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INSTRUMENT TRANSFORMER OVERVIEW

metering.com

“A current transformer (CT) is used for
measurement of alternating electric currents.
Current transformers, together with voltage
(or potential) transformers (VT or PT), are
known as instrument transformers. \When
current in a circuit is too high to apply directly
to measuring instruments, a current
transformer produces a reduced current
accurately proportional to the current in the
circuit, which can be conveniently connected
to measuring and recording instruments. A
current transformer isolates the measuring
instruments from what may be very high
voltage in the monitored circuit. Current
transformers are commonly used in metering
and protective relays in the electrical power
industry.” - Wikipedia
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WHAT ARE INSTRUMENT TRANSEORMERS

« Specialized transformers designed to operate
measurement and control devices:

* Voltmeters
« Ammeters
» Watthour Meters
« & Relays
 Transform high voltage or high current to lower
values.
» Watthour meters may handle up to 320 amps
and 480 volts.
* |T's transform with a high degree of precision.

 Also used to isolate high voltage or high available fault
current from both the operator and end devices.
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IT SELECTION CRITERIA

Nominal System Voltage

Basic Impulse Level

Environment

Accuracy Class

* VT Considerations « CT Considerations
« Burden « Burden
* Type of Circuit &  Physical mounting
Connection requirements
* Physical mounting » Expected Load
requirements Current
* Fusing « Overcurrent

Capability
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IT SELECTION CRITERIA

« Nominal System Voltage
* The insulation class is based on phase-to-phase
voltage
« Basic Impulse Level
 |T BIL must match or exceed the System BIL.
« Caution: More than one BIL may be available for
a given Nominal System Voltage.
* Environment
* Indoor or Outdoor installation.
« Contaminating atmosphere.

 High Altitude (Over 3,300 feet above sea level,
derate transformer insulation)
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IT ACCURACY CLASS

tescometering.com

« Accuracy Classes define an envelope of ratio accuracy and
phase angle accuracy for defined burdens.

« Separate accuracy envelopes are defined for Current
Transformers and Voltage Transformers.

 ANSI C57.13 defines 3 levels of performance:

« 0.3 Revenue Metering
« 0.6 Indicating Instruments
e 1.2 Indicating Instruments

— Accuracy is defined for load power factors from 1.0 to 0.6 lagging.

* VT Accuracy * CT Accuracy
* performance from 90% * large performance envelope from 10% of
rated voltage to 110%. rated current to rated current.

* smaller performance envelope from

rated current to rating factor.
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: CURRENT TRANSFORMERS

Conceptual and technical overview
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TRANSFORMER-RATED

Primarily Commercial/Industrial
(9S, 16S)

Relatively High Current

Example: 400A L a8 S S
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REPRESENTATION

CURRENT TRANSFORMERS CONCEPTUAL

I,xN,=1,xN,

tescometering.com

Ideal. No losses

TOTYY I, = L/, ,
N,
13
Burden
l,= N—I x I, —1
I Exciting Burden N;
Impedance

Real, with core losses



.® CT’s — FUNCTIONS AND TERMINOLOGY

Ratio

For instance, a CT with a 400:5 ratio will produce
5A on the secondary, when 400A are applied
to the primary.
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.® CT’s — FUNCTIONS AND TERMINOLOGY

Thermal Rating Factor

A value representing the amount by which the
primary current can be increased without
exceeding the allowable temperature rise.

For instance, a RF of 4.0 at 30° ambient on a

400:5 ratio CT would allow for a primary current
up to 1600A.
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CT’S — FUNCTIONS AND TERMINOLOGY

lescometering.com

Accuracy Classifications and Burden

All CT’s fall within an accuracy class.
IEEE Standards have defined accuracy classes.

Standard |EEE C57.13.6 Accuracy

0.30 @ BX.X; RF4.0 ; : IEEE C57.13.6 Accuracy
i ’ 060 —! ' .
oo 1| 0.3% Accurncy i | 0.15@E004,E020,0.15 @ BXX; RF40
: Region A | ! ; ;
: ! 5‘? 0.30 __E ' 0.15% Accuracy
© - i : " . Region
0. 030 -4 ! é" 0.15 __i 0.3% : {7 :
2 015 +1 o6% ! 3 A ey i . :
O L & ' o 5% Region 1ohy 200% 300% 400%
= 1 cecuracy : i : 5 015 ! : ; ;
&2 Region 100% 200% 308% S i ]
S 015 o4 : ! E < 030 T !
.i-'[) 030 -+ - . E'\ﬂ\lo accuracy guaranteed
: . - i : at current levels less than 5%
0.60 | | : ' '
: . : . : | i i i
' ! ' ! I I I I
D S | : 5 1.0 2.0 3.0 4.0
{ } } { Rating Factor

10% 10 20 30 40
Rating Factor
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.® CT’s — FUNCTIONS AND TERMINOLOGY

Accuracy Classifications and Burden

Example: 0.3% @ B0.1, B0.2, BO.5

Standard |EEE C57.13.6 Accuracy
0.30 @ BX.X; RF4.0

060 | 0.3% Accuracy

/ Region

030 !

