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LIMITED WARRANTY

The manufacturer offers the customer a 24-month functional warranty on the instrument for faulty
workmanship or parts from date of dispatch from the distributor. In all cases, this warranty is valid
for 36 months from the date of production. This warranty is on a return to factory basis.

The manufacturer does not accept liability for any damage caused by instrument malfunction. The
manufacturer accepts no responsibility for the suitability of the instrument to the application for
which it was purchased.

Failure to install, set up or operate the instrument according to the instructions herein will void the
warranty.

Only a duly authorized representative of the manufacturer may open your instrument. The unit
should only be opened in a fully anti-static environment. Failure to do so may damage the electronic
components and will void the warranty.
The greatest care has been taken to manufacture and calibrate your instrument. However, these
instructions do not cover all possible contingencies that may arise during installation, operation or
maintenance, and all details and variations of this equipment are not covered by these instructions.
For additional information regarding installation, operation or maintenance of this instrument,
contact the manufacturer or your local representative or distributor.

WARNING

Read the instructions in this manual before performing installation, and take note of
the following precautions:

pl

Ensure that all incoming AC power and other power sources are turned OFF
before performing any work on the instrument. Failure to do so may result in
serious or even fatal injury and/or equipment damage.

p>l

Before connecting the instrument to the power source, check the labels on
the back of the instrument to ensure that your instrument is equipped with
the appropriate power supply voltage, input voltages and currents.

pl

Under no circumstances should the instrument be connected to a power
source if it is damaged.

p>l

To prevent potential fire or shock hazard, do not expose the instrument to
rain or moisture.

p>1l

The secondary of an external current transformer must never be allowed to
be open circuit when the primary is energized. An open circuit can cause
high voltages, possibly resulting in equipment damage, fire and even serious
or fatal injury. Ensure that the current transformer wiring is secured using an
external strain relief to reduce mechanical strain on the screw terminals, if
necessary.

pl

Only qualified personnel familiar with the instrument and its associated
electrical equipment must perform setup procedures.

pl

Do not open the instrument under any circumstances when it is connected
to a power source.

pl

Do not use the instrument for primary protection functions where failure of
the device can cause fire, injury or death. The instrument can only be used
for secondary protection if needed.

Read this manual thoroughly before connecting the device to the current carrying
circuits. During operation of the device, hazardous voltages are present on input
terminals. Failure to observe precautions can result in serious or even fatal injury or
damage to equipment.

All trademarks are property of their respective owners.
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CHAPTER 1

INTRODUCTION

Chapterl Introduction

expertmeter

E P M1 &Féatures

Theexpert met e rSérieshnélligerd electronic devices (IED) in a 3U standard form factor
design, are combined fault-recording, metering and control devices that provide a complete solution
for substation and industrial automation. They incorporate a unique collection of features commonly
found in numerous specialized measurements and recording equipment utilized in substation and
industrial environments. Although the devices are primarily designed as an inexpensive add-on to
expand the capabilities of the existing substation protection equipment, they are well suited for a
wide range of industrial applications with high input currents whenever extensive power quality
monitoring is required. The PM180 combines in a single enclosure:

1

Fast Digital Fault recorder: up to 48 external digital triggers from protection
relays; onboard fault detector; programmable fault thresholds and
hysteresis; up to 100 Amp fault currents, zero-sequence currents and volts,
current and voltage unbalance; ready-for-use fault reports - fault current
magnitudes and duration, coincident volt magnitude, fault waveforms and
fast RMS trace; cross triggering between multiple devices via digital inputs
for synchronous fault capture and recording.

Sequence-of-Events recorder: up to 48 digital inputs at 1-ms resolution, fault
events and relay operations.

IEEE 1159 Power Quality recorder: onboard power quality analyzer;
programmable thresholds and hysteresis; IEEE 1159 PQ event log; ready-
for-use reports; impulsive transients, sags/swells, interruptions, harmonics,
inter-harmonics, frequency variation, voltage unbalance, optional IEC
61000-4-15 flicker.

EN 50160 Power Quality recorder: onboard power quality analyzer;
programmable limits; EN 50160 power quality event log, EN 50160
compliance statistics; EN 50160 harmonics survey statistics; ready-for-use
compliance statistics reports; power frequency, voltage variations, rapid
voltage changes, IEC 61000-4-15 flicker, voltage dips, interruptions,
temporary Overvoltages, transient Overvoltages, voltage unbalance, IEC
61000-4-7 harmonic and Interharmonic voltage, mains signaling voltage.

GOST13109-97 or GOST 32144-2013 (Russian Power Quality standard)
onboard power quality analyzer; programmable thresholds and hysteresis;
ready-for use reports)

Event recorder for logging internal diagnostics events, control events and
I/O operations.

Eight Fast Waveform recorders: 56-channel simultaneous recording with 7
AC, one AC/DC and 48 digital input channels; optional 32-channel recording
with 7 AC, one AC/DC, 16 digital and 8 fast analog input channels;
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selectable AC sampling rate of 32, 64, 128 or 256 samples per cycle; 20
pre-fault cycles, 1-ms resolution for digital inputs; synchronized waveforms
from multiple devices in a single plot; exporting waveforms in COMTRADE
and PQDIF file formats.

Sixteen Fast Data recorders: 1/2-cycle to 2-hour RMS envelopes; up to 20
pre-fault and post-fault cycles; programmable data logs on a periodic basis
and on any internal and external trigger; triggering from the Fault recorder,
PQ recorder or control setpoints; exporting data trends in PQDIF file format.

Embedded Programmable Controller: 64 control setpoints, OR/AND logic,
extensive triggers, programmable thresholds and delays, relay control,
event-driven data recording, cross triggering between multiple devices via
the Ethernet for synchronous event capture and recording T up to sixteen
triggering channels.

High-Class 3-phase Power meter: true RMS, volts, amps, powers, power
factors, unbalance, and neutral current.

Demand Meter: amps, volts, harmonic demands.

Precise Energy and Power Demand Meter: Time-of-Use (TOU), 16
Summary (totalization) and TOU energy and demand registers for
substation energy management; accumulation of energy pulses from
external watt-meters; block and sliding demands; up to 64 energy sources.

Harmonic Analyzer: up to 63rd harmonic volts and amps; directional power
harmonics and power factor; phasor, symmetrical components.

Fault recorder with up to 40 x In fault capture
Distance to Fault i fault location, using PASE

32 digital counters for counting pulses from external sources and internal
events.

16 programmable timers from 1/2 cycle to 24 hours for periodic recording
and triggering operations on a time basis.

1-ms satellite-synchronized clock (IRIG-B time-code inputl).
Backup power supply unit.
3 slots for "hot-swap" plug-in I/O/COM modules.

2-Mbyte non-volatile memory with battery backup; 256-Mbyte FLASH
Memory for long-term waveform and data recording.

! PM180 N3 Version is equipped with IRIG-B synchronization port as standard

PM180 Substation
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AC/DC Inputs

The PM180 is provided with a set of fully isolated AC/DC inputs for connecting to the AC feeders or

station battery:
1

Three isolated AC voltage inputs (up to 690VAC direct line-to-line input
voltage)

Four standard isolated AC current inputs with an extended input range up to
2000% overload (In = 5A input currents, to 100 Amps fault currents)

Four optional additional isolated AC current inputs with an extended input
range up to 4000% overload (In = 5A input currents, to 200 Amps fault
currents)

One AC/DC voltage input (up to 400VAC/300VDC) for monitoring the station
battery

Digital and Analog 1/0 module Options

The PM180 has three 1/0 expansion slots for hot-swap plug-in I/O modules. The following I/O

options are available:
1

16 DI x 31 up to three 16-channel digital input modules: 16 optically isolated
inputs per module; options for dry contacts, 10-30V, 20-250V wet inputs;
programmable de-bounce time from 1 ms to 1 sec; free linkage to
Sequence-of-Events recorder, Fault recorder, control setpoints, pulse
counters and Energy/TOU subsystem.

8 RO x 37 up to three 8-channel relay output modules: eight relays per
module; unlatched, latched and pulse operations, failsafe operation for
alarm notifications; programmable pulse width; direct remote relay control
through communications.

4 AIJAO x 2 T up to two combined 4-channel AIJ/AO modules: four optically
isolated analog inputs and four analog outputs per module with internal
power supply; options for 0-1mA, +1mA, 0-20mA, 4-20mA, 0-50mA and +
10V inputs and outputs; 200% overload currents for 0-1mA and £1mA AI/AO
(0-2 mA and +2 mA ranges are available).

Communications Options

The PM180 has extensive communications capabilities:

Standard communication ports

PM180 Substation Automation Unit 9
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1  Three independent universal serial communications ports (RS-232/485l and
RS-485, up to 115,200 bps, MODBUS RTU/ASCII, DNP3.0 and IEC 60870-
5-101 protocols)

1 Infrared port (MODBUS RTU/ASCII and DNP3.0 protocols)

1 Ethernet 10/100Base-T port (MODBUS/TCP, DNP3.0/TCP, IEC 60870-5-
104 and IEC 61850 protocols (up to five non-intrusive simultaneous
connections, Telnet service port)

T USB 1.1 port (MODBUS RTU protocol, 12 Mbps) for fast local
communications and data retrieving

Optional communication ports

The PM180 has three expansion slots for hot-swap plug-in communication modules. In addition,
each COM module is equipped with a serial RS-422/485 communication port. The following COM
module options are available:

1 Embedded 56K modem for communications through public telephone lines
(MODBUS RTU/ASCII and DNP3.0 protocols) - future

1 Embedded Cellular modem for communication through public cellular
network (MODBUS/TCP and DNP3.0/TCP)

1 10/100Base TX or 100Base FX (optical port) backup Ethernet port
(MODBUS/TCP, DNP3.0/TCP, IEC 60870-5-104 and IEC 61850 protocols,
up to five non-intrusive simultaneous connections, Telnet service port)

1 IEEE 802.11b/g backup wireless Ethernet port - WiFi (MODBUS/TCP,
DNP3.0/TCP and IEC 61850 protocols, up to five non-intrusive
simultaneous connections, Telnet service port) - future

1  PROFIBUS DP - future
1 IRIG-B for GPS time synchronization

Remote Displays

The PM180 can be ordered with a LED Remote Display Module (RDM180) or an LCD Remote
Graphical Module (RGM180). Both have a fast RS-485 port and communicate with the PM180 via
the MODBUS RTU protocol. Remote displays can be located at distances of up to 0.5 km from the
device. The RGM180 can be ordered with an Ethernet 10/100Base-T port to communicate with the
PM180 over a local network.

The RDM180 has two four-digit and one six-digit windows with bright red LEDs well suited for dark
areas. It allows the user to view real-time RMS and harmonics measurements, status indication
parameters, and perform basic setup operations when installing and servicing the device.

1 RS-485 only in PM180 N3 Version
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The RGM180 is equipped with a TFT color graphics LCD display with Touch Panel and has
extensive dialog capabilities, allowing the user to view different fault and power quality information
in a graphical form, such as waveforms, harmonic spectrum, phasors and data trends, review latest
fault and power quality reports for fast fault analysis, and much more.

Upgradeable Firmware

The PM180 uses flash memory for storing device firmware. This allows upgrading of your device
without replacing hardware components. New features can be easily added to your device by
simply replacing firmware through any communication port.

Device Models

Theexpert met e Sdfiesmbiies dvo models:

1.

Power quality models are available with either
an IEEE 1159 power quality option (standard),
or an EN 50160 (special order) or a
GOST13109 or GOST 32144-2013 compliance
statistics options.

Each model option above can be ordered with
Substation Automation System protocol IEC
61850

Firmware Versions

Use the following firmware references to check your device 6 s
T V31.X4XX - Basic fault + IEEE 1159 power quality

IEC 61000-4-15 flicker

options:

f  V31.X5.XX - Basic fault + EN 50160" power quality recorder
T  V31.X7.XX Basic Fault + GOST13109-97 + Flicker IEC 61000-4-15 +

Harmonics IEC 61000-4-7

recorder

+

T V31.X8.XX Basic Fault + GOST 32144-2013 + Flicker IEC 61000-4-15 +

Harmonics IEC 61000-4-7
1 V311X XX +IEC 61850 server option

1 From firmware version V31.X5.28 i EN 50160 is user selectable, whether EN 50160:2007 or EN
50160: 2010 based on IEC 61000-4-30:2015 3™ ed.
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Supplemental Documents

1 BG0521 PM180 Installation Manual

BG0527 PM180 MODBUS Reference Guide

BG0524 PM180 DNP3 Reference Guide

BG0523 PM180 IEC 61850 Reference Guide

BG0591 PM180 IEC60870-5 Reference Guide
BG0531 PM180 Bay Controller Unit i Application note
BGO0337 PAS Getting Started Guide

BB0165 PM180 Fault Locator - Application Note
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Chapter2  Device Description
Controls and Indicators

Device Controls

The PM180 is entirely controlled either from the remote display module (RDM or RGM), or by using
the supplemental PAS power analysis software package.

Indicator LEDs

The PM180 has three status indicator LEDs that show present device operation status and give
diagnostics indication; one energy pulsing LED that output kWh/kvarh pulses, located on the
attached Display; and COM port status LEDs that show present ports status and communications

activity.
LED Name IColor IStatus Description
CPU Green  [Flashing Device operational and is functioning normally.
1 sec On,
1 sec Off
Flashing Device is in the Service Mode and is not
2 flashes, operational.
1 sec Off
Flashing IA critical error has occurred - the device is not
3 flashes, operational. Device servicing is required. For more
1 sec Off information, see Diagnostics Mode below.
MAIN POWER |Green  [On Voltage is supplied to the main power supply unit.
BACKUP Green  On Voltage is delivered to the backup power supply
POWER unit.
kWh/kvarh Red Flash at user- [The device measures imported (consumed) active
programmed fand reactive energy. For information on defining the
rate LED pulse rate, see Advanced Device Setup in
Chapter 6.

Modes of Operation

The PM180 can run in the following modes:

Operational Mode

Operational Mode is the common operation mode. All device features are available.
When the device is in Operational Mode the CPU LED flashes for 1 second with a 1-second pause.

Energy Test Mode

Energy Test Mode tests the device energy measurement accuracy. All basic measurements are
available; energy accumulators are not affected; setpoints operation, fault and power quality
recorders are stopped. To put the device into the Energy Test Mode, see Device Options Menu in
Chapter 3, or Device Mode Control in Chapter 10.

Service M ode

Service Mode is used for local upgrading of PM180 firmware. When the device enters Service
Mode, the CPU LED briefly flashes 2 times with a 1-second pause.

