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A Study on Current RMS Value Reduction Method for DAB Matrix Converters under Buck Condition
Kashin Kiri*, Hiroki Watanabe, Jun-ichi Itoh (Nagaoka University of Technology)

This paper investigates a current RMS value reduction method for a dual active bridge (DAB) matrix converter under buck

conditions. In the conventional method, the phase difference between the primary and secondary voltages is a fixed value designed

based on the rated specifications. Although it is expected to reduce the RMS value by controlling the phase according to the

transmission power, it has not been studied under the step-down condition. An operation method that can reduce the RMS current

under the step-down condition was investigated. It was confirmed that the current RMS value can be minimized by the operation

in which the zero current period becomes zero.
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Fig. 1. Circuit configuration of isolated three-phase AC to

DC converter using matrix converter
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(a) Space vector diagram
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(b) Relationship between sector and reference

Fig. 2. Space vector modulation for matrix converter.
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Fig. 3. Transformer voltage and current waveform.
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(a) Ratio ‘a’ is small (b) Ratio ‘a’ is large
Fig. 4. Difference in transformer current

due to ratio ‘a’ at boost condition.
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Fig. 5. Difference in transformer current

due to ratio ‘a’ at buck condition.
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Table 1 Simulation condition

Quantity Symbol Value
Rated power P 4.9 kW
Three-phase AC voltage Vac 200V
DC voltage Vg 3.7V
Input frequency f 50 Hz
Carrier frequency fow 50 kHz
Leakage inductance L 20 pH
Tum ratio of transformer Ni:N, 5.5:1
rout filk Ls 0.19 puH (%Z = 1.0 %)
nput Tifter Cr 10 uF (%Y = 5.0 %)
Dead-time Ty 250 ns
Matrix converter Matrix converter
400 voltage Vinc 400 voltage Vine
‘L iRectifier ;Rectifier
200~ 0ltage Vyec 200~ - voltage Vye
> 'Y "
. ;
g 0 0 ;
200 ‘ 2009 ¢y o
1‘0us/div’3 10us/div | 450 O Switching loss
-400 " Transformer -400 " Tyransformer a00 | 1 B Conduction loss
current iy current iy 350
40 a=0.0, 0.37p.u 40 a=6.6, 0.37p.u___ E
; : % 300
20 ‘ 3 250

- 30.1A

/\T18.3A |
0 3 0 : 150 I
ol N | . 3

Current [A]

10us/div 10us/div 0
-40 -40 ' a=6.6 a=0.22 a=6.6  a=0.0
3.0kW (0.6 p.u) 1.8kW (0.37 p.u)
Fig.7. Simulation waveforms for Fig.8 Loss analysis results

conventional method and minimum ratio ‘a’
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