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ABSTRACT

This thesis presents the development of a 3-phase matrix converter, starting from a simple
equal PWM pulse (EPWM) to a more complicated unequal sinusoidal PWM pulse (SPWM) for the
application of variable speed drive under a constant voltage-to-frequency ratio ¥, /s, with variable
frequency control range from 0 — 50 Hz. The design of control signal for the IGBT switching
devices will be first described in details both for the case of EPWM and SPWM. These signals are
variable in shape depending on ac line input voltage ¥, and the desired 3-phase PWM pattern
which is variable by changing the parameter of duty ratio and frequency. Then, the calculation of
voltage ¥ to obtain a constant ratio of % /£, will be proposed, using the principle of Fourier
analysis to calculate the fundamental component ¥, of the PWM pattern which is also variable
depending on duty ratio and the line voltage¥,. The principle of the proposed 3-phase matrix
converter has been implemented in a prototype test-set and is used to drive the 3-phase motor with
two proposed EPWM and SPWM pulse-patterns. The number of PWM-pulse is also increased
from 9-pulse by eight times to a higher pulse density of 72 pulse per half-cycle. Under this
condition, the result shows that the SPWM pattern can contribute a better sinusoidal motor current

than that of the EPWM pattern.
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B = — [ v, (cos(nar,) - cos(nar,)) +v, (cos(net,) — cos(naty)) |

b, =~ [(cos(nat, ) — cos(nar,))—(cos(nar, ) +cos(nar,))|
nr (4.6)

NAUNTN (4.1)

v =a,+ [ a, cos(nwt)+b, sin(not) |

unua 22 Tuaumsi 4.1) wefmuiuman Vo )

Vo =a,+ Z [a, cos(at)+ b, sin(wrt)]

n=1
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Vv, =a cos(wt )+ b, sin(wt)

o,l

v, = [V—;’r[(sin(na)i‘2 ) —sin(not,)) - (sin(not,) + sin(nwg))] cos(na)t)]
n

+ [— %[(cos(nwtz ) —cos(not,)) - (cos(nat,) + cos(na)rj))]sin(na)t)} (4.7)
n

W maazy gl 4.3 dawnny

UNUAIYIIIAIA9 A Tuaumsne.7)

Vv, = v—“’[(sin(g T)— sin(%:r)] - (sin(%n’) + sin(—:,:— JT)):| cos(a)t)}

T

v, 5 1 11 7 ;
+ _— ?[(cos(g m)— cos(g ﬂ)] = (003(? 7)+ COS(E 75)” sm(a)t)}

ar o 9 as cf
ATOVVUIALTIAUDINNN Vo ! 1?’17’]\11‘!

v, =——V,sinot
T
3)
Vo],peak = 72"2 (Vd)
2 2
I/ol,peak - |al| +|bl|
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A 1.8-kHz -Switching Frequency 3- Phase AC-AC Matrix Converter for Induction Motor
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Abstract

This paper presents a 3-phase AC-AC matrix converter for variable
speed drive of a 3-phase induction motor under a constant voltage -to-
frequency ratio ¥} / J; with variable frequency control range from 0 -50 Hz.
First, the design of control signal for 9 IGBT switches will be described in
details. These signals are variable in shape depending on the ac line input
voltage ¥; and the desired 3-phase PWM pattern which is again variable by
changing the parameter of duty ratio and frequency. Then, the calculation of
voltage ¥ to obtain a constant ratio of ¥, /f; will be proposed, using the
principle of Fourier analysis to calculate the fundamental component ¥} of
the PWM pattern which is also variable depending on duty ratio and the line
voltage ¥; . Moreover, a prototype of the 3-phase AC-AC matrix converter
has been constructed and actually operated to drive the 3-phase induction
motor and the test result was obtained for various motor speed-torque curve,
using a 3- Phase 2 hp induction motor with rated voltage and current of 220
V59A
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