Substation Monitoring with TESLA
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Application Note

TESLA is a power system recorder used to monitor electrical power
systems. This application note describes TESLA applied to monitor a
substation line bay. Similar procedures can be applied to other substation
bays.

This application note will show how to:

» Configure TESLA's analog channels, to receive voltage and current
guantities measured from the instrument transformers associated with
the line bay

» Configure TESLA's calculated channels, to derive other electrical
guantities, such as summation of currents, neutral current, power
guantities, frequency and fault location

Besides monitoring, TESLA can be set to record data simultaneously in 4
time domains: high speed transient fault (seconds), low speed dynamic
swing (minutes), continuous data and trend (10 second to 1 hour intervals),
based on configurable triggering conditions set independently in either
measured or calculated channels; and it can be set to provide real time
metering.

All selections (i.e. sample rate, enabled triggers, thresholds, etc) are for the
purpose of this example only.
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Channels > Line > Analog Inputs

Add all 3 voltages as “Analog Inputs”
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Add a voltage analog input by selecting “Line” then select “New Analog Input > New Va, Vb,
Vc” from ‘Config’ in the top menu or by right-clicking.



Channels > Line > Analog Inputs

“Analog Channels” assignment
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Channels > Line > Analog Inputs

Select “Module Type”
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Channels > Line > Analog Inputs

Select “View/Set Scale”
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Channels > Line > Analog Inputs

Select “Nominal Level”

TESLA Control Panel - [Settings Edit]
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Channels > Line > Analog Inputs

Set “Actions” (triggers)
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Add a current analog input by selecting “Line” then select “New Analog Input > New la,lb,Ic”
from ‘Config’ in the top menu or by right-clicking.



Channels > Line > Analog Inputs

Add description
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Channels > Line > Analog Inputs

(3x Current)

“Analog Channels” assignment
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Channels > Line > Analog Inputs

(3x Current)

Select “Module Type”
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Channels > Line > Analog Inputs

(3x Current)

Select “View/Set Scale”
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Channels > Line > Analog Inputs

(3x Current)

Set “Actions” (triggers)
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Channels > Line > Analog Inputs
(3x Current)
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Channels > Line > External Inputs

(52-1)

Add 52-1 status as “External Inputs”
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@ Add an external input by selecting “Line” then select “New External Input” from ‘Config’ in the
= top menu or by right-clicking.



Channels > Line > External Inputs

(52-1)
Add a description

“fly TESLA Control Panel - [Settings Edit]
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Channels > Line > External Inputs

(52-1)

“External Input” assignment

@

» The “52-1" external input,
assigned channel must
match the physical
connection from the
breaker to the analog input
of the TESLA

> Notice: TESLA
automatically assigns
channels sequentially
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Channels > Line > External Inputs

(52-1)

Set “Actions” (triggers)
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Channels > Line > External Inputs

(52-2)

Add 52-2 status as “External Inputs”
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Channels > Line > External Inputs

(52-2)
Add a description

“fly TESLA Control Panel - [Settings Edit]
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Channels > Line > External Inputs

(52-2)

“External Input” assignment

@

» The “52-2" external input,
assigned channel must
match the physical
connection from the
breaker to the external
input of the TESLA

> Notice: TESLA
automatically assigns
channels sequentially
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Channels > Line > External Inputs

(52-2)

Set “Actions” (triggers)
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Channels > Line > External Inputs

(21 Trip)

Add 21 element trip from the relay status as “External

Inputs”
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Channels > Line > External Inputs

(21 Trip)

Add a description

“fly TESLA Control Panel - [Settings Edit]
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Channels > Line > External Inputs

(21 Trip)

“External Input” assignment
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Channels > Line > External Inputs

(21 Trip)

Set “Actions” (triggers)

“fly TESLA Control Panel - [Settings Edit]
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TESLA Control Panel - [Settings Edit]
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Channels > Line > Summations
(Line Current)

TESLA Control Panel - [Settings Edit]
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Add a new summation by selecting “Line” then select “New Summation > New Ia, Ib, Ic” from
‘Config’ in the top menu or by right-clicking.



