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Power electronics are a core enabling technology for local area power networks and microgrids for renewable energy, telecom, data
centers, and many other applications. Unfortunately, the modeling, simulation, and control of power electronics in these systems
are complicated when using traditional converter models in conjunction with the network nodal equations. This work proposes
a change of variables for the power electronic converter models from traditional voltage and currents to input conductance and
stored energy. From this change of state, a universal point of load converter model can be utilized in the network nodal equations
irrespective of the topology of the converter. The only impact the original converter topology has on the new model is the bounds
on the control and state variables, and the mapping back to the switching or duty cycle controls. The proposed approach greatly
simplifies the modeling of local area power networks and microgrids. This simpler model can be used to study stability and energy
utilization and develop high-level control strategies that were not previously feasible.

1. Introduction

Power electronics are increasingly being used as the interface
between a local area power network, or microgrid, and the
final load (FL). The wide ranges of applications include
the terrestrial grid, hybrid and electric vehicles, consumer
electronics, telecom systems, and many others. Interfacing
point of load converters (POLCs) are used to provide
controllability and act as an energy gate to an FL application.
In ac power networks, the dc/dc POLC typically also
implements a power factor correction function [1] that is
difficult to model as a networked systems. Even in dc power
networks and microgrids, such as telecom [2], future naval
electric ships [3], electric aircraft [4], computer data centers
[5], and other highly sensitive and robust systems [6–8], the
modeling of the power distribution network and the power
electronics is not integrated. This paper proposes a modeling
approach for power electronic converters that enables direct
and simple model integration into the nodal equations of a
power distribution network.

The POLCs are typically viewed, modeled, and controlled
as a voltage translator, converting voltage levels from those
provided by the source to a suitable level needed by the FL.
An alternative approach is to view a POLC as an admittance
translator that takes the FL impedance and reflects it to
the power network. In this way, the analysis, modeling,
and control synthesis of the POLCs in the local area power
network becomes simpler because the admittance state of the
POLC is a shunt to ground conductance in the nodal network
equations. The direct application of the converter states in
the network nodal equations can be used for stability analysis
[9–11] or control synthesis [12, 13].

In the most general case, any power system with a switch-
mode converter can be simplified and viewed as the system in
Figure 1. The power system can be any combination of power
sources including the terrestrial grid, batteries, combustion
generators, or other power converters. The final load can be
one or combinations of infinite types of loads, for example,
resistive heating elements, motor drive system, or other
power converters. The FL is usually modeled electrically
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Figure 1: Point-of-load converter translates system voltage to the
final load and the load impedance to the system.

as one or a combination of constant parameters, such as
constant impedance or constant power. The POLC is the
translator between the power system and the FL and is
usually necessary to alter the form of power coming from
the system to the load. This process is typically thought of
as converting the voltage of the power system to a voltage
suitable to the load and filtering unwanted system dynamics.
However, an alternative approach is to model the POLC as
translating the impedance of the load to the power system
and filtering unwanted load dynamics.

A point-of-load power converter, as depicted in Figure 1,
supplies power from a power network to a final load. This
design and control of the process often focus on the load side
of the POLC. The interaction of the POLC with the power
network becomes difficult to analyze given the nature of the
converter models in the voltage and current states typically
used. However, a better way to approach the modeling of
POLCs in a network is to utilize the power and energy flow
into and out of the converter. All converters have some form
of energy storage components (inductors, capacitors, and
batteries), that can both absorb or supply power [14]. Then
the sum total of power (neglecting losses at this point) in a
POLC is illustrated in Figure 2 and described by

Pin − Pout − Pstore = 0. (1)

Power is the time rate of change in energy. Then the power
stored by an energy storage component is

Pstore = ẇ. (2)

The power into the converter is

Pin = v2y, (3)

where v is the POLC input terminal voltage and y is the
POLC input conductance. It is then proposed, that a power
converter, of any topology, can be modeled by an energy
state:

ẇ = v2y − Pout. (4)

The input conductance of the converter y depends on input
voltage and current and in general has a state dependency
that can be described as

ẏ = δ, (5)

where δ is the control input to the converter model. The
control variable δ can then be translated into direct switch
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Figure 2: Point-of-load converter energy flow diagram with stored
energy flow path.

states or average mode duty cycles of a converter, depending
upon the topology being modeled.

