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Abstract

This paper proposes a new three-phase Multilevel 3-port converter topology based on Multiplexed
topology concept which is especially intended for high-power Uninterruptible Power Supplies (UPS)
applications with wide battery voltage range and well adapted for high step-down voltage conversion
ratio. Compared to other high-voltage conversion ratio Multi-Cell converters, the Multiplexed concept
allows cascading power conversion stages without any intermediate filter and optimizing power density.
In the studied case it will be used to transfer power between a 1200V DC source and 400V/480V AC
load and grid. The proposed converter topology achieves very high efficiency, up to 98,7% in direct AC-
to-AC power conversion mode using reduced number of silicon low blocking voltage semiconductor
devices. The Hardware In the Loop (HIL) assessment has enabled the development of the modulation
strategy and validated the performance of the converter. To validate the feasibility of the Multiplexed
concept, both at the topological level and the modulation strategy, of the 5-Level Multiplexed 3-port
topology for UPS applications a 100-kW hardware demonstrator featuring a volumetric power density
of 3.68 kW/dm? (60.3 W/in®) has been built.

Introduction

The growing penetration of renewable energies at worldwide scale is playing a leading role in the
evolution of power electronics systems. Therefore, new high efficient power-electronic systems and
associated control strategies are needed to make this transition possible. From the introduction of the
first well known multi-level topologies [1, 2, 3] to their industrial maturity, many applications have taken
advantage of their improved performances [4].

Regarding the already consolidated 1500V technology, several studies [5, 6, 7, 8] have shown in the past
decade the economic benefits in the PV sector. Many manufacturers have already developed and
installed photovoltaic inverters throughout the world and several devices (converters, contactors,
combiner boxes, etc.) are already approved by global safety certification companies [9, 10]. Along with
this, it should be noted that the grid integration of distributed energy sources such as Photovoltaic (PV)
systems accompanied by Battery Energy Storage Systems (BESS), both at utility-scale and Behind-the-
Meter (BTM) or residential-industrial level [11] is becoming more important. Proof of this are the
products that are already available on the market [12, 13, 14]. This trend, today well established for



system-oriented UPSs is now observed for the next generation Giant Data Centers. The installed power
capacity in Data-Centers
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Fig. 1: General schematic of the proposed 3-port DC-AC-AC Multiplexed Power Converter. DC port
side is connected to the battery pack system of the UPS. Each AC port is connected either to the grid
and the load respectively.

is increasing exponentially with the never ending expansion of the global data sphere [15] and therefore
battery-based UPS systems are becoming a key factor for today’s Original Equipment Manufacturers
(OEMs) and technology firms in this area.

Among the wide variety of industrial applications, UPS systems [16, 17] as well as other applications
such as Medium-Voltage (MV) drives, energy storage systems (ESS), grid-tied systems for distributed
generation sources such as PV, wind turbines and microturbines and HVDC (High-Voltage DC)
transmission systems [19, 18, 20, 21, 22, 23, 24, 25] which make use of back-to-back configuration.
Typical back to back configuration systems use mainly both identical topologies for inverter and AFE
(Active Front End) converter for decoupling the grid from the loads. Therefore, the total cost of this type
of conversion systems is double that of a single inverter stage. Therefore, obtaining high efficiency and
high power density in this type of conversion architecture, whatever the application, with current
semiconductor and magnetics technologies at low cost is still a big challenge.

This paper proposes a new three-phase multilevel 3-port converter topology based on multiplexed
topology concept [26] and which is especially intended for high-power UPS applications with wide
battery voltage range, which achieves very high efficiency, up to 98,7% in direct AC-to-AC power
conversion mode using reduced number of silicon low blocking voltage semiconductor devices.

Table I: Specifications of the 5-Level three-phase 3-port DC-AC-AC Multiplexed Power Converter.

Parameter Symbol  Value
Nominal Power Prominai ~ 50kW
DC bus voltage Vbc 900V-
1200V
Grid voltage Ula,b,c) 400V-480V
Grid frequency JfGrid 50-60 Hz
Load voltage Uuvw) 400V-480V
Load frequency fLoad 50-60 Hz
Chopper switching frequency fchop 8 kHz
Inverter/Rectifier switching frequency  fsw 16 kHz
Flying Capacitor Cr1,Cr2 150 uF
RLC circuit inductance Lsi,Ls2 200 uH
RLC circuit capacitance Cs1,Cs2 2 uF

