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Abstract: This paper focuses on the design of a charging unit for an electric vehicle fast charging
station. With this purpose, in first place, different solutions that exist for fast charging stations are
described through a brief introduction. Then, partial power processing architectures are introduced
and proposed as attractive strategies to improve the performance of this type of applications. Fur-
thermore, through a series of simulations, it is observed that partial power processing based con-
verters obtain reduced processed power ratio and efficiency results compared to conventional full
power converters. So, with the aim of verifying the conclusions obtained through the simulations,
two downscaled prototypes are assembled and tested. Finally, it is concluded that, in case galvanic
isolation is not required for the charging unit converter, partial power converters are smaller and
more efficient alternatives than conventional full power converters.

Keywords: electric vehicle; fast charging stations; partial power processing; partial power
converters; series connected converter; dual active bridge

1. Introduction

Through the last years, the automotive market is showing a big interest on the inclu-
sion of the electric vehicle (EV). Indeed, due to its efficient performance and reduced
greenhouse emissions, the EV is turning into a real alternative to conventional combustion
based vehicles. This can be confirmed by analyzing its shelling data, which increases year
by year [1]. However, one of the main disadvantages of EVs is their low autonomy, which
can reach up to 550 km [2]. In order to solve this problem, there exist 2 main solutions:
invest on technologies that can extend the capacity of the energy storage system (ESS) or
build an extensive and solid EV charging stations grid. The first solution is usually high
time consuming, since experimental tests of different battery technologies require long
periods. However, the second solution is much faster and if the charging stations are cor-
rectly located, the driving rage anxiety of the EV user can be reduced [3].

According to ref. [4], there exist different concepts of EV charging stations: exchang-
ing vehicle’s battery [5], contactless inductive coupled chargers [6] and conductive cou-
pled chargers. Regarding conductive coupled chargers, this type of chargers are the most
popular solution for EV charging and currently, inside Europe there exists a great number
of charging points based on this technology [7]. When it comes to the different types of
conductive EV charging stations, they can be divided by their power level. On the one
hand, up to 10 kW AC charging stations can be found. Usually, this type of charging struc-
tures are located where people spend great part of the day, for example: at home or at
work. On the other hand, DC wise, two main groups exist: fast charging stations (between
20 kW and 120 kW) and extreme fast charging stations (higher than 120 kW). Due to the
high peak power values, the charging times can be reduced up to 15 min [8], which makes
the EV more attractive to the customer.
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Concerning conductive EV fast charging stations, Figure 1 shows different imple-
mented structures. As it can be observed, in all the solutions, fast charging stations are
connected to a medium voltage AC grid and, then, the voltage level is reduced and recti-
fied. Finally, a DC-DC power converter is implemented to charge each EV at the station.
However, the location of galvanic isolation and the way to step down the voltage are man-
aged in different ways. For example, in Figure 1a, the voltage is reduced by a line fre-
quency transformer and then rectified by an AC-DC converter. This way, a common DC
bus is obtained from which the rest of the DC-DC individual charging units are connected.
In the case of Figure 1b,c, the line frequency transformer is avoided by implementing
solid-state transformers on the AC-DC rectifier or on the DC-DC converter.
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Figure 1. Simplified single-wire diagram of different electric vehicle (EV) fast charging station solu-
tions. (a) Galvanic isolation is provided by a line frequency transformer; (b) Galvanic isolation is
provided by the AC-DC rectifier; (c) Galvanic isolation is provided by the DC-DC charging unit.

