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ABSTRACT Hybrid grids with low voltage direct current (LVdc) distribution are an attractive opportunity
for the integration of electric vehicle charging stations and photovoltaic power plants. With dc connectivity
reduced power losses are possible, however, multiple conversion stages can impair an efficient operation. A
solution can be the use of an “interconnected’ architecture that allows the integration of multiple insulated dc
and ac grids. The reconfiguration of this modular topology allows optimization for different design objectives.
This work investigates the system efficiency-optimized reconfiguration. Two approaches for deriving the
reconfiguration of the hybrid grid connecting converter architecture based on mission profiles are proposed.
A validation of the analysis via laboratory results is given.

INDEX TERMS DC microgrid, efficiency optimization, hybrid grids, power routing.

I. INTRODUCTION

Renewable energy sources, battery energy-storage systems
and the increasing number of electric vehicle charging stations
can be integrated into the electric distribution grid with the
use of dc networks efficiently [1], [2], [3]. For dc integra-
tion, topics like reactive power and grid frequency become
obsolete and advantages as reduced power losses and sys-
tem complexity arise [4]. Although research is done in the
field of dc protection [5], [6], [7], the established protection
schemes as well as the still present ac-loads like households
and consumers make the use of hybrid distribution systems
the preferable choice [8], [9], [10]. The transition from ac to
hybrid grids has to be done with highest caution to transfer
e.g. the dc grid’s selling point of improved efficiency. For
large hybrid networks, the increased power losses induced
by multiple power conversion stages are a main challenge.
Phase-Shedding can improve the system efficiency during op-
eration [11], [12]. At the design stage, the efficiency can be
improved on the component and the converter level, e.g. en-
abled by the usage of wide-bandgap semiconductors [13] and

resonant converters [14]. With these approaches the losses of
the single power conversion stages can be reduced, however,
the potential on system level improvement is not exploited.
The hybrid grid connecting converter architecture (Fig. 1) in
the version of an interconnected topology (IT) can connect
multiple insulated dc and ac grids. This dc-multibus struc-
ture can provide higher system efficiency through a reduced
number of conversion stages [15]. The modular approach of
the converter can improve resilience, increase fault tolerance,
allow use of components with lower ratings and enable easier
maintenance during operation. In [16], a mission profile-based
design procedure is applied to this architecture - via recon-
figuration of power electronic building blocks (PEBBs) - for
converter downsizing and increased fault tolerance.

The main contributions of this paper are:

* mission profile-based design is applied to the hybrid
grid connecting converter architecture to improve its ef-
ficiency.

® Two approaches are proposed to find the optimal config-
uration via passive power routing by reconfiguration.
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FIGURE 1. Hybrid grid connecting converter architectures: (a)
Non-Interconnected Topology (NIT) and (b) Interconnected Topology (IT)
with case study of Nyg = 15.

® Results of the approaches are compared and an approach
with low modeling effort and sufficient accuracy is iden-
tified.

e The effectiveness of the reconfiguration on the efficiency

is validated on a laboratory setup.

This article is structured as follows. In Section II, the inves-
tigated hybrid grid connecting converter architecture and a use
case topology are introduced. Section III describes the mission
profile-based efficiency optimization, divided into three sub-
sections: firstly, the system efficiency is examined with special
regard to the topology configuration. Secondly, the investi-
gated LV grid mission profiles are shown. Lastly, two mission
profile-based optimization approaches that allow an optimal
topology configuration choice are highlighted. In Section 1V,
the results of the efficiency optimization analysis are shown.
A laboratory validation is given in Section V, highlighting the
system efficiency influence of the reconfiguration. Finally, the
work is concluded in Section VI.

