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kiPLL
PhaSG-LOCked LOOp (PLL) QPLL = ; (kaLL + T (upccq_()) (1)
P=15u i + Upp,l
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With 6p,,, is the grid angle, k,,,, ,, k

ip,, are the PLL gains
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Inverter Filter =~ PCC PCC O Sets up the grid voltage magnitude and
— Ziny  Grid/
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: = Vre . .
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T T T VPCC¢ ‘lpcc
Voltage Power  |+— QO GFLI technique uses Virtual Synchronous
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Vabcyes control Vyef control 43 G { VSG
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Table 2. GFMI Fomulas
dwysg  Pref — P
J I o —D(wvsc—wg)
Power synchronization 40 VsG (3)
VSG
= Wyse
Excitation Loop Em = Eo + ko (ky(Uy — upce) + Qrer — Q) (4)

With 6y is the grid angle, /, D, Ey, kg, ky, U,, are the gains and the coefficient of the algorithm
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PCC Z, O Each phase of the inverter isconnected

Uiny v u J
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GFLI _/<— «—9 .
Vres Linv uPCCT lg Ug filters
U This model used the controlled voltage
source connected to an inductor
Table 3. GFMI Fomulas
. Upcc —Ug
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g g
o)
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u
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With Ly, Ry, Liny, Riny is the line and source impedance
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Energetic Macroscopic Representation of Multiple Bus
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With L,, R, is the line, load and source impedance
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Simulation scenarios

Table 5. Simulation parameters

O Simulation parameters: Table 5
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O Simulation scenarios: SMIB and Multi Bus

Parameters Values  Units
Grid

Nominal voltage 10 kV
Nominal frequency 50 Hz
Nominal angular speed 314 rad/s
GFLI

Filter inductance 0.3 mH
Filter resistance 0.115 Q2
GFMI

Filter inductance 0.3 mH
Filter resistance 0.115 Q2
Line

Line inductance (Short) 28 mH
Line resistance (Short) 2.3 Q2
Line inductance (Long) 50 mH
Line resistance (Long) 4.0 Q2

d

d SMIB

d Scenarios 1;: GFLI
d Scenarios 2: GFMI

Q Initial active power 8MW, then 12MW, 20MW,
24MW after each 10s.

14

O Thus the Short Circuit Ratio (SCR) change from

5.48 to 1.83

IEEE 9BUS: References: 2MW for GFLI and 3SMW
for GFMI, then change at 10s.
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O GFMI performs well at low SCR while the GFLI becomes unstable when the grid is weak
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Simulation results
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Simulation results
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O GFLI frequency varies larger than that of GFMI, which exceeds the range -10% to +10% of 50Hz
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Simulation results
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O Frequency response value varies inthe range of 45 to 55 Hz, which is about -10% and +10%.
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Conclusions and perspectives
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/CONCLUSION

~

O Grid forming and following inverter control schemes are investigated
O Studied with both the SMIB and multi-bus models

O The simulation shows that the EMR method perfoms well

o

/FUTURE WORK

2N

O Grid forming and following inverter control schemes in fault scenarios

1 Studied with more bus model

O Optimal control for fault scenarios

\_
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