Grid filter inductance Lflab,0) 200 uH



Grid filter capacitance Cflab,c) 50 uF
Load filter inductance Liuy,w) 200 uH
Load filter capacitance Cfuvw) S0 uF

The structure and conversion stage topologies of this Multi- Level Multiplexed topology will be
described in Section II - 3-Port DC-AC-AC Multiplexed Converter. The modulation strategy for the
proposed
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Fig. 2: Detailed schematic of the 5-Level three-phase 3-port DC-AC-AC Multiplexed Power Converter.
The chopper stage consists of two 3L-Flying Capacitor converters. Both inverter and rectifier stage
consists of three-phase 3L-T type NPC converters.

topology is the described in Section III - Modulation Strategy, starting with the basic principle and then
describing more in-depth the chopper and inverter modulation. Then, control strategy is described in
Section IV - Control Strategy. Simulation results are presented in Section V - Simulation Results.
Hardware implementation is introduced in Section VI - Experimental Results. Finally, the conclusions
are given in Section VII - Conclusions.

3-Port DC-AC-AC Multiplexed Converter

The proposed power conversion architecture (see Fig. 1) is based on multiplexed converter topology
presented in [26, 27]. As explained above, the most typical configuration in UPS systems is back-toback.
Therefore, the most conventional would be to serialize two 5-Level Multiplexed DC-AC Converter
stages that share the same DC-link.

However, the concept of control associated with multiplexed converters allows in this case, to mutualize
the chopper stages. Thus, the inverter output stage and the rectifier input stage share the same chopper
stage. In this wayj, it is possible to reduce the number of switches drastically and obtain better efficiency
with respect to the back-to-back configuration.

The proposed power conversion topology is shown in Fig. 2. In principle, the DC-DC chopper and
DCAC inverter can be any converter with two or more voltage levels, under the condition of adapting
the modulation scheme according to the selected topological variant. In the studied case, for a maximum
voltage of 1200V at the DC-link, different combinations of multi-level topology can be derived. Going
from 3 to n levels, where n is the number of voltage levels at the output of each converter. Fig. 2 shows
the power circuit of the three-phase 5-Level 3-port DC-AC-AC Multiplexed Power Converter with



3level Flying Capacitor chopper and 3L-T-NPC inverter and rectifier configuration. In this paper only
this configuration will be analyzed.

Semiconductor Selection

One of the main features being efficiency and low cost, the selection of semiconductors becomes
essential. Only silicon components are used in order to reduce the total cost but of course wide band gap
components could be used to reduce losses and improve efficiency and power density.

The first originality of this topology is that the choppers deliver square voltage waveforms with steps of
one fourth of the DC-bus; assuming that an appropriate control pattern is used, the voltage applied to the
inverter switches may thus be limited to 3/4 or even 1/2 the DC-bus voltage in order to ensure high
immunity to cosmic rays [28] and obtain a high reliability, which of course helps maintaining a high
efficiency. In our case, the inverter and rectifier stages are realized with 1200V, 75A High Speed IGBTs
IKY75N120CS6 from Infineon. The typical voltage across the semiconductors of the flying capacitor
chopper is 1/4 of the DC-bus voltage, and 650V, 75A Low-VCEsat IGBTs IKZ75N65ESS5 from Infineon
have been selected here. In order to handle the high current of the load and to reduce the conduction
losses, each switch consists of four TO-247 package devices in parallel.

Voltage Balance on Flying Capacitors

In order to limit the overvoltage on the inverter and rectifier we must guarantee a correct balancing of
the flying capacitors. In the offline power conversion mode and in the battery recharge mode, the power
flow circulates through the choppers flying capacitors. In this way, under normal circumstances, it is
possible to obtain a natural balance of the capacitors [29]. However, in the AC-AC direct energy
conversion mode, the power flow circulates from the grid directly to the load via the variable DC-bus.
Therefore, the current circulating through the flying capacitors is negligible even though the choppers
continue to operate to generate in the variable DC-bus (VpC(Aux)) the maximum and minimum part of
the voltage of the two three-phase systems (grid and load). Due to imperfections of the control there will
also be small unwanted current components; the inherent self-balancing property of these converters
might be lost which is not acceptable because unbalanced voltages could destroy the semiconductors.

To guarantee balancing of the flying capacitors there are various techniques and we can distinguish
active and passive methods. In order to avoid introducing additional distortions on the differential
voltage pattern of the choppers by means of the duty cycle correction [30] the passive methods will be
preferred here. Among the passive methods there are different circuits described in the literature like
[31, 32]. However, these linear circuits as well as the non-linear variants are designed considering
several assumptions, one of these being a constant supply voltage of the converter. A balance-booster
design [33], be it internal or external, that follows the input voltage variations becomes complicated,
mainly due to its limitations from the implementation point of view.

