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Motivation 
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Gap…

Grid Following → Grid Forming



Greenstart

14/01/2021Anubhav Jain 3

Challenges…

Cable charging var

Transformer inrush

Synchronization transients

Offshore grid: weak,
power electronics rich

Market

Source: 

https://doi.org/10.5281/zenodo.3269542,

https://doi.org/10.5281/zenodo.3460518



Hard v Soft 
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Source: https://doi.org/10.36227/techrxiv.12948737.v1 (pre-print)

 Higher peak

 Enhanced robustness after initial transient

 Easier detection of  failed component

 Lower peak

 Longer upstream exposure to 

0<V<0.9pu

 Increased aux power

 Lesser fault current for protection



• Microgrids & converters

Hierarchical multi-level control

• Virtual impedance loop in converter control

Emulate SG inductive behaviour

Reactive current sharing

Harmonic load compensation

Hot-swap operation

No loss in efficiency

• Reduce overcurrent spikes at start-up

Like PIR but smooth variation for ‘softer’ 
transient

Mimic soft-starter in FSWT

Virtual soft-starter
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Source: https://doi.org/10.1109/TIE.2010.2066534

𝑣o = 𝑣ref − 𝑖o𝑍v

𝑟v(𝑡) = ቐ
0, 𝑡 < 𝑡o

𝑅i𝑒
−
𝑡−𝑡o
𝑇 , 𝑡 ≥ 𝑡o



• DOL vs PIR vs Rv

PIR = Ri = 0.8 pu

PIT = 5T = 0.2 s

• Reduction in transient inrush current 
peak amp & settling time.

• Lesser transient distortion in 3ph volt & 
recovers faster for Rv.

• Smaller volt drops & power peaks for 
Rv.

Proof  of  Concept
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• Ri, T varied

• Inrush current 
peak reduced for 
larger Ri.

• Transient damps 
faster for larger T, 
effect is more 
visible at lower Ri.

Sensitivity analysis
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• Inrush, Sympathetic interaction

• Ri = 1 pu, T = 0.06 s

Residual flux = 0 (best), 70% (worst)

• Tr-1 inrush significantly reduced (as shown 
before) but for subsequent downstream 
trafos Tr-2,3 only reduction in peak with no 
impact on duration of  decay, esp worst case 
flux.

• Transient power peaks and voltage dips are 
reduced in both cases.

String energization
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• PROMOTiON D3.7       (400 MW WPP)

PIR = 120 Ohm, PIT = 0.3 s

Ri = 1.5 pu, T = 0.06 s

• Mimics soft-start

• Transient peak reduced & no second 
peak as in PIR.

• Higher volt dip as internal resistance.

Volt drop ~ fault; Protection settings 
to be changed (as in conventional 
soft-start)

At WPP level
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https://www.promotion-offshore.net/fileadmin/PDFs/D3.7_Compliance_evaluation_results_using_simulations.pdf


• Virtual soft-starter can reduce the inrush transients during transformer energization by grid-forming 
wind turbine, similar to a pre-insertion resistor.
Can eliminate PIR in hard-switching, without any loss of  fault selectivity as in soft-start case. 
Brunt of  the transient born by WT-DC link, thus rotor-side control is essential in governing the 

dynamics. 

• Sensitivity analysis results give insight into how the virtual resistance value can be chosen.

• Virtual resistance can reduce transient current peak during energization of  downstream transformers 
in a string by grid forming wind turbine.
Worst case 70% residual flux leads to significant sympathetic inrush that lasts for sustained period 

of  time, with virtual resistance effective only in reducing the peak amplitude. 

• Virtual resistance method can also be used to minimize the inrush transient during the large offshore 
transformer energization, when implemented at the WPP level.
However, due to the nature of  the method being similar to conventional soft-start, protection 

settings need to be changed to avoid the voltage dip triggering under-voltage trip relays.

Conclusions
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