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A Study on The DC/DC Converter

using Matrix Converter Topology

Seong-Wan Kim

Department of Marine Engineering
Graduate School of

Korea Maritime and Ocean University

Abstract

Thesedays, propulsion system for ship has been developed to achieve high
efficiency and environmental regulation. Emission regulation for
atmosphere 1s hot 1issue for main propulsion. The countermeasures for
satisfying environmental requirement are Emission reduction system,
different Fuel type or Electric propulsion system. The efficiency of

Electric propulsion system 1is based on the power converting system
AC/AC, AC/DC, DC/AC, DC/DC

In case of DC/DC converter, there are different types of conventional
DC/DC converter which use variable topologies to supply required DC
voltage by using transistors and capacitors. However conventional DC/DC
converter has limited operation method due to its configuration with
diode.

This paper describes modeling and simulation of DC/DC converter using M
atrix converter. This converter also has four quadrant operation, thanks

to 1its function, the bidirectional operation 1s accomplished. The
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performance between Conventional DC/DC converter and Matrix topology
DC/DC converter is the same. By having 8 equal switches, there are
additional operation mode rather than conventional DC/DC converter. To
control output voltage, DC/DC converter with Matrix converter uses pulse
width modulation method. This topology nowadays widely applied in power
distribution system, UPS, Solar power system and traction motor.

In this paper by using PSIM programme, the performance of stair case
voltage characteristic, response characteristic with increasing voltage
and reversal characteristic of voltage polarity are presented. And it

will be compared with conventional DC/DC Converter

- Vi —
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2.1 & ==~ AV E (SPMC - Single Phase Matrix Converter)
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Fig.2-4 Single-phase matrix converter circuit configuration
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Fig. 3-10 Fourth quadrant operation
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Fig. 3-11 Output current waveform
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Fig. 4-1 PSIM diagram for conventional DC/DC converter
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Table 4.1 System parameters used in DC/DC converter

Parameter Value
V., Amplitude 300[V]
V,.; Amplitude (s1,.94,) 22.5[V]
V,.. V peak to peak 30[V]
V... Frequency 1000[V]
V,; Duty Cycle 0.5
V, Amplitude 200[V]
T, 60[N-m]
Moment of inertia 0.1[kg—m?]

Table 4.2 System parameters used in Motor of DC/DC converter

Parameter Value
R, 0.5[Q]
L, 0.01[H]
R, 50[<2]
Ly 0.02[H]
Moment of Inertia 0.4[kg—m?*]
n 1200 [rpm]
I, 1.6[A]

Falel 17kE = EF=%110/300[V] ()
o T2 HFY FA4ow Slax Switchings Sdat NS F-A
3 D3b oF Sdavt =EHE HAES YE
ATh. AfF= Fa7h A ® FE A 23.4 ~ 29.9[A1E YER AL
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(b) Voltage output
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Fig. 4-2 Voltage & currents of conventional DC/DC converter
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Fig. 4-3 Load current and rpm of Motor

(Conventional DC/DC Converter)
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Fig. 4-4 Simulation diagram for Matrix topology DC/DC converter
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Fig. 4-5 Voltage & currents of Matrix topology DC/DC converter
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Fig. 4-6 Load current and rpm of Motor

(Matrix topology DC/DC converter)
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(b) Voltage output
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(C) Load current

Fig. 4-7 Voltage & currents of Matrix topology DC/DC converter

(Response characteristic with increasing voltage)
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Fig. 4-8 Load current and rpm of Motor
(Matrix topology DC/DC converter)
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(a) Reference Voltage, Triangular Voltage
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Fig. 4-9 Voltage & currents of Matrix topology DC/DC converter
(Reversal characteristic of voltage polarity)
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Fig. 4-10 Load current and rpm of Motor

(Reversal characteristic of voltage polarity)
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