TESLA Recorder Power Metering Setup
Configuration for 3 and 2 Element Watt/VAR Metering

Introduction

This application note will assist the user to set up 3-phase metering to monitor Watt, VAR and VA power
guantities for a power system element, such as a transmission line or generator. The note will also describe the
use of 3 and 2 element power metering in a TESLA recording system.

Wiring schematic for connection to TESLA metering recording system:
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Configuration of 3-Element Line Metering

3-Element Metering:
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The 3-element type meter is designed to operate from a current transformer in each of the 3 phases and a
potential transformer connected between each phase and the neutral or ground, as shown above. It is applicable
to 3-phase, 4-wire or grounded neutral circuits. Its accuracy is independent of all conditions of unbalanced
currents and voltages and varying power factor. It is essentially 3 single-phase elements mounted on 1 shaft so
that their torques can be totalized as in Electrical-Mechanical KWHR meters. Each element operates at the
same power factor as the metered load for all conditions. Special transformers may be required when used with
delta-connected loads.

3-Element Meter: Basic Formulas

The energy measured by each element is as follows:
Pa=Ea*la* cosd
Pb = Epn*Ib * cos@

Pc=E.,*Ic*cosd

And P = Pa+ Py + Pc = (Ean *la * cos@) + (Epn * Ic * cos@) + (Ecn *Ic * cos®)
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This is applicable to all conditions of unbalance. Assume the usual condition where the voltages and currents
are balanced:

Ean=Eon=Ecn =E

And la =lp =l =1, thereforeP =3 *E * | * cos@

TESLA Configuration Metering Logic

The diagram below shows how the 3-element metering logic is set up in the TESLA configuration setting to
meter 3-phase power in a transmission line. Three-phase metering uses 3 phase-to-neutral voltages and 3
phase currents.

Sequence

Analog Configuration

Configuration

AQd volts Voltage

B@ volts Sequence WATTS/VARS

Cd volts Function Configuration

3 Elem. 39
WATTS/VARS
Function
(Total)

AQ amps Current

B amps Sequence

C@ amps Function

The diagram above illustrates configuration logic for the 3-element metering to achieve the final 3-phase TOTAL
Watts/VARSs/VA metering logic. This type of metering is best used where the load would be UNBALANCED,
such as radial feeder lines, where 3-phase unbalanced voltage and current quantities would be an issue for
revenue metering accuracy.
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Configuration of 3-Element Watt/VAR/VA Metering TESLA Recording System

The following screenshots will illustrate how to set up a 3-phase Watt/VAR/VA metering element in the TESLA
recording system, using the 3-element Wattmeter method.

Required:

1 three-channel “green” voltage module — model 401006
1 three-channel “green” current module — model 401014
3 high voltage measuring Potential instrument transformers (PTs), phase to ground
3 high voltage measuring Current instrument transformers (CTs) for phase currents

Step 1: configure analog phase to neutral (ground) voltages.

In this configuration sample, the PT and CT ratios will be 1:1 and the user can use the appropriate ratio to suit
their installation setup.

Note: View the metering screen by selecting from the drop-down menu
at the bottom of the metering screen: Primary to Secondary values.
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In the TESLA Control Panel, you will enter the information about the A@ analog voltage input, selecting channel,
Module Type and ratio of the phase-to-neutral voltage (3-N) transformer used to supply the analog channel. At
this time the user could set up the channel’s triggers to start the recording. This application note only describes
setting up the metering for the recorder. When you finish doing A@, then continue completing Bd and CJ

metering setup.
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Step 2: configure the current channels the same way as the voltage.

Elemert Tree

+ O Identification
= [0 Channels
= O Line
= O Analog Inputs
O Waling &%T
O Whiline BYT
O Weline CWT
W laline ACT
O Ikline B-CT
O leline C-CT
+ O Sequence Functions
+ O Watts/fars Funclions
# O Genator
+ O Meter Groups
0O PMU

| | »

| Show Channel Tree ‘ Hide Tree

TESLA Analog Input Configuration

Element: Type Description Channel Madule Type
Line [ia x| [ine a-cT |7 x| Jamtora saac Rl
Units: 1AM Angle Offset  Rate of Change Interval Single Harmonic Mumber Nominal Lewvel
Del Enable | Fault | Swing | Log | Metity | €7°5% | priority | Alarm
il . 9 Trigger Contac
High Magritude a A 0 zec [ r r r r [ 1 —
Lowe Magnituice i} A 0 sec [ r r r r r 1 -
hlegstive Rete of Change |0 s 0 sec [ r r r r r 1 =
Pozitive Rate of Change |0 & 0 sec [ r r r r r 1 .
Single Harmonic 1 % 1 sec [ r r r r r 1 =
Total Harmonic: Distortian |1 % 1 sec [ r r r r r 1 .
Sag o r— — — — r—s —
Swvell d.
hoclule Mame: 401014 SAac
Full Scale (Secondary): i00 A