In Service Mode, all device operations are stopped.

Diagnostics Mode

The device enters Diagnostics Mode when the internal diagnostics detects a critical error that
affects the normal device operation. All device operations are stopped until the critical error is
cleared. All communications ports are still available. See Device Diagnostic Codes in Appendix F
for the list of diagnostic events that cause a critical error. See Device Diagnostics for more
information on the PM180 built-in diagnostics.
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When the device is in Diagnostics Mode, the CPU LED briefly flashes 3 times with a 1-second
pause, and the RDM display shows a diagnostic message.

For more information on indication and clearing the device diagnostics, see Status Information
Display in Chapter 3, Viewing and Clearing Device Diagnostics in Chapter 3, and Viewing and
Clearing Device Diagnostics in Chapter 10.

Communicating with the PM180

Communication with the PM180 can be established independently and simultaneously through any
communications port using the support PAS program supplied with the device or user application
software. All communication ports are slave ports and have factory-preset parameters, such as
baud rate, data format, and communications protocol that can be easily changed whenever desired.

COM1 -COM3 Serial Communications ( standard )

The PM180 has three standard serial communication ports COM1 through COMS3 for
communicating with the master workstations, RTUs, PLCs or PASE @ PCs, and with an optional
remote display. All serial ports can operate in the RS-485 two-wire mode. The COM1 is an RS-
232/485" versatile port and can be directly connected to the RS-232 port of a PC or a controller.
The COM2 ports can also be used for RS-422 four-wire communication. Local programming and
upgrading the device firmware can be established by any communication port.

All ports are optically isolated and can operate at baud rates up to 115200 bps. Each port can be
set up for any communication protocol supported by the PM180 independently from other ports. All
ports are factory preset to 19200 bps, 8-bits/No-parity data format, and programmed for the
Modbus RTU protocol.

The COMS3 port has different connection terminals and is intended for communication with the
Remote Display Module (RDM) or Remote Graphical Module (RGM). If the remote display is not
used, the COM3 port can be used as a common RS-485 port.

See Configuring Serial Ports in Chapter 3 for information on how to set up serial ports in your
device. For wiring diagrams, refer to the PM180 Installation Manual.

W Note

The COMS3 port DB15 pins 1 and 8 deliver 12VDC for powering the remote display
module. Connecting the RS-485 wires to these terminals can cause permanent
damage to your RS-485 port.

COM4 Infrared Port ( optional )

The PM180 has an optical infrared (IR) port for local retrieving data via a hand-held unit or a
portable PC. The IR port can be equipped with an IEC- or ANSII-compatible optical head.

The IR port is identified in the PM180 as the COM4 port. It is factory preset to 19200 bps, 8-bits/No-
parity data format, and programmed for the MODBUS RTU protocol.

11n PM180 N3 Version RS-485 is only available on COM1
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The IR port is only available on the RGM180 attached to the IED.

COM5 Port ( optional )

The following plug-in modules are identified as COMS5 port:

1 Embedded 56K modem for communications through public telephone lines
(MODBUS RTU/ASCII and DNP3.0 protocols). - future

1 Embedded Cellular modem for communication through public cellular
network (MODBUS/TCP and DNP3.0/TCP)

1 PROFIBUS DP - future

USB Port  (standard)

A USB node port is intended for local communications with the support PAS software. It is directly
connected to your PCbs USB port using the supplied
not require any settings. Just connect your PC to the PM180 USB port and install the supplied USB

driver (see Installing the USB Driver in Chapter 6). The USB communications is ten times faster

than the serial communications can provide at a maximum baud rate.

Ethernet Port  (standard)

A 10/100Base-T Ethernet port provides a direct connection of the PM180 to a local area network
through the TCP/IP protocols. The device has three onboard TCP servers configured for the
Modbus/TCP (at TCP port 502), DNP3.0/TCP (at TCP port 20000) and IEC 60870-5-104 (at TCP
port 2404) communications. The TCP servers can support up to 5 simultaneous connections with
MODBUS/TCP, DNP3.0/TCP and IEC 60870-5-104 client applications.

Connection through the Ethernet port does not require device identification. The PM180 responds
to any device address and returns the received address in the response message.

W Note

To provide simultaneous file services for all ports, the PM180 keeps independent file
pointers for each communications port. For a TCP port, the PM180 holds separate file
pointers for each active TCP socket. The TCP server automatically closes a
connection if a socket is idle for more than 5 minutes. There is no guarantee that a
new connection is established at the same socket, so do not make any assumptions
regarding the current file status when starting a new connection from your
application. Always initialize a file pointer to a record from where you expect to begin

reading a file. For mor e i nf oRMIBD tMODBUS s e e iF

Communications Guide.

Ethernet Port (optional)

A second Ethernet port for LAN backup is available in plug-in module. As default the standard
Ethernet port is active, if this link is down the second optional Ethernet port will switch on
automatically to provide LAN access through it. The second Ethernet port can be either wired LAN
10/100Base T, either optical 100Base FX either wireless IEEE 802.11 b/g.

It provides a direct connection of the PM180 to a local area network through the TCP/IP protocols.
The device has two onboard TCP servers configured for the MODBUS/TCP (at TCP port 502) and
DNP3.0/TCP (at TCP port 2000) communications. The TCP servers can support up to 5
simultaneous connections with MODBUS/TCP and DNP3.0/TCP client applications.

Connection through the Ethernet port does not require device identification. The PM180 responds
to any device address and returns the received address in the response message.

CELLULAR Port (optional)

A 2G/3G Cellular modem port provides a direct connection of the PM180 to a public area cellular
network through the TCP/IP protocols. The device has two onboard TCP servers configured for the
Modbus/TCP (at TCP port 502) and DNP3.0/TCP (at TCP port 20000) communications. The TCP
servers can support up to 5 simultaneous connections with MODBUS/TCP and DNP3.0/TCP client
applications.

Connection through the CELLULAR port does not require device identification. The PM180
responds to any device address and returns the received address in the response message.
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Using the RDM and RGM

The Remote Display Module (RDM) or Remote Graphical Module (RGM) is connected to the
deviceobs COM3 p 0 #85 two-wiie ncgnnedtibne TheR SOM3 port connector has
additional isolated 12VDC output terminals to power the RDM directly from the PM180. For
information on using the RDM, see Chapter 3 flsing the RDMO0 .

The remote display modules communicate with the PM180 using the MODBUS RTU protocol. Both
the COMS3 port and the RDM/RGM RS-485 port are preset at the factory to 19200 bps, 8-bits/No-
parity, address 1, and run the MODBUS RTU protocol. The baud rate can be increased up to
115200 bps (depending on the communications quality) through the RDM or service Terminal
program.

Using PAS

PAS is the support software supplied with the PM180 that gives the user basic tool for programming
the device, performing remote control operations, monitoring real-time measurements, retrieving
and analyzing historical data files, reviewing fault and power quality reports, and more.

PAS can communicate with the devices through any PM180 port using the MODBUS RTU,
MODBUS ASCII and DNP3.0 protocols.

For information on installing and using PAS, see Chapter 5 fiJsing PASO .

Device Inputs
AC Inputs

The AC voltage and current input terminals are connected to the internal device circuits through
input transformers that isolate the device from external wiring.

Voltage Inputs

The device has three transformer-isolated and one high-impedance voltage inputs (direct
690V RMS phase-to-phase voltage, x120% overload). Voltage channels are designated as V1
through V4.

The secondary voltage rating and primary to secondary voltage ratio (PT ratio) of the external
potential transformers must be specified in your device to provide correct voltage measurements.
For more information on specifying voltage input ratings in your device, see Basic Device Setup in
Chapter 6.

The secondary rating of the voltage inputs is used as a reference for calculating thresholds for the
power quality and fault triggers.

The device can also be provided with 4 additional voltage inputs, using TRM module, to measure
fast transient high voltage phase/neutral-to-ground.

Current Inputs

The device is provided with current input transformers with either 5A or 1A rated current.

All models are shipped with four extended range 100A current transformers (5A rated current) as a
standard.

To expand the dynamic range of the current inputs, current measurements are performed in two
measurement ranges regardless of the device model: one is the standard current range up to
20A/10A for precise power, energy and harmonics measurements, and the second is the extended
current range up to 100A, used for measuring and recording fault currents.

The device can also be provided with 4 additional current inputs, using DFR module, to measure
independent fault current up to 40 x In (200A @ In=5A)

For more information on specifying input ratings in your device, see Basic Device Setup in Chapter
6.

Sampling
8 AC channels (4 voltages and 4 currents) are continuously and simultaneously sampled at a rate

of 256 samples per cycle (12.8 kHz at 50Hz or 15.36 kHz at 60Hz).

4 additional AC voltage channels are continuously and simultaneously sampled at a rate of 512 or
1024 samples per cycle.
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The sampling rate is precisely synchronized with the power frequency. The reference frequency
signal is taken from one of the phase voltage inputs V1-V3, band-pass filtered, and then sampled at
12.5 MHz providing a 0.0004% cycle measurement error.

Waveform Tracing

The sampled waveforms are stored to the circular trace buffer whose depth is sufficient to provide
up to 20 pre-fault cycles for the waveform recorder. The waveform recorder is synchronized with
the sampling circuitry and can store unlimited number of post-event cycles. The length of the
captured waveforms is only restricted by the size of the allocated logging memory.

VDC Input

One high-impedance DC voltage input (300VDC range) V4, is normally intended for monitoring the
substation battery. It is sampled at a rate of 2 samples per cycle (each 8 or 10 ms) and
synchronized to the AC sampling circuitry.

The waveform recorder can provide recording of VDC data simultaneously with the AC input
channels that allows testing the behavior of the substation battery under load at the time of a fault.
The VDC drop can also trigger a setpoints to provide an external alarm indication through a relay
output or communications.

Digital Inputs

The PM180 can monitor up to 3 removable 16-channel digital input modules with a total of 48
inputs. The modules may be ordered with input options for dry contacts, or 24V, 125V and 250V
wet inputs.

All digital inputs are sampled at a rate of 16 samples per cycle and synchronized to the AC
sampling circuitry. This gives time stamping of the input transitions with a 1-ms resolution at 60 Hz,
or 1.25-ms at 50 Hz.

Digital inputs have a programmable debounce time from one to 100 milliseconds in groups of eight
inputs. Each input can be independently linked to any device counter, Energy/TOU system register,
setpoints, Fault recorder, and Sequence-of-Events recorder.

The device waveform recorder provides synchronous recording of the 48 digital input channels
together with the AC waveforms making it easy to correlate the operation of the station protection
relays at the time of a fault.

Analog Inputs

The PM180 monitors up to 12 analog input (Al) channels, which may be used for measuring DC
and low frequency currents and volts.

The following plug-in Al modules may be ordered with the device:
1 4-channel optically isolated 4AlI/AO modules with optional ranges of 0-1 mA,
+1 mA, 0-20 mA, or 4-20 mA, 0-50 mA or #10V. The 0-1 mA and 1 mA
analog inputs can measure 200% overload currents up to 2 mA and £2 mA.

The PM180 may be equipped with three 4AI/AO modules.

The scan time for regular analog inputs is 2 cycles (32 ms at @ 60Hz and 40 ms @ 50Hz). Al
readings and triggers are updated each 1/2-cycle.

Each analog input can be independently scaled to provide true readings in the user-defined
engineering units (see Programming Analog Inputs in Chapter 6).

NOTES:

1. If you use both 4AI/AO and 8Al modules in the same device, put the 4AI/AO
module in slots with lower numbers, i.e., into the left side slots.

2. If you use regular 4AI/AO modules and fast 8Al
modules, the regular inputs are scanned at a
usual rate.

Device Outputs
Analog Outputs

The PM180 supports up to three removable 4Al/4AAO modules with a total of 12 analog output
channels that can output DC currents proportional to the measured analog quantities. All outputs
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are optically isolated and have an internal power supply. The Al modules may be ordered with
0-1mA, £1mA, 0-20mA, or 4-20mA output current. The 0-1ImA and £1mA analog outputs provide
200% overload currents up to 2 mA and £2mA.

Update time for analog outputs is 2-cycles (32 ms at @ 60Hz and 40 ms @ 50Hz).

Each analog output can be independently scaled to provide the desired engineering scale and
resolution (see Programming Analog Outputs in Chapter 6).

Relay Outputs

The PM180 provides up to 24 digital outputs through three plug-in 8-channel relay output modules.
Each module has eight electro-mechanical relays 2-contact SPST Form A.

The following table shows timing characteristics of the relays and their expected lifetime.

Characteristic Form A Relays
Operate time 10 ms

Release time 5 ms

Bounce time 1 ms

Mechanical endurance 10,000,000 operations
Electrical endurance (8A/250V) 50,000 operations

Each relay is independently programmable and operates in latched, unlatched, pulse or KYZ mode.

Relay operations can be inverted so that the relay is energized in its non-active state and de-
energized when it is operated. This mode, known as @
to send alarms when the device is not operational either due to a fault or due to loss of power.

Latched and Unlatched Operation

Latched and unlatched mode of operation concerns local relay commands issued from the control
setpoints.

In unlatched mode, a local setpoints command sent to the relay is automatically cleared; the relay is
released when all setpoints linked to the relay return to non-operated state.

In latched mode, the operated relay is not released automatically when the conditions that caused
the relay to operate are no longer present. To release a latched relay, an explicit release command
must be sent either from a separate setpoint, or through communications. If the relay is locked in
the operated state by a remote command, the local release command only clears the internal latch
and the relay stays in operated state until the remote command is removed.

Pulse and KYZ Operation

Pulse mode causes a relay to produce a pulse with a predefined duration in response to a local or
remote relay command. After a pulse is expired, the command is automatically cleared and the
relay is held up in released state for at least pulse width time before the next command is accepted.

The programmable pulse width is selected from 10 ms to 1 sec. The device scans all relays in 1/2-
cycle time intervals. This means that the actual pulse width is a multiple of the 1/2-cycle time
rounded to the nearest larger value. The programmable pulse width does not include the relay
operate and release times.

In KYZ mode, every operate command changes the present state of a relay to the opposite state
producing a transition pulse, and the relay is held up in this state for at least pulse width time before
the next command is accepted. KYZ mode is commonly used with Form C relays to signal pulses
by alternation of the two contact pairs.

Pulse and KYZ relays can be directly linked to the internal pulse sources to output energy or time
interval pulses.

Remote Commands

A remote operate command forces a latched or unlatched relay to move to its active state. The
relay is held in active state until the command is removed by a remote release command. The
remote release command also removes the local commands that hold a latched relay in active
state.