@ i

5 015 i  06%

‘; | ! Accuracy 1 ! !
2 : Region 100% 200% 306%
S 015 == : : -
bt :

[} '

< 030 =

060 = e
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‘@I CT’s — FUNCTIONS AND TERMINOLOGY

Faceplate
ALSTOM
OUTDOOR CURRENT TRANSFORMER TR kv |
;YPE: OIL FILLED SECONDARY CONNECTION RATF o
HZ = 60 X1 -X3 ElN:

a1 [« N T

PRIMARY: [iaUfRN

AMPS

SECONDARY: _ AMPS Hi ke

rario: [ 1 ‘ ’

NACACALACA A A A A AA

RATING FACTOR: “ St i

accuracy: [TETETECIER: i 1

X2 X3

SERIAL NO. m MFG DATE _

% CATALOG NO.: {51 j |
i —— co.« N |
] 300 WEST ANTELOPE ROAD, MEDFORD OREGON 97503-1089 . USA “
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IT CATALOG SHEET

tescometering.com

APPLICATION

Designed for indoor service; especially designed for
installation over the secondary bushings of pad-
mounted transformers from 75 kVA to 3000 kVA. For
mounting and application information, including use at
higher voltages, and matching the current rating to the
pad transformer thermal capability, please refer to the
Applications Information section of catalog GEP-91886.

WEIGHT

ADPIOXIMBLOIY, 1 s o lris neiiasssnsasrasassseds 8.25 Ibs.
REFERENCE DRAWINGS

Outling:swing ¢ 10 ba attetibn b 0121C33851

INSULATION LEVEL
0.6kV; BIL 10kV full wave.

. FREQUENCY

JAB-0C Grecian Urn s0s0ke

600 Volt CT

O JAB-0C DATA TABLE
Current ANSI Accuracy Class @ 60 Hz mf.‘i.'li'.“ Curent
':‘:" Rating Factor y Catalog
Sec | Bo4 | B02 | Bo5S | B-09 | Bas i A il

2005 | 03 = = 2 E 40 2.9 750X136202
2005 | 03 £ = " =3 40 29 | 750x136252 ¢
3005 | 03 03 el = = 40 29 750X136203
3005 | 03 03 & o i 40 29 | 750X136253
4005 | 03 03 = FE = 40 2.9 750X136204
5005 | 03 03 03 2 = 40 29 750X136205
6005 | 03 03 03 ) 8 30 2.2 750X136206
8005 | 03 03 03 = = 3.0 22 750136208
10005 | 03 03 03 = A% 20 15 750X136210
12005 | 03 03 0.3 2 & 20 15 750X136212
15005 | 03 0.3 0.3 0.3 - 20 15 750X136215
20005 | 03 0.3 0.3 0.3 03 15 1.4 750X136220
30005 | 03 0.3 0.3 03 03 133 10 750X136230

Notes:
W A high temperature version is available for use in locations with unusually high ambient temperatures.

tescometering.com 16



THE MOST MISUNDERSTOOD SPEC

‘f@li CT RATING FACTOR

* Rating Factor has absolutely nothing to do with
burden.

* If a CT has a rating factor of 4 it means that at
30°C it can be used up to 4X its label current
and maintain its accuracy Class.

* A CT with a label RF=4 only has an RF = 3 at 55°C

tescometering.com 17



CT RATING FACTOR

* Maximum Expected load current should approach
the Thermal Rating Factor of the CT.

e Rating Factor Example: 75:5, RF 3.0 @ 30°C

* maximum expected primary “load” current = 225
amps, and

* maximum expected secondary “meter” current = 15
amps,

e assuming that ambient temperature does not exceed
30°C.
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P> CT RATING FACTOR

* Maximum Expected Load Current
e Rating Factors are used to keep transformer
winding temperatures below 85 degree C.
* Rating Factors may be given for:

e Qutdoor applications 30 degrees C ambient
* Indoor applications 55 degrees C ambient

e Rating Factors may be adjusted for ambient
temperatures other than 30 and 55 degree C.

