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ABSTRACT 
Single phase induction motors have numerous and diversified applications, both in homes and the industry. It is safe to say that 

single phase induction motor applications far outweigh three phase motor applications in the domestic sector. But it operate at 

low power factors and less efficient than three phase induction motors.  So even a small amount of improvement in efficiency will 

have a bigger effect in conserving energy.  This paper incorporates performance analysis of single phase induction motor where 

auxiliary winding is connected with capacitive load when the SIPM achieves the Rated speed using LabVIEW technology. The 

auxiliary winding which is used to start the Single phase induction motor got disconnected when the speed of the motor reaches 

75% of the rated speed. Then the motor will run by the excitation of the main winding. When the motor starts running with main 

winding, the part of the generated flux will induce an emf in the auxiliary winding. The emf which induces in the auxiliary winding 

is not utilized as it is a open circuit ends. By closing the circuit with a Capacitive Load across the auxiliary winding causes a 

tremendous change in the power quality metries of the machine. As a result the efficiency of the Single phase induction motor is 

increased. 
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INTRODUCTION 
 

Among electrical motors, induction motors are the most used both for home appliances and in various 
industries. Most of the electrical energy produced is consumed by these motors. In an effort to improve the 
efficiency, there have been improvements in materials, design and construction techniques. However motor 
losses are still greatly dependent on control strategies, especially when the motor operates at light load. 

Single Phase Induction Motors (SPIMs) is a highly efficient machine when operated close to its rated torque 
and speed. However, at light loads, no balance in between copper and iron loss, results in considerable decrease 
in efficiency [9, 10]. To achieve better efficiency induction motor has to be controlled by some control 
techniques. Variable frequency drives serve the purpose to a good extent but it is not economical to use inverters 
for a low rating motor as the cost of inverter might exceed the cost of motor. 

Induction motors are the most extensively used motors for appliances like industrial control, and 
automation; hence, they are often called the work horse of the motion industry. As far as the robustness, 
reliability, durability, power factor, ripples, stable output voltage and torque are concerned, Single phase 
induction motor stands at the a top of the order, to be used for motor control in place of mechanical gears. But 
the Motor efficiency is considerably Low. 
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The improvement of Efficiency of Single Phase Induction Motor is the Important Step to be made in 
Electrical Industry [5, 7]. Various aspects are considered in improving Efficiency. Many aspects mainly 
concentrated on the Input side of the Induction Motor.  

 
Problem Defenition:  

As we know the fact that a single phase induction motor suffers 2 to 4 times inefficient than a three phase 
induction motor. This is due to poor power factor and high losses [13]. This paper deals with a novel approach 
to improve the power factor and efficiency thereby improving the performance of the machine. Single phase 
capacitor start induction run motor starts with the help of an auxiliary winding connected to the capacitor and its 
get disconnected when  the machine reaches 75% of rated speed . 

As the rotor rotates, the stationary auxiliary winding gets induced with an emf by generator action [13]. The 
voltage induced in the auxiliary winding is not utilized. When a capacitive load is connected across the auxiliary 
winding, it draws active power to improve the power factor and thereby increasing the efficiency. 
 
Existing System: 

Since the single phase induction motor does not have a starting torque, it needs special methods of 
starting. The stator is provided with two windings, called main and auxiliary windings, whose axes are 
spaced displaced 90 Electrical degrees.  

 

 
The auxiliary windings are excited by a current which is out of phase with the current in the main 

winding, both currents derived from the same supply. If the phase difference between the two currents is 90o 
and the mmfs created by them are equal, maximum Torque is produced. 

The auxiliary winding is disconnected by a centrifugal switch after the motor has achieved about 75% of 
speed. For accurate switching, power Electronics Devices are used in existing system. 
 
Proposed System: 

The auxiliary winding which is used to start the Single phase induction motor got disconnected when the 
speed of the motor reaches 75% of the rated speed. Then the motor will run by the excitation of the main 
winding. 

Here only the supply to the auxiliary winding is disconnected but we cannot disconnect the auxiliary 
winding. So when the motor run by the main winding, the part of the generated flux will induce the current in 
the auxiliary winding, since the auxiliary winding got disconnected, the emf which induces in the auxiliary 
winding will become loss [18]. If the above loss is eliminated, the efficiency of the induction motor will be 
decreased.  