For this reason, it has been decided to use an RLC circuit [34]. This shunt passive filter essentially acts
as a notch filter connected in parallel to the output of each chopper offering a very low impedance at the
switching frequency of these choppers. When the voltage of the flying capacitor is unbalanced, each
chopper generates at the output, voltage harmonics at the switching frequency. Since the RLC filter is
tuned to the switching frequency (i.e. 8kHz) it presents very low impedance, Z;c (2+1* fciop), forcing the
circulation of harmonics of current at the same frequency that favor the rebalancing of the capacitors.
The inductance and capacitance values used in simulation for the RLC circuit are given in Table I and
the design values in Table II.

Modulation Strategy

Unlike conventional three-phase topologies, the multiplexed topology does not have independent phase
legs. Therefore, each conversion stage module must be controlled separately. As a basic principle of
modulation, sinusoidal PWM modulation can be used to make it simple.



Similar to the modulation strategy described in [26] the main concept is to generate respectively the
highest and the lowest part of the 6 voltages (3 of the grid and 3 of the load) by respectively Top and
Bot choppers. Doing so, 2 of the 6 inverter legs can be saturated and stop switching. The 4 other
inverter/rectifier legs need to switch to generate the appropriate grid side and load side three-phase
voltage systems.

Chopper Modulation

Regarding the control of DC-DC choppers, the main objective is to generate the highest and lowest side
of the both grid side and load side three-phase voltage systems. The chopper section involving capacitors
has a strong requirement to ensure that the average current is zero and that the voltage of this capacitor
can be regulated. Another objective will be to minimize the static voltage seen by the inverter stage in
order to respect the voltage rating of the inverter switches. As a first approach, self-balancing
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Fig. 3: Main simulation waveforms of the 5-Level three-phase 3-port DC-AC-AC Multiplexed Power
Converter (see Fig. 2) operating with a DC-link (Battery) voltage of 1200V during direct AC-AC power
conversion mode (cf., Fig. 4a) and a load output power of S0kW. (a): Grid reference voltages; (b): Load
reference voltages; (c): Chopper output voltages, Vropin green, average value of Vropin blue, Vporin
red, average value of Vporin yellow; (d): Multi-level voltage of the node A at the input of the Rectifier
stage referenced to the DC-link midpoint (cf. Fig. 2); (e): Grid phase currents; (f): Multi-level voltage
of the node U at the output of the Inverter stage; (g): Inverter filter inductor voltage of phase U; (h):
Load phase currents; (i): Flying Capacitor voltages. Please note that the grid and load voltages are phase-
shifted by 60- making the choppers generate the maximum of the 6-voltage system.

mechanism can be tried by applying a carrier based PWM modulation scheme such as Phase Shifted
(PS) [35]. Another possibility is to use Phase Disposition (PD) by means of state machines like in [36]
and [37], but in this kind of schemes extra commutations are needed and the balancing of flying capacitor
could become complex. We therefore use PS sawtooth carriers at 8kHz switching frequency are used
for having the absolute control of turn-on and turn off moments or rising-up and falling-down instants
of the voltage created by each chopper.

Rising sawtooth carriers for the Top chopper and falling sawtooth carriers for the BOT chopper have
been selected. In order to minimize the static voltage, Vpcau (cf., Fig. 2) seen by the inverter and rectifier
stages over the majority operating points, there will be a relative phase shift of some switching periods
between the Top and Bot choppers carrier signals. In this way when high modulation index is required,
consecutive steps of voltage levels on the differential voltage of the chopper outputs can be avoided.
The feature of the Flying Capacitor converter to double the apparent frequency at the output leads to a
chopper switching frequency equal to half that of the inverter. Consequently, the switching losses are
reduced too. This switching frequency ratio between chopper and inverter must be respected if the
calculation of the inverter and rectifier duty cycle (introduced in the next section) is to be accurate.

Inverter Modulation

The voltage generated at the output of the inverter and rectifier must be synthetized by means of the
voltage already switched by choppers. Hence, the duty cycle for inverter and rectifier is defined in
function of choppers duty cycles and inverter and rectifier voltage reference. For that, duty cycles of
each output inverter and rectifier arm are determined separately by means of two-dimensional look-up-
tables using a pre-calculated PWM method. Contrary to the disadvantages of this type of techniques [38,
39], in this case, the computational cost of the algorithm is not high and duty cycles can be calculated
with a high accuracy. The calculation of duty cycles is made off-line throughout two piecewise

interpolations and explained more in depth in [26].
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(a) DC-AC power conversion mode. (b) AC-AC power conversion mode.

