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Abstract: An Artificial Neural Network (ANN) based speed control for a three phase induction motor is presented. The speed of
the motor is controlled by using a thyristor voltage regulator with variable firing delay. The ANN used is a two layer feed forward
type and is optimally trained to generate the firing delay for a desired speed torque combination. Also implemented in the
presented model is a soft starter which gives the firing delay an appropriate time varying profile. The gradual increase in the
motor supply voltage caused by the soft starter leads to a significant reduction in the motor starting torque and current pulsations
as evident from the simulation results. The model is tested for several torque speed combinations and the performance of ANN
controller as well as soft starting technique are found to be satisfactory.
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I. INTRODUCTION
Induction motors have widespread usage in industry as well as house-hold applications. One of the problems encountered with these
motors is the high starting current and high starting torque [1]. The high starting current causes voltage dip affecting the operation of
power system equipment connected to the motor bus along with overheating of the stator winding while excessive starting torque
and the accompanying pulsations can damage the motor bearings and load couplings and cause belt slippages in case of belt
connected loads [2].
As the torque and current of an induction motor directly depends on the supply voltage, it is desirable to control the voltage applied
to the motor by a device known as the soft starter. A soft starter not only helps in reducing the starting torque and current by
supplying a reduced voltage at the time of start but can also be used to save energy under light load conditions [3]. Soft starters are
thyristor/IGBT based devices and when compared to conventional starters used for IM (such as Star/Delta) are cheaper and provide
a smoother variation in the supply voltage [4].
The soft starter can also be used to control speed of the motor by using voltage control. The firing delay of the thyristors can be
adjusted for a particular voltage corresponding to a given desired speed [5].
In this paper, an ANN fed soft starting scheme for starting and speed control of a three phase induction motor is presented. The ANN
is optimally trained to generate the firing delay ([7) for a particular speed torque combination which is then input to the soft starter.
The soft starter provides a time varying profile to this [J and limits the starting current and torque pulsations. The details of the
circuit implemented in SIMULINK are discussed in subsequent sections.

Il. SPEED CONTROL USING ANN

In the first part of the work, the speed control of the induction motor is implemented using an artificial neural network. Initially, the
data required for training the network is obtained using a SIMULINK model shown in Fig. 1(a). The induction motor used is a 3 HP,
4 pole, 220 V, 50 Hz squirrel cage induction motor having stator resistance of 0.435 (1 per phase, rotor resistance of 0.816 [ per
phase and inertia J = 0.089 Kg-m?% A three phase, 220V voltage source is connected to a thyristor voltage regulator and the
regulated voltage is used to excite the motor.

The voltage regulator consists of six thyristors arranged in anti-parallel arrangement for each phase as shown in Fig. 1(b). The firing
pulses for the thyristors are generated using the in-built MATLAB synchronized 6-pulse generator which requires the line voltages
for synchronization and the firing delay (angle [7) as one of its inputs (Fig. 1c). For a proper working of the three phase voltage
regulator, the firing sequence for the different phases is kept as shown in Fig. 1(d). A phase difference of 180° is required between
the pulses used for the two thyristors of a given phase while the phase difference betweeen corresponding thyristors of the three
phases is 120°.
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Fig. 1(d). Firing sequence for different phases

The speed control of the induction motor is achieved by controlling the firing delay [ input to the synchronized pulse generator. By
increasing [, the output voltage of the regulator can be reduced and thus, the speed of the motor (directly proportional to the square
of the applied input voltage) can be reduced. For a given firing angle, the applied torque is varied and the different speeds obtained
are noted to generate and plot the training data as shown in Fig. 2. The data represents the T-N characteristic of an induction motor
(in its stable operating region) for a given firing angle.
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Fig. 2. Training Data consisting of torque, speed and [J values
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The training data is used to train the neural network which is chosen to be a two layer feed forward back propagation neural
network. The input is a 2x1 vector consisting of speed and torque values while the output is a 1x1 vector consisting of the firing
delay (angle [7) values. The hidden layer consists of 20 neurons and utilizes the ‘tansig’ function while the output layer has a single
neuron using the ‘purelin’ function. A schematic of the designed neural network is shown in Fig. 3. The weights and biases of the
various hidden layer and the output layer neurons are adjusted in the training process which is implemented using the LM algorithm
by the MATLAB nftool. A total data of 2520 sample points is used out of which, 85% is used for training, 15% for validation and
the remaining 15% for testing. The performance optimized after 480 iterations is depicted in Fig. 4. As can be seen from the figure,
the best performance obtained is 62.8 while the gradient reached is 62.8. The neural network is finally again tested with a part of the
training data to check the fitness as ahown in Fig. 5.
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Fig. 5. Testing of the ANN for checking fitness

