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Based in compliance with IEC 61850 standard
Flexible with selectable ports and I/O connection type

Easy to use and communicate
Improved system reliability




IEC 61850 Intelligent Electronic Devices
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Ingeteam

Process Bus

> Sampled Values according to standards IEC 61869-9 (NCIT) and IEC 61850-9-2LE (SAMU)
> Reception and transmission of GOOSE messages in accordance with standard IEC 61850-8-1

> |IEEE1588 (PTP) synchronisation

Cybersecurity

> Firewall

> Authentication. Different password access levels

D> Secure access to web page (https) and FTP (sFTP), from any remote device (PC, mobile, tablet, etc.)
D> Security Logs

Communications

IEC 61850 certified by DNV in Ed.1 and Ed.2

Server/RTU protocols: DNP3.0, IEC 60870-5-101, IEC 60870-5-103, IEC 60870-5-104
Master protocols: Modbus (serial)

User-configurable redundant or separate communications using one single hardware

IEC 62439-3 compliant HSR or PRP, both in the station bus and in the process bus

VvV VW VW ¥V VvV V¥V

D-link redundancy and switch mode

2 PPI Pazifik Power Inc.




INGEPAC™EF

INGEPAC EF is a family of IEC 61850-compliant, multifunctional, Intelligent Electronic Devices for grid and primary

equipment control and protection applications in Medium and High-Voltage electrical substations.

The large range of functional features and configuration capabilities offered by these devices make it a powerful and

flexible solution for the automation of the electrical system.

Main Features

|[EC 61850 native platform

All the protection functions of a substation bay in one single device

Modular design, different hardware configuration options for each application

Graphic front interface with up to 9 user-configurable screens, control buttons and programmable LEDs
High accuracy measurement of all electrical magnitudes

Event log, fault reports, load curves, waveform records and grid quality parameters in non-volatile memory
Circuit Breaker monitoring

Self-diagnostic

Serial and Ethernet communications, managing several connections in different protocols simultaneously
IEEE1588 (PTP), SNTP, IRIG-B and PPS synchronisation

Programmable user logic with IEC 61131-3 based tools

Web Access

V VW VW VW V¥V V¥V V¥V V V V V VvV

Software: PACFactory

PACFactory is the management and configuration software of all the INGEPAC EF and INGEPAC DA range.
This software runs on Windows on any PC and is supplied free of charge* with the devices.

PACFactory allows the following functionalities:

D> Internal status and real-time values monitoring
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Settings change
Events, faults, measurements and disturbance recordings collection
Configuration files management

Local interface configuration

Protocols signal mapping configuration s =4t

V VWV V¥V V V¥V

Disturbances and quality reports display = w

PACFactory is 100% integrated into energy Factory Suite (eFS),
a set of tools developed by Ingeteam for configuring —

and operating IEC 61850 systems.

*Free updates via web
PPI Pazifik Power Inc.




INGEPAC™EF ZT

High speed main line protection

> High speed main line protection
> 5 zone MHO and QUAD distance units,
with independently programmable direction
> Backup units: supervision by current, Load zone
encroachment, power swing, switch onto fault
and communications assisted schemes
» Additional current, voltage and frequency protection
» Automatic reclose, synchrocheck, breaker failure
and fault location

INGEPAC™EF BF

1 or 2 Circuit Breaker management device
with single and three pole breaker failure,
auto reclose and synchrocheck for each breaker

» Breaker failure and additional current, voltage
and frequency protection

> Bay Control Unit

> Fault location

INGEPAC™EF CD

Bay Control Unit with statistical metering
and synchronism check

> High inputs and outputs capacity. This device
can also be applied as a substation
General Services Data Concentrator

> Powerful programming capacity
for automatic operations with tools
based on IEC31131-3

> Modbus-RTU Master, allowing the integration
of no-IEC61850 meters, analyzers, etc.
information in the substation system

4 PPI Pazifik Power Inc.

INGEPAC™EF LD

High speed main line protection

> High speed main line protection

> 2 and 3 end differential protection with direct
communication by single mode optic fibre,
or through multiplexer by IEEE C37.94 or G703
(with transducer)

> 5 zine MHO and QUAD distance units

» Additional current, voltage and frequency protection

» Automatic reclose, synchrocheck, synchronized
coupling, breaker failure and fault location
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INGEPAC™EF CB

Protection and automation of up to 3 steps
capacitor banks

> Protection for internal faults in each step of
the bank as well as bank current and voltage
protection

> Automatic regulation of reactive power, by
power set point or by calendar. Possibility of
using different set points on different dates
and time bands

> Capacitor bank bay controller

P,

/INGEPACTM EF TD

2 and 3 winding transformer main
protection, with differential
and restricted earth fault units

» Harmonics restraint and block and
connection group settings

> Over-excitation, voltage and
frequency protection

> Current protection functions in

each winding

Automatic reclosing

Applicable to generators, motors

and shunt reactors

Q Optional embedded AVR

INGEPAC™EF MD

Bay control and protection device with
multiple applications, such as Medium Voltage
feeders, as well as back up protection for High
Voltage systems and big electric machines

» Current, voltage and frequency protection

» Automatic recloser, synchronism, fault locator

» Automatic reclose, synchrocheck, breaker
failure, fault location and communication
assisted protection schemes

\) Bay Control Unit application

INGEPAC™EF CD

Bay Control Unit with statistical metering

Y» Powerful programming capacity
for automatic operations with tools
based on IEC31131-3. It can include
an Automatic Voltage Regulator
functionality

> Optional synchrocheck function

> Modbus-RTU Master, allowing the
integration of no-IEC61850 meters,
analyzers, etc. information in the
substation system

PPI Pazifik Power Inc. 5




Breaker Management

INGEPAC™ EF BF

INGEPAC™ EF BF is the suitable solution for breaker failure protection, for one or three poles breakers, and also includes
auto-recloser and synchronism check.

INGEPAC™ EF BF supports dual CT inputs to monitor both breakers individually, making it the best solution suitable for
controlling multibreaker schemes, such as breaker and a half or ring applications.