(New RF @ New Ambient)2 ) (85 ~New Ambient)

2 ;
(Stated RF at 30 C) 55 degrees rise

tescometering.com 19



IEEE CT METERING ACCURACY

Example 1:
0.3 accuracy CT, 200:5, RF 4.0 (Standard)

200 amps (rated amps) to 800 amps (RF 4.0) = 0.3%
accuracy

20 amps (10% of rated amps) to 200 amps (rated amps) =
0.6%
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tescom

APPLICATION EXERCISE

A commercial building is being built with a 4-wire wye main
service, rated for 200 A at 12,470/7200Y. Your boss wants you
to meter the building with an electronic polyphase watt-hour

meter. The initial load is expected to average about 1000 kW,
but may peak to 2000 kW on occasion.

Select the best CTs And PTs for the job
NSV
BIL
Type
Ratio
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CURRENT CALCULATIONS

e Expected Current = 1,000,000W/7200volt x 3
e Expected Current = 1,000,000W/(12,470volt x 1.732)
* Expected Current = 46.3 amps

* Peak Current = 2,000,000W/7200volt x 3
e Peak Current = 2,000,000W/(12,470volt x 1.732)
* Peak Current =92.6 amps

tescometering.com 22
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CT FIELD TESTING

Conceptual and technical overview
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CT FIELD TESTING

CT Testing is Important!

1) Test for correct ratio
2) Test for functionality at
rated burdens



CT FIELD TESTING

e Three Approaches in use today

" Direct RATIO measurement with applied burden

¢ Most accurate approach tells us exactly what we want
to know

¢ Measures directly the quantities we care about CT Ratio
and Phase Error

¢ |s more complicated to perform.
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CT FieLD TESTING

ometering.com

 Alternate Approaches

" Burden only
A compromise: tells us if circuit is stable under excess burden
e Can’t give us the ratio which is what we really care about.
= Admittance Testing
* Allows us to look for changes from previous measurements.
* Doesn’t directly give ratio
* Accuracy typically 5%

tescometering.com Slide 26



CT FieLD TESTING

metering.com

e Other Tests

" Direct Burden Measurement
* |If you measure the voltage across the CT terminals
* AND
* The current output of the CT

* Using Ohms Law you can compute the actual burden seen by
the CT

SIMPLY: Burden = Voltage/Current

* Avery simple and direct way to see if a CT is overburdened, but
not to test its accuracy

tescometering.com Slide 27



RATIO TESTING

Ratio of Primary Current to Secondary Current

SOURCE
PHASE A

LOAD

Calculate
Ratio
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BURDEN TESTING

tescometering.com

Functionality with Burden Present on the
Secondary Loop

PHASE A
Some burden will always be
CT BURDEN RESULTS present — junctions, meter coils,
o mw wmw  me T test switches, cables, etc.
o 0:123 a:zas . 23 04 é“fi‘ -
= [B CT’s must be able to maintain
an accurate ratio with burden
B N\ on the secondary.
-
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BURDEN TESTING

tescometering.com

Functionality with Burden Present on the
Secondary Loop

ALSTOM

OUTDOOR CURRENT TRANSFORMER [ITER kv .“
TYPE: OIL FILLED SECONDARY CONNECTION RATIO
HZ = 60 X1-X3 ElE:
oL | <V e 7 1
privAry: [ /s |
seconoar: [N Avps Hi K2 %
rario: |G ’ .

SN ACALAAAA A A_ALAA
N N T Y Y S

RarinG FacToR: [T

ACCURACY: f |
Al X2 X3
sericno. [ vrc.ove: N
5 CATALOG NO: TR0 ' |
Y cosroveaeo. . IO Fo. SN |
-,\ 300 WEST ANTELOPE ROAD, MEDFORD OREGON 97503-1089 USA
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BURDEN TESTING

Functionality with Burden Present on the
Secondary Loop

Example Burden Spec:
0.3% @ BO0.1, BO.2, BO.5

or
LSTOM ~ There should be less than the 0.3%
DOOR CURRENT TRANSFORVER MY~ ?Change N secondary current from initial
.. Emm.| (“0" burden) reading, when up to
- 0.50hms of burden is applied

wﬁ"a wl j
Scﬁs 0. ‘h‘“ _A FO. #— i
t% RSTAHEdPtndab WEoFoRD oRecoN o7s03-1089.UsA____ I




