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Abstract— We propose a design procedure for a powervoltage droop controller in structure-preserving DC microgrids
under explicit consideration of the electrical network dynamics.
Differently from most related literature, the system’s controlled
output is taken as the power—not the current—injection at
each generation unit, yielding a nonlinear closed-loop system.
This makes the output regulation problem non-trivial, yet far
more appealing in a practical setting than the usual linear
current-voltage droop control. Our approach is inspired by
passivity-based control design in the sense that we exploit
the natural port-Hamiltonian representation of the system
dynamics and its associated shifted Hamiltonian to derive a
control law together with sufficient conditions on the tuning
gains that guarantee global asymptotic stability. The analysis
is illustrated via detailed simulations, where accurate power
sharing is manifested among the distributed generation units in
the presence of load variations.

I. I NTRODUCTION
A. Motivation
Due to environmental concerns, in the last decade there
has been a growing interest in augmenting the electricity generation through renewable energy sources (RES)—
e.g., photovoltaic and wind power. RES installations are of
small capacity and geographically distributed in wide areas,
contrasting with conventional, fossil-fueled power plants.
In addition, the uncertain and intermittent nature of RES
impose great new challenges on grid operation, particularly
in control and stability assessment. To cope with these
challenges, microgrids have been proposed as a conceptual
solution [1]. Microgrids, both AC and DC, are a collection of
interconnected subsystems mainly composed of Distributed
Generation Units (DGUs), storage units and loads, with the
salient feature of being able to operate either connected to or
completely isolated from the main grid.
The implementation of DC microgrids may be more adequate than its AC counterpart in certain applications, see
the discussion in [2]. For instance, data centers or industrial
production lines may have an important presence of DC
loads that, when interfaced with a DC-based DGU, such
as PV panels or battery cells, could make an DC-AC-DC
power conversion stage unnecessary, avoiding the use of
typically inefficient rectifiers. By now, DC microgrids have
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been widely placed in trains, aircraft and spaceships and
its presence can be expected to grow with the increasing
deployment of DC-based DGUs [2]–[5].
In this paper we focus on primary control in DC microgrids
[6]. In this setting, the predominant control scheme is powervoltage droop control, which is a decentralized proportional
control that adjusts the DGU output voltage according to the
change in power injection (possibly relative to a reference
value) [3], [7], [8]. The objectives of this control law are
voltage stabilization and power sharing [6], [7], [4]. The latter
feature is essential in preventing DGUs from over stressing in
the face of changing load conditions [4]. DC power is defined
by the inner product of current and voltage. Therefore the use
of the power injection as output feedback variable introduces
a nonlinearity in the feedback loop. This fact significantly
complicates the derivation of stability and tuning criteria in
power-voltage droop-controlled microgrids.
As a consequence, thus far only stability results for
reduced-order power-voltage droop-controlled microgrid
models—in which the dynamics of the power lines are
neglected—have been reported in the literature; see [7]
and references therein. Yet, this assumption may not be
admissible in DC microgrids, due to the fast dynamics of
many (renewable) converter-interfaced distributed generation
units. This has given rise to an increasing body of literature
investigating control and analysis of DC microgrids under
explicit consideration of the electrical network dynamics, i.e.,
using dynamic power line models [9]–[12]. The resulting
uncontrolled microgrid model can be written as a portHamiltonian system [13], which allows to exploit useful passivity properties in the control design [11], [12]. The closedloop stability analyses conducted in these references rely on
the explicit construction of Lyapunov (storage) functions that
are closely related to the notion of shifted Hamiltonian. For a
port-Hamiltonian system, the shifted Hamiltonian represents
the Bregman distance [14] (see also [15] and [16]) of the
Hamiltonian with respect to possibly non-zero equilibrium
points [17], [18] and, hence, is a natural Lyapunov function
candidate.
A fundamental limitation in the mentioned literature is
the focus on designing controllers whose feedback variables
are linear maps of the system states, e.g., current or voltage
variables. Then the resulting closed-loop system is also linear,
which greatly simplifies the derivation of Lyapunov functions
and, hence, the stability analysis. Thus, this choice of output
maps is mainly due to technical reasons, while, from a
practical viewpoint, using the DGU’s power injections as
feedback variables is much more appealing [7], [8].