Channels > Line > Summations
(Line Current)

iin TESLA Control Panel - [Settings Edit]
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Channels > Line > Summations

(Line Current)

Define the inputs to calculate the line current

“fly TESLA Control Panel - [Settings Edit]
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Channels > Line > Summations

(Line Current)

Set “Actions” (triggers) for the line current

“fly TESLA Control Panel - [Settings Edit]

File Edit Config Wiew Help

@ i'e_mEe‘mL::mc —tion TESLA Summation Function Configuration
— ~O SCADA Communication B Type |DI;3.scr\ptinn ‘ e
— - O DNP Corfiguration Line laSum V| ine 1 v
. . E‘E gs:’s‘gfummaw ;;t :DUAIA Rate of Change Interval Cycle(s}
Instead of setting triggers for B g benis Detine nputs: _
-0 Va Element Type: Description Scale Factor Angle Offset
the breaker currents ow wput 1 [Linera2 7] x [ L [o
. .. . ~0 Ve
individually, the summation Oz o2 [uneres22 IR K S C
channels trigger can be applied -0 b2 ot 3 | <unassigned> dx[t Jelt
to the current of the line and be D eszz _ e T
. B 20 Extemal Inputs Limit| Delay Enable Fault Swing Log Notify T Priority| Contact
independently configured: ‘o e Y S o S O 0 B/ - o O =
) Low Magn'rtude 0 A ] sec : : : : : : 1 —
> Enable triggers and their 50 Somsere Potm e To— 14— o H—f4— T
respective threshold levels [0 bmiie
- [ Meter Groups

» Upon reaching the
threshold, set TESLA to
create any combination of:

e Faultrecord

° SWIng record ‘Sngw CnanneITree| ‘ Hide Tree | | Show Primary Units
L4 Eve nt Iogg I ng Main Menu Settings Edit I

TESLA Control Panel v3.0 Current IED: SubstationAppMote




Channels > Line > Summations

(Line Neutral Current)

Add a summation channel to calculate neutral current of

the line
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Add a new summation by selecting “Line” then select “New Summation > New In” from ‘Config’
in the top menu or by right-clicking.
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Channels > Line > Summations
(Line Neutral Current)
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Channels > Line > Summations

(Line Neutral Current)

“fly TESLA Control Panel - [Settings Edit]
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Channels > Line > Summations

(Line Neutral Current)

Set “Actions” (triggers) for the line neutral current
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Channels > Line > Summations

(Ph-Ph Line Voltage)

Add a summation channel to phase-to-phase line

voltage
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Add a new summation by selecting “Line” then select “New Summation > New Va, Vb, Vc” from

‘Config’ in the top menu or by right-clicking.




Channels > Line > Summations
(Ph-Ph Line Voltage)
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Channels > Line > Summations

(Ph-Ph Line Voltage)
Change “Type” of the calculated Ph-Ph voltage

“fly TESLA Control Panel - [Settings Edit]
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Channels > Line > Summations
(Ph-Ph Line Voltage)
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Channels > Line > Summations

(Ph-Ph Line Voltage)

Set “Actions” (triggers) for the line Ph-Ph voltage

“fly TESLA Control Panel - [Settings Edit]
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Channels > Line > Sequence Functions

(Voltage Sequence)

Add a sequence function channel to calculate voltage
seguence

ESLA Control Panel - [Settings Edit]
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Add a new voltage sequence by selecting “Line” then select “New Sequence > New Sequence
Voltage” from ‘Config’ in the top menu or by right-clicking.



Channels > Line > Sequence Functions
(Voltage Sequence)
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Channels > Line > Sequence Functions
(Voltage Sequence)

TESLA Control Panel - [Settings Edit]
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Channels > Line > Sequence Functions
(Voltage Sequence)

@

The voltage sequence channel
can be independently
configured:

» Enable triggers and their
respective threshold levels

» Upon reaching the
threshold, set TESLA to
create any combination of:

» Faultrecord
e Swing record
 Eventlogging

Note: No trigger is set
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Channels > Line > Sequence Functions

(Current Sequence)

Add a sequence function channel to calculate current
seguence

TESLA Control Panel - [Settings Edit]
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Add a new current sequence by selecting “Line” then select “New Sequence > New Sequence
Current” from ‘Config’ in the top menu or by right-clicking.