BURDEN TESTING

Functionality with Burden Present on the
Secondary Loop

ANSI Burden Values

0.1 Ohms
0.2 Ohms

LST@’M ik 0.5 Ohms

00R CURRENT TRANSFORMER I/ ﬁ 1 Ohms
SECONDARY CONVECTON ~ RaT0. 2 O h ms

X1 -X3 ENN: |

X2-13 T % 4 Ohms
’ . 8 Ohms

NAAAANAAAAAANAS
Y Y Y Y Y Y Y Y

L% B0 TO BU i t |
X Xz X3
Qo I vro.one: [ER
s CATALOG NO T

“cusoves o + ro + N

300 WEST ANTELOPE ROAD, MEDFORD OREGON 97503-1089 . USA
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BURDEN TESTING

0.3% @ B0.1, BO.2, BO.5

6.0000

5.0000 90—

4.0000

\

Initial Reading = SAmps
0.3% x 5A =0.015A
5A — 0.015 = 4.985A

3.0000

2.0000

1.0000

0.0000

0

tescometering.com

Burden Reading
0 5.0000
0.1 4.9999
0.2 4.9950
0.5 4.9900
1 4.9800
2 4.9500
4 4.0000
8 0.8000




BURDEN TESTING

0.3% @ B0.1, B0.2, B0O.5

At 0.50hms of Burden Initial Reading = SAmps
the secondary current is 0.3% x 5A = 0.015A
still at 4.990A — Less 5A —0.015 =4.985A
than 0.3% change —
Good CT!
:ZZZ [ Burden Reading
5:0300 0 5.0000
5.0200 0.1 4.9999
5.0100 0.2 4.9950
50000 \\ 0.5 4.9900
4.9900 \ 1 4.9800
. | 2 4.9500
s ;
4.9500 : : : : 8 0.8000
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ANALOG TESTING

tescometering.com

Application of Burden and Calculation

Manual reading of initial
and post-burden
secondary currents

tescometering.com



ADMITTANCE TESTING

What is Admittance?

Measured in units of MiliSiemens (mS)
Admittance is the inverse of impedance.
Impedance is the opposition to current.
Therefore, admittance testing measures the overall
“health” of the secondary loop of the CT.
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ADMITTANCE TESTING

Admittance testing devices inject an audio sine wave
signal into the secondary loop of the CT.
The resulting current is measured.
The voltage of the initial signal is known.
From these two parameters, the impedance, and thus
the admittance can be calculated.

tescometering.com



ADMITTANCE TESTING

Admittance test results are not immediately intuitive.
Some analysis and interpretation is need.

What do all these mS values mean?
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ADMITTANCE TESTING

Three phase process is recommended.

1. Test each CT individually
2. Test the matched sets

3. Test over time

CT #1 CT #2

ADMITTANCE 19.111 19.419

TEST DATE CT #1 CT #2

ADMITTANCE G gl 00
CT #3 Admittance History
17.798
100.5
100.4
CT #3 100.3
100.2
100.1
:‘e 100.0
99.9
99.8
99.7
99.6
99.5
09/13/20
Previous Results
CT#1 CT#2 CT#3
AC: 0.3 BC: 0.15 AC:0.3BC: 0.2 AC:0.3BC: 0.2
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DE-MAGNETIZATION

ometering.com

CT’s can become magnetized, due to a number of reasons, including leaving the
shorting clip open, near lightning strikes, and harmonic content.

CT’s can be demagnetized by slowly and smoothly increasing the secondary resistance
until saturation occurs, and then slowly and smoothly decreasing the secondary
resistance.

A resistance that will cause a secondary current reduction of 65% to 75% will typically
put the CT into saturation.

CT DEMAG RESULTS DY - e

N
[
/

_/

Current (%)

g & 8 8 & 8 8 8
W B N >

50 60 70 80

Time (Seconds)
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SHOP TESTING

Conceptual and technical overview for CTs and
PTs

e tescometering.com 4l




Shop Testing Includes...

. Accuracy Testing

. Ratio and accuracy testing

. Polarity checking

. Accuracy class determination
For...