Its design is compliant with all the requirements of the standards in the electrical sector, including IEC 61850. Besides
having powerful logging features, it provides comprehensive, detailed information, making it possible to monitor and
analyse events, these being fundamental elements in an electrical grid’s improvement process.

BUSBAR

General Protection Functions

M 27 Under voltage
59 Over voltage
EZ’V—E 59N Neutral overvoltage
B Ge 47 V2 over voltage
¢ Frequency (81M/m)
B34 Frequency rate of change (81R)

. é 3x50/51 (67)
@ @ ° 50N/51N (67N)
50G/51G. Earthing overcurrent
46TOC (67Q), 4610C(67Q)
[ 46BC Broken conductor
@ é @ @ Second harmonic restraint
@ 49 Thermal image
i 68FF Fuse failure

v Sl Breaker failure (50BF)
e é s Breaker failure with single-pole / three-pole trip

\PPLICATIONS
Low current breaker failure
Fault locator
Breaker Monitoring
kl2 per pole
Closing and trip circuit monitoring
Excessive number of trips
Dead line / open pole detector
Breaker status logic
Pole discrepancy
Automatic Operations
Synchrocheck
Single-pole/three-pole recloser
Data Acquisition Functions
XL - Phase and neutral current metering
Voltage measurements on the line side and busbar side (3/1)
623 Active and reactive power
bk Incoming and outgoing active and reactive energy
Chronological historical events and fault recording
T w Oscillography
Measurement historical report
6 PPI Pazifik Power Inc. Breaker monitoring
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INGEPAC™ EF BF

Main Features

)2
)2
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Different hardware options allow to define the most suitable configuration for the application

Breaker failure protection for single-pole and three-pole breakers, for operating with own protection and external trip,
and for application in breaker-and-a-half and ring schemes.

Transmission schemes backup protection: directional overcurrent, overvoltage, undervoltage, frequency, etc.

Fault locator

Automatic reclose with different timings for single-pole or three-pole trips and for application

in breaker-and-half and ring schemes

Synchronism checking functions for one or two breakers, depending on model

Single protection and control, multi-protocol, native IEC61850 platform

Graphical and textual logic programming based on IEC 61131-3

Chronological logging of events, fault reports, load curves and oscillography facilitates the complete analysis of events
Measurement: Current, voltage, power, power factor, energy, frequency, negative sequence current, demand
maxi-meter, THD, fundamental values and RMS

Front panel for setting and display 4.9” monochromatic graphic display, programmable function keys with 2 LEDs each,
19 programmable LEDs and 1 fixed two-colour hardware status LED, numerical keypad, menu keys,

and 9 programmable graphics pages

Up to 6 serial and 2 rear Ethernet ports

USB and RJ45 Ethernet ports on the front

Communication protocols: IEC61850 Ed.1 and 2, DNP3.0, IEC60870-5-103, IEC60870-5-104, PROCOME

Master Modbus-RTU communication

Synchronisation from communications protocols, SNTP, IEEE1588 (PTP), demodulated IRIG-B input or PPS input

Web server for monitoring and setting without needing additional software

Options

>

VvV VV VY

Two housing types: 5U 1/2 x 19” rack and 4U 19” rack, which can contain the following modules in different
configurations:

« 11 digital inputs and 9 digital outputs
« 16 digital inputs and 16 digital outputs
« 16 digital inputs and 8 digital outputs
« 32 digital inputs
« 16 digital inputs and 8 analog inputs
16 digital inputs and 8 analog inputs (4 isolated)
» 8 digital inputs, 4 digital outputs and 4 High Break Current outputs
» 8 digital inputs, 4 digital outputs and 4 High Speed-High Break Current outputs
» 8 digital inputs and 8 digital outputs
Selectable rear port connectivity:
* Up to 6 serial communications
* Up to 2 Ethernet communications
Serial ports in glass fiber optic, plastic optic fiber, RS232 or RS485
Ethernet ports in glass fiber optic or RJ45
HSR or PRP and D-Link redundancy
Different models for auxiliary voltages most commonly found in electrical installations
Remote inputs capturing and outputs using RIO modules
Redundant power supply

Applications

VVVVVVVY

Bay controller: Local and remote operation, monitoring and metering

Breaker failure protection in transmission and sub-transmission lines for single, double or breaker and a half bays
Backup protection for line differential and distance units

Automatic reclosing for one or two breakers

Synchronism check for one or two breakers

Frequency load shedding

Breaker monitoring

User logic

PPI Pazifik Power Inc.




Protection and Control
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INGEPAC™EF MD

INGEPAC EF MD is a range of Intelligent Electronic Devices that provide all the protection and control functionalities required
for Medium Voltage feeders, as well as back up protection for High Voltage systems and big electric machines.

Its design is compliant with all the requirements of standards in the electrical sector, including IEC 61850. INGEPAC™ EF MD
provides comprehensive and detailed information, by means of its monitoring and events recording capabilities, these being

fundamental elements in an electrical grid’s improvement process.

Protection Functions
3x50/51(67)

50N/51N (67N)

50SN/51SN (67SN) SEF/SBEF.
Sensitive earth fault/

Stand-by earth fault

50G/51G. Earthing overcurrent
67IN Isolated neutral directional
67CN Compensated neutral
directional

46TOC (67Q), 4610C(67Q)
46BC Open phase/Broken
conductor

Overcurrent second harmonic
restraint

SOTF Switch on-to fault

27

59

59N Zero sequence overvoltage
47 Negative sequence
overvoltage

81M/m

81R ROCOF Rate Of Change Of
Frequency

37 Undercurrent

49 Thermal image

32 High / Low / Reverse Power
78 Vector shift / Out-of-step
40 Field loss

HCL High Current Lockout

CLP Cold load pickup

51V Voltage restrained/
controlled overcurrent

87R REF Restricted Earth Fault
50BF Breaker failure

8 PPI Pazifik Power Inc.
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Teleprotection
85 Teleprotection (67/67Q)

Monitoring Units
68LE Load zone block
68FF Fuse failure

Breaker Monitoring

>Kkl2 per pole

Closing and trip circuit
monitoring

Excessive number of trips
Dead line / open pole detector
Breaker status logic

Pole discrepancy

@ BASIC FUNGTIONS OPTIONAL

Automatic Operations

25 Synchronism check
79 Auto-reclose
Automatic reclose after
frequency trip

Data Acquisition
Functions
Phases and neutral current

Phase-phase and phase-earth

voltages line/busbar side
Voltage busbar/line side
Active and reactive power
Frequency