Channels > Line > Sequence Functions

(Current Sequence)

! TESLA Control Panel - [Settings Edit]
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Channels > Line > Sequence Functions
(Current Sequence)

TESLA Control Panel - [Settings Edit]
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Channels > Line > Sequence Functions
(Current Sequence)

@

The current sequence channel,
can be independently
configured:

» Enable triggers and their
respective threshold levels

» Upon reaching the
threshold, set TESLA to
create any combination of:

» Faultrecord
e Swing record
 Eventlogging

Note: No trigger is set
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Channels > Line > Watts/Vars Functions

(3 Ph)

Add a “Watts/Vars” function channel to calculate 3 Ph power
of the line
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Add a Watts/Vars by selecting “Line” then select “New Watts/Vars” from ‘Config’ in the top
menu or by right-clicking.



Channels > Line > Watts/Vars Functions
(3 Ph)

TESLA Control Panel - [Settings Edit]
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Channels > Line > Watts/Vars Functions
(3 Ph)

TESLA Control Panel - [Settings Edit]
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Channels > Line > Watts/Vars Functions

(3 Ph)

Set “Actions” (triggers) for the “Watts/Vars Functions”

ESLA Control Panel - [Settings Edit]
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Channels > Line > Logic Functions
(Line Status)

TESLA Control Panel - [Settings Edit]
File Edit Config View Help

Element Tree
' O DNP Configuration ~
-0 SCADA Summary
£ 0 Channels Line T | |1 v|
=0 Lne

TESLA Logic Function Configuration

Element Type Description Legic Function Index

=0

S|

OoOOOo000

Analog Inputs
Va

Vb

Ve

la:52-1
la:52-2
Ib:52-1
Ib:52-2
le:52-1
le:52-2
Extemnal Inputs

Input 1 :‘ <unassigneds

A Delay Module:

Input 2:‘ <unassigned=

Input 3" <unassigned:=

Input 4 ‘ =unassigned=

Input 5:‘ <unaseigned:=

4 Output

Actions:

-0 E:21Tip

Cross
Trigger

Priority|

S|

Summations

Label‘ Enahle‘ Fault ‘ Swing‘ Log ‘ Notify ‘
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TESLA Control Panel v3.0
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Add a logic function by selecting “Line” then select “New Logic Function” from ‘Config’ in the
top menu or by right-clicking.



Channels > Line > Logic Functions
(Line Status)

TESLA Control Panel - [Settings Edit]

For the logic function, add a
description to identify the
status of the line

File Edit Config View Help
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TESLA Logic Function Configuration
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Channels > Line > Logic Functions
(Line Status)

File Edit Config View Help
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Channels > Line > Logic Functions
(Line Status)

File Edit Config View Help
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 Eventlogging




Channels > Line > Logic Functions
(Fault Locator Initiate)

TESLA Control Panel - [Settings Edit]

File Edit Config View Help

Element Tree
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TESLA Logic Function Configuration

Element Type Description Legic Function Index
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Input 2:‘ <unassigned=

OoOOOo000

Ib:52-2
le:52-1
le:52-2

S|

S|

Extemnal Inputs
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Add a logic function by selecting “Line” then select “New Logic Function” from ‘Config’ in the
top menu or by right-clicking.



Channels > Line > Logic Functions

(Fault Locator Initiate)

Add a description to the “Logic Function” to use Iin the
fault locator

TESLA Control Panel - [Settings Edit]

File Edit Config View Help
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Channels > Line > Logic Functions
(Fault Locator Initiate)

@ File Edit Config View Help
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Channels > Line > Logic Functions
(Fault Locator Initiate)

File Edit Config View Help

Element Tree
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TESLA Logic Function Configuration
Description

Element Type Legic Function Index
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independently configured:

» Enable triggers and their
respective threshold levels
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» Faultrecord
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Channels > Line > Fault Locators

(Line Fault Locator)

Add a “Fault Locator” to calculate the location of a fault
on the line

ESLA Control Panel - [Settings Edit]

File Edit Config View Help

Element Ti -
= relj_ TESLA Fault Locator Configuration
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Add a fault locator by selecting “Line” then select “New Fault Locator” from ‘Config’ in the top
menu or by right-clicking.



