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Benefits of TESLA DFR for Industrial Applications
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1 Introduction

Fault records are one of the most important pieces of evidence that event analysts can have during system
event investigations. They can provide the reasons for premature equipment failure, supply waveforms and the
status of equipment behavior during an event, and give necessary information to perform post-fault event
analysis. Proper use and interpretation of event records can lead to corrective action for a given system problem
resulting in improved performance and reliability of any generation, transmission, and distribution system. Fault
records are now captured by microprocessor relays but records are limited to sampling rate and record
length. Some use digital filters that do not reflect the real captured waveform.

Digital fault recorders offer specialized, specific, and dedicated microprocessor equipment with far superior
sampling rates, record lengths, and unfiltered recording abilities. Operations and maintenance engineers have
to make balanced decisions as to what equipment is better to use for pre- and post-event analysis, either for
trouble shooting purposes or to capture data that can be utilized for preventive maintenance purposes.
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Benefits of TESLA DFR for Industrial Applications

Regardless of the equipment employed, both come at some economic cost. As one would expect, maximized
use of recording capabilities leads to better return on investment.

Fault recording has been used for decades now, and it is generally used for two main purposes:

e recording of system events
e monitoring of system protection performance

Using a TESLA power system recorder to collect information at an industrial facility can be very beneficial. The
TESLA recorder can collect data related to electrical faults, power swings, harmonics, reactive power flow,
power factor, sag and swell and many other power quality issues. In addition, the ability to collect and record
time synchronized events can provide the user with information to determine exactly what happened.

Obtaining this information during normal and abnormal conditions can help identify the problems and ultimately
provide information needed to analyze and resolve issues. This information can also be used to defend against
third party claims of negligence or equipment damage. In addition, the TESLA recorder can act like the “black
box” used in the airplane industry to verify the operation of other controllers or protective devices. Even though
these devices may have their own recording capability to some extent, it is important to validate their quantities
using a completely independent source like the TESLA recorder.

The TESLA power system recorder is a multi-time frame recorder, benefitting from more than 20 years of
development and in-service experience by the power system industry all over the world. In its present form, the
TESLA recorder can provide:

1. sequence of events recording

2. fault recording with extensive triggering capabilities

recording RMS values of all the power system quantities at a sampling rate of 1 RMS value per power
cycle

trend recording to capture power quantities over extended periods of time

harmonic recording with capability to capture up to the 100™ harmonic

phasor Measurement capability to provide operational information on system power flows

extensive software tools to analyze data recorded

central station auto retrieval capability to bring records in after disturbances

unique distributed input quantity collection to make installations simpler and more efficient
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2 TESLA 4000 Benefits

A TESLA 4000 located at the main substation’s interconnection with the utility power system can monitor the
exchange of electrical quantities between the two systems. This data is critical to monitor power quality and to
identify causes when power quality issues do arise.

As a digital fault and disturbance recorder, TESLA 4000 acts as the eyes and ears of an electrical station. The
ultimate advantage of a TESLA 4000 is to improve system reliability and availability by:

¢ identification and monitoring of individual elements, as well as the whole system performance, both
during normal and abnormal operation

e capture of the complete starting process for large motors, including low inertia motors with a starting
time of several seconds. Figure 1 shows a complete starting sequence of a motor with a total record
length of 15 s.
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e capturing instrumentation information around the monitored element that, together with the electrical
guantities, forms a complete electrical and mechanical picture of its behavior under normal and
abnormal operation

e sequential event analysis that mitigates the risk of recurring mal-operations

o verification and correction of protection and control systems

o verification of the correct operation of the asset during starting and stopping sequences

e system simulations and meeting of regulatory reporting requirements
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Figure 1 - Starting sequence of a motor

TESLA is flexible enough to provide access to all required information in an integrated and time synchronized
environment. It offers enough analog channels to capture all data. Calculated (derived) channels record
appropriate data for any further system analysis, and high sampling rates make accurate transient fault replica.