This paper proposes the use of the two state models (4)
and (5) to represent any POLC, no matter the converter
topology or application of the load. This model is advanta-
geous for use in local area power networks and microgrids
since the input conductance of the POLC can be directly
applied to the bus-nodal relationship:

I = YV (6)

of the network. Then the entire power network can be
modeled as a set of differential-algebraic equations for
analysis, simulation, and control synthesis.

2. State Transformations to Energy and
Conductance Space

The energy-conductance model given in (4) and (5) can
be applied to any POLC topology. However, the bounds on
δ and the implementation back to the original switching
control will vary by topology. In this paper, three of the
most common POLC topologies will be explored, including
the boost, buck, and buck-boost. As a generalized approach,
the final load will be modeled as a parallel combination of
constant power and constant impedance parameters.

2.1. Boost Topology. The boost topology is one of the
most widely used for a network interface because of its
current source input. The continuous input current lowers
harmonics seen by the system and better enables power factor
correction schemes in the case of ac networks [15]. The
boost converter topology is shown in Figure 3 and has the
switching state equations:

i̇L = 1
L

(
v − (1− q

)
vc
)
, (7)

v̇c = 1
C

((
1− q

)
iL − P

vc
− vc

R

)
, (8)

where the switch state q ∈ {0, 1}. The constant power load
component P is modeled as a nonlinear-dependent current
source. This constant power load on the switching model of
the boost converter, and in fact all models presented herein,
will limit the initial conditions of the model since at low
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Figure 3: Boost converter with resistive and constant power load.

voltages this would cause excessive currents in the model.
Constant power loads can present a negative incremental
impedance effect on the power system, so it is desirable to use
a control strategy that will utilize stored energy to promote
system stability [12]. Analyzing the switching state equations,
the load dynamics are only present in (8) indicating the
capacitor may be used as a temporary buffer to minimize the
impact on the power system. Setting the left hand side of (7)
and (8) equal to zero, the average steady-state values are

vc = v

1−D
, (9)

iL = v

(D − 1)2R
+
P

v
, (10)

where the bar-over signifies the steady-state value of a
variable. As indicated in (10), the power system must
eventually support the load dynamics. The input impedance
can be controlled during transients if enough energy is
stored within the boost converter itself. This energy can then
be used to buffer the final load while presenting favorable
characteristics to the network as described in [12].

2.1.1. Boost Converter Total Stored Energy State Model. To
provide stability to the system, local energy storage must be
used during transients while avoiding negative incremental
impedance. The energy stored in a boost converter circuit is
in the magnetic field of the inductor and the electric field of
the capacitor. Then the total stored energy in the circuit is

wT = 1
2
Cv2

c +
1
2
Li2L. (11)

The input conductance is defined as

y = iL
v
. (12)

Solving (11) and (12) for the voltage and current

vc =
√

2
C

(
wT − 1

2
L
(
vy
)2
)

, (13)

iL = vy. (14)

For converters in a power network, the input voltage could
vary significantly given large disturbances. However for
simplicity of the model derivation, the input voltage (v) is

assumed to be zero. Then, taking the time derivative of (13)
and (14),

v̇c = ẇT − Lv2y ẏ
√
C
√

2
(
wT − (1/2)L

(
vy
)2
) , (15)

i̇L = v ẏ. (16)

Setting (15) and (16) equal to (8) and (7), respectively, then
solving for the new energy and conductance state equations
yield

ẇT = v2y − 2
CR

(
wT − 1

2
L
(
vy
)2
)
− P, (17)

ẏ = 1
L

(
1 +

(
q − 1

)1
v

√
2
C

(
wT − 1

2
L
(
vy
)2
))

. (18)