This paper will focus on the design of the DC-DC converter, which is connected be-
tween a common DC bus and the ESS of the EV. Since the concerned converter is required
to process great power values, its size, cost and performance are key factors that must be
optimized through its design. Due to this, recent literature around EV fast charging appli-
cations presents advance architectures based on partial power processing (PPP). This type
of architectures aim to reduce the power processed by the converter, achieving reduced
size and more efficient converters. Due to the mentioned benefits, their applications are
diverse. For example, authors from [9-11] propose PPP based architectures for photovol-
taic (PV) systems, whereas [12,13] suggest PPP solutions for ESS applications. There, the
concerned converter is designed to control the power flow between the source and the
load. Moreover, through [14,15], authors present DC windfarms based on PPP technology.
Apart from that, with the aim of achieving current balancing of series connected ele-
ments, refs. [16-19] present PPP architectures for applications where there exist series
connected elements. Last but not least, when it comes to EV fast charging applications
authors from [8,20,21] propose PPP based charging units. There, the authors implement a
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unidirectional topology such as the phase shifted full bridge and they show that the PPP
solution achieves converter rating reduction and efficiency improvements compared to
its full power processing (FPP) version. Therefore, it is concluded that PPP based convert-
ers are very suitable for the concerned application.

Finally, in relation to the normative around EV charging systems, at present, the great
majority of countries oblige to implement isolated DC-DC converters. This fact affects
negatively to PPP architectures, which can never ensure galvanic isolation (unless an extra
transformer is added). Nevertheless, through the last years, the normative around EV
charging stations is suffering considerable changes. For example, the requirement of gal-
vanic isolation is on discussion and, in some cases, the application of non-isolated supply
equipment is allowed for EV charging [22]. To be more precise, the only countries that are
included at the corrigendum of the normative are the United States and Canada. Although
there are only two countries that permit non-isolated solutions, they can be considered as
worldwide references that can encourage others to follow the same route.

Bearing all this mind, the present paper aims to design a PPP based DC-DC charging
unit for an EV fast charging station and compare its performance against a conventional
full power converter (FPC). Through the concerned comparison, special interest will be
shown on the temperature evolution of the PPC prototype. Indeed, these results help to
understand the real benefit of processing less power and to have a bigger picture when
carrying out the design of a partial power converter. To achieve this, in first place, Section
2 introduces and describes the concept of PPP. Then, Section 3 presents the case studio to
simulate and the followed design procedure. Next, Section 4 and Section 5 present the
obtained results from the simulations and the experimental tests, respectively. Finally,
Section 6 and Section 7 detail the obtained conclusions through the paper and the pro-
posed future lines.

2. Basis of Partial Power Processing

As its name indicates, a power converter based on the PPP concept only processes a
reduced percentage of the total power that goes from the source to the load. As example,
Figure 2 shows the power flow of a converter based on FPP and a converter based on PPP.
On the one hand, as it can be observed in Figure 2a, the FPP converter is designed to
process the 100% of the power consumed by the load, generating a given quantity of
losses. On the other hand, Figure 2b shows the PPP concept, which is based on achieving
a reduction of the power processed by the converter. This way, the losses generated by
the power converter are reduced, as well as its size. Furthermore, maintaining the same
efficiency for the power converter, the global efficiency of the system increases.

Psource P load

Psource P load

P, loss
(b)
Figure 2. Power flow diagram. (a) FPP; (b) PPP.
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The literature around PPP presents different strategies that achieve a reduction of the
total power processed by the converter [23]. On one side, differential power converters
(DPC) can be found, whose main objective is to correct current unbalances between series
connected elements. On the other side, there are the partial power converters (PPC), which
control the power flow between a source and a load with different voltage and current val-
ues. Concerning PPCs, different types of architectures can be found in the literature. Figure
3 presents two examples for step-down applications [12,21,24,25]. The architecture from Fig-
ure 3a is referred as “Input-Series-Output-Parallel” (ISOP) and the one from Figure 3b is
defined as “Input-Parallel-Output-Series” (IPOS). In order to compare the architectures
shown in Figure 3, the first step is to calculate the processed active power ratio (K,) of
the converter at each one. For that purpose, the architecture from Figure 3a is taken as an
example. Firstly, Kirchhoff’s laws are applied on the architecture, obtaining expressions
Equations (1) and (2). In addition, the efficiency of the system is defined as shown in Equa-
tion (3).

Vsource = Vin = Vioaa (1)
Lsource + Ipc = lipaa 2)
‘/l da’ Il d
Nsystem = % )
source " Isource
I

_p;c _.Iload

q:) Vload
_=

(a)
Isourcg. ~
Vsource - i;out
== J'Iload
: Vload
(b)

Figure 3. Step-down PPC architectures. (a) ISOP; (b) IPOS.