Units

Equivalert Primary Yalue: 5 |Aa -

Ok Cancel
£

Mominsl Secondary Valie: EY

Show Primary Units |

Main Menu Config Edit

Close

Step 3: get ready to set up the Watt/VAR function configuration; a voltage sequence and current sequence is
required to input into the Watt/VAR function to produce 3-phase Watt/VAR configuration. The user will first make
up a voltage sequence function, as shown in the figure below.
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Step 4: create a Current Sequence Function using the 3-phase currents.
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Step 5: create a Watt/VAR using the positive voltage and current sequence function. The user could, at this
time, configure the recorder for Watt/VAR triggers. There are 2 Watt triggers and 1 VAR trigger that are mainly
used for swing recording for power system analysis or trend recording. Trend and swing values will show up as
RMS values in the metering and recordings. There is 1 sample per power cycle (50 or 60 Hz) of RMS values.

Note:

To create 3-phase Watts/VARs with 3-phase
voltages and 3-phase currents, a Voltage

Sequence Function and Current Sequence
Function must be created.
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Setup screen for 3@ Watts/VARs:
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Configuration of 2-Element Generation Metering

2-Element Metering:
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The 2-element-type meter is designed to operate from current in 2 of the 3 phases and the potential between the
2 phases, as shown above. It is the most universally used 3-phase meter connection, and it is recommended for
ungrounded delta-connected circuits only, although applicable to all 3-phase, 3-wire ungrounded circuits and to
4-wire or grounded circuits if no load is connected between a phase wire and the neutral or ground. The
connection is the same as used on the 2-wattmeter method of power measurement, and is theoretically as
accurate as the 3-wattmeter or 3-element method when used on 3-phase, 3-wire systems. However, the power
factor and resulting torque on the 2 elements is always different, and therefore the 2 elements must be
accurately compensated for power-factor errors over the full range of leading and lagging power factors over
which the meter will be operated. For example, at a load power factor of 96% lagging (15°), the power factor on
1 element of the meter will be 96% (15°) lead while the other is 70% (45°) lag, as shown above. At a load power
factor of 50% lagging, the torque on 1 element becomes 0, and below 50% power factor it reverses.
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2-Element Meter: Basic Formulas

e the upper element measures:

P1 =Ega * la*cos (30 + @) (E. is reversed from its symmetrical order)

e the lower element measures:

Po=Epc*Ic* cos (30 - @)

e and the total power measured is:
P = P;+Py=[Eap * [,*COS (30 + @)] + [Epc * | * COS (30 - @)]

Important:
2-element metering is use for metering the Delta connection of a 3@ Generator having 2

J-@ PTs and 2 @ CTs (AQ & CW@). It is use to measure the 3 phase, balanced power coming from
the generator. If there is a power factor, angle and magnitude difference between the 2 metering
elements, the accuracy will degrade. Some of the 2 element Kilowatt Hour meters there is some
compensation for power factor. >Metering balanced 2 element 3@ generators <«

TESLA Configuration Metering Logic

The diagram below shows how the 2-element metering logic is set up in the TESLA configuration setting to
meter 3-phase power from a generator. Three phase metering use 2 phase to phase voltages and 2 phase
currents.

Summation

Analog Configuration

Configuration

Voltage

A-B @ volts Summation WATTS/VARS
B-C @ volts Function Configuration
2 Elem. 39
WATTS/VARS
Function
(Total)
AQ amps Curren_t
CQ amps Summa_tlon

Function

The diagram above illustrates configuration logic for the 3-element metering to achieve the final 3-phase TOTAL
Watts/VARS/VA metering logic. This type of metering is best used where the load would be BALANCED, such
as 3-phase generators and large motors. 2-element energy meters are only accurate when used for revenue
metering on 3-phase balanced loads.
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Configuration of 2-Element Watt/VAR/VA Metering TESLA Recording System

The following “screen” shots will illustrate how to set up a 3-phase Watt/VAR/VA metering element in the TESLA
recording system using 2-element Wattmeter method.