* New Transformers

*  Mfgtests
*  Utility tests

tescometering.com

SHOP TESTING




SHOP TESTING PROGRAMS

100% of all Transformers

If not possible then sample testing of all and 100% of all those over a certain size for CT’s
and all VT’s (generally not a large volume)

Transformer testing should include

Ratio and accuracy testing
Polarity checking

Accuracy class determination
100% of all transformer rated meters

If not possible then sample testing of all transformer rated meters and 100% of all those
going into a certain size service and over

Meter testing should include

Software & Firmware Verification
Setting Verification
Functional Testing

Disconnect/Reconnect Functionality
and as left setting
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CT SHOP TESTING - CONCEPTUAL

ometering.com

* CT Shop Testing is conducted to ensure the
accuracy for instrument transformers of various
primary ranges and across a variety of ASNI
burdens
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CT SHOP TESTING - CONCEPTUAL

e The foIIowing ANSI burdens TERMINAL A TERMINAL B TERMINAL C TERMINAL D
are generally used for CT PPs LoD AMPS  LOKD  AMPS LOAD  AMPS LOAD
Burden Values and are 5 400 25 400 120 400 600 400
available f()r teasstir1g;: 10 400 30 400 125 400 750 400

15 400 40 400 150 400 800 400
) ?-g /I_J,{E /-g_&;g:g:5/5-o.9/8-1/5- 20 400 50 500 160 400 1000 400
60 400 200 400 1200 400

« Common CT IT ranges are 75 400 250 400 1500 400

between 5 and 8000 Amps 80 400 300 400 1800 400

» Often tested at a variety of 100 0 :gg :22 2222 ;88
maximum load percentage

3000 200)

4000 200

5000 100

6000 100

7500 100

Knopp KCTS CURRENT TRANSFORMER TESTING SYSTEM 8000 100

®

G ;;_——\\ /Z % coanse

N
-l
£— — o
@—

Nass
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CT SHOP TESTING — HOw IT WORKS

tescometering.com

» After selecting the appropriate CT Current and associated burden characteristics, test shop test
equipment is ramped up to 5 Amps

» Selecting Ratio by selecting primary current on primary selector switch
» Select burden as called out by serial tag highlighted on

» Select the proper leads on the terminal as determined by the current selection switch — these
correspond to the terminals on the primary side

* Once set up, you're essentially putting the reference transformer and the device under test on
the same primary

* There is a bus bar that goes from the loading transformer, through the reference transformer on the KCTS and
that goes through the primary of the device under test

» In effect, the reference the transformer and the device under test now share the same primary
*  When there are loose connections on the primary or additional resistance exists, this can lead to accuracy errors

+ Completing this loop, or loading circuit, we can now run up our variacs to_apgjly 240V to the
primary of our loading transformer, which converts the voltage to our desired and selected
curren

* Now the reference transformer and the device under test have independently measured
secondary signals
* We compare these two values; with our calibration and Sl traceability of the seconda%signal on the reference

transformer combined with the shared primary current we can determine accuracy of the device under test by
comparing the secondary signal against the Known value of the reference transformer

« Burden is only applied to the device under test — transformer manufacturer says that they
guarantee that their transformers are accurate to a specific burden that is intended to mimic the
resistance and inductance present on a transformer once it’s installed in the field
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PT SHOP TESTING

Conceptual and technical overview

47



SHOP TESTING

tescometering.com

Shop Testing Includes...

. Accuracy Testing

. Ratio and accuracy testing

. Polarity checking

. Accuracy class determination
For...

* New Transformers

*  Mfgtests
*  Utility tests

tescometering.com



PT SHOP TESTING — HOW IT WORKS

ering.com

» Conceptually the same as CT

* Instead of measuring 5A secondary, we're measuring 120V secondary
« Burden is the same, only being applied to

« Control Console housing the burdens and the variacs

« The Loading and Reference transformer are additional units that take the
120V from the control console

» Use the variacs on CC induce ramping 120V secondary to the secondary
of the loading/supply transformer

» Putting 120V into supply transformer which ramps up the
reference/precision transformer and the Device Under Test (DUT) at the
same time to place them on the same known primary voltage

« Compares the resulting 120V signal on the reference transformer versus
the 120V signal on the DUT
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PT SHOP TESTING — HOW IT WORKS

tescometering.com

KVTS . KATC-2V
HOT O .. (LOADING - REFERENCE /‘S\ REFERENCE :
" . : 1 . . : \._j " MEASUREMENT N
VOLTAGE o : : o .
SOURCE ‘PRI SEC'| PRI SEC : '
0-120 V Nominal | N . : 3 :
. ' . ERROR '
FROM VARIACS * K : . EH‘ MEASUREMENT
' 1] L= '
NEUO + E + @
@ TUT
-/ MEASUREMENT '
fé\ W MEASUREMENT "
\.J T GROUND
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PT SHoP TESTING — HOW IT WORKS
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ADVANCEMENT IN
TECHNOLOGY

Instrument Transformers and Shop Testing
Capabilities

| tescometering.com 52



WHERE WouLD You UsSe HiGH ACCURACY CT’s?

tescometering.com

Metering Panls
Generator Transformers Transformers Switchgear LV Switchgear, MCC’s

D . O 4 Y

Generation High Voltage Transmission Medium Voltage Low Voltage

Installed P

at Power Plant Commerciol &Residential

MV/LV Poles
0]0
Substation Substation .