Fig. 4: Power transfer flow in the proposed three-phase 3-port Multiplexed Converter for different modes
of power conversion.

The applied modulation scheme has the intrinsic property of freezing the inverter phase legs when
necessary. Once the duty cycle is computed, a dedicated scheme of modulation must be applied for the
inverter and rectifier output stages. Gate signals must be generated in function of selected topology. For



our configuration, three-phase three-level T-type NPC has been chosen. For being compatible with the
chopper modulation and mainly with the inverter duty cycle offline calculation we must choose carriers
at 16kHz switching frequency such that they are in counterposition to the chopper carriers. In this case,
the upper switch cell of the inverter must depend on the carriers of the Top chopper and vice versa.
Therefore, having selected rising sawtooth carriers for the Top chopper then the carrier modulating the
upper cell of the inverter must be of type falling sawtooth carrier. In this way, we ensure that the
interpolation equations with which the duty cycle table is constructed to control the inverter stage are
fair. Moreover, each switch cell will guarantee ZVS (Zero Voltage Switching) operation for inverter and
rectifier arms (at least one turn-on or turn-off per switching period in function of the selected rising or
falling front carrier configuration) thanks to the extra slight phase shift introduced between Top and Bot
choppers and inverter stage carriers. Consequently, the desired switching pattern is obtained for the
inverter and rectifier, thus only two phase legs are swiching at a time when both three-phase voltage
systems have same amplitude, one on the grid-side, the other on the load-side.

Control Strategy

New regulations (i.e. IEC, IEEE 1547, etc.) impose more functionalities on electrical energy conversion
devices in order to interact with the different types of current networks. These devices must be able, for
example, to provide a certain amount of reactive power during a certain period of time in order to cope
with eventual accidents or instabilities that may occur.

In practice, to fulfill the requirements imposed on today’s new UPS equipment, different types of control
laws can be applied to the proposed topology. Depending on the mode of operation, the management of
the direction of the active (Proas, Pcria) or reactive power (Qroad, Qcria) flow will be different. Thus, we
can distinguish mainly the inverter mode of operation, the battery charging mode in rectifier operation
(cf., Fig. 4a), the grid following or grid forming mode of operation, and the AC-to-AC direct energy
conversion mode (cf., Fig. 4b) which is enabled thanks to the mutualization of the chopper stage.

Inverter
98.8 Stage Sw.” \ 34 W (4,1%) 30,3 W (4,5%)
2x FC B
Stage Cond.
o .t

1200

Inverter

98.7 '\ Stage Cond.

-
—
(13
<

98.5

Efficiency, 5 [%)]

DC-Bus Voltage , Vpc [V]

400 420 440 460 480
Load Voltage , U(n,v,w) [V]

Fig. 5: Efficiency map of the 5-L three-phase 3-port Fig. 6: Loss breakdown for 4 (corner: a,b,c,d)
DC-AC-AC Multiplexed Power Converter in single operating points at Fig. 5 of the 5-L three-phase 3-
DC-AC power conversion mode (cf., Fig. 4a) port DC-AC-AC Multiplexed Power Converter in
feeding a 50 kW resistive load for different line-to- single DC-AC power conversion mode at 50kW.
line load voltage and DC-bus voltage values
In the AC-to-AC direct power conversion mode, unlike conventional back-to-back configurations in
which all energy passes through the DC-link, the proposed topology partially bypasses the DC-link:
power may be transferred from grid to load via only the inverter and rectifier.

It is necessary to emphasize that for all the above-mentioned operating modes, it is necessary to apply a
preload strategy of DC-bus capacitors voltage as well as chopper flying capacitors, in order to guarantee
a balanced distribution of the total DC link voltage [40, 41]. At any moment of the preload, it is necessary
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to ensure that the flying capacitor is charged to its nominal voltage. This is achieved by combining a
classic preload method via a resistance that is later bypassed and a DC-bus voltage control loop that
takes care of charging the DC link to the battery voltage in boost power conversion. The RLC filters
connected in parallel to the output of each chopper will ensure that in case of unbalance the distribution

of the voltage is compensated.

