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A conventional vector control of the asynchronous machine makes an
analogy of an equivalent separately excited DC machine. It offers a
decoupled control of torque and flux which is perpendicular to each other
hence one vector is not interfered by other parameters. So, torque and speed
control is achieved in an isolated manner even though they are closely
interlinked. This is implemented by aligning the rotor flux with the direct
axis of the synchronously rotating reference frame. PI controllers play a key
role to achieve the desired topology of the VFD. Three controllers are used in
the system, flux, speed and torque controller. Tuning of flux controller is
quite simple, but in case of speed and torque, it became quite tricky because
the output of the speed controller is the reference signal of torque controller.
Moreover, there is no distinct method to tune the controllers in the vector
control system. Still, the entire high-performance dynamic response of the
machine depends on the perfect tuning of those controllers. From the above
analysis, it is understood that system identification is essential to tune the PI
controllers. But being an asynchronous machine, to obtain system transfer
function in a decoupled manner is very difficult. To overcome this problem,
the proposed model will be Conventional sine PWM modulated switching
pulses are used to implement variable frequency drives for induction motor.
Space vector modulated PWM switching pulse is used to fire IGBT. In the
case of sine, PWM modulated switching, DC bus voltage utilization is 50%
whereas in space vector modulated inverter 57.73% DC Bus voltage
utilization can be achieved.
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1. INTRODUCTION

Nowadays, variable speed drives contribute essential power reserves and accurate response in
manufacturing industries. Scalar controls are easy for execution and provides an exceptional response in
steady-state. Still, the dynamics are slow because the transients are not controlled properly [1-3]. Vector
control schemes have been invented with closed-loop feedback controls to achieve high accuracy dynamics.
In the early of the 1970s, the principle of flux control was introduced and called field-oriented control or
vector control for squirrel cage induction machines. The same was done for the synchronous machines later
[4-8]. Scalar control (“V/Hz” approach) has its restrictions in terms of performance. It produces oscillations
in the torque. So, it is becoming mandatory to find a control method to avoid the swings in the induction
motors. By using the mathematical functions integrated microcontrollers, sensors, FPGA can be used for
advanced control strategies for optimal operation. It has confirmed that 90% of connected motors are of the
Squirrel cage type motors. Because of their reputation are robustness, fidelity, cheap, and efficiency. Various
control systems are popular in the industry.
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AC drives is difficult for decoupled control. The rotor current in the squirrel cage motor is
inaccessible. So, the control signals can be provided to only the stator current. Vice versa the torque equation
is a non-linear function which is needed to find a linear control to achieve maximum torque generation [9-
14]. However, it is challenging to achieve. But a better solution can be provided by the vector control method
to overcome the challenge mentioned before. The existing system is designed vector control VFDs to operate
the secondary sodium pump Motors rating of 2600 KW with speed from zero rpm to 860 rpm & Primary
sodium pump Motors rating of 3700 KW with speed from zero rpm to 590 rpm respectively [15-20]. The
following disadvantages of existing vector control VFD system.

a) Require tachometer feedback from the motor. Which increases the price of the AC motor, and there is
cost associated with mounting, wiring, and maintaining it. Since speed regulation is highly essential of
our plant process requirement (Even one rpm also need to regulate during power operation). To achieve
this speed regulation comprehensive circuit arrangement need to be incorporated.

b) Regeneration is more difficult with vector VFDs than traditional thyristor drives. Various components
have all been used for regeneration with vector VFDs.

¢) While the vector VFDs is used for dynamic braking applications, it requires different solutions. It might
need dc braking to give functional dynamic braking. It is essential because the regulator on AC VFDs
must be active to break the load.

d) Standard IM can be utilized with vector VFDs. Still, the high-performance inclinations of these VFDs
can place more substantial requirements. Particular attention must be given to motors for optimized
constant torque, high-overload duty over a wide speed range.

Hence, a new method is proposed to over the drawbacks which is presented in the next section.

2. PROPOSED METHOD
The following equations give a dynamic model of an induction motor in asynchronously rotating d-q
reference frame expressed in terms of state variables [21-23].
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Where,

isq and isq stator current.

Vsd and Vsd stator voltage.

wrd and yrq rotor flux linkage.

o=1-L*m/L, is the leakage coefficient.
Lg,L,,L, Mutual inductance of rotor and stator.
Rs and Rr resistance of rotor and stator.

w, is the synchronous speed

Reverse Park’s transformation is used for obtaining the relation between stationary and
synchronizing rotating reference.
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The foremost goal of the scalar control is to manage the torque and the flux individually. if the
current element is adapted or regulated in the flux direction while another current is set perpendicular to it,
the machine will operate as a DC machine. The FOC is satisfies as follows.

