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ABSTRACT

Three phase induction motors are generally used in the industries more than other types of motors. Due to their
importance in industrial processes, there is a need for control strategies, depending on the mode of operation. Machine
control is mostly achieved in recent times through electronic circuitry, called drives. Induction motor speed can be
controlled by; varying; supply voltage, frequency, slip and poles. Changing the number of poles is possible from the
design stage of the motor. In this research, a microprocessor based controller is designed and simulated for induction
machine control. Particularly, a conventional P.I. controller is used, which results in good speed control of the motor
performance, as it eliminates forced oscillations and steady state error, robust and reliable, has the ability to improve
damping and reduce maximum overshoot. It also decreases the bandwidth and improves the rise time. This paper
displays a hand full of advantages of the P.1. controller which also includes cheaper and easily afforded rates, simple
and efficient that makes it more preferable in control technology. The simulation was done using
MATLAB/SIMULINK. Result under various conditions were compared and discussed.
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I.  INTRODUCTION

Induction motor is an Asynchronous AC motor. This motors are mostly used in the industry because it is reliable,
cheap, vigorous, efficient, and has good self-starting capability, The speed control of the motor is very important
because it helps to achieve maximum torque and efficiency as reported in [1]-[3]. Several methods on speed and torque
with different techniques are deployed for induction motor control. These methods mostly are scalar control, vector
or field-oriented control, direct and flux control, sliding mode control, Fuzzy logic Control (FLC) and adaptive control
[4]-[7]. However, in addition to the fact that a mathematical framework is desirable for a systematic controller design
with conventional methods, the emergence of Pl controllers have been able to solve several control problems with
simple but effective control methodology. For V/f speed control, a reference speed has been set, and the control
architecture includes several rules. These rules depict a non-enthusiastic relationship between two inputs that is speed
error (e) change in speed error (Ae) and output that is change of control (wsl).

[8] - [12]. The speed loop controls the pulse width modulator PWM inverter frequency & voltage of a voltage source
inverter VSI fed Induction machine. A PI controller is used which responds to the error signal and attempts to adjust
the controlled quantity to achieve the desired system response. The parameters to be controlled can be that of any of
the following measurable system quantities such as; speed, torque or flux. The merit of a P.1. controller is that it can
be adjusted verifiably by adjusting one or more gain values and seeing the change in system response. It is assumed
that the controller is performed regularly so that the system can be properly controlled. The sign of the error indicates
the direction of change required by the control input [13] - [15].

The P.1. controlled system is passive to real (non-noise) when there is no derivative action.

I1.  INDUCTION MACHINE MODELING

The dynamic machine model in stationary reference frame is readily written below as in [17]
Vas= Rs igs + % Ads 1)
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Vigs = Relgs +has )

0= Rriqr+ %qu'r Adr®rAdr (3)

0= Riigr + <har - ooy (4)

Where

Vdr = Vqr = O

Equations for Rotor circuit are:

Vqr :Rriqr""((ﬂ'(ﬂr)}bds"" p}\,qr (5)

Vr :Rridr - ((D'(Dr)}\:qr"' pkdr (6)

The fluxes are combined with the currents occurring to the following expressions

Ads = Lis igs + L (ids + idr) = Ls igs + Lmigr (7)

Xas= Lisigs + L (igs + iqr) = Lsigs + Lmigr (8)

Adr = L ig + Lm (ids + idr) = Lyigr + Lim igs (9)

Aar = Lurigr + L (igs + iqr) = Lelgr + Liigs (10)

The development of torque is by the interaction of air - gap flux and rotor current. Therefore, the torque can be
generally expressed in the vector form as;

Te :g (2) Anx Iy (11)
_ /2 dor

Te-T) = (;) J ? (12)

Te =2 &) (Aamigs — Aqm ics) (13)

1. MECHANICAL MODEL
In trying to model the mechanical side of the Induction motor, the equation of motion of the machine and load is given
as:

