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1.0 Assignment Objectives
 Investigate operations of an Alternating current (AC)/Asynchronous induction motor and show results of measurements of the current and phase difference in the main and auxiliary windings of a Capacitor-run induction motor.   
1.1 Introduction to AC/Asynchronous induction motor
The AC induction motor is a robust and therefore highly used machines across the industries. An AC motor converts alternating current into mechanical power. Stated by (PC Sen:1997) “The induction machine can operate both as a motor and as a generator. However, it is seldom used as a generator supplying electrical power to a load”. There are two types of AC motors, single-phase or three-phase, the three-phase motor is the most exploited type within industry and provides large amounts of power, whereas a single-phase provides low amounts of power.  
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Figure 1. Three Phase AC Induction Motor with enclosure





1.2 Construction of an AC/Asynchronous induction motor
There are two crucial parts of an AC motor – According to (PC Sen:1997) “The induction machine has a stator and a rotor mounted on bearings and separated from the stator by an air gap.” The stator and rotor are technically electrical circuits that operate like electromagnets. The stator stays stationary while the rotor is the rotating part of the machine. The stator has coils supplied with alternating current; this produces a rotating magnetic field; the rotor is then attached to an output shaft; this produces a second rotating magnetic field.
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Figure 2. Construction of a three-phase AC Motor
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Figure 2.1. Rotating magnetic fields of an AC Motor
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Description automatically generated]The most common type of rotor winding used is the squirrel-cage winding. Squirrel-cage winding has aluminium or copper bars inserted in the rotor slots and will be shorted at either end by aluminium or copper end rings. Another type used is the wound-rotor, this type of rotor has insulated windings that are connected to both slip rings and external resistors. 

Figure 3. Construction of a squirrel cage Rotor vs Wound Rotor
Motors are required to operate in various environments, for example around, hazardous gasses, dusts, chemicals, and high temperatures. To prevent these atmospheres and environments causing harm, an AC motor will often be equipped with a frame/casing. As well as protection from the atmosphere, these frames/cases will provide cooling for the motor. The cooling is provided through various methods, one of them being heat conduction, this is through the material of the frame/case. Common materials used are steel or aluminium as they have a surface that will conduct the heat away from the motor, acting like a heat sink. Once the enclosure has conducted the heat it will then dissolve into the surrounding area and environment. Frames/cases on the motors will include cooling fins or they can be outsourced and attached to the frame, however outsourcing is normally only used for smaller motors. These fins are on the outer of the frame/case, the fins increase the amount of surface area available for heat dissipation, this helps with cooling. 
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Figure 4. The construction of an AC Motor with a cooling fin style casing.
1.3 Test results and findings
Appendix A shows a lab test previously carried out on AC Motors. For this lab there was a series of formulas used and calculations carried out. As well as measurements taken from a practical carried out on a single AC Motor that was connected to an AC Power Supply. The purpose of the lab was to find the measurements of the current and phase difference in the main and auxiliary windings of a Capacitor-run induction motor. The objective was met by accurately calculating values using formulas, (found in Appendix A). Results were taken using equipment such as oscilloscopes and RLC (Resistance/Inductance/Capacitance) meters. Also, measurements were obtained from MultiSim software where a circuit was simulated and measured. 
1.4 Motor Control Centre (MCC)
On industrial electrical motors and systems, Motor Control Centres are commonly used. The purpose of the MCC is to distribute power and control the motors as well as offering them protection by allowing the systems to trip when necessary. MCC’s are often housed in cabinets. The units contain controls and sections such as motor starters, circuit breakers, control devices and wireways. Having MCC’s on industrial sites are beneficial due to the safety of the centralised control, monitoring, and protection of the systems. The units that the MCC’s are housed in usually contain individual sections, these include motor starters, fuses, circuit breakers and power disconnectors. For example, as mentioned by (Siemens:2022) “A combination starter is a single enclosure containing the motor starter, fuses or circuit breaker, and a device for disconnecting power” this example states an individual section of an MCC.  
[image: Motor control centers]

















Figure 5 – EATON Motor Control Centre (The above MCC shows tiers/cubicles/wireways)


1.5 Distributed control system (DCS)
As stated by (ABB:2023) “A DCS, is a computerised system used to safely control industrial equipment for continuous and batch processes”. DCS’s distribute the various control tasks to multiple controllers, provide real time monitoring and feedback. In relation to AC Motors, DCS’s provide motor control, status monitoring and automation. With a DCS, there is the ability to control the speed, torque, and other characteristics of motors. Having a DCS in industrial settings ensures that the motors are controlled, monitored, diagnosed. The centralised system enhances the overall process, improving maintenance and control of the electrical systems. DCS’ usually consist of a series of high-quality computers at an operator station and equipment with specialist software installed.
[image: What is a DCS? I Definition from TechTarget]








Figure 6 – Example of the DCS process
1.6 AC Motors applications
Asynchronous/induction motors are used in various settings and for different applications due to their robustness, reliability, and expense. As stated by (J Bird:2003) “Three- phase induction motors are widely used in industry and constitute almost all industrial drives where a nearly constant speed is required, from small workshops to the largest industrial enterprises. Typical applications are with machine tools, pumps, and mill motors”. Also, asynchronous motors are used for applications such as heating, ventilation and air conditioning, the motors are commonly used for the various fans and blowers for the air conditioning. As well as industrial settings, AC motors are used for home appliances, these include washing machines, refrigerators, and air conditioners. 





1.7 Conclusion 
From conducting the report, I have learnt the basics of an asynchronous induction motor, its construction and some industrial controls used for them. The information gathered and learned was discovered through a series of articles, books, and websites found independently. From the practical testing carried out, I learned to use equipment such as oscilloscopes, RLC (Resistance/Inductance/Capacitance) Meters and using simulation software in MultiSim. A successful range of results was concluded by forming these methods together. 


Appendix A
Calculations:
Main Winding
Inductive reactance, XL2 = 2πfL2
Impedance, Z2 = 
Current, I2 = 

Aux Winding
Inductive reactance, XL1 = 2πfL1
Capacitance reactance, XC1 = 
Impedance, Z1 = 
Current, I2 = 

Phase Angle, q = tan-1
Procedure

1. Measure the resistance and inductance of the main and auxiliary winding using an RLC meter.

Main winding		R1 = 8.12 W		L1 = 28.2 mH

Auxiliary winding	R2 = 4.05 W		L2 = 13.52 mH


2. Switch on the 40 Volt, 10 Amp, AC Power Supply to the AC Motor, let it run for 10 minutes with no load.
3. Measure the current in the 2 windings.

Main winding		I1 = 3.32 A		

Auxiliary winding	I2 = 674 mA		

4. Measure the time difference produced by the starting using an oscilloscope and determine the phase difference.

Time difference 		DT = 4.83 sec

Phase difference -	q = 86. 94°

q = DT x f x 360°
= 4.83 x 10-3 x 50 x 360
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  Figure 7 - Multisim Schematic of circuit used. Including the component values required for calculations (e.g R1= 8.12Ω)








Main Winding
XL1=2πf L1
= 2π x 50 x 28.2 x 10-3= 8.86Ω
Impedance, 

Current, 

Current in Auxiliary winding
Reactance
Ω 
Ω
Impedance

Ω
Current
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