 

The Proposed System implements the optimization in which Resistive Load is placed along with the 
auxiliary winding. The Resistive Load eliminates the loss due to auxiliary winding and thus the efficiency of 
the Single phase induction motor is increased. 

 
Equivalent Circuit: 

The steady state model for a single winding of a single phase induction motor is developed in this section. It 
should be noted that the steady state circuit model does not include effects such as pulsating torques [12]. It also 
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doesn't apply to the case where a split-phase winding is used (with or without capacitors). In that case, the 
backwards rotating field may be completely or partially eliminated. 

Assuming a single-phase single-winding motor, the equivalent circuit at standstill may be drawn as 

 
Note that this circuit is identical to the the per-phase circuit of a multi-phase induction machine at standstill. 

Now, assuming that the pulsating field in the motor can be described using forwards and backwards rotating 
fields, the standstill circuit can be modified as shown below. 

 
In the diagram shown above, the total impedance is equal to the original circuit, but the magnetising and 

rotor branches have been divided into two equal components, with forwards and backwards currents to represent 
the forwards and backwards magnetic fields. 

Now, if the rotor rotates, the equivalent rotor resistance in each of the forwards and backwards circuits will 
be divided by slip, relative to the forwards or backwards rotating field. 

 
In the final circuit, shown above, forwards slip is shown as sf and backwards slip is shown as sb. These slips 

are defined as 

 
Analyzing the circuit, rather than solve for the currents in the various parallel paths, it is easier to think in 

terms of impedances of the different parts of the circuit and the power flow into each part of the circuit. 
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The phase input impedance is given by 

 
Considering the circuit and remembering that air gap power is defined as the input power minus the power 

losses in the stator, the air gap power can be defined using 

 
When considering the torque components, we must remember that the forwards and backwards torques 

correspond to positive and negative synchronous speeds. Using knowledge from three-phase machines, torque is 
given be airgap power divided by synchronous speed: 

 
Power converted to mechanical energy can be found from the torque and mechanical speed 

 
The losses in the rotor circuits can be found from the difference between airgap power and output power 

 
Finally, the output power available on the shaft is given by the mechanical power converter minus the 

rotational losses. 
Pout = Pconv - Prot 
 

Simulation: 
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Single phase induction motor was modeled with the help of LabVIEW software this allows us to model 
and simulate the motor in order to analyze the performance [1]. The induction motor modeled here was based 
on the mathematical equations [2, 3, 4]. 

 
Front Panel: 

The Front Panel is used to interact with the user when the program is running. Users can control the program, 
change inputs, and see data updated in real time.  

 

 
 
Block Diagram: 

 

 

The block diagram contains this graphical source code. Front panel objects appear as terminals on the 
block diagram. Additionally, the block diagram contains functions and structures from built-in LabVIEW VI 
libraries.  

It is observed that there is great improvement in the power factor and efficiency at all the loads. The 
improvement saturates when it reaches above 75% of the rated load. 

The power developed in auxiliary winding adds up with the mechanical output power and increases the total 
output power. When the machine is loaded 40% of its rated load, the increase in output power is about 18% of 
he conventional output power at that load. The power factor increased by 5% and efficiency increase by 6%. At 
50% the output power increases by  68% , Power factor by 29% and efficiency by 11%. At 65% the output 
power increases by 14% power factor by 11% and efficiency by 5%.  
 
Experimental Setup: 
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Conclusion: 

The performance analysis of Single phase Induction Motor has been done when Capacitor bank is 
connected across the Auxiliary winding. Simulation results shows the performance of induction motor presented 
in terms of rotor speed, electromagnetic torque, line voltage, line current, rotor and stator phase current wave 
form. Also the results of Single phase induction motor which auxiliary winding connected with capacitance bank 
gives better power factor and efficiency than the conventional System. The result paired with National 
Instruments LabVIEW is a good simulation tool for modeling and analyzing the performance of Single phase 
induction motor. Both simulated results and experimental results show very good performance.   
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