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Abstract—This paper discusses the small-signal stability anal-
ysis of the combined droop and average power method for load
sharing control of multiple distributed generation systems (DGS)
in a stand-alone ac supply mode. The small-signal model is devel-
oped and its accuracy is verified from simulations of the original
nonlinear model. It is shown that the small-signal model accurately
predicts the stability of the parallel systems.

Index Terms—Distributed generation systems (DGS), paral-
lel operation, small-signal model, stability analysis, stand-alone,
three-phase pulse width modulation (PWM) inverter.

I. INTRODUCTION

A T present, the distributed generation system (DGS) tech-
nology is increasingly being used for power generation

plants around the world because large central power plants
are economically unviable in many areas due to diminishing
fossil fuels, increasing fuel costs, and stricter environmental
regulations about acid deposition and green house gas emission
[1]–[10]. Moreover, technological advances in small genera-
tors, power electronics, and energy storage devices for transient
backup have accelerated the penetration of DGS into electric
power generation plants. First of all, statutory incentives for us-
ing renewable energy resources are pushing the electric utility
companies to construct higher numbers of distributed genera-
tion units on their distribution networks for a more decentralized
power delivery. Additionally, the DGS technology can offer im-
proved service reliability, better economics, and a reduced de-
pendency on local utility.

In fact, advanced power electronic technology that includes
power converters, pulse width modulation (PWM) techniques,
control algorithm, and electronic control units is definitely re-
quired for the DGS technology. This is the reason why electric
power generated by all DGS units is first converted into the dc
power, which is then fed into the dc distribution bus to be again
converted by the dc-to-ac inverters into the ac power.

Of the many applications that use the DGS technology, an
important research area for multiple DSG units in a stand-alone
ac power supply is the proper load sharing of each unit because
it is difficult for each generation unit to share loads uniformly
according to its size under different conditions. Therefore, each
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unit should operate in an autonomous power system, and control
real power (P ) and reactive power (Q) independently. Also, it
should enable paralleled inverters to share linear or even non-
linear loads uniformly according to their capacities, including
the real power sharing, reactive power sharing, and harmonic
power sharing, such as the parallel operation of multiple UPS
systems [11]–[17]. First of all, good load sharing should be guar-
anteed under both locally measurable voltages/currents and the
wire impedance mismatches, and voltage/current measurement
error mismatches that considerably downgrade the performance
of load sharing.

In [2], the droop control and average power control methods
have been proposed to ensure good load sharing. In these meth-
ods, the sharing of active and reactive powers between each DGS
unit is executed by two independent control variables: power an-
gle and inverter output voltage amplitude. Particularly, the aver-
age power method is used to remarkably reduce the sensitivity
about voltage and current measurement error mismatches.

In this paper, the stability of paralleled DGS in a stand-alone
ac supply mode is investigated in great detail based on the
original nonlinear model. Stability analysis of paralleled UPS
with only the frequency and voltage droop method has been
discussed [19], [20]. In these papers, the small-signal analysis
models were developed to study the stability of the paralleled
inverters network around the state of equilibrium. The droop
technique analyzed in [18] uses total three-phase instantaneous
active and reactive power, and therefore, cannot be directly ex-
tended to analyze the control method proposed in this paper,
since here the paralleling problem is viewed as three separate
single-phase circuits (Fig. 1). However, in [19] and [20], the
analysis for two interconnected single-phase inverters using fre-
quency and voltage droop methods is given. Hence, the stability
analysis provided in this section follows [19] and [20] with the
exception that the analysis is performed for the phase and volt-
age droop method combined with the average power control
method. Additionally, the analysis provided here is performed
in a discrete time domain, as opposed to the continuous time
domain in [19] and [20].

This paper is organized as follows. Section II provides a
description of the combined droop method and average power
control for load sharing. Section III addresses the small-signal
stability analysis. Simulation results of the proposed method are
given in Section IV.