I1l. SOFT STARTING

In the second part of the work, a soft starter is designed to reduce starting torque and starting current pulsations. Basically, the soft
starter smoothly varies the firing delay required for a given connected torque and a given speed requirement. [1 is varied from an
intial high value (optimally chosen to be 70°) to the required value. The initial high value of [ reduces the initially applied voltage
which reduces both the starting torque and the voltage. [1 is gradually reduced to the required value. Through simulations, the input
voltage obtained using a value of [J higher than 70° is found insufficent to start or accelerate the motor to the required speed
(causing unstable operation). The variation in [ with respect to time can be mathematically given by equation (1) which is
implemented in the soft starter shown in Fig. 6. ...(1)

The soft starter accepts as inputs, the final value of (1, [; (calculated using the ANN), the ramp-up time tr (time duration in which [J
reduces from the initial high value to the required final value), a factor indicating the desired rate of change of alpha with time,
shown by ‘p” and the initial high value of [, indicated by ‘A’ in Fig. 6. The output of the soft starter block is the time varying [,
i.e., [J(?). Also shown in the logic is a selector switch to limit [J to [l for time t > tg.
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IV. SIMULATION RESULTS AND DISCUSSION

The complete model of the induction motor speed control and soft start is shown in Fig. 7. The induction motor is fed from the
output of a three phase thyristor controlled voltage regulator. The optimally trained neural network block calculates the desired
firing delay *[1° for a given speed torque combination which is then given to the soft starter for generating the [ ramp to be input to
the firing pulse generator. The variation in [ causes the voltage regulator to make a corresponding variation in the motor input
voltage and thus controlling the torque, speed and current variations. Several measurement blocks are connected in the model for
obtaining the voltage, current, speed and torque profiles.

The model is simulated for different torque-speed combinations and the results are found to be satisfactory. As an sample case, the
results obtained for the speed torque combination (N = 1430 RPM, T = 15 Nm) are shown in the following figures. A comparison is
made between the two cases; with and without the use of soft starting (DOL starting). In case where soft starting is not used, the
value of [J calculated by the ANN block is directly fed to the voltage regulator. For the given case, the value of [ estimated by ANN
ois 30.68° and the ramp profile generated by the soft starter is shown in Fig. 8. A quadratic variation with time is chosen (L) varying
with [1t) by assigning p = 0.5 in the block. The corresponding variation in the regulator output voltage, or the motor input voltage is
shown in Fig. 8(b).
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Fig. 8(b). Motor Input Voltage Profile — DOL Start and Soft Start Comparison

It can be seen from the voltage profile that in case of DOL starting, the supply voltage is initially near 240V and after showing some
dip (to 205V) reaches the final value of 225V (corresponding to [ = 30.68%) in about 0.6 seconds. In case of soft starting, the
voltage builds up from an initial value close to 160V to the final value of 225V in about 2 seconds. Again, a small dip is seen near
1.2 seconds. The variations in the motor speed are shown next in Fig. 9. From the speed characteristics, it is noted that a time delay
of about 0.8 seconds is caused in reaching the final speed value (1432 RPM) due to soft starting when compared with DOL starting.
This time delay can be acceptable in most practical applications.
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Fig. 9. Motor Speed — DOL Start and Soft Start Comparison
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The beneficial effects of soft starting are most easily observable in case of torque and stator current variations shown in Fig. 10. A
plot of the mean torque is presented in Fig. 10(a). The mean torque which is nearly 50 Nm in the intial starting period for about a
quarter of a second in case of DOL starting reduces to less than 20 Nm during the same period in case of soft starting. The reduction
in the magnitude of the initial torque pulsations is also easily noted from the instantaneous torque plot shown in Fig. 10(b). The
motor torque in case of soft starting later increases for a short duration to about 35 Nm and finally stabilizes at the set value of 15
Nm. Again, as for the speed, a time delay of about 0.8 seconds is observed in the attainment of the steady value in case of soft
starting when compared to DOL starting. The advantage of soft starting in reducing starting current pulsations are seen from Fig.
10(c) where the RMS values of the starting current for DOL start and soft start are compared.
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Fig. 10(b). Instantaneous Torque — DOL Start and Soft Start

The starting value of the stator current is nearly 60A in case of DOL start which reduces to about 30A in case of soft start. The
maximum RMS value of stator current in case of soft start is 40A near 0.5 seconds. The instantaneous currents are shown in Fig.
10(d). Thus, it is noted that with the use of soft starting technique, significant reduction in the starting torque and currenr pulsations
can be achieved.
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Fig. 10(c). RMS Stator Current — DOL Start and Soft Start
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V. CONCLUSION

In this paper, an ANN based speed control of a three phase induction motor is presented along with a soft starting technique. The
ANN controller is trained using several speed, torque and firing angle combinations and genrates a firing delay suitable for a
corresponding speed — torque combination, The soft starting is applied by using a thyristor voltage regulator whose firing delay is
suitably time controlled. The motor input voltage is gradually increased to its final value thereby reducing the starting torque and
current pulsations. The circuits are implemented in MATLAB / SIMULINK and the simulation results are found to be satisfactory..
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