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Abstract—Multiport power converters are needed in a wide
range of applications including battery management systems,
data center power delivery, and renewable energy systems. These
systems comprise numerous distributed and modular power
conversion cells with sophisticated and bidirectional power flow.
This paper systematically investigates the architecture, modeling
and control of multiport power converter with a large number
of ports, and explores the theoretical foundation of an emerging
“Power FPGA” concept - Flexible, Programmable, Granular and
Adaptive power electronics - that will enable a wide range of
exciting applications. We classified multiport power converters
into two major categories, and developed a software tool based on
Newton-Raphson method to rapidly identify the control strategy.
We analyzed the applicability and limitations of this control
framework, and simulated a 100-port energy converter with
programmable power flow. A four-port programmable energy
converter is built and tested to experimentally validate the
proposed modeling and control strategy.

Index Terms—multiport power converter, energy router, power
flow calculation, Power FPGA

I. INTRODUCTION

Power electronics are key building blocks of future en-
ergy systems. Developing flexible, programmable, granular
and adaptive (FPGA) architectures will benefit a variety of
emerging and high-impact applications, including EV charg-
ers, battery management systems, data centers, and solar
inverters. Future data centers, energy storage systems and solar
farms comprise numerous modular power electronics cells
configured as a sophisticated power processing network (Fig.
1): solar panels need maximum power point tracking; battery
cells need voltage and state-of-charge (SOC) balancing; data
centers need uninterruptable power supplies (UPS) and brick
converters. These power electronics modules regulate the
voltage, process power flow, and perform advanced power
management functions. High performance power conversion
architectures are needed to improve the efficiency and power
density of these energy systems.

A conventional way to develop power conversion archi-
tecture for these systems is to create one or more dc buses
with large capacitors as dc links, and connect each individual
module to the dc link through a dc-dc converter. Each con-
verter is controlled individually with classic control methods.
As illustrated in Fig. 2(a), to deliver energy from one module
to another, two or more “dc-ac-dc power conversion stages

Fig. 1. Energy systems with numerous modular power converters.

(a) (b)

Fig. 2. Power flow in (a) a multiport converter with multiple “dc-ac-dc”
stages; (b) a multiport converter with a single “dc-ac-dc” stage.

are usually needed. These “back-to-back” power conversion
stages increases the component counts and reduces the energy
efficiency. Methods to improve the performance of these
multi-stage power conversion architectures exist, including the
“differential power processing” concept [1], the “composite
power conversion” architecture [2], and the “multiport en-
ergy router” concept [3]. The key principle is to reduce the
power conversion stress and improve the energy efficiency and
power density. Multiport power converters which can create
a single “dc-ac-dc” path between any input and output port
with programmable power flow (e.g., through a single-core
multi-winding transformer), namely “Power FPGA”, are rarely
explored and are the main focus of this paper.

Fig. 2 compares a conventional multiport power conversion
architecture with multiple “dc-ac-dc” stages, against a multi-
port architecture with a single “dc-ac-dc” stage between any
arbitrary input-output ports. Instead of processing power with
many individual dc-dc converters, single-stage architecture
links multiple ports through a single magnetic-linkage with ac978-1-5386-5541-2/18/$31.00 ©2018 IEEE



coupling. Power flow is controlled by adjusting the voltage am-
plitude and phase shift of each port. A single stage architecture
offers lower component count and higher efficiency, but the
power flow control becomes more sophisticated. The control
and modeling of multiport power converter coupled through
a single magnetic have been previously explored [4]–[6]. [4]
proposes a control method which operates the single-stage
multiport architecture as a multi-active-bridge (MAB) and
decouples the cross-regulation by linearizing the power flow
equation with small signal model under the assumption that
initial operating point is known. [5] explores the feasibility of
using classic feedback control in a multiport energy router. [6]
investigates the modeling and control of the MAB converters.
The operation principles of these converters cannot be gener-
alized to cover a large number of ports, and the applicability
and limitations of these methods are not thoroughly explored.

