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Motivation

Power electronic system technology for future high-performance charging systems

Fast Charging Stations
= Future need of charging systems along highways or large inner-city electric charging stations
= System sizes of several MVA
Replacement of a conventional petrol station with 8 pumps:
15 to 25 fast-charging stations, total power of up to 3.5 MVA
Weak low-voltage grid connection even with an additional buffer battery is not sufficient
Long cable lengths from the grid connection to the vehicle
High installation costs or high losses in the cables.
Distributing the energy within the facility via the low-voltage AC grid is not feasible.

Novel System Concept
= Concept using a DC network for efficient, safe and cost-effective energy distribution
= Demonstrator of a fast charging system suitable for the megawatt range
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System Concept

: MV AC Grid 1.5 kVpc
Development of a scalable charging system Bus
— 175 kW
. = > Car charging

System with 1500 V,-Bus = point
Central rectifier with 1500 V. distribution bus Transformer  Rectifier  $——
= Grid connection components can be dimensioned (optional) 1-3 MVA :

and scaled independently of the charging electronics o = 2% 175 kW
= Significantly reduced cable material requirements for = | = Car charging

copper and aluminium compared to state-of-the-art =H point

solutions
= 1500 Vpc: limit of the low voltage standard N x 175 kW

. = p MCS charging
Development of a scalable 175 kW isolated DCDC- T— —|L point
Converter
= fully compatible with the CCS1 and CCS2 standards
= |t is envisaged that the MCS standard will also be ) ce IS
. ) Voltage <500V 200V -1000 V <1250V
supported, although not in its entirety Current <200 A <500 A <3000 A
Power < 80 kW < 350 kW < 3.75 MW
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Basic Topology
Two-Stage Topology

= Two-Stage Topology due to the large voltage range
Isolation stage with fixed conversion ratio
Hard switching buck converter for precise voltage control

Advantages
= high flexibility in controlling the output voltage and power
= high efficiency over a large part of the operating range

Developed System
= Development of a system with two 175 kW units in
parallel
= Use of 2 kV SiC MOSFET power modules
realization of higher system voltages up to 1.5 kV with
2-level topologies
High switching frequencies are possible
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Topology
Isolation Stage

New Design Series-Resonant-
Converter (ND-SRC)

Design Criteria
= Single-phase design with 180 kW output

— @
power ’

= 2x 2 kV half-bridge modules each on the
primary side as also on the secondary side

= 14:11 ratio, giving 1500 V (+/- 5%) input
and 1180 V output voltage

= Fix switching frequency of 50 kHz

cdcp

1500 Vpc
Il
]

Advantages
= Easy control due to fix duty-cycle

= Very high efficiency
= Low filter effort due to fix switching
frequency
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Topology ° sl sl s
Buck Converter Stage 19 he *{E}
— Ly | Q
o L f?\—g— =
>Q Cua L, m_i% §
Three-Phase Interleaved Buck 8 ==l\,DCIink ] L o S
Converter = ﬁ ?,\ l5 |
S1z S» S3z 8
Q

Cbat
Design Criteria {’_ {'_ «{'_ = lvBat
= DC link voltage of 1180V

Nominal output current of 250 A/3 = . . . o

o

83 A per phase 180 550
= According to the standard, 9 A, total % 160 240
ripples are permissible on the vehicle ~ 140. 530
= 120° interleaved switching between g -22()@
the 3 phases g 0] .210§
= Switching frequency: 24 kHz £ 100 200 3
= Configuration with one half-bridge 2 80 1 -190§
module for each phase with S 601 180

synchronous rectification

200 300 400 500 600 700 800 900 1000
Battery voltage / V
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Power Semiconductors
2 kV SiC MOSFET

= realization of higher system voltages
= Low static and dynamic losses = high efficiencies over large
parts of the operating range

Chip Technology:
= 2 kV SiC MOSFETs with Infineon’s CoolSiC™ technology

Modules:
= 2 kV module prototypes based on Infineon’s EasyDUAL™ 3B
package series
= Half-bridge topology are used in both converter stages
= Two different half-bridge designs:
Isolation stage: modules with a Ry, 0f 3 mQ
Buck converter: modules with a Ry, of 6 mQ

= Double Pulse Tests have been conducted and analyzed

7

©Fraunhofer ISE

Infineon EasyDUAL™ 3B package
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Turn-off and turn-on transients of module prototoype with
Rosion Of 3 mQ in nominal operating point (Vp, = 1200V,
Ib =300 A, Rgon=6,2% Rgo=0,51Q) atT, =175 °C
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Magnetics
Design of transformer for isolations stage

Design Criteria
= Very special requirements placed on the magnetic components due to
the high voltages, high output power and high switching frequencies
= Considering different core materials Modified PQ 150 core
ferrite was selected as the most suitable material for the presented
application

