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The slip frequency is 0.0 Hz. There is a risk that there will be no movement, and thus no synchronisation.

Speed up for slip frequency under 0.3 Hz

If the slip frequency is under 0.3 Hz, the controller automatically speeds up the synchronisation rotation until the phase angle
difference is 30 degrees. This cannot be configured or disabled.

Dynamic synchronisation principle

The dynamic synchronisation principle is shown in the following example.

Figure 5.1 Dynamic synchronisation principle, with vector diagrams
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