This paper systematically investigates the architecture, mod-
eling and control of multiport power converter with a large
number of input and output ports. The operation of each
port is programmable, allowing the multiport power converter
to function as an energy processor. In addition, we studied
the applicability and limitations of the proposed method and
showed that the proposed method can be used to programme
the power flow of a converter with 100 active ports. The
theoretical foundation towards an exciting “Power FPGA”
concept is explored - Flexible, Programmable, Granular and
Adaptive power electronics - which will enable a wide range
of new applications.

The followings of this paper are organized as follows. Sec-
tion II develops a general circuit structure for multiport power
converters. Section III discusses the two operation modes
for multiport power converters, depending on the impedance
of the passive network. A generalized modeling and control
framework is developed in section IV. Section V discusses
the convergence region and the maximum power rating of the
multiport power converter. Finally, simulation and experiment
results are presented in section VI and VII.

II. ARCHITECTURE AND CIRCUIT TOPOLOGY

Fig. 3 shows the architecture of a generalized multiport
power converter, comprising n input and output ports (here
n = 6). Operating all the dc-ac converters at the same
frequency, the current and voltage in the power delivery
network can be either sinusoidal or trapezoid depending on
the impedance values of the passive network. By modulating
the dc-ac converters, the energy processed at each port can be
adjusted, and the power flow on each network branch can be
precisely controlled.

Fig. 4 shows an example topology for the multiport power
converter, where multiple active bridges are coupled through
a single magnetic core. This topology offers galvanic isolation
for each port and can link many ports with different voltage
levels together. The active bridges can be full bridges or
half bridges. While a half bridge implementation offers lower
component count, a full bridge implementation offers flexible
voltage regulation by phase shifting the two half bridge legs.

Fig. 3. Block diagram of multiport power converters comprising many dc/ac
converters, and a single multiport passive network.

Fig. 4. Example topology of a multiport power converter with multiple half-
bridges coupled together with a multi-winding transformer.

A transformer with an arbitrary number of windings can be
modeled as a passive network comprising inductors, capac-
itors, resistors, and ideal transformers [7]. Fig. 5(a) demon-
strates a Star model of the multi-winding transformer, in which
all sources/loads are normalized to the primary side through
ideal transformers. Each port is connected to the ground-
connected magnetizing inductance Lm through a series LC
network. The series capacitor of each branch can either func-
tion as a dc-blocking capacitor or a series-resonant capacitor
depending on the values of the capacitor and the inductor
of each branch. If the capacitor size is large enough to be
considered as a dc-blocking capacitor, the current waveforms
are trapezoidal; if the capacitor size is small enough, and the
resonant frequency of the LC tank is close to the switching fre-
quency, the LC network will function as a bandpass filter and
the waveforms are sinusoidal. A Star model is interchangeable
with a n-port Delta model or a n-port impedance matrix [8],
as illustrated in Fig. 5(b).

III. POWER FLOW MODELING

The modeling and control of the power converter depend on
the configuration of the passive network. The multiport power
converter has the following two operation modes:

A. Trapezoidal Mode

If the series capacitance is large enough, the reactance of
each branch at the switching frequency is dominated by the
series-inductance:

XL +XC

XL
≈ 1. (1)



(a)

(b)

Fig. 5. (a) Star model and (b) Delta model of a multi-winding passive
network. The Star model and Delta model are interchangeable through a n×n
impedance matrix [8].

Fig. 6. A Delta model which is interchangable with the Star-type inductor
network. The series capacitors are kept the same and the Star structure is
converted to a Delta structure.

Each branch can be treated as an inductor connected in series
with a dc-blocking capacitor, and the capacitance value has
negligible impact on the branch reactance. Therefore, only
the inductors are considered in the Star-to-Delta network
conversion as shown in Fig. 6. The multiport power converter
functions as a multi-active-bridge (MAB) converter [4], [9],
[10], delivering power with trapezoidal current waveforms.

