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OVERVIEW OF THE WP2

Infrastructure for voltage generation and traceable measurement chains 

Development of 
Generation systems

Development of 
reference measuring 

systems

Industry-oriented VT 
test procedures

50 kV DC, 35 kV AC
+

500 V ( 9 kHz to 150 kHz)

Task 2.1 Task 2.2 Task 2.3 

Frequency U (ratio Voltage) U (phase)

DC and 50 Hz 0.01 % 0.01 crad

9 kHz to 150 kHz 0.2 % to 1 % 0.2 crad to 1 crad
0.1 ° to 0.6 °

Development of Industrial 
test procedures

500 V ( 9 kHz to 150 kHz)
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WB0—covering harmonics ≤ 13th harmonic.
WB1—harmonic frequencies ≤ 3 kHz.
WB2—Harmonic frequencies ≤ 20 kHz.
WB3—Harmonic frequencies ≤ 150 kHz.

Class 0.1 : 
1 % up to 20 kHz
2 % up to 50 kHz 
5 % up to 150 kHz

Class 0.2 
2 % up to 20 kHz
4 % up to 50 kHz 
5 % up to 150 kHz

Class 0.5 
5 % up to 20 kHz
10 % up to 150 kHz

Class 1 
10 % up to 20 kHz
20 % up to 150 kHz

Protection 
10 % up to 20 kHz
30 % up to 150 kHz

The needed uncertainty : 5 to ten times lower than accuracies IEC 61869-1:2024, 5.7.4 Accuracy requirements for harmonics".

OVERVIEW OF THE WP2
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OVERVIEW OF THE WP2

35.7 Months
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 First part : Voltage generation systems

 Second part : Voltage measuring systems
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 First part : Voltage generation systems
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DEVELOPMENT OF HV-HF GENERATORS
USE OF HIGH VOLTAGE AMPLIFIERS 

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
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DEVELOPMENT OF HV-HF GENERATORS
TRACTION POWER LOAD IMPEDANCE IDENTIFICATION

Traction Power Load Impedance Identification

Work well for frequency up to 5 kHz 
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100 V/35 kV

Power 
amplifier

50 Hz

R1 C1

C2
DUT

DEVELOPMENT OF HV-HF GENERATORS
TWO GROUNDED GENERATORS (LNE)
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Up to 15 kV rms + 500 V (10-150 kHz)
- Better than 0.01 % for 50 Hz
- Better than 0.1 % up to 150 kHz

DEVELOPMENT OF HV-HF GENERATORS
TWO GROUNDED GENERATORS (LNE)

Next step Upgrade up to 35 kV (50 Hz):
- Using a 6 kVA amplifier 
- 5 kVA transformer (purchased)
- Full remote control operation



11

DEVELOPMENT OF HV-HF GENERATORS
TWO SERIES GENERATORS (LCOE)
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DEVELOPMENT OF HV-HF GENERATORS
TWO SERIES GENERATORS (LCOE)
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DEVELOPMENT OF HV-HF GENERATORS
TWO SERIES GENERATORS (SUN)
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DEVELOPMENT OF HV-HF GENERATORS
USING STEP UP TRANSFORMER (INRIM)
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 Second part : Voltage measuring systems
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MEASURING SYSTEMS
CHARACTERIZATION OF AVAILABLE DIVIDERS 

70mm 120mm

300mm

Institute Voltage Reference divider

LNE DC and AC ROSS Divider VD75, ratio 1000 into 1 MΩ, 300 MΩ, 10.8 pF
LNE AC Capacitive divider (compressed gas capacitor Vettiner 100 pF/100 kV)
FFII

INRIM
ROSS VD45 + homemade RC divider 30 kV (DC and AC)

RISE AC and DC RCR125

VTT DC
200 kV divider module developed in HVDC (ENG07) project. 

Ratio 20000:1 into >10 GΩ, 1 GΩ, 2 nF.

VTT
AC 

50 Hz
Capacitive divider 

(compressed gas capacitor, Micafil 100 pF/200 kV)

VTT
DC and AC 

up to 10 MHz
200 kV RCR divider module developed in HV-com² (19NRM07) project.

Ratio 2000:1 into 1 MΩ, 1.2 GΩ, 425 pF

VSL DC
200 kV divider module developed in HVDC (ENG07) project. 

Ratio 20000:1 into >10 GΩ, 1 GΩ, 2 nF.

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.
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MEASURING SYSTEMS
DIVIDERS UNDER DEVELOPMENT (RISE) 
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MEASURING SYSTEMS
DIVIDERS UNDER DEVELOPMENT (LNE) 

First prototype (RCr)

R = 110 MΩ
C= 1.8 nF
r=56 Ω

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
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MEASURING SYSTEMS
DIVIDERS UNDER DEVELOPMENT (LNE) 

Second prototype (RC)
R = 200 MΩ = 200×1 MΩ
C= 50 pF  200× 10 nF

NPO capacitor, 0-30 ppm/°C, 10 nF/650 V.
MELF resistor ( 15 ppm/°C, 0.26 ppm/V)

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

Frequency compensation box :
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MEASURING SYSTEMS
DIVIDERS UNDER DEVELOPMENT (LNE) 
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SIMPLIFIED PROCEDURE :RATED 
CONDITION 

H

>2×H

>2×H >2×H

Free air

GENERATORS
CONDITION 

𝜀𝜀 𝑛𝑛 =
𝑘𝑘 × 𝑉𝑉𝑉𝑉(𝑜𝑜𝑜𝑜𝑜𝑜)
𝑉𝑉𝑉𝑉(𝑖𝑖𝑖𝑖)

− 1

Assigned cable

𝜑𝜑 𝑛𝑛 = 𝜑𝜑(𝑉𝑉𝑉𝑉 𝑜𝑜𝑜𝑜𝑜𝑜 ) − 𝜑𝜑(𝑉𝑉𝑉𝑉 𝑖𝑖𝑖𝑖 )

Digitizer

Divider

Step 1 :
Fundamental measurement

Up to 50 kVp
Step 2 : 
< 500 V 

9 kHz to 150 kHz
sweep 
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REFERENCE PROCEDURE :CONDITION 

H

>2×H

>2×H >2×H

Free air

GENERATORS
CONDITION 

𝜀𝜀 𝑛𝑛 =
𝑘𝑘 × 𝑉𝑉𝑉𝑉(𝑜𝑜𝑜𝑜𝑜𝑜)
𝑉𝑉𝑉𝑉(𝑖𝑖𝑖𝑖)

− 1

Assigned cable

𝜑𝜑 𝑛𝑛 = 𝜑𝜑(𝑉𝑉𝑉𝑉 𝑜𝑜𝑜𝑜𝑜𝑜 ) − 𝜑𝜑(𝑉𝑉𝑉𝑉 𝑖𝑖𝑖𝑖 )

Divider

Fundamental 
+ 

1 tone or multitones

Digitizer

PROCEDURES
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