A remote operate command sent to a pulse or KYZ relay forces the relay to produce a pulse or
changes its state. A remote release command sent to a pulse or KYZ relay has no effect since the
operate command is cleared automatically for these relays.
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Retentive Relays

Latched relays can be set to operate in retentive mode. Retentive mode affects the behavior of the
relay after loss of power.

After restoring power, all non-retentive relays are in inactive state until local conditions are
reevaluated. All active remote commands for non-retentive relays are cleared.

Retentive relays retain their status after restoring power, and all active remote commands that were
issued before loss of power are still effective.

Critical Faults

When a critical error is detected by the device diagnostics, all relays are released regardless of
their operation mode, and all remote relay commands are removed.

Metering

RMS Measurements

All RMS quantities are based on 1/2-cycle true RMS measurements performed over 64 samples of
the acquired waveforms. The 1/2-cycle quantities are values (normally, RMS volts, RMS currents
and unbalances) measured over one cycle and updated each half cycle (IEC 61000-4-30). This
allows fast response to power quality and fault events.

RMS Trace

The PM180 handles a circular RMS trace buffer that stores the last forty 1/2-cycle RMS, unbalance,
zero-sequence, VDC and frequency readings. This allows the data recorder to provide 1/2-cycle
trending of up to 20 pre-fault cycles when it is triggered from the Power Quality or Fault recorder.

The following table lists parameters that are available for pre-fault tracing.

Parameter Label
Phase-to-neutral volts V1, V2, V3
Phase-to-phase volts V12, V23, V31
IAuxiliary volts V4

Standard range currents 11,12, 13, 14
Standard range neutral current In

Extended range currents 11x, 12X, 13X, 14x
Extended range neutral current Inx

\Voltage zero sequence V ZERO-SEQ
Standard range current zero sequence | ZERO-SEQ
Extended range current zero sequence IXx ZERO-SEQ
\Voltage unbalance vV UNB%
Standard range current unbalance | UNB%
Extended range current unbalance Ix UNB%

DC voltage vVDC

Power frequency Frequency

Data logs #13 (fault data trend) and Data logs #14 (PQ data trend) are internally linked to the RMS
trace buffer. The number of pre-fault cycles for data trending is defined when configuring the Power
Quality and Fault recorders. See Configuring the Power Quality Recorder and Configuring the Fault
Recorder in Chapter 7.

Harmonic Measurements

The PM180 provides harmonic measurements on four voltage channels V1-V4 and four standard
range (20A/10A) current channels 11-14. To avoid erroneous harmonic readings when the high fault
currents saturate current channels, the harmonics registers are not updated at the time of the fault.
The FFT analysis is performed over a 10-cycle waveform for 50Hz and 12-cycle waveform for 60Hz
system, sampled at a rate of 256 samples per cycle. This gives spectrum components up to the
63" harmonic.

The following table lists harmonic quantities provided by the device.

Parameter Label

[Total Harmonics

\Voltage THD 1 THD - V4 THD
Current THD I1 THD - 14 THD
Current TDD I1 TDD - 14 TDD
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Parameter Label

Current K-factor I1 KF - 14 KF
\Voltage Crest-factor V1 CF - V4 CF
Current Crest-factor I1 CF - 14 CF

[Total Interharmonics

\Voltage THD

V1 THD/I - V4 THD/I

Current THD

11 THD/I - 14 THD/I

Individual Harmonics

V1 Odd/even-harmonic distortion

1 %HD1 - V1 %HD63

V2 Odd/even-harmonic distortion

V2 %HD1 - V2 %HD63

V3 Odd/even-harmonic distortion

3 %HD1 - V3 %HD63

V4 Odd/even-harmonic distortion

V4 %HDL1 - V4 %HD63

I1 Odd/even-harmonic distortion

11 %HD1 - 11 %HD63

12 Odd/even-harmonic distortion

12 %HD1 - 12 %HD63

I3 Odd/even-harmonic distortion

13 %HD1 - 13 %HD63

14 Odd/even-harmonic distortion

14 %HD1 - 14 %HD63

V1 Odd-harmonic voltage

V1 HO1 - V1 H63

V2 Odd-harmonic voltage

V2 HO1 - V2 H63

V3 Odd-harmonic voltage

V3 HO1 - V3 H63

V4 Odd-harmonic voltage 4 HO1 - V4 H63
I1 Odd-harmonic current I1 HO1 - 11 H63
12 Odd-harmonic current 12 HO1 - 12 H63
I3 Odd-harmonic current I3 HO1 - 13 H63
14 Odd-harmonic current 14 HO1 - 14 H63

[Three-phase total odd-harmonic kW

kW HO1 - kW H63

[Three-phase total odd-harmonic kvar

kvar HO1 - kvar H63

[Three-phase total odd-harmonic PF

PF HO1 - PF H63

Symmetrical Components

Positive-sequence voltage PSEQ
Negative-sequence voltage V NSEQ
Zero-sequence voltage ZSEQ

Negative-sequence voltage unbalance

NSEQ UNB%

Zero-sequence voltage unbalance

V ZSEQ UNB%

Positive-sequence current | PSEQ
Negative-sequence current | NSEQ
Zero-sequence current | ZSEQ

Negative-sequence current unbalance

| NSEQ UNB%

Zero-sequence current unbalance

| ZSEQ UNB%

Fundamental Phasors

\Voltage magnitude

V1 Mag - V4 Mag

Current magnitude 11 Mag - 14 Mag
Voltage angle V1 Ang - V4 Ang
Current angle 11 Ang - 14 Ang

The device provides individual voltage and current harmonic measurements both in percent of the
fundamental component, and in corresponding engineering units. Quantities in engineering units
are calculated only for odd harmonics.

Angles for phasor vectors are given relative to the V1 phase voltage.

Aggregation Intervals

The device provides electrical measurements using a number of fixed aggregation time intervals
from 1/2 cycle to 2 hours. The demand measurements use programmable aggregation intervals of
up to 2.5 hours. The following table shows aggregation intervals available for different electrical

quantities.

Parameter

1/2 cycle 1 cycle

R0O0 ms

1 sec

10 min

2 hours

RMS volts and currents X X

X

X

Powers

X

Zero-sequence

Unbalance

DC Voltage

XX [X[X

Frequency

[Total

Harmonics/Interharmonics

X | X[X|X[X

X[ XX [X[X

X | X[X|X[X

X[ XX XX

Individual Harmonics

X

K-factor

X

X

X

Crest facto

r
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Parameter 1/2 cycle 1 cycle P00 ms 1sec [3sec 10 min 2 hours
Symmetrical components x
Phasors X

The 200 ms RMS and unbalance quantities are integrated over a 10-cycle time for 50 Hz and 12-
cycle time for 60 Hz power system. The data for the 3 sec time interval is aggregated from fifteen
200 ms time intervals. All RMS quantities aggregated from lower time intervals represent true RMS
readings over the entire aggregation interval.

Demands

Demand measurements are provided for volts, amps, total harmonics and powers. Two different
demand measurement techniques are used: block interval demand and sliding window demand.

Block Interval Demand

The block interval demand is calculated by aggregation of measurements over contiguous and non-
overlapping fixed time intervals. Volts, amps and total harmonic demands are produced by
averaging 1 sec RMS aggregates. Power demands are evaluated using integration of energies and
averaging power over the demand time interval.

For volt, ampere and total harmonic demands, the demand period time is programmed from 1
second to 2.5 hours (see Advanced Device Setup in Chapter 6). For power demands, the demand
period can be selected from 1 min to one hour.

Sliding Window Demand

The sliding window (rolling) demand technique is applied to power demands. The sliding window
demand is calculated by averaging block interval demands over a number of adjacent demand
intervals, which produce a sliding window. The number of time intervals for a sliding window can be
selected from 1 to 15. When the present block demand interval expires, the sliding window moves
one step forward by replacing the oldest entry with the most recent calculated block interval
demand.

Accumulated and Predicted Demands

For power demands, the device provides an indication of two additional parameters: the
accumulated block interval demand and predicted sliding window demand. Both accumulated and
predicted demands can be effectively used for load shedding on the substation feeders.

The accumulated demand represents the relative energy accumulated from the beginning of the
present demand interval and expressed in power units. It grows from zero at the beginning and up
to the final block demand at the end of the demand interval. If the accumulated demand exceeds
the allowed demand at any point, the final block interval demand is more than the present
accumulated demand (or equal if the load is disconnected).

The predicted demand shows the expected sliding window demand value at the end of the present
demand interval, assuming that the load does not change. The predicted demand reflects load
changes immediately as they happen.

Power demands are calculated for all device energy accumulators, including the Summary and
TOU energy registers (see Energy Metering below).

The following table shows demand quantities provided by the device.

Parameter Block Sliding Accumulated Predicted
Demand Demand Demand Demand
\Volt demands X

IAmpere demands

Voltage THD demand

Current THD demand

Current TDD demand

kW demand (import and export)
kvar demand (import and export)
kVA demand

ISummary energy demand (16
configurable registers)

XX [X[X[X[X[X[X

XX [X[|X
XX XX

Maximum Demands

Every demand parameter is provided with the maximum demand register, which contains a time-
stamped peak demand value recorded since the last reset. Maximum power demand registers are
linked to the corresponding sliding demand source registers. If you wish to use block interval
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demands instead of sliding window demands as a source, set the number of the block intervals in
the sliding window to 1.

For the TOU demand registers, the device allows automatic recording (profiling) of the daily and
monthly maximum demands to the data log together with the TOU energy readings.

Energy Metering

The PM180 provides true four-quadrant energy measurements for kWh imported and exported,
kvarh imported and exported, and kVAh, with Class 0.2 ANSI C12-20:2002 or Class 0.2S IEC
62053-22:2003 accuracy. Net and total energy measurements for kWh and kvarh, and volt-hours
and ampere-hours calculations are provided.

The device provides nine-digit energy counters by default. You can set the counters to have fewer
digits by changing the default energy roll value in your device (see General Setup Device Option in
Chapter 6).

Energy Pulses

The PM180 outputs energy pulses through relay contacts with a user-selectable pulse rate (see
Producing Energy Pulses and Programming Relay Outputs in Chapter 6). The pulse type (complete
pulse or KYZ pulse), pulse width and polarity are freely programmable.

Energy Pulse LEDs

The PM180 has two pulse LEDs on the front that provide energy pulsing for imported kwWh and
kvarh.

The LED pulse rate (pulse constant) is user-selectable (see General Setup Device Option in
Chapter 6) and is programmed in secondary units. It does not depend on the ratings of the external
transformers. The LED pulse rate is set at the factory to 0.1 Wh/pulse corresponding to one
equivalent disk revolution.

The energy pulse LEDs are used for testing device accuracy by the external control equipment
through pulse readers. In order not to affect the energy accumulators, the device should be put into
the Energy Test Mode where the energy accumulators are disconnected from the power sources.
Energy Test Mode also prevents erroneous setpoint operation and recording faults and power
quality events when the test volts and currents are applied to the device. For information on
entering the Energy Test Mode, see Device Mode Control in Chapter 10 and Device Options Menu
in Chapter 3.

Summary Energy Registers

The PM180 provides 16 summary (totalization) energy registers and 16 parallel demand registers
that can be linked to any internal energy source, or to any external pulse source that delivers
energy pulses through the device digital inputs (see Chapter 8 Totalization Energy and TOU
Registers).

Each summary register can be configured to accumulate energies from multiple sources using
arithmetic addition and subtraction. A summary register is allowed to be linked to another summary
register to provide more comprehensive energy calculations.

Time -of -Use

The PM180 TOU system handle a 10-year calendar with up to 16 types of days and up to eight
tariff changes per day in each daily profile.

The device provides 16 TOU energy and 16 parallel maximum demand registers that receive data

from the corresponding summary registers. Each TOU energy and TOU maximum demand register

stores the accumulated energy and corresponding peak demands for up to 16 tariffs. See Chapter

8 flotalization Energy and TOU Registerso0 f or i nf ormati on on how to confi
and define the tariff scheme in your device.

The device allows automatic daily and monthly profiling of the TOU energy readings and TOU
maximum demands to the data log files. Data log files #15 and #16 are dedicated to the TOU
system profile log and can be configured to automatically record TOU daily and monthly profiles
(see Configuring Data Log Files in Chapter 7).

Instrument Transformer Correction

Ratio and phase angle error correction can be applied to external CTs and PTs to achieve overall
metering installation accuracy, or be used in any metering installation to optimize the accuracy of
the metering data.
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The user can program up to both ratio correction and phase angle error curves covering the typical
transformer operating range.

The PM180 is able to calculate the transformer errors dynamically based on the transformer
performance characteristics and the actual CT current and PT voltage signals appearing at the
meter, to interpolate to the actual measured operating point and to apply the interpolated error
corrections to the meter calculations.

See Instrument Transformer Correction Setup on how to program the ratio correction factors and
phase angle errors for external CTs and PTs and enable correction in the meter. See Device
Options and Mode Control on how to enable and disable correction in the meter via the front

display.
NOTES
1. When transformer correction is enabled, it is applied to all instrumentation, billing
and power quality calculations and waveforms.
2. Transformer correction does not affect test LED pulse outputs.
3. Transformer correction is not operational in test
mode regardless of the optionés status.
Monitoring

Substation Battery

The substation battery is normally connected to the DC voltage input terminals to provide battery
voltage measurements. Refer to the PM180fil nst al | ati on Manual 0 for wiri

See VDC Input above for information on metering and monitoring DC voltage in your device.

Memory Backup Battery

The hardware circuit monitors the status of the memory backup battery. When the battery level
drops below the minimum allowed threshold, the red MEM.BAT.LOW LED on the front of the device
is lit up, indicating that the battery should be replaced.

Power Supply

The status of the two power supply units is indicated on the front of the device by two green LEDs:
MAIN POWER and BACKUP Aux. POWER. The LEDs are lit up when the supply voltage is present
on the device terminals.

Logical Controller

The embedded logical controller allows monitoring any measured quantity or external contacts to
provide indication, counting and recording events when the monitored value exceeds the
predefined threshold or when status transitions are detected on the device inputs. See Using
Control Setpoints in Chapter 6 for information on programming the logical controller.

The logical controller launches the Waveform recorder and Data recorder to record the input
waveforms and measured quantities at the time of the event. Control setpoints can also be linked to
the Event recorder and Sequence-of-Events recorder to record setpoint transition events into the
event log files.