In a Delta model, the ground-connected inductor Lgi has no
impact on the active power at each port - it only contributes
reactive power. The inductance of Lij between port i and port
j can be calculated from the branch inductance of the Star
model (L1 to Ln in Fig. 5(a)) following Thevenin theorm [4]:

Lij =
(
Li + LTHi

)[
Lj

(
1

Lm
+

n∑
k 6=i,j

1

Lk

)
+ 1

]
, (2)

where the Thevenin-equivalent inductance seen by port i is:

LTHi =

(
1

Lm
+

n∑
k 6=i

1

Lk

)−1
. (3)

Similar to a dual-active-bridge model, the active power carried
by Lij is a function of the voltage amplitude and phase
difference between port i and port j [11]:

Pij =
1

T

∫
T

ViIijdt =
ViVj
ωLij

φij

(
1− |φij |

π

)
. (4)

Here Vi is the voltage amplitude of the square wave voltage at
port i. In fact, (4) is valid if and only if φij is within [−π, π].
Phase difference that exceeds [−π, π] should be converted
back to this range. Define a function Φ(φ) as:

Φ(φij) = φij − 2kπ, φij ∈ [2kπ − π, 2kπ + π]. (5)

The active power flow from port i to port j is:

Pij =
ViVj
ωLij

Φ(φij)

(
1− |Φ(φij)|

π

)
. (6)

The total injected power at port i is:

Pi =
1

T

∫
T

ViIidt =
∑
j 6=i

1

T

∫
T

ViIijdt

=
∑
j 6=i

ViVj
ωLij

Φ(φij)

(
1− |Φ(φij)|

π

)
.

(7)

B. Resonant Mode

If the resonant frequency of the series LC tank is close to
the switching frequency, the branch reactance of each port is
close to zero:

XL +XC

XL
≈ 0. (8)

The series LC tank functions as a band-pass filter with low
impedance at the resonant frequency. It eliminates the higher
order current harmonics so that the current in the passive
network is close to sinusoidal. As a result, the multiport
power converter can be considered as an ac power delivery
network driven by n sinusoidal voltage sources, since only the
fundamental component of the square wave voltage can deliver
real power. The impedance matrix of the passive network in
Fig. 5(a) is:

Z =


Zb1 + Zm Zm . . . Zm

Zm Zb2 + Zm . . . Zm

...
...

. . .
...

Zm Zm . . . Zbn + Zm

 . (9)

Zbi is the branch impedance connected to port i, and Zm is
impedance of the magnetizing inductance.

Zbi = j

(
ωLi −

1

ωCi

)
, Zm = jωLm. (10)

The admittance of the interchangeable Delta model of the
Star model is the inverse of the impedance matrix Eq. (9):



Y = Z−1 =

Y11 . . . Y1n
...

. . .
...

Yn1 . . . Ynn

 , (11)

Yij = Gij +Bij =

yi +
∑
k 6=i

yik if i = j

− yij if i 6= j

(12)

Based on theories in power systems analysis [12], the active
power injected into each port is:

Pi =
8

π2

n∑
k=1

ViVk (Gik cos(φik) +Bik sin(φik)) . (13)

Here Vi and Vk are the amplitudes of the square wave voltage
at port i and port k.

IV. A GENERALIZED CONTROL FRAMEWORK

Four variables are controllable at each port of the multiport
power converter, (Pi, Qi) and (Vi, φi). Pi and Qi are the active
and reactive power injected into the ith port from an external
source or load. Vi and Φi are the amplitude and phase of the
square wave voltage at each port. In power electronics designs,
the reactive power at each port is usually absorbed by a large
dc-filtering capacitor and is usually neglected. Depending on
the design goals, one can control the voltage amplitude and
the phase shift to modulate the injected power, or control the
injected power and the phase shift to modulate the voltage of
each port. When designing the control framework, the n ports
can be grouped into two major categories:

• PV port: Pi and Vi are specified, and φi is unknown.
In multiport power converters, sources and loads that
require specific voltage amplitudes or active power in-
jection can be modeled as PV ports.
• Vφ port: the reference port for the power flow cal-

culation. Vi is selected as the nominal voltage, φi is
considered as zero, Pi is free-wheeling and is determined
by the system needs. At least one Vφ port is needed in
a system to meet the energy conservation requirements.
Usually, a port that is connected to an energy storage
device can be selected as a Vφ port.