B. Main contributions
The main contribution of the present paper is a design
procedure for power-voltage droop controllers in DC microgrids under explicit consideration of the electrical network
dynamics, aiming at closing the abovementioned gap between
theory and practice. Thereby, our approach is characterized
by the following three main features:
1) Starting from the natural port-Hamiltonian structure of
the system dynamics, we identify the associated shifted
Hamiltonian as a Lyapunov function candidate. Then,
inspired by passivity-based control design [15], [19],
[20], we derive a dissipation equality in terms of the
shifted Hamiltonian’s gradient and a predefined power
output relative to an equilibrium.
2) Based on the above result, we propose a power-voltage
droop control and derive sufficient conditions on the
controller parameters ensuring global asymptotic stability of the equilibrium of the resulting closed-loop
dynamics.
3) We consider a structure-preserving microgrid model
with distribution line dynamics, i.e., all load and generation buses are explicitly represented in the model.
This is aimed at accurately depicting general microgrid
topologies and offering an alternative to the scenarios
addressed in [11], [12], where loads are assumed to be
connected only at generator buses, or to the application
of Kron-reduction arguments [21]–[23], with which all
load buses can be eliminated [3], [4].
The performance of the proposed controller in the presence
of unknown load variations is illustrated via a simulation
example of an 8-bus DC microgrid with three generator and
five load buses.
C. Organization of the paper
The paper is organized as follows. In Section II we present
the structure-preserving model of the DC microgrid and
show that it can be expressed as a port-Hamiltonian system.
The definition of the system output along with the problem
formulation is done in Section III. After deriving a number
of preliminary results, we present in Section IV our main
stabilization theorem. Our analysis is illustrated in Section V
with a detailed simulation example. Finally, the conclusion
and directions for future work are given in Section VI.
D. Notation
We denote by R the set of real numbers. For an n-vector
x = (x1 , x2 , ..., xn ) ∈ Rn , hxi is a n × n diagonal matrix
whose diagonal entries are given by x. The n × n identity
matrix is denoted by In and 0m×n is the zero-matrix of size
m × n. For two matrices A1 ∈ Rn×n and A2 ∈ Rm×m ,
block.diag(A1 , A2 ) denotes a block-diagonal matrix with A1
and A2 on the diagonals. For a scalar function H : Rn → R
we denote by ∇H its transposed gradient.
II. M ICROGRID MODEL IN PORT-H AMILTONIAN FORM
The microgrid is modeled as a connected and undirected
graph G(N , E), where N is the set of vertices (i.e., buses)

and E = N ×N the set of edges (i.e., distribution lines). Due
to the structure-preserving nature of the model, we assume
that the buses are partitioned into two mutually exclusive sets,
i.e., N = S ∪ L, with S denoting the buses at which DGUs
are connected and L denoting the buses at which loads are
connected. The cardinalities of these sets are conveniently
denoted by ns and n` , respectively, yielding a total of n =
ns +n` buses. Each edge ek ∈ E corresponds to a distribution
line consisting of a series connection of a resistance Rτ k > 0
and an inductance Lτ k > 0. The k-th edge connecting nodes
i and j is denoted by ek = {i, j}. We denote by nτ the
cardinality of E. We arbitrarily assign an orientation to the
edges and define the node-edge incidence matrix as

 +1 if i is the positive end of ek ,
-1 if i is the negative end of ek ,
Bik =

0 otherwise.
According to the aforementioned splitting of the buses, the
incidence matrix can be row-partitioned as
 
B
B= s .
(1)
B`

The DGU at bus i ∈ S comprises a DC voltage source
interfaced to the distribution network through a Buck converter with an RLC low-pass filter at its output. The filter has
the associated positive parameters Rsi , Lsi and Csi . On the
other hand, each load bus is assumed to be a ZI-load, i.e., a
parallel connection of a constant resistance (Z) and a constant
current (I) load, connected in parallel. We denote the stacked
vector of load currents by IL ∈ Rn` and the diagonal load
−1
admittance matrix by Y = hR`k
i, where R`k > 0 denotes the
load resistance at the k-th node, k ∈ L. Finally, the ZI-load
at the k-th bus is assumed to be interfaced to the microgrid
through a capacitor C`k .