In industrial facilities that include large motors in their process, TESLA can be utilized to capture the following
information during starting and normal motor operation:

1. electrical quantities such as phase and neutral currents and terminal voltage
2. real and reactive power and power factor
3. viatransducers:

a. motor speed

b. vibration

c. stator and bearing temperature

For example, monitoring motor speed during the starting sequence from a speed sensor associated to the motor
can be very useful to determine motor failure. If the rotor is prevented from turning and the motor is energized,
rotor damage may occur before the typical acceleration time elapses. If the TESLA is used to capture the
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starting sequence of the motor, it will be a great tool to view not only the current drawn during the start, but also
other parameters such as speed, vibration and temperature to determine, in case of motor failure to start, what
was the cause of the abnormality.

Capturing electrical and mechanical quantities during the starting and stopping sequence of a large motor can
be useful information not only to trouble shoot after a failure, but also as valuable data for predictive
maintenance. With time and due to normal use, changes in the mechanical integrity of the motor can be
detected by paying attention to the motor behaviour during start. If the starting sequence takes longer time or it
draws a larger than normal current, it could be an indication of load changes or issues with shaft alignment or
bearing lubrication. A TESLA record will be a useful tool to correlate the electrical and mechanical
characteristics of the motor.

Table 2 overviews specific benefits of various TESLA 4000 functions.

Functions Advantages

- Troubleshooting & control system tuning

- Confirm & improve relay coordination and settings (tuning)
- Confirm system & device models

- Replay events back for further analysis (COMTRADE files)

- Troubleshooting & Control System Tuning

- Understand out-of-step tripping for controlled separation
DSR - Verify power swing damping to improve stability

- Detect sub-harmonic oscillations in series compensated lines

- Performance monitoring and generators., transformers, etc.

DFR

- Verify operation of breakers/disconnecting switches and their sequence of operations
SER - Improve time coordination
- Understand the event (reconstruction) and verify their occurrence (time) and accuracy

- Monitor seasonal variations of the load (daily, monthly)
- Capture harmonic trends

b - Modeling of system component through statistical analysis
- Capture slow phenomena of power system
- Understand long term power system behavior
- Provide redundancy for data storage

CDR - Capture events without setting triggers

- Provide filtering of data to be storedin the central location
- Emulate PMU PDC
- Meet regulatory requirements— NREC PRC-002 DME

- Specify a single harmanic to monitor on any voltage or current channel
= Monitor THD on any of these same channels
PQR - Estimate THD index
- Understand voltage sag and swell conditions
- Analyze and tune filter performance

- Realtime monitoring of synchro-phasors (magnitude & phase angle)
- Real time control of power system
PMU - Wide area visibility that can limit cascading effects of disturbances
- Early warning of deteriorating power system conditions
- Improve transmission reliability planning & validate models

Table 1 — Advantages of TESLA 4000 functionalities
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3 TESLA 4000 System Overview

The TESLA 4000 IED is a multi-time frame recording system used to monitor electrical power systems. It can
record up to 36 analog channels and 64 digital (status) channels, and can store up to 1000 recordings. TESLA
has 256 virtual inputs to record digital status changes contained in IEC 61850 GOOSE messages. Up to four
units can be operated as a cooperative group to achieve 144 analog inputs and 256 digital inputs.

The TESLA can record data simultaneously in three time domains: high speed transient fault (seconds), low
speed dynamic swing (RMS values) (minutes), and long-term trend (10 second to 1 hour intervals). A wide
variety of triggers are available to initiate recording.

The integrated Continuous Data Recording (CDR) function creates continuous records without triggers which,
together with the fault, RMS and trend records, provide wide area visibility of system performance.

The TESLA system consists of a recorder, analog input isolation modules ancl the TESLA Control Panel user
interface software. There are various analog input isolation modules available to interface to signal sources.
Modules are available to connect to standard signals found in a typical electric power station. These modules
can generally be installed up to 1220 meters (4000 feet) from the recorder unit, allowing them to be located near
the source of the signals being monitored.

TESLA Control Panel (TCP) user interface software provides tools to configure the recorder, retrieve and
manage records and display real-time measured values. TCP also includes RecordGraph, a graphical record
display and analysis software tool. Figure 2 shows a simple TESLA 4000 system bock diagram.
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Figure 2 - TESLA 4000 system overview

An optional RecordBase Central Station (RBCS) program is available to automatically collect and store records
from multiple recorders. RBCS ensures the recorder data is automatically brought to a secure central location
and is made available company staff for display and analysis. RBCS supports systems with up to 200 TESLA
recorders.