Solving (17) and (18) for the steady-state conditions yields

wT =
C(D − 1)2R2v4 + L

(
(D − 1)2PR + v2

)2

2(D − 1)4R2v2
,

y = 1

(D − 1)2R
+

P

v2 ,

(19)

where D is the average steady-state duty cycle of the switch
q. By inspection, (18) shows that the input conductance
does not depend upon the FL for short periods of time,
allowing the POLC to use energy stored to meet transient
load demand. Furthermore, the energy state is independent
of switch position, q, so a controller could be designed based
upon the conductance state equation.

2.1.2. Capacitor Energy State. Within the state equations of
(17) and (18), the term

wT − 1
2
L
(
vy
)2 (20)

is seen. The inductor current is given in (14), then (20) is
the total energy minus the inductor magnetic energy and is
equal to the capacitor energy. In addition, the total energy
state wT does not appear outside the capacitor energy term.
In fact, this is also the case if the total energy (inductor and
capacitor) is used to model all three topologies discussed in
this paper. This is because the inductor in these converter
circuits primarily acts as an energy transfer component,
while the true energy storage is in the electric field of the
capacitor. While there is some magnetic energy storage in the
inductor, it is typically smaller than the capacitive electric
field energy by several orders of magnitude and thus can
be neglected. Then, one way to simplify the models in
Section 2.1 and (18) is to redefine the energy state as purely
the capacitor energy

w = wT − 1
2
L
(
vy
)2 = 1

2
Cv2

c . (21)

Solving for the capacitor voltage gives

vc = +

√
2
C
w. (22)
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Then, the new energy-conduction switching model of the
boost converter is

ẇ = vy

⎛
⎝(1− q

)√ 2
C
w

⎞
⎠− 2

CR
w − P,

ẏ = 1
L

⎛
⎝1 +

(
q − 1

)1
v

√
2
C
w

⎞
⎠.

(23)

Setting the left-hand side of (23) equal to zero gives the
steady-state conditions:

w = 1
2
C
(

v

1−D

)2

, (24)

y = 1

(1−D)2
1
R

+
P

v2 . (25)

While (23) are the switching model equations of the
boost converter, the average mode model [16] can be written
as

ẇ = vy

⎛
⎝(1− d)

√
2
C
w

⎞
⎠− 2

CR
w − P, (26)

ẏ = 1
L

⎛
⎝1 + (d − 1)

1
v

√
2
C
w

⎞
⎠, (27)

where the average duty cycle input is a continuous variable
d ∈ [0, 1]. In this step, the switching dynamics and effects
on the stored energy w and conductance y states will be lost.
However, this will enable simpler modeling, simulation, and
converter synthesis. The voltage and energy relationships for
the boost converter are identified as

(1− d)

√
2
C
w = (1− d)vc = v. (28)

Then substituting (28) into (26) gives

ẇ = v2y − 2
CR

w − P, (29)

where the input power is identified in (3).
The conduction state equation (27) is a nonlinear

function of the energy state w. However, a new control
variable can be introduced as

u = Lδ = 1 + (d − 1)
1
v

√
2
C
w (30)

that encompasses the nonlinearity much like a feedback
linearization technique described by Khalil in [17]. The con-
duction state equation then becomes the linear relationship

ẏ = 1
L
u. (31)

The average mode boost converter topology in the energy
and conduction states is then given as (29) and (31). Note,
if the input voltage variation is very small, and the load is
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Figure 4: Buck converter with resistive and constant power load.

purely resistive (Po = 0), (29) and (31) are linear with the
form ẋ = Ax + Bu and can be used with standard linear
control techniques (pole placement, eigenvalue stability)
to derive the desired control input u. However, the non-
linear model with variable input voltage (due to network
transients) and constant power final loads (Po > 0) and the
control parameter u can be synthesized from linearization
or various nonlinear control techniques [17]. Nevertheless,
once u is determined, the duty cycle to implement the control
law for a boost converter is found from

d = 1 + (u− 1)v

√
C

2w
= 1 + (u− 1)

v

vc
. (32)

The limits on state and control variables can be derived
from the steady-state conditions (24) and (25), along with
the duty cycle relationship (32) and the limits on duty cycle
value. These modeling and control bounds are given in
Table 1.

