Inaccurate Billing / Metering CTs and VTs:
The Quickest Way to Gain (or Lose) Revenue!

Alexander Dierks; Riaan Louw; Alectrix (Pty) Ltd, alex@alectrix.co.za
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» Why is CT and VT Accuracy So Important?

How much annual revenue does a utility gain (or lose),
If energy consumption for a 10MVA load is measured
with an 0.2% error?

N$250,000

Daily energy consumed = 200MWh = (1*16h + ¥2*8h)*10MVA

(Assumption: Full load for 16h/d; Half load for 8h/d)

Annual revenue = N$125Million = 250d * N$2,500 1/MWh * 200MWh

(Assumption: 250 working days at N$2.50 1/kWh)

Total Annual Revenue gained/lost = 0.2% * N$125Million = N$250,000
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» Where Is a Positive (or Negative) Error Important?
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P SANS 474 | NRS 057

ISBN 978-0-626-22037-2 SANS 474:2009
NRS 057:2009

SOUTH AFRICAN NATIONAL STANDARD

Code of practice for electricity metering

his natienal standard is the identical lementatio 00 and
pted rm: morandum of Agreement between Blectricity
B mittee and the SABS Standards Division.
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» NRS 057 / SANS 474

» “Subsequent recalibration of metering system components requires the same full laboratory process as for new
components. On-site testing and calibration is acceptable for this purpose as long as the requirements of this
code of practise are complied with” (NRS 057:2009; Ch. 4.4.3.4)

» “Metering system components” consists of the energy meter(s) as well as the instrument transformer(s).
» Focus of this presentation is the verification of the current transformers (CTs) and voltage transformer (VTS).

» “Recalibration” means ‘comparison’ or ‘verification of accuracy’

» Calibration of inductive CTs - IEC 60044-1 / IEC 61869-2:
Accuracy verification at 5%, 20%, 100% and 120% I ,,, for 25% and 100% rated burden.

» Calibration of inductive VTs - IEC 60044-2 / IEC 61869-3:
Accuracy verification at 80%, 100% and 120% V,,,,,, for 25% and 100% rated burden — for all other windings unloaded AND fully loaded.

Customer Load CT & VT Accuracy Verification Interval

> 10MVA class 0.2 5 years
100kVA to 10MVA class 0.5 10 years
<100kVA class 1 20 years ‘ZZ
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» Conventional Verification by Primary Injection
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» Ideal Current Transformer

I

Losses are not considered: @, =®, ==

n_bh
n2 Il
Connected burden is not considered %%
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» Real Current Transformer (Detailed Electrical Model)

S Iext

P
P1/H1 O—> S1/X1
NF'
Zg
P2/H2 O S2/X2

Parameters to determine:

» Rot — secondary winding resistance

» Non-linear iron losses: Hysteresis losses Ry, magnetizing inductance L, and the eddy losses Ry,

» Ideal transformation ratio N,/Ng LL
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» Accuracy Graph for a Metering / Protection CT
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» OMICRON CT Analyzer for CT Calibrations

» Portable, compact size and low weight (< 8 kg)
» Field calibration of CTs up to the Class 0.1 accuracy class
» Fast testing time (<1min per core)

» Automatic result assessment as per IEC 60044-1and IEC61869-2
standards directly after the test

» Simulation and re-assessment with changed CT parameters

» Safety: max. 120 V output voltage
» Reliable: high noise immunity for on-site testing

» Multi-tap CTs can be tested with CT SB2 extension box
(up to five taps)

L
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» Case Study 1: Post Type CTs

Utility line P2 (H2) PT(H1) Utility line

O
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Clear results Wiring diagram

Test

Test Files\cxh-72-meter.xml* @

4 General

Advanced CT Test Company:
Country:

Preparation Station:
Feeder:

Phase:
Results

- . » Sh
Calculation ow more

Accuracy and burden

Standard:
Freguency:

F&:

Rated burden

Test Company
Sunshine Country
Test Station

Test Feeder

Phase 1

Create report Design report

Report

1300 (N A
200.000 A

p Case Study 1: 66kV CT. 1200A:1A, 10VA, Class 0.2

A HomeCH,.Inaccurate billing metering CTs and VTs The quickest way to gain (or lose) revenuel\Test Files\ath-72-meterxml* - OMICRON CT Analyzer 'n' Q - 0O X

Manufacturer: CT Manufacturer
Type: X¥Z123
Serial number 123 456 789

Comment:

Isn:
Application:
Class:

Ext Ipn:

Extended burden:

Burden:

Operating burden

Enable rated burden <1 VA

£O5

Burden:

Lead resistance

Rlead: H

Zoom 100%
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» Case Study 1: 66kV CT. 1200A:1A, 10VA, Class 0.2

Test device Date/Time 12/02/2016 09:58

Test device CT-Analyzer Device serial no MEB2B4K

File name CAllzersbalexanderDicrkshdlectrizhalectric - Dacumentsh 20215 Tripzi0igital Eezsions\EAIEE Presentation 2021.024T ezt Casesthoxh-T2-meter.ml

Overall assessement OK

Asset

Ipn 12000 A Object Location

Isn 104 Manufacturer Company

Rated burden 10.0 VA | f0.BD Type Country

Operating burden 10.0 VA | f0.BD Serial number Station

Standard IEC 60044-1 Core Feeder

Application Metering Tap Phase

Class r 0.2 Opticnal IEC-1D

Frequency 50.0 Hz Comment

Rt max 32220 ?

FS 10.0 ?

Ext Ipn 120 %

Secondary winding resistance Primary winding resistance

R-meas (25.0 *C) 27010 R-meas (25.0 *C)+Rlead 27010 R-meas

R-ref (75.0 °C) 32220 R-ref (75.0 *C)+Rlead 32220 R-ref

Burden

Burden oS & E

V-meas I-meas

Excitation

Ls 0.005587 H[Lm 149925725 H |Results at rated burden (10000 VA) Results at operating burden [10.00 VA)

Kr 75.1 % Fs P 913 Jrsi 7 B.36 Fs 7 513 [Fsi F  R3e

Standard IEC 60044-1 eCi (@ F5=10) eCi (@ F5=10)

V-kn 71820V |I-kn 0.002 A Ts 13.360 s | Ts 13.360 s |

Ratio

Turns ratio 1199 3455 Results at rated burden (10,00 VA) Results at operating burden [10.00 VA)

£t -0.0545 % Ratio 1200.0 : 1.0001 Ratio 1200.0 : 1.0001

Polarity oK e [[oo1z2a% ] a0 0a2min | 00128% a0 0.42 min ‘gz
EC 0.0174 % EC 0.0174 % OMICRON




» Case Study 1: 66kV CT. 1200A:1A, 10VA, Class 0.2

Current ratio error in % at % of rated current at rated burden (10.00 VA)
VA/cos ¢ 1.00 % 5.00 % 10.00 % 20.00 % 50.00 % 100.00 % 120.00 % 200.00 %
10.00/0.80 -0.0158 -0.008 -0.0049 -0.000 0.0060 0.0124 0.0142 0.0206
5.00/0.80 0.0171 0.0185 0.0206 0.0223 0.0251 0.0276 0.0283 0.0310
2.50/1.00 0.0466 0.0449 0.0438 0.0431 0.0421 0.0416 0.0415 0.0415
1.25/1.00 0.0482 0.0475 0.0465 0.0461 0.0454 0.0449 0.0447 0.0445
Phase in min at % of rated current at rated burden (10.00 VA)
VAfcos ¢ 1.00 % 5.00 % 10.00 % 20.00 % 50.00 %| 100.00%| 120.00%| 200.00%
10.00/0.80 2.8390 2.0821 1.7067 1.3320 0.8167 0.4245 0.3178 0.0777
5.00/0.80 1.9553 1.5272 1.2975 1.0700 0.7575 0.5115 0.4459 0.2650
2.50/1.00 1.6744 1.4116 1.2626 1.0915 0.8719 0.6916 0.6433 0.5033
1.25/1.00 1.2888 1.1112 1.0123 0.8800 0.7145 0.5804 0.5439 0.4400
Current ratio error in % at % of rated current at rated burden (10.00 VA)
1,0000 @ 10.000 VA
0,8000 Q
0,6000 \ @ 5,000 VA
__ 0,4000 \3 —
X | T T T m=a__ ——®—— 2.500 VA
S 0,2000 ~-e--o
g 0,0000 Wo=0 “ e oun
o 02000 [ = o ——o
80,4000 p---" - & —Limits
- /
§ -0,6000 |
= ¢ — @ - Limits
3 -0,8000
-1,0000
0,00 50,00 100,00 150,00 200,00 250,00
1/1pn [%]
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p Case Study 2: 100A:1A, 10VA, Class 1