The dynamics of the interconnected system can be derived
through basic Kirchhoff’s laws (see [24]), which for the
described setting results in
Ls i̇s = −Rs is − vs + u,
Lτ i̇τ = −Bs> vs − B`> v` − Rτ iτ ,
Cs v̇s = is + Bs iτ −Yshunt vs ,

(2)

C` v̇` = B` iτ − Yv` − IL ,
where is ∈ R is the vector of DGU current injections, the
vector of currents flowing through the distribution lines is
iτ ∈ Rnτ , and the vector of voltages of the DGU and load
buses is denoted by vs ∈ Rns and v` ∈ Rn` , respectively.
Also, u ∈ Rns is the vector of control variables, Bs and
B` are the partitions of the incidence matrix as described
in equation (1). We denote by L(·) , C(·) and R(·) diagonal
matrices of appropriate size comprising all the inductive,
capacitive and resistive magnitudes of their associated elements. Moreover, Yshunt,i > 0 represents the admittance of
a resistor in parallel with Csi , as often used for passive
damping provision [25], [26].
ns

By introducing the state vector of the system (2) as [24]


Ls is
Lτ iτ 
N

x=
Cs vs  ∈ R , N = 2ns + n` + nτ ,
C ` v`
the dynamics (2) can be written in its natural portHamiltonian form, i.e.,
ẋ = (J − R)∇H(x) + Gu + d,
(3)
yn = G > ∇H(x) = is ,
with Hamiltonian function (total energy)
1
H(x) = x> Mx, ∇H(x) = Mx,
(4)
2
 > > >

>
0ns 0nτ 0ns −IL> ,
constant
vector
d
=
matrices
R
=
block.diag (Rs , Rτ , Yshunt , Y),
−1
−1
−1
M
=
block.diag L−1
, G
=
s , Lτ , Cs , C`


>
>
>
>
Ins 0nτ ×ns 0ns ×ns 0n` ×ns
and


0ns ×ns 0ns ×nτ −Ins 0n` ×ns
0nτ ×ns 0nτ ×nτ −Bs> −B > 
`  = −J > .
J =
 In
Bs 0ns ×ns 0ns ×n` 
0n` ×ns
B` 0n` ×ns 0n` ×n`
III. P ROBLEM S TATEMENT
The main objective of the present paper is to design a static
decentralized feedback law for the system (3), which uses the
power injection at each DGU as feedback variable. Hence,
the output of interest is given by
y := ps = hvs iis ∈ Rns ,
(5)
ns ×ns
is a diagonal matrix with vs as its
where hvs i ∈ R
main diagonal.
In contrast to the natural output yn = is of the system (3),
the proposed measured output y in (5) is nonlinear, which
significantly complicates the design task. Yet, clearly, from
a power system perspective, acting on the power injections
of the DGUs is much more appealing than on their current
injections. Furthermore, as standard in (power system) control, we aim at regulating the (power) system output of each
DGU relative to a given reference value pdi ∈ R>0 .
The above discussion is formalized below.
Problem 1. Consider the system (3) with output y in (5).
Design a decentralized controller
s
u = γ(x, y −pd ), γ : RN ×Rns → Rns , pd ∈ Rn>0
, (6)
such that the resulting closed-loop system possesses an
asymptotically stable equilibrium point.
By decentralized we mean that each ui has to be written
only in terms of variables that are measurable at each node,
namely, isi , vsi and yi . Decentralized static output feedback
controls of the form (6) are usually termed droop controls in
the microgrid literature [3] [7], [8].
By combining the dynamics (3) with the input u given by (6)
and output y given by (5) we obtain the closed-loop system
ẋ = (J − R)∇H(x) + G(γ(x, y − pd )) + d.

(7)

To address Problem 1, we make the following standard
assumption in power system stability analysis about the exis-

tence of an equilibrium point. Possible options for verifying
this assumption are given, e.g., in [27] [28] and the references
therein.
Assumption 1. The system (7) possesses an equilibrium
point x̄ ∈ RN .
Clearly, a fundamental challenge when attempting to provide a solution to Problem 1 is to find a suitable Lyapunov
function for establishing the desired stability claim. This
aspect is further complicated since the output of interest, i.e.,
y in (5) is predefined, hampering a classical passivity-based
control design [19], [20], which would be a natural approach
given the port-Hamiltonian structure of the dynamics (3).
Yet, a key observation for the analysis in the remainder of
this paper is that nonetheless exploiting the port-Hamiltonian
structure of the system (3) proves extremely useful in deriving
a solution to Problem 1. More precisely, inspired by passivitybased control design [15], [19], [20], we employ the shifted
Hamiltonian associated to H in (4) as a Lyapunov function
candidate. Then we derive a dissipation equation in terms of
the shifted Hamiltonian’s gradient and the power output y
relative to an equilibrium. This then instructs the particular
choice of control law γ(x, y − pd ) to render the equilibrium
of the resulting closed-loop dynamics asymptotically stable
(under certain sufficient conditions on the control parameters).
IV. A PASSIVITY- INSPIRED SOLUTION TO P ROBLEM 1
A. Shifted Hamiltonian and proposed control
Recall that the shifted Hamiltonian for the system (3) is
defined as (see [15] and [18])
S(x) = H(x) − H(x̄) − (x − x̄)> ∇H(x)|x=x̄ ,
(8)
where, with Assumption 1, x̄ is an equilibrium of (3). Given
the quadratic structure of the Hamiltonian (4) in the present
case, the shifted Hamiltonian simplifies to
1
(9)
S(x) = (x − x̄)> M(x − x̄).
2
In addition, we can compute ∇S(x) as
∇S(x) = ∇H(x) − ∇H(x̄).
(10)
We make the following observation on the time derivative
of the shifted Hamiltonian S, which is instrumental for the
derivation of our proposed control.
Lemma 1. Consider the system (7) with Assumption 1.
Along trajectories of the system (7), the time derivative of
the shifted Hamiltonian S in (9) satisfies