Another advantage of the proposed modes is that it is
universal across most converter topologies. This enables the
designer of a small-scale local area power network to design
the system and control from the system level point of view
using the energy space model without the need for explicit
circuit details of the local power converters. The choice of
topology and implementation of the local power converters
can follow and be modified at any time after the energy space
model design is complete.

2.2. Buck Topology. The buck converter topology is also a
common interface to power networks to provide a step down
in voltage. The general buck topology is shown in Figure 4
with the switching model state equations given as

i̇L = 1
L

(
vq − vc

)
,

v̇c = 1
C

(
iL − P

vc
− vc

R

)
.

(33)

The energy state variable for the buck converter will be
modeled as the capacitor voltage given in (21). However,
since the input current to the buck converter is not
continuous due to the nature of the switch q, it is not possible
to model the input conductance as a continuous state in the
switching model. Therefore, the average mode model will be
applied as

y = d
iL
v
. (34)
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Figure 5: Buck-boost converter with resistive and constant power
load.

Following the same state transformation procedures detailed
in the previous section for a boost converter, the average
mode model for a buck converter is found to be

ẇ = v2y − 2
CR

w − P,

ẏ = 1
L

⎛
⎝d2 − d

1
v

√
2
C
w

⎞
⎠.

(35)

The steady-state conditions of (35) are

w = 1
2
C(Dv)2, (36)

y = D2

R
+

P

v2 . (37)

If the control variable is defined as

u = d2 − d
1
v

√
2
C
w = d2 − d

vc
v

(38)

the transformed state model of the buck converter is the same
as the boost model given in (29) and (31). The only difference
is the relationship of the duty cycle and control variable u.
The duty cycle is found from the control variable u as

d =
vc +

√
4uv2 + v2

c

2v
. (39)

From the defined control variable (38) and the bounds on
d, it is seen that there is a limit on the range of the control
variable u and the states w and y. In fact it can be shown
that all converter topologies can be modeled by (29) and
(31), with the only difference being in the bounds on the
control and states. For the buck topology, the state and
control bounds are found from (36), (37), and (39) and are
summarized in Table 1.

2.3. Buck-Boost Topology. The buck-boost converter topol-
ogy is also widely used as a power network interface in both
the standard form [18] and fly-back derivative topologies
[19]. The standard form buck-boost topology is shown in
Figure 5 having the switching state equations:

i̇L = 1
L

(
vq − (1− q

)
vc
)
,

v̇c = 1
C

(
−(1− q

)
iL − P

vc
− vc

R

)
.

(40)

Figure 6: Boost converter oscilloscope switching traces for a 300 W
load.

The energy state of the buck-boost model will again be
the capacitor energy as in (21). The input current of the
buck-boost converter is discontinuous, so the average mode
model will be used for the input conductance as in (34).
Following similar procedures from the previous sections,
the transformed average mode model of the buck-boost
converter becomes

ẇ = v2y − 2
CR

w − P, (41)

ẏ = 1
L

⎛
⎝d2 +

(
d − d2)1

v

√
2
C
w

⎞
⎠

= 1
L

(
d2 +

(
d − d2)vc

v

)
= 1

L
u

(42)

which is the same form as both the buck and boost
converters. The steady state condition of the energy storage
and the input conductance become

w = 1
2
C
(

D

1−D
v
)2

,

y =
(

D

1−D

)2 1
R

+
P

v2 .