Current ratio error in % at % of rated current at rated burden (10.00 VA)

1/1pn [%]

VA/fcos ¢ 1.00 % 500 % 1000 %5 20000 % G000 %5 10000 % 120000 %% 200,00 25
lll].ll]ﬂfll].ﬂll]| -4 3859 -2.2483 -1.7809 -1.4812 -1.1192 -0.8613 -0.7817 -0.5416
5.1]1]}’1].31]' -2. 7831 -0.8220 -0.4863 -0.2643 -0.0528 00806 0.1156 0.2126
1.54]}’1.1]1]' -0.0087 0.6307 0. 7460 0.2246 0. 2850 09042 0.9170 0.9375
1.15f1.1]|]| 0. 4500 0.85823 0. 9540 1.0151 1.0666 1.0871 1.0214 1.1009
Phase in min at % of rated current at rated burden (10.00 VA)
VA cos ¢ 1.00 % 500 % 1000 %5 20000 % G000 %5 10000 % 120000 %% 200,00 25
lll].ll]ﬂfll].ﬂm 115.2638 B2.1793 53.3167 44 4075 33.6205 24 8930 22.0891 12 3455
5.1]1]}’1].31]' 07 7856 42 6187 35.0336 2014495 226513 184887 17.3690 13.6873
1.51}1’1.1]4}' 131.6096 51.9136 41.5340 34.9057 28.6622 24,7641 23.8B565 21.45/2
1.15}’1.1]1]' 112 6044 328152 285927 23.1707 1B 6099 16.1587 155619 13.94497
Current ratio error in % at % of rated current
@ 10.000 VA
4,0000
3,0000 & s 5,000 VA
2,0000 N\
)
) 1,0000 = S - ———n b ~ 2500 VA
§ 0,0000 U — -9
s —0
.g -1,0000 =ra"— — = 1.250 VA
g -2,0000 7
g -3,0000 - Q= Limits
3 -4,0000 F
-5,0000 - Q== Limits
0,00 50,00 100,00 150,00 200,00 250,00
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p Case Study 3: 300:1, 15VA 5P30 Protection Core

Excitation curve
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=
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Standard IEC 61869-2
V-kn 504 755V |I-kr| 0.031 A
le [A]
Excitation
Ls 0.003504 H [Lm 61.784285 H Results at rated burden (15.00 VA)
Kr BOEl % ALF » 3831 |ALF'| 3741
Standard IEC 61860-2 ECI (@ ALF=30) 0.108 %
V-kn 504 755V |I-kn 0.0306 A Ts 42208 |
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p Case Study 3: 300:1, 15VA 5P30 Protection Core

Current ratio error in % at % of rated current at rated burden (15.00 VA)
VA/Scos ¢ 100 % 5.00 ¥ 10,00 % 20,00 % S0.00 % 100.00% 120.00%| 200000 2%
15.1]4],!"1].31]| -0 9686 -0.4505 -0.35389 -0_2605 -0.1962 -0.1674 -0.1613 -0.1485
?.Eﬂfﬂ.ﬂ:ﬂ| -0.6677 -0.3179 -0.2321 -0.1768 -0.1274 -0.1045 -0.0999 -0.0899
3.?51"1.1]4]| -0.0795 -0.1239 -0.1058 -0.0848 -0.0642 -0.0523 -0.0500 -0.0443
1.BE,|"1.1]4]| -0.0402 -0.0896 -0.0800 -0.0651 -0.0500 -0.0404 -0.0383 -0.0336

Phase in min at % of rated current at rated burden {15.00 VA)

VAfcos ¢ 1.00 5.00 %% 10.00 % 20,00 % 50,00 %) 100.00%| 120.00%| 200.00 %
15.00/0.80| 292857 77442 46430 3.1307 2.1521 17567 16715 1.4551
?.Eﬂfﬂ.ﬂﬂl 25 6845 7.3543 44448 2.8257 17791 15809 1.3037 1.1448

3.?5{1.1]4]' 31.6301 10.0910 6.4642 43017 2.7528 21214 2.0104 1.7403
l.BEfl.'[H]I 25.0714 8.9908 5.5939 3.6650 2.2555 16744 1.5615 1.3250

Current ratio error in % at % of rated current at rated burden (15.00 VA)