Prq = 0,9ra = ¢r 3)

Then, the dynamic part (1) can be further simplified to,
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Therefore, torque (8) becomes equivalent to the DC machine as follows,
3pL . .
T, = Tﬁ(prdlsq = KTlsq (9)
Where, K is the torque constant and is expressed as given below:
3pL
Kr = jL_mq’ *rd (10)
T
Where ¢ *,, represents the rotor flux and the slip frequency wg,; can be derived from (7) as given
below:
L i

Wy = We — W, = f(;—l (11)

Hence (4) and (5) can be decoupled by following:
# AP . .
sd = (Kp + Ki ;) (lsd - lsd) - weal‘slsq
* 1 - % . .k Lm
Vsq = (Kp + K; ;) (lsq - lsd) + w.oLgigy + a)ez(prd (12)

The impedance will be changed if the frequency is increasing or decreasing. The constant flux in the
stator can be provided as follows:

Vims = 444K.N.x s. f
Stable control technique (not affected by any feedback errors)

2.1. Closed loop-V/F control model

The induction motor dynamic simulation model is presented in Figure 1 and the closed loop control
Simulink is presented in Figure 2. The principle of constant V/F speed control is to implement a changeable
magnitude, and variable frequency voltage to the motor. Closed-loop V/F control using a VSI is given in the
block diagram [24, 25].
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Figure 1. Induction motor dynamic model simulink circuit
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Figure 2. Closed-loop V/Hz constant control

3. RESULTS AND DISCUSSION

The response of speed torque and current are simulated and resulted are captured. Fluke 434 power
quality analyzer is connected to the inverter O/P to measure the power quality. Unfiltered voltage and current
were captured and it was observed that at reduced frequency power factor is reduced. The machine was
operated from zero to maximum speed to confirm the flux level. As the modulation index of the frequency
converter is directly proportional to the voltage amplitude, so we can state that the RPM/f ratio is scaled to
v/f ratio which is constant and shown in the above Table 1.

At frequency 50.58 HZ the power factor was 0.96 lag. While frequency coming down the power
factor also decreasing and below 25 Hz the Pf was 0.76 lag and during starting the power factor was 0.34 lag.
Operating procedure of vfd is given. Hence, the V-f relation is adequate, the motor speed response is also
improved as shown in Figure 3. First, ensure all pre request are met (Tools&tackles, manpower, etc.).
Energize the DC regulated power supply to the inverter. Switch on the single-phase power supply (240V AC)
to the isolated power supply unit. Keep potentiometer to minimum position. Ensure Motor shaft feedback
given to microcontroller. The torque is normalized with respect to the nominal torque value. The actual
torque response for a given frequency along with the voltage calculated to the V/f relation is shown in
Figure 4.
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Table 1. Motor characteristics at different speed
SI.No. RPM  Power Frequency (Hz) RPM/f Ratio

1 720.74 50.5 14.26
2 607.09 42.03 14.44
3 496 36.3 13.66
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Figure 3. Speed response
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Figure 4. Torque response

Through the starting of the motor and load torque increase. Speed increases while motor torque is
greater than load torque. After having reached its maximum value, motor torque decreases as speed keeps
increasing and the obtained current response is shown in Figure 5(a) and Figure 5(b). The Hardware of VFD
Controller is given in Figure 6. Switch on the power supply to micro controller. Release the loading unit to
zero value (N-M). Slowly increase the potentiometer position and observe motor start rotating. Measure the
Motor speed conditionally with taco generator. Note the various parameters in power quality analyzer
(frequency, power factor, THD, voltage current&etc). Increase the potentiometer to maximum position and
note down the motor attains full speed. Observe any abnormalities in the controller circuit and motor running
smoothly. Apply the break on the motor in step and note down the motor speed and current with torque value
of 10 N-M. Observe the motor current, voltage, frequency, speed, etc. Allow the drive to operate 10 minutes
and observe drive and motor is operating normal. Reduce the potentiometer in step and note down the all the
parameters (speed, frequency, power factor, voltage, current etc).
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Figure 5. Current response

Figure 6. Hardware setup of VFD controller

Bring the potentiometer zero position and ensure motor comes to rest. Switch off the drive controller

power supply, Inverter power supply, revert back the system to normal.

4,

CONCLUSION
The performance of the scalar mode controller is compared with that of the classical PI controller.

The simulation results show that the designed scalar mode controller realizes an excellent dynamic behaviour
of the motor during sudden variations with a fast settling time. It shows that the recommended control plan
functions relatively prominent. Finally, the speed tracking objective is obtained following changes in the load
torque and other parameters. The predicted speed includes ripples due to variation of current and speed
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sampling times. Based on the experienced and depth of knowledge gained by the simulation of
field-orientated control variable frequency drive & hardware model for space vector modulated scalar control
of induction motor for soft starting. It is proposed to develop the model free motor control method similar to
soft start of induction machine applicable to sodium system cold trap blower motor (160KW, 415V, 1500
rpm & load current 300Amps). Which will drastically eliminate the effect of passive parameters changes in
the machine in case of vector control the dynamic response derived from desire output which was in
proposed mechanism, the entire control pulse derived from the user input.
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