II. COMBINED DROOP METHOD AND AVERAGE POWER

CONTROL FOR LOAD SHARING

Fig. 2 shows a circuit model of two DGS units in a stand-alone
ac power supply. In [2], a combination of the droop method and

0885-8969/$25.00 © 2007 IEEE
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Fig. 1. Combined droop and average power methods for load sharing control.
(a) Active power control. (b) Reactive power control.

average power control is proposed for load sharing of paral-
leled inverters in DGS, as shown in Fig. 3. The average power
method is used to overcome the sensitivity of the droop method
toward measurements errors and wiring impedance mismatches.
Choosing phase angle (instead of frequency) as the controlling
variable for the real power control has the advantage that the
average power control can be deactivated by setting the input to
the integrator to zero if communication error is detected. This
makes the load sharing control less dependent on the existence
of the intercommunication signals between units. Another way
of looking at this is that the average power control fine-tunes the
droop method to achieve proper load sharing when measurement
errors or other nonidealities exist.

An issue to be addressed is what power quantities should be
used for the method proposed. Most previous works in paral-
leled three-phase inverters have used total three-phase real and
reactive power for this purpose. However, using total power
does not guarantee load sharing of individual phase in the case
of unbalanced load or wire impedances. To answer this ques-
tion, the load sharing control shall be applied to the individual
DQ-axis circuit, i.e., the method shall be applied to the real
and reactive power on each D- and Q-axis. The reasoning for
this can be justified if one examines the DQ0 model of the
paralleled inverters, as shown in Fig. 1. The problem of paral-
leling three-phase inverters can be broken down into paralleling

three-independent single-phase circuits. Since the 0-component
is not controllable and the filter has suppressed its quantities, the
load sharing shall only be accomplished for the D- and Q-axis
single-phase circuitry.

Applying the proposed load sharing control to the individual
D- and Q-axis, we obtain the following equations for updating
the phases and amplitudes of the D and Q voltages references.

A. D-Axis

Phase angle:

φd(k + 1) = φd(k) + miePdePd

=
{

Pq avg − Pd, if activated
0, if deactivated

∆θd(k) = φd(k) + m(Pd − Pd0)

θd(k) = θref(k) + ∆θd(k). (1)

Amplitude:

υd(k + 1) = υd(k) + nieQdeQq

=
{

Qd avg − Qd, if activated
0, if deactivated

Vmax d(k) = Vnom + υd(k) + n(Qd − Qd0). (2)

Voltage reference:

Vref d(k) = Vmax d(k) cos[θd(k)]. (3)

B. Q-Axis

Phase angle:

φd(k + 1) = φq(k) + miePqePq

=
{

Pq avg − Pq, if activated
0, if deactivated

∆θq(k) = φq(k) + m(Pq − Pq0)

θq(k) = θref(k) + ∆θq(k). (4)

Amplitude:

υq(k + 1) = υq(k) + nieQqeQq

=
{

Qq avg − Qq, if activated
0, if deactivated

Vmax q(k) = Vnom + υq(k) + n(Qq − Qq0). (5)

Voltage reference:

Vref q(k) = Vmax q(k) sin[θq(k)]. (6)

III. SMALL-SIGNAL STABILITY ANALYSIS

Fig. 4 shows an equivalent circuit of two paralleled inverters
for one of the dq phases in Fig. 1 with a resistive load (R)
and interconnection impedances modeled as inductors (X1 and
X2). Due to the high bandwidth of the voltage control loop as
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Fig. 2. DQ0 model of paralleled inverters.

Fig. 3. Circuit model of two DGS units in a stand-alone ac power supply.

Fig. 4. Two DGS connected to a load.

compared to the bandwidth of the power dynamics, it is safe to
assume that the DGS inverters act as ideal voltage sources [18].
The variables E1 and E2 represent the per unit rms voltage, and
δ1 and δ2 represent the power angles of the output voltages of
DGS1 and DGS2, respectively. jX1 and jX2 denote the per unit
impedances of the interconnection wires, and R represents the
per unit resistive load impedance.

The active and reactive power delivered by each unit can be
calculated using phasor analysis and are given by

P1 = a1E
2
1 + bE1E2 sin(δ1 − δ2) + cE1E2 cos(δ1 − δ2)

(7a)

P2 = a2E
2
2 + bE1E2 sin(δ2 − δ1) + cE1E2 cos(δ2 − δ1)

(7b)

Q1 = d1E
2
1 − bE1E2 cos(δ1 − δ2) + cE1E2 sin(δ1 − δ2)

(7c)

Q2 = d2E
2
2 − bE1E2 cos(δ2 − δ1) + cE1E2 sin(δ2 − δ1)