Power factor

Maxi-meters

APPLICATIONS

e

Active and reactive energy
counters both directions
Chronological historical events
and fault recording

Breaker monitoring
Oscillography

FL Fault location
Measurements historical
reports

Power Quality

Sags & swells record
Current and Voltage THD
Individual harmonics
measurements




INGEPAC™EF MD

Main Features

Protection and control in one single device

Wide range current inputs allowing the same device to be connected to 1A and 5A CT secondary

Application software specifically designed for simple and user-friendly access to the equipment

Graphical and textual logic programming based on IEC 61131-3

Different hardware options allow to define the most suitable configuration for the application

Complementary functions for responding to primary element failures (breaker failure and trip/ close circuits supervision)
Chronological events record, fault reports, load curves and oscillography

Historic measurements record, including currents (demand), voltage and power

Six setting groups to instantaneously adapt the settings to changes in grid configuration without resetting the device
Circuit breaker monitoring

Metering: current, voltage, power, power factor, frequency, negative sequence current, demand maximeter, fundamental
values and RMS

Monitoring and recording of Power Quality parameters: sags, swells, harmonics

Active and reactive energy counters, in both directions

Trips, operation openings, energy cut off by the breaker and automatic reclosing operations totalizers

Front panel with 4.9” monochromatic graphic display, programmable function keys with 2 LED each, 19 programmable
LED and 1 fixed two-colour hardware status LED, numerical keypad and menu keys

Digital inputs for control, automation and protection functions

Digital outputs for control/tripping and signalling

Ethernet RJ45 and USB ports on the front

Up to 6 serial and 2 Ethernet rear ports

Communication protocols: IEC 61850 Ed. 1 and 2, DNP 3.0, IEC 60870-5-103, IEC 60870-5-104, PROCOME

Master Modbus-RTU communication

Synchronisation from communications protocols, SNTP, IEEE 1588 (PTP), demodulated IRIG-B input or PPS input

Web server for monitoring and setting without needing additional software

Cybersecurity features: sFTP, HTTPs, firewall, audit log, password accessing

VvV VVVVVVVYV VVV

VVVVVVY VVV

Options

> Two housing types: 5U 1/2 x 19” rack and 4U 19” rack, which can contain the following modules in different configurations:
« 11 digital inputs and 9 digital outputs
« 16 digital inputs and 16 digital outputs
« 16 digital inputs and 8 digital outputs
« 32 digital inputs
« 16 digital inputs and 8 analog inputs
« 16 digital inputs and 8 analog inputs (4 isolated)
« 8 digital inputs, 4 digital outputs and 4 high break contact outputs
» 8 digital inputs, 4 digital outputs and 4 high speed, high break contact outputs
« 8 digital inputs and 8 digital outputs
Selectable rear port connectivity: up to 6 serial communication ports, up to 2 Ethernet communication ports
Serial ports in glass fibre optic, plastic fibre optic, RS232 or RS485
Ethernet ports in glass optic fibre or RJ45
HSR, PRP and D-Link redundancy
Captures analog measurements using Sampled Values (SV) protocol, through IEC 61850-9-2 or IEC 61869-9 standards
Different models for auxiliary voltages most commonly found in electrical installations
Basic or extended control features
IP54 front protection
Nine programmable graphic pages in local display
Teleprotection
RIO module (remote input/output)
Redundant power supply

VVVVVVVVVVVYY

Applications

Distribution line control and protection for earthed, compensated and isolated neutral grids
Backup protection for transmission lines with optional teleprotection schemes for 67 and 46Q functions
Busbar backup protection

Subfrequency load shedding

Backup protection for transformers, generators and motors

ViV VY

PPI Pazifik Power Inc.




Transformer Differential Protection
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INGEPAC™EF TD

INGEPAC™ EF TD is a range of Intelligent Electronic Devices that provide all the protection and control functionalities required
for two and three winding power transformers. It also provides instantaneous and biased differential protection, with harmonics
blocking, as well as low impedance restricted earth fault.

Its design is compliant with all the requirements of standards in the electrical sector, including IEC 61850. INGEPAC™ EF TD

provides comprehensive and detailed information, by means of its monitoring and events recording capabilities, these being
fundamental elements in an electrical grid’s improvement process.

Transformer Protection functions

87 Instantaneous and biased
differential protection for two and
three winding transformers

87R Restricted earth fault for
transformer and autotransformer,
two units

24 Over-excitation (5th harmonic)
24 Over-excitation (V/f)

Voltage and frequency functions

27

59

47 / 59Q Negative sequence
59N Zero sequence

81

81R ROCOF Rate of Change of
Frequency

Current functions
3x50/51 (67)

50N/51IN (67N)

50G/51G Earthing overcurrent,
two units

46TOC (67Q), 4610C (67Q)
49 Thermal image

32 Power units

51V Voltage controlled overcurrent
Cold Load Pickup

50BF Breaker failure

Monitoring units

68FF Fuse failure

>kl2 per pole

Closing and trip circuit monitoring
Excessive number of trips

10 PPI Pazifik Power Inc.
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87

Open pole detector / Dead line
Breaker status logic

Automation
79 Auto-reclose

Data acquisition functions
Phase and neutral current
Differential and restraint current
Phase-phase and phase-earth
voltage

Active and reactive power

Frequency

Power factor

Maximeters

Active and reactive energy
counters, both directions
Voltage and current THD
Chronological historical events
and fault recording

Breaker monitoring
Oscillography

Measurements historical reports




INGEPAC™EF TD

Main Features

Protection and control in one single device

Wide range current inputs allowing the same device to be connected to1 A and 5 A CT secondary

Application software specifically designed for simple and user-friendly access to the equipment

Graphical and textual logic programming based on IEC 61131-3

Different hardware options allow to define the most suitable configuration for the application

Complementary functions for responding to primary element failures (breaker failure and trip/ close circuits supervision)
Chronological events record, fault reports, load curves and oscillography