Page 5 of 25

www.erlphase.com



Benefits of TESLA DFR for Industrial Applications
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Figure 3 - RBCS system overview

4 TESLA 4000 Features

4.1 Hardware and Installation

TESLA hardware is built on the reliable, rugged ERL protective relay platform with a 19” rack-mount format and
compact 3U footprint.

Terminal blocks are pluggable, enables flexibility in wiring at site (maintenance, test and commissioning) or
during panel manufacturing.

The IED is equipped with flash memory (no external storage device), front panel indicating LEDs, a universal
power supply (48-250 Vdc, 100-240 Vac), IRIG-B time sync input, Modem/Ethernet interfaces, DNP3 and
Modbus SCADA protocol emulations, a PMU and IEC61850 functionality. Up to 6 user-configurable output
contacts can be activated by triggers. One cross-trigger output contact can activate other devices and one
output contact is assigned as failure/service required contact.
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8. Ports 300 - 347 (18), Ports 300 — 363 (3 6): Analog Input Channels. Non-isolated.

9. Ports 100 = 163 (18) and 200 - 263 (36): External (digital) Input Channels

10.Ports 164 — 171 and 264 - 271 (8): Output Contacts

11.Por1 406 — 407: Power Supply (40-300 Vdc). Handles 48,125 or 250 Vidc or 120 Vac nominal
12.Port 408: Chassis Ground

Figure 4 - TESLA 4000 front and rear view
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4.2 Analog Input Modules

The TESLA 4000 analog inputs are generic, low level (+/- 2.5V pp) and non-isolated signal inputs. Analog input
modules provide scaling, isolation and surge protection. The external input modules accept conventional
substation AC or DC voltage and current signals and convert them into low level voltages that are fed into the
recorder’s analog inputs. All modules are available for DIN rail mounting to make wiring easier and minimize
rack space requirements. For added flexibility, some modules are also available in a surface mount or rack
mount configuration.

Input modules can be located up to 4000 feet (1200m) from the main unit for flexible installation. Twisted pair
cable can be used for connection to the unit. AC current, AC voltage, split core CT and AC/DC input modules
are available (Figure 5).

AC/DC Input Module

AC Current Input Module AC Voltage Input Module Split Core CT
.;E‘ — B = r?r—!" - @_

Figure 5 - Different types of analog input modules

Figures 6, 7 and 8 show input module connection diagrams.
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Figure 6 - AC current and voltage connection diagram
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Figure 7 - AC/DC input module connection diagram
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Figure 8 - Split core CT connection diagram
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External input modules bring the following advantages:

e Great amount of flexibility during installation

e Flexibility in design and engineering, as TESLA input channels are not permanently fixed; the user can
change it at any time even at site. Factory re-configuration is not needed.

e Drastically reduced installation costs due to the eliminated need of running CT cables (ideal for retrofit
projects)

e Very close installation to the asset being monitored

e The Split Core CT is designed to clamp around the secondary circuit wires of a primary current
transformer. It is intended for situations where an outage is not possible to connect an in-line CT (ideal
for retrofit projects). Split Core CTs avoid power outages or the need to break the integrity of existing
installations.

Figure 9 - TESLA panel and input modules installed
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4.3 Multi-Function Power System Monitoring and Recording
Various time domains are applied in generation, operation and control of power systems. Table 1 shows each
time domain and applicable actions.

= 2 A 2 Human
Time Domain Application Actions %
Action
Grid Management
10-15 years Power SystemnPlanning (Power Plants, Substations, Transmissionand Distribution Yes
Planning)
Operation Management
6 months—1year Maintenance Scheduling (Power Plants, Substations, Transmission and Distribution Yes
Assessment)
24 hours — 1 week Unit Commitment Daily/Weekly Generation Scheduling Yes
10 - 30 minutes Economic Dispatch Short-term Generation Management/Scheduling Yes
f 1 Power Swings/ System . 3 " ,
‘ew minutes Stability AGC (Automatic Generation Control)/ Contingency Analysis Yes
Dynamic Stability/ Load Flow Management/ Harmonic
100 ms—10s Power System Dynamics  Analysis/ Governor, Exciter Response No
s =100 s Power System Transients Fault/ Switching/ Lightning/ Harmonic Management No

(Protection Relays, Control and Automation Devices)

Table 2 — Time domains in power system analysis

TESLA 4000 integrates multiple functionalities required in different time domains in a single box.