In a multiport power converter, a majority of ports are PV
ports. A port that is connected to an energy storage element
is usually selected as the V φ port. The V φ port functions as
an energy buffer to balance the input and output power of
the system. As a result, a multiport power converter with n
ports usually has n−1 PV ports and one V φ port. The phases
of all n ports need to be precisely controlled to control the
power flow in the multiport passive network. The target of
this control framework is the active powers of the n − 1 PV
ports; the input variables are the phases of the voltage of all
of the n− 1 ports (the phase of the V φ port is zero). The key
challenge of this control framework is to solve n−1 unknown
variables with n− 1 nonlinear power flow equations:


P1

P2

...
Pn−1

 = f : Rn−1 → Rn−1


φ1
φ2
...

φn−1

 . (14)

We adopted the Newton-Raphson method in power system
analysis [12] to solve these nonlinear equations. Newton-
Raphson method linearizes non-linear equations and use it-
erations to approach desired solutions. It converges fast and
requires low computation power (enabling a microcontroller
or FPGA implementation), but is sensitive to the initial an-
ticipated solution. A software tool is developed open-sourced
in Github 1. Other methods such as Gauss-Seidel Iteration
and Fast Decoupling Methods [12] may be applicable to
specific cases. Sophisticated power flow calculation tools such
as Matpower [13] can also be used at the cost of more
computation requirements. In this work, a Newton-Raphson
solver customized for power flow analysis in both trapezoidal
and resonant modes has been developed and open sourced.
The solver takes in the following inputs: 1) network informa-
tion: including the branch inductance, magnetizing inductance,
branch capacitance and branch resistance; 2) targeted active
power and voltage amplitude of PV ports; 3) voltage amplitude
of the reference port; 4) initial anticipated solutions for the
phases of each port. The iteration step for the solver is:

∆φ1
∆φ2

...
∆φn−1

 =


∂f1
∂φ1

. . .
∂f1
∂φn−1

...
. . .

...
∂fn−1
∂φ1

. . .
∂fn−1
∂φn−1


−1 

∆P1

∆P2

...
∆Pn−1

 , (15)

φk = φk−1 −∆φ. (16)

The Jacobian matrix for trapezoidal mode is:

∂fi
∂φj

=


ViVj
ωLij

(
2|Φ(φij)|

π
− 1

)
j 6= i∑

k 6=i

ViVk
ωLik

(
1− 2|Φ(φik)|

π

)
j = i

(17)

The Jacobian matrix for resonant mode is:

∂fi
∂φj

=


8

π2
ViVj [Gij sin(φij)−Bij cos(φij)] j 6= i∑

k 6=i

8

π2
ViVk [Bik cos(φik)−Gik sin(φik)] j = i

(18)

With appropriate selection of the initial operating point, the
phases of all ports can usually be found within a few iteration
steps. These phases will be utilized to control the ac-dc
converters at each port. If full bridges are implemented as
the dc/ac converters in Fig. 4, or the source voltage is variable
within a range, more feasible solutions can be found for the the
nonlinear power flow equations. These ports can be defined as
P ports with only active power in control. Assuming there are
n ports in total, the first m ports are P ports, and the last port

1https://github.com/PingWang3741/Multiport-Power-Converter.git



is a reference port, the rest of them are P ports. The iteration
step of the solver is:

∆V1
. . .