Ṡ = −(∇S)> R∇S+(∇S)> G γ(x, y − pd )−γ(x̄, ȳ − pd ) ,
(11)
where ȳ denotes the stationary output value.
Proof. By noting that the equilibrium x̄ satisfies
x̄˙ = 0 = (J − R)∇H(x̄) + G(γ(x̄, ȳ − pd )) + d,
the closed-loop system (7) can equivalently be written as

ẋ = (J − R)∇S + G γ(x, y − pd ) − γ(x̄, ȳ − pd ) .

This implies that the time derivative of S in (9), along
trajectories of the closed-loop system (7), is given by
Ṡ = (∇S)> ẋ

as
(is − īs )> hkihvs i(y − ȳ)

(18)

= (y − ȳ)> hki [(y − ȳ) − hīs i(vs − v̄s )] .

= −(∇S)> R∇S + (∇S)> G γ(x, y − pd ) − γ(x̄, ȳ − pd ) ,By substituting (18) into (16), we obtain

(∇S)> G γ(x, y − pd ) − γ(x̄, ȳ − pd )
where we have used the fact that J = −J > .
= (is − īs )> hkihpd − ȳi(vs − v̄s )
As can be seen from (11), Ṡ cannot be rendered negative
(semi-)definite for any arbitrary choice of γ(x, y − pd ).
Consider, therefore, the following particular choice1 for γ
in (6)
γ(x, y − pd ) := ud − hkihvs i(y − pd ),
d

(12)

ns

where the constant vector u ∈ R is a free parameter from
which a desired (or nominal) steady-state can be attained, and
k is the vector of control gains. The control law (12) is drooplike in the sense that it contains a proportional feedback in
the power deviation (y − pd ). Though in the present case this
feedback term is additionally “weighted” with the local bus
voltage vs .
The next result reveals that the proposed control (12)
exhibits a highly beneficial equivalence property.
Lemma 2. Consider the system (7) with Assumption 1.
Choose u = γ(x, y − pd ) with γ(x, y − pd ) defined in (12).
Then, the following equivalence holds:

(∇S)> G γ(x, y − pd ) − γ(x̄, ȳ − pd )

> 

(13)
∇S
∇S
=−
W
,
y − ȳ
y − ȳ
where W is given by


0ns ×ns

0
s
 1 nτ ×n
d
W=
− 2 hkihp − ȳi

0n` ×ns
0ns ×ns

0ns ×nτ − 12 hkihpd − ȳi
0nτ ×nτ
0nτ ×ns
0ns ×nτ
0ns ×ns
0n` ×nτ
0n` ×ns
0ns ×nτ
− 12 hkihīs i


0ns ×n` 0ns ×ns
0nτ ×n` 0nτ ×ns 

0ns ×n` − 12 hkihīs i
.
0n` ×n` 0n` ×ns 
0ns ×n`
hki

Proof. We begin by writing useful expressions for (y − ȳ)
and γ(x, y − pd ) − γ(x̄, ȳ − pd ). Considering that y = hvs iis
and the fact that haib = hbic for any two vectors a, b, it is
possible to arrive to the equivalence
y − ȳ = hvs i (is − īs ) + hīs i (vs − v̄s ) .
(14)
By following similar arguments and choosing γ(x, y − pd )
as in (12), we can write on the other hand
γ(x, y − pd ) − γ(x̄, ȳ − pd )
(15)
= hkihpd − ȳi(vs − v̄s ) − hkihvs i(y − ȳ).
We are ready to compute the desired expression as

(∇S)> G γ(x, y − pd ) − γ(x̄, ȳ − pd ))
= (is − īs )> hkihpd − ȳi(vs − v̄s ) − (is − īs )> hkihvs i(y − ȳ),
(16)
where we have used the fact that (see (10))

>
is − īs iτ − īτ vs − v̄s v` − v̄` = ∇> S
(17)
together with equation (15). From (14) we have that the
second term in the right-hand side of (16) can be written
1 With slight abuse of notation, in the sequel γ refers exclusively to the
right-hand side of (12).

