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Abstract

DC microgrid has no reactance components, so it does not generate reactive
power, is easy to connect to the grid, and can maximize efficiency through fewer
power conversion steps. The configuration of DC microgrid is classified into
unipolar, bipolar, and multipolar. Bipolar consists of three lines and is classified into
positive, neutral, and negative voltages, allowing three different voltage levels to be
utilized. This structure can lower the rated voltage of semiconductor devices and
prevent the spread of accidents by not affecting the other pole even if an accident
occurs on one pole. However, compared to unipolar, the transmission capacity is low
and there is a risk that power quality may be impaired due to voltage imbalance.
As a way to resolve voltage imbalance, a power conversion device called a voltage
balancer is connected to the DC side of the converter on the system side. However,
the voltage balancer has the limitation that when the load is concentrated on one
voltage pole, a large voltage difference occurs, which may cause the device to fail,
and only serves to reduce voltage imbalance.

Thus, this paper proposes a bipolar type DC-DC converter with voltage balancing
function. The proposed converter can simultaneously perform bidirectional power

transmission and voltage balancing without a separate voltage balancer circuit, so it



can be applied to emergency power generation sources such as energy storage
systems. To verify the proposed converter, the operating principle is analyzed under
voltage imbalance conditions and the controller is designed using a mathematical
model. Afterwards, it was confirmed that the designed controller operates stably

through simulation analysis and experiments.
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Case 3(Main: charging mode, Sub: boost mode)
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Fig. 3.4 Circuit operation mode of the case 3
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Case 4(Main: charging mode, Sub: buck mode)
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Fig. 3.7 Bode plot without and with controller in discharge mode

(a) current controller, (b) voltage controller
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Nyquist diagram
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Fig. 3.14 Nyquist plot applying double loop controller
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Table 3.3 Number of reduced components depending on voltage balancer type

Type Switches Diodes Inductors Capacitors
Buck-boost 2 0 1 2

3-level buck-boost
3-level dual buck-boost

Improved buck-boost 3 0 2 2
Dual buck-boost 2 2 2 2
Cuk 2 0 2 3
Super-SEPIC 2 0 2 3
Super-Zeta 2 0 2 3
Interleaved 4 0 2 2

4 2 1 2

4 4 2 2
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Table 4.1 Proposed converter system parameter
Parameter Value
Input voltage 250 [V]
Output voltage 600 [V]
Inductor 2.5 [mH]
Capacitor 1100 [uF]
Resistor 150 [Ohm]
Rated power 5 [kW]
Switching frequency 10 [kHz]
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Fig. 4.1 Simulation model schematic of the proposed converter
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Fig. 4.2 Waveform of the simulation results (Discharging mode)

_49_



Fig 4.3& "¢l AWE7l =4 Rz 5213 o Ha 233 us Aln

AHE o T2 A3E vtk W9 A HE ZdF Alols S8 4 REE
T 1z 5= Fob7h Fdso] dAsh B Yol AT B AWE=

A RER F4ste] oF 04x WE HdY ERFIS siagt 3% wd

AWE e dF ARae S7HE 9, dAHeR AojH ofF 4% &=

JAYY AF [, Fudh Fig 4.29 w7 R 4% 1Yy A/ I,7F

H

SR ow Frhebs Aakel UEAY olF 290A S BAtete] hgH o

— Vpo:Measured voltage
R R R R e e e e ___________________:____—"’Dn:lleniured‘-'oltﬂge
200
20.
: — IL1:Measured current
1] . . |— IL1_ref

20
— IL2:Measured current
T B B e e e — IL2_ref
S SR . , L=
: ! : . : . : :
- ; : 3 : : : :
0.0 0.5 L0 15 20 15 3.0 3s 4.0 45 5.0 55 6.0

Time (s

Fig. 4.3 Waveform of the simulation results (Charging mode)

_50_



42 49 AE 74 R 49 2%

Elektro—Automatik jite] EA-PSB 10750—-20 <%d 39 AMZgol=
AbEER o Ao} 7= Imperix ite] B—BOX RCP AH|E &8t &3
PWM &2Hs F3st= 29x FE2 Imperixol A #Hwjstar d+= SiC s}
Bvelzxl BEs A&l 54 e AlEdoldy sYsiAl 250Vl A

= /j\ =
6o0v= o el Fel we MB AuEe] Wy F&3 600VelA

250VE AAF AlolE FAT W An AWEe wdds: zdom
AT,
Ao AN - .
('} o 2 ’ Osciloscope
i \‘." L N oy (i

14
-*
DC Power supply

Converter stage

Controller

Fig. 4.4 Experimental setup of DC-DC converter prototype

_51_



Fig 4.5 ()& &= %31 54, (v AH 7Y ¢ 2=d

A 2 e
A¥3E ek Fig 45 (a)A s= F3t T4 Al d/shd AMAEH

27178 L FgelE Earekar At W dol TAYH. Fig 4.5 (b)elM ME

‘w TELEDYNE LECROY
Everywheeyouiook

vy (300V/div) |

| | | | | | } gl I |
| [ [ T T [ J? [ [ i T
I Time (50ps/div)
‘ —_—

""‘ -

w

i

m‘ TELEDYNE LECROY
Everywhereyoulook

o |

[l fiss “EL \ |
Tr rF'frl’ (l’ P{ IT"TF i

[ ]
A r S

Time (S0us/div)
—p

(b)

Fig. 4.5 Waveform of experiment results about discharging mode

(a) negative load injection, (b) sub converter boost mode operation

_52_



Fig 4.6 (a)= = 5o 79, (= AE AWE et 2= #4385 1 49
4

A3E e Fig
AgdHt A A EHFHo] A3l Fig 4.6 (b)olld AB. AWE7F 7t

6 ()M F= Hat FAem <& Vv, Aol V,

wER g AUy AF L2 A9 LEow TEsel Ay Buge

o 23,

m‘ TELEDYNE LECROY
Everywhereyoulook

L
[ [
|

T

|

v,,, (300V/div)

| | I\ |

|
I | f I [ I i T

\

!

1
+—

—_ =

|
|
v
t

T

Time (S0us/div)
—p

(a)

m‘ TELEDYNE LECROY
Everywhereyoulook

[neciov |
b W

R . T
A

v,,, (300V/div)

| bpp it o b
[ [

,_
—
e—
e
==
——

s

Time (S0us/div)
—p

(b)

Fig. 4.6 Waveform of experiment results about discharging mode
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(a) negative load injection, (b) sub converter buck mode operation
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