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OVERVIEW OF THE WP2

Infrastructure for voltage generation and traceable measurement chain

Task 1 1 Task 2 Task 3

Development of reference Industry-oriented VT
measuring systems test procedures

Development of
Generations systems

ﬂ ﬂ Development of Industrial

test procedure

Frequency U (ratio U (phase) 500 V (9 kHz to 150 kHz)
50 kV DC, 35 kVAC Voltage)

+ 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
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TASK 1 : GENERATORS

Frequency
Instrument
Transformers

IEC 60060-1 (tested up to 10 kHz) 2 ¢
— I
Uyt Coupling+ Coupling+| Th*
blocking a blocking
element 1 element 2
TuT
Power amplifier TREK
HY Converting Converting| | 2-terminal Converting HV 50 Hz T PZD2000A
source — device —  device test device [— source C2
1 Uy U object " 2 35 KOOV +2000V
LOAD DC-100 kHz
RC Divider
u | Uby direct measurement i
3-channel [ U™ Uy" recorded for comrect adjustement
Uy ¥ recording | -
Software < instrument :Lz 7
Isolated 150 kHz source
harmonique n= ||| 2.00000C| 3.00000€] 4.00000C| 5.000000| 6.00000C 7.00000C| 2.00000C| 9.00000C| 10.0000C 11.ooooc‘ 12.00000 13.00000 THD(%)
taux (%) 0.11079¢| 0.204485] 0.027671| 0.043341) 0.009931] 0.026216) 0.005421] 10.63925] 0.008092] 0.009488] 0.013423 0.01333¢ | 10.64221
| | : »|
HEw |
30-
. Test
o0 Divider biect
S o j DC or objec
i, Y \ 0\ AC source
£ f f
£ -0
-20 | |
-30
4 .0 | | I | | |



MEASURING SYSTEMS
High
Frequency
Instrument
Transformers
Wideband dividers
. Max. DC | Max. Peak . . A Internal External . .
# Lab Identification Make Model Type Low -3 dB High -3dB Rin Cin ) ] Nom. SF | Height | Weight Floor area HV electrode
voltage | ACvoltage damping | damping
0 VTT MIKES RCR200LI VTT RCR200 Universal 200 kv 200 kv DC 10 MHz 1.25G0 425 pF 2400 2500 2000 13m @g0.Bm @0.8m
1 VTT MIKES ZE520 ZES ZIMMER H5T12-3 Resistive 20 kv 20kV DC 300 kHz A0 MO 20 pF - - 4000 0.11m 7.2kg 0.23m x 0.6m -
2 all ROS5 Resistive 200 kv 200 kv DC 10 MHz 10 pF
3 FFII TETTEX Capacitive | 200kv 200 kv 50 Hz (?) 60 Hz (?)
4 FFIl LCOE Parallel 40 kV 25kV 100 Hz 5 kHz 30 MQ 400 pF
Shielded
5 VsL HVDC 200 kv 200 kv DC 300 kHz 1G0 2nF
parallel
6 RISE RISE Universal 125 kv 100 kv DC 5 MHz 2.5G0 600 pF
7 RISE RISE Universal 500 kv 320 kv DC 5 MHz 2G0 250 pF
1] LNE VD75 ROSS Resistive 75 kv 150 kv DC 10 MHz 300 MO 10 pF 30cm 1kg 1m 10cm
9
10
11
Digitizer
. . Lowest range, Highest
# Lab Make Model Channels Input R Input C Resolution Sampling rate, max. Max. BW
fsd range, fsd
0 VTT MIKES MI PXle-5164 2 1 MO 2.5 pF 14 bits 1G5/s 300 MHz 0.25 v 100 W
1 VTT MIKES Applicos WEFD20 2 100 MO 7 20 bits 2 M5/s > 800 kHz 0.554 W B.16 WV
2 RISE MI PXI1-5922 2(?) 16 bits 1 MHz 5
3 LME Keysight 34584 1 10 G0 270 pF 16 bits 100 M5/S subsampling 10 MHz 0.1V 10w
il
5
B
7
a




TASK 2 : MEASURING SYSTEMS

VSL WIDEBAND VOLTAGE DIVIDERS

eeeeeee

HVCB

n MIL 2500A o Cs

H >
H

Current comparator-based capacitive
voltage divider
LNZ (17 ppm error at 5 kHz)

Built in the HVDC project
 TC: within £ 2 ppm/C
 VC:-10 ppm/kV up to 200 kV
« BW:>100 kHz

S 1.8-

2 44 v
1.3- Irf*
1.2- y
1.1 }
1,02 . bttt

10m  100m 10 10 100 1.0k 10k 100k 380k



TASK 2 : MEASURING SYSTEMS

LCOE-FFIIl WIDEBAND VOLTAGE DIVIDERS

LCOE’s experiences about RC HV Dividers up to Medium Voltage with bandwidth in the frequency range from DC up
to 150 kHz

Previous participation in EMRP / EMPIR projects: ENG61 FutureGrid I, 16ENG04 MyRailS and 19NRM07 HV-com?.

“The Design and Characterization of a Prototype Wideband Voltage Sensor Based on a Resistive Divider”. F. Garnacho, A. Khamlichi, J. Rovira. Sensors
Journal, 2017.