(43)

The control variable in (42) is defined as

u = d2 +
(
d − d2)vc

v
(44)

to get the input conductance in the form proposed in (5).
Then, from this definition, the resulting duty cycle of the
buck-boost is

d =
vc +

√
4uv2 − 4uvcv + v2

c

2(vc − v)
. (45)

The average mode model of the buck-boost topology
given in (41) and (42) are of the same form as the boost
and buck converters. However the bounds on the control and
state variables for the buck-boost topology are summarized
in Table 1.
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Table 1: Control and state bounds of energy space models of three converter topologies.

Topology umin umax ymin ymax wmin wmax

Boost 1− (vc/v) 1 (1/R) + (P/v2) ∞ (1/2)Cv2 ∞
Buck −(1/4)(vc/v)2 1− (vc/v) 0 (1/R) + (P/v2) 0 (1/2)Cv2

Buck-boost v2
c /4(vcv − v2) 1 0 ∞ 0 ∞
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Figure 7: Boost converter capacitor energy and input conductance for a 300 W load. (a) Capacitor energy is shown for the experimental
setup, (b) numeric simulation, (c) input conductance of the experimental setup, and (d) numeric simulation.

2.4. Lossy Converter Model. In the previous sections it was
shown that the three converter topologies (boost, buck,
and buck-boost) could be modeled with the common state
equations in (29) and (31). However, this model is based
on a lossless converter where, on average, the power into
the converter is equal to the power out. A more accurate
approach is to integrate parasitic losses, such as on-state
resistances and switching losses, into the original state

equations, then apply the change of variables into the pro-
posed energy and conductance states. Nonetheless, this will
lead to an energy state equation of the form

w = v2y − 2
CR

w − Ploss
(
w, y, t

)− P (46)

despite the converter topology. However, the loss term
(Ploss(w, y, t)) will be a function of the topology and the order
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Figure 8: System model to simulate a 6-bus local area power
network.

of the loss model [20]. The conductance state will also be a
function of the losses, but the loss term can be included in
the control variable u, such that the state equation is given as
(31).

3. Local Area Power Network Model

Consider a power system with m buses, n sources, and a set
of controllable power electronic loads P . The bus voltages
and current injections, as defined in [21], can be solved
from the bus-nodal relationship (6) where I and V are the
vectors of bus currents and voltages of dimension m × 1.
The symmetric bus admittance matrix Y is a function of
line admittances and shunt load resistances of dimension
m × m. The nodal equations in (6) can be partitioned into
the unknown variables of source-current injections (Is) and
voltages of (Vs) both of dimension n × 1 and bus voltages
(Vb) of dimension (m− n)× 1:⎡

⎣ Is

0

⎤
⎦ =

⎡
⎣ Y11 Y12

Y21 Y22

⎤
⎦
⎡
⎣ Vs

Vb

⎤
⎦. (47)

The POLC voltages are vi ∈ Vb and the conductances are
yi ∈ Y22, for all i ∈ P . Using the standard model of a load
(4) and (5) a complete set of differential-algebraic equations
for a local area power network is

Vb = (Y22)−1(0− Y21Vs),

Is = Y11Vs + Y12Vb

(48)

with the set of POLC equations:

ẇi = v2
i yi −

2
CiRi

wi − Pi,

ẏi = 1
Li
ui,

∀i ∈ P , (49)

Figure 9: Oscilloscope traces from lab experiments on a local area
power network. Initial conditions are P5 = 105 W and P6 = 50 W,
and terminal conditions are P5 = 90 W and P6 = 140 W. V3 through
V6 are the bus voltages, I1 and I2 are the injected source currents
and, I5 and I6 are the load currents from the system in Figure 8.

The nodal network equations (48) and generalized POLC
model (49) form a set of differential-algebraic equations that
can be easily simulated and used for control synthesis, system
stability studies, and planning. In this paper, only the POLCs
are transformed into the energy and input conductance
models, while the sources are modeled as constant voltages.
However, this proposed approach can also be extended to
model both power electronics POLC and energy sources
with power electronic network interfaces, such as renewable
energy systems.
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Figure 10: Input conductances of POLC5 and POLC6 during 6-bus
laboratory experiment.