Transformer

= Core cross-section of approx. 5000 mm? is required

= Two design approaches:
Stacking standard core geometries (= approach was rejected)
Individual core design

= Manufacturing of a modified PQ 150 core

= Transformer winding made of copper foil
U;e of gtrahded litz vyire as Winqling material will also be tested Transformer winding made of copper foil
(simplification for series production) (150 mm x 0.3 mm)
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Magnetics
Design of inductors for buck converter

Design Criteria
= PQ 150 core also proved to be the most suitable for buck inductors

» synergy effects with regard to the core geometry could be used for series <

= enameled flat copper wire for windings @ sumida

Construction

= Three inductors were set up for installation in first prototype

= improved design approach that combines the three individual inductors
into a single coupled inductor will also be tested

Assembled inductor prototype
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Hardware Design
CAD Drawing of charging station

= Design for smallest possible footprint, height is
irrelevant
= Base area: 49 cm x 38cm, height approx. 150 cm
= Two DC-DC converters are housed back-to-back in
one charging station
= Can be used individually or connected in parallel
= Arrangement from bottom to top:
“ input stage of the ND-SRC, transformer, output
stage of the ND-SRC
= the buck converter with chokes
= semiconductor modules and the magnetics are
cooled by a water-cooling system
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Measurement results
Overview of preliminary results

= Measurements were done at nominal
voltage but not at nominal output
power until now

100
ND-SRC 99
E—
= Qutput power of 59 kW 98 ///”‘
2 2 |
Buck Converter " 2 // /
= Single phase up to 49 kW S 96 |
, 9
= Three interleaved phases up to 18 kW g .. // /
w
94 // ND-SRC: Uprim=1500V, Usek=1180V, fsw=57.5kHz -
- t h t vet b timized // ——— Buck single phase: U_DClink=1180V, Ubat=590V, fsw=24kHz
conver grs ave no yet been optimize 93 / Buck three phases: U_DClink=1180V, Ubat=590V, fsw=24kHz -
for maximum efficiency yet / —— Buck three phases: U_DClink=1180V, Ubat=800V, fsw=24kHz
92 , ; ; ;
0 10 20 30 40 50 60
Power in kW
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Measurement results
Oscillogram of ND-SRC

= Operating point:
P =59 kW

= Bridge voltages at the transformer > 1000 - x__B?LE,Zm i
(V_Br_Prim, V_Br_Sek) show the é, 0
expected rectangular shape =
= The currents in the transformer > ~10004
(I_Res_Prim, I_Res_Sek) also show the
expected sinusoidal shape with a 100 0 > 1o > 20 2> 30 > 40

superimposed triangle

/C\ @\ =i |_Res_Prlim
50 |

;;J . | /// f \N ) { / \\— | Res_Sek |
:S; -50 k / \\\\ / \\x
sl | A N Ry
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Measurement results
Oscillogram of the Buck Converter

= Buck converter with only one phase
= Operating point:
* Vociink = 1180V, Vg, =590 V

= = duty-cycle = 0,5 - 1000 — V.S |
P =49 kW © 500
* Current ripple in choke = 24 A =
0
0 20 40 60 80
100 :
< 90 //'\ //\\_ e
£
‘5 80 =
3 70 \/ ~.
60
20 40 60 80
Time in us
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Measurement results
Oscillograms of the interleaved Buck Converter

500

Voltage in V

= PWMs are phase-shifted by 120° < VN NN T

Lower total output current ripple £ 207

= Operating point (top): . -~ - - -
Vocink = 1180 V; Vg, = 590 V Timedhrus
- duty-cycle = 0,5
lour = 30 A (= Poyr = 18 kW) stti6 || |
Current ripple in chokes = 24 A, =t
Output current ripple = 9 A,

500

Voltage in V

= Operating point (bottom): == - . s 5
Vociink = 1180 V; Vg, = 800 V
- duty-cycle = 0,68
lour = 20 A (= Poyr = 16 kW)
Current ripple in chokes = 22 A,
Output current ripple < 2 A,

Current in A

Time in us
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Summary and Conclusion

= A new concept for power electronic system technology for future high power charging stations in the megawatt range
Reduced material demand
1.5 kV DC-bus
use of 2 kV SiC power modules for high switching frequencies
The DC distribution enables high peak loads
Charging stations do not necessarily require an additional grid-supporting battery
High simultaneity factor is achieved when charging multiple vehicles.

= Development of an appropriate fast charging system for passenger cars and commercial vehicles
System with good scalability for future developments
Compact demonstrator, while achieving high conversion efficiencies (> 98% in the DCDC converter)
The chosen voltage ranges allow realization within today's low voltage standards up to 1500 V¢
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