1.5000 —— 15.000 VA

1.0000 ° 7500 VA
<  0.5000 ——e— 3750 VA
S
E 0.0000 — —_—— — — 1.875 VA
)
E -0.5000 - @ = Limits
]
c
g -1.0000 . — @ — Limits
=
&

-1.5000

0.00 50.00 100.00 150.00 200.00 250.00
\/1pn [%] ‘ZZ
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» Special Applications: Bushing Type CTs
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» Special Applications: GIS
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Voltage Transformers (VT)



» Real Voltage Transformer (Detailed Electrical Model)

Ib2' R2' X2'
—>—{" 00000 —©0 2a

Ip" Rp" Xp" b1 R1 X1
A O—————"1 00000 ——{ 00000 —©0 1a

lexc )

Up” Rm Uc Xm Us1

Parameters to determine:

1) Secondary winding resistance R, and R,

2) Short circuit impedances yielding R,", X*, X; and X,
3) Non-linear iron losses R, and X

By
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» OMICRON VOTANO 100 for VT Calibrations

» Portable, compact size and low weight (8kg + 7kg)
» Field calibration of VTs up to the Class 0.1 accuracy class
» Software-guided test procedure ensures short testing time (<15min)

» VTs with up to five secondary windings

» Automatic result assessment as per IEC 60044-2 and IEC61869-3 standards
directly after the test

» Simulation and re-assessment with changed VT parameters

p Safety: Local isolation between high voltage and test equipment
Double action to start test; Emergency OFF button

High-voltage
environment

Safe area



p Case Study 4: Two Winding 33kV:110V, 30VA; Class 0.5/ 3P

l,. Advanced
¥ VT/CVT test

=]
>
v

Open

Preparation

Results

Report

VOTANC_ABB_1YMPO11TJO00286_21_08_2019_10_12.vta - OMICRON VOTANO ﬁ 0 - 0 X

|- , ¥ H

Transfer  Save Close Clear results Wiring diagram

Company: Test Utility Manufacturer: | VT Manufacturer

Country: Country Type: }('I"Zi

Station: Test 55 Serial number: | 1YMPO11TIO00286

Feeder: T2 Comment: VOTANC 100 Demonstration
Phase: Red Phase

IEC-1:

» Test configuration

4 Asset
Model: VT E Standard: IEC 60044-2 v
Upr: 143 | 330kv v TsB:
Frequency: 50 Hz -
Mo. of sec. windings: 2 v Fu: 1.2 v
Rlead: 0 mQ E Residual winding:
B 1a-1n P/M: M e
Class: 0.5 -
Usr: 143 (110.0V v
Ratic: 300:1
Sr 30Va - cosg: 0.8 v
Test data loaded from 'Ch\Users\AlexanderDierks\AlectridAlectrix - Documents 2022\ Trips\Webinarstinaccurate billing metering CTs and VTs The quickest... ‘ @ Start test ‘

Zoom100% (= +
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p Case Study 4: Two Winding 33kV:110V, 30VA; Class 0.5/ 3P

VOTANO Advanced VT Test
Company Test Utility
Company address
Crder number
Object Location
Manufacturer VT Manufacturer Company Test Utility
Type YL Country Country
Serial number 1YMPO11TIOO0286 Station Test 55
Comment Feeder
VOTAND 100 Cemonstration Fhaze R Excitation curve
|EC-ID
Madel VT Type
Rated primary voltage [V] 330003 Serial number
Applied standard |EC 80:044-2 Measurement saving time 201
Rated frequency [Hz] 50.00 Firmware version 2,100
Fv 1.2
Winding Rated sec. voltage [V] Class M-Class Mom. Burden [VA] cosg 100y
1a-1n 110/3 0.5 30/0.8
23-2n 110/n3 Ela n/a 30/0.8
| Overall assessment OK =
z y
Winding Winding Resistance [(1] Ratio 5 10.00
1s-1n 0.1914 330003 110.0081,/¥3 b
2a-2n i0.2956 330003 109.9612 V3 E
0.0 010 in
RMS current [A] o

OMICRON
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p Case Study 4: Two Winding 33kV:110V, 30VA; Class 0.5/ 3P