∆Vm
∆φ1

...
∆φn−1


=


∂f1
∂V1

. . .
∂f1
∂Vm

∂f1
∂φ1

. . .
∂f1
∂φn−1

...
. . .

...
...

. . .
...

∂fn−1
∂V1

. . .
∂fn−1
∂Vm

∂fn−1
∂φ1

. . .
∂fn−1
∂φn−1


−1 

∆P1

∆P2

...
∆Pn−1

,
(19)

Vk = Vk−1 −∆V , φk = φk−1 −∆φ. (20)

There are n−1+m unknown variables and n−1 nonlinear
equations. The Jacobian matrix is not a square matrix. The
Moore-Penrose pseudoinverse of the Jacobian matrix can be
utilized to calculate the iteration step size. When Vi of the ith

P port reaches its maximal value, this P port will change back
to PV port in the next iteration.

V. POWER RATING AND CONVERGENCE DISCUSSION

It is known that the convergence of the Newton-Raphson
method is very sensitive to the initial anticipated solution.
The Newton-Raphson method will not converge if there is
no feasible solution. As a result, its critical to determine
if the targeted solution is even feasible before the iteration
starts. Given a general n-port system with arbitrary branch
capacitance and inductance as shown in Fig. 5(a), the passive
network can be transformed either to a Delta network as shown
in Fig. 5(a) or an impedance Delta network as shown in
Fig.5(b). If the multiport converter works in trapezoidal mode,
the maximal power injected into port i and the maximum
power extracted from port i are:

Pi max =
π

4

∑
k 6=i

ViVk
ωLik

, (21)

Pi min = −π
4

∑
k 6=i

ViVk
ωLik

. (22)

If the multiport power converter works resonant mode, the
maximal and minimal feasible power at port i are:

Pi max = max(a|Vi|2 + b|Vi|), (23)

Pi min = min(a|Vi|2 − b|Vi|), (24)

where

b =
8

π2

∑
k 6=i

Vk max

√
G2

ik +B2
ik,

a = − 8

π2

∑
k 6=i

Gik.
(25)

Vmax is the maximal amplitude of the square wave voltage
at port i. Equation (23) is the maximal value of a quadratic
function, which can be rewritten as a piecewise function:

Pmax =



8

π2

∑
k 6=i

(
Vk max

√
G2

ik +B2
ik − Vi maxGik

)
Vi max if a ≥ 0

8

π2

(∑
k 6=i

Vk max

√
G2

ik +B2
ik

)2

4
∑
k 6=i

Gik
if a < 0 & − b

2a
≤ Vi max

8

π2

∑
k 6=i

(
Vk max

√
G2

ik +B2
ik − Vi maxGik

)
Vi max if a < 0 & − b

2a
> Vi max

(26)

Fig. 7. Feasible power range of a three-port converter.

Similarly, Equation (24) can be rewritten as:

Pmin =



− 8

π2

∑
k 6=i

(
Vk max

√
G2

ik +B2
ik + Vi maxGik

)
Vi max if a < 0

8

π2

(∑
k 6=i

Vk max

√
G2

ik +B2
ik

)2

4
∑
k 6=i

Gik
if a ≥ 0 &

b

2a
≤ Vi max

− 8

π2

∑
k 6=i

(
Vk max

√
G2

ik +B2
ik + Vi maxGik

)
Vi max if a ≥ 0 &

b

2a
> Vi max

(27)

No all ports input the maximum rated power. In applications
such as differential power processing of series-stacked data
center sever [1], all ports are identical with symmetric passive
network. We use the sum of power squares (SPS) to describe
the feasible power range of multiple ports. The SPS defines
an active power region that is a conservative subset of the
complete feasible power region. A very conservative definition
of the feasible power region is:

n∑
i=1

P 2
i ≤ βmax, (28)

where βmax is a pre-determined bound that guarantees a
feasible solution if Eq. (28) holds true.Assuming the multiport
converter works in the resonant mode and all branch suscep-
tances in the Delta model are identical. Here we use a three-
port converter as an example to demonstrate the effectiveness
of using SPS as a convergence bound. We swept the voltage
amplitudes and phases of the three ports and record the feasible
power that can be achieved at each port, and plot the results in
Fig. 7. The blue points are the feasible power region, and the
red points are infeasible power region. The inner circle of the
blue-point area is a conservative bound for the feasible power
range as described by Eq. (28). This area is smaller than the
real feasible power range, but it is close enough.

