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A Design Methodology of an Optimal Torque Minimizing the Total
Loss of an Induction Motor by Means of LMI
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When the motor speed is reduced by a regenerative brake, the mechanical energy of rotation can be converted

into the regenerative electric energy. In order to improve the e ciency of the motor drive systems, the optimal

regenerative and acceleration torques of the motor should be studied to maximize the regenerative electric

energy and to minimize the required energy for acceleration. This paper proposes a design methodology of

the optimal torques for a three phase squirrel-cage induction motor, which minimize its total loss by means

of LMI (Linear Matrix Inequality). The derived optimal torque meets the given constrained conditions of the

torque amplitude, the operation time period, and the rotating speed range; the regenerative electric energy

becomes maximum, and the required electric energy for acceleration becomes minimum. The e ectiveness of

the proposed method will be illustrated by means of both simulations and experiments.
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Fig. 1. The objective induction motor drive system.
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Fig. 2. Schematic diagram of an optimal

regenerative torque under the constraint condition

of torque amplitude Te zmin.
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Fig. 3. Schematic diagram of an optimal

acceleration torque under the constraint condition

of torque amplitude Te zmax.
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(13)

4.

4.1 LMI

J

t = t1( t3)

rm[n] rm[n]

LMI J

= [A A2 · · · An]T (14)

=

B 0 · · · 0

AB B
. . .

...
...

. . .
. . . 0

An 1B An 2B · · · B

(15)

, y

y = rm[0] + Te (16)

In n W1 = w1In W2 =

w2In y0 My

y0 = rm[n] An rm[0] (17)

My = [A
n 1B An 2B · · · B] (18)

J

J = ( rm[n] rm[n])
T( rm[n] rm[n])

+T T
e W1Te + y

TW2y

= (yT0 y0 + rm[0]
T TW2 rm[0])

(yT0My rm[0]
T TW2 )Te

T T
e (MT

y y0
TW2 rm[0])

+T T
e (MT

y My +W1 +
TW2 )Te (19)

Table 1. Parameters setup.

Rs ( ) 2.63 Rr ( ) 2.42

Ls (H) 0.177 Lr (H) 0.173

M (H) 0.167 p 2

w 10 4
r (Wb) 0.5

J (kg · m2) 0.0073 (N · s) 0.0036

zmin (Nm) -3 zmax (Nm) 3

J

(yT0 y0 + rm[0]
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Fig. 4. Regenerative torques derived by LMI and

variational method without the constraint condition

of torque amplitude.
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Fig. 5. Regenerative torques derived by LMI and

variational method under the constraint condition

of torque amplitude |Te| 3 (Nm).
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Fig. 6. Acceleration torques derived by LMI and

variational method under the constraint condition

of torque amplitude |Te| 3 (Nm).
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