II. DESCRIPTION OF THE TOPOLOGY

More charging stations for electric vehicles, renewable energy
sources and battery energy-storage systems can be integrated
via a LVdc grid in the distribution grid efficiently. The connec-
tion of a supply grid with LV dc and ac grids at the load end
can be enabled by the two hereafter introduced hybrid grid
connecting converter architectures. A benchmark topology
shown in Fig. 1(a) - which copes with grid insulation require-
ments by using an insulated dc/dc connection - is denoted
as non-interconnected topology (NIT) [17], [18], [19]. An
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input-parallel-output-parallel (IPOP) or input-series-output-
parallel (ISOP) isolated dc/dc converter - depending on the
voltage of the supply grid - is used to provide insulation
between the supply grid and the LV grids. A dual active bridge
(DAB) is used to connect the LVdc grid to the dc-link in
this topology, which is also connected to the LVac grid via
a three-phase ac/dc converter. As a case study to connect to
an ac supply grid, a cascaded H-bridge converter (CHB) is
considered for the rectifier stage. By reconfiguring the con-
verters of the NIT, without changing the individual converters
themselves, the IT in Fig. 1(b) [19] can be obtained. Each
full bridge cell and a corresponding DAB within the ISOP
converter will be referred to as multibus (MB) PEBB with
total number of Ny cells. For the IT, a direct connection
to the LVdc feeder is given by Nvp.1vac MB PEBBs. This
reconfiguration is described by the link ratio

£ = NwmB,Lvde . o

Nwvig

A dc-multibus structure is created which allows direct power
transfer between supply grid and LVdc feeder. The second bus
is connected to the dc-link with Ny 1vac MB PEBBs. The
converter replacing the LVdc DAB of the NIT and intercon-
necting the dc-link and the LVdc grid is hereafter referred to
as interconnecting DAB. However, the rating of the converter
is kept the same for both topologies, so that the potential of
solely applying the reconfiguration can be evaluated. With
the IT, multiple power paths can be included in a hybrid
grids-feeding topology. The IT can have an enhanced system
efficiency [19] and also gives the advantage of an additional
design parameter - the link ratio £. Improvement of the fault
tolerance by adding redundancy and the possibility of down-
sizing the interconnecting DAB are further benefits [16] as
well as having higher efficiency by internal power routing.
All these benefits can be realized without the need for an
increased number of semiconductors.

1il. MISSION PROFILE-BASED EFFICIENCY
OPTIMIZATION
Next, the use of ITs link ratio & for system efficiency improve-
ment is investigated. The concept of Power Routing by Design
(PRD) is introduced - an approach to find an optimal link ratio
&opt based on mission profiles with given loading conditions.

The calculation method presented in [19] is applied to
compute the system efficiency 7sys. High/medium-frequency
transformer losses, switching losses, and conduction losses
are considered - the analytic equations are based on ideal
waveforms and depend on the loading conditions. An effi-
ciency function depending on the converter output power Poy;
and the overall internal losses P45 can be assigned to every
converter

Pout Pout

NPout) = 2 = M )
T P Puoss(Pout) + Pout

For every operation point (Prvac Prvdc), the system effi-
ciency is determined using these efficiency curves with a
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FIGURE 2. Power flow Sankey diagram of the IT for P4, > 0, Pyac > 0
(link ratio £ = 2). The influence of the link ratio £ on the losses is
highlighted.

non-conserved power flow calculation together with the in-
formation of the link ratio & [20].

A. LINK RATIO INFLUENCE ON THE SYSTEM EFFICIENCY
First, the link ratio influence on the system efficiency nsys
is investigated. The voltages considered in the theoretical
analysis are 11kV for the phase to phase RMS voltage of
the MVac grid, 230V phase to neutral RMS voltage for the
LVac grid, 800 V for the dc-link, and 750V for the LVdc grid.
The same power is processed by each of the PEBBs, based
on the connection of these PEBBs to the dc-link or to the
LVdc grid the power which must be processed by the inter-
connecting DAB to satisfy the point of operation of the LV
grids can be determined. The link ratio £ boundaries are given
by 0 <& < Nll‘\’}f/[;l , which results in Nyg different possible
configurations. Choosing & = 0 gives the NIT as benchmark.
The configuration characterized by & = 1 is excluded as a
special case where all PEBBs are connected to the LVdc grid.

