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DYNAMIC VOLTAGE CONTROL: ONE PILLAR OF W
ANCILLARY SERVICES —
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> High system responsibility increases importance of Dynamic voltage control (FRT)

System interaction

auton o mow F

September 2017, 1st International Conference on Large-Scale Grid Integration of Renewable Energy in India, Andreas Falk, LVRT



LOW VOLTAGE RIDE THROUGH WITH HIGH W
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Future Requirements
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EXAMPLE FOR STRICT LVRT-REQUIREMENTS w
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INDICATORS FOR FRT CHARACTERIZATION W
|
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Exemplary course of positive sequence reactive current during 3ph fault with set point 120 %
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WHY FRT CURRENTS ABOVE 100 % OF lyoyns,  [GEEN
|

» Voltage support effect is proportional to the current flowing during FRT. Thus A FRT
current of 120% to 130% the nominal current helps to keep the voltage up. (e.g. during
switching on of VAr-compensation-units)

» Flexibility of the engineering of protection means for electric installations=> Higher
current for triggering protection units (e.g. circuit breaker).

» Support in starting large motors in week grids.

» Premise to install grid supporting or grid building battery inverters. Especially in voltage
control mode of battery inverters, a higher current helps to handle critical grid situations.

- Experiences of solar inverters can be mapped to battery inverter design

> Higher FRT currents expand the degree of freedom while installing large solar
and/ or battery equipment
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Test results for symmetrical failures
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RESULTS: FRT TEST SETUP W
|

» Test setup allows to execute numerous FRT operations during a
limited period (e.g. one day) for endurance tests
« Test do not influence the supplying grid
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BEHAVIOR DURING A THREE PHASE VOLTAGE
3ph fault to 35 %Un @ 2.2 MW, 50 °C, Q!)IC:))A set point, 400 ms voltage dip
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Requirements about reacitve current's dynamic behavior fulfilled!
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DEPENDENCY OF FRT FUNCTIONALITY ON W
TRANSFORMER CONFIGURATION —
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Configuration with a dedicated low voltage winding for every

inverter
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Configuration with one low voltage winding for a couple of

YR e of multiple inverters connected to one LV-winding: FRT-Test should be
performed for the entire set up with real PV-generators. Test with one inverter
only is not sufficient.
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LOW VOLTAGE RIDE THROUGH WITH HIGH W
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Test results for asymmetrical failures
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LVRT-TEST FOR 2PH FAULT

2ph fault to 15%Un @ 2.5 MW, 25 °C, 3300A set point, 400 ms voltage

—
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Reactive component
of phase 2

Reactive component of phase 1 and phase 3 is small.

The current visible in the diagram above is flowing as an active current.
=Pure reactive current injection and same amplitude for all phases: Only in

ase ol three phase tailures

Positive sequence voltage 8eterm|nes positive sequence current via k-factor !
Negative sequence voltage determines negeative sequence current via k-factor !
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SUMMARY TEST RESULTS DYNAMIC VOLTAGE W
SUPPORT —

» An FRT current of 120% to 130% the nominal current is feasible for standard inverters.
Tests results for symmetrical and asymmetrical voltage dips have been presented here.

» FRT test should be performed with no load voltage on DC side and not with MPP
voltage.

» If the grid voltage dip falls below a certain limit, FRT is feasible only in case a DC power
source is available (PV-generator or battery). VAr- compensation units can not contribute
in such a case.

» In case of multiple inverters connected to one LV-winding: FRT-Test should be performed
for the entire set up @ a real PV-Generator or multiple voltage sources with large ground
capacitors. Test with one inverter only is not sufficient.
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