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J@B%: Relevance (EVs development)
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(1 EV development

Pollution reduction in cities

e ~30 million NOW .7 80 min EVs by 2030

~280 billion € investment
in EV charging infrastructure up to 2030 (in
EU and UK)

[1] IEA, "Global EV Outlook 2025". [Online]. Available:
https://www.iea.org/reports/global-ev-outlook-2025
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Relevance (AC vs DC Tracton Grids)
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Light Rail
Urban Transport

<1.5kV

High Speed
Power Trains

>1.5kV

O Integration of EV chargers with Light Rail DC grids
is more feasible (more coverage in urban areas)
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EV charging station architectures

GDANSK UNIVERSITY
OF TECHNOLOGY

Independent converters

MV AC Grid

LV, LV, EVy
L. L
Transformer DC DC DC
AN 4] T a4
S O P
A h h h
c L
SIZ AC|AC AC DC
DC DONY|DAON] T DC DC
Reclifﬁer
i i DC Catenary
O Independent converters operation.
L Scalability & Reliability are HIGH.
O High number of components (8N+6, where N-number of EV chargers).
O Longer energy conversion paths between units.
O EVsare charged from unstable DC traction grid voltage.
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Multiport converter

MV AC Grid

LF
Transformer EAC _é

N gtﬁ
i e

i i DC Catenary

Reduced numbers of components needed (only 6N).
Potentially lower installation cost.

Independent converters operation.

Lower conversion path between ports.

aC
v
DC

Reci{ﬁer

ocooo

Challenges

O  Finding the optimal connection point.

O Substation overloads (smart charging has to be used).
O  Wide input voltage range of the converter.



Power consumption from a substation in Géteborg, Sweden (Nominal 1250kVA, 750V)
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Time [hours]
04:55 04:56 04:57 04:58
1200 g
\’\ | __~Current [A]
= Recuperation Recuperation i “ |
B 1000 spike spikes f Vol 14
S 900 £ o A— . Voltage [V]
= *"W\‘ rM‘j W“j f A M O Voltage fluctuates in range ~0.8...1.2 of nominal.
S 800 “
g 7501
S w W\/\ L/\(\ H’ f LVM /w W\ O 10-20% of consumed energy can be recuperated and
= . . .
S 0 . » voltage spikes at the point of connection can be
=
:\é Voltage Voltage j eliminated.
§ Sag Sag ’ O Voltage drops can be eliminated by discharging buffer
g 400 - battery & EVs, providing V2G operation.
N
S 200 - . :
= / JM K / X O EVs and BT smart charging must be applied.
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Arrived Arrived Arrived

; “INNOVATIVE 'S : . Funded by the Harizon 2020
(L TRAINING 2 Framework Programme of the
NETWORKS,_‘ European Union 6




System operation with 3 EV chargers and battery storage
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i i D Catenary

L Real-time simulation have shown system
ability to completely eliminate voltage surges
and reduce DC grid catenary voltage drops to -
12.5% by means of BT and EVs aggregated
charging and discharging.
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Current-Fed Multi-Active Bridge converter
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3 port CF-MAB converter efficiency
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Efficiency

99.0%
*Pgr=-4kW, Vpc=300V *Pgr= 4kW, Vpc=300V
98.5%

98.0%

97.5%
O The converter has shown high efficiency of ~97.8% peak at 9.5kW, when EVs Viers=300V Vips=300V

voltage V=300V is matched with a BT voltage V=600V using a transformer 97.0%
with n=0.5. 06.50;
O During the mismatch, when V=250V or V=350V, efficiency is reduced due 96.0%
to increased transformer and switches RMS currents. Virs=350V Virs=250V 055 Virs=250V

95.0%
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 I 2 3 4 35

Total EVs
Power (kW)

BT & EVs Discharging BT & EVs Charging
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O Different ports load causes imbalance in primary side
inductors currents

O Current of each inductor has to be measured and
actively balanced
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inductors currents

L Current of each inductor has to be measured and
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EV, BT and DC grid voltages are the same:

O V.,;=350V, Vg,,=300 V, V¢ ;=250 V
0 V=200V, V=600 V

Charging power in test 1:
Q P,=-1kw
Q pP,=-2 kW
Q P.s=3kwW

Charging power in test 2:
O Py =2kw
O P.,=3kwW
O P,=0kW

O Primary inductors current
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Conclusions

[
GDANSK UNIVERSITY . i"f"-‘f’,,f Is ;&

Ipy
OF TECHNOLOGY

—
,ﬂr
| :th
G
Ir =
?;,
=
o

Lsr S; 8 S S S Okt B39
-t 1 e Li]'/
A BIRIE} EIE) ul
BTY Ljﬁ;)(' ) Kvi
Overall system features - TR = Ve
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O Integrates storage battery and EV chargers into LV DC grid. e fuse ¥ ! - +VLLJ. i
I . . . 3 S EV?
O Completely eliminates voltage surges in the point of connection L ; — [; 0, o ’}1
. 2,DC Az 2 P.2 = £i2
and reduces DC grid catenary voltage drops. V;—i; > . /:\ s || ché L Ly
O Improves traction transport efficiency by 10-20% by ' Lipci, . I 3/ L, Q’E;H_ﬂ&

recuperating braking energy.
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CONNECTED TO DC TRACTION GRID
/A 600V DC
| . §

Current Fed Multi-Active Bridge Converter

U Reduced number of switches e L
(6N for CF-MAB vs 8N+6 for independent connection). - b | s - T g
O Independent and bidirectional EV and BT ports operation, allowing V2G, " )3
V2V services.
O Ports scaling ability.
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