For Bay Controller Unit application see BGOxxx PM180 Bay Control Unit - Application Note

Recording

Event Recorder

The Event recorder automatically records time-tagged self-supervision events related to
configuration changes, resets and device diagnostics. The logical controller can also be
programmed to trigger the Event recorder in order to put the events monitored through
programmable setpoints into the event report. See Configuring the Event Recorder in Chapter 7 for
more information on programming the Event recorder.
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Sequence -of -Events Recorder

The Sequence-of-Events recorder automatically records time-tagged fault events and
programmable digital inputs, relay outputs and setpoint transition events. See Configuring the
Sequence-of-Events Recorder in Chapter 7 for more information on programming the Sequence-of-
Events recorder.

Power Quality Recorder

Depending on the order, the PM180 may be supplied with either the IEEE 1159 Power Quality
recorder, or EN50160 Power Quality recorder, or GOST 32144-2013 Power quality recorder.

The recorder continuously monitors voltage inputs and records time-tagged disturbances and faults
into the power quality event log. The EN 50160" Power Quality recorder also provides the EN
50160 statistics counters for standard compliance reports, and long-term harmonics survey
statistics. All power quality triggers have programmable thresholds and can be adjusted for specific
applications.

The IEEE 1159 Power Quality recorder automatically classifies disturbance events by IEEE 1159

disturbance categories. The IEEE 1159 Power Quality reports can also combine traditional

IEEE 1159 voltage disturbance categories with fault current disturbances and protective relay fault
information for complete ficause and effecto fault an
The Power Quality recorder is programmed to trigger the Waveform recorder and Data recorder to

record input waveforms and long-duration RMS trends during the time of the disturbance. See

Configuring the IEEE 1159 Power Quality Recorder and Configuring the EN50160 Power Quality

Recorder in Chapter 7 for more information.

Fault R ecorder

The programmable Fault recorder records time-tagged fault events into the fault event report. It can

be triggered externally through any digital input or internally from the embedded fault detector. The

internal fault detector can automaticallydete ct di f ferent fault categ-ories us
cycle measurements. The fault triggers have programmable thresholds and hysteresis that can by

adjusted for specific substation conditions.

The Fault recorder can be programmed to trigger the Waveform recorder and Data recorder to

record input waveforms and long-duration RMS trends during the time of the fault. See Configuring
the Fault Recorder in Chapter 7 for more information.

Fast Transient Recorder

The fast transient recorder is provided with the TRM i transient add-on module. It can detect
impulsive and low frequency oscillatory transient overvoltages with peaks up to 2kV and durations
from 20 microseconds.

1 From firmware version V31.X5.28 i EN 50160 is user selectable, whether EN 50160:2007 or EN
50160: 2010 based on IEC 61000-4-30:2015 3™ ed.
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The recorder does not require any special setup above a conventional PQ recorder setup for
transient overvoltages. Waveform log #6 is especially dedicated for fast transient waveforms. It
automatically stores 2-cycle voltage waveforms sampled at a rate of 1024 samples/cycle or 4-cycle
voltage waveforms sampled at a rate of 512 samples/cycle whenever a transient overvoltage is
detected.

Unlike a basic transient recorder provided with the PM180 that detects and records transient
voltages between phase conductors and a neutral terminal (in 4LN3 and 3LN3 configurations), or
between two phase conductors (in line-to-line configurations), the fast transient recorder detects
transient voltages between phase conductors and a ground terminal and between the neutral and a
ground terminal regardless of a wiring configuration.

See the PM180 Installation Manual for the terminal location and wiring diagrams. To help you check
your voltage connections, the PM180 provides 2 or 4-cycle phase RMS voltages V1x through V3x,
and 2 or 4-cycle neutral voltage V4x relative to the ground terminal that you can monitor via PAS.

Phasor Measurement Unit - PMU

The PMU is implemented as an add-on card integrated in one assembly with the fast transient
recorder module. Both may be ordered in a single package or separately.

The PM180 firmware version must be at least V31.XX.28

Voltage and current signals are delivered from the common AC inputs via the PM180 backplane.
400 Hz cut-off anti-aliasing filters are applied on voltage and current inputs to reject undesirable
high-frequency sighal components.

Measuring Techniques

Synchrophasor Estimation

The PMU calculates and reports synchrophasor estimates as defined and described in IEEE
C37.118.1 Clause 4.

The estimates include three-phase voltage and current synchrophasors calculated from the input
signal waveforms synchronized to an absolute time reference, followed by complex multiplication
with the nominal frequency carrier, i.e., multiplication of the input by the quadrature oscillator (sine
and cosine).

All measurements are made on a common time base and related to the system nominal frequency,
so the phase angle measurements are directly comparable. Differences in the actual frequency are
included in the phase angle estimation. A precise time reference clock is used to provide the UTC
time to determine the phase angle.

The filtering associated with the computation of the synchrophasors rejects the undesirable signal
components appearing at the PMU inputs by the filter attenuation. The phasor estimation algorithm
uses fixed length two-cycle triangular weighted FIR filter that is not changed for different PMU
reporting rates. In order to simplify time stamp generation and phase compensation, the algorithm
uses an odd number of samples (filter taps). This allows conversions and filtering to use a sample
time stamp at the center of the window without adjustment.

The phasor calculations use fixed frequency sampling at a rate of 25 samples/cycle, which
corresponds to 25 x 50 = 1250 samples/s for a 50 Hz system or 25 x 60 = 1500 samples/s for a 60
Hz system.

The complex synchrophasor estimate X(i) at the i-th sample time is calculated as follows:

\/E N/2

N s Bmo g 3 X3 (i 4
Xgeli) Gain kz_al.\l/>;(|+k) cos@pfy 3 D2 (i +K))
N
= - . +
Xim (1) Gain kf:’l\”é(uk) sin(2of, 3 D3 (i +k))
N/2
Gain= gq Wy,
k=-N/2
Where:

XRe(i) - a real component of the synchrophasor estimate at the i-th sample time

X,m (I) - an imaginary component of the synchrophasor estimate at the i-th sample time
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fo - the nominal power system frequency (50 Hz or 60 Hz)
Dt = 1/sampling frequency
N = 48 - the FIR filter order

X(i) - waveform sample attime t = i 3 Dt , where the time t=0 coincides with 1 s rollover

\N(k) - low pass FIR filter coefficients

The FIR filter coefficients W(k) are defined as follows:
2
W(kK)=@1- —— |k
(k) =@ " kD

Where:

k =-N/2 to N/2

N - filter order, N = (25 - 1) x 2 = 48 at a 25 samples/cycle sampling frequency.

The synchrophasor estimate at the i-th sample time in polar from is calculated as follows:

X(i) = X 2e(i) + X2, 1)
Q(i) = arccosK re(i)/ X (1))

Where:
X(i) is the magnitude of the i-th phasor estimate

Q(i) is the angle of the i-th phasor estimate

Under this definition, 13 Dt is the offset, i.e., the instantaneous phase angle, relative to a cosine
function at the nominal system frequency synchronized to UTC. A cosine has a maximum at t = 0,

so the synchrophasor angle is 0 degrees when the maximum of X(i) occurs at the UTC second

rollover, and 7 90 degrees when the positive zero crossing occurs at the UTC second rollover.

As long as the sample times are compensated for input delays, the time stamp at the center of the
window produces an estimate whose phase follows the actual power system frequency and does
not need further phase or delay correction. It does require magnitude correction for off-nominal
frequency that is applied to the final phasor based on the frequency estimate. The magnitude is
compensated by dividing by a sine at the actual signal frequency with an additional factor of 1.625
to increase compensation, as defined in IEEE C37.118.1 Clause C5.1:

%) = X () (sin(o( f, +1.6250F (1)) / 2f,))

Wh e r eF(i) = dayation of frequency from nominal computed at point i.

Frequency and ROCOF Estimation

The frequency is computed as the first derivative of the synchrophasor phase angle, and ROCOF is
computed as the second derivative of the same phase angle.

The frequency and ROCOF estimates are based on positive sequence synchrophasors calculated
using the symmetrical components transformation. Since phase angle changes relative to the
difference between the actual frequency and the nominal frequency, this approach yields the offset
from nominal.

The frequency and ROCOF estimation at the i-th phase estimate are calculated upon the equations
given in IEEE C37.118.1a Clause C4:

LF(i) =[Q( +]) - QG - D]/[4p° O]
DF (i) =[O +1) +Q(i - 1) - 2Q()]/[20° 2%

Where: Q(I ) is the angle of the i-th positive sequence estimate X(I) , and Q(I +1) and Q(I -
1) are the angles of the phasor estimates following and preceding the i-th phasor estimate.

Measurement Time Synchronization

The PMU should be provided with a reliable and accurate GPS time source, that can provide time
traceable to UTC so all measurements are synchronized to UTC time with accuracy sufficient to
meet the requirements of IEEE C37.118.1.
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For each measurement, the PMU assigns a time tag that includes the time and time quality at the
time of measurement. The time tag can resolve time of measurementatl-e s accur acy.

The time status includes time quality that clearly indicates traceability to UTC, time accuracy, and
leap second status. Time and time quality for reporting and recording are derived from the PMU
time tag and converted to the format and content as required.

Reporting Rates

The PMU supports data reporting at sub-multiples of the nominal system frequency. The actual
reporting rate is user selectable.

The available rates are listed in the following table.

System frequency 50 Hz 60 Hz

Reporting rates (frames/s) |1 |2 |5 |10|25|50 1 |2 |3 |4 |5 |6 |10|12|15|20|30|60

PMU Communications

|IEC 61850 Communications

PMU Data Model

Synchrophasor data transfer in the context of IEC 61850 uses IEEE C37.118 to IEC 61850
mapping mechanism defined in IEC 61850-90-5.

PMU is modeled as a dedicated logical device within the PM180 IED. The detailed PMU data model
is shown as a part of the ICD definition file in Annex A.

The PMU logical device is responsible for the publishing of the synchrophasor measurements as
defined in IEEE C37.118.2. It includes:

a) MMXU measurement logical node that represents voltage and current synchrophasor data,
frequency and ROCOF measurements; the new data object of HzRte was added to the MMXU
logical node to accommodate the ROCOF data.

b) LTIM time management logical node that gives indication of the local time configuration and
status, like offset of local time from UTC and the flag indicating if daylight saving time is in effect.

c) LTMS time master supervision logical node that is used for supervision of the time
synchronization function; it indicates the current time source and time synchronization status
according to IEC 61850-9-2.

d) Multicast sampled values publisher that is responsible for publishing of the synchrophasor data
stream over Ethernet at configured reporting rates.

Figure 2-1 shows representation of synchrophasor measurements via the MMXU logical node
objects and attributes.
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< Logical Device

— o Logical Node Instance(MMXU)

MMXUA
y—=° Composite Common Data Class (WYE)
—+ Phv

Simple Common Data Class (CMV)
vaw © Data Attribute (Common Type: Vector)
cval
t mag <7 Data Attribute Components
[y §

phsA

(Basic Type: FLOAT32)
ang

[
B Data Attribute (Common Type: Quality)

phsB ¥ —o Data Attribute (Common Type: TimeStamp)

+-phsC
- f(s— o Simple Common Data Class (MV)
[E—Hz
|- mag
—f
a
-t
+]- HzRte = ——¢ Simple Common Data Class (MV)
Health <0 Simplk Common Data Class (INS)
B S“E'i";n-—o Data Attribute Components
| q (Basic Type: INT32)
Lt

& Logical Node Instance(l PHD)

= LPHD1 | #
PhyHealth —o Simple Common Data Class (INS)

Figure 2-1 MMXU logical node data model

Encoding Phasor Data in Multicast SV APDU

IEEE C37.118.2 synchrophasor data stream is mapped to IEC 61850-9-2 sampled values APDU
(application protocol data units). The sampled values dataset is user configurable.

Encoding of the sampled values APDU frame is shown in Figure 2-2.

The APDU contains a single ASDU (application service data unit), which is encoded using ISO/IEC
8825-1 ASN.1 basic encoding rules (BER) with context-specific field tag octets listed in IEC 61850-
9-2, Table 14.

Unlike other PDU attributes, a sequence of sampled phasor data is encoded as a compact block
without ASN.1 tag triplets. The dataset members are encoded in their basic forms using fixed-
length basic data type encoding rules listed in IEC 61850-9-2 Table 15. An example of PMU
dataset encoding is shown at right in Figure 2-2.
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Figure 2-2 Encoding of the SV APDU frame and synchrophasor data (at right)

The following picture shows a captured multicast sampled values frame transmitting
synchrophasor data stream over a local Ethernet network.

File Edit Wiew Go Capture Analyze Statistics  Telephony Tools  Internals  Help
C0ANABNRE| Aes9TLI[EE QACH EDD | B

Filker: | eth,dst==01:0c:cd:04:01:FF v ‘ Expression... Clear Save

Frame 1589: 280 bytes aon wire (2240 bits), 280 bytes captured (2240 hits) on interface 0
Ethernet II, Src: Satec_00:77:FF (00:05:F0:00:77:FF), Dst: Iec-TcS7_04:001:FF (0l:0c:cd:04:01:FF)
= IECE1BS0 Sampled values

APPID: Ox4000

Length: 266

Reserved 1: 0x0000 (0D

Reserved 2: 0x0000 (0

= savPdu
noaspU: 1
= segaspU: 1 item
= AsDU
syID: C37.118-5tationName-IDCode
smpCnt: 5
confref: 1

refrTm: Jul 11, 2018 12:44:14. 500000000 UTC
smpSynch: Tocal (12
smpRate: 10

smpMod: samplespersecond (12
0000 01 0c cd 04 01 £f 00 05 fO 00 77 £f B8 bha 40 00 ..., .

@ @ Data {sv.seqhata), 164 bytes Packets: 67474 * Displayed: 63 {0.1%:) * Dropped: 0... | Profile: Default

Figure 2-3 Captured synchrophasor multicast sampled values frame
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Time Synchronization

Time synchronization can provide a common time basis for the fault recorders in a protection or
control system so that events and disturbances within the entire station can be compared to one

another.

The PM180 can receive time synchronization signal either from a GPS satellite clock that has an
IRIG-B time code output or from another device that can provide minute-aligned time
synchronization pulses through relay contacts connected to DI1-DI48 PM180 digital input, or from

the Ethernet network using SNTP protocol.