In Fig. 2, a power flow diagram is given for an arbitrary
operation point where both LV grids consume active power
from the supply grid. The power distribution and the converter
losses are influenced by the link ratio, which is highlighted
by showing the internal power flow within the hybrid grid
connecting converter architecture and the distribution of the
different converter losses. This leads to an adapted system
efficiency for every operation point. Fig. 3 shows the system
efficiency for three different link ratios, herein and in the
following 1 p.u. = 500 kW. The operation points which fulfill
the condition

Pivac  NmBivae — §
Pivae  NvBivae 1—§

are especially highlighted. This constraint (3) gives an optimal
system efficiency for quadrant 1 with Py, > 0 and Prygc >
0 as well as for quadrant 3 with reverse power flow feeding
power to the supply grid. In this case, the interconnected DAB
is unloaded - when neglecting the losses of the LVac converter.
Hence, the ratio of LV powers at the respective operation point
is the basis for the configuration of the PEBBs.

With the influence of the LVac converter, the correspond-
ing elliptical shaped lines of equal efficiency and the local
maximum are shifted to operation points with slightly higher
values of P yqc. This local efficiency optimum is significantly

3)
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influenced by the link ratio. Therefore, it is possible to chose
an optimal link ratio for any operation point to unload the
interconnecting DAB as far as possible for optimal system
efficiency.

Looking at quadrant 2 with Py, < 0 and Pryge > 0 and
vice versa in quadrant 4 high system efficiency is achieved
with absolute power values almost equal |Prvac| & |PLvdcl-
In this case, no power absorption from the supply grid is
needed, because a direct power transfer via the interconnect-
ing DAB is possible. Even higher efficiencies can be achieved
for |Prvdcl >> |Prvac| and high values of the link ratio (e.g.
Fig. 3(c)). With the non-linear behavior of the efficiency
curves transferring power via the dc-multibus converter stage
is more beneficial than transferring power via the three-phase
converter and the interconnecting DAB.

For all operating points, the optimal link ratios &up in terms
of system efficiency are shown in Fig. 4. Most suitable for
quadrants 1 and 3 is a link ratio which fits the inherent load
distribution of the LV grids, in this way the interconnecting
DAB is unloaded by routing the power so that it is trans-
ferred directly to the sink. The operation points described by
(3) are surrounded by different radiating triangular segments
symmetrically. In Fig. 5, these results are highlighted for LV
powers which satisfy the condition Pry,e + Pryge = 1p-u..
For a given area of operation points a specific link ratio is
optimal. The difference in the system efficiency maximum of
the different curves parametrized by the link ratio stems from
the LVac converter loss influence. The maximum efficiency in
these two quadrants is achieved when the power is transferred
directly where it is needed without using the interconnecting
DAB as a bypass.

For quadrant 2 (Pryac < 0 and Prygc > 0) and quadrant 4
(vice versa) the minimum link ratio &;; and maximum link
ratio £max are the best choices. For the case of |Prygc| >
|PLvac| in these quadrants, the power difference between the
LV grids is transferred between the supply grid and the LVdc
grid. With the maximum link ratio this power transfer leads
to the highest efficiency. Therefore, it is beneficial to connect
as many PEBBs as possible directly to the LVdc grid. The
NIT - which gives the minimum link ratio - leads to the
highest efficiency for operation points in quadrants 2 and 4
with |Prvac| > |Prvdc| and for very low |Pryqc| values in quad-
rants 1 and 3. In Fig. 6, the benefit of choosing the optimal link
ratio is highlighted by the possible efficiency improvement.
When using the optimal link ratio &g, instead of the NIT
(link ratio &nyT = 0), the efficiency can be improved by up to
3.0 A%. Using the IT with a proper choice of reconfiguration
is beneficial for most operation points, in all other cases -
where the NIT is better - the NIT should be used.