Historic measurements record, including currents (demand), voltage and power

Six setting groups for instantaneously adapting the settings to changes in grid configuration without resetting the device
Circuit breakers monitoring

Metering: current (individual, biased and differential), voltage, power, power factor, frequency, negative sequence current,
demand maximeter, THD (fundamental values and RMS)

Active and reactive energy counters, in both directions

Trips, operation openings, energy cut off by the breaker and automatic reclosing operations totalizers

Front panel with 4.9” monochromatic graphic display, programmable function keys with 2 LED each, 19 programmable LED
and 1 fixed two-colour hardware status LED, numerical keypad and menu keys

Digital inputs for control, automation and protection functions

Digital outputs for control/tripping and signalling

Ethernet communication RJ45 and USB ports on the front

Up to 6 serial and 2 Ethernet rear ports

Communication protocols: IEC 61850 Ed.1 and 2, DNP 3.0, IEC 60870-5-103, IEC 60870-5-104, PROCOME
Synchronisation from communications protocols, SNTP, IEEE 1588 (PTP), demodulated IRIG-B input or PPS input

Web server for monitoring and setting without needing additional software

Cybersecurity features: sFTP, HTTPs, firewall, audit log, password accessing

L VVVVVVVYV VVV

VVVV VVVYV

Options

> Two housing types: 5U 1/2 x 19” rack and 4U 19” rack, which can contain the following modules in different configurations:
« 11 digital inputs and 9 digital outputs
« 16 digital inputs and 16 digital outputs
« 16 digital inputs and 8 digital outputs
« 32 digital inputs
* 16 digital inputs and 8 analog inputs
« 16 digital inputs and 8 analog inputs (4 isolated)
« 8 digital inputs, 4 digital outputs and 4 high break contact outputs
« 8 digital inputs, 4 digital outputs and 4 high speed, high break contact outputs
« 8 digital inputs and 8 digital outputs
> Selectable rear port connectivity:
* Up to 6 serial communication ports
* Up to 2 Ethernet communication ports
Serial ports in glass fibre optic, plastic fibre optic, RS232 or RS485
Ethernet ports in glass fibre optic or RJ45
HSR, PRP, and D-Link redundancy
Captures analog measurements using Sampled Values (SV) protocol, through IEC 61850-9-2 or |IEC 61869-9 standards
Different models for auxiliary voltages most commonly found in electrical installations
Basic or extended control features
IP54 lid
Nine programmable graphic pages in local display
RIO module (Remote Input/Output)
Redundant power supply

VVVVVVVVVY

Applications

> 2 or 3 winding transformer protection and control
> Auto transfer protection and control
> Grid Automation

PPI Pazifik Power Inc. N




Line Differential Protection Relay
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INGEPAC™EF LD

INGEPAC™ EF LD is a phase-segregated line differential protection relay, designed for main protection of power lines and
underground cables on all voltage levels. INGEPAC™ EF LD supports dual CT inputs to monitor both breakers individually,
making it the best solution suitable for multibreaker schemes, such as breaker and a half or ring applications.

INGEPAC™ EF LD includes a complete distance protection scheme of 5 zones, in order to increase the security in case of failure
of the communication channel, providing a high flexibility in the definition of the protection and control schemes using the same
relay model.

Its design is compliant with all the requirements of standards in the electrical sector, including IEC 61850. INGEPAC™ EF LD
provides comprehensive and detailed information, by means of its monitoring and events recording capabilities, these being

fundamental elements in an electrical grid’s improvement process.

Differential functions

87 Line differential protection
(instantaneous and restrained)
2nd harmonic restraint and
block (cross blocking)

87LG Ground differential
protection

Directional supervision
Saturation detector
Capacitive current
compensation

87N REF Restricted Earth Fault
V/f Overexcitation and 5th
harmonic

86

Distance functions (LD1
and LD2 models)
Quadrilateral and MHO (5
zones)

Zone 1 extension

High speed zone

Double line adaptation
Supervision units: overcurrent,
directional

Algorithm for CVT’s (Capacitive
Voltage Transformers)

12 PPI Pazifik Power Inc.

General protection
functions

SOTF Switch onto fault

27 (LD1and LD2)

59 (LD1and LD2)

59N Neutral overvoltage (LD1
and LD2)

47 V2 overvoltage (LD1and
LD2)

81M/m (LD1and LD2)

81R Rate of Change of
Frequency

(LD1and LD2)

32 Power units (LD1and LD2)
3x50/51 (67)

50N/51N (67N)

50G/51G Earthing overcurrent
46TOC (67Q), 4610C (67Q)
46BC Broken conductor
detection

2nd harmonic restraint

2nd and 5th harmonic blocking
37 Undercurrent

49 Thermal image

Stub bus

21 Teleprotection (LD1and LD2)
67/67Q Teleprotection (LD1
and LD2)

50BF Breaker failure with
singlepole / three-pole trip

Hae

LDO and LD1 block diagram

Monitoring units
68LE Load encroachment
68FF Fuse failure

78 Power swing

Fault locator

Breaker monitoring

kl2 per pole

Closing and trip circuit
monitoring

Excessive number of trips
Dead line / open pole detector
Breaker status logic

Pole discrepancy

Automation

25 Synchronism check

79 Single-pole/three-pole
autoreclose

Grid coupling

LD2 block diagram

Data acquisition
functions

Phase and neutral current

A and B side voltage

Active and reactive power
Active and reactive energy
counters, both directions
Chronological historical events
and fault recording
Oscillography

Measurement historical report
Breaker monitoring




INGEPAC™EF LD

Main Features

D> Suitable for lines with 2 and 3 end zones, and for lines with intermediate transformer

> 1 or 2 serial links (RS232, multi-mode or single-mode fibre optic), making it possible to establish single or redundant
communication between devices

Distance protection: five zones on which MHO or quadrilateral characteristic can be applied independently; each zone can be
set as forward, reverse or non-directional

Independent analysis per each phase combination (AN, BN, CN, AB, BC, CA), characteristic (quadrilateral and MHO) and zone
Single-phase or three-phase trip, applicable with or without teleprotection schemes

Backup units: overcurrent, overvoltage, undervoltage, frequency, etc.

