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OVERVIEW OF THE WP2

Infrastructure for voltage generation and traceable measurement chains

Task 2.11 Task 2.2 Task 2.3
Development of Industry-oriented VT
reference measuring test procedures

Development of
) systems
Generation systems ﬂ

ﬂ ﬂ Development of Industrial

test procedures

50 kV DC, 35 kVAC

+ DC and 50 Hz 0.01 % 0.01 crad
500 V (9 kHz to 150 kHz)

9 kHz to 150 kHz 0.2%to1% 0.2 crad to 1 crad
0.1°to06°
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OVERVIEW OF THE WP2 DADMIT

High
Frequency
Instrument
Transformers

_ . e < .
WBO0—covering harmonics < 13th harmonic. re—— Ratlo error E——— [
WB1—harmonic frequencies < 3 kHz. class at frequencies shown below at frequencies shown below
WB2—Harmonic frequencies < 20 kHz. % Degrees
WB3—Harmonic frequencies < 150 kHz. WB1| fi<fs1kHz |1<fs15kHz | 1,5<f<s3kHz | fi<fs1kHz [1<fs15kHz | 1,5<fs3kHz
WB2| f,<f=<5kHz E<f<10kHz | 10<fs20kHz | f,<f=6kHz | 6 <f=10kHz 10 < f= 20 kHz
Class 0.1: WB3| f, <fS 20 kHz |20 < £ 50 kHz | 50 < f's 150 KHz |f, < £ S 20 kHz | 20 < /' 50 kHz | 50 < f's 150 kHz
1 % up to 20 kHz
WB4| f, <fs 50 kHz (50 < fs 150 kHz |[150 << 500 kHz | f. < f = 50 kHz |50 < /= 150 kHz| 150 < f = 500 kHz
2 % up to 50 kHz
0.1 +1 12 15 1 +2 15
5 % up to 150 kHz
0,2-025 12 14 15 12 14 15
Class 0.2
- 1 12
29 up to 20 kHz 05-05S 15 +10 +10 +5 +10 0
4% up to 50 kHz 1 +10 +20 120 +10 +20 +20
5 % up tO 150 kHz Protection 10 +20 +30 - - -
Class 0.5 The accuracy classes 0,2 S and 0,5 S apply only for current transformers,
5% up to 20 kHz NOTE 1 Accuracy class extension WB4 is intended for very wide bandwidth applications like travelling-wave
10 % up to 150 kHz protections and fault locators where signal frequencies reach as high as 500 kHz. The use of relays based on
o up travelling-wave analysis is a promising solution offering very accurate fault location. For instance, new devices
Class 1 based on such principles claim to be much more accurate than conventional reactance-based fault locators. This
o field is still evolving, but CTs and VTs suitable for these relays need a very large frequency range, hence the
(/] "extended"” range up to 500 kHz. No consensus for general requirements for this kind of application is available at
10 % up to 20 kHz g for g | requi for this kind of application i ilabl
he date of the publication,
20 % up to 150 kHz ! P
Protection NOTE 2 Travelling wave relays are designed especially for this purpose and are very special (very large
o bandwidth, etc.). Although WB4 compliant ITs are very desirable, inductive CTs and CVTs often have not a
10 % up to 20 kHz sufficient bandwidth allowing relays and fault locators to accurately measure the traveling wave arrival times.
o,
30 % up to 150 kHz NOTE 3 Owing to the high bandwidth, the classes WB3 and WB4 are not compatible with digital signals in
accordance with IEC 61869-9 and its standardized sampling rates.

The needed uncertainty : 5 to ten times lower than accuracies IEC 61869-1:2024, 5.7.4 Accuracy requirements for harmonics"
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OVERVIEW OF THE WP2
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» First part : Voltage generation systems

» Second part : Voltage measuring systems



» First part : Voltage generation systems



DEVELOPMENT OF HV-HF GENERATORS HADMIT

AC & DC
High
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Fundamental up to 50 kVp (DC or AC)
Up to 20 mA max