DFR
(Fault)

CDR

(Continuous)

serY Par\
[Events) \ (Power) \

Figure 10 - TESLA 4000 multi-function power sytem monitoring and recording

It provides easy-to-use, state of the art simultaneous features such as a Sequence of Events Recorder (SER),
Digital Fault Recorder (DFR), Dynamic Swing (RMS Values) Recorder (DSR), Long-term Trend Recorder (LTR),
Continuous Disturbance Recorder (CDR) and Power Quality Recorder (PQR), as well as continually streaming
synchro-phasors (PMU).

The recording channels are analog inputs, external inputs, GOOSE virtual inputs or calculated (derived)
channels. Over 120 calculated channels are available including summations, sequence functions, impedance
functions, watts/vars functions, frequency, logic functions, fault locators and power factor functions.
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SER records any digital and analog sequential event at 1ms resolution with a 500 entry event log (circular buffer
with automatic overwrite) including date, time and a detailed event description.

DFR records transient faults from 0.2 up to 30 seconds with user-selectable sampling rates of 32, 64, 96, 128,
256 and 384 samples per cycle.

DSR captures low speed records of RMS values from 10s up to 30 minutes at 1 RMS sample per cycle.

LTR continuously records very long-term trends of either analog inputs or calculated (derived) rms values at
sampling rates of 10 to 3600 seconds. Up to 60 trends can be logged and maintained from 1 to 90 days,
regardless of the number of trends and without the need for triggering.

CDR (as a redundant data concentrator) at station level continuously captures analog or derived channels with
long term rms value recordings. Users can select 6, 10, 12, 15, 20, 30 or 60 records per second. The data
retention period varies from 4 to 140 days, depending on the number of selected channels, sampling rate and
capacity of flash memory.

PQR captures metered quantities of input channels (including magnitude, angle, harmonics, total harmonic
distortion (THD), MW and MVAR power, power factor, sequence components and voltage sag and swell)
without triggering.

PMU as an integrated functionality in TESLA 4000 and, without effect on other features, can stream up to 36
synchro-phasors, 12 analog quantities, 64 digital statuses and 1 frequency channel. Two Phasor Data
Concentrators (PDCs) can receive PMU streaming through Ethernet ports with independent MAC addresses.

5 Applications

TESLA 4000 can be installed at any voltage level in generation, transmission and distribution sectors. Each
function can meet some specific requirements in terms of monitoring, recording and control of station operations
locally or in wide area applications. Table 3 shows an applications overview of functionalities.
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Functions Applications

- Transient stability analysis

- Short-circuit level calculations

- Harmonic Analysis

- Inputs to contingencyanalysis

- Operation assessment (Protection relays, control and automation devices)

- Analysis of fast transient faults (short-circuits, lightning, strikes, switchgear surges,
voltage spikes)

- Analysis of events in the range of milliseconds and seconds

DFR & SER

- Dynamic stability analysis
- Power swing analysis
- Sub-synchronous harmonic analysis
DSR & SER - Load flow analysis (short term generation planning)
- Governor, exciter response time
- Analysis of slow time-varying events in the range of seconds and minutes ( weak power
systems, interties, generation spinning reserve)

- Power system planning
- Seasonal trend recordings and analysis
- Daily/weekly/monthly Generation scheduling

LTR/CDR & SER Maintenance scheduling (power plants and substations)
- Analysis of long term or very slow time-varying events
- Data management at station level
- Smart Grid applications using synchro-phasors
PMU - Real time Wide Area Monitoring and Control (WAMS/WACS)

- Supervision wide are conditions to avoid system collapse in cascading disturbances
- Supervision transmission line active & reactive power exchange and improve reliability