Distance units supervision: power swing, load encroachment, fuse failure, etc.

Automatic activation and blocking of 21 and 67 function as 87L backup units, when teleprotection communications channel is
down or restored

Algorithm for application with capacitive voltage transformers (CVT)

Fault locator

Automatic reclose with different timings for single-pole or three-pole trips and for application in breaker-and-a-half and ring
schemes

Synchronism checking functions for one or two breakers, depending on model

Communication protocols: IEC 61850 Ed.1 and 2, DNP 3.0, IEC 60870-5-103, IEC 60870-5-104, PROCOME

Graphical and textual logic programming based on |IEC 61131-3

Chronological events record, fault reports, load curves and oscillography

Metering: current, voltage, power, power factor, energy, frequency, negative sequence current, demand maximeter, THD,
fundamental values and RMS

Front panel for setting and display: 4.9” monochromatic graphic display, programmable function keys with 2 LED each, 19
programmable LED and 1 fixed two-colour hardware status LED, numerical keypad, menu keys and 9 programmable
graphics pages

USB and RJ45 Ethernet ports on the front

Synchronisation from communications protocols, SNTP, IEEE 1588 (PTP), demodulated IRIG-B input or PPS input

Web server for monitoring and setting without needing additional software

Cybersecurity features: sFTP, HTTPs, firewall, audit log, password accessing

v VYV VY vV vV VY L4

VvV YVY

Options

> Two housing types: 5U 1/2 x 19” rack and 4U 19” rack, which can contain the following modules in different configurations:
* 11 digital inputs and 9 digital outputs
* 16 digital inputs and 16 digital outputs
* 16 digital inputs and 8 digital outputs
* 32 digital inputs
* 16 digital inputs and 8 analog inputs
* 16 digital inputs and 8 analog inputs (4 isolated)
« 8 digital inputs, 4 digital outputs and 4 High Break Current outputs
« 8 digital inputs, 4 digital outputs and 4 High Speed-High Break Current outputs
* 8 digital inputs and 8 digital outputs
Selectable rear port connectivity: up to 6 serial communications, up to 2 Ethernet communications
Serial ports in glass fibre optic (multi-mode or single-mode), plastic fibre optic, RS232 or RS485
Ethernet ports in glass fibre optic or RJ45
1or 2 OF single-mode channels for differential protection or IEEE C37.94 fibre optic, optionally G703 also with transducer
HSR, PRP and D-Link communications redundancy
Captures analog measurements using Sampled Values (SV) protocol, through IEC 61850-9-2 or |IEC 61869-9 standards
Remote inputs capturing and outputs using INGEPAC RIO
Redundant power supply

VVVVVVVYVY

Applications

Main or backup protection for cables, overhead or mixed lines in transmission and subtransmission
Main protection for breaker and a half schemes lines

Redundant or double protection schemes as main unit

Grid automation

vV VvV VY

PPl Pazifik Power Inc. 13




Capacitor Bank Protection and Control

INGEPAC™EF CB

INGEPAC™ EF CB is a range of Intelligent Electronic Devices that provide all the protection and control functionalities required
for Medium Voltage shunt capacitor banks of one, two or three steps.

Its design is compliant with all the requirements of standards in the electrical sector, including IEC 61850. INGEPAC EF CB
provides comprehensive and detailed information, by means of its monitoring and events recording capabilities, these being
fundamental elements in an electrical grid’s improvement process.

Protection functions
50ND,/51NU, Neutral 1
unbalance overcurrent
50ND,/5INU, Neutral 2
unbalance overcurrent
50ND,/5INU, Neutral 3
unbalance overcurrent
(depending on the model)
3x50/51 (67)

S50N/51N (67N)

46TOC (67Q), 4610C (67Q)
46BC Open phase / Broken
conductor

37 Undercurrent

27

59

59N Zero sequence overvoltage

47 Negative sequence overvoltage

81M/m

81R ROCOF Rate Of Change Of
Frequency

50BF Breaker failure

Monitoring units
68FF Fuse failure
>kl2 per pole

Closing and trip circuit monitoring

Excessive number of trips
Breaker status logic

Automatic operations
Capacitor bank automatic
connection/disconnection
(depending on the model)
79 Auto-Reclose

14 PPI Pazifik Power Inc.
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Data acquisition functions
Phase and neutral current

Power factor

Phase-phase and phase-neutral
voltage

Active and reactive power
Frequency

Maximeter

Active and reactive energy
counters both directions
Chronological historical events
and fault recording

Breaker monitoring
Oscillography

Measurements historical reports




INGEPAC™EF CB

Main Features

Protection and control in one single device

Wide range current inputs allowing the same device to be connected to 1A and 5A CT secondary

Application software specifically designed for simple and user-friendly access to the equipment

Graphical and textual logic programming based on IEC 61131-3

Chronological events record, fault reports, load curves and oscillography

Historic measurements record, including currents (demand), voltage and power

Six setting groups for instantaneously adapt the settings to changes in grid configuration without reset of the device
Circuit breaker monitoring

Metering: current, voltage, power, power factor, frequency, negative sequence current, demand maximeter, THD, fundamental
values and RMS

Active and reactive energy counters in both directions

Trips, operation openings, energy cut off by the breaker and automatic reclosing operations totalizers

Front panel with 4.9” monochromatic graphic display, programmable function keys with 2 LEDs each, 19 programmable LEDs
and 1 fixed two-colour hardware status LED, numerical keypad and menu keys

Digital inputs for control, automation and protection functions

Digital outputs for control/tripping and signalling

Ethernet communication RJ45 and USB ports on the front

Automatic reclose

Communication protocols: IEC 61850 Ed. 1 and 2, DNP 3.0, IEC 60870-5-103, IEC 60870-5-104, PROCOME

Master Modbus-RTU communication

Synchronisation from communications protocols, SNTP, IEEE 1588 (PTP), demodulated IRIG-B input or PPS input
Web server for monitoring and setting without needing additional software