About 600 W

BW of a few kHz

Impossible to reach 500 V at 150 kHz

— 0dB
O2% — : | i
Frequency Response | | 1™
(Typical value at sine wave operation 1 | | 1
Output Voltage Rated ' g0y Rate with resistive load) ' ' P,
Model Output Current output power Safety Standards | | 1 b
[kvdc] [Vips] 70% H . H \ -3dB
(W] i i i 1 r-
Full scale (-1 dB) * Small bandwidth i i i i
(10% of full scale)(-3 dB) = 1 | | ) N
= i i i "
+2000 mAmMax or = 1 I | 1 1
> AMPS-0682000 & -0610+06KV oon S 1200W 500 Vips  DCto 100 kHz DC to 200 kHz ce z : ! | | \
gt 1 | | 1 1

+200 mAmax or = I I 1 1
> AMPS-2B200 &  -2t02kV 400W 1000 Vius  DC to 80 kHz DC to 160 kHz ce =1 I I ] ]
+400 mApk 1 ms = 1 i i i i
1
+80 MAMax or = ! I ! -
y ) -+ 1 1 I 1
> AMPS-5B80 = 5045KY ook ms  400W  1000VAs  DCloS0kHz DC to 100 kHz ce (Vpp) | | | ]
B ] 1 1 1

> AMPS-10B40 & -1010 +10KV ;‘;‘; ;”1‘:';;’1‘ ‘;:S 400W  1200V/ps  DC to 20 kHz DC 10 40 kHz Ce 0 33 - i ] ] -
\ 0.01fc 0.1fc 0.5fc fc

> AVPS20820 & 20to+20kv  T2OMAMEXOM - n0uy q200vips  DCto 10 kHz DC to 20 kHz e DC f(Hz)

+60 mApk 1 ms
20 mA Frequency ratio against fc ——»

+ mAamax or
» AMPS3-30B20 = -30to+30kV +40 MApK 1ms 600 W 800 Vips DC to 5 kHz DC to 20 kHz -
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DEVELOPMENT OF HV-HF GENERATORS

L. 1770 V Tested object
Traction Power Load Impedance Identification Power 1 (BU0)___...oeeeceeeeccessonevansense] TPL
supply Un A Plug-and-play

connection port

Harmonic generator I {} H-bridge I
: ; .
Wy Sensors | (000
{Jﬂ“’ﬂr | \c)/: o TPL *f R4 Cuim== U
supply T " ;T T P
TPL under test L {i} ﬁ
Hncertes Multi-frequency
harmonic P
T 1 5 i AMag ﬁ H-bridge 2
» D —* " e ﬁ\w_--"/ - i E E Cm-: = Huix
ata - > = — :
H U, | storage u | HET Uy ‘H_”f - ¥ P
0 >  — » |Output; .
f.-"r HZ f.r"l HZ - f-"l Ilﬂ : -'r & - L
1) Harmonic 2) Response 3) Spectrum 4) Impedance . . :
excitation collection extraction calculation
ﬁ H-bridge n
; Cﬂvu:: urh’u
Work well for frequency up to 5 kHz i . {& ﬁ
¥ kY




DEVELOPMENT OF HV-HF GENERATORS
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100 V/35 kV
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DEVELOPMENT OF HV-HF GENERATORS

& File
 Peaks

HEER e e L SR

Measure
value
mean
min

max
sdev

num
status

1 Vertical

=+ Time

I Trigger

_Frequency ° Amplitude |
. 50Hz 9573 dBm
30.000 kHz 4628 dBm
20.000 kHz.  46.02 dBm
50.000 kHz 4593 dBm
10.000 kHz. 45 83 dBm
60.000 kHz.  45.83 dBm
80.000 kHz. 4545 dBm
40.000 kHz 4534 dBm
90.000 kHz  45.01 dBm
70.000 kHz. 4473 dBm
110.000 kHz. 44 62 dBm
100.000 kHz 44 24 dBm
120.000 kHz.  43.80 dBm
140.000 kHz.  43.43 dBm
130.000 kHz 43 40 dBm

P1l:ms(CH P2:rmsi(C2)