Simulation Results

The performance of the three-phase 5-Level DC-AC-AC Multiplexed Converter has been simulated in
the PLECS*software using specifications described in Table I. All operating modes have been tested in
simulation as well as the thermal performance of the converter using semiconductors described in
Subsection - Semiconductor Selection.
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Fig. 7: Efficiency map of the 5-L three-phase 3-port DC-AC-AC Multiplexed Power Converter in direct
AC-AC power conversion mode (cf., Fig. 4b) feeding a 50 kW resistive load for different line-to-line
grid and load voltage values and identical phases and for Vpc= 900V and Vpc=1200V.
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Fig. 8: Loss breakdown for 2 (corner: a,b) operating points per each value of DC-bus (battery) voltage
at Fig. 7 of the 5-L three-phase 3-port DC-AC-AC Multiplexed Power Converter in single DC-AC power
conversion mode at 50kW.

Fig. 3 shows the multilevel performance of the three-phase 5-Level Multiplexed Converter (illustrated
in Fig. 2) over two periods of fundamental output frequency. Regarding the simulation conditions for



the illustrated scenario, the DC-bus (battery voltage) is 1200V, the inverter works in open loop with a
reference voltage between phases equal to 400V/50Hz while the rectifier works in PFC mode with closed
loop control of the grid currents. In this mode, power is transmitted directly (AC-AC power conversion
mode, Fig. 4b) from the mains to the load without passing through the DC-bus, i.e. the battery, thus
reducing overall losses and increasing efficiency. The grid voltage is 440V/50Hz with a relative phase
shift of 60 with respect to the load voltage. It can be observed that at all times the choppers are
responsible for synthesizing the maximum and minimum of the two three-phase systems (grid and load).
It can also be seen that the voltage ripple of the flying capacitors is kept below 5% of the nominal voltage
thanks to the RLC filters.

Fig. 5 shows the efficiency map of the converter in single DC-AC power conversion mode (cf., Fig. 4a)
for different values of load DC-bus (battery) voltage. The same efficiency is expected for the converter
in grid-forming mode when rectifier stage is working as inverter. Loss distribution per each conversion
stage (2x 3-Level Flying Capacitor Chopper Stage and Inverter Stage) of the theoretical design is shown
in Fig. 6.

Fig. 7 shows the efficiency map of the converter operating the system in AC-AC power conversion mode
(cf., Fig. 4b) for different values of load and mains voltage and two constant values of battery voltage.
Loss distribution per each conversion stage (2x 3-Level Flying Capacitor Chopper Stage, Inverter Stage
and Rectifier Stage) of the theoretical design is shown in Fig. 8. We can observe this time how the losses
within the Flying Capacitor choppers have been drastically reduced with respect to the inverter mode of
operation. Most of the losses, around 90%, are located in the inverter and rectifier stages.

Experimental Results

To validate the proposed control strategy and the suitability of the 5-Level Multiplexed 3-port topology
for UPS applications, the HIL test system and hardware implementation of the three-phase 5-Level 3-
port Multiplexed topology will be presented in the following.

Hardware-In-the-Loop (HIL)

The digital implementation of the proposed modulation and control strategy and all operating modes,
including start-up precharge strategy of flying capacitors and DC-bus, has been validated via HIL. The
control is implemented by coding two Real-Time Imperix B-Box RCP 3.0 that interfaces with the
TyphoonHIL 602+ system. Fig. 9 shows the HIL waveforms of the proposed converter during inverter
operating mode.
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Fig. 9: Hardware In the Loop (HIL) waveforms of the five-level output voltage of the phase U of the 5-
Level three-phase 3-port DC-AC-AC Multiplexed Power Converter shown in Fig. 2 (300 V/div,
referenced to the DC-link midpoint, 5 ms/div) and the three-phase (u,v,w) load currents (120 A/div)
during inverter operating mode at 50 kW. The HIL real-time waveforms are in accordance with the
simulation results shown in Fig. 3.



Hardware Implementation

To validate the feasibility of the multiplexed concept of the 5-Level Multiplexed 3-port topology for
UPS applications, a 100-kW hardware demonstrator shown in Fig. 10 has been built using components
described in the Table II.

Experimental Waveforms

The main measured waveforms taken with a resistive load and operating the system in inverter mode are
presented in Fig. 11 for 15.7 kW operation. The five output voltage levels are shown for phase U together
with the Top chopper output voltage (Vrop), as well as the load phase voltage and currents. We can
deduce from the shape of the 5-Level voltage of the phase U (Vo) that the voltage of the flying capacitors
is kept balanced thanks to the RLC filters.