Cybersecurity features: sFTP, HTTPs, firewall, audit log, password accessing

L VVVVVVVVY

VVV VVVVVYVY

Options

> Two housing types: 5U 1/2 x 19” rack and 4U 19” rack, which can contain the following modules in different configurations:
* 11 digital inputs and 9 digital outputs
* 16 digital inputs and 16 digital outputs
* 16 digital inputs and 8 digital outputs
* 32 digital inputs
* 16 digital inputs and 8 analog inputs
* 16 digital inputs and 8 analog inputs (4 isolated)
* 8 digital inputs, 4 digital outputs and 4 high break contact outputs
« 8 digital inputs, 4 digital outputs and 4 high speed, high break contact outputs
* 8 digital inputs and 8 digital outputs
Selectable rear port connectivity: up to 6 serial communication ports, up to 2 Ethernet communication ports
Serial ports in glass fibre optic, plastic fibre optic, RS232 or RS48
Ethernet ports in glass optic fibre or RJ45
HSR, PRP and D-Link redundancy
Captures analog measurements using Sampled Values (SV) protocol, through IEC 61850-9-2 or IEC 61869-9 standards
Different models for auxiliary voltages most commonly found in electrical installations
Basic or extended control features
IP54 front protection
Nine programmable graphic pages in local display
RIO module (remote input/output)
Redundant power supply

VVVVVVVVVVYVY

Applications

Grid automation

Capacitor bank connection/disconnection automatic operation for correctly controlling the system’s reactive power
Capacitor bank protection and control

Distribution feeder protection

vV VvV YV
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Distance Protection
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INGEPAC™EF ZT

INGEPAC™ EF ZT is a distance protection relay with five independent zones of operation on which MHO or quadrilateral
characteristic can be set independently, suitable for transmission lines, or multibreaker configurations such as breaker and a
half or ring. It determines the type of fault, differentiating among three-phase, two-phase and earth faults.

INGEPAC™ EF ZT includes backup units for one or two breakers, synchronism checking functions or automatic reclose with
different timings for single-pole or three-pole trips. It also provides teleprotection schemes or fault locator function that
provides distance to the fault.

Its design is compliant with all the requirements of standards in the electrical sector, including IEC 61850. INGEPAC™ EF ZT
provides comprehensive and detailed information, by means of its monitoring and events recording capabilities, these being
fundamental elements in an electrical grid’s improvement process.

Distance functions Power
21 Quadrilateral (5 zones) Stub bus E
21 MHO (5 zones) Stub bus differential = | -]
21 High speed zone 50BF One-pole / Threepole s 000
21 Zone 1 extension breaker failure —
Double line adaptation S50BF Low load breaker ﬂ B OO O
Serial compensation line failure m/’lﬁ 0

. 2 L
adaptation [s2] | W
Current and directional Teleprotection e T -
control Teleprotection (21) s -

i . Teleprotection (67/67Q) 523

General protection functions
SOTF Switch on-to fault Monitoring units
27 68LE Load zone block
59 68FF Fuse failure Data acquisition functions
59N Neutral overvoltage 78 Power swing Phase and neutral current
47 V2 overvoltage o A and B side voltage
81M/m Fault locator Breaker monitoring Active and reactive power
81R ROCOF Rate of kl2 per pole Active and reactive energy
Change of Frequency Closing and trip circuit counters, both directions
3x50/51(67) monitoring Chronological historical
50N/51N (67N)‘ Excessive number of trips events and fault recording
50G/51G Earthing Dead line / open pole Oscillography
overcurrent detector Measurements historical
46TOC(67Q), 4610C(67Q) Breaker status logic reports
46BC Open phase / Pole discrepancy Breaker monitoring
Broken conductor
Second harmonic restraint Automation Power quality
37 Undercurrent 25 Synchronism check Sags & swells record
49 Thermal image 79 Single-pole/three-pole Current and Voltage THD
32 High / Low / Reverse auto-reclose Individual harmonics

16 PPI Pazifik Power Inc.




INGEPAC™EF ZT

Main Features

> Five zones on which MHO or quadrilateral characteristic can be applied independently; each zone can be set as forward,
reverse or non-directional

Independent analysis per each phase combination (AN, BN, CN, AB, BC, CA), characteristic (quadrilateral and MHO) and zone
Single-phase or three-phase trip, applicable with or without teleprotection schemes

Backup units: overcurrent, overvoltage, undervoltage, frequency, etc.

Distance units supervision: power swing, load encroachment, fuse failure, etc.

Algorithm for application with capacitive voltage transformers (CVT)

Fault locator

Automatic reclose with different timings for single-pole or three-pole trips and for application in breaker-and-a-half and

ring schemes

Synchronism checking functions for one or two breakers, depending on model

Communication protocols: IEC 61850 Ed. 1 and 2, DNP 3.0, IEC 60870-5-103, IEC 60870-5-104, PROCOME

Graphical and textual logic programming based on |IEC 61131-3

Chronological events record, fault reports, load curves and oscillography

Metering: current, voltage, power, power factor, energy, frequency, negative sequence current, demand maximeter, fundamental
values and RMS

Front panel for setting and display: 4.9” monochromatic graphic display, programmable function keys with 2 LED each, 19
programmable LED and 1 fixed two-colour hardware status LED, numerical keypad, menu keys, and 9 programmable
graphics pages

Ethernet RJ45 and USB ports on the front

Synchronisation from communications protocols, SNTP, IEEE 1588 (PTP), demodulated IRIG-B input or PPS input

Web server for monitoring and setting without needing additional software

Cybersecurity features: sFTP, HTTPs, firewall, audit log, password accessing

VVVVVVYVY

v vV VY
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Options

> Two housing types: 5U 1/2 x 19” rack and 4U 19” rack, which can contain the following modules in different configurations:
* 11 digital inputs and 9 digital outputs
* 16 digital inputs and 16 digital outputs
* 16 digital inputs and 8 digital outputs
¢ 32 digital inputs
* 16 digital inputs and 8 analog inputs
* 16 digital inputs and 8 analog inputs (4 isolated)
* 8 digital inputs, 4 digital outputs and 4 High Break Current outputs
« 8 digital inputs, 4 digital outputs and 4 High Speed-High Break Current outputs
* 8 digital inputs and 8 digital outputs
> Selectable rear port connectivity:
* Up to 6 serial communications
* Up to 2 Ethernet communications
Serial ports in glass fibre optic, plastic fibre optic, RS232 or RS485
Ethernet ports in glass fibre optic or RJ45
HSR, PRP and D-Link communications redundancy
Captures analog measurements using Sampled Values (SV) protocol, through IEC 61850-9-2 or IEC 61869-9 standards
Different models for auxiliary voltages most commonly found in electrical installations
Remote inputs capturing and outputs using INGEPAC™ RIO
Redundant power supply