The PM180' IRIG-B Module port uses un-modulated (pulse-width coded) time code signal
(unbalanced 5V level), according to IRIG Standard 200-04, supporting IRIG-B000/B001 and i
B004/B005 code, the IRIG time code designation consists of a letter and three digits, the bold

codes are those which are supported, as shown below:

IRIG Time code Formats table

Format Pulse Rate (or bit rate) Index Count interval
IRIG-A 1000 PPS (pulses per second) [1ms
IRIG-B [L00 PPS 10ms
IRIG-D 1 PPM (pulses per minute) 1 minute
IRIG-E 10 PPS 100ms
IRIG-G 10000 PPS 0.1ms
IRIG-H 1 PPS 1 second
IRIG Signal Identification Numbers (3 digits)

1° Digit Modulation

0 Unmodulated, DC Level Shift (DCLS), pulse-width coded
1 Amplitude modulated, sine wave carrier
2 Manchester modulated

2" Digit Carrier Frequency/Resolution

0 No carrier (DCLS)

1 [L00 Hz/10ms resolution

2 [l kHz/1ms resolution

B [L0 kHz/100ns resolution

4 [L00 kHz/10rs resolution

B Digit Modulation

0 BCDrov, CF, SBS

L BCDrov, CF

2 BCDroyv,

3 BCDrov, SBS

4 BCDrtoy, BCDyear, CF, SBS

5 BCDtovy, BCDyear, CF

6 BCDroy, BCDyear

7 BCDTO\{, BCDYEAR, SBS

! In PM180 N3 Version, the IRIG-B synchronization port is also available from the CPU board.
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For more information on time synchronization in your device and IRIG-B operation, see Time
Synchronization Source in section Local Settings, Chapter 6.

Device Diagnostics

Device diagnostic messages may appear as a result of the PM180 built-in diagnostic tests
performed during start-up and device operation.

All diagnostic events are recorded in the device Event log and can be inspected via PAS (see
Viewing the Event Log in Chapter 13). The diagnostics status is also stored in a non-volatile
register, which is not affected by loss of power and may be read and cleared via PAS, from the
RDM, or from a user application. Refer to the PM180 communication guides for the diagnostic
register address and layout. See Device Diagnostic Codes in Appendix F for the list of diagnostic
codes and their meanings.

Device failures are divided into three categories:

1. Non-critical intermittent faults with auto-reset. They do not cause the device to
restart but may cause temporary degradation of device functionality, like IRIG-B
time code signal faults. These faults are cleared automatically as the condition
that caused the fault disappears.

2. Non-critical recoverable hardware or configuration faults with manual reset.
These faults normally cause the device to restart followed by repairing of the
configuration data. These faults must be cleared manually via PAS, from the
RDM, or from a user application.

3. A critical unrecoverable hardware or configuration failure. The reason may be an
unrecoverable sampling failure, or corruption of the time, the factory device
configuration or the calibration setup data. A critical error causes the device to
release all its outputs and to stop normal operation until the faults that caused
the critical error are cleared.

Hardware failures are normally non-critical recoverable faults that do not cause a system failure but
may cause data loss. Hardware failures are often caused by excessive electrical noise in the region
of the device.

A configuration reset may also be a result of the legal changes in the device configuration
whenever other configuration data is affected by the changes made.

In the event of a device fault, check the fault reason and clear the device diagnostics. If the reason
is a time fault, update the device clock. In the event of a configuration reset, determine the device
setup affected by the fault via the event log, and then verify the setup data.

See Viewing and Clearing Device Diagnostics in Chapter 10, Viewing and Clearing Device
Diagnostics in Chapter 3, and Status Information Display in Chapter 3 on how to inspect and clear
the device diagnostics status.

If the device continuously resets itself or an unrecoverable critical error occurs, contact your local
distributor.

Device Fault Alarm

The PM180 provides a global "DEVICE FAULT" event flag that is asserted all the time while one of
the non-critical diagnostics events exists. It can be checked from a setpoint (see Using Control
Setpoints in Chapter 6) to give a fault indication via a relay output. If the alarm relay is programmed
for failsafe mode using inverting polarity, then its normally closed contacts will be open if either the
device looses power or a non-critical device fault occurs. Note that in the event of a critical system
failure, all relay outputs are automatically released.

NOTE
The IRIG-B time faults may not be masked and may not be cleared externally. If the IRIG-B time

code signal is not provided, set the device time synchronization input to any unused digital input
(see Local Settings in Chapter 6) to avoid fault alarms caused by the IRIG-B port.
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Chapter3  Using the RDM

CCM2 CON1

Connecting the RDM

MM

VAT

Connect the RDM to the PM180 COM3 port using the supplied cable as shown in the PM180
Installation Manual. When the PM180 is powered, the RDM display lights up.

The COM3 and RDM communications settings must match one another. Both the COM3 port and
the RDM RS-485 port are factory preset to 19200 bps, 8-bits/no-parity, device address 1, Modbus
RTU protocol.

When the RDM fails to establish communications with the PM180, the RDM display indicates a
connection error as shown on the left picture. When this happens:

1. Check your connections

2. Check whether the PM180 is in the Service
Mode

3. Check whether communications settings in the
RDM match the settings made for the COM3
port of the PM180. For information on how to
get the serial port settings in your PM180, see
Configuring Serial Ports in Chapter 3 AiUsi ng

Hyper Termi nal 0. I f you want to revise

communications settings, press ENTER and
follow guidelines for the Display Setup menu
(see Configuring the RDM)

Data Display

The RDM has a simple interface that allows you to display numerous measurement parameters in
different display pages. The numeric LED display shows up to three parameters at a time. Small
round LEDs on the right and below the display indicate displayed parameters and their
measurement units.

The display is updated approximately once per second; you can adjust the update rate via the
Display Setup Menu (see Configuring the RDM).

Measurement Units

Depending on the connection scheme of the PM180, the RDM can be ordered for direct wiring or
wiring via PTs. Measurement units for voltage and power depend on the connection scheme of the
device:
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V]

A

V]

MIN.
MAX.
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ENTER

1 When direct wiring is used, voltages are displayed in volts with one decimal
place, and power in kilowatts with three decimal places.

1 When wiring via PT is used, the PT ratio up to and including 4.0, voltages
are displayed in volts, and power in whole kilowatts.

1 For the PT ratio above 4.0, voltages are displayed in kilovolts, and power in
megawatts with three decimal places.

Currents are displayed in amperes with two decimal places.
Primary and Secondary Volts

Volts are displayed in primary (default) or secondary units. Change the volts display mode through
the Display Setup Menu (see Configuring the RDM).

Auto Scroll

With Auto Scroll option enabled (see Configuring the RDM), the common measurements display
(main screen) scrolls automatically after 30 seconds of uninterrupted use.

To stop auto scrolling, press either arrow key.

Auto Return to the Main Screen

With Auto Return option enabled (see Configuring the RDM), the display automatically returns to
the main screen from any other measurement screen after 30 seconds of uninterrupted use.

Simple Reset of Accumulated Data

When changing data via the communications is not password protected, you can reset the Min/Max
registers, maximum demands and energies from the display mode without entering the reset menu.

Diagnostics Display

If a critical error occurs in the PM180, the RDM stops updating the display and shows a diagnostic
message ACritic Erroro. The di agnostic Batgse
Information Display below) indicates a critical error until the error is cleared. See Device Diagnostic
Codes in Appendix F for the list of diagnostic events that cause a critical error.

Clear the device diagnostics error via the RDM from the Status Information display (see Resetting
Device Diagnostics), or examine what event caused the critical error and clear the device
diagnostics through HyperTerminal (see Using HyperTerminal) or through PAS (see Viewing and
Clearing Device Diagnostics in Chapter 10).

Navigation Keys

The RDM navigation keys are used as follows:

MIN/MAX

MIN/MAX - Selects the Min/Max and Max. Demand Display
PQ

PQ - Selects the Power Quality - FLICKER or Total Harmonics Display
ENERGY

ENERGY - Selects the Energy Display

DOWN ARROW

DOWN ARROW - Scrolls forwards through the pages

UP ARROW

UP ARROW - Scrolls backwards through the pages

Pressing both the UP and DOWN arrow keys together returns to the first page within the current
display.

The common measurements display (main screen) does not have an indicator LED. If no LED is lit
up below the display, this means that the common measurement parameters are being displayed at
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this time. To return to the common measurements from another display, just press the same key
(the key pointed to by an illuminated LED) until the illuminated LED goes out.

Common Measurements Display

The RDM is displaying the common measurements parameters if none of the display LEDs are
illuminated. Press the key indicated by the illuminated LED to return to the common measurements
parameters.

The following table shows common measurements pages displayed. The bold font highlights the
abbreviated labels that appear in the windows to designate some parameters in addition to the

LEDs that show measurement units. Note that phase-to-neut r al volts page (with
displayed only in wiring connections with a neutral.
Page |Label Parameter Units LED
il V12 V1/V1-2 - kKV1/kV1-2
V23 V2/V2-3 - kV2/kV2-3
L V31 V3/V3-1 - kV3/kV3-1
R 1 1/V1-2 - kV1/kV1-2
V2 V2/\V2-3 - kV2/kV2-3
P V3 V3/V3-1 - kV3/kV3-1
] 11 AL
12 A2
I3 A3
4 Total kVA kKVA/MVA
[Total power factor PF
[Total kW KW/MW
b Neutral current A Neut.
Frequency Hz
ITotal kvar kvar/Mvar
6 C4
14
4 U. dC.
DC voltage
8 U. Unb.
oltage unbalance
9 IC. Unb.
ICurrent unbalance
10 Ph.L1
Power factor L1 PF
KW L1 KW/MW
11 kVA L1 kKVA/MVA
Ph.L1
kvar L1 kvar/Mvar
12 Ph.L2
Power factor L2 PF
kw L2 KW/MW
13 kVA L2 kKVA/MVA
Ph.L2
kvar L2 kvar/Mvar
14 Ph.L3
Power factor L3 PF
kw L3 KW/MW
15 kVA L3 kKVA/MVA
Ph.L3
kvar L3 kvar/Mvar
16 Fundamental V1/V12 V1/V1-2 - kV1/kV1-2
Fundamental V2/V23 V2/V2-3 - kV2/kV2-3
1H Fundamental V3/V31 3/V3-1 - kv3/kV3-1
7 Fundamental |1 AL
Fundamental 12 A2
1H Fundamental I3 A3
18 01H
Fundamental total power factor PF
Fundamental total KW KW/MW
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Phase Powers Readings

In addition to three-phase power, the RDM shows per-phase power readings in configurations with
a neutral. By default, they are disabled. See Configuring the RDM on how to enable per-phase
power readings in your RDM.

Fundamental Harmonic Readings

The RDM shows volts, currents, total power factor and active power for the fundamental harmonic if

they are enabled through the Display Setup Menu (see Configuring the RDM).

Min/Max and Max. Demand Display

Press the MIN/MAX key. The MIN/MAX LED is illuminated. Use the UP/DOWN arrow keys to scroll

through Min/Max and Max. Demand measurements.

The following table shows Min/Max display pages. Note that volts readings are phase-to-neutral in

4LN3 and 3LN3 wiring modes, and phase-to-phase in all other modes.

Page |Label Parameter Units LED
i Minimum V1/V12 1/V1-2 - kV1/kV1-2
Minimum V2/V23 V2/\V2-3 - kV2/kV2-3
Lo Minimum V3/V31 3/V3-1 - kv3/kVv3-1
R Minimum current 11 AL
Minimum current 12 A2
Lo Minimum current 13 A3
B Minimum total kVA kKVA/MVA
Minimum total power factor PF
Lo Minimum total kW KW/MW
4 Minimum neutral current A Neut.
Minimum frequency Hz
Lo Minimum total kvar kvar/Mvar
5 Maximum voltage V1/V12 1/V1-2 - kKV1/kV1-2
Maximum voltage V2/V23 V2/V2-3 - kV2/kV2-3
Hi Maximum voltage V3/V31 3/V3-1 - kV3/kV3-1
6 Maximum current 11 AL
Maximum current 12 A2
Hi Maximum current 13 A3
4 Maximum total kVA kKVA/MVA
Maximum total power factor PF
Hi Maximum total kW KW/MW
8 Maximum neutral current A Neut.
Maximum frequency Hz
Hi Maximum total kvar kvar/Mvar
9 Maximum volt demand V1/V12 1/V1-2 - kKV1/kV1-2
Maximum volt demand V2/V23 V2/\V2-3 - kV2/kV2-3
Hd Maximum volt demand V3/V31 3/V3-1 - kV3/kV3-1
10 Maximum ampere demand |1 Al
Maximum ampere demand 12 A2
Hd Maximum ampere demand 13 A3
11 Maximum sliding window kVA demand kVA/MVA
Power factor (import) at maximum kVA demand PF
Hd Maximum sliding window kW import demand KW/MW

Power Quality Display
Press the THD/TDD key. The THD or TDD LED illuminates. Use the UP/DOWN arrow keys to scroll

through harmonics measurements.

The following table lists the available display pages. Note that voltage harmonics readings are
phase-to-neutral in 4LN3 and 3LN3 wiring modes, and phase-to-phase in all other modes.

Page |Label Parameter Units LED
i ITHD V1/v12 V1/V1-2 - kV1/kV1-2
ITHD V2/V23 2/V2-3 - kV2/kV2-3
thd. ITHD V3/v31 V3/V3-1 - kV3/kV3-1
R THD 11 Al
ITHD 12 A2
thd. ITHD 13 A3
B TDD 11 Al
[TDD 12 A2
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Page |Label Parameter Units LED
tdd. TDD 13 A3
4 K-Factor 11 Al
K-Factor 12 A2
HF K-Factor 13 A3
51 Pst V1/V12 V1/V1-2 - kV1/kV1-2
Pst V2/V23 2/V2-3 - kV2/kV2-3
PSt Pst V3/V31 V3/V3-1 - kV3/kV3-1
61 Plt V1/V12 1/V1-2 - kV1/kV1-2
Plt V2/v23 2/V2-3 - kV2/kV2-3
PLt PIt V3/V31 V3/V3-1 - kV3/kV3-1
Energy Display

Press the ENERGY key. The MVAh, Mvarh, or MWh LED illuminates. Use the UP/DOWN arrow

keys to scroll through energy measurements.

The following table shows energy display pages.

Page |Label Parameter

Units LED

i Ac.En.

IP.

MWh import

MWh

2 E.En.

IP.

Mvarh import

Mvarh

B AP.EN.

MVAh

MVAh

4 Ac.En.

EP.

MWh export

MWh

9] rE.En.

EP.