Table 3 — Applications of TESLA 4000 functionalities
5.1 Value of TESLA 4000 in Industrial Applications

5.1.1 Stations equipped with legacy electromechanical or electronic relays

Data communication is missing in electromechanical or electronic relays. Once a fault or disturbance occurs,
station personnel would like to know exactly what happened and what the conditions were prior to the fault, in
order to speed up troubleshooting and identify the root cause of that fault. Analog Remote Terminal Units
(RTUs) can only provide operators with operational data. The TESLA IED with two-way communication
capabilities brings solutions for both operational and system data. So stations equipped with such legacy relays
consider using a TESLA recorder at the station level to monitor whole station operations.

System engineers first determine the power station elements that should be recorded in the event of a fault. The
TESLA recorder then collects and records appropriate information such as trip sequence, breakers status,
location and type of the faults, pre-fault conditions and power quality monitoring waveforms. TESLA's SER
function produces a detailed report that also aids event analysis during future trip investigations.

Engineers may also consider capturing operator actions such as acknowledging a trip or
opening/closing/synchronizing of a breaker prior to, during or after a fault occurrence. TESLA 4000 provides a
time-stamped detailed record of all these activities at 1ms resolution.

All this information leads system operators to select the best scenario in clearing of faults quickly and safely,
ultimately minimizing the utility’s costs and downtime.
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Figure 11 — TESLA 4000 monitoring a station equipped with electromechanical relays
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Figure 12 - Oscillography record in a three-phase fault event

5.1.2 Stations equipped with both electromechanical and micro-processor based numerical relays
Power distribution systems that are transitioning to a digital environment will benefit from TESLA 4000 right
away. TESLA is a cost-effective solution that can help their transition run safely and properly.

Operators, asset management, design and engineering, maintenance and power quality groups are involved
and require appropriate data during the upgrade stage.
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Station upgrade steps include:

1. The first step in the addition of new relays is to establish three functional data paths — operational,
nonoperational and remote access. TESLA has the flexibility to work with new and old relays, as well as
to take data upstream to operators in control centers or to the enterprise data storage locations.

2. The second step is the integration process. TESLA captures operational data and records
nonoperational data at the same time.

3. The third step is optimization of operations at substation level, downstream to distribution feeders. A
local data concentrator is needed for this purpose. CDR is the functionality that enables collection and
storage of data locally. Appropriate applications can be selected and run by TESLA at bay level, no
matter if the bay is equipped with old relays or new IEDs. In other words, TESLA can provide distributed
network architecture, which is a major advantage over RTU arrangements with a serial point-to-point
communication-based architecture.

Figure 13 — TESLA 4000 monitoring a station equipped with both electromechanical and numerical relays

An example applicable to stations with legacy relays (or at a transition stage to new relays) would be a line fault
at one of the distribution feeders. TESLA 4000 monitors all feeders and records sequence of events. Figure 14
shows a B-G permanent fault waveform recorded by TESLA. The fault is detected by a relay and isolated by
breaker operation. The fault is permanent and remains after the reclose operation. The breaker operates and
locks out.
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Figure 14 — Line fault with reclosing recording

In this example, the maintenance group is interested to know how many times in a given period the breaker has
operated (operations counter), and also the level of energy associated with the arc that was quenched when the
breaker opened (12t). However the protection group would like to know the relay’s performance in detecting and
tripping the breaker according to the relay setting. Other groups in enterprise might be interested in other
operational or nonoperational data for further analysis. TESLA implements the data storage, extraction,
concentration and mining so that information can be provided to different groups.

5.1.3 Stations equipped with numerical relays

TESLA values will remain after a full replacement of old relays with new IEDs. New relays are IEDS that may
have features including digital fault and event recording. However the main function of a relay is to protect one
power system element selectively in a protection zone while a digital fault recorder monitors the whole station
with many power elements. A digital fault recorder provides the required data for complete power system
analysis in normal and abnormal conditions, including supervision of relay performance.