DC Resistive Divider ROSS | 1-200kV | 0.0%%
AC 50/60 Hz Capacitive Divider Tettex | 1-200kV | 0.05%
AC 100 Hz - 5 kHz RC Divider LCOE | 1-25kV | 05%
FutureGrid divider 25 KV

Accuracy class: 0.2 for a frequency range from 20 Hz to 5 kHz and 0.5 for 1 Hz up to 20 Hz.
HV arm: R = 2x25 MQ; C = 800pF/2 = 400pF

LV arm: R =50 kQ

Nominal Ratio = 1000




TASK 2 : MEASURING SYSTEMS

VTT WIDEBAND VOLTAGE DIVIDERS

Unit step response g(t) for different external damping resistor values

—Rd,1,ext = 200 Ohm
Rd,1,ext = 245 Ohm
Rd,1,ext = 300 Ohm

0 0.2 0.4 0.6 0.8 1 1.2
Time t [us]

e 10 MHz
« 200 kV
« 400 pF//1.25 GQ



TASK 2 : MEASURING SYSTEMS

High
Frequency
Instrument
Transformers

VOLTAGE AMPLIFIER

Comparator up to 1 MHz DIVIDER

RISE WIDEBAND VOLTAGE DIVIDERS BUFFER

AAA m ao——]
< |11V [\ —] DIGITIZER
VOLTAGE <
BEEOTREE] AMELIFIER
SINE_RPHASE ACV ya 5
; DUT
[ A [ Y1y
SYNG Sl TRANSCON- B
o DUCTANCE 1 rﬁ
i AC‘ SOURC‘E' AMPLIFIER DIGITIZER
AWG [o5fock our <
Divider HV construction HJD :|_| ] t | I | t I - t I I t t |-|| |||_|:
—
| .
P = oo - _
L= 2 200 |- H
= L .
= Orm m 3l
o i . m - I
o -200 R ~
HV Components and properties Q ool " i
e Total capacitance - 250 pF, 600 pc - WIMA FKP1 << L o _
« Total damping R 1200 kQ, 300 pc - Ohmite OX + OY 600 il I I I I I I S
« Total Bleeder R — 2 GQ, 600 pc - Caddock TFO50R 3.33 MQ 100 Hz 1kHz 10 kHz 100 kHz 1TMHz

« The current flow, component mounting and field strengths is
shown in the figures on the left side



TASK 2 : MEASURING SYSTEMS

LN E DIVIDERS FOR DC X-Ray Exposure - - 70 kV, 100 mA, 100 ms 5™ TELEDYNE LECROY
\
N4 105 kHz
50 ps
5TARF'1 .
nosstie VAN A o kV Ripple ~700V @ 310 kHz
B T T Ve VAoV VA VAV VA AV AV AVATAY Ty AV ATATACAV A
155 kHz
Advantage:
- 10 pF input impedance Disadvantages:
- Uncertainty of 0.5 % up to 150 kHz - Measurement of ratio error and phase is difficult with 0.01 %
- Accuracy at DC <0.01 % - Frequency response not linear (1 % from Dc to 150 kHz)
- Bandwidth of 10 MHz - Large proximity effect (free area of 1 meter)

10 LIN=



TASK 2 : MEASURING SYSTEMS

LNE DIVIDERS FOR AC * 10 MHz

« 100 kV
o C = Zﬂfll - 100 pF
In— « VC lesthan 10 uV/V at 50 Hz
. o « Phase <10 prad up to 10 kHz
- .\\\ﬁ « Frequency dependance les than 5 uV/V up to 10 kHz
IS . TC of 30 pV/(V.°K)
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= : Lo 7
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TASK 3 : INDUSTRIAL TEST PROCEDURES

- Test procedures will be developed (easy to implement at industries)
- Alot of samples will be tested (LPIT, inductive, resistive, capacitive, ...etc)

- Stakeholders, partners or industries are invited to send their samples

Application MY Electrical Distribution
Type MEXAMS G&W electrica CVS-24-0 Zelisko SMYWS-K1112
nModel
Waveform Sinusoidal Sinusoidal Sinusoidal
Rated value (kv) 20 kv racine(3) 20 kv racine(3) 30 kW /racine(3)
Range of temperature -5 °C to +40 "C -5 °C to +10 °C -5 °C to +410 °C
Humidity range M.C M.C M.C
Frequency range 50/60 Hz 30 Hz to 20 kHz 50/60 Hz
Voltage Mature Capacitif Capacitif Capacitif
Impedance Burden MACD M MACD
Scale factor 10000 10000 10000
Accuracy S.F 0.01% 0.50% 0.50%
| Accuracy phase 0.01 crad 0.5crad 0.5crad




Relevant Deliverable Deliverable describtion Deliverable Partners Delivery
objectlve number P type (Lead in bold) date

(A2.1.8)

(A2.2.11)

D5

Good practice guide for voltage generation  Good practice
of power frequency quantity, up to 36 kV for guide

AC and 50 kV for DC, with superimposed

frequency components up to 150 kHz

Validation report on the traceability of Validation
voltage reference measuring systems, up to report

36 kV for AC and 50 kV for DC, with

superimposed frequency components up to

150 kHz including a) description of the
chosen/developed voltage divider, b) the

upgrade of the comparators, c) the

characterisation and the traceability of the

whole reference voltage measurement

system, d) the uncertainty evaluation

INRIM, LNE, FFII, Aug 25
RISE (M27)

VTT, FFII, INRIM, May 26
LNE, RISE, VSL  (M36)
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