Owerview of ratio errors and phase displacements

Burden
o Upr Usr Freg. 51 52 53 54 55 u Ratio | Phase
Widine g M M | Al Al Al Al Al | B STOT BT
[5& [min
13-1n 333 110pv3 so| 30/0.8 20%| oooso| 050
100%| 0.0073| 047
120%| o0.0054| 043
7.5/0.8 20%| o0.1s38| 055
100%| o0.1681| 052
120%| o0.1662| 049
30/0.8| 30/0.8 20%| 0.0701| -2.15
100%| ©0.0708| -2.12
120%| 00727 -2.09
75/0.8| 30/08 20| o.0%05| 221
100%| 0.0899| -2.18
120%| 0.0879| -2.14
73-2n 333 110/v3 50 30/0.8 2%| 0.1157 1.04
5| -0.0822 1.16
100%| -0.0353 1.20
100*Fvsé| 0.0372 1.23
7.5/0.8 2%| 00878 049
5| 01213 037
100%| o0.1683| 032
100*Fv6| 0.1664| 030
30/0.8| 30/0.8 2%| 01966 091
5| 01633 -0.80
100%| 0.1168| 076
100°Fvis| 0.1183| 073
30/0.8| 7.5/0.8 2%| 00067 -2.45
5| 00401 233
100%| 0.0871| -2.29
100°Fvis| 0.0852| -2.26

OMICRON
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p Case Study 4: Two Winding 33kV:110V, 30VA; Class 0.5/ 3P
Winding 1: Class 0.5
Ratio error /| other windings not loaded

0.60%

0 409/ —————————— . 100% Load
g . 0
E 0.20% e 25% Load
& o
>
% 000% y N T == == == +Error
e m% 40% 60% 80% 100% 120% 140%
£ 020% o
=

-0.40%

-0.60%

Upr [%]
Ratio error /| all other windings loaded with rated load

0.60%

0 409/ —————————— . 100% Load
g . 0
S 0.20% T aeled
i
3 oo0% = - = = semor
% D ——20% 0% 60% 80% 100% — 120% 140%
£ -020% — - = Error
=

-0.40%

-0.60%

Upr [%]
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p Case Study 5: Two Winding 66kV:110V, 100VA,; Class 0.2/ 3P

10,00

VOTANO Advanced VT Test
Company Test Utility
Company address Test Workshop
Crder number
Object Location
Manufacturer VT Manufacturer Company Test Utility
Type 1DCF-6EW3 Country Country
Serial number 14130256 Station | Workshop
Comment Feeder
WOTAND Demonstration Phaza Excitation curve
|EC-ID
Model WT Type
Rated primary voltage [V] GE000/v3 Serial number
Applied standard |EC 60:044-2 Measurement saving time 201
Rated frequency [Hz] 50.00 Firmware version 2.10(
Fv 1.2
Winding Rated sec. voltage [V] Class M-Class Mom. Burden VA cosp
1s-1n 1103 0.2 100/0.8
2a-2n 1103 3P n/a 100/0.8 / 16:60
| Overall aszeszment Failed =
Q
[
©
Winding Winding Resistance [(1] Ratio 5
1a-1n 0.0278 E6000/v3| : | 110.0207/v3 =
23-2n 0.0496 EE000N3 : 10993433 E
0.01 10 1.00
RMS current [A] -

OMICRON
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p Case Study 5: Two Winding 66kV:110V, 100VA,; Class 0.2/ 3P

Owverview of ratio errors and phase displacements

Burden
Upr Usr 51 52 53 54 55 u Ratio error Phasze error
Winding [v] [v] [vA] [vAl [vAl [vAl [vAl [3] (5] [min]
1s-1n geMN3| 110MN3| 100/0.8 B0 0.0520 -6.15
10056 0.0188 -6.09
12056 -0.1629 -5.43
25/0.8 B 02027 -3.71
10056 0.1690 -3.66
120% -0.0127 -3.00
100/0.2( 100/0.8 B -0.0850 -10.44
10056 -0.1175 -10.35
120% -0.2994 8,72
25/0.2| 100/0.2 B 0.0654 -2.01
10056 0.0324 -7.96
1205 -0.1454 -7.29
2a-2n BEMNI| 1103 100/0.8 2% -0.1275 -6.28
5% -0.0840 -6.56
10056 -0.0592 -5.45
120% -0.2426 -5.43
25/0.8 2% 0.0774 -4.25
5% 0.1210 -3.591
10056 0.1453 -3.81
1205 -0.0381 -2.80
100/0.8( 100/0.8 2% -0.2692 -11.36
5% -0.2257 -11.03
10056 -0.2002 -10.53
12056 -0.3837 -9.90
100/0.8( 25/0.8 2% -0.0645 -8.73
5% -0.0210 -2.40
10056 0.0040 -B.30
1205 -0.1796 -7.28