Then, the K, is defined as the division between the processed power by the con-
verter and the source’s power Equation (4).

K. = Peonv _ Vout'lpc
pr -

(4)

Psou‘rce Vsource ’ ISO‘U.TCE

Applying Equations (1)—(4), it is possible to obtain the K,, curve in function of the
Vioad

static voltage gain (GV = ), see Equation (5).

VSO'LLTCE

Kpr = Nsystem — Gy )
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Following the same procedure with the IPOS, Figure 4 is obtained, where the K,
curve of each converter from Figure 3 is compared to a FPC. In first place, it is evident that
the FPC always processes the 100% of the power that flows from the source to the load.
However, PPC wise, it is observed that the ISOP and IPOS architectures achieve lower
Ky, values when Gy gets closer to 1. This means that the closer Viyyce and Vyoaq are be-
tween them, the lower power is processed by the converter. Comparing the curves
achieved by the ISOP and the IPOS architectures, it is concluded that the ISOP obtains the
lowest K, curve.Indeed, when Gy islower than 0.5, the IPOS obtains absolute K, val-
ues higher than 1. This means that the IPOS converter is no longer working on the PPP

range and all its benefits are lost.

1
0.5f 1
>
2 ol
g
v
—0.5} ——FPC
——ISOP
IPOS
-1 | | | i
0 0.2 0.4 0.6 0.8 1

GV (Vloac/Vsource)

Figure 4. Processed power ratio of each converter from Figure 3.

3. Design of the PPP Based DC-DC Charging Unit

As shown in Figure 1, the concerned DC-DC converter is connected between a com-
mon DC bus and the ESS of the EV. This means that the application consists of a constant
voltage source (DC bus) and a variable load (EV’s ESS). When it comes to the DC bus,
according to the SAE J1772 standard, its voltage value can vary from 200 V to 400 V in
applications with power levels lower than 90 kW [4]. For this case, authors decided to
stablish it at its maximum value, 400 V. On the other hand, ESS voltage wise, its value
changes from one manufacturer to another, but, in most cases does not exceed 380 V [4].
Considering this, Figure 5 shows the stablished voltage and power curves for a hypothet-
ical EV fast charging application. As it can be observed, it consists of an electric battery
charging: constant current, up to 60% of state of charge (SOC), and constant voltage, up
to an 80% of SOC.
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Figure 5. Voltage and power profile of the modeled ESS.

Bearing in mind that it consists of a voltage step-down application, according to
Figure 4, the appropriate PPC architecture is the ISOP (Figure 3a). In addition, topology
wise, a dual active bridge (DAB) is implemented for its simplicity and its bidirectional
power flow (in case the application requires vehicle to grid functions). Figure 6 shows a
high level schematic of the two solutions to compare: a DAB-FPP and a DAB-PPP.
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!
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#

(b)

Figure 6. High level schematic of the selected solutions for the DC-DC charging unit. (a) DAB-FPP;
(b) DAB-PPP.

Taking into account the voltage and power curves from Figure 5, Table 1 specifies
the values of different electrical parameters related to the converter design. As it can be
observed, voltage wise, both converters have the same output voltage. However, in case
of the DAB-FPP the input voltage is constant, whereas, in the DAB-PPP consist of the
difference between the source and the load. Then, when it comes to the K,,,, the DAB-PPP
is expected to process just the 40% of the total power. Furthermore, this value is reduced
to a 5% through the charging process. Next, since each converter has a different input-
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output voltage relation, the required transformation ratio (n) and inductor (L) result in a
different value.

Table 1. Main electrical parameters of the DAB-FPP and DAB-PPP.

P ‘ Value

arameter DAB-FPP DAB-PPP

Vin (V) 400 173 = 20

Vour (V) 227 + 380 227 + 380
K,y (pu.) 1 0.413 + 0.05
fsw (kHz) 10 10
Pony (kW) 90 23.25

n 1.0919 0.0919
L (uH) 23.05 1.94

Finally, before going into the simulation results, it is important to define the compar-
ison parameters that will be used through the next subsections. In first place, there is the
processed active power by the converter Equation (6), which has been already described.