Large Industrial
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CURRENT TRANSFORMERS

Primary Secondary
(Input) (Output)
Frimary Fagnetis Feld Secondary
Y Iph oy : !5
r L
m __f kS =
() Z
Ns
IROM CORE Although there iz a slight lozs
(leakage flux), the magnetic field
& current in the primary wwinding iz contained in the iron core, and
produces a magnetic field in the iz coupled through the secondary
COre '-."'.-'il'llﬂil'lg

Transform the voltage or current input into a
standard 5 or 1 amp output

P ———
N e

_______________________________________________________
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WHAT IMPACTS ACCURACY?

Number of
Secondary
Turns

Core material
and/or cross

section

Secondary
Burden

56



ENERGY REQUIRED TO ENERGIZE THE CORE

mmf =R = kl|:Zf IS} k{ mmp} - klkz|: @
Nsf Aclc

¢ = flux in the core
R = magnetic reluctance
k, = constant of proportionality
k, = constant of proportionality
Z = secondary impedance
mmp = core mean magnetic path
I, = secondary current
A = core cross-sectional area
N, = number of secondary turns
U = permeability of core material
f = frequency, Hz

I Secondary turns or core cross section

If Then l energy required to energize core
l secondary impedance

Courtesy of Electric Power Transformer Handbook
tescometering.com 57
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0.1
1 2 5 10 100 400 Saturai}&n
Percent Rated Load
Core energy needed Saturation

. Graph: Bill Hardy — TESCO
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CT METERING ACCURACY

tescometering.com

Actual secondary ; Rated secondary
current current

Difference in % is known as the
“Accuracy”
of the CT

Definition: There are two sources of error in instrument transformers, namely ratio error and
phase angle error. In a given transformer, the metering error is the combination of the two
separate errors. This combination is called Transformer Correction Factor (TCF), IEEE has
established accuracy classes for both current and potential transformers. The limit of
permissible error in a potential transformer for a given accuracy class remains constant over a
range of voltage from 10% below to 10% above rated voltage
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RATIO CORRECTION FACTOR (RCF)

IEEE C57.13 Terminology

RCF = True Ratio / Marked Ratio

Example: 500:5 CT
By test, CT Ratio = 100.1

RCF =100.1/100=1.0010

What does this mean? How many amps is the meter seeing?

A. — With 500A through primary, only 4.995A is flowing on the secondary 4.995
x 1.001 = 5A. (Negative current error due to losses)
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RATIO CORRECTION FACTOR (RCF)

tescometering.com

RCF on Knopp Comparator

108.1 99.8 4.99 1.60078

PERCENT PERCHENT
WTN‘ P
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PHASE ERROR

Red = Primary Current
Blue = Secondary Current

When Secondary Current (blue)
leads the Primary Current (red),
Phase Error (2) is defined as
Positive.

tescometering.com

Difference measured in minutes
1 minute = 0.77usec (60Hz)
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PHASE ERROR

Phase Error on Knopp Comparator

108.1 99.8 4.99 1.60078

PERCENT PERCHENT
WTN‘ P
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CT PARALLELOGRAM

RATIO CORRECTICN FACTOR

1,009
1,006 ,-f
F.
1,003 '/ 4 7
y rj f f;
F.
1,000 e y
7
F 'i# Fa
0,987 P4 A "'
7
JF
Fd r
0.394
0,991
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|[EEE ST1D. C57.13 LIMITS OF
ACCURACY CLASS FOR CURRENT
TRANSFORMERS

FOR METERING

0.3 ACCURACY CLASS

Recall the Knopp
Comparator

The values were:

* Ratio Error = 1.00278
e O AngleError=5.2
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CT PARALLELOGRAM

Ratio Correction Factor (RCF)

IEEE C57.13 — ACCURACY LIMITS
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|IEEE Metering Class

There are three revenue grade metering classes defined by IEEE C57.13-2008
and C57.13.6-2004, These are illustrated below, with limits shown as a
percent of rated CT current:

0.3 Class - Standard Accuracy

100% RF

0.15 Class - High Accuracy

5% 100% RF

0.155 Class - Special High Accuracy

- 0.15%

2% RF

10%

Encompass & RevenueSense Exceed IEEE Standards

Encompass and RevenueSense redefine CT performance by exceeding
the operating range within their respective IEEE accuracy classes, offering
utilities additional flexibility to reduce inventory, part numbers, and billing
multipliers. RevenueSense also allows for a further reduction of metering
losses by extending high accuracy perfermance down to 1% of rated current.

