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Operation Characteristics Improvement of Simplified Indirect Matrix Converter
Based on Leading Current Compensation
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This paper describes an improved strategy for the total harmonic distortion of an input current of a simplified indirect
matrix converter. The control of the current-source rectifier on the input side is based on space vector modulation, and
a two-phase triangular carrier modulation technique is applied to the input and the output to prevent interference due

to zero-vector collision between both the sides.

In addition, this paper describes that the simplified indirect matrix

converter cannot achieve a unity input power factor operation and harmonics reduction in the low-load range because it
has a real DC bus. Therefore, leading current compensation is applied to solve the problem, focusing on the low-load
range. The improved operation characteristics are confirmed through computer simulations and experimental tests.
The total harmonic distortion improved by 31 points, whereas the total input power factor degraded slightly by 14

points.
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Fig.1. Circuit configurations of matrix converters.
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Fig.2. Simplified indirect matrix converter.
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Table 1. Switching table of current-source rectifier.
Sectors | 000 | 100 | 010 | 110 | 001 | 101 | 011 | 111
612, 6, | OSO 00s
0,05 | 0SO 00s
04, 05 | 00S SO0
PNO | OPN | PON | NOP | ONP | NPO
s, 0, | 00S SO0
03,0, | SOO 0SO
61, 611 | SOO 0SO
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Fig.6. Control block diagram.
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Table 2. Relation between current vectors and DC-bus
voltage polarity.

Voltage Positive DC-bus Negative DC-bus
Sectors voltage mode voltage mode
(max —min) (max —mid) (mid — min) (min—max) (min—mid) (mid — max)
612, 6, PNO PON ONP NPO NOP OPN
0,, 05 PON PNO OPN NOP NPO ONP
04, 05 OPN NPO PON ONP PNO NOP
Os, 0 NPO OPN NOP PNO ONP PON
O3, Oy NOP ONP NPO PON OPN PNO
O, 011 ONP NOP PNO OPN PON NPO
o
PNO N4 PON
%2 31
ONP OPN
B
NOP NPO

Fig.10. Limit of unity input power factor control.
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Table 3. Electric parameters of power circuit.

Input Power Source 3¢,200V, 60 Hz

Ly/=12mH, C;=20 uF
(0.03 p.u., 0.10 p.u.)
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Load R=12Q,L=37mH
Output Frequency 40 Hz
Carrier Frequency 10 kHz
V3l i .
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lg
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IE — v L P)Ik_ — Vrmsi’[‘j =524W - et (20)
rms
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Fig.12. Simulation result of DMC at 230-W output.

200

100
v.(V) 0
-100

-200
2

1
o 2PN ol el N W
1

2

400
200
v, V) o
-200
-400
6

Time 25 (ms/div)

i (A)

& o

'
[=}

(a) Waveforms of v, ir, v, iu

100

0.1

FFT of i (%)

0.01
0 500 1000 2000

Frequency (Hz)

1500

(b) Frequency spectra of i,

Fig.13. Simulation result of simplified IMC at 230-W
output (conventional).

6kVA D) =77 ¥ TS EIREE 2 i L, SRR
60Hz ® 30 KIZHHL T % 1800Hz £ TEHA 7% FFT 7 —
yEPRRTHRE (EELTon+1Rk) ORIz &
A > THOEMHER L IZFI L 720 Fig. 17 & Fig. 18 2
PERE: L 3RFED 200W HITDHFIZ BT A EERIER Z R,

IEEJ Trans. IA, Vol.133, No.1, 2013



HEABRMMEIZ L 2 IMC OREYE (FOFE, i)

200

100
v.(V) o
-100

-200

1
w0 SN\ NSNS NS
-1

-2

400

200

v, (V)0
-200

-400

3
i“ @ 0 /\//\\//\//\_/
-3

-6

Time 25 (ms/div)

(a) Waveforms of vy, ir, vy, iu

500 1000

Frequency (Hz)

1500 2000

(b) Frequency spectra of iy
Fig.14. Simulation result of simplified IMC at 230-W

output (proposed).
100
£ 95
&
5 90
Z
a. 85
=1 —>— DMC
g" 80 —2— Simplified IMC (Conventional)
- —&— Simplified IMC (Proposed)
g 75
S 0 200 400 600 800 1000 1200
Load (W)

Fig.15. Total input power factor (simulation results).

S 50

5 —>¢ DMC

£ 40 —/— Simplified IMC (Conventional)

8 —e— Simplified IMC (Proposed)

2 30

=l

Q

‘= 20

g

£ 10

=

=0

g 0 200 400 600 800 1000 1200
Load (W)

Fig.16. Total harmonic distortion of input current (sim-
ulation results).
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