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A Study on the Sensorless Speed Control of Induction Motor

using Direct Torque Control
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Abstract : The Direct Torque Control(DTC] controls torque and flux by restricting the
flux and torque errors within respective hysteresis bands, and motor torque and flux
are controlled by the stator voltage space vector using optimum inverter switching
table. And the Current Error Compensation method is on the basis of compensating
current difference between the induction motor and its numerical model, in which the
identical stator voltage is supplied for both the actual motor and the model so that the
gaps between stator currents of the two can be forced to decay to zero as time proceeds.
Consequently, the rotor speed approaches to the model speed, namely, setting value
and the system can control motor speed precisely. This paper proposes a new sensorless
speed control of induction motor using DTC and Current Error Compensation, which
requires neither shaft encoder, speed estimator nor PI controllers. And through
computer simulation, confirm effectiveness of proposed method.

Key words: Direct trorque control(DTC), Current error compensation method,
Sensorless control
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Table 1: Selected voltage vector and definition

v, Radial positive voltage vector
Vi, 1 Forward positive voltage vector
A Forward negative voltage vector
Vi3 Radial negative voltage vector
V, 1 Backward positive voltage vector
V,_o Backward negative voltage vector
v, Zero voltage vector
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Figure 1: Conception diagram of direct torque control.
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Figure 2: Flux and torque hysteresis comparator.
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Table 2: Optimum switching vector look-up table

Coronlftagjg or Sector
@y | ey | 1| 0| M| V|V | W
+1 +1 Vy V3 Vy | Vs Vg \'A
+1 0 Vo Vo Vo | Vo Vo Vo
+1 -1 Ve Vi Vo | V3 Vy Vs
-1 +1 v, v, v, | Vg v, v,
-1 0 Vo Vo Vo | Vo Vo Vo
-1 -1 Vs Ve Vi | Vs \E! \Z
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Figure 3: Block diagram of direct torque control
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Figure 4: Input and output variables of motor
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Table 3 Parameters of induction motor
dAEH 3(HP) R, 1.56[%2]
BAAY | 2200V) L, 180(mH)
A F 9(A] L 180(mH]
AA&E | 1735(rpm] L, 176(mH)
5 4 J(BARNE) | 0.1(Keg-m?)
R, 2.0(2] AEHF7 100]{us]
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Figure 7: Speed response for step change of speed
(a) 200[rpm], (b) 1000[rpm]
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Figure 8: Speed response for step change of speed
setting. (500[rpm] — -500[rpm])
(a) speed response, (b) torque response
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