Jmpzem:Te T (14)

Breaking Equation (14) into first-order differential equations, we have
Jmp(om) = (Te —To) (15)

Because,

POm =Om (16)

Given that,

Or = Omp, Or = Omp a7

Where, all the variables maintain their usual meanings.
V. Pl CONTROLLER

The P.1. controller calculates the controlled output by means of computing the proportional and integral errors and
adding the two components to determine the output.
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Fig. 1: PI controller block diagram

Because of the existence of the integral term in P1 controller, steady state error of speed is insignificant, meaning its
zero, causing the system to act quite accurately. The integral does not require high gain as required in proportional
gain controller. However it has certain disadvantages like if very fast response is needed, the price paid is a higher
overshoot which is unpleasant. PI controller provides a very efficient solution to various control problems in the real
world. PI controller expels the forced oscillations and steady state error of P controller. However bringing in the
integral mode will have unfavorable effect on the stability of the system and speed of response. Therefore, the PI
controller will not increase the response speed and is not capable of predicting what will happen with the error in near
future. PI controllers are normally used when there’s no issue in the speed of response. In addition, this controller can
be used when there is a wide transmission delay in the system, and when only a single energy storage process is
available. PI controller can successfully work when there is presence of a noise or large disturbance in the cause of
operation of a process. The Pl speed gains are selected conventionally by observing their reaction on the response of
the drive.

V. PICONTROL CLOSED LOOP V/F CONTROL.

Applying a variable magnitude and variable frequency voltage to the motor is the background of constant V/F speed
control of induction motor. The voltage source and the current source inverters are used in a modifiable speed ac
drives. The block diagram below represents the closed loop V/F control using a VSI.

The closed-loop method provides a more specific solution to controlling the speed than the open-loop method.
Moreover, the closed-loop method controls the torque too. A major drawback of the open-loop control method is that
this method does not control the torque, so the preferred torque is only attainable at the nominal operating point. The
speed of the machine changes when the torque changes as a result of induced load

VI. PICONTROL OPEN LOOP V/F CONTROL

The open-loop V/F control of an induction motor is the commonest method of controlling speed because of its simple
nature. These motors are commonly used in the industry. The control of this type of motor has some merits, which
are; low cost, easy and uncomplicated to design, has the ability to resist errors of feedback signals. Conventionally,
induction motors have been used with open loop 50Hz power supplies for constant speed applications. For variable
speed drive applications, frequency control is normal. Although voltage is expected to be proportional to frequency to
enable the stator flux remain constant.
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Fig. 3 Open loop constant V/F speed control

VII. TORQUE-SPEED ANALYSIS
The slip of an induction machine is given as; S=(Ns-Nr)/Ns

Performing these calculations can help the designer provide a motor that is best suited to a particular application. We
can evaluate the capabilities of a three phase induction motor using the parameters of its equivalent circuit the normal
way. The mechanical torque developed from the complete equivalent circuit is given by:

T mech=1/0 s * [3V] "2/([R_1+(R_2+S)]"2+ (X_1+X_2)*2)=R_2+S (18)

T mech=l/o s * [3V_1] ~2/( (X_1+X_2)*2)= [R_2] ~1/S (19)

T mech=l/0 s * [3V_1] ~2/( [R_2] ~1)*S (20)

At high values of slip:

The maximum pullout or breakdown torque is developed by
T max=1/ [20] s* [3V_1] "2/R_1+V([ [R_1] "2+(X_1+X_2)"21)) (21)

The maximum torque does not depend on the rotor resistance, but the gain of the rotor resistance determines the speed
at which the maximum torque is developed.
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The equations (1) to (17) together makes up the model of the induction motor used in the representation of the