B. MISSION PROFILES CONSIDERED FOR EFFICIENCY
PERFORMANCE EVALUATION

The LV grids are described by mission profiles, shown in
Fig. 7, which are used to carry out the subsequent analy-
sis. The operating points are described by a set M of 2-
tuples (Prvac Prvdc) which give the loading conditions. Linear
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FIGURE 3. System efficiency 55y, for different configurations - (a) £ = 2, (b) &
operation points are excluded. Optimal link ratio shown with red lines.
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FIGURE 4. Optimal link ratio £opt in terms of system efficiency and
operation points with equal total cumulative output power

Pivac + Piygc = 1p-u. highlighted with red dotted line.
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FIGURE 6. Eff. difference Ajgys = Tsys.copt — Msys.tnir

superposition of a photovoltaic (PV) profile [21] and an aver-
age electric vehicle (EV) charging demand profile [22] is used
for the LVdc profile use cases 1 and 2. Use case 3 for the LVdc
profile considers a constant base load. Standard load profiles
GO0, G6 or HO from the German Association of Energy and
Water Industries (ger. BDEW) are used for the LVac profile.
General commercial loads are represented by the GO profile.
The G6 profile gives a load profile for companies with high
weekend consumption like restaurants and cinemas. Private
household consumption is given by the HO profile.

C. POWER ROUTING BY DESIGN
In the following, two approaches which give a proper link ra-
tio £ configuration are compared. Choosing an optimal design
for maximum overall system efficiency under given loading
conditions based on mission profiles is the goal of the ap-
proaches.

In the first approach, the system efficiency for every op-
eration point of the mission profile trajectory is taken into
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FIGURE 7. Mission profiles (normalized) for (a) the LVdc grid (use case 1
with high amount of EV and PV, use case 2 (low EV and PV) and use case 3
(constant power load)) and (b) the LVac grid (GO, G6 and HO standard load
profiles).

account, shown in Fig. 8(a). The system output power Pout,sys»
which is the sum Ppyqc + PLvac in quadrant 1, can be calcu-
lated. The average weighted system efficiency

> Nsys (&, PLvacs PLvde) (PLvde +PLvac)
(Pivac PLvac)eM

ﬁsys (S ) =

Z Prvde + Pivac
(PLvac Prvac)eM

“4)

is used to evaluate the topology configuration influence. This
calculation is done for all possible link ratios, and the link
ratio with highest average weighted efficiency is considered
optimal. The system efficiency is calculated as described in
Section II for each operation point. The average weighted sys-
tem efficiency considers the fact that the overall losses during
operation are influenced by high efficiencies at high system
output power Pout,sys more than having the same efficiency
benefit for low system output power.

In the second approach, the categories/segments of the op-
erational area which are displayed in Fig. 4 are used. The
direct influence of the link ratio on the position of the local
efficiency optimum - as shown in Section III-A - is exploited.
In this approach, the weighted Center of the Mission profile
trajectory (CoM) is calculated.

> (Prvde + PLvac) |:PLV3C:|
Pivac,com _ (PLvac PLvac)eM Prvdc
Pivde,coM > Pivdc + Pivac

(PLvac PLvac)EM
&)

Here, a weight by the overall output power is assigned to each
operation point. The CoM is used as characterizing quantity
of the mission profile trajectory. Hereby, the overall mission
profile is represented by a single constant load. In the sec-
ond step of this design procedure, the link ratio & is chosen
according to the category/segment of the operational area in
which the CoM is located (Fig. 8(b)). The advantage of this
approach is that no calculation of the system efficiency or
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FIGURE 8. (a) System efficiency 7sys for constant link ratio £ = %,
trajectory of mission profile for LVdc use case 2 and GO; highlighted as red
line: constraint (3) for unloaded interconnection DAB (§opt = ).
highlighted as red cross: CoM. (b) Concept of CoM design approach;
highlighted in green and with red line: corresponding segment and optimal
link ratio £opt,com = % from constraint (3), respectively.

explicit modeling for each operation point of the trajectory
is necessary.