The convergence region of the Newton-Raphson method is
also determined by the initial anticipated solutions. Using the
developed Newton-Raphson solver, a three-port converter is
tested, where two ports are PV port, and the other one is
Vφ port. We selected a target power solution and swept the
initial phase of the two ports from −π to π, and record if
the solver converge to a feasible solution. It is found that



Fig. 8. Fractal convergence region of the Newton-Raphson solver. The solver
is more likely to converge if the initial anticipated points are close to the final
solution. Empirically, for a symmetric multiport network, starting from the
origin is always a good strategy.

two feasible solution exist, and the converging area for the
initial phases have fractal boundary. It also indicates that initial
solutions that are close to the feasible solution converges
better. With a look-up table that store a certain number of
known solutions, the solver can always start from a initial
point near the final solution to ensure the convergence of
the algorithm. We found that for a multiport system with
identical impedances on all branches, using zero phase-shift
and uniform voltage amplitude as the initial solution almost
always lead to a converging result, if the targeted power
solution is within a feasible region.

Fig. 8 shows the results. The convergent region has fractal
boundary. Initial solutions that are close to the final solution
are more likely to converge. Utilizing this feature, we can
build up a look-up table to store a certain number of samples
(injected power of each port and its corresponding phases).
For each calculation, the solver will start from a initial point
near the final solution to ensure the convergence.

VI. SIMULATION RESULTS

A. Four-Port Simulation

A four-port converter with the topology in Fig. 4 is sim-
ulated to verify the effectiveness of the proposed approach.
The leakage inductance of the windings are combined into the
series resonant inductance. The capacitance values are adjusted
to test the converter in trapezoidal mode and resonant mode.
Table I listed the component values of the four-port converter.

In an example test case, we tried to control the injected
power of the four ports to be (25W, 5W, -10W, -20W). The
calculated phase for the four ports are (25.9°, 4.65°, -10.2°, -
20.4°) and (3.86°, 0.771°, -1.54°, -3.09°) in trapezoidal mode
and resonant mode respectively. The simulated voltage and
current waveforms of the four ports are shown in Fig. 9. The
current in the resonant options has lower THD as predicted.

TABLE I
SIMULATION PARAMETERS

Parameter Value

Source Voltage (V1 ∼ V4) 30 V
Branch Inductance (L1 ∼ L4) 1 µH

Magnetic Inductance (Lm) 10 µH
Branch Capacitance Trapezoidal 10 µF

(C1 ∼ C4) Resonant 0.12 µF
Switching Frequency (fsw) 500 kHz

(a) (b)

Fig. 9. Input voltage and current waveforms of (a) trapezoidal mode operation
and (b) resonant mode operation.

(a) (b)

Fig. 10. Harmonic analysis of (a) trapezoidal mode operation and (b) resonant
mode operation.

The maximal error ratio between the targeted power and
simulated power at each port for both cases is 4%.

For a specific multiport converter design, it is critical
to know which mode is more accurate for controlling the
power flow. A high impedance ratio Eq. (1) indicates that
the multiport converter operates more like a multi-active-
bridge converter, and a low impedance ratio indicates that the
multiport converter operates more like a resonant converter.
The power flow equations derived for MAB converter works
well if the impedance ratio is higher than 0.8, but its accuracy
drops rapidly if the impedance ratio is lower than 0.8. As
shown in Fig. 11, the power flow equations derived for
resonant operation maintains high accuracy across a wide
impedance ratio range. As a result, it is generally valid to
assume multiport power converters are operating in resonant
mode to perform the power flow analysis while maintaining
reasonable model accuracy. The simulation results well match
the theory derived in section III.