(19)

−(y − ȳ)> hki(y − ȳ)

+(y − ȳ)> hīs ihki(vs − v̄s ).
By invoking (17), we have that the right-hand side of (19) is
equivalent to (13), concluding the proof.
Remark 1. The structure of the controller (12) resembles
the so-called quadratic reactive power-voltage droop control
proposed for AC microgrids in [29]. Yet, the stability analysis
therein is restricted to networks with algebraic interconnections, while in the present case the power line dynamics are
considered explicitly.
B. Main result
We are now in a position to present our main result.
Theorem 1. Consider the system (7) with γ(x, y − pd ) given
by (12) and Assumption 1. Choose the diagonal elements ki
of hki, such that
4Rs,i Yshunt,i − (ki )2 (ȳi − pdi )2 > 0,
(20a)
R

s,i
ki − (ki īs,i )2 4Rs,i Yshunt,i −(k
d 2 > 0,
2
i ) (ȳi −p )

(20b)

i

for all i = 1, 2, ..., ns . Then the equilibrium x̄ is globally
asymptotically stable.
Proof. To establish the claim, we choose the shifted Hamiltonian S in (9) as a candidate Lyapunov function, since, as
can be directly seen from (9), it is globally positive definite
with respect to x̄.
Let us now compute Ṡ. By combining (11) with (13), we
obtain

> 

∇S
∇S
Ṡ = −(∇S)> R∇S −
W
y − ȳ
y − ȳ

> 

∇S
∇S
=−
Q
,
(y − ȳ)
(y − ȳ)
where Q is given by


R 0N ×ns
Q=
+ W.
0ns ×N 0ns ×ns
It remains to show that, under the conditions (20), Ṡ is
globally negative definite with respect to x̄. This is equivalent
to the matrix Q being positive definite. It is possible to verify
that Q can be written as 

Θ Ω
Q=
,
Ω> hki
where Θ and Ω are composed by sub-block diagonal matrices. Through lengthy but straightforward computations,
which rely on the Schur complement of Q, it can be established that conditions (20) are sufficient for Q to be positive
definite.
The corollary below shows that the controller gains ki
can indeed always be chosen such that the conditions of