PCOTLU
Kpr = P (6)

Sys

In second place, there is the non-active power processed by the converter. According
to the definition given by IEEE [26], during the steady state of a DC-DC converter, the
energy processed by storage components (capacitors and inductors) and that is not trans-
ferred from the source to the load is considered as non-active power flow (N), see Equa-
tions (7) and (8). In addition, due to the internally processed power by the converter, it is
worth considering the non-active power flowing through the input source terminals of
the converter Equation (9). Then, the total non-active power processed by the converter is
calculated by summing the results obtained from Equations (7)—(9), see Equation (10).

_2:4E, 2 ) Pm® i ©)lde

7
g T T (7)
DT ,
_2:8Bc_2-f; Clve(®) - ic(B)ldt ®)
T T
Ntot = N, + N¢ + Ny, (10)

Last but not least, the efficiency of the converter and the efficiency of the system are
calculated. When implementing FPP strategies, since the power processed by the con-
verter is the same as the one that flows from the source to the load, 7¢yn, and 7, are
the same Equation (11). However, PPP wise, the values of 7.y, and 7, are related by
the K, see Equation (12).

Vload Vout
7'ISyS):'pp = Vgource = nCO‘nV = ‘/in (11)
Nsysppp = 1- Kyr - (1 = Nconv) (12)

4. Simulation Results

Once the case studio has been described, the next step is to simulate it and observe
the obtained results. On the one hand, Figure 7 shows the processed active power ratio of
each converter. As expected, the DAB-FPP always processes a 100% of the total power
that flows from the source to the load, no matter the working point of the application.
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However, the DAB-PPP achieves a reduction of the power processed by the converter, at
least, up to a 40% of the total power. Furthermore, this value decreases as the ESS inside
the EV charges, achieving a minimum value of 5%. This is due to the fact that as the ESS
charges, its voltage value increases, provoking G, to get closer to 1.

1 i
——DAB-FPP
——DAB-PPP
0.8
S 06
e
!a 04 \
0.2
0
0 20 40 60 80

SOC (%)
Figure 7. Processed power ratio comparison between the DAB-FPP and the DAB-PPP.

On the other hand, there is the non-active power. In this case, based on Equations (7)—(9),
Figure 8 presents the different non-active power curves that exist inside the converter. As
it can be observed, the most critical value in both solutions is the input non-active power,
followed by the output capacitor. This is mainly due to the high RMS currents that exist

in a DAB topology.
120 ’ T 500
—N, —N
100 TN —N
c 400 cH
/__/\\ . .
. 80 ~ \ .
7 N
< 60 <
z \\ Z 200
40 N

; A\

N
N ——
0 0
0 20 40 60 80 0 20 40 60 80
SOC (%) SOC (%)
(a) (b)

Figure 8. Processed non-active power by the components. (a) DAB-FPP; (b) DAB-PPP.

In order to have a better view of the non-active power results, Figure 9 shows the
total non-active curves of each solution. Again, the DAB-PPP offers better results through
great part of the charging process, except for the first charging periods (SOC < 5%), where
the DAB-PPP processes higher amounts of non-active power. However, considering that
the great majority of the EVs will reach the charging station with SOC values higher than
a 5%, this period can be dismissed.
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Figure 9. Processed non-active power comparison between the DAB-FPP and the DAB-PPP.

Finally, efficiency wise, Figure 10 shows that the DAB-PPP is a more efficient solution
than the DAB-FPP. Similarly to Figure 9, at low SOC values, the DAB-PPP does not offer
a good performance but, this quickly changes as the ESS of the EV charges and the K,

decreases.

100

il _—

95 4 >
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80
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I
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Figure 10. Efficiency comparison between the DAB-FPP and the DAB-PPP.

65

5. Experimental Platform

With the aim of confirming the benefits of implementing PPCs on EV fast charging
applications, the present section details the experimental results obtained through the
comparison between a DAB-FPP and a DAB-PPP.