Required:

1 three-channel “green” voltage module (2 channels only) — model 401006
1 three-channel “green” current module (2 channels only) — model 401014
2 high- voltage measuring Potential instrument transformers (PTs), phase to phase
2 high-voltage measuring Current instrument transformers (CTs) for phase currents

Step 1: configure analog phase to phase (V3) voltages.

In this configuration sample, the PT and CT ratios will be 1:1 and the user can use the appropriate ratio to suit

their installation setup.

Note: View the metering screen by selecting from the drop down menu
at the bottom of the metering screen: Primary to Secondary values.
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Full Scale (Secondary) 138 v
Units
Equivalert Primary alue: 120 |v - Mominal Secondary Yalue 120 v
Ok cancel
iy Primary Unis ‘ Close

Main Menu J Metering

Config Eci_|

In the TESLA Control Panel, you will enter the information about the A@ analog voltage input, selecting channel,
Module Type and ratio of the phase to neutral voltage (J-@) transformer used to supply the analog channel. At
this time the user could set up the channel’s triggers to start the recording. The application note is just for setting
up the metering for the recorder. When you finish doing AQ, the continue completing C& metering setup.
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Step 2: configure the current channels the same way as the voltage.

Element Tree A A
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Step 3: get ready to set up the Watt/VAR function configuration; a voltage summation and current summation is

required to input into the Watt/VAR function to

produce 3-phase Watt/VAR configuration. The user will first make

up a voltage sequence function as shown in the figure below.

Elzment Tree
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Step 4: create a Current Sequence Function using the 3-phase currents.

Element Tree
TESLA Summation Function Configuration
#- O Identification
= O Charnels Element Type Description Summation Index
+ O Line Genator 15um - | |Power m
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< | »
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Step 5: create a Watt/VAR using the positive voltage and current sequence function. The user could, at this time
configure the recorder for Watt/VAR triggers. There are 2 Watt triggers and 1 VAR trigger that are mainly used
for swing recording for power system analysis or trend recording. Trend and swing values will show up as RMS
values in the metering and recordings. There is 1 sample per power cycle (50 or 60 Hz) of RMS values.

Note:

To create 3-phase Watts/VARs with 2 phase-to-
phase voltages and 2 phase currents, a Voltage
Summation Function and Current Summation
Function must be created.
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Setup screen for 3@ Watts/VARs:
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TESLA Configuration a Metering Group for Meter Testing Verification

The next step is to set up a Metering Group so the User can view and verify all the quantities that were

configured in the previous pages. The User must remember that this test example setup was done with PT and
CT ratio of 1:1 so when viewing the metering screen on the TESLA recorder, be sure and select drop down
menu at the bottom of metering TESLA metering screen selecting SECONDARY. If the user has use the

appropriate PT and CT ratios then the user can leave the drop down menu at PRIMARY.

Note: View the metering screen by selecting from the drop down menu
at the bottom of the metering screen: Primary to Secondary values.

www.erlphase.com



Metering Group configuration screen:
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Injecting Analog Channels

Using a relay or metering test set, inject voltages and currents into the configured analog channels of the TESLA
recorder. This will verify the operation of metering screen to monitor 3-phase (3-element) line Watt/VAR
metering or monitor 3-phase (2 Element) generator Watt/VAR metering. The injection will start with the phase
angle between the Voltage and current at 0.0°

Sources
Src Ampltude  Phase Frequency Range OnEnable 754 750V
V& [gaon | oo [soooo = [ = m m
| 6300 [A200 [eooo0 =[5 — Wl m 3
VC | e3oo [ 1200 [s0000 -H [ = m om
| | | == N
| | | SRE=N N
| | | Hls = m .
T [ 5o00 [ oo [soooo = [0 = m =
[5o00 [4z00 [sooo0 = 7 = =l ml Muliple OO
13 ’W ,W ,m ’? m m S Aingle reference:
[ow0 [0 [eom0 o 5 = ol =] —
[cooo [ oo Jeoooo = [f5 = B B (panen Logic 1/0 and Timers
[Coo [oo [eoo = 5 =5 o m