Table 2: Boost converter experimental values for 300 W resistive
load.

v vc D C R

36 V 48 V 0.25 11 μF 8.1Ω

4. Illustrative Examples

Two lab experiments have been conducted to demonstrate
the models developed within this paper. First, a simulation
and experimental results for a single, boost converter
demonstrate the switching model. Then a small bench-scale
local area power network will demonstrate the proposed
model integration. Numeric simulations will estimate the
bus voltages and currents for a 6-bus system. The steady state
model of the buck converter will be used to estimate the con-
ductance at two points of load. After completing a numeric
simulation, the results are compared to experimental data to
verify both the steady state buck converter model and the
local area power network model.

4.1. Boost Converter. The switching state equations for the
boost converter are the basis for the average mode model
and the steady state model. This indicates the switching
equations should be validated before attempting to verify
the steady state model. A numeric simulation was created
using the switching equations described in (17) and (18).
The numeric simulation does not include converter losses
and models only the differential-algebraic equations for the
input conductance and the capacitor energy states. To form a
good comparison, both the simulation and the experimental
setup are shown in steady state. This will show the switching
dynamics when viewed at a small enough time scale, while
also providing verification of the steady state equations (24)
and (25).

A boost converter was constructed as shown in Figure 3
with the parameters given in Table 2 for a constant resistance
load of 300 W. The control of the hardware was implemented
with a PWM process operating at 50 kHz and a PI feedback
loop around the output capacitor voltage vc. The oscilloscope
image for this experiment in Figure 6 with the data processed
into conductance and energy is shown alongside with the
numeric simulation shown in Figure 7. The graphs indicate
both the conductance and the energy storage have larger
peak values than the simulated converter. However, the
results are within a reasonable error and indicate the energy-
conductance switching model is valid. The error can be
accounted for in converter losses since more energy will
be needed to overcome losses, resulting higher peak to
peak values. From these images, the steady state conditions
are calculated. The theoretical steady state capacitor energy
is calculated from (24) with the values in Figure 7 to be
0.0132 J. From the experimental data, the average capacitor
voltage is 49.0 V. The deviates from the nominal of 48 V
are due to two possible reasons, a miscalibration of the PI
feedback control, or a measurement error of the oscilloscope
shown in Figure 6. The high-frequency spikes in the voltage
waveforms of Figure 6 are due to the commutation of the
mosfet switch. For a value of 49 V, the average energy
stored is 0.0132 J from (21). The theoretical steady state
input conductance is calculated to be 0.2195Ω−1. The
experimental values of conductance, shown in Figure 7, are
used in (25), whereas the experimental result is 0.2185Ω−1

from the average input voltage and inductor current. These
results indicate the steady state model is also correct since the
error is almost negligible.

4.2. Local Area Power Network Model. The model developed
for the local area power network is useful for localized
applications of power converters, such as a ship, a hybrid
electric vehicle, or a telecom network. Transient load demand
at one point of the network can cause changes throughout
the network in terms of bus voltages and currents. Due to
the complexity of this type of system, it is desired to quantify
effects of transient load demand analytically. Therefore, a 6-
bus local area power network was created to analyze and
demonstrate (48) and (49), providing a reasonable level
of complexity to the system while also not becoming too
cumbersome to simulate numerically.

The 6-bus power network shown in Figure 8 was built in
the laboratory with line conductances given in Table 3. V1

and V2 maintain bus 1 and 2 voltages at a constant 36 Vdc.
V3 through V6 are the bus voltages; I1 and I2 are the injected
source currents at bus 1 and 2.

The POLCs at both bus 5 and 6 (P = {5, 6}) are constant
duty cycle buck converters with D = 0.8. The steady state
model of the power network generates the bus admittance
matrix (47) and can be solved for using a numeric solver.
The numeric results will be compared to experimental lab
results.