5.1. Prototype Design

The experimental platform built for the concerned tests consists of a downscaled pro-
totype whose voltage and power curves are shown in Figure 11. As it can be observed, it
models the behavior of the charging process of an electric battery.
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Figure 11. Modelled voltage and power profile of the load for the design of the prototype.

Based on the curves from Figure 11, Table 2 shows the main electrical design param-
eters of the experimental platform. There, it can be observed that it consists of a constant
voltage source and a variable load. When it comes to the voltage values, 220 V has been
decided to define as initial charging point. This way, it is assumed that the EV will arrive
with at least a SOC of 1.5%.

Table 2. Main electrical parameters of the experimental platform.

Parameter Value

Psource (kw) 3
Vsource (V) 320
Vload (V) 220 =300

Based on Figure 11 and bearing in mind the electrical parameters presented in Table 2,
the main electrical parameters of the DAB-FPP and the DAB-PPP prototypes are obtained,
see Table 3.

Table 3. Main electrical parameters of the DAB-FPP and DAB-PPP prototypes.

p ¢ Value
arameter DAB-FPP DAB-PPP
Vo (V) 320 100 = 20
Ve (V) 220 = 300 220 =+ 300
K, (p.u.) 1 0.31 = 0.06
fon (kHz) 50 50
P.ory (KW) 3 0.69

Then, it is time to calculate the adequate design values for the components that exist
inside the converter. In first place, there are the active components, which consist of 8 sem-
iconductors: half of them located at the primary side of the transformer (Q,_,) and the other
half located at the secondary side of the transformer (Qs_g). Bearing in mind Table 3, it can
be concluded that switches Qs_g must withstand at least 300V at both architectures. How-
ever, switches Q,;_, will observe different voltage values at the DAB-FPP and at the DAB-
PPP, 320 V and 100 V respectively. Applying a security margin, it is decided to implement
switches rated for the double of the voltage, see Table 4. As it can be observed, the same
component is implemented for all the switches except for Q,_, at the DAB-PPP. In conse-
quence, the on resistance of the devices at its primary side is three times lower.
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Table 4. Active and passive components of the DAB-FPP and DAB-PPP.

Component Value
DAB-FPP DAB-PPP
Q1-4 IPT65R033G7 ! IPT111N20NFD 2
Qs-g IPT65R033G7 IPT65R033G7
C (uF) MKP1848C 3 MKP1848C
n 1.31 0.261
L (uH) 101.5 305.34 ¢

1Vps =650V, I, = 69 A, Rps =33m. 2 Vg =250V, I, = 96 A, Rps = 11.1 mQ. 3 VISHAY 500 V
100 pF (2 times paralleled). ¢ The inductance is located at the secondary side of the transformer.

On the other hand, when it comes to the transformation ratio (taking as example the
DAB-FPP), its value has been designed for an intermediate value between two extreme
working conditions: starting the battery charge Equation (13) and ending the battery
charge Equation (14). The obtained value is shown in Equation (15).

Vie 100

= = 0.35
M=y T 220 (13)
_ Y 20 0.06 14
=y T30 (14)
0.45 + 0.06
Monspre = V00 — 0,261 (15)

Once the transformation ratio is defined, inductor’s value must be designed for the
most critical point. In this case, the moment in which the converter processes more power
is at the start of the charge. Equation (16) shows the obtained inductance refereed to pri-
mary side.

o Vin Vo _ 0261X100x220 o y
=8 for Pomy  8x50x103x690 M (16)

In order to reduce the current through the inductor, it is decided to locate it at the
secondary side of the transformer Equation (17).

L' 208x107°
“n?Z 02612
Finally, the two prototypes to compare are shown in Figure 12. As it can be observed,
the most apparent difference between them are the magnetics. To be more precise, the
nucleus used for the DAB-FPP is a PM8770 type, whereas, the one used for the DAB-PPP
is a PM6249. This supposes a 65% reduction in the volume of the magnetics. In relation to
the transformer and the inductor, all of them are assembled at the laboratory.

= 305.33 pH 17)

(a)
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(b)
Figure 12. Experimental prototype. (a) DAB-FPP; (b) DAB-PPP.