Mvarh export

Mvarh

6 U-h

Volt-hours

7 A-h

Ampere-hours

Status Information Display

The RDM has separate status information pages accessible through the MAIN RDM menu.

information on
To enter the Status Information Display:

navigating i

MehbhbeOoORDM menus,

1. From the Data display, press SELECT to enter

the Main

Me nu .

The ASTAO window fl

2. Press ENTER to enter the Status Information
Display. Use the UP/DOWN arrow keys to scroll

through the status pages.

To exit the Status Information Display:

1. Press ESC to return to the Main Menu.

2. Press ESC to return to the Data display.

For
see

ashes.

The Status Information Display allows you to view Device Diagnostics, status of digital inputs and
relays, counters and a phase rotation order. It is especially useful when you connect the PM180

inputs and outputs to external equipment.

The table below lists the status information pages.

Page [Parameter Description

is diIAG When a critical err
Critic Er r or @gernseispkhyed (see
Error/nonE Diagnostics Mode

23 rEL.
1.2.3.4.5.6
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Page [Parameter Description
Relay #1-6 status 0 =relay is open, 1 =relay is closed
B ISt.In

1.2.3.4.5.6
Digital (status) Inputs #1-#6 0 = open, 1 = closed

4 St.In
7.8.9.A.b.C

Digital (status) Inputs #7-#12 0 = open, 1 = closed

b Cnt.1

ICounter #1
6 Cnt.2

ICounter #2
é

R0 Cnt.16

ICounter #16

Rl PHAS.

rot.

Phase rotation order (POS/NEG/ERR)

Resetting Counters

When changing data is not password protected, you can reset the counters from the Status
Information Menu display without entering the reset menu:

1. Select a display page where the counter you
want to reset is displayed.

2. While holding the SELECT key, press and hold
the ENTER key for about 5 seconds until the
displayed data is reset to zero.

Resetting Device Diagnostics

When the Device Diagnostics page shows a critical error, you can clear it from this page:
1. Select the Device Diagnostics page.
2. While holding the SELECT key, press and hold

the ENTER key for about 5 seconds until the
displayed data is reset to NONE.

Using the Menus

SELECT

—_—

ENERGY
ENTER

—

PQ
ESC

—

The RDM menus allow you to configure your RDM display and set up primary parameters in the
PM180, such as time, basic device configuration, serial ports settings, security settings (passwords
and protection status). Through the RDM menus, you can also easily reset main accumulated
values, such as device counters, energy registers, maximum demands, Min/Max log, and device
diagnostics.

Navigation Keys

In the RDM menus, the navigation keys are used as follows:

SELECT

SELECT - Selects an active window (selected window is flashing)

ENTER

ENTER - Enters menu/sub-menu or confirms changes made in the active window
ESC

ESC - Returns to a higher menu or aborts changes made in the active window
UP ARROW

UP ARROW - Scrolls options forwards or increments a number in the active window
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DOWN ARROW

DOWN ARROW - Scrolls options backwards or decrements a number in the active window

Selecting Menus

StA

VA

P

O
I
A

CHG

VWA

ESC

MM

VW]

To access the RDM menus, press the SELECT key. The MAIN menu is open as
shown at left. The MAIN menu entries are as follows:

1 StA - Status Information Display
(see Status Information Display
above)

1 OPS - Setup Options Menu (allows
reviewing setups without changing)

1 CHG - Setup Change Menu (allows
changing setups)

To enter the Status Information Display:

1. If the StA window is not a current active
window, use the SELECT key to activate it.

2. Press the SELECT key to enter the Status
Information Display

For viewing the RDM or the PM180 setup options:

1. Press the SELECT key to activate the OPS
window.

2. Press the SELECT key to enter the Setup
Options Menu.

To change the RDM or the PM180 setup, or to clear the accumulated values:

1. Press the SELECT key to activate the CHG
window.

2. Press the SELECT key to enter the Setup
Options Menu.

Entry to this menu can be password protected.

After entering either OPS or CHG menu, the list of setup menus is displayed in the
upper window as shown at left. Use the Up/Down keys to scroll through the menus.
Press ENTER to enter the selected menu.

Entering a Password

0000
0000

MM

VWY

The setup menus can be secured by a user-defined 8 digits password. The device is
shipped with password protection disabled. To enable password protection or to
change a password, see Access Control Menu.

If authorization is required, the Password menu appears as shown left.
To change the RDM or the PM180 setup, or to clear the accumulated values:

1. Set the first digit using the Up/Down arrow
keys.

2. Press SELECT to advance to the next digit.

3. Set the other password digits in the same
manner.

4. Press ENTER to confirm the password.

If the password entered is incorrect, you are returned to the previous menu.

Entering Numbers

— Pt

200.0

M

To change a number in the active (flashing) window, use the Up/Down arrow keys. If
you press and release the arrow key, the value is incremented or decremented by

VWY AT

ion
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one. If you press and hold the key, the value in the window is updated approximately
twice per second. If you hold the key for more than 5 seconds, the position of the digit
being changed moves to the adjacent higher digit.

To accept the new value, press ENTER.

To abort changes, press ESC.

Configuring the RDM

ENERGY

SELECT| P> CHG » | ENTER

p disP ENERGY
S > » | ENTER

MA

To change communicationor di spl ay options for your RDM,
menu list.

VW

The following table lists available display options, their default settings and ranges.

Label Option Range Default Description
Updt Update rate 0.1-10.0 sec 1 sec Defines the interval between display
updates
ScrL Auto scroll NONE, 2-15 sec NONE Disables auto scroll or defines the scroll
nterval for the main data display
rEtn lAuto return to the main [diS, En dis Disables or enables auto return to the main
screen display after 30 seconds of uninterrupted
use
Uolt Primary/Secondary Pri, SEc Pri Sets primary or secondary units for volts
olts units display
Ph.P Phase powers display [diS, En dis Disables or enables phase powers in the
mode main display
Fund. Fundamental values  [diS, En diS Disables or enables fundamental values in
display mode the main display
dAtE Date order dnY, ndY, Ynd, |hdY Defines the date order in the RTC display
IAddr Master PM180 device [1-247 1 [The target PM180 device address (must
address match the PM180 COM3 port setting)
bAud Baud rate 4800-115200 19200 IThe RDM port baud rate (must match the
PM180 COM3 port setting)
dAtA Data format Bn Bn IThe RDM port data format (must match the
PM180 COM3 port setting)

To select a display option:
1. Press SELECT to activate the middle window.

2. Use the Up/Down arrow keys to scroll to the desired option.

To change the display option:
1. Press SELECT to activate the lower window.

2. Use the Up/Down arrow keys to set the desired option.

3. Press ENTER to confirm your changes and to store your new setting, or press
ESC to discard changes.

To exit the display menu:
From the middle window, press ESC or ENTER.

Configuring the  PM180

The RDM allows you to set up only limited number of parameters in your PM180,
such as basic configuration settings and communications settings for serial ports. All
other settings can be made through HyperTerminal and PAS.

Clock Setup Menu

=

= SELECT CHG ENERGY p rte ENERGY
17.43. E » | ENTER | P> > » | ENTER

=l

m

25.

VYWV

This menu allows you to set up the device clock and to configure your local time zone settings.
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The following table lists available options.

Label Option Format/Range Default Description

hour Time hh.mm.ss IThe time is displayed as hh.mm.ss, where
the hours and minutes are shown in the
middle window separated by a dot, and the
seconds - in the lower window.

E The |l etter AEO at | g
ocked, i.e., is synchronized to the GPS
satellite time

U The |l etter AUO at | s
unlocked, i.e., the satellite signal was lost
|and the GPS receiver runs in freewheeling
mode

date Date YY.MM.DD, IThe date is displayed as per the user

MM.DD.YY, definition, where the first two items are

DD.MM.YY shown in the middle window, and the last
one - in the lower window. For instructions
on how to select the date format, see
Configuring the RDM

dAY Day of week ISun = Sunday IThe day of the week is displayed in the

P on = Monday ower window. It is set automatically when

tuE = Tuesday you change the date.

UEd = Wednesday

thu = Thursday

Fri = Friday

Sat = Saturday

dst Daylight savings time (diS = disabled En When DST is disabled, the RTC operates in
option En = enabled standard time only. When enabled, the
device automatically updates the time at
2:00 AM at the pre-defined DST switch
dates.
dst.S DST start date Month-week-weekday IThe DST start date when Daylight Savings

Week = 1%, 2™ 3", Time begins. The DST switch point is

Uhor LSt (last week of specified by the month, week of the month

the month) and weekday. By default, DST starts at
2:00 AM on the first Sunday in April of each
year.

dSt.E DST end date Month-week-weekday IThe DST end date when Daylight Savings

Week = 1%, 2" 3" Time ends. The DST switch point is

U™or LSt (last week of specified by the month, week of the month

the month) and weekday. By default, DST ends at 2:00
IAM on the last Sunday in October of each

ear.
OFFSET |Local time zone 720 to 720 min 300 Local offset in minutes from UTC (Universal
offset, min (Eastern  (Coordinated or Greenwich Mean Time)
[Time)

To select a setup option, use the Up/Down arrow keys from the upper window.
To change the time, date, DST setting or local time offset:
1. Press SELECT to activate the desired item.
When you enter the time setup display, the
hours and minutes indications are frozen to
allow you to adjust them.

2. Use the Up/Down arrow keys to set the desired

value.

Set the other option items in the same manner.

4. Press ENTER to confirm your new settings, or
press ESC to discard changes. If you confirm
the time change and the seconds window is not
currently active, the seconds stay unchanged.

To reset seconds:
1. Press SELECT to activate the seconds window.

2. Press ENTER.

To exit the menu:
From the upper window, press ESC or ENTER.
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QM

VW]

Basic Setup Menu

ENERGY
ENTER

SELECT CHG
> >

p
> ‘

>

bASc
>

ENERGY
ENTER

This menu allows you to configure the basic device settings of the PM180 that define the general
characteri

operating
menu list.

sti

Ccs

of the device. To

The following table lists available options, their default settings and ranges.

Label Option Range Default Description
ConF Wiring connection mode [See Table @4Ln3 [The wiring connection of the device
configuration) below
pt! V1-V3 PT ratio 1.0 - 6500.0 1.0 IThe phase potential transformer ratio
(primary to secondary ratio)
Pt.SEc V1-V3 PT secondary 10-690V 120 The phase potenti al
secondary phase-to-phase voltage
pt.4" V4 PT ratio 1.0 - 6500.0 [1.0 IThe V4 potential transformer ratio (primary
to secondary ratio)
Pt.4SEc V4 PT secondary 10-690V [120 The V4 potential trag
voltage
Ct? 11-13 CT primary current [1L - 10000 A 5 IThe primary rating of the phase current
transformer on standard (20A/10A) inputs
Ct.4° 14 CT primary current 1-10000A p IThe primary rating of the 14 current
transformer on standard (20A/10A) inputs
Ct.E.2 I11x-13x CT primary 1-10000A p [The primary rating of the phase current
current transformer on extended (100A) inputs
Ct.4.E.° 14x CT primary current {1 - 10000 A 5 IThe primary rating of the 14x current
transformer on extended (100A) inputs
uU.dC. VDC nominal voltage 10-300 V 125 [The nominal VDC voltage
FrEq Nominal frequency 50,60 Hz 50 (60 for [The nominal power frequency
North
America)
PH.Ord. Phase order AbC, ACb  |AbC [The normal phase sequence
Ld C 11-13 Maximum demand [0 - 10000 A 0 IThe maximum demand load current for I1-
oad current I3 current inputs (0 = CT primary)
Ld C4 14 Maximum demand load0 - 10000 A 0 IThe maximum demand load current for the
current 14 current input (0 = CT primary)
Ld C.E. 11x-13x Maximum demandpQ - 10000 A 0 IThe maximum demand load current for 11x-
oad current I13x current inputs (0 = CT primary)
Ld C4.E. I4x Maximum demand [0 - 10000 A 0 IThe maximum demand load current for the
oad current 14x current input (0 = CT primary)
PT Ratio is defined as a relation of t he
secondary rating. For exampl e, i f your potenti al

secondary rating is 120V, then the PT Ratio = 14400/120 = 120.
Available wiring modes are listed in the following table.

Wiring Mode [Description

BOP2 B-wire Open Delta using 2 CTs (2 element)

4Ln3 K-wire Wye using 3 PTs (3 element), line-to-neutral voltage readings

3dir2 B-wire Direct Connection using 2 CTs (2 element)

4LL3 4-wire Wye using 3 PTs (3 element), line-to-line voltage readings

BOP3 B-wire Open Delta using 3 CTs (2% element)

BLn3 4-wire Wye using 2 PTs (2% element), line-to-neutral voltage readings

BLL3 U-wire Wye using 2 PTs (2% element), line-to-line voltage readings

BbLn3 B-wire Broken Delta using 2 PTs, 3 CTs (2%-element), line-to-neutral voltage readings
BbLL3 B-wire Broken Delta using 2 PTs, 3 CTs (2%-element), line-to-line voltage readings

To select a setup option:

1. Press SELECT to activate the middle window.

2. Use the Up/Down arrow keys to scroll to the

desired option.

To change the display option:

1. Press SELECT to activate the lower window.
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2. Use the Up/Down arrow keys to set the desired
option.

3. Press ENTER to confirm your changes and to
store your new setting, or press ESC to discard
changes.

To exit the menu:
From the middle window, press ESC or ENTER.

W Notes

1. Always specify the wiring mode and transformer ratings prior to setting up setpoints and triggers for the fault
and power quality recorders.

2. The maximum value for the product of the phase CT primary current and PT ration is 10,000,000. If the
product is greater, the powers and power factors are zeroed.

Demand Setup Menu

dnd 5 SELECT CHG ENERGY ‘ P ] dnd ENERGY
=i » | ENTER | P » » | ENTER
=
f This menu allows you to configure the time parameters for calculating power, ampere, volt and
:E har monic demands. To enter the Basic Setup menu, sel
— The following table lists available options, their default settings and ranges.
Label Option Range Default Description
P.dP Power demand period [1, 2,5, 10, 15, {15 IThe length of the demand period for power
20, 30, 60 min demand calculations
n.P.dP  [The number of demand [1-15 1 [The number of demand periods to be
periods in the sliding laveraged for sliding window demands
indow
d.Snc.In |Power demand sync Clc (device Clc IThe source input for synchronization of the
source clock), di.In.1 - demand intervals. If a digital input is
di.In.48 (digital specified as the source, a pulse front
nput 1-48) denotes the start of the demand interval
A.dP Ampere demand period [0 -9000sec 900 IThe length of the demand period for
ampere demand calculations
u.dP Volt demand period 0 - 9000 sec 900 IThe length of the demand period for volt
demand calculations
H.dP Harmonic demand period 0 - 9000 sec 900 [The length of the demand period for
harmonic demand calculations

To select an option:
1. Press SELECT to activate the middle window.