14.229 kV 14.296 kV

14.224418 KV 14301659 kV

14.212 kV 14.290 kV

14.237 kV 14.311 kV

4.988 V 3.582 V

467 467

v L

10.0 kV/div
0V offset|

100 Vidiv
0.00V ofst

B Display
122 dBm |

102 dBm |-
82 dBrm
62 dBrm |

42 dBm (-

22 dBm |
L

-18 dBm

35dBm |

P3irms(C3)
146.43 V
146.40252 \/
146.32 V
146.49 V
27.55 mV
467

v

500 mV/div
0.0 mV ofst

kHz
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|| MNormal I

& Cu B Math | I»* An © Support 4 Spectrum | i

\»\
Do

78.1 kHz 160.1 kHz 50 ms hs

P4:pkpk(Z1
418 kV

P5:rise(C1) Pé--- Ploos: 54 Foaard PO Pal--- B Bt P12:- - -

Thase 0.0 ms|| Triggerl®E) LElE8
10.0 ms/div] Stop -100 vV
100 kS 1MS/s|Edge Positive

Up to 15 kV rms + 500 V (10-150 kHz)
Better than 0.01 % for 50 Hz

10

Better than 0.1 % up to 150 kHz
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Upgrade up to 35 kV (50 Hz):

- Using a 6 kVA amplifier

- 5 kVA transformer (purchased)
- Full remote control operation

Next step

v



DEVELOPMENT OF HV-HF GENERATORS

source

HVDC _|
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HF VT

AWG + Power
Amplifier

Test specifications.

1. High Voltage Divider + Sample.
a. Estimated capacity = 3.5nF.

HV 2. AWG + power amplifier.
Divider a. Power requirement for testing at 150kHz, 500V: S., = 1kVA.

b. Frequency range 9 — 150kHz.
c. Output voltage > 50V.

3. High Frequency Voltage Transformer.
a. Same power and frequency requisites as the power amplifier.
b. Turn ratio of at |east 10.
c. Insulation between secondary and primary windings of 10kV,..

4. HVDC source.
a. Sufficient filter for a low harmonic content.
b. 50kVp.



DEVELOPMENT OF HV-HF GENERATORS

1000 @ L ®

1. AWG + Amplifier. ®
2. High Frequency Voltage 800
Transformer. E; co0

3. Voltage divider. = PETL| SPRRIg PTS) IERUet DAL . SBR[ AN, (..
4.  Capacitor, simulating 400
customer’s divider. 200
0

0 20000 40000 60000 80000 100000 120000 140000 160000
Frequency (kHz)

Results from the tests.

* (Capability of sumperimposing DC+harmonics from 9kHz — 150kHz.

* (Capability of generating 500V, _from ~75Hz — 150kHz with high capacitances. Voltage generation with lower capacitances would be higher.

* (Capability of generating 1000V, from ~9kHz — 75kHz.
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DEVELOPMENT OF HV-HF GENERATORS

A reference setup for VT testing based on two

HFRD I.FHD DUT series-connected FDH’HQ‘E generators
A setup for MV VT testing up to 150 kHz was developed.
LFﬂ, : : A Low Frequency Amplifier (LFA) drives a Step-Up
Transformer (SUT) that generates the fundamental tone
at MV level. The SUT is series connected t0 a High

1 HF}':'I. + Frequency Amplifier (HFA) that generates the high
- A, frequency components (tens-hundreds of volt). Two
reference devices are used, one for fundamental tone

L - :21 lﬂ :23 (LFRD) and one for the high frequency tones (HFRD).
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DEVELOPMENT OF HV-HF GENERATORS

[P . — — — — —— — —— — — — — — — —— — - — — — — — -

Gawe (f)

Arbitrary

Waveform Amplifier

(Generator
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Gave (f)  Gsur (f)
Arbitrary Power  Stepup
Transformer

Input voltage (V)

Reference VT

VT under test

TARGET: Producing distorted voltages at MV using the simple circuit in figure
compensating for the frequency behaviour of the generation setup components.