Fig. 11. Accuracy of two models. The trapezoidal model is more accurate in
predicting the power flow in multi-active-bridge operation, and the resonant
model is more accurate in predicting the power flow in resonant operation.

TABLE II
EXPERIMENT PARAMETERS

Parameter Value

Branch Inductance (L1 ∼ L4) 1.1µH
Equivalent Magnetic Inductance (Lm) 9.74 µH
Branch Capacitance Trapezoidal 10 µF

(C1 ∼ C4) Resonant 0.156 µF

B. One hundred port simulation

To verify the effectiveness of the proposed approach for very
sophisticated energy systems, a 100-port simulation platform is
built in PLECS (Fig. 12). The switching frequency, the branch
LC values and the magnetic inductance are kept the same as
the four-port simulation. The targeted power and the simulated
power of 100 ports are listed and compared in Fig. 13. Simu-
lated results match precisely with the targeted powers, and the
maximal error of controlling power of the 100 port is about
1%. The simulation layout the theoretical foundations of the
Power FPGA concept - with precisely controlled impedance
of the passive network (e.g., through PCB embedded planar
magnetics [7]) - the power flow among a large number of
power ports can modulated and reprogrammed.

VII. EXPERIMENT RESULTS

Using a Star equivalent model of the transformer, a four-port
power converter with the same port voltages and switching
frequency as those in simulation is built to experimentally
verify the proposed control framework. The branch element
values and magnetic inductance is shown in Table II, and
Fig. 14 shows the experiment setup. Both trapezoidal mode
and resonant model have been implemented on the experiment
platform, and the corresponding voltage and current wave-
forms are shown in Fig. 15.

The measured results of three example cases are listed in
Table III. The experimental results match closely with the
targets, and the mismatch mainly comes from switching losses,
system parasitics and DSP control precision that are not cap-
tured in the model. With a feedback system that compensates

Fig. 12. A “Power FPGA” simulation platform with 100-ports.

Fig. 13. Targeted and simulated real power injection at the 100 ports. The
target power at all ports are programmable.

the parasitics and non-linear effects [4], the prototype can
precisely route the electric power among multiple ports.

VIII. CONCLUSION

This paper develops a systematic modeling and control
framework for multiport power converters with a very large
number of input-output ports. We classify the multiport power
converter into trapezoidal mode and resonant mode according
to its passive network values, and develop two different
power flow models to capture the two operation modes. A
customized Newton-Raphson solver is designed to identify
the cross-coupled control variables in the nonlinear power



TABLE III
EXPERIMENTAL VERIFICATION RESULTS.

Power(W) Case I: Port-3 in; Port-1 out Case II: Port-2, Port-3 in; Port-1 out Case III: Port-2, Port-3, Port-4 in; Port-1 out
Targeted Trapezoidal Resonant Targeted Trapezoidal Resonant Targeted Trapezoidal Resonant

Port 1 -30.00 -27.25 -27.90 -30.00 -27.67 -27.40 -30.00 -27.83 -27.23
Port 2 0.00 0.90 0.30 10.00 10.80 9.30 5.00 5.10 4.80
Port 3 30.00 32.40 30.90 20.00 21.30 20.40 10.00 11.40 9.90
Port 4 0.00 0.60 0.90 0.00 0.60 0.90 15.00 15.60 15.3

Fig. 14. Experiment setup of a four-port energy processing system.

flow equations. The proposed analytical models and theoretical
analysis is verified by a four-port simulation platform, an
100-port simulation platform, and a four-port experimental
platform. As a new development of the “Power FPGA” con-
cept towards Flexible, Programmable, Granular and Adaptive
power electronics, the proposed method will open exciting
opportunities in designing high frequency power converters
in a wide range of emerging applications.
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