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Abstract

This study proposes a DC-DC converter topology of solid-state transformer for low-voltage DC
distribution. The proposed topology consists of a voltage balancer and bipolar DC-DC converter. The voltage
and current equations are obtained on the basis of switching states to design the controller. The open—loop
gain of the controller is achieved using the derived voltage and current equations. The controller gain is
selected through the frequency analysis of the loop gain. The inductance and capacitance are calculated
considering the voltage and current ripples. The prototype is fabricated in accordance with the designed
system parameters. The proposed topology and designed controller are verified through simulation and

experiment.
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Fig. 1. Configuration of solid state transformer for LVDC.
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Fig. 2. Configuration of LVDC (a) Unipolar, (b) Bipolar.

AC grid

+
=~

P

ns

Voltage balancer

Hu
=
[ N
oo
o2
44
o
3
@)
A
0
=
i,
2
)
ot
e
-

Load #1

\
\
Load#2

Load #3

Bipolar DC — DC converter

Ny

Y

>

L1l +

L C01:: Rol Voml

a7 12 LVDCE SSTe] #4& HolF+
ojth. SSTA=HE AlEe] st wFdds 4

(1T oA

o
fu
E
o
9-&‘
N
)
ot
3
)
@)
o
T
N
1
10
o oo
ol
)
Bt >
U i o |

AR e A AlelE 918 DC-DC 1HH

T3 = ol gl
Bo=RoME SSTY AR wjdg o
Aoatr] 3 DC-DC AMEHE 93+ 3
E

2
o
Lo

é
0,
f1 2 o ool gfo

oo

19h8 w58l Alolste Ad wE

750V E= o] 7hedt 54 7AWE 3=

ALk AtH JZE FAH o R FA G|

d3S S92 A9E nfgoz g A Ao

718 AAEET} AetelE DC-DC AWE 5%, At

Joue]S 1g)al et 2 wE AW Ao
[e)

PR
—
O)v

A} AF WALLVDC) 7AME e 89t g4
gl wel a2y 29} o] @A (Unipolan) @ F=43
(Bipolar) 2.2 &3 4 g g=4 LvDCE A
HE & e S 7HA7] wiite] Feke] Eardel B
AsEA] grol Alof7h golsiel skAIRE shte] S-S 7t
7] wiEoll Alarz dAE 4 dEo] Ay o] A
ol w71A " wbd =4 LVDCE sl =

. Mode 1 . Mode 2 .

A

u GS2

u

GS1°

DT (1-D)T.

A 1 1 1

u u

GS3>

GS4

2

(3

A Fatell Afazh sl = e SHgE o8
g THol bedl = AR HEEe He
1

!
ot

r
)

i co=E R
o &9 dor d8S T o
gk Hogo] Nh=A] o] Fojxof gt

= DC-DC 7HH 9]

o]

e

DC-DC ZAWEfol, <t
AMEZ FAE ] k.



The Transactions of the Korean Institute of Power Electronics, Vol. 24, No. 4, August 2019 231

+ Sl-l ici +
C

b1 Vi Rl
S2‘| Lf lLf'—lr h
v, vaYY\ > Y
ST
Gy, V2 R2
> o
<
(a)
i
T
Gy Vi1 Rl
o LT
v, Y N
v, -
- L
Gy, V2 R2
] b

oy t T

(b)
Fig. 5. Current path of voltage balancer (a) Mode 1, (b)
Mode 2.
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Fig. 6. Proposed bipolar DC-DC converter topology.
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Fig. 7. Control strategy (a) for voltage balancer, (b) for bipolar DC-DC converter.
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Fig. 8 The output waveform of voltage balancer in unbalance
load condition.
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Fig. 9. The simulation results of LVDC DC-DC converter
(a) Under balance load condition, (b) Under unbalance load
condition.
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Fig. 10. The LVDC bipolar DC-DC converter prototype.

TABLE II
DESIGNED INDUCTOR PARAMETERS

Parameters Value (unit)
Permeability 601
Nominal Inductance 672 nH/N
Number of turns 67 turns
Outer diameter 103 mm
Inner diameter 55.7 mm
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