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Design and Simulation of High Efficiency PWM Modulation Method for
Three—-phase Matrix Converter

Hyun-Joo Lim', and Hanju Cha'

Abstract — A matrix converter is used for converting AC/AC power directly. In order to generate sinusoidal
input/output waveform in matrix converter, it uses nine bidirectional switches and PWM modulation. This paper
presents an analytical averaged loss model of matrix converter with DDPWM(direct duty ratio PWM) and
proposes a new switching method for reducing switching losses. A Mathematical loss models with average
magnitude of voltage/current are classed as conduction and switching loss. The proposed switching pattern is
improved with existing DDPWM. To prove improved efficiency with proposed DDPWM, this paper compares
losses between suggested switching pattern and conventional switching pattern using mathematical and
simulation method. Each loss types are influenced by environmental factors such as temperature, switching

frequency, output current and modulation method.

Keywords: matrix converter, high efficiency, PWM, loss analysis, PWM modulation method
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Table 2 Matrix Converter parameters for loss analysis

simulation
Reference Vi Ir
conditions (V) 2 (A) 33
VC]_?,O 25OC 1 . 25 Eon,T 3
(V) 125°C 2.2 (m])
IGBT w | 5°C | B8 | Bar |
(mQ) 125°C 37.74 (m])
Vo 25°C 0.85 Erp 273
Diod (V) 100°C 0.75 (m)) '
ode Rox | 2°C | 16.129
(mQ) 100°C | 19.608
Vi oi
Input (Vo) 220 (rad/s) 2nx60
Io o
Output (A) 404 (rad/s) 2mx52
Switching fe 10
frequency | (kHz)
L
Load R(Q) 20 (mH) 40

sl

B Edge B EpA ANE £ 8
44 EuE AdE EdA2E
Jit Ae 45 146804W(25°C, 126°C @ 25.85W)0] L
b3

AEo AN AR BT AR £ 166TWAE
ol & 5tk gL PHOE tolere] Pt Aw
£48 11.813W(25°C, 100°C = 9.144W)olal Al oA

94 :xoi—ﬂ- L Ao

L 2T

1L8IWSl& 2l & = Qv

1.0016400+000
1.0214600e+000
2.52745448+001
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Table 1 Compared Matrix converter total losses
DDPWM Method ‘ Proposed Method
Transistor _ 2 \/_ )
Conduction Poovr=3 * (= =1, Vem + Byd))
Diode B 2 f y
Conduction Peonp=3 * LV + Rpgl,)
Switching 9+6 \/_ X _ 18
ON/OFF P ON] OFF, — (ffO\/OFF 2 oL e f (,-) P, 0]\'/0FFT_3 * gON/OFF‘T?'E;Z AR &
Reverse 9+6+/3 B 18
Recovery PRHD =3 (ET”’TE;’ (VA f(:) PRHD =3- §0FFD?E;‘ * Lo f.
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