2. Use the Up/Down arrow keys to scroll to the
desired option.

To change the option:
1. Press SELECT to activate the lower window.

2. Use the Up/Down arrow keys to set the desired
option.

3. Press ENTER to confirm your changes and to
store your new setting, or press ESC to discard
changes.

To exit the menu:
From the middle window, press ESC or ENTER.

Communication Setup Menus

Port ENERGY

ENTER

CHG ENERGY

ENTER

SELECT P

|

b‘ ’P >

II'iiHHII

— These three menus allow you to configure the main settings for ports COM1-COM3. Additional
ro

settings such as delays and timeouts can be configured through HyperTerminal. To enter the
desired Port Setup menu for ports COM1-C OM3 , select APort. 10, AiPort. 20 o
list.

AQ

VWV

The following table lists available port options, their default settings and ranges.
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Label Option Range Default
Prot ICommunications protocol rtu - MODBUS RTU tu
IASCII - MODBUS ASCII
dnP3 - DNP3.0
rs Port interface 232, 422, 485 32 (COM1)
U85 (COM2/3)
Addr Device address 1-247 (MODBUS) 1
1-255 (DNP3.0)
bAud Baud rate [300-115200 bps 19200
dAtA Data format I’E, 8n, 8E Bn

To select a port option:
1. Press SELECT to activate the middle window.

2. Use the Up/Down arrow keys to scroll to the desired option.

To change the port option:
1. Press SELECT to activate the lower window.

2. Use the Up/Down arrow keys to set the desired option.

3. Press ENTER to confirm your changes and to store your new setting, or press
ESC to discard changes.

To exit the menu:
From the middle window, press ESC or ENTER.

Device Options Menu

SELECT CHG ENERGY P oPts ENERGY
=
This menu allows you to select some user-configurable device options or put the device into energy
= test mode. To enter the menu, select AOPtSd from the
§ The following table lists available device options, their default settings and ranges.
— Label Option Range Default Description
P.cAL  |Power calculation [EAc (using reactive power), FEAc IThe method used for calculating
mode nAct (using non-active power) reactive and apparent powers (see
APower Calculatio
Advanced Device Setup Chapter 6)
roLL Energy roll value  [10.E4 = 10,000 kWh 10.E9 [The value at which energy counters
10.E5 = 100,000 kWh roll over to zero

10.E6 = 1,000,000 kWh
10.E7 = 10,000,000 kWh
10.E8 = 100,000,000 kWh
10.E9 =1,000,000,000 kWh
test Energy test mode |OFF, On OFF [Setting this option to On puts the
device into the energy test mode

To select a menu option:
1. Press SELECT to activate the middle window.

2. Use the Up/Down arrow keys to scroll to the desired option.

To change the option:
1. Press SELECT to activate the lower window.

2. Use the Up/Down arrow keys to set the desired option.

3. Press ENTER to confirm your changes and to store your new setting, or press
ESC to discard changes.

To exit the menu:
From the middle window, press ESC or ENTER.

PM180 Substation Automation Unit 43



CHAPTER 3 USING THE RDM

PASS

0000

0000

MM

VWY

OFF

vy

A

VWY

Access Control Menu

ENERGY
ENTER

Conn=on.Erdi CHG
» >

p AccS
> ‘ > >
SE

ENERGY
ENTER

This menu allows you to change the user password and enable or disable the device security. To

enter the men uUromtkeaneraitist A Acc SO
To select a menu option, use the Up/Down arrow keys to scroll to the desired option.
To change the password:

1. Sel ect

2. Press SELECT to activate the first digit.

3. Set the first digit using the Up/Down arrow
keys.

4. Press SELECT to advance to the next digit.

Set the other password digits in the same manner.

APASSO in the upper window usi

6. Press ENTER to confirm your changes and to store your new setting, or press

ESC to discard changes.

To enable or disable password protection:
1. Select

2. Press SELECT to activate the lower window.

3. Use the Up/ Down arrow keys to

ACtrLO in the upper window usi

set t he
security, select AOHRdedton o di sable password

4. Press ENTER to confirm your changes and to store your new setting, or press

ESC to discard changes.

To exit the menu:
From the upper window, press ESC.

W Note

The PM180 uses the same password for all communications ports. The password you enter is effective for all

ports, as well as in HyperTerminal, Telnet and PAS.

Reset Menu
SELECT CHG ENERGY P rESEt ENERGY
> » | ENTER [ D> > » | ENTER
This menu allows you to clear the energy and maximum demand accumulators, Min/Max log,

counters and device diagnostics in your PM180. To enter the Reset menu, select rESEt from the

menu list.
The following table lists available options.
Label Description
A.dnd IClears maximum ampere demands
P.dnd IClears maximum power demands
dnd Clears all maximum demands
Enrg Clears all total energies
Lo.Hi Clears Min/Max log
tou.d Clears summary and TOU maximum demands
tOU.E Clears summary and TOU energy registers
Cnt Clears all counters
Cntl - Cn16 [Clears counter #1 to #16
diIAG Clears device diagnostics

To reset the desired value:
1. Press SELECT to activate the middle window.

2. Use the Up/Down arrow keys to scroll to the desired option.

3. Press SELECT to activate the lower window.
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4, Press and hold the ENTER key for about 5
replaced with Adonebd, and then release the k

5. Press ESC to quit the menu.
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Chapter4  Using Telnet

Unlike using HyperTerminal through an RS-232 port, Telnet allows you to access the device
through a local network or from any location in the Internet where your device is visible. Just as
Windows HyperTerminal, Windows Telnet allows you to configure the network, communications

and security settings in your PM180, and to view certain diagnostics information such as device
diagnostics and network statistics.

Connecting to the Device

You can establish a telnet connection to the device from Windows HyperTerminal or from Windows
Telnet Client.

Running Telnet from HyperTerminal

1. Run HyperTerminal from the Windows Start ->
Programs -> Accessories -> Communications
menu.

2. Type a name for your new connection and click
OK.

Connection Description 2=

™ Mew Connection

Enter a name and choose an icon for the connection:

Marme:
|SA300 Telnet

lcon:

3. In t he AConnect Usingo box, sel ect TCP/ I P
(Winsock). I'n the MAHost addresso box, type
PM180 IP address. Leave the default Telnet
port number 23 unchanged. Click OK.

Connect To 2=

> 54300 Teknet

Enter detailz far the haost that you want to call:

Host address:  [192.168.0.214

Fort number; |23

Connect uzing: ITEF'.:-'IF' [winzock] ﬂ

ok I Cancel |
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Running the Telnet Client on Windows XP and other

1. From the Start menu, select Run, type telnet
and click OK.

= Twpe the name of a program, Folder, document, or
% Internet resource, and Windows will open it Far you,

Dpen: |

[al'4 | Zancel | Browse, ., |

The following text appears in a window:
Microsoft (R) Windows 2000 (TM) Version 5.00 (Build 2195)

Welcome to Microsoft Telnet Client
Telnet Client Build 5.00.99206.1
Escape Character is 'CTRL+]'

Microsoft Telnet>

2. Type open followed by the device IP address,
for example:

Microsoft Telnet>open 192.168.99.73

B Telnet 192.168.99.73 - o x

Login password: *

nd info

Opening a Telnet Session

When a telnet connection is established, the PM180 Telnet server prints a list of the available
commands as follows:

PM180 Telnet commands
hor? - Display this text
I - Display firmware information

password - Password setting
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time [hh:mm:ss] - Time

date [dd/mm/yy] - Date

com[port] - Serial port settings

net - Current Network Addresses
ip - Network settings

log - Print network log

stat - Print network statistics

diag - Print device diagnostics
clrdiag - Clear device diagnostics
reset - Reset the device

You are prompted for the password to login, as in the following example:
Login password: *

>

If your login was successful, you are not prompted for the password again until you close your
telnet session. The default PM180 password is 0 unless you change it through HyperTerminal,
Telnet or the RDM. A password is always required for a telnet session regardless of whether the
communications security is enabled or disabled.

After receiving the Tel yarcommandsmpt fA>0, you can enter

When you change the Internet IP address in your device or reset the device through telnet, your
current connection is lost and you will need to open a new telnet session.

Closing a Telnet Session

To close the Telnet session, close your telnet client application.
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Chapter5  Using PAS

You need the support PAS software to configure most of the PM180 features, such as digital and
analog I/O, recorders, energy and TOU registers.

This chapter gives basic information on how to install and run PAS on your computer, and how to
program your device using PAS. See Chapter6 i Pr ogr a mnPMBBQ0 tfhoer i nstructions
to program particular features in your PM180.

To run PAS, you need at least Windows XP installed on your computer. PAS does not run properly
on Windows 95. Under Windows NT, USB communications is not available.

Installing PAS

To install PAS on your computer:
1. Insert the installation CD supplied with your PM180 into CD drive.

2. Open My Computer on your Desktop.

3. Click on your CD drive icon, select the PAS installation directory, and then
double click on Setup (shown as an Application type file).

4. Follow InstallShield® Wizard instructions on the screen.

When installation is complete, the PAS icon appears on your Desktop. Double click on the PAS
icon to run PAS.

For general information on howtowor k wi t h PAS, see the APAS Getting
the installation CD.

Installing the USB Driver

To take an advantage of the USB communications, install the PM180 USB driver on your PC.

Connect the PM180t o your PCds USB ped iU$B cabke.i Whgn the PRI18Gsisi p p |
powered up, Windows automatically detects the device as you connect it to a PC and launches the
hardware installation wizard.

Windows XP Installation
1. The "Found New Hardware Wizard" dialog box is displayed.

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

Thiz wizard helps you install zoftware for:

PM180

\') If your hardware came with an installation CD
i or floppy dizk. inzert it now.

Wwhat do pou want the wizard to do?

& nstall the software automatically [Fecommendedf

 Install from a list o specific location [4dvanced)

Click, Mest bo continue.

< Back ’ Hext » 1 Cancel 1

2. Il nsert the PAS Installation CD into the CD
automaticallyo, and then click fiNext o. Wi ndow
driver automatically.
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Found New Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard hag finizhed instaling the software for:

: PM180 Substation Automation Unit

Click Finish to cloze the wizard.

Cancel

< Back

3. Click "Finish" to complete installation.

Creating a New Site for your Device

PAS keeps all communication and configuration data for your device in a database called a site
database. When configuring your device, store all setups to the site database so that PAS
recognizes device properties regardless of whether the device is online or offline.
When installing PAS on your computer, the ASiteso
directory. It is advised to keep here all your site databases.
To create a new database for your device:

1. Select Configuration from the Tools menu, and then click Sites at right on the

Instrument Setup tab.

Configuration x|

Instrument Setup | Connection I

Site: IPMISD j Model: |ZaVEN]

— Communication r Instrument Options
" Serial PortModem Site Yaltage Fange: |690V+20% ,I
@ LSE Part
" Inteinet Site Cr Seeminly |2 >

Device Address: |1 3: 14 CT Secondany: [sa =
Device ID: |1 | Curent Dverrange: Im
Sampling Rate, & |1 3: Analog Dutput: lﬁ
Comment: Analog Expander: Iﬁ
temon Module: IZSGMB 'I
PO Option: lm Sites |

ak I Cancel | Apply | Help |

2 From the ALook ind box, select the directory
By default, itdéds the fASiteso directory. Ty pe
nameo box, c¢click New, and then click OK.
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Select a site database e |

Look in: I ) Sites j - 5 Ef-

=) BFm [=emrzo_z04 = Pmiz0 = pr17s [=F
Defaultsite EM720_GPRS PM130_Cal PM17S_5C :
= em1z0 = emozo = pr1as = pr1z0 =k
= em13 = emozo_srrs  [EPmirz = przos
[=emzs_new  [EETC2002 = pr174 = Rt

(= Emzzr = e2pac [= P74 1 = ramiza

Kl |

i
File: niame: |PM‘| an o I
Files of type: | Rt W e ey Wt o) e |
Commenk: Duplicate |
Cancel |

On the Instrument Setup tab, selectyourdevi ce model in the fiModel ¢

4. In the Instrument Options group boxes, specify the standard current input option
for your device, and select the size of the onboard logging memory. Set the
currentoverr angex4006%d& i f your device lwarent 20A (AN
i nput sx200r%ot & ofr 10A (I EC) current inputs.

5. You can add any comments into the fAComment so
any other data concerning this particular site.

Setting up Communications

You can communicate with your devices via a PC RS-232 serial port, through the Internet, via
either a local Ethernet, or a wireless CELLULAR (GPRS or 3G) Dial-Up connection, and via the
USB port through a modem, the Internet, or the USB port.

To configure your communications with the PM180:

1. Select Configuration from the Tools menu. Under the Communication group on
the Instrument Setup tab, select the type of a connection for your device.

2. Set the device communication address you assigned to the PM180. When
communicating via the Ethernet or a CELLULAR modem, the PM180 responds
to any address you select.

3. I n the fASampling Rateo box, sel ect a rate
screen when polling the device via the PAS Data Monitor.

The communication protocol and port settings must match the settings made in your device.
Communicating through a Serial Port

Select Serial Port/Modem Site on the Configuration tab, and then click on the Connection tab to
configure your serial port settings.

Selecting the Communications Protocol

1. On the Connection tab, click Protocol.
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Protocol Setup x|

Response Timeout: Im 3: [rn=]
Break Timeout: |2':' 3: [ms]
Retries[1...5 I 1 3:

Transmission Delay: | 0 =1 [ms]

Protocal: IMndbus RTU 'I

o4 I Zancel |

2. In the #AProtocol o6 box, sel ect the same comm
your device.

The remaining settings in this dialog do not normally need to be changed.

4. I n the HAResopuotnos eb oTxi,medef i ne the maxi mum ti me
for the meter response before announcing a failure. When communicating
through a CELLULAR modem, this time may require some adjustment.

5. The f@ABrealktdi mex def imdale timehhat PASawaits rafter
receiving the last message character to close a connection. This setting is
important only when PAS is running the Modbus RTU or DNP3 or IEC 60870-5
protocols. It does not affect Modbus ASCII communications. The default value of
10 ms is usually sufficient for reliable communications, but the load on your PC
can affect it. If there are many applications running on your PC, PAS might be
prevented from responding to received characters fast enough, so it may close
the communication while the device is still transmitting a message. If you
frequently receive the message ACommunicati
ABreak-odtiitneshould be increased. This ti me
transfer time, however, increasing it excessively slows down communications.