GE Encompass — Standard Accuracy with Extended Range

([ o [ooon e S

4% 40% RF

GE RevenueSense - Special High Accurocy with Extended Ronge
| 0.15%
1% RF
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’@3’ STANDARD 0.3 ACCURACY CLASS

|[EEE C57.13 Accuracy

0.60 -+ | 0.3 @ BX.X; RF=X.X
|
I - -
| | .
o 1 Typical 0.3 CT
} 0.30 : /:/ Performance Curve
A ' I
0 ! I
@) [ I
> | L
o
© 10% 100% !
S |
O | |
g - |
0.30 + ! !
\ No accuracy guaranteed at I
current levels less than 10% :
I |
0.60 -+ : !
| |
| |

tescometering.com 1.0 Rating Factor RF 67



ITI ENCOMPASS

Accuracy Class - %

“Stretching” the rating factor
0.30 @ BX.X; RF 0.4-X.X

- I Typical Encompass
ﬂ/ Performance Curve

|
|

0.60

0.30

0.15

4% 4Q% 100% !
0.15 -

0.30 T

0.60 —T-
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0.15 HIGH ACCURACY CLASS

tescometering.com

IEEE C57.13.6 Accuracy

0.60 —t+ 0.15 @ BX.X; RF=X.X
| i
1 [ I i
Typical 0.15 CT
A | |
o 0.15 —:\| Performance Curve
o | <
3 ]
© 5% 100%
o 0.15 -+ |
O
<

I
030 — \ '.
|

No accuracy guaranteed at

current levels less than 5%
0.60 ,

_ 1.0 _ RF
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0.15S SPECIAL HIGH ACCURACY (ACCUBUTE)

|[EEE C57.13.6 Accuracy

Accuracy Class - %

0.60 —+ 0.15 @ E0.04, EO0.20; 0.15 @ BX.X; RFX.X
030 — : - ';ypicaICTAccubuteT“"
I erformance Curve
|
0.15 —-\ | / :
|
— !
5% 1OP% :
0.15 —— i I
| |
0.30 -+ ! |
No accuracy guaranteed at I
current levels less than 5% |
I |
0.60 -+ ; !
| |
| |
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0.15S HIGH ACCURACY EXTENDED RANGE

“Stretching” the rating factor
0.15 @ BX.X; RF X.X

0.60 -1

Accuracy Class - %

0.30 = : Typical CT Accubute™
- ! - s e

| |
0.15 —+ : :
| I
1% 1op% :
015 -1 i I
| |
0.30 , !
No accuracy guaranteed at I
current levels less than 1% |
|
0.60 :
|
|

1.0 RF
tescometering.com Rating Factor 71



DEFINITIONS

tescometering.com

*Standard Revenue Metering Accuracy (IEEE 0.3 Accuracy Class)

*+ 0.3% accurate from 100% Nameplate Rating, up to Rating Factor

*+ 0.6% accurate below 100% Nameplate Rating, down to 10% of Nameplate Rating

*GE ITI Encompass CT’s

*+ 0.3% accurate from 40% of Nameplate Rating, up to Rating Factor

*+ 0.6% accurate below 40% Nameplate Rating down to 4% of Nameplate Rating

*High Accuracy (IEEE 0.15 Accuracy Class)

*+ 0.15% accurate from 100% Nameplate Rating, up to Rating Factor

*+ 0.3% accurate below 100% Nameplate Rating, down to 5% of Nameplate Rating

*GE Somersworth Accubute™ (IEEE 0.15S Accuracy Class)

*+ 0.15% accurate from down to 5% of Nameplate Rating, up to Rating Factor

*GE RevenueSense High Accuracy Extended Range (IEEE 0.15S Accuracy Class)

*+ 0.15% accurate from down to 1% of Nameplate Rating, up to Rating Factor

tescometering.com 72



UTILITY METERING CTs

What do | need to know?
B - Burden
R - Ratio
A - Accuracy
V — voltage class
E — Etc (window size, special requirements)