IV. EFFICIENCY OPTIMIZATION FOR HYBRID GRID
CONNECTING CONVERTER ARCHITECTURE

The optimization procedure is executed for quadrant 1, where
active power is consumed by both LV grids. Reverse power
flow from LV to supply grids comes with challenges [23], this
is why quadrant 3 is excluded for this analysis. In quadrants 2
and 4 the same challenge arises in case one LV grid con-
sumes less power than the other one provides. Furthermore,
these quadrants only allow a limited opportunity for system
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TABLE 1. Optimal Link Ratio of Both PRD Algorithms

o Soptn LVac
é‘opt,ColM GO G6 HO
Use case 1 7/15 | 8/15 | 8/15
deh Bvonien vy | 7is e T
= Use case 2 6/15 | 7/15 | 7/15
5 T i i i
Use case 3 7/15 | 7/15 | 7/15
o buse outy |15 s e

efficiency optimization, because the choice is only between
maximum and minimum link ratio (Fig. 4).

In Fig. 8(a), the system efficiency for link ratio § = % and
the operation points trajectory for use case 2 of the LVdc
profile and GO profile are shown. The condition for an un-
loaded interconnecting DAB and the CoM are highlighted.
An optimal link ratio &op,; = 1—65 is suggested by the approach
of average weighted system efficiency in this case. Compared
to the NIT, using the IT with the optimal link ratio can im-
prove the average weighted system efficiency by more than
0.74 A%. The second approach using the category location of
the CoM also indicates an optimal link ratio of &qp¢,com = 1—65.

Both approaches are compared for all combinations of load
profiles, the results are shown in Table 1. Almost all com-
binations of LV profiles lead to the same optimal link ratio
from both approaches. In case the two approaches suggest dif-
ferent link ratios, the difference of average system efficiency
Afjsys = ﬁsys(gopt,n) — Tsys (éopl,CoM) is examined. Due to the
small variation in the average efficiency for link ratios around
the optimal value, the differences in the average efficiency
which stem from the different link ratios are small, less than
0.003 A% (use case 3, G6), 0.022 A% (use case 1, HO) and
0.008 A% (use case 2, HO). Concluding, the CoM approach
is the preferred choice, because a sufficiently precise design
choice for the configuration can be made without the effi-
ciency calculation and its computational burden potentially
allowing for online applications based on load data forecast
or measurements. For all mission profile combinations, using
the IT with an optimal link ratio increases the average system
efficiency between 0.65 A% and 1.17 A% compared to the
NIT.

An adapted trajectory of operation points, e.g. by increase
of EV integration in the LVdc grid, is one use case that ex-
ploits the benefits of the IT together with the PRD approach.
A new optimal link ratio is chosen in case of further EV
integration and the link ratio can be adapted to still achieve
optimal efficiency. Furthermore, online adaption of the link
ratio is possible to split the trajectory of the mission profile
into several parts and realize an optimal link ratio for each
of them. For changing the configuration of one MB PEBB,
the PEBB has to be unloaded and removed from the normal
operation of the dc-multibus converter first. Then, the output
of the PEBB needs to be disconnected from the bus (dc-link
or LVdc) via a mechanical switch and connected to the other
bus. To avoid inrush currents during the reconnection with the
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FIGURE 9. Small scale prototype of a hybrid grid connecting converter
architecture with dc power supply. Voltage measurement and current
measurement for efficiency calculation via power analyzer are highlighted.
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FIGURE 10. Measurements of DAB primary and secondary side voltage
and primary inductor current for operation at 2 kW output power.

other bus a precharge circuit is needed. The precharge resistor
can be shorted and the PEBB loaded after the voltage of the
PEBB output capacitors has balanced with the bus voltage.
After the reconfiguration, the system can work in normal
operation with the new optimal link ratio.