To simulate the system using the bus admittance matrix,
the steady state condition will be analyzed. The system in
Figure 8 is allowed to reach steady state conditions, then the
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Table 3: Bus conductances for the 6-bus local area power network.

Line Y13 Y24 Y35 Y36 Y45 Y46

Y 0.8547Ω−1 0.3438Ω−1 0.6897Ω−1 0.6061Ω−1 1.938Ω−1 0.8547Ω−1

Table 4: Local area power network model numeric solutions and measured values. In case (A), R6 is 11.2Ω with a load power P6 = 50 W. In
case (B) R6 is 2.8Ω with a load power P6 = 140 W.

I1 I2 V3 V4 V5 V6

(A)
Numeric result 3.43 A 1.76 A 31.98 V 30.94 V 30.36 V 30.19 V

Lab result 3.48 A 2.04 A 32.4 V 30.4 V 29.8 V 30.0 V

(B)
Numeric result 5.75 A 2.96 A 29.28 V 27.51 V 27.34 V 24.42 V

Lab result 5.60 A 3.08 A 30.0 V 27.2 V 27.0 V 25.0 V

end-resistive load of POLC6 is increased at t = 0, described
by

R5 = 5.6Ω,

R6 =
{

11.2Ω t < 0,

2.8Ω t ≥ 0.

(50)

This will simulate a step increase in load power at POLC6
and will show how load dynamics can influence the power
system and the dynamic response of the converters and the
proposed load model. The average mode input conductances
of POLC5 and POLC6, respectively, are calculated from (37)
as

Y5 = 0.1143Ω−1,

Y6 =
{

0.0571Ω−1 t < 0,

0.2286Ω−1 t ≥ 0.

(51)

The numeric solution to this problem is solved using the
conductance obtained in (51) along with the conductances
in Table 3 to generate the bus admittance matrix. By numer-
ically solving the system as described in (48) and (49), the
bus voltages and currents are calculated. The experimental
results in Table 4 indicate the steady state conductance of the
buck converter in (37) is an accurate model since the bus
voltages and currents nearly match the experimental results.
Small errors exist and are believed to be related to converter
losses not modeled in the numeric solution and experimental
error.

The oscilloscope traces from the lab experiment are
shown in Figure 9. Three separate oscilloscopes were used to
capture the data, using a common trigger. The initial loads
are P5 = 105 W and P6 = 50 W and switch to P5 = 90 W and
P6 = 140 W at t > 0 s. Due to large input capacitance on
the buck converters used for this experiment, bus voltages V5

and V6 do not drop rapidly once the load power is increased.
Future experiments should be completed with lower input
capacitance on the POLC. In this experiment, the power
supplies at buses 1 and 2 regulate the voltages V1 and V2,
respectively. However all other bus voltages are unregulated
and vary with changes in network current.

The change in conductance for this experiment is
demonstrated in Figure 10 using the data captured from

the oscilloscopes in Figure 9. When the experimental con-
ductances in Figure 10 are compared to the theoretical
values calculated in (51), it shows the steady state models
accurately predict the system behavior. The POLC input
conductanceY5 returns to its initial state at 0.1229Ω−1, while
the conductanceY6 increases from 0.0613Ω−1 to 0.2193Ω−1.
These values closely match the expected values and are well
within experimental error.

5. Conclusions

Modeling, simulation, and control synthesis are complicated
using traditional models of power electronics and network
equations. This paper has presented a method that uses a
change of state variables of a power electronic converter
from traditional voltage and currents to conductance and
energy. From this change of state, a universal point of load
converter model can be used in the network nodal equations
irrespective of the topology of the original converter model.
The only impact the original converter topology has on
the new model is the bounds on the control and state
variables and the translation back to the switching or duty
cycle signals. The proposed approach greatly simplifies the
modeling of local area power networks and microgrids. This
simpler model can be used to study stability and energy
utilization and develop high-level control strategies that were
not previously feasible.
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