Theorem 1 are satisfied. In addition, the result provides a
guideline on how to choose the controller gains in order for
the proposed stability conditions to be verified in a broad
range of operating points (x̄, ȳ).
Corollary 1. For i = 1, ..., ns , choose
(
Γ1,i
pdi = ȳi
(21)
0 < ki <
min{Γ1,i , Γ2,i , Γ3,i } pdi 6= ȳi
q
4Rs,i Yshunt,i
Y
, Γ2,i =
where Γ1,i = 4 īshunt,i
2
2 , and Γ3,i =
(pd
s,i
i −ȳi )
r
2
Rs,i (ī4s,i Rs,i +16(pd
ī2 Rs,i
i −ȳi ) Yshunt,i )
− 2(ps,i
d −ȳ 2 )2 . Then, the con4
−ȳ
)
4(pd
i
i
i
i
ditions (20) hold simultaneously for all i = 1, ..., ns .
Proof. Assume ȳi = pdi , then (20a) holds for any choice of
Y
ki , whereas (20b) holds if 0 < ki < 4 īshunt,i
= Γ1,i for all
2
s,i
i = 1, 2, ..., ns and the claim follows directly.
Conversely, assume that ȳi 6= pdi . Notice first that ki > 0
is necessary for the satisfaction of (20) in this scenario.
Also, it can be readily seen that (20a) holds if 0 < ki <
q
4Rs,i Yshunt,i
= Γ2,i . In order to verify (20b), observe
2
(pd
i −ȳi )
that since Rs,i > 0, (20a) is equivalent to ∆i (ki ) :=
4Rs,i Yshunt,i − (ki )2 (ȳi − pdi )2 > 0, which holds by assumption. Now, an equivalent expression for inequality (20b) is
obtained by multiplying both sides of it by ∆ik(ki i ) > 0,
yielding ∆i (ki ) − ī2s,i Rs,i ki > 0. The satisfaction of the
latter inequality, the left-hand side of which is a quadratic
polynomial
of ki , is implied by the condition 0 < ki <
r
4
d
2
2
R
ī
R
(
s,i
s,i s,i +16(pi −ȳi ) Yshunt,i )
1
1 īs,i Rs,i
−
d
2 2 = Γ3,i , which
4
2
2 (pd
(pi −ȳi )
i −ȳi )
is equivalent to (20b).
V. S IMULATION EXAMPLE
We illustrate our theoretical developments via a simulation
example of a meshed 8-bus DC microgrid with three DGUs
and five purely resistive load buses, as illustrated in Fig. 1.
All relevant parameters are provided in Table I.
The microgrid is assumed to operate in nominal load
conditions from 0 s to 1.33 s, to be subject to a 20% step
change on all the loads from 1.33 s to 2.66 s, and be restored
to nominal conditions from 2.66 s. Henceforth we denote by
x̂ and x̄ the equilibrium before and during the load change,
respectively; x̂ is to be referred as the nominal equilibrium.
The system’s base voltage and power are v base = 450 V
and pbase = 25 kW, moreover we consider an admissimax
ble voltage deviation of ±∆vsi
= ±0.05udi , i.e., of a
5% (22.5 V), and maximum power injection of pmax
=
si
[24.97, 13.72, 12.09] kW, i = 1, ...ns . We assume that
all DGUs are equipped with the feedback control (12), with
the gains tuned using Corollary 1, thus ensuring closed-loop
global asymptotic stability of the nominal equilibrium x̂.
Moreover, for the same gains, the conditions in Corollary 1
were verified to hold in a neighborhood of x̂ by taking
incremental load changes within a ±20% deviation with
respect to nominal values, hence, the equilibrium attained
during the load change is also globally asymptotically stable.
The simulation results are shown in Fig. 2. We can see that
after the introduction of the load step changes, there is a small

Fig. 1: Topology of the considered DC microgrid based on [30]: generation
buses are denoted by circles whereas squares denote load buses.

DGUs

TABLE I: Test system parameters.
i = 1, 2, 3.

Lsi
Csi
Rsi
Yshunt,i
udi
pdi
ki

[1.0, 2.2, 1.1] mH
[2.6, 2.9, 1.4] mF
[0.19, 0.36, 0.42] Ω
[3.1, 3.4, 3.7] mS
[1, 1, 1] pu
[0.62, 0.35, 0.32] pu
[0.05, 0.1, 0.13] 10−4 W−1

Loads

j = 4, ..., 8.

C`j
Yj

[0.91, 0.43, 0.78, 0.83, 0.7] mF
[0.65, 154, 0.29, 0.67, 0.52] mS

Lines

k = 1, ..., 9.

Lτ k
Rτ k

[0.29, 0.17, 0.18, 0.30, 0.29, 0.24, 0.30, 0.25, 0.17] 10−5 H
[8.8, ,8.8, 7.2, 4.3, 4.8, 4.5, 3.7, 4.1, 7.1] 10−2 Ω

transient both in the DGUs’ power injections and voltages,
after which all these signals become constant. Nominal conditions are then successfully restored after 2.66 s. It can also
be observed that for all the DGUs the voltages remain within
the prescribed domain and that, moreover, the deviation in the
power injections during the load change are approximately
proportional to their ratings.
VI. C ONCLUSION
We have addressed the primary control of DC microgrids
using a structure-preserving model with dynamic power lines.
For this setting, we have derived a novel power-voltage
droop feedback law together with sufficient conditions on the
controller gains that ensure global asymptotic stability. This
has been achieved by exploiting the inherent structural properties of the port-Hamiltonian representation of the system
dynamics and using the shifted Hamiltonian as a Lyapunov
function.
Our formal analysis has been illustrated via a simulation
example of an 8-bus microgrid. With the aid of Corollary 1,
we have verified our stability condition for realistic settings
and for a wide selection of load disturbance scenarios.
Moreover, accurate—yet not exact—power sharing among
the DGUs has been clearly exhibited.
As future research we propose to perform a detailed
steady-state analysis aimed at dropping Assumption 1, along
the same lines of, for example [27], where the existence of
equilibria for droop-controlled HVDC networks is addressed.
In addition, the analysis will be extended to include constantpower loads, which are well-known for introducing voltage
oscillations and even causing network collapse.
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Fig. 2: Simulation results.
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