Channels > Line > Fault Locators

(Line Fault Locator)

Add a description to the logic function to use in the
“Fault Locator”

TESLA Control Panel -

File Edit Config View Help

Element Tree TESLA Fault Locator Configuration

e D Line ~ Element Type Description Fault Locator Index
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Channels > Line > Fault Locators

(Line Fault Locator)

Define the input for initiating the calculation of the fault

location

For the fault locator to initiate
fault location calculation, select
the “FIt Loc Init” logic function
previously created

ESLA Control Panel - [Settings Edit]

File Edit Config View Help

Element Tre= TESLA Fault Locator Configuration
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Channels > Line > Fault Locators

(Line Fault Locator)

Define the inputs for electrical quantities for impedance
calculation

! TESLA Control Panel - [Settings Edit]

File Edit Config View Help
Element Tre= TESLA Fault Locator Configuration
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Channels > Line > Fault Locators

(Line Fault Locator)

Define the inputs for the line parameters

! TESLA Control Panel - [Settings Edit]

File Edit Config View Help
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Channels > Line > Freguencies

(Derived from Va)

Add a “Frequency Channel”

ESLA Control Panel - [Settings Edit]

File Edit Config View Help
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Main Menu Settings Edit I
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Add a frequency channel by selecting “Line” then select “New Frequency” from ‘Config’ in the
top menu or by right-clicking.



Channels > Line > Freguencies

(Derived from Va)

Add a description to the “Frequency Channel”

TESLA Control Panel - [Settings Edit]

File Edit Config View Help
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Ve Frequency derived from Rate of Change Interval Freguency Fiter
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For the frequency function, add
a description to indicate which
signal it is derived from
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Channels > Line > Freguencies

(Derived from Va)

Define the input for deriving the frequency

TESLA Control Panel - [Settings Edit]

File Edit Config View Help

Element Tree
B O Line ~
= O Analog Inputs
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TESLA Frequency M Config

Element Description Frequency Index

For the frequency channel,
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Channels > Line > Freguencies

(Derived from Va)

@ TESLA Control Panel - [Settings Edit]

File Edit Config View Help

Element Tree

B O Line ~
= O Analog Inputs

-0 Va
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~O Ve Frequency derived from Rate of Change Interval Freguency Fiter

The frequency channel can be R | i o (el 8
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- O E:21 Tip Positive Rate of Change |0 Hz  [0.03333 [sec
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TESLA Frequency M Config
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Channels > Line > Meter Groups

(Line)
Add a “Meter Group”

ESLA Control Panel - [Settings Edit]

File Edit Config View Help
Element Tree
Select a metered quantity
O Ve M1 fromthe tree below and drag TESLA Meter Group Definition
O la:521 it to the appropriate place in
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Main Menu Settings Edit I
TESLA Control Panel v3.0 Current IED: SubstationAppMote Mot Connected

Add a custom metering screen by selecting “Line” then select “New Meter Group” from ‘Config’
in the top menu or by right-clicking.



Channels > Line > Meter Groups

(Line)

Add a description to the “Meter Group”

TESLA Control Panel - [Settings Edit]

File Edit Config View Help
Element Tree
Select a metered quantity
O w M1 fromthe tree below and drag TESLA Meter Group Definition
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— -0 la:521 the Meter Group Definition. Name:  Ling
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Channels > Line > Meter Groups
(Line)

TESLA Control Panel - [Settings Edit]
File Edit Config View Help

Element Tree
Select a metered quantity
O v M1 fromthe tree below and drag TESLA Meter Group Definition
d O ve it to the appropriate place in
r— O la:521 the Meter Group Definition. Name: Line
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>

Main Menu > Metering

(Meter Group - Line)

@)

In the TESLA Control Panel

“Main Menu >

there are 2 default metering
screens: “Analogs” and

“Digitals”

The “Meter Groups” make it
possible to view analog
values, calculated values
and external input statuses

Ii:ﬂﬁ!.‘ TESLA Control Panel - [Metering]

Set “Actions” (triggers) for the Frequency channel

File Help
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TESLA Control Panel v3.0
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Tel: +1 204-477-0591
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The specifications and product information contained in this document are subject to change without notice.
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