OMICRON
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p Case Study 5: Two Winding 66kV:110V, 100VA,; Class 0.2/ 3P

Winding 1: Class 0.2

Ratio error / other windings not loaded

0.25%

0.20% / — e\ e 100% Load
T 0.15% \
g 0.10% =& \ e 25%Load
& 0.05% =+ .
$  0.00% — AN — = — tEmor
o . o -
& 0.05% 0{ 20% 40% 60% 80% 1m% 120% 140%
a0 -0.
o
B | == == == -Error
S -0.10% \

-0.15% ¥

-0.20%

0.25%

Upr [%]
Ratio error / all other windings loaded with rated load

0.30%

020% . 100% Load
=
g 0.10% . 25% Load
.E / \\
'E 000% %
T 0% 20% 40% . 60% 80% 1009*\ 120% 140%  — — — +Eror
o -0.10% S —
g ‘;’/’ \l\ .
S 020% - T

-0.30% )

-0.40%

Upr [%]
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» Certified Accuracy of Calibration Equipment

Physikalisch-Technische Bundesanstalt
Seite 3 zum Kalibrierschein vom 2005-12-02, Kalibrierzeichen: 3403 PTB 05

Page 3 of calibration certificate of 2005-12-02, calibration mark: 3403 PTB 05

5. Messergebniss
Messurement results

In den folgenden Tabellen werden die Strommessabweichungen und Fehlwinkel bei
Bemessungsubersetzungen in Abhangigkeit von der Beburdung und dem Messpunkt

angegeben. (ICE 60044-1).

PIB

Current errors and phase displacement indicated in the following tables are expressed as functions of the corresponding

test point and rated ratio.(ICE 60044-1).

Sekundare Bemessungsstromstéarke
(rated secondary current)

S5A und 1A

(and)

Frequenz (frequency)

50 Hz und 60Hz

Physikalisch-Technische Bundesanstalt

Braunschweig und Berlin
Nationales Metrologieinstitut

Seite 4 zum Kalibrierschein vom 2016-04-11, Kalibrierzeichen: 21106 PTB 16 / 21107 PTB 16

Page 4 of the Calibration Certificate dated 2016-04-11, calibration mark: 21106 PT8 16/ 21107 PTB 16

Tabelle 2
table 2

Spannungswandler, Klasse 0,1, Betriebsblrde 50 VA
Voltage transformer, class 0,1, rated burden 50 VA

(and)
Primare Bemessungsstromstérke Birde Prufpunkt 5
(rated primary current) in A (burden) (test point) £ 1
5A-5000A 0-10 VA 200 % -1 % 0,02 % 1,0 min.

110 KVIN3 / 100 VI3

Blrde Messpunkt Referenz Ablesung Differenz
Burden Test point Reference Displayed value Difference
&y Sy &u 8y £y dy
in % in % in’ in% in' in % in'
120 0,042 -0,6 0,060 -1,1
100 0,049 -0,8 0,065 -1,3
80 0,048 -0,9 0,062 -1,3
Leerlauf 60 0,040 -0,9 0,054 -1,3
No burden 40 0,022 -0,7 0,030 -1.1
20 -0,021 -01 -0,024 -0,4
10 -0,070 0,8 -0,086 0,5
5 -0,126 16 -0,117 0,9
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P Summary

» Regular and accurate verification of instrument transformers, as required by the Code of Electricity Metering, can conveniently
be conducted in the field by utilizing a modelling verification, instead of following a conventional primary injection calibration.

» The modelling approach consists of accurately characterizing the electrical model of a CT (or VT), then calculating the
amplitude and phase angle accuracy of the device under test for the required burden ‘connected’ to the CT (or VT) and
‘injecting’ the required primary current (or primary voltage).

» Calibration of inductive CTs - IEC 60044-1 / IEC 61869-2:
Accuracy verification at 5%, 20%, 100% and 120% I, for 25% and 100% rated burden.

» Calibration of inductive VTs - IEC 60044-2 / IEC 61869-3:
Accuracy verification at 80%, 100% and 120% V,,,,,, for 25% and 100% rated burden for all other windings unloaded AND fully loaded.

» Case studies for various metering and protection CTs (and VTs) — with both passed and failed results - have been presented
and results discussed.

» The PTB (and other certification institutes) have certified the accuracy of the modelling verification approach of instrument
transformers.
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» Thank You for Your Attention!
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