5.2. Test Conditions

Once the entire prototype has been described, the next step is to test it. For this purpose,
the power converter is forced to work at four different points, see Table 5. These points
model the charging process of the battery and they have been extracted from Figure 11. As
it can be observed, the source voltage always remains constant and the load voltage in-
creases together with the power. The final point corresponds to the constant voltage pe-
riod, where, the power consumed by the load decreases. In this case, the selected value is
around a 50% of the nominal power.

Table 5. Testing conditions extracted from Figure 11.

soc (0/0) Vsource (V) Vload (V) Pload (kW)
1.5 320 220 2.2
5.7 320 260 2.6
60 320 300 3
80 320 300 1.5

On the other hand, when it comes to the experimental set up, Figure 13a,b show a sim-
plified electric diagram of the implemented set-ups for the DAB-FPP and the DAB-PPP,
respectively. As it can be observed, in the case of the DAB-FPP, 4 parameters are measured
(Usources lioaar Vsource and Vipeq). However, DAB-PPP wise, 6 different parameters are re-
qUifed (Isource/ Iload/ Iout/ Vsourcel Vin and Vout)'

Lsource li0a
(0 = (4)
o D /,,, -~ D
o- o Veource Vl "/' Vout ‘/l oad o- o
L =)
(a)
Isource Iou t Iload

=g

Figure 13. Simplified electric circuit of the experimental set-up. (a) DAB-FPP; (b) DAB-PPP.

Then, with the aim of securing that the semiconductors do not exceed the tempera-
ture limit, a thermocouple is stuck to the PCB and to one of the semiconductors of each
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full-bridge. Finally, Figure 14 shows a real image of the set-up used for the experimental
tests. More detailed information about the equipment used through the test is given in
Appendix A.

Power meter

[ Power conversion circuit ] Source

[ Temperature measurement ]

Figure 14. The built set-up for the experimental tests.

5.3. Experimental Results

Once the test conditions have been correctly defined, the next step is to observe the
obtained results. Following the testing points defined in Table 5, Figure 15 shows the tem-
perature evolution of the semiconductors and the PCBs. It is worth mentioning that each
dark dot marks the beginning of a new testing point and that, since the power block has
been oversized, the obtained temperature values are not disturbing.

On the one hand, Figure 15a shows the temperature results obtained by the DAB-
FPP. There, it can be observed that the most critical component is the secondary side sem-
iconductor, which achieves a maximum temperature of 32.4 °C when working at maxi-
mum power point (V554 = 300 V & SOC = 60%). On the other hand, Figure 15b shows the
results obtained by the DAB-PPP. In this case, the most critical component is the primary
side semiconductor, which achieves a maximum temperature of 29 °C when working at
the initial charging point (Vo4 = 220 V). Then, as the load voltage increases, the temper-
ature of the concerned component decreases. This thermal behavior is completely differ-
ent to the one obtained by the DAB-FPP but, it can be very interesting to take it into ac-
count when designing a PPC. Indeed, assuming that the initial charging conditions vary
in voltage rapidly, see Figure 11, the engineers can optimize the designing criteria by ex-
pecting a lower thermal stress.

38 T 30 I
36 == Primary-side PCB == Primary-side PCB
—_— Prlmary-S|de.Q o8 /-"' — Prlmary-S|de.Q i
34 Secondary-side PCB Secondary-side PCB
- Secondary-side Q k - Secondary-side Q
—~~ ’-—‘ —~~
8 32 J/"'J k 8 26 \
§ 28 el — N § 24, ] AN |
//’- L
T ——
24 /':/ T ——
22 20
0 500 1000 1500 0 500 1000 1500 2000
t(s) t(s)
(a) (b)

Figure 15. Temperature evolution. (a) DAB-FPP; (b) DAB-PPP.



Electronics 2021, 10, 260

14 of 17

The fact that the temperature of the component decreases as the battery charges is
directly related to the K. Thisis proved in Table 6, where the system and converter pow-
ers are shown for each testing point. Analyzing the DAB-PPP column, it is observed that
Psource increases through the first three working points (constant current mode) and, in
the last one, it decreases (constant voltage mode). However, when it comes to the input
power (P;,) of the converter, it always decreases in value. This is due to the fact that, as
the battery charges, Vj,qq is getting closer to Viyyrce, causing a reduction in K. At the
last point, the K, is not reduced because V44 is maintained at 300 V.