SIMULINK model of figure 4

Induction motor parameters

@.JESR

Fig. 4 The resultant Simulink model of the induction motor

Table 1
S/N | Parameter Value
1 Rated power 7.5KW
2 Supply frequency 60Hz
3 Rated voltage 400V
4 Rated speed 1440rpm
5 DC burse voltage 460V
6 Stator resistance 0.09961
7 Stator inductance 0.000867
8 Rotor resistance 0.05837
9 Rotor inductance 0.000867
10 Mutual inductance 0.03039
11 | Inertia 0.4kg.m?
12 Number of pole pairs | 2
13 Ki 15
14 Kp 0.0001
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Fig. 5 subsystem of the PWM generator

Figure 5 represents PWM generator subsystem of the SIMULIMK model of induction motor in figure 4.

IX. RESULTS AND DISCUSSION

The SIMULINK model of an induction motor is seen in fig. 4, the output simulated result is achieved in MATLAB
environment, and the simulation results are presented as computer traces in Figures 9, 10, 11, 12 and 13. Fig. 9 is a
graph of no-load response of speed against time with 1500rpm reference speed, 0.5 rising time, 0.8 settling time and
a maximum shoot of zero percent. Fig. 10 shows that the electromagnetic torque has a lot of ripples due to the effect
of higher order harmonics which are not visible in the speed response as a result of inertia. It has a load torque of zero
and average value of the motor torque also zero because of no load in the machine. Normally, an induction motor has
a very high initial torque. This high initial torque is as a result of the high current — due to zero back e.m.f. —and high
slip at the start. In figure 11 there is no back e.m.f. at the starting of the machine because the speed is low, and because
there is no back e.m.f. it causes an extremely high value of current.
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Fig. 9 Speed Response at no load
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Fig. 10 Electromagnetic Torque at no load
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Fig. 11 Three-phase Stator Current at No Load
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Fig.13 Electromagnetic torque under varying load

Figure 12 and 13 are cases where the machine is loaded with a particular load. They both have initial starting of 0.5
and reference speed of 1500rpm. At 1s a step load of 20Nm was introduced in figure 12, which causes an undershoot
in the speed response, after 2 seconds the speed was increased to 2500rpm, and then after 3.5 seconds the speed was
stepped down to 1000rpm, making the PI controller to provide a very good reference tracking with little or no
overshoot and minimal undershoot. In figure 13 the machine simply develops a torque that matches the load torque
while maintaining the reference speed of 1500rpm, the torque settles at the steady state values and under 1.0s. At 0.5
the machine produces a high electromagnetic torque without load, at 1s the machine was loaded with the load of
20Nm, at 2s the electromagnetic torque reduces, with a steady state performance. Between 3.5 and 4.0s the load was
removed and the electromagnetic torque reduced minimally.
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X.  CONCLUSION

Scalar control method is a low cost method simple and immunity to errors of feedback signals, open loop deals with
constant speed applications, many applications in the industry operate with this control technique .The indirect field
oriented control induction motor drive has to do with disintegrating the stator current components which generates
torque and flux. It can be controlled by using a Pl speed control. The PI controller enhances the dynamic response of
the system and reduces the steady state error, the error susceptibility, high performance and speed response. The
simulation results shows a good dynamic performance and this can be obtained from the PI controller compared with
the V/F. The PI controller catches the reference speed very fast. From the results it is seen that the PI controller is a
good controller for the control of an induction motor.

REFERENCES

1. leroham S. B, I. P. de la Cruz, and Boyka N., (2010) Direct Field Oriented Neural Control of a Three Phase
Induction Motor, Published in AIMSA

2. Nguyén V., Nguyen H. and Minh T., (2017) Sliding mode control of a three phase induction motor based on
reference model. International Conference on Engineering

3. A.Rajesh, A.Ravi Kumar, A.Bala Naga Lingaiah and A.V. NareshBabu, (2016) Optimal Tuning of PI Control
for DTC of Induction Motor using Flower Pollination Algorithm. International Journal of advanced research
in Electrical, Electronics and Instrumentation Engineering