Output @ @ @ & @& & @ =

Master enable [ 43« |Valts Ihput @ @ @ @ & @& & @

Logic & Timer
Settings...
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Line:Va:line A-VT:Mag:
Line:Vb:line B-VT:Mag:
Line:Vc:line C-VT:Mag:
Line:la:line A-CT:Mag:
Line:lb:line B-CT:Mag:
Line:lc:line C-CT:Mag:

Lir&e:Watts:Power:
Line:VA:Power:

Genator:Va:GEN A-B VT:Mag:
Genator:Vc:GEN C-B VT:Mag:
Genator:laMag:GEN A CT:
Genator:lcMag:GEN C CT:

Genator:Watts:Power:
Genator:VA:Power:

69.001 V

69.000 V
69.003 V
5.000 A
5.000 A
5000 A

1034.98 W
1035.03 VA

119.999V
119.998 V
5.000 A
5001 A

1038.57 W
1038.62 VA

Line:Va:line A-VT:Ang:
Line:Vb:line B-VT:Ang:
Line:Vc:line C-VT:Ang:
Line:la:line A-CT:Ang:
Line:lb:line B-CT:Ang:
Line:lc:line C-CT:Ang:

Line:Vars:Power:
Genator:Va:GEN A-B VT:Ang:
Genator:Vc.GEN C-B VT:Ang:

Genator:laAng:GEN A CT:

Genator:lcAng:GEN C CT:

Genator:Vars:Power:

0.000 °

-119.98 °
120.007 °
-0.576 °
-120.46 °
119.481°

9.532 VAR

30.141 °©
90.026 °©
-0.519 °©
119.562°

10.020 VAR

The next injection will show the 3 phase voltages and currents are offset by the current at -45.0°.

Sources
Src Amplitude  Phaze Frequency  Range  OnEnable 754
Y& [eao0 [ oo [enooo = [0 = m @l
[ ga00 [qz00 [eoooo =[5 = W =
VC [e3oo [1z00 [eoooo = [ = m m
| | | H5 2w
| | | Hm 1w
[ow [0 [wm = 5 = oo ° .
N [so0 [0 [eoo = [F = m m
[ 5000 [4e50 [eoooo - [F5 = W = ';.";‘c'.f;"o'?s
13 [sow [ 7m0 [eon =[5 = m om o
Fault Ratate
| | | Hs Hmm
| | | :I ‘ :I [ N | Battery Logic 1/0 and Timers
| | | =N ER= W Output M @ & & & & = @
Master enable [ 48 - |Vl nput @ @ @ @ @ @ ® @

7E.0Y

Angle reference:

MHone -

Logic & Timer
Settings..

Meter Reading on the TESLA Metering screen with a phase angle between the voltage and current at 0.0°
(viewed in secondary quantities).
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Meter Reading on the TESLA Metering screen with a phase angle between the voltage and current at -45.0°
(viewed in secondary quantities).

Line:Va:line A-VT:Mag:| 69.010 V Line:Va:line A-VT:Ang:| 0.000 °
Line:Vb:line B-VT:Mag:| 69.010 V Line:Vb:line B-VT:Ang:|-119.98
Line:Vc:line C-VT:Mag:| 69.011 V Line:Vc:line C-VT:Ang:|120.008 *
Line:la:line A-CT:Mag:| 5.001 A Line:la:line A-CT:Ang:|-45.574 °
Line:lb:line B-CT:Mag:| 5.001 A Lige:Ib:line B-CT:Ang:|-165.46 °
Line:lc:line C-CT:Mag:| 5.001 A Line:lc:line C-CT:Ang:| 74.480 *
Line:Watts:Power:(725.290 W Line:Vars:Power:|738.830 VAR
Line:VA:Power:(1035.33 VA
Genator:Va:GEN A-B VT:Mag:(120.015V Genator:Va:GEN A-B VT:Ang:| 30.141 °
Genator:Vc:GEN C-B VT:Mag:{120.012V Genator:Vc.GEN C-B VT:Ang:| 90.026 °
Genator:laMag:GEN A CT:| 5.001 A Genator:laAng:GEN A CT:|-45.529 ©
Genator:lcMag:GEN C CT:| 5.001 A Genator:lcAng:GEN C CT:| 74.556 *
Genator:Watts:Power:(727.317 W Genator:Vars:Power:|741.737 VAR
Genator:VA:Power:|[1038.82 VA

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. (D02631R01)
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