VVVVVVYVY

Applications

Primary or secondary protection for cables, overhead or mixed lines in transmission and undertransmission grids
Redundant or double protection schemes as main unit

Breaker-and-a-half schemes

Backup with another distance protection, line differential protection or overcurrent directional protection

Grid Automation

VvV VY
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SAMU Stand Alone Merging Unit
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INGEPAC™EF PB

INGEPAC™ EF PB is the family of devices that Ingeteam has designed as a SAMU (Stand Alone Merging Unit); the device
acquires conventional transformer currents and voltages (CT and VT), and converts them into digital values, transmitting
them to an Ethernet network, also called a process bus.

The data is published as Multicast Sampled Values (MSV), complying with the IEC 61850 9-2 or IEC 61869 standards.

Merging units do not only notably reduce expenses derived from conventional wiring (installation, maintenance, etc.) but
also permit access to captured information from any IED connected to the network, quickly, efficiently and reliably.

Additionally, INGEPAC™ EF PB allows you to include 1/0 modules that allow GOOSE transmission/reception in accordance
with IEC 61850-8-1 standard.

Functions

* Multicast sampled values emitter IEC 61850-9-2LE or IEC 61869

* Redundant power source option for greater reliability

< Communications supervision, device power supply, temperature, etc.

* Binary inputs and outputs

* Chronological events log

* PRP or HSR redundant communications

* Synchronisation via PPS or IEEE 1588

* Cybersecurity features; Firewall, sFTP, HTTPs

» Server/RTU communications protocols: DNP 3.0, IEC 60870-5-103, IEC 60870-5-104

18 PPI Pazifik Power Inc.




INGEPAC™EF PB

Main Features

> Reduction in installation costs, related to the reduction in cabling

» Fewer windings needed for CTs and VTs given that the sampled values are captured by one or more IEDs
) Easier when performing the engineering for panels
> Improves substation maintenance, facilitating relay replacements without the need to change
panel cabling given that it is minimal
» Graphical and textual logic programming based on IEC 61131-3
) Ethernet for local communication and front USB for loading/unloading CID
> Web server for monitoring and adjustments without needing in-house tools
» Communications status monitoring
» Substation bus protocols

Options
> Different models for quality analysis (Sags, swells, THD and harmonics):
« INGEPACEFPBL: 41 +4V
« INGEPAC EF PBQ: 4 | + 4 V + 4 | (quality)
> Different types of housing with a wide selection of I/Os boards that cover different needs
> PRP or HSR redundancy with glass optic fibre or RJ45 Ethernet ports
> Redundant power supply source

Applications

> Conversion to conventional voltage or current transformer sampled values
> Remote inputs/outputs

PPI Pazifik Power Inc. 19




Feeder Protection Relay

INGEPAC™ DA PT

INGEPAC™ DA PT1and INGEPAC™ DA PT6 are multifunctional devices that offer a comprehensive solution for protecting and
controlling medium voltage feeders and electric motors.

Due to its powerful logic programming and local and remote access capabilities, the INGEPAC™ DA range offer high flexibility
for the user, by providing local and remote operation and automatic configurable functions in the same device. In addition,
event recording, fault reports, measurements historical record and oscillography are included in every model.

The INGEPAC™ DA range is a cost-effective solution for protection and control systems for which IEC 61850 standard compliance
is required, including access in other protocols and web services as well.

Protection Functions
50/51(67)

50N/51N (67N)

50SN/51SN. (67SN) (SEF)
(optional)

46TOC (67Q), 4610C (67Q)
46BC Broken conductor

2nd harmonic restraint

27, 59 Under and overvoltage
59N Neutral overvoltage

47 V2 overvoltage

81M/m

81R Rate of Change of Frequency
(ROCOF)

HCL High current locking
CLP Cold load pickup

HLT Hot Line Tag

49

50BF Breaker failure

Motor functions (only DA PT6)
51LR Rotor jam

37

66 Maximum starting rate

48 Excessive starting time

14 Speed switch

Optic arc-flash protection

(optional)
50 ARC

20 PPI Pazifik Power Inc.

® BASIC FUNCTIONS

Fault locator

Monitoring Units

68FF Fuse failure monitoring
Breaker Monitoring

kl2 per pole

Closing and trip circuit monitoring
Excessive number of trips

Breaker status logic

Automation

25 Synchrocheck

79 Auto-reclose
Sequence coordination

Data Acquisition Functions
Phase and neutral current

Phase and synchronism voltage
Active and reactive power

Active and reactive energy counters,
both directions

Event recording and fault reports

OPTIONAL DAPTEONLY

Breaker monitoring
Oscillography

Measurements historical data
record

Communications

Rear ports: 1 serial RS232/485 and
2 Ethernet

Protocols: IEC 61850 Ed. 2, DNP
3.0, IEC 60870-5-103, IEC 60870-
5-104, Modbus

Modbus RTU Master protocol for
other devices integration

Web and FTP server
Synchronisation

IEEE 1588, SNTP and IRIG-B input

Local Interface

Keyboard and operational buttons
(optional)

Graphics display (optional)




INGEPAC™ DA PT

Main Features

>
)2
)2

v
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Protection for Medium Voltage feeders and small and medium size motors

Local operation and setting by means of a graphic display, and remotely through serial and Ethernet protocols

User-friendly configuration and supervision software. The device data model is integrated automatically to the software when
connected, not needing any previous configuration work

All the main communication protocols used in electrical substations environment are available in all the devices of the
INGEPAC™ DA range

Wide range current inputs allowing the same device to be connected to 1A and 5A CT secondary