Conclusions

In this paper, a 98.7% 3,68kW/dm? three-phase 3-port multilevel converter topology based on
Multiplexed structure was proposed. This topology has the ability to achieve a high step-down voltage
con-

Load
Flying Capacitors AC Output
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Gate Driver PCB

880 mm

Water Cooled
Heat Sink

Fig. 10: Hardware prototype of the 100kW three-phase 5-Level DC-AC-AC Multiplexed Converter,
measuring 420mm 880mm 110mm (16.53 in 34.64 in 4.33 in). The final volumetric power density
(without considering RLC Shunt filters, output and input LC filters of each AC port and auxiliary power)
is 3.68 kW/dm? (60.3 W/in®).

Table II: Main components of the hardware prototype.

Component Value Part Number

Chopper Stage Switches Mitsubishi 1200 400A

(BL-FC Switches) FMF400BX-24A




Inverter/Rectifier Stage Switches Infineon 1200V 300A

(BL-T-NPC Switches) FF300R12KE4
Infineon 1200V 300A
FF300R12KE4 E (Common Emitter)

Gate Driver Custom PCB Schneider Electric
Cbci, Cpc2 4800 uF  Epcos TDK B43643
Cr1, Cr2 280 uF  Kemet C4AAEGBWS5350A3]J

75 turns, 100 strand x 200 #m Litz
Lsi, Ls2 200 uH  wire

Core: Micrometals T300-8/90 T300
Cs1, Cs2 1,88 uF  Kemet R75UR34704040J
Lfab,c), Lftu,vw) 150 ,uH Traftor T10125-M09
Cflab,c), Cfluy,w) 132 ,uF EpCOS TDK B32354S

version ratio which makes it suitable for new low-medium voltage applications with wide range of input
voltage such as UPS systems.

Cascading inverter and choppers without intermediate filtering elements leads to a reduction of the
voltage applied to the switches of the inverter and rectifier stages (in some cases ZVS operation is
possible), thus reducing the switching losses and indirectly the conduction losses (since switches with a
lower
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Fig. 11: Experimental waveforms of the five-level 5-Level three-phase 3-port DC-AC-AC Multiplexed
Power Converter shown in Fig. 2 operating the system in inverter mode for 15.7 kW operation
(Vbc=600V, V,=150V, ir(n=35A). (a): Vi, (100 V/div), Load phase voltages; (b): Vrop (100 V/div),
output voltage of the Top 3-Level Flying Capacitor Chopper; (c): irw,vw (20 A/div), output filter
inductance currents; (d): Vo (100 V/div), five level output voltage of the phase U referenced to the DC-
link midpoint.




voltage rating can be used). The switching losses in the inverter are also reduced because the Max and
Min voltage waveforms of both grid and load three-phase systems are synthesized by the choppers, so
at any time two of the inverter legs are not switching. These features enables switching at relatively high
frequency and helps in the end to obtain a high power density. Moreover, compared to conventional
single three-phase multilevel topologies it reduces the number of modules needed because of the
mutualization of the chopper stage. It should also be noted that it only uses only silicon low blocking
voltage semiconductors devices reducing the overall cost of converter.

Furthermore, a higher efficiency can be obtained in AC-to-AC power conversion mode by allowing the
main power transfer via the inverter stages only, with a very small portion of currents flowing via the
chopper stages. In this paper an appropriate control strategy for the novel topology is presented.
Simulations have been conducted on the PLECS software environment with good results especially in
terms of efficiency. Real time feasibility of the control strategy has been checked using two Imperix B-
Box RCP 3.0 and Typhoon HIL 602+ devices and a scale 1 prototype has been built and is now ready
for testing. The first experimental results (up to 55 kW) have globally demonstrated a good behaviour
of the converter, being able to validate at the same time the feasibility of the topological architecture of
the converter based on the ”"Multiplexed” concept as well as the modulation strategy proposed for it.

We can already identify improvement margins for the final prototype. Due to the high efficiency of the
topology, the size of thermal cooling system could be significantly reduced. It would also be possible to
replace the power modules by paralleled 4-pin TO-247 package switches (as proposed at the theoretical
study) which would greatly simplify the PCB design and reduced parasitic stray inductances between
the chopper and inverter stages. The RLC Shunt filters could also be embedded on the PCB. These,
improvements could lead to optimize overall power density of the converter and better fit to the standard
rack-size of the Data-Center oriented UPS systems.
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