(7d)

where

a1 = RX2
2/D;

a2 = RX2
1/D;

b = R2(X1 + X2)/D;

c = RX1X2/D;

d1 = (R2(X1 + X2) + X1X
2
2 )/D;

d2 = (R2(X1 + X2) + X2
1X2)/D;

D = R2(X1 + X2)2 + (X1X2)2.
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Considering small deviations around the equilibrium point
(δ1e, δ2e, E1e, E2e), (7) can be linearized as follows:




∆P1

∆P2

∆Q1

∆Q2


 = S




∆δ1

∆δ2

∆E1

∆E2


 , S = [sij ], i, j = 1, . . . , 4 (8)

where each sij is given as


s11 = bE1eE2e cos(δ1e − δ2e) − cE1eE2e sin(δ1e − δ2e)
s12 = −bE1eE2e cos(δ1e − δ2e) + cE1eE2e sin(δ1e − δ2e)
s13 = 2a1E1e + bE2e sin(δ1e − δ2e) + cE2e cos(δ1e − δ2e)
s14 = bE1e sin(δ1e − δ2e) + cE1e cos(δ1e − δ2e)


s21 = −bE1eE2e cos(δ2e − δ1e) + cE1eE2e sin(δ2e − δ1e)
s22 = bE1eE2e cos(δ2e − δ1e) − cE1eE2e sin(δ2e − δ1e)
s23 = bE2e sin(δ2e − δ1e) + cE2e cos(δ2e − δ1e)
s24 = 2a2E2e + bE1e sin(δ2e − δ1e) + cE1e cos(δ2e − δ1e)


s31 = bE1eE2e sin(δ1e − δ2e) + cE1eE2e cos(δ1e − δ2e)
s32 = −bE1eE2e sin(δ1e − δ2e) − cE1eE2e cos(δ1e − δ2e)
s33 = 2d1E1e − bE2e cos(δ1e − δ2e) + cE2e sin(δ1e − δ2e)
s34 = −bE1e cos(δ1e − δ2e) + cE1e sin(δ1e − δ2e)


s41 = −bE1eE2e sin (δ2e − δ1e) − cE1eE2e cos (δ2e − δ1e)
s42 = bE1eE2e sin (δ2e − δ1e) + cE1eE2e cos (δ2e − δ1e)
s43 = −bE2e cos (δ2e − δ1e) + cE2e sin (δ2e − δ1e)
s44 = 2d2E2e−bE1e cos (δ2e−δ1e) + cE1e sin (δ2e − δ1e) .

In this paper, each of the active and reactive powers are com-
puted once every one-line cycle and digital low-pass filtering is
applied to each power computation for the purpose of removing
the measurement noise. The digital filters used are given as

p1m(k + 1) = (1 − γ)p1m(k) + γP1(k) (9a)

p2m(k + 1) = (1 − γ)p2m(k) + γP2(k) (9b)

q1m(k + 1) = (1 − γ)q1m(k) + γQ1(k) (9c)

q2m(k + 1) = (1 − γ)q2m(k) + γQ2(k). (9d)

Using the filtered power quantities in (9), the combined aver-
age power control and droop methods from the previous section
can be written in per unit notation as follows:

δ1(k) = φ1(k) + mp1m (10a)

δ2(k) = φ2(k) + mp2m (10b)

E1(k) = 1 + υ1(k) + nq1m (10c)

E2(k) = 1 + υ2(k) + nq2m. (10d)

Also, the integrator states can be updated as

φ1(k + 1) = φ1(k) +
mi

2
(p1m − p2m) (11a)

φ2(k + 1) = φ2(k) +
mi

2
(p2m − p1m) (11b)

υ1(k + 1) = υ1(k) +
ni

2
(q1m − q2m) (11c)

υ2(k + 1) = υ2(k) +
ni

2
(q2m − q1m). (11d)

Using the small-signal analysis, (9)–(11) can be linearized as
Linearized power filter:

∆p1m(k + 1) = (1 − γ)∆p1m(k) + γ∆P1(k) (12a)

∆p2m(k + 1) = (1 − γ)∆p2m(k) + γ∆P2(k) (12b)

∆q1m(k + 1) = (1 − γ)∆q1m(k) + γ∆Q1(k) (12c)

∆q2m(k + 1) = (1 − γ)∆q2m(k) + γ∆Q2(k). (12d)

Linearized combined average and droop control:

