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PV String Inverters with Shapeable Output Impedance Capabilities

A big fault in the grid implies a black-out in modern life. Therefore, stability and robustness are critical. In the Power 
System transition to Renewable Energies, Grid Forming plays a main role.

• Improving the inclusion of Power Electronics 
in the Power System

• Leverage the Power Electronic Devices’ high 
bandwidth

• Removing the harmonics perturbations and 
resonances

• Impedance Shaping

Stability is key in the inclusion of renewable energies in the Power
System. The increase of available bandwidth due to power
electronics brings new challenges. With the impedance shaping,
several selected frequencies can be filtered. The use of resonant
controller for tracking offers the possibility to choose the
impedance response behaviour, using the extra freedom degree
which appears in the transfer function: the damping coefficient.

The proposed method allows to modify grid impedance, hence reducing harmonics perturbations and resonances 
in selected frequencies. This is achieved by adding the damping factor to the resonant controller used for tracking.
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Resonant controllers are used to track a signal reference. Resonant gain can be understood as a resistor, in parallel 
with the capacitor if the voltage is the controlled variable, or in series with the coil if the inner current is the one controlled. 
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𝑋𝑗 = 𝑗𝜔𝐿2 = 0,20𝑗 Ω

𝑅 + 𝑋𝑗 = 1,69 + 0,23𝑗 Ω

Simulations: Impedance response by perturbation frequency sweep
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𝜔 is the grid frequency
𝜔0 is the reference grid frequency
𝑃𝑔 is the generated power
𝑃𝑐 is the consumed power
𝐻 is the inertia constant
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LCL and the parallel resistor model

3 phases LCL and the series resistors model, resonant control on 𝑖𝐿

3 phases LCL and the parallel resistors model resonant control on 𝑉𝐶 3 phases LCL and the parallel resistors model, infinite gain in the voltage variable, 
in a selected frequency

3 phases LCL and the parallel resistors model, infinite gain in the current variable, 
in a selected frequency

Frequency bandwidth which implies power electronics devices in a power grid, new problems arise at high frequency

The wider bandwidth compromises stability. The state of the art proposal is 
passivity [4]. But resonances can appear due to the connection between a 
capacitive behaviour grid and an inductive one [5,7].
An impedance shaping method for converters with LCL filter is proposed, 
which enables impedance adjustment at selected frequencies.
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