V. LABORATORY VALIDATION

The simulation results are validated on a small scale pro-
totype in the laboratory. The aim is to proof the efficiency
improvement by reconfigurability in dependence of loading
conditions. The setup is shown in Fig. 9 and Fig. 10 shows
voltage and current waveforms of DAB 1 exemplarily. An
input series connected dc-multibus architecture is considered,
with two MB PEBBs as DABs feeded by dc sources with
voltages Vi1 and V. The third DAB is the interconnecting
DAB, which connects the dc-link and the LVdc feeder. In
comparison to the analytic analysis, the LVac converter is not
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TABLE 2. Experimental Setup Parameters

| Symbol | Representation | Value |
Vi1, V2 supply side MB cell voltages 250V
Vac—tink / Vivae | LV de-link / LVdc grid voltage | 250V
Cac—tink / Crvde dc-link / LVdc grid capacitor | 4.5mF
Lpas DAB inductances 65 uH
n Transformer turn ratio 1
fsw,DAB DAB switching frequency 20kHz

considered because it plays a subordinate role in the proof
of concept in the efficiency optimization. In addition to the
two DABs (superscript index dcdc) further MB PEBBs are
represented by controlled current sources with the same power
transfer characteristics as the respective DABs (superscript
index cs), transferring the same power. In total the small scale
prototype has Nyig = 4 PEBBs where the total number of
PEBBs connected to the dc-link is given as NMB de—link =
NMB.de—tink + Nf/fgfdc_link and accordingly for the PEBBs
connected to the LVdc grid Nvs 1vde = Nf,[sB’LVdC + Nf,ﬁgcwdc
while (1) and (3) can be used analogously. With this approach,
further PEBBs can be emulated. For the current sources,
power setpoints are given, for current source 1 as Pcs 1 out =
NMB de—tink PDAB, 1,0ut and for current source 2 as Pcs,2,out =
NMB 1vdcPDAB,2,0ut according to the total number of PEBBs
and the link ratio. It is possible to adapt the configuration of
the setup and connect a certain number of DABs to the dc-link
or the LVdc feeder. The detailed control schemes are given
in [16]. The grid loads Prvac and Pry4c are represented by
the variable resistive loads R; and R;, comprised of parallel
passive and electric loads with the output powers Pr; and Pg».
In this way, the system efficiency can be calculated.

_ Pout _ PR] +PR2
P Pcs,1,in + PpaB,1,in + PpaB,2,in + Pcs,2,in

To consider the losses of the emulated PEBBs, the output
powers Pcs.1.out and Pcs 2 out Of the current sources need
to be transferred to their input powers Pcs. 1,in and Pcs 2. in,
respectively. In this manner, the additional losses are taken
into account for the system efficiency calculation. For the
additional PEBBs, the same efficiency characteristics as for
the two DABs are assumed and the output powers are linearly
scaled, leading to the equivalent input powers for the two
current sources ((7) and (8)). The setup and the laboratory
equipment are shown in Fig. 11. The parameters of the setup
are given in Table 2.

(6)

Ppag,1,in Pcs,1,0ut

Pcs,1,in = Pcs,1,0ut = @)
PpaB, 1,0ut DAB, 1
PpaB2,;in Pcs,2,0ut

Pcs2.in = Pcs 2, out = (®)
PpaB,2,0ut DAB,2

For the validation, a total number of four cells is con-
sidered and three link ratios are evaluated for operation
points highlighted in Fig. 4 with equal cumulative transferred
power Prvac + Prvde = 6 kW. The configuration parameters

134

ssive Loads 1&2

FIGURE 11. Laboratory setup and equipment used for the validation.