∆δ1(k) = ∆φ1(k) + m ∆p1m (13a)

∆δ2(k) = ∆φ2(k) + m ∆p2m (13b)

∆E1(k) = ∆υ1(k) + n∆q1m (13c)

∆E2(k) = ∆υ2(k) + n∆q2m. (13d)

Linearized integrator equations:

∆φ1(k + 1) = ∆φ1(k) +
mi

2
(∆p1m − ∆p2m) (14a)

∆φ2(k + 1) = ∆φ2(k) +
mi

2
(∆p2m − ∆p1m) (14b)

∆υ1(k + 1) = ∆υ1(k) +
ni

2
(∆q1m − ∆q2m) (14c)

∆υ2(k + 1) = ∆υ2(k) +
ni

2
(∆q2m − ∆q1m). (14d)

Substituting (13) into the linearized power equations in (8),
we obtain linearized equations in terms of the integrator states
and power filter states perturbations as




∆P1

∆P2

∆Q1

∆Q2


 = S




∆φ1

∆φ2

∆υ1

∆υ2


 + S




m∆p1m

m∆p2m

n∆q1m

n∆q2m


 . (15)

If we define the following states vector

∆x=[∆p1m ∆p2m ∆q1m ∆q2m ∆φ1 ∆φ2 ∆υ1 ∆υ2]T

then from (11), (12), and (14), we can obtain

∆x(k + 1) = A∆∆x(k) (16)

for an explanation of A∆ in (16), refer to the equation at the
bottom of the next page.

Equation (16) describes the system dynamics around the equi-
librium point. The eigenvalues of matrix A∆ can be used to
determine the stability of the system around the state of equi-
librium and the type of dynamic response expected. For exam-
ple, we assume the following parameters: X1 = 0.001 per unit
(p.u.), X2 = 0.002 p.u., and R = 1 p.u. The filter time constant
is chosen to be γ = 0.5. Let us consider three cases of droop
coefficients and integrator gains.

Case 1:

m = n = −0.001;mi = ni = −0.0003.

Case 2:

m = n = −0.001; mi = ni = −0.0008.

Case 3:

m = n = −0.005; mi = ni = −0.0008.
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Fig. 5. System response for Case 1 (per unit power versus time in seconds).

The state of equilibrium for each case needs to be calculated
using the power flow analysis. However, since the amplitude and
phase adjustments made by each DGS are very small compared
to the nominal value of the voltages, and the phases are always
initially in synchronization with respect to a reference voltage,
we can choose (δ1e, δ2e, E1e, E2e) = (0, 0, 1, 1) for the calcula-
tion of each term in matrix S in (8). As a result, the eigenvalues
of matrix A∆ for each case are obtained as follows.

Case 1:

0.3118, 0.3122, 0.8547, 0.8546, 0.5000, 0.5000, 1.0000,
1.0000.

Case 2:

0.3120, 0.8546, 0.5833 ± 0.305 1i, 0.5000, 0.5000, 1.0000,
1.0000.

Case 3:

− 1.0369, − 1.0344, 0.8690, 0.8690, 0.5000, 0.5000, 1.0000,
1.0000.

In Cases 1 and 2, all the eigenvalues are located within the
unit circle; therefore, both the systems are stable. In Case 1, all
the eigenvalues are real, and therefore the system has a damped
response. Case 2 presents eigenvalues with imaginary compo-
nents, so the system response can be expected to be oscillatory.
In Case 3, two of the eigenvalues lie outside of the unit circle;
hence, the system is unstable.

To verify these findings, simulations of the circuit of Fig. 1
with the proposed control have been performed using Mat-
lab/Simulink with Power System Blockset. Figs. 5–7 show the

Fig. 6. System response for Case 2 (per unit power versus time in seconds).

Fig. 7. System response for Case 3 (per unit power versus time in seconds).

system responses (P1, P2, Q1, and Q2) for Cases 1, 2, and 3,
respectively. As expected earlier, it can be seen that Cases 1 and
2 are stable, as shown in Figs. 5 and 6, while Case 3 is unstable,
as depicted in Fig. 7.

