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Three-Level Bi-Directional DC-DC Converter and Its Control Strategy
Used for Super-Capacitor Energy Storage System
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(1. Beijing Jiaotong University Beijing 100044 China
2. Beijing Subway Technology R & D Center Beijing 102208 China)

Abstract The switching device voltage stress of traditional two-level DC-DC converter is high,
and the output current ripple is big. Used a three-level bi-directional DC-DC converter to control super-
capacitor energy flow, which improves the super-capacitor charge/discharge efficiency and input
voltage level. Analyzed the three-level bi-directional DC-DC converter working principle and control
strategy, a simulation platform is built by Matlab/Simulink, which verify three-level bi-directional
DC-DC converter topology advantages, meanwhile realizes the control of the DC net voltage, flying
capacitor voltage and super capacitor charge/discharge current; finally, the prototype experiment
illustrates the rationality and effectiveness of the converter and its control strategy.

Keywords: Three-level, bi-directional DC-DC converter, flying capacitor, super capacitor, control

strategy

1992 Meynard T A
Foch H
1980 A. Nabae Pinheiro J R Barbi I
1999

(1]
[1-3]

2013-10-08 2014-06-14



84 2015 4
1/2 2 3
Buck  Boost
(1-3] Buck
VH—__—CI:_
[4-5]
DC750V DC1 500V
DCI1 500V
DC1 000 1800V WAl
2
Fig.2 Three-level bi-directional DC-DC converter
working state
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Fig.3 Three-level bi-directional DC-DC converter main
working waveforms
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Fig.1 Three-level bi-directional DC-DC converter topology

Buck D 0.5 to-t1 Q Q
Uap=Un Chpy ti-t
Qi Qs Uap=
Un/2  Chuy t3-14 Q2 Qs
Uns=Us/2  Chy Buck D 0.5
to-t1 Q1 Qs


Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

Administrator
Ink

拓扑构

Administrator
打字机文本


30 8

85
Uas=Un/2 Chay ti-t2 Qs
Qs Uas=0 Cuy bh-13 0 Uu/2 Un
Q Q4 Uas=Un/2
Chy
2.2
Buck D 0.5
1 ¢t
Uge :?LO U ppdt [7-8]
1 Uy
=7 Unl(t —19) + (15 —tz)]“‘T[(tz =)+t —13)]
[8-9]
1 U
:FI:UH(T;)n _Toff)""7H2Toff:| 4
T QI
= ;“ Uy =DUy 1 DEa
Buck D 0.5
1 1 (U 4
Ugo =— | Uppdt =—<—[(t, =1,)+(t; ]}
5¢ TJ.fo AB T{ 2 (=l + (5 =1) Fig.4 Two-level bi-directional DC-DC
T converter control block
=lﬁ2ﬂm= LUy =DUy 2
T 2 T
1 2 Usc
T 1IGBT Ton Totr Ucty=Un/2
1/2[1,3,10-11]
2

UHref— r Iref+
n Un_m > I pp
UH_limit I fimit
[.YL'
U, +
Io.s fyref (%)—»‘Uﬂy -
Ude Uny timit

Uny
AP LA TS LA B

UHref -, L £+,
Un_pr [ e 1 p1
i .
Un_timit I_timit
[.Y(.'
U +
Uge Uny _timit

Uny
AR AR R

5
Fig.5 Three-level bi-directional DC-DC converter control block
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Qi 1
Q2 Tab.l Simulation model parameter chart
Ucry Un/2 Qi
Q Ueny  Un/2 /KW 50
Q2 Qi
A% 750
Ql A% 850
Q2 A% 900
Ucry Un/2 Q2 /uF 1100
Qi JuF 3 400
Ucny Un/2 Qi Q2 /F 31.5
/mH 2
3 /kHz 5
2.1 2.2 /A 200
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Fig.7 Simulation of current ripple and voltage stress
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Fig.6 Three-level super capacitor energy storage system
simulation model 8
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Fig.8 Simulation model control system working flow
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Fig.9 DC net voltage control effect
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Fig.10  Super capacitor charging/discharging current

control effect
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Fig.11 Flying capacitor voltage control effect
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Fig.12 Three-level bi-directional DC-DC converter Fig.15 Three-level super capacitor energy storage system

physical appearance experimental results
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Fig.13  Schematic of system components
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