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Abstract—In recent years, microgrids (MGs) with renewable
energy sources, diesel gen-sets and droop-controlled converters
have been increasingly used to guarantee the continuity of power
supply in remote areas. Renewable energy sources have been
typically connected to MGs by using an electronic converter that
features the two controllers: a current-control loop and a phase-
locked loop (PLL). Stability issues related to the PLLs application
in electrical grids have already been addressed in the literature,
however, dynamic interactions in MGs caused by PLLs have not
been sufficiently explored. In this paper, a MG that includes a
grid-feeding voltage source converter and a grid-forming device
(diesel gen-set or converter) is studied. All network elements are
modelled analytically and the eigenvalue and participation-factor
analyses are used to analyse the interactions between the devices.
It is demonstrated that MGs formed by diesel gen-sets have
reduced stability limits. Also, it is shown that stability margins
of MGs formed by droop-controlled converters can be improved
by changing the control parameters (e.g. PLL and internal
controllers bandwidths). The main findings and conclusions are
summarised and presented as a practical MG design guide.
Theoretical results are validated in a lab environment comprising
two 15 kW converters and one 75 kW grid emulator.
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NOMENCLATURE
Variables
o State variable of the AVR
B State variable of the speed governor
0 Relative angle of the reference frame
d0pr; Angle generated by the PLL
€ State variable of the PLL
v State variable of current controller

Wnd Droop nominal angular frequency

Wy, MG nominal frequency

wprr Angular frequency generated by the PLL
Wy Wsg in pu
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Wsg Angular frequency of the generator rotor

¢ State variable of voltage controller

P Stator flux linkage

V¢ Rotor flux linkages

]5, Q Filtered active and reactive power

f Injected fuel

17,1, Rotor currents

1;, Ve, 1, Internal current, capacitor voltage and external cur-
rent of the LC'L filter

1 Current absorbed by the load

lsg Stator current

te Electric torque

tm Mechanical torque

vf Generator field voltage

v; Voltage command generated for the modulation stage
Und Droop nominal voltage

Upec Voltage at the connection point
Uy Regulated voltage

Vsg Stator voltage

Parameters

lg,lg  Self-inductances of stator circuits

lad, lag Stator mutual inductances
lofdlakd,lakq Mutual inductance stator-rotor
L, lkkd, lkrg Self-inductances of rotor circuits

ltra  Mutual inductance field-damping windings

Ta Armature resistance per phase in pu

T ¢, Tkd>Thq ROLOr circuit resistances in pu

Constants

o Degree of increased retarding of the engine

Tm Constant term of the engine time constant

H Per unit inertia constant of the shaft

Kg Self-excitation constant of the excitation system

Sk Parameter that models the saturation function of the
excitation system

T Time constant of the excitation system

Control Parameters

kic Integral constant of the controller C

kpc  Proportional constant of the controller C

Base values

Up, Ip, wp Base of voltage, current and angular frequency
General definition of variables

zPQ  Variable x is represented in the D — @ axis
xd? Variable x is represented in the d — ¢ axis
X/ Value of variable 2 at the operating point



