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» Specifications
= 8-16 Vp (LV Side)
" 175-450 Vp (HV Side)
= 200 A (LV DC current)

» Motivation
= Single Stage implementation
= Multi Objective Optimization (MOO) of the converter
= Comparison with Dual Stage implementation

Efficiency

Power

Reliability Density

» Dual Active Bridge
= Soft-Switching
=  Galvanic Isolation
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Cost Power
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» The Dual Active Bridge (DAB)
= Operating Principle
= 3-5|. DAB
» Switching Control Analysis
= Zero voltage switching (ZVS)
= Piecewise linear analysis

= Switching modes and mode selection
» Modulation Strategy
» Experimental Results: Proof of concept
» Comparative Evaluation ( 3-3L vs 3-5L DAB)

» Conclusions
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The Dual Active Bridge
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Zero Voltage Switching (ZVS)
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Switching Control Analysis

» Mode selection (non linear constrained minimization)
= Soft-switching constraints

= [nput current
= Objective function:

2
—_ J2 IRMS,HF2
Jobj = Ijms mr1 + N2

1pAB,2 IDC 2
> »——o

+
SBJ | ::Cz’a
Vbe,2
: b Ca
S4JI — 6 —
Positive
o i Power Flow o

FaV/ia¥al

Technische Universiteit
. . . e Eindhoven
oy Dept. of Electrical Engineering University of Technology



EOe¢FRonicsk

Modulation Strategy

20 juni 2017 » Den Bosch

-—— —

18

!

|

I

I

|

|

|

|
_—— - =
e

|

|

|

|

I
—_—— ===

|

|

|

|

|
PR R —

|

|

|

|

I

I
s

|

|

|

|

I
R

|

|

|

|

I

|
——q---

|

|

I

I

|
R [

|

Il

Vbea (V)

Technische Universiteit
Al . . . e Eindhoven
< Dept. of Electrical Engineering University of Technology



BOMEBoNics E

_— —
20 juni 2017 < Den Bosch 9

Comparison

» ZVS achieved in the entire operating region
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Dual Active Bridge Variants e o s oo soser L
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Multilevel secondary bridge with additional degrees of freedom

Analytical charge-based ZVS modulation strategy

Comparison of a 3-5L DAB with a 3-3L DAB

Experimental verification of the concept

Design and realization of an optimized 3-5L DAB DC-DC converter prototype
(ongoing)

vVvvyyvyy

Inc.1 ipaB,1 ipag,2 Inc,2
o—> > > —c

HF ' C, T4
ng [ Transformer S5J [ Sq . - o
l_‘ fHF‘L L '[HFQH |_'
A . . X M
1T Ly ‘L',"ZT || LQTRZ 1 VDC.‘Q
B v| Sea  Sob
(B Ty - Na O s
34J :q} — S(;J ﬁ SBJ :_ _1Ces
Positive —l_
Power Flow o

s i |

FaV/ia¥al

Technische Universiteit
Eindhoven
oy Dept. of Electrical Engineering University of Technology



20 juni 2017

1031 Conrescenuum Den Bosc"___..-‘,.--" E?E%F&ONlCS E

Electromechanics and Power Electronics Group "‘“ '

3-5 Level Bidirectional Dual Active Bridge
DC-DC Converter

Thank you for your attention ! =

Georgios Sfakianakis, MSc
G.E.Sfakianakis@tue.nl

Technische Universiteit

I U Eindhoven
A D E P I University of Technology

ADvanced Electric Powertrain Technology

Where innovation starts