A digital relay’s record information is limited to one protection zone (Figure 15).
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Figure 15 - TESLA 4000 monitoring a station equipped with numerical relays

Protection and system engineers need to compare data from multiple points in the station, rather than relying on
single point independent analysis. In addition, they should be certain that fault and disturbance data is good
enough for a complete evaluation. There are some main differences between records from TESLA recorder
versus those from new digital relays - new relays alone do not have the required capabilities for complete
system evaluation.

5.1.4 Sampling rate and highest harmonics are limited by anti-aliasing filters

Sampling rate is very important to the accuracy of data captured by a recording device. Sampling rate affects
record quality and should be high enough for record analysis, especially to see power system transients.
According to the Nyquist rate, the minimum sampling rate required to completely represent a continuous signal
is twice during each period of cycle of its highest frequency component.

TESLA 4000’s sampling rate is user-selectable from 32 to 384 samples per cycle. The sampling rate in new
relays is usually fixed and in the low range of 4 to 20 samples per cycle.
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Figure 16 — 12 samples per cycle

Sampling rate also affects the performance of the analog and digital filters in recording device. It determines the
frequency response of the front-end anti-aliasing filters and therefore the bandwidth of the analog channels. The
higher the sampling rate, the higher harmonics we get from anti-aliasing filters, resulting in better data quality for
record analysis. Table 4 shows TESLA's highest harmonic at different sampling rates. With 24 Analog Input
channels (Al), we reach the 100™ harmonic at 384 samples per cycle. In a typical relay, only detection up to the
16™ harmonic would be possible.

T T

Samples Highest Samples Highest
JfSecond  Harmonic [Second  Harmonic

1,920 8 1,600 8

3,840 16 3,200 16
5,760 25 4,800 25
7,680 | 33 6,400 33
15,360 . 66 12,800 66
23,040 I 100 19,200 100

Table 4 — TESLA 4000 - Highest harmonic at different sampling rates

5.1.5 Record length

It is important that records are long enough to provide sufficient information prior to and post triggering of fault or
disturbance events. Typical relays can usually capture 10 cycles prior to and 120 cycles post triggering of a high
speed recording, while TESLA 4000 can record 480 cycles (8 seconds) prior to and up to 1800 cycles (30
seconds) post triggering of a high speed recording.

In low-speed recordings TESLA captures 60 seconds prior to and up to 1800 seconds post triggering of a
disturbance (much longer than typical relays with 30 seconds pre-trigger and 120 seconds post triggering of low-
speed disturbances).
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High Speed Recordings Low Speed Recordings
Pre-trigger Time: | 0.2 0- 8 seconds Pre-trigger Time:| | 0-10 seconds
Normal Record Length: [ 1 0.2 - 15 secords NormalRecord Length: | 10 10 - 900 seconds
Maximum Record Length: 2 4 -30 seconds Maximum Record Length: | 30 10 - 1800 seconds

Figure 17 - TESLA 4000 user-selectable high/low speed record length

5.1.6 Type of trigger

Recorders (and typical relays) usually use edge triggering mode to initiate fixed length recording. TESLA 4000
features record extension on subsequent triggers automatically. Users can select maximum record length
(longer than normal record length) to get an extended record in high or low speed disturbances. Figure 18
shows how TESLA extends the record length automatically on subsequent triggers. If the record length is
greater than the maximum record length, then TESLA will create sequential fault records.
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Figure 18 - Auto-extend recording in edge mode of triggers

In order to capture the length of an entire high speed fault, TESLA features duration triggering mode. The
duration of the trigger determines the record length. If a trigger remains active, TESLA stops recording once the
maximum record length limit is reached (Figure 19).

Page 18 of 25

www.erlphase.com



Benefits of TESLA DFR for Industrial Applications

" ] )
1 1) ]
1 13 1}

T
Nun:“m:ad .’ ! Record Leng |

0 time 0 time

Figure 19 - Duration mode of triggers

In the case of a subsequent trigger occurrence, the record will be extended as long as it is not close to its
maximum record length limit. Otherwise a new overlapping record will be created (instead of combining the
triggers and extension of the previous record) (Figure 20).
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Figure 20 — Auto-extend recording in duration mode of triggers
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5.1.7 Trigger options

Over 1100 rates and level triggers are available in TESLA on all inputs and calculated channels with individual
controls for delay, logging, record initiation and alarm contact activations. User-configurable logic can be applied
to digital inputs and internal trigger states. User-assigned trigger priorities help to identify critical events and
records.