4. Xiang-Dong Sun, Kang-hoon K., Byung-Gyu Y. and Mikihiko M. (2009) “Fuzzy-Logic-Based V/f Control of
an Induction Motor for a DC Grid Power-Leveling System Using Flywheel Energy Storage Equipment”,
IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS, VOL. 56, NO. 8

5. R.Ortega and G. Espinosa. Torque regulation for induction motors. Automatica J. IFAC, 29:621-633, 1993

6. H. Soliman and M. Elbuluk; (2007), Direct Torque Control of a Three Phase Induction Motor Using a Hybrid
P1/Fuzzy Controller, IEEE Industry Applications.

7. EJ. Akpama, O.1 Okoro, and E. Chikuni. (2010) * Simulation of the Performance of Induction Machine
under Unbalanced Source Voltage Conditions’’. The Pacific Journal of Science and Technology. Volume 11,
number 1

8. Walid E., Issam T. and Ziad S., (2013) Control of an Induction Motor with PI controller or Sliding mode
Controller. International Journal of Automation and Control Engineering Volume 2 Issue 4.

9. K Smriti Rao, Ravi Mishra, (2014) Comparative study of P, Pl and PID controller for speed control of VSI-
fed induction motor. IJEDR Volume 2, Issue 2 ISSN: 2321-9939

10. S. Aveen, and N. Prema Ks. (2016) Modelling of Induction Motor and its Pl, PID (NZ method), Pl (ZP) fuzzy
and generalized predictive control. International Research Journal of Engineering and Technology (IRJET)
Volume: 03 Issue: 06 | June.

11. Pallavi S. A. and J. A. Shaikh, (2016) “’Speed Control of Induction Motor by V/F Method’’ Int. Journal of
Engineering Research and Application, Vol. 6, Issue 9, (Part -3) pp.76-79

12. Mineo T., and Xiaodan Z., (2012), A New Simplified V/f Control of Induction Motor for Precise Speed
Operation

13. Nurul I., Haida M. and Bashir M. (2005) “Fuzzy Logic Enhanced Speed Control System of a VSI fed three
Phase Induction Motor “, 2nd International Conference on Electrical and Electronics Engineering (ICEEE)
and XI Conference on Electrical Engineering

14. C. Mohan Krishna, G. Meerimatha and U. Kamal Kumar. (s2013). Indirect Vector Control of Induction
Motor Using Pi Speed Controller and Neural Networks. International Journal of Modern Engineering
Research (IJMER).Vol.3, Issue.4, Jul - Aug. ISSN: 2249-6645

15. Anmol A., J. N. Rai and Maulik K., Comparative study of speed control of induction motor using P1 and fuzzy
logic controller. Journal, Department of Electrical Engineering, Delhi Technological University (March

2015)
16. Eko J. Akpama, Iwara E. Omini, Emmanuel E. Effiong, Raymond U. Ezenwosu “’PID Speed Controlled
Model of Induction Motor Using Simulink *°  International Journal of Engineering Research And

Management (IJERM) ISSN: 2349- 2058, Volume-07, Issue-10, October 2020, pp24-28.

® 20
G JESR (C)Global Journal Of Engineering Science And Researches



: THOMSON REUTERS

[Iwara, 7(12): December 2020] ISSN 2348 - 8034

DOI: https://doi.org/10.29121/gjesr.v7.i12.2020.2 Impact Factor- 5.070
17. Eko J. Akpama, Emmanuel. E.Effiong, Iwara. E. Omini, Raymond. U. Ezenwosu “Scalar Control Dynamic

Simulation of Induction Motor Using Simulink’’ International Journal of Engineering Research And
Management (IJERM) ISSN: 2349- 2058, Volume-07, Issue-10 October 2020, pp19-23.

- 21
@J ESR

(C)Global Journal Of Engineering Science And Researches