IV. SIMULATION RESULTS

Based on the stability analysis described in the previous sec-
tion, two DGS units operating in parallel are simulated. As
shown in Fig. 8, this configuration consists of two DGS units
and two loads. In real circuit model, wire impedances (Z1 and

A∆ =




(1 − γ) + mγs11 mγs12 nγs13 nγs14 γs11 γs12 γs13 γs14

mγs21 (1 − γ) + mγs22 nγs23 nγs24 γs21 γs22 γs23 γs24

mγs31 mγs32 (1 − γ) + nγs33 nγs34 γs31 γs32 γs33 γs34

mγs41 mγs42 nγs43 (1 − γ) + nγs44 γs41 γs42 γs43 γs44
mi

2 −mi

2 0 0 1 0 0 0
−mi

2
mi

2 0 0 0 1 0 0
0 0 ni

2 −ni

2 0 0 1 0
0 0 −ni

2
ni

2 0 0 0 1




.
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Fig. 8. Configuration of the system simulated for two DGS units.

Fig. 9. Simulink model of two DGS units connected to two loads.

Z2) are modeled because these can significantly affect load
sharing between the DGS units.

To simulate Fig. 8 with Matlab/Simulink, the configuration
is modeled as in Fig. 9. This model is also composed of two
DGS units, two loads, and wire impedances (Z1 and Z2). In
particular, the power information (PQdq1 and PQdq2) such as
the real power (P ) and the reactive power (Q) is exchanged
between two DGS systems to ensure proper load sharing.

To enhance the speed of simulations, each PWM inverter has
been modeled as an ideal voltage controlled source with a delay
of half the sampling time of the actual PWM signal. Two linear
transformers are used as the isolation transformers, and a series
inductance and resistance representing the leakage impedance
and losses of each transformer are respectively 3% p.u. Note
that the series inductance and resistance of the transformers are
denoted as LT and RT , respectively. The circuit parameters for
simulations are given in Table I.

As explained in [2], each PWM inverter’s output voltage
and current are controlled using dual loop control system, with
outer loop (RSC) controlling the output voltage, and the inner
loop (DSMC) controlling the inverter current. To demonstrate
the stability analysis proposed for load sharing control, wire
impedances mismatches and voltage/current sensor measure-
ment error mismatches are considered, and the following cases
are simulated.

All cases:

DGS unit 1. Z1 = R1 + jX1(R1 = 0.01Ω/L1 = 0.2) mH).
Voltage measurement error. Vp[−0.1%,+0.1%,−0.1%];

VL[+0.1%,+0.1%,−0.1%].

TABLE I
SYSTEM PARAMETERS FOR TWO DGS UNITS

Current measurement error. Ii[+0.1%,−0.1%,−0.1%];
IL[+0.1%,−0.1%,−0.1%].

DGS unit 2. Z2 = R2 + jX2(R2 = 0.02Ω/L2 = 0.4 mH).
Voltage measurement error. Vp[+0.1%,−0.1%,+0.1%];

VL[−0.1%,−0.1%,+0.1%].
Current measurement error. Ii[−0.1%,+0.1%,+0.1%];

IL[−0.1%,+0.1%,+0.1%].
Case: 1

Power ratings of DGS units 1 and 2. 50 kVA.
Load 1. Pload1 = 40 kW; Qload1 = 30 kvar (p.f. = 0.8).
Load 2. Pload2 = 40 kW; Qload2 = 30 kvar (p.f. = 0.8).

Case 2:

Power ratings of DGS units 1 and 2. 50 kVA.
Load 1. Pload1 = 40 kW; Qload1 = 30 kvar (p.f. = 0.8).
Load 2. Pload2 = 20 kW ⇒ 40 kW; Qload2 = 15 kvar ⇒ 30

kvar (at 3 s).

Case 3:

Power ratings of DGS units 1 and 2. 50 kVA.
Load 1 . Pload1 = 40 kW; Qload1 = 30 kvar (p.f. = 0.8).
Load 2. Pload2 = 40 kW ⇒ 20 kW; Qload2 = 30 kvar ⇒ 15

kvar (at 3 s).

Case 4:

Power ratings of DGS units 1 and 2. 50 and 25 kVA.
Load 1. Pload1 = 20 kW; Qload1 = 15 kvar (p.f. = 0.8).
Load 2. Pload2 = 40 kW; Qload2 = 30 kvar (p.f. = 0.8).

Case 5:

Power ratings of DGS units 1 and 2. 50 and 25 kVA.
Load 1. Pload1 = 20 kW; Qload1 = 15 kvar (p.f. = 0.8).
Load 2. Pload2 = 20 kW ⇒ 40 kW; Qload2 = 15 kvar ⇒ 30

kvar (at 3 s).