Compared to a typical relay with limited trigger options, TESLA provides a wicle variety of options in triggering
input channels independently for voltage, current, active/reactive power, frequency, impedance,
positive/negative/zero sequence components, logic functions, fault location, power factor and GOOSE virtual
inputs. TESLA trigger options include high/low magnitude, positive/negative rate of change (ROC), single
harmonic, Total Harmonic Distortion (THD), sag and swell, and active/inactive state of external inputs.

5.1.8 Distributed recording

Up to four TESLA recorders can be operated as a “Cooperative Group” to achieve a greater number of channels
and to monitor a wider area (creates a distributed recording system). The recorders will be connected through
an Ethernet LAN and will be accessed as one single cooperative group from the TESLA Control Panel (TCP).
This mode is IP-based, so there is no limit on distance. Cooperative mode enables automatic synchronized
cross-triggering when one of the group’s recorders is triggered, so we can get an automatic retrieval with
consolidation into a single group record.
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Figure 21 - Distributed recording system (cooperative mode)

5.1.9 Comparing TESLA recording with relay recording
Recording via the TESLA 4000 provides many advantages over protection relay recording:

e Quantity of records and memory size
Quantity of records is very limited in relays (about 40 records); however TESLA 4000 can store over
1000 records in flash memory. A typical relay’'s memory size is limited, but can be extended to 16GB in
TESLA.

¢ Analog and digital input channels
A typical relay may have 12 analog inputs and about 30 digital inputs/outputs. TESLA in cooperative
mode features 144 analog inputs and 288 digital inputs/outputs.
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e Multi-function and multi-time frame capabilities
CDR, LTR, PQR and PMU functionalities are usually missing in a typical relay. A relay may not be able
to act as a multi-timeframe device.

As described above, stand-alone recorders are needed in electrical stations; relays alone cannot meet the full
range of necessary power system monitoring and recording requirements.

5.2 Additional Applications

Many elements of the power system should be included in system monitoring

5.2.1 Co-Generation plants

The Power Island and electrical balance of a plant can be monitored by TESLA, including its generator AC
current and voltage, AVR control system, field DC current and voltage (excitation system), governor control
system, generator circuit breaker (GCB), bus voltage, step-up transformer AC current and voltage, HV CB,
auxiliary transformer AC current and voltage, temperature, vibration, mechanical conditions and other
parameters.
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Figure 22 — TESLA 4000 monitoring a typical generation station

One of the applications in the generation sector is frequency response in a “loss of generation” phenomenon.
Level or “rate of change” in frequency can easily trigger swing recording. Figure 23 shows frequency response
in a 1600MW generator trip. The record shows a 0.048Hz drop in 1.17 seconds.
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Figure 23 — TESLA 4000 recording frequency response in a loss of generation phenomenon

Another application is power swing monitoring, in which a “rate of change” (in watts) triggers a power swing
record indicating “loss of generation”. Figure 24 shows one such power swing record from a hydro power plant.
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5.2.2 Power transformers
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Figure 24 - TESLA 4000 capturing power swings
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Power transformers are one of the most important assets, requiring careful management. TESLA offers real-
time monitoring as well as trend record data storage. Monitoring components include load, ambient temperature,

Page 22 of 25

www.erlphase.com



Benefits of TESLA DFR for Industrial Applications

top-oil temperature, hot-spot temperature, OLTC tank temperature, and loss-of-life through fault current,

moisture and gas content.
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Figure 25 — TESLA 4000 monitoring power transformer

Other electrical parameters can be recorded for further analysis. Figure 26 shows voltage and current records in
a transformer over-excitation (V/Hz) disturbance.
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Figure 26 — Voltage and current records in a transformer over-excitation (V/Hz) disturbance
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If you need any further assistance,

please contact

ERL Customer Service at +1 204-477-0591

Or

support@erlphase.com

The specifications and product information contained in this document are subject to change without notice.
In case of inconsistencies between documents, the version at www.erlphase.com will be considered correct.
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