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This paper investigates the sophisticated analysis of a novel switching
strategy for a matrix converter (MC) based direct torque control (DTC) of an
induction motor (IM) drive. The proposed switching paradigm utilizes
twelve 30° sectors for both flux and voltage vectors. Analytical expression of
change rates of torque and flux for IM as a function of MC’s voltage vectors
are derived. The influence of MC’s voltage vectors on the stator flux and
electromagnetic torque variation is scrutinized and an advanced switching
scheme independent of any load and speed variation is developed. To
decrease the switching losses of MC, the optimum switching state is selected
by means of discretization and averaging on the flux variations. The
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performance of the proposed switching strategy is corroborated under rated
conditions, and is also compared to the conventional hexagonal boundary
switching scheme. The proposed method is characterized by low torque
ripples, no need for rotational coordinate transformation and minimized
switching frequency. The results verify that the degree of freedom to select
proper voltage increases, and the torque ripple is hence significantly

reduced up to 40%.
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switching ‘ voltage-vector
combinations on switches values acomponent value 8 component value
Vo a,

+1 Saa | Sep | Sec | 3w 0 2/3V,, cos(wt + 7/6) 0

-1 Sea | Sab | Sac | 23V 0 ~2/3V, cos(wt + z/6) 0

+2 Sea | Scb | Sce | 23vae 0 2/3V,, cos(wt - 7/2) 0

-2 Sca | Sep | Sec | ~2/3vic 0 ~2/3V, cos(wt - 7/2) 0

+3 Sca | Sab | Sac | 283ve 0 2/3V, cos(wt +57/6) 0

-3 Saa | Scb | Scc | 3V 0 —2/\3V, cos(wt +51/6) 0

+4 Sea | Sap | Sae | 23vis | 22/3 | -1/3V, cos(wt+ z/6) v, cos(wt +7/6)
-4 Saa | Seb | Sac | ~23vus | 27/3 1/3V, cos(wt + 7/6) -V, cos(wt + 7/6)
+5 Sca | Seb | Scc | 23vec | 273 ~1/\37, cos(wt — 7/2) v, cos(wt —/2)
-5 Sea | Sca | Sec | ~23vic | 27/3 1/3V, cos(wt - 7/2) ~V,, cos(wt - x/2)
+6 Saa | Scb | Sac | ¥3ver | 27/3 | -1/3V, cos(wr+57/6) V., cos(wt +57/6)
-6 Sca | Sab | Scc | ~23ves | 27/3 | 13V, cos(wi+57/6) —~V,, cos(wt +57/6)
+7 Ssa | Seb | Sac | %3V | 4x/3 ~1//3V, cos(wt + 7/6) ~V,, cos(wt + 7/6)
-7 Saa | Sab | Sec | “3vu | 4n/3 1/3V, cos(ewt + 7/6) V. cos(wt + /6)
+8 Sca | Scv | Sec | Y3vse | 42/3 ~1//3V, cos(wt - 7/2) —V,, cos(wt — 7/2)
-8 Sea | Seb | Scc | ~%Bvic | 47/3 1/3V, cos(wt - 7/2) v, cos(wt —/2)
+9 Sna | Sap | Scc | 23ver | 4x/3 | —1/\3V, cos(wt +57/6) -V, cos(awt +57/6)
-9 Sca | Scb | Sac | ~2/3ves | 473 | 1BV, cos(wi+57/6) v, cos(wt +57/6)
Oa Saa | Sab | Sac 0 - 0 0

Os Sea | SBb | Sac 0 - 0 0

Oc Sca | Scv | Sce 0 . 0 0
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