6. The fARetriesd box defines the number of att
response from the device in the event the communication fails before
announcing a communication failure.

Configuring a Serial Port

1. Onthe Connection tab, sel ect a COM port from
Configure.

Serial Port Setup x|

Baud Rate:

Data Bits: IB 'I
Skop Bits: |1 vI
F‘arity:INo Parity 'I

oK I Zancel |

2. Specify the baud rate and data format for the port. Choose the same baud rate
and data format as you have set in the device, and then click OK.

Communicating through a Modem (future)

Selecting the Communications Protocol

On the Connection tab, click Protocol, and then select the protocol settings as shown above for a
serial port.
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Configuring a Modem

1. On the Connection tab, sel ect froledoh he fADevi
your PC through which you communicate with your device.

2. Click on Phones to add the phone number of the remote device to the phone list.

3. Type the phone number in the fiPhone numbero
click Add, and then click OK.

4, From the APhone number o box on the Connecti ol
from the list, and then click OK.

Communicating through the Internet

1. Click on the Connection tab.
2. Click on the Al P addresso RMI&®. type in the |P

3. IntheiProtocol 0 box, sel ect the communicati ons
automatically adjusts the TCP port number in
to the selected protocol. Use the following references to check the TCP port
setting:

502 - Modbus RTU
20000 - DNP3.0
2404 - IEC 60870-5

Configuration x|

Instrument Setup  Connection |

 Internet

" Domain Name:

& |P Address Wait for answer: | 30 = [sec] —— Dialup Connection

192 0168 . 0 . 203 AutaDial
Belries[‘l...S].l 1 3: LIt
Connection:

Hast Part: Iﬂ Protocol: | Modbus ATU j | j

= Serial Fort £ Modem
Device: ICOMI j Caorfigure | Bratocol | Femate |
Fhare Number:l j Fhones | Carmect | Hanaup |

QK I Cancel | Apply | Help |

4. You can also adjust the amount of time that PAS waits for a connection before
announcing an error and the number of retries PAS uses to receive a response
from the device if communications fail.

Communi cating through a CELLULAR (GPRS -2Gor3G) Modem

Configuring a Dial  -up CELLULAR (GPRS -2Gor3G) Connection

To communicate through a CELLULAR modem:
1. On the Instrument Setup tab, select Internet Site.

2. Click on the Connection tab.
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Configuration

Instrument Setup  Connection

r Internet
= Domain Mame:
i+ |P Address Wit for answer, sec: I 30] 3: — Dial-up Connection
172 016 167 . 224 v AutaDial
I Eetries: I 1 3:
Connection:
HostPort [S02 =  Protocok [Modbus ATUATCF ] |GPRS Cornection to 934 |~ |
— Senal Fort / Modem
Device: |ComM1 =l LCanfigure | Frotocol | Remate |
Phone Humber: I j Phores | Canresct | Hangup |

Ok I Cancel | Apply | Help |

Click on t heandiiypehn the tPhddeess your meter got
from the CELLULAR provider when registering on the CELLULAR
network. You can find the meter CELLULAR IP address on the
GPRS page in the Device Info display (see Device Info Display in
Chapter 3) or via the Dial-Up Networking setup dialog in PAS (see
Modem/GPRS IP Address in Setting-Up Dial-Up GPRS Network in
Chapter 5)

n the #AProtocol o box, sel ecte
M180 GPRS TCP port. The host port is set automatically as you

|

P

sel ect the protocol . Sel ect iModbus RT
fi

DNP30 for DNP3/ TCP.

I'n the AWait for answer o box,
for a connection before announcing an error and the number of re-
tries that PAS should use to receive a response from the device if
communications fail.

I'n the AConnect i onupcobmection ym eréated t

for the PM180. See Dial-Up Networking for information on how to
create a Dial-up connection in Windows.

Check the AutoDial box, if you wish PAS to automatically connect
to your meter every time you access it from PAS; otherwise you
must manually dial your connection.

Communicating through a USB

On the Instrument Setup tab, click USB Port, and then click OK.

Setting Up the Device

Creating Setups for the Device

PAS allows you to prepare setup data for your device off-line without the need to have it connected

to your PC.

Select the device site from the list box on the PAS toolbar, and then select the desired setup group
from the Meter Setup menu. Click on the tab with the setup you want to create or modify and fill in

the boxes with the desired configuration data for your device. Cl i ck t he fASave aséo

the data to the site database.

W Note

Always set up and store the Basic Setup data to the site database first. PAS uses this data as a reference when
arranging other device setup.
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To save your setup to another site database, select it from the file pane. Click OK.

Copying Setups to the Device Database

To reuse setups from another site, you can simply copy them to your present site database. Click
Open, select the desired site database, and then click OK. The opened setup is copied to your site

database.

You can also copy all setups from one site database into another site's database. Select a device

site from the Iist box on the toolbar from which you
t o. . . Oe Meter&etup imbnu. Select the site database to which to copy setups, and then click

OK.

Downloading Setup to the Device

PAS allows you to update each setup in your device one at time or to download all setups together
from the site database.

To update a particular setup in your device, check the On-line button Qﬁ on the PAS toolbar,

select a device site from the list box, and then select the desired setup group from the Meter Setup
menu. Click on the tab of the setup you want to download to the device, and then click Send.

To download all setups to your device at once, check the On-line button @ on the PAS toolbar,

select the device site from the list box, and then select Download Setups from the Meter Setup
menu.

Uploadin g Setup from the Device

To upload the setup from the device to the site database, check the On-line button &ﬁ' on the
PAS toolbar, select the device site from the list box, and then select Upload Setups from the Meter
Setup menu.

PM180 Substation Automation Unit 55



CHAPTER 6 PROGRAMMING THE PM180

Chapter6  Programmingthe  PM180

This chapter describes how to configure the PM180 for your particular environment and application
using PAS. To access your device configuration options, you should create a site database for your
device as shown in Chapter 6.

Authorization

If the device is password protected (see Access Control Menu in Chapter 3 and Changing the
Password and Security in Chapter 3), you are prompted for the password when sending the new
setup data to the device.

Authorization Required% x|

Paszwoard: |0 =i

Cancel

Enter the password and click OK. If your authorization was successful, you are not prompted for the
password again until you close the dialog window.

Changing Port Settings

Setting Up Communication Ports

To enter the setup dialog, select the site from the list box on the PAS toolbar, select
Communications Setup from the Meter Setup menu, and then click on the Serial Ports Setup tab. In
the Port box, select the desired device port.

PM180_USE - Communication Setup 5[
SHTP Client Setup I TCP Motification Client Setup | Diirect Control Ports |
Network Setup I ExpertPower Client Setup Serial Portz Setup
Port =
Port Setup
Pratocol Modbus RTU hd
Interface RE-232 hd
Device Address 1
Baud Rate 19200 hd
Data Format ahl hd
CTS CFF hd
RTS CFF -
Response Delay, ms 5
Character Timeout, ms 4
Open Save as... | Drefault I PFrint | Send | Feceive |

QK I Cancel | Apply | Help |

To change the port settings in your device, select desired port parameters, and then click Send. For
the available communication options, see Communication Setup Menus in Chapter 3.
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0

Setting Up the

ETHERNET

- Local Network

To enter the setup dialog, select the device site from the list box on the PAS toolbar, select

Communications Setup from the Meter Setup menu, and then click on the Network Setup tab.

To change the Ethernet settings in your device, select desired parameters, and then click Send. For
more information, see Configuring the Network in Chapter 3.

PM180_USB - Communication Setup

Setting -Up CELLULAR

SMTP Client Setup
Metwork Setup

Current Network Se

Ethernet IP Address

TCF Natification Client Setup |
ExpertPawer Client Setup I

ttings
192 168 . 0O . 203

Direct Control Ports
Serial Ports Setup

Ethernet Subnet Mask

255,255 . 255 . 0

Ethernet Default Gatevvay

192 168 . 0 .1

MAC Address

O00SFO000004

Device IP Address

192 165 , 0O . 203

Metwark Subnet Mask 255 . 255 . 255 . 0

Metwark Default Gateway 192 165 . 0 . 1

Use DHCP ] d
TCP Service Port -—--

Pritmary DS IP Address a

Secondary DNS IP Address a

Open Save az... | Drefault

| Print | Send |

x|

Receive |

o]

Cancel | Apply

Help |

- Public Network

Select Communications Setup from the Meter Setup menu, and then click on the Dial

Up Networking Setup tab.

PM180 - Communication Setup

ey

TCP Notification Client Setup 1
Metwork Setup

Local IP Address

Dial-Up Networking }

Direct Control Ports I
SNTP ClientSetup |

82 .102.157.231

Network Subnet Mask

[255.255. 0 . 0

Remote IP/Gateway Address

[192.168. 10 .204

Redial Attempts

3

Connection Timeout, s

30

Time Between Redial Attempts, s

10

idle Time Before Hanging Up, s

0

Rings Before Answer

0

Modem Intialization

ATRFE0SD2&KIRCH

Auto-reset Period, hours (O=never)

15P Account

0

Serial Ports Setup }
ExpertPower Client Setup }

‘Current Network Settings
Local IP Address

Phone Number BEE
Login Name
Login Password
GPRS Access Point Name [APN) publicip.net.i
Open Save as.. ‘ Default ‘ Print ‘ Send ‘ Receive ‘
oK Cancel | | Help ‘
The following table lists available connection options.
Parameter Options | Default | Description
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Parameter Options Default Description
Connection Options

IP Address 192.168.10.203 |The IP address on the dial-in
modem PPP network. Not used in
a GPRS network.

Network Subnet 255.255.0.0 The PPP/GPRS network subnet

Mask mask

Network Default 192.168.10.204 | The PPP network default gateway.

Gateway Not used in a GPRS network.

Redial Attempts 0-1000, 0 The number of dial attempts to

0 = forever connect to a remote modem if a

connection was unsuccessful.

Connection Timeout |0-9999 sec |120 The modem cancels a call if not
connected within the connection
timeout time.

Time Between [ 0-9999 sec |60 A time delay between redials.

Redial Attempts

Idle Time Before|0-9999sec |0 The modem disconnects a call if

Hanging Up 0 = never idle for more than the specified idle
time.

Rings before Answer | 0-99 0 The number of rings before the

0 = never modem answers an incoming call

from a remote modem. Not used in
a GPRS network.

Modem Initialization AT&F&D1&C1 Default modem initialisation string.
Do not change.

ISP Account

Phone Number *Qo# The telephone number of the ISP
provider. The default number
provides a connection to the
GPRS network for your PM180
GSM/GPRS modem.

Login Name Login name for logging onto the
Internet (if required).

Login Password Login password for logging onto
the Internet (if required).

GPRS Access Point internet The mobile network APN name

Name (APN) (consult  with  your  network
operator)

W Note

Do not change the default modem connection options. Consult with your GPRS network operator if the network
subnet mask needs to be extended.
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Setting -Up SNTP Client

Select Communication Setup from the Meter Setup menu, and then click on the

SNTP Client Setup tab.

The SNTP client can provide periodic synchronization of the meter clock with a
publicly available SNTP server or with your local server if it supports this service.

To allow clock synchronization via SNTP, select SNTP as a clock synchronization

source in Local Settings.

PM180 - Communication Setup

i

TCP Notification Client Setup
Network Setup

SNTP Client Enabled

Dial-Up Networking

Direct Control Ports
SNTP Client Setup

YES

] Serial Ports Setup 1
l ExpernPower Client Setup 1

Poliing interval, s

600

Primary SNTP Server IP Address

|192.1ss.127. 22

Secondary SNTP Server IP Address | 192 .168.127. 24

Open Save as |

Default | Print ‘

Send | Receive |

Cancel

o]

| ‘ Help |

The following table lists available options

Parameter Options Default Description

SNTP Client NO, YES NO Enables operations of the SNTP
Enabled client

Polling interval, s |60-86400s |600 s The time remaining requesting

time from the SNTP server

Primary SNTP

192.36.143.151

The IP address of the primary

Server IP SNTP server

Address

Secondary SNTP 130.149.17.21 | The IP address of a secondary
Server IP SNTP server in the event of
Address temporary unavailability of the

primary server

The default SNTP server IP addresses belong to Stockholm and Berlin university

servers.

Configuring eXpertPower Client

The PM180 has an embedded eXpertPowerTM client that provides communications with the

eXpertPower™ server i

the SATEC pr

oprietary

eXpertPowerTM server are handled on a periodic basis.

To enter the Setup dialog, select the site from the list box on the PAS toolbar, select
Communication Setup from the Meter Setup menu, and then click on the ExpertPower Client Setup

tab.

Internet services.

Connections to the
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PM180_USE - Communication Setup il

SHTF Client Setup I TCF Motification Client Setup I Direct Cantrol Ports
Metwork Setup ExpertPower Client Setup | Serial Ports Setup

ExpertPower Client Setup

HPW Server P Address 207 232 .60 . 18

HPWYW Server Port 2001

XPW Cliert Enabled ls] hd
Time to Mext Ses=ion, min i

connection via Metwork —

Connection ldle Timeout, min 1

Open Save az.. | Default | Frint | Send | Receive |

0] 4 I Cancel | Apply | Help |

The following table lists available options. Refer to your eXpertPower service provider for the
correct eXpertPower settings.

Parameter Options Default Description

XPW Server IP Address 207.232.60.18 [The IP address of the
eXpertPower server

XPW Server Port 0-65535 5001 IThe TCP service port of the
eXpertPower server

XPW Client Enabled NO, YES NO Enables operations of the
eXpertPower client

[Time to Next Session, min [1-99999 IThe time remaining to the
next connection session

NOTES:

1. If you do not use the eXper‘[PowerT'\'I service, do not enable the eXpertPower
client in your device.

2. Do not change the connection period setting. The eXpertPower server
updates it automatically.
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Basic Device Setup

Before operating your device, define the basic information about your electrical network.

To enter the setup dialog, select the device site from the list box on the PAS toolbar, and then
select General Setup from the Meter Setup menu.

The following table lists available device configuration options.

Option Range Default Description

Basic

Configuration

Wiring connection Se e A WiALN3 [The wiring connection of the device

mode Connect

configuration) below

PT ratio® 1.0-6500.0 [1.0 [The phase potential transformer ratio

V1-V3 voltage (primary to secondary ratio)

nputs
1PT Ratio is defined as a relation of the potential transf
For exampl e, if your potential transformerdés primary rating

PT Ratio = 14400/120 = 120
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