Table 6. Processed power by the DAB-FPP and DAB-PPP.

Val
Test Condition Parameter DAB-FPP e DAB-PPP

Psource (kW) 2.21 2.24

Viead = 220 (V) Pin (KW) ' 0.699

Ky (p.u.) 1 0.312

Prource (KW) 2.58 2:53

Vieaa = 260 (V) P (KW) ' 0474

K,y (p-u.) 1 0.187

Vioaa = 300 (V) P (kW) 302 0176
SOC = 609

% K, (p-u.) 1 0.062

p (KW) 1.38

Vioaa = 300 (V) Sopzcikw) 154 0.086
SOC = 809

% K, (p.u.) 1 0.062

Efficiency wise, Figure 16 shows the obtained results. As it can be observed, although
the efficiency of the DAB-PPP converter is not extraordinary (most of the cases bellow the
DAB-FPP), the efficiency of the DAB-PPP system achieves the best results, with a peak
value of 99.62%. Compared to the maximum efficiency obtained by the DAB-FPP (94.7%),
it can be concluded that the DAB-PPP offers a much efficient performance.
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Figure 16. Efficiency obtained by the prototypes.

6. Conclusions

The present paper compares, in terms of processed power by the converter and effi-
ciency, the performance between a DAB-FPP and a DAB-PPP for an EV fast charging ap-
plication. Through the simulations, it is observed that the DAB-PPP reduces the active
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and non-active power to process by the converter and that it improves the efficiency. This
is confirmed by testing two downscaled prototypes. On the one hand, regarding the tem-
perature obtained by the most critical component, it is concluded that the DAB-PPP
achieves lower temperature stress. On the other hand, processed power wise, it is ob-
served that the DAB-PPP processes between a 30 and a 6% of the total power that flows
from the source to the load. In consequence, the achieved efficiencies always improve the
ones obtained by the DAB-FPP. Apart from that, when it comes to the size of the magnetics
(inductor and transformer), it is observed that a volume reduction of 65% is achieved with
the DAB-PPP. To sum up, in case the regulation of the country does not oblige to imple-
ment galvanic isolation at the charging unit, PPCs turn to be more efficient and lower size
solutions than conventional FPP converters.

7. Future Lines

With the aim of improving the present paper, the authors propose the next future
lines are:

¢ Include a processed non-active power analysis on the prototypes that verifies the re-
duction of energy processed by storage elements.

e Asobserved in Figures 9 and 10, the DAB-PPP presents higher processed non-active
power and lower efficiency at initial charging periods. This is due to the fact that
power converters inside PPC architectures are required to work at a wider operation
range than FPCs [20]. In consequence, lower performance is achieved at extreme
working points. In order to improve this, extended analysis on advanced modulation
methods is proposed.

e  Although the main objective of the paper is to compare the behavior of a given topol-
ogy (in this case a DAB) when it is implemented on a FPP architecture and on a PPP
architecture, this comparison may not be considered completely fair, since one of the
solutions provides galvanic isolation and the other one does not. Therefore, it is pro-
posed to extend the comparison by adding the AC-DC stage. Indeed, as shown in
Figure 1, every EV fast charging station consists of an AC-DC and a DC-DC stage
and, when it comes to the galvanic isolation, it can be located at one stage or the other.
This way, the galvanic isolation can be provided by both solutions: non-isolated AC-
DC stage with an isolated DC-DC stage (DAB-FPP) and an isolated AC-DC stage with
a non-isolated DC-DC stage (DAB-PPP).
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Appendix A

The objective of the present appendix is to list the equipment that has been used for
the correct measuring of the experimental tests, see Table A1.

Table Al. Equipment used for the measuring of the experimental tests.

Description Reference
Source ITECH IT6012C-800-40
Load EA-ELR 9750-22

Power meter YOKOGAWA WT500

Temperature measurement Pico TC-08
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