User logic signals according to the IEC 61131-3 standard

Different options for programmable digital inputs and outputs number

Local signalling through programmable LED indicators

Circuit breaker and operation monitor

Fault location

Faults and events recording

Secure access using password

Options

VVVVVYV

With display, for flush mounting or without display, for back plate surface mounting

Supply voltage: 24/48 Vdc or 125/220 Vdc

Full boards configurations with up to 45 digital inputs and 21 digital outputs, or 36 digital inputs and 26 digital outputs
PRP/HSR redundant communications

Optic arc-flash protection (light or light + current), up to 4 inputs for optic sensors INGEPAC™ LSD

Serial and Ethernet communication both copper or fibre optic

Accessories

>

INGEPAC™ LSD: fiber optic sensor, point and longitudinal fiber models

Applications

)2
)2
)2

Main protection & control in feeders
Small and medium size motors protection & control
Arc detection
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RMU Automation and Monitoring

INGEPAC™ DA AU

INGEPAC™ DA AU covers a wide range of applications making it possible to use one single device to fulfil every
automation, protection, measurement and remote control requirements, for RMUs and overhead applications (LBS)
in the secondary grid.

INGEPAC™ DA AU is a modular solution that makes it possible to customize each device for different size substations,
from one to several switchgear sets, by defining the number of binary inputs and outputs, analogue inputs from

transducers, and current and voltage from instrument transformers or sensors.

INGEPAC™ DA AU lets you choose different mechanical solutions (compact, front panel, DIN rail) and front interfaces

(pushbuttons, LED, etc.), offering the optimal configuration for each requirement.

Automation, monitoring
and protection functions
Real time monitoring of the
substation’s signals

Local and remote control for all
the feeders of the substation
Voltage detection

Directional fault passage
indication

Load transfer

Automatic fault isolation
Overcurrent protection

Breaker Monitoring
Opening, closure, kl2 counters
Alarm for excessive number of
trips

Command failure

Opening and closure command
(pulsed and latched)

Data Acquisition
Functions

Event log

Oscillography

By feeder: phase and neutral
current, voltage, active, reactive
and apparent power, power
factor, frequency

Digital inputs and outputs
Analogue inputs from transducer
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Communications

2 Ethernet ports RJ45 or LC FO
and 1 serial RS232/RS485, GFO
or PFO

Ethernet server protocols:
|IEC60870-5-104, IEC61850,
DNP3

Slave serial protocols:
|IEC60870- 5-101,
|IEC60870-5-103,

PROCOME

Master serial protocol: Modbus
RTU (for some models)

Synchronisation
SNTP, Irig-B

Local Interface
Keys for Local/Remote,
Automatic/Manual

and switch operation
LED indications

Web Server

Monitoring, setting and
configuration and firmware
update

Other functions
User logic
Power supply monitoring




INGEPAC™DA AU

Main Features

)2
)2
)2

v
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Control in one single device of several switchgear feeders

Up to 4 slots for plug-in modules (binary inputs, outputs or analogue inputs)

Some models include gateway function fromm Modbus RTU, in order to integrate devices supporting
this protocol in the Smart Grid

Built-in web server for remote access through a commercial browser. This access allows real time
monitoring and operation, settings change and log files download

User logic

Programmable LEDs

Voltage measurement from sensors or from conventional measurement transformers

Serial and Ethernet communication

Real-time switchgear monitoring, log and statistical metering

Oscillographic log

Multiple setting groups allowing to adapt settings to grid conditions changes instantaneously
SNTP and IRIG-B synchronization

Power supply monitoring

Conformal coating for special environments

Options

)2
)2

)2
)2

Operating voltages 24, 48, 125, 220 Vdc
Modules

CPU with 8 Bl + 5 BO

15 Bl + 8 BO

24 Bl +16 BO

3V+41+1AlI+13BI

81 +13 Bl

8 Al + 15 Bl

4V +41+13BI

4V +4|+4Bl+4BO
Voltage inputs from sensor (resistive or capacitive divider) or instrument transformer
High Speed output contacts

Applications

L

Ring Main Units and compact transformer substations automation
Overhead distribution automation (LBS, etc.)

Switchgear control

RTU for small substations or power plants

PPI Pazifik Power Inc.
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Other Substation Solutions

KONCAR

Power Transformer Power Voltage Transformer
2.5 - 100 MVA up to 170 kV manufactured and tested in Voltage rating from 72.5 kV up to 550 kV
accordance with the standard IEC 60076 Rated output: 10 - 1675 kVA Rated secondary voltage

according to customer requirements

ADPAM Y TRIDELTA
HAPAM . MEIDENSHA
Centre-Break Disconnectors Metal Oxide Surge Arresters
Type SSBII Rated 69kV up to 800kV Type series SBKC 6 to 396/SM-II

PPl Pazifik Power, Inc. (PPl) is an engineering firm engaged in the supply and installation of electrical
products and solutions. The company has been in the industry for more than 25 years and has grown to
be a reliable and high-quality power solutions provider trusted by utility companies, electric cooperatives,
independent power producers, and commercial and industrial companies in the Philippines.

PPI provides a wide array of products and services, ranging from power transmission (instrument transformers,

surge arresters, protective relays), to power distribution (substations, switchgears), electricity metering,
test equipment (oil, power circuit breakers), power grid automation and protection, power conditioning,
monitoring solutions, railway solutions, and engineering services.

PPl remains dedicated to its customers and the environment, providing efficient electricity solutions in every
project it engages in, coupled with reliable and on-time service performance and aftersales support by its
seasoned engineers.

PPl Pazifik Power, Inc.
MAKATI HEAD OFFICE CEBU DAVAO

4F- 6F South Park Plaza Building Unit 3 ASY Building 2" Floor, Rm. 204, Bldg. 101 v@« www.ppi.ph

Paseo de Magallanes Commercial Center A.C. Cortez Ave. Buhangin Road

Makati City 1232 Mandaue City 6014 Km.5 Buhangin H Pazifikp |

Metro Manila, Philippines Cebu, Philippines Davao City 8000, Philippines azllikFowerinc

( +63285118888 ( +63325205523 [] +63917 5921277 3 PazifkPowerin

||@ +63 2 8836 4323 D +63 917 593 4338 &X' davao@ppi.ph m — .
‘company/pazifikpowerinc
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