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Lab DLab A Lab B Lab C

TRMS recorded waveforms in different laboratories

• J. Hällström, A-P. Elg, J. Havunen and F. Garnacho,
Final REPORT of Comparison of lightning impulse (LI) reference measuring 
systems. 
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Fig. 1 Single-stage basic circuits for the generation of LI voltage waveform

Fig. 2 circuits for the generation of LI voltage with damped capacitive divider as the load capacitor
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Hundreds ohms

Tens to hundreds ohms

Damped capacitive divider is usually designed as,
𝑅𝑏1 × 𝐶𝑏1 ≈ (100 ~ 200) Ω ∙ nF (1)
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Fig. 3 Impedance of the capacitors at 
different frequency



𝑈𝑠

𝑈0
=

𝑅𝑏

𝑅𝑏+𝑅𝑑
(2)

Simulated result:

Theoretical calculation:

𝑅𝑏 =150 , 𝑅𝑑 =350 
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Fig 5(a) no inductances were considered in the circuit Fig5(b) inductances were added to the circuit



1. Motivation of this research

2. Circuit analysis and simulation

3. Experimental verification

4. Conclusion

10



11

𝑅𝑏 () 70 150 400

Calculated Ratio 16% 29% 51%

Simulated Ratio with inductance 22% 35% 55%

Simulated Ratio with no inductance 18% 30% 52%

Measured Ratio 18% 27% 47%

Fig. 6. recorded LI waveform, when the resistor in series with the capacitor is (a) 0, (b) 150.



12Fig. 7. experiment setup for verifying the difference between two reference measuring systems at difference LI waveform. 
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Fig. 8. Photo of the experiment setup in the laboratory
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Divider Cable 𝑇α (ns) 𝑇N (ns) 𝑡s (ns) 𝛽rs (%)

D700v2 30m RG214 8 10 120 15.0

D700v2 10m RG214 5 6 80 18.3

D600v1 10m RG214 22 26 60 40.4

Divider Cable
Nominal

𝑇1 (s)
𝑈t error (%) 𝑇1 error (%) 𝑇2 error (%)

D700v2 30m RG214
0.84 -0.0 2.7 0.4
1.20 0.1 2.2 0.3
1.56 0.1 1.9 0.2

D700v2 10m RG214
0.84 -0.0 1.4 0.1
1.20 0.0 1.2 0.1
1.56 0.1 1.1 0.0

D600v1 10m RG214
0.84 -0.0 0.4 -0.0
1.20 0.0 0.5 -0.1
1.56 0.1 0.5 -0.1

Table IV. Errors of parameters by convolving the ideal lightning impulse waveform with step response of the dividers

Table III. Step response parameters of dividers with different length cables
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(a) (b) (c) (d)

Connection Test NO. 𝑅d () 𝑅b () waveform (s) ∆𝑈t(%) ∆𝑇1 (%) ∆𝑇2 (%)

Fig. 7(a)

1 116 0 0.91/51 0.1 1.5 -0.2

2 164 0 1.26/52 0.3 0.7 -0.3

3 208 0 1.60/53 0.2 0.3 -0.3

Fig. 7(b) 4 116+206 0 2.34/55 0.2 0.2 -0.3

Fig. 7(c)
5 59 105 0.87/52 0.1 2.3 -0.2

6 116 206 1.51/54 0.2 0.8 -0.2

Fig. 7(d) 7 208 0 0.83/51 -0.2 1.2 0.0

Table V. Divider D700v2 connected with 10m RG214

Fig. 9. recorded waveforms of the two system in (a) test 1, (b) test 4, (c) test 6, and (d) test 7

(a)
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Table VI. Divider D700v2 connected with 30m RG214

Connection Test NO. 𝑅d () 𝑅b () waveform (s) ∆𝑈t (%) ∆𝑇1 (%) ∆𝑇2 (%)

Fig. 7(a)

11 116 0 0.93/51 -0.4 3.8 -0.1

12 164 0 1.26/52 -0.6 3.8 0.3

13 208 0 1.61/53 -0.5 1.7 0.0

Fig. 7(b) 14 116+206 0 2.33/55 -0.4 1.4 0.0

Fig. 7(c)
15 59 206 0.89/53 -0.6 -2.6 0.1

16 116 206 1.50/54 -0.5 3.0 0.1

Fig. 7(d) 17 285 0 0.99/51 -0.4 3.1 0.0

Connection Test NO. 𝑅d () 𝑅b () waveform (s) ∆𝑈t(%) ∆𝑇1 (%) ∆𝑇2 (%)

Fig. 7(a)

1 116 0 0.91/51 0.1 1.5 -0.2

2 164 0 1.26/52 0.3 0.7 -0.3

3 208 0 1.60/53 0.2 0.3 -0.3

Fig. 7(b) 4 116+206 0 2.34/55 0.2 0.2 -0.3

Fig. 7(c)
5 59 105 0.87/52 0.1 2.3 -0.2

6 116 206 1.51/54 0.2 0.8 -0.2

Fig. 7(d) 7 208 0 0.83/51 -0.2 1.2 0.0

Table V. Divider D700v2 connected with 10m RG214
(a)
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➢ Resistors in the damped capacitive divider has been proved to be
responsible for the voltage step and oscillation on the front of
lightning impulse voltage.

➢ The waveform parameters measured by two resistive reference
standard systems were influenced by the shape of the waveform and
also the oscillation on the front. It could introduce another
component to the uncertainty of the result during comparison test.

➢ It is recommended to use impulse capacitor with low equivalent
series resistance instead of damped capacitive divider as the load
capacitor. This would eliminate this common cause of oscillation on
the front of lightning impulse voltage waveform.

➢ Please contact for any discussion, zhaowei@nim.ac.cn

mailto:zhaowei@nim.ac.cn


• Self Introduction 

– Future collaboration and calibration, wzhao@vsl.nl

• Preparation for LI comparison campaign in October 2022

– Tuning the LI generator to generate smooth LI waveforms

– Tuning the damping resistor of TU Delft for the 3500 kV
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• 2014 to 2022, NIM China, Built reference system in HV area
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• 2022 to now, VSL Netherlands, Power and Energy metrology

Impulse energy Lightning Impulse voltage Load loss measurement
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VSL 1200 kV LI system

VSL 600 kV LI system

Triangle loop

Rectangular loop
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smooth LI waveform

Tuning the damping resistor

Before tuning After tuning

T1 measurement improved
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