Ve(f)

Vsynt(f) = =
Gawe

(f) * Gamp () * Gsyr (f)

10 15
Time (ms)

Output voltage (V)
=]

5 10 15 0
Time (ms)



» Second part : Voltage measuring systems
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MEASURING SYSTEMS

16

b
Institute Voltage Reference divider
LNE DC and AC ROSS Divider VD75, ratio 1000 into 1 MQ, 300 MQ, 10.8 pF
LNE AC Capacitive divider (compressed gas capacitor Vettiner 100 pF/100 kV)
FFIl
ROSS VD45 + homemade RC divider 30 kV (DC and AC)
INRIM
RISE AC and DC RCR125
VTT DC 200 kV divider module developed in HYDC (ENGOQ7) project.
Ratio 20000:1 into >10 GQ, 1 GQ, 2 nF.
VTT AC Capacitive divider
50 Hz (compressed gas capacitor, Micafil 100 pF/200 kV)
VTT DC and AC 200 kV RCR divider module developed in HV-com? (19NRMO07) project.
up to 10 MHz Ratio 2000:1 into 1 MQ, 1.2 GQ, 425 pF
VSL DC 200 kV divider module developed in HYDC (ENGOQ7) project.
Ratio 20000:1 into >10 GQ, 1 GQ, 2 nF.

" ADMIT

AC & DC
High
Frequency
Instrument
Transformers

Some dividers are very flat
in the frequency range up to
150 kHz < 0.1 %.

An uncertainty of 100 ppm
at 50 Hz is not easy to
reach with those dividers.



MEASURING SYSTEMS

wammlnal (test) (DC/AC/LI) = 50/36 (max HV C, 100 nF, FEP16 x 20 pc
98/70/175) kV HV R 10 MQ, Mox 6 x 20 pc
Ugy:, v DC/AC/LI = HV Rd 3.3 Q, MELF 2 x 20 pc
e - div,
i [ piviaér |, 1.93, 1.38, 6.7V LV ¢ 33 nF, 63V FRP2 15 p
Rd 0 @, BE = 26000/ ! / LV R 300 +15 kQ, Mox 1 pc
|
|

HV / LV Rd 0.1 Q, MELF,4 x 15 pc
: 112 0 [ BP filter design
I === {

025 od [ with amplifier:

_ | 10x, 20x, 100 x
Uy limited to 10 V

a ¥

PXIe &35¢
> 500 Hz

I

aa os|l
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MEASURING SYSTEMS

First prototype (RCr)

R=110 MQ
C=1.8nF
r=56 Q

Wima capacitor FKP4, 200 ppm/ °C
Metal film resistor Vishay CMF60, 25 ppm/°C,0.3 ppm/V.

Frequency, temperature and voltage compensation
DC :

V.C = -1 ppm/kV
SEL heating = -1 ppm/min

0.1 % frequency stability up to 150 kHz




MEASURING SYSTEMS

Second prototype (RC)
R =200 MQ =200x1 MQ

C=50 pF = 200% 10 nF
MELF resistor ( 15 ppm/°C, 0.26 ppm/V)
DC :

V.C =<1 ppm/kV
SEL heating = -2.5 ppm/min

NPO capacitor, 0-30 ppm/°C, 10 nF/650 V.

Frequency compensation box :

i

R202
10

JPS

[100pF

R204
100k




MEASURING SYSTEMS

Second prototype (RC)
R =200 MQ =200x1 MQ

C=50 pF = 200% 10 nF
MELF resistor ( 15 ppm/°C, 0.26 ppm/V)
DC :

V.C =<1 ppm/kV
SEL heating = -2.5 ppm/min

NPO capacitor, 0-30 ppm/°C, 10 nF/650 V.

Frequency compensation box :

i

R202
10

JPS

[100pF

R204
100k




PROCEDURES

SIMPLIFIED PROCEDURE :

>2xH >2xH
GENERATORS
Step 1:
Fundamental measurement SoxH
Up to 50 kVp o) = p(Vn(out)) — @(Vn(in))
Step 2:
<500V / k X Vn(out
9 kHz to 150 kHz Free air e(n) = . ( ) Z
sweep n(in)
H
Divider v
+ Assigned cable

Digitizer
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PROCEDURES

REFERENCE PROCEDURE :

GENERATORS

Fundamental
+

1 tone or multitones

22

>2xH >2xH
2 o) = pn(out)) - p(Vn(in))
. _ k xVn(out)
Free air e(n) = Vn(in)
H

Digitizer

+ | Assigned cable




THANK YOU FOR YOUR ATTENTIONM
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