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Fig. (1): Parasitic capacitances of induction motor
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Fig. (2): Induction motor high frequency equivalent circuit with
cable, bearing and common mode voltage effect
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Fig. (3): The stator flux movement vector via the rotor flux
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Table (1): Common mode voltage for different switching states
Solite FjalS slacdle gl S iie azg 5By () Jguar
States | Vg Vio Ve Veom
Vo Va/2 | Vo2 | Va2 | -Vy4d2
VvV Va2 | Va2 | -Vao/2 | Va6
V, Va2 | Va2 | -Vg/2 | -V4cl6
Vs, -Vao/2 | Va2 | -Va2 | -Val/6
Vy -Va/2 | Va2 | Va/2 | Va6
Vs -Va/2 | -Val2 | Va2 | -Vac/6
Ve Va/2 | Va2 | Va/2 | Vgl6
\%Z! Va/2 | Val2 | Va/2 | Vg l2
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Table (2): Parameters of the induction motor equivalent circuit
el ile Joles jae gl alyly (V) Jso
Pn (KW) 149.2
V(v) 460
F(Hz) 60
Rs(Q) 14.85¢e-3
Lls(H) 0.3027e-3
Rr(Q) 9.295¢-3
Lir(H) 0.3027e-3
Lm(H) 10.46e-3
J(Kg.m2) 3.1

Cwr(nF) 1.1

Cws(nF) 11
Csr(nF) 100
Cy(nF) 200
Ry,(QQ) 6
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Table (3): Switching pattern A
D] A) G5 35 Jgozr () Joor

br| b, | Ri | Ry | Rs | Ry | Rs | Re
Vo | V3| Vs| Vs| Ve| Vy
1| 0 | Vo|Ve|Vo|Vs|Vo|Vy
1| Ve | Vi Va| Vs| Vy|Vs
Vi [ Vo[ Vs | V| ViV,
A1 0 | Vi Vol|Vs|Vol|Vs]|V
1| Vs | Ve | Vi| Vo] V|V,
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Fig. (4): DTC block diagram

Jgua> optimal switching table «(f) Js& ol SLo Sob o
ol slasogys @ azg b sl 55 oy allie (S0ulS
Fosal 4y Sl Ggbl Lo las 5 jgliss slas) (S5alS
olis olad amio o 1) 5y slajlep (B) JSb 0sd sa Jlosl
Loaz)s #eapgly S5l g ple e boslail S 5l ls caliams oo

RN R CE RN

v, v,
2
3 1
V, < >V,
4 6
5
v, v,

skdg Lgl.a:)lo).; (0) S
Fig. (5): Voltage vectors
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Fig. (7): Simulation results with the table (A): (a) stator current
(b) Dc Link (c) rotor speed (d) common mode voltage (e) the
electromagnetic torque
(f) bearing current (g) bearing current
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Fig. (6): The voltage vector selection for table (A)
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Table (5): Switching pattern C
D) G50l Jsoz «8) Jsox
br|{bi|Ri|Ry|Rs| Ry | Rs | Rg
11| Va| V3| V4| Vs]|Ve|V,
1| Ve Vi | Vo| V3| Vy| Vs
0|1 |Vs|Vs|Ve|Vi|Va]|Vs
1| Ve[ Vi | Vo| V3| Vy| Vs
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Fig. (9): Simulation results with the table (C): (a) common
mode voltage (b) stator current (c) bearing current
(d) electromagnetic torque
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Table (4): Switching pattern B
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Fig. (8): Simulation results with the table (B): (a) common
mode voltage (b) stator current(c) bearing current
(d) electromagnetic torque
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Fig. (10): Simulation results with the table (D): (a) common
mode voltage (b) stator current (c) bearing current
(d) electromagnetic torque
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Table (8): Comparison of switching pattern effects on the
common mode voltage and torque fluctuations
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Fig. (11): Simulation results with the table (E): (a) common
mode voltage (b) stator current (c) bearing current (d)
electromagnetic torque
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