R — Rating Factor

Revenue metering application

tescometering.com 73



NAME PLATE INFORMATION: BURDEN

Definition: Load connected to CT secondary
Includes devices & connecting leads
Expressed in ohms

Standard values = BO0.1, B0.2, BO.5, B0.9, B1.8
E0.04, EO.2

N ELECTR )‘\ %]
T

1
FEEALGTA
AL “, N AN
1A\

AN H ”H ;‘
|
tescometering.com Al b



STANDARD CT BURDENS

Standard IEEE CT Burdens (5 Amp)
(Per IEEE Std. C57.13-1993 & C57.13.6)

Application Burden Impedance VA @ Power
Designation (Ohms) S>amps Factor

Metering BO.1 0.1 2.5 0.9

B0.2 0.2 3 0.9

BO.5 0.5 12.5 0.9

B0.9 0.9 22.5 0.9

B1.8 1.8 45 0.9

EO0.2 0.2 5 1.0

EO0.04 0.04 1 1.0
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STANDARD ACCURACY
EXTENDED RANGE

TESCO's Meter School

TESCOOL>
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L ow VOLTAGE ENCOMPASS™ SERIES

tescometering.com

System Current

20A 40A 60A 80A 100A

200:5 JAK-0C
(Rating Factor 4.0)

400:5 JAK-0C
(Rating Factor 4.0)

1000:5 JAK-0C
(Rating Factor 2.0)

500:5 JAK-OW
Encompass™
(4% to 400%)

+0.6% Accuracy

1+0.6% Accuracy

+0.6% Accuracy

200A 400A  600A

+0.3% Accuracy

+0.6% Accuracy

800A 1000A 1200A 1400A 1600A 1800A

2000A

+0.3% Accuracy

+0.3% Accuracy

+0.3% Accuracy

One Encompass CT offers equal to, or better accuracy class
over the range of multiple legacy CT’s

tescometering.com
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HIGH ACCURACY
EXTENDED RANGE

TESCO's Meter School

TESCOOL>
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Low VOLTAGE REVENUESENSE™ SERIES

tescometering.com

System Current 6A 20A 40A 60A 80A 100A 200A 400A 600A 800A 1000A 1200A 1400A 1600A 1800A ; 2000A

200:5 JAK-0C

+0.69 +0.3% A
(Rating Factor 4.0) 0.6% Accuracy 0.3% Accuracy

400:5 JAK-0C

=+ 0, + [
(Rating Factor 4.0) +0.6% Accuracy +0.3% Accuracy

1200:5 JAK-0C

i 0.67 +0.3% A
(Rating Factor 1.5) 0.6% Accuracy % Accuracy

600:5 JAK-0S
High Revenue Sense +0.15% Accuracy
(1% to 300%)

* One RevenueSense™ CT improves accuracy over the range of multiple
legacy CT’s, with significant improvement at low currents

tescometering.com 79



PrRoODUCT LINE SUMMARY

Encompass
Size Mini Intermediate Padmount* Large
Model JCR-OW JAK-OW JAB-OW JAD-OW
Ratio 250:5 or 500:5 500:5 500:5 or 1500:5 1000:5 or 1500:5

RevenueSense ‘ ' '

*Hi Temp available

Size Mini Intermediate Padmount* Large
Model JCT-0S JAK-0S JAB-0S JAD-0S
Ratio 600:5 600:5 or 1000:5 600:5, 1000:5 or 1200:5 or 3000:5

2000:5

tescometering.com

*Hi Temp available
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FACTORS INFLUENCING CT ACCURACY

ometering.com

Current Ratio

“Low ratio” and “high accuracy” are not friends!!

Burden

“High burden” and “High Accuracy” are not friends!!

Physical Size

“Large windows, small cross-section”
and “High accuracy” are not friends!!

tescometering.com 81



SizING CTs FOR METERING

e Use as low of a ratio as possible with the RF covering the
maximum current level

o CT error is almost always negative

e Using a more accurate metering class will almost always
result in higher revenue levels

e Burden adversely affects accuracy, the lower the applied
burden, the better the accuracy performance

tescometering.com 82



QUESTIONS AND DISCUSSION

tescometering.com

Tom Lawton
President

TESCO - The Eastern Specialty Company
Bristol, PA

215.228.0500

Perry Lawton
Northeast Regional Manager

TESCO - The Eastern Specialty Company
Bristol, PA

215.228.0500

This presentation can also be found under Meter Conferences and Schools on the
TESCO website: tescometering.com

ISO 9001:2015 Certified Quality Company
tescometering.com ISO 17025:2017 Accredited Laboratory 83
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