Case 6:

Power ratings of DGS units 1 and 2. 50 and 25 kVA.
Load 1. Pload1 = 20 kW; Qload1 = 15 kvar (p.f. = 0.8).
Load 2. Pload2 = 40 kW ⇒ 20 kW; Qload2 = 30 kvar ⇒ 15

kvar (at 3 s).

Case 7:

Power ratings of DGS units 1 and 2. 50 kVA.
Load 1. Three-phase bridge diode (CDC1 = 3000 µF; RL1 =

1.6 Ω).
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Fig. 10. Simulation results for Case 1.

Fig. 11. Simulation results for Case 2.

Load 2. Three-phase bridge diode (CDC2 = 3000 µF; RL2 =
1.6 Ω).

Case 8:

Power ratings of DGS units 1 and 2. 50 and 25 kVA.
Load 1. Three-phase bridge diode (CDC1 = 3000 µF; RL1 =

3.2 Ω).
Load 2. Three-phase bridge diode (CDC2 = 3000 µF; RL2 =

1.6 Ω).

In all the cases, it is assumed that Z2 is twice Z1, the signs
of voltage/current sensor errors of DGS unit 1 are opposite to
those of DGS unit 2. In Cases 1, 2, 3, and 7, the power rating
of DGS unit 1 is equal to that of DGS unit 2. In Cases 4, 5, 6,
and 8, it is assumed that the power rating of DGS unit 1 is twice
that of DGS unit 2. In Cases 2 and 5, it is assumed that load 2
doubles after 3 s, while in Cases 3 and 6, it is assumed that load
2 reduces to half after 3 s. Finally, Cases 7 and 8 are simulated
under nonlinear loads with a three-phase bridge diode.

Fig. 12. Simulation results for Case 3.

Fig. 13. Simulation results for Case 4.

The first six cases (Figs. 10–15) were simulated for linear
loads, while the last two cases (Figs. 16 and 17) were simulated
under nonlinear loads. Fig. 10 shows very good load sharing of
the real and the reactive powers under the conditions of identical
units and loads. Fig. 14 shows the results under different power
ratings and loads, and these results also show that the loads are
properly shared according to the power capability of each unit.

As shown in Figs. 11, 12, 14, and 15, even when load 2 is dou-
bled or halved after 3 s, respectively, the results definitely show a
good power sharing. Two nonlinear loads that consist of a three-
phase bridge, a large capacitor, and a small resistor are imple-
mented, and the results demonstrate good load sharing depend-
ing on the power rating of each unit, as shown in Figs. 16 and 17.

V. COMPARISON WITH DROOP-ONLY TECHNIQUE

It is instructive to compare the control strategy discussed in
this paper with the well-known voltage and frequency droop
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Fig. 14. Simulation results for Case 5.

Fig. 15. Simulation results for Case 6.

Fig. 16. Simulation results for Case 7.

Fig. 17. Simulation results for Case 8.

Fig. 18. Simulation results for Case 1 with the droop-only technique.

Fig. 19. Simulation results for Case 7 with the droop-only technique.
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techniques [15]–[20]. As mentioned earlier, the control strategy
in this paper reduces the effect of line impedances mismatches
and the occurrence of measurement errors. The benefits offered
are the results of having closed feedback loop of the power quan-
tities. Once a proper load sharing is established, the closed-loop
feedback can be deactivated, and the droop mechanism can still
maintain the proper load sharing. This in turn reduces the depen-
dency on the communication between units. These features can
be contrasted to the approach of wireless load sharing [15]–[20],
which lacks the closed-loop feedback of the power quantities.
For a comparison, Figs. 18 and 19 show the performance of the
droop-only technique for the same cases as in Cases 1 and 7
of the previous section. It can be seen that load sharing cannot
be properly achieved due to the gross mismatches in the line
impedances and the presence of measurement errors.

VI. CONCLUSION

In this paper, the small-signal model has been developed to
investigate the stability of paralleled distributed generation sys-
tems in a stand-alone ac supply mode, using the combined droop
and average power method for load sharing control. Simulation
results have been used to verify the accuracy of the small-signal
model. It was shown that the small-signal model accurately pre-
dicted the stability of the control system.
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