TABLE 3. Small Scale Prototype Configurations

dcdc s dcdc cs
L & [~v]~ | Miib.ae me | N N

N MB,dc—link MB,LVdc MB,LVdc
14 4 I 2 I 0
2/4 | 4 1 1 1 1
3/4 | 4 I 0 I

are listed in Table 3. In Fig. 12 the measured system efficiency
for the link ratios & = [}P %, %] is shown. With increasing
power Pr; a high link ratio becomes less beneficial while
a small link ratio gives higher system efficiency. For a link

ratio§ = 2 the measured system efficiency gives a symmetric

behavior w1th respect to the equal power distribution £kt PR =1.

Like in Fig. 5, an optimal link ratio for certain operation points
can be identified. Two aspects must be taken into account.
Firstly, the LVac converter is not considered in the labora-
tory setup, because it does not influence the concept of PRD.
Therefore - in contrast to the simulation results shown in Fig. 5

- the measured efficiency 7nsys (%, é) should be mirrored
with respect to the output powers and the cell configuration,

SO Tsys (%, 5) = Tsys (%, 1-— é}) should hold for all oper-
ation points. Secondly, the described symmetry is not given
for the laboratory results, due to the reason that both DABs
have different efficiency curves, which are shown in Fig. 13.
The first DAB has a lower efficiency for all operation points,
which stems from higher losses induced by manufacturing
tolerances in the high-frequency transformer. This difference
leads to distorted results for the system efficiency (6), because
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IEEE Open Journal of

4x Power Electronics

L
2000
4000

EMeasurement

Optimal configuration

FIGURE 12. Measured (Meas.) system efficiency s for different link
ratios £ with operations points highlighted in Fig. 4 with

Pivac + Piygc = 6 kW. The results for compensating (Comp.) the inequality of
the DAB efficiencies are given as well. In addition, the optimal link ratio
for different operation areas is highlighted for the measured and the
compensated laboratory results and the theoretical analysis (3).
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FIGURE 13. Measured efficiency curves 5(Poyt) of the two DABs in
dependence of the output power Pyyt.

the individual efficiencies of the DABs take a major role in
the calculation of the input power of the emulated PEBBs ((7)
and (8)). Therefore, (7) is replaced by

Pcs,1
/ ,1,out
Pesijin=—"—"— ©)
1IDAB,?2
and inserted together with
PoaB.2;in PDAB,1,0ut
P]/)AB,I,in = PDAB,I,out = (10)

PDAB,2,0ut 1IDAB,2
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into the efficiency calculation (6). Hereby, the efficiency of
DAB 2 is assumed for all four PEBBs - and calculated from
the efficiency curve in Fig. 13 - to focus on the influence of
the reconfiguration and exclude the manufacturing tolerances.
As can be seen in Fig. 13, the system efficiency including the
compensation gives a more symmetrical behavior and leads
to results close to the results from the analytic calculations.
Overall, the link ratio influence on the system efficiency with
the aim to choose a link ratio that gives optimal efficiency can
be validated in the laboratory. A reconfiguration of cells is
beneficial for the system efficiency.

VI. CONCLUSION

The possibility of power transfer from supply to LVdc grid
and vice versa with a reduced number of conversion stages
as well as internal passive power routing are enabled by the
investigated hybrid grid connecting converter architecture in
an interconnected topology. To increase the system efficiency
of power transfer, the configuration of the modular multibus
structure is adapted by employing Power Routing by De-
sign. With the two proposed mission profile-based design
approaches it is possible to find an optimal link ratio config-
uration. The first uses a system efficiency calculation based
on analytic equations, whereas the second works with pure
knowledge of the loading conditions. An absolute increase of
the system efficiency by up to 3.0 % is possible for certain
loading conditions and an absolute increase of the average
weighted system efficiency of about 1.0 % can be realized
with this efficiency optimization for the considered mission
profiles. The laboratory experiments validate the potential for
efficiency improvement by the optimal choice for topology
reconfiguration of the modular dc-multibus.
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