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[bookmark: _Toc505343710]Figure 0: Wind generation, a renewable source of AC power

While most electrical devices use DC power, it has several issues when it comes to large-scale power systems. First, the majority of power generating methods, from wind to nuclear, create power in the form of rotational kinetic energy. This rotational energy is most easily converted to electrical energy using an AC generator.

Secondly, when transmitting power over long distances by means of overhead power lines, AC has another distinct advantage. Resistive losses in transmission lines are proportional to the current being driven. Power losses can be minimized by raising the transmission voltage (thus lowering the current). The cost of a transformer to convert to high voltage AC power for transmission is much lower than the cost of a high power DC converter, thus High Voltage AC (HVAC) distribution systems are generally more cost effective than comparable High Voltage DC (HVDC) systems.
[bookmark: _Toc503859265][bookmark: _Toc505343623]

Learning Objectives

After completing this lab, you should be able to complete the following activities.

1. Describe the theory behind AC power generation
2. Analyze the relationship between generator design and AC power waveforms
3. [bookmark: _Toc503859266]Devise a process of controlling AC generation frequency
4. Describe the theory behind power transformers
5. Predict the output waveform given an input waveform and transformer specifications
6. Explain the effect of transformer physics on various input signals

[bookmark: _r1ylgc7r20cy][bookmark: _w6d414oloqts][bookmark: _Toc505343624][bookmark: _Toc503859271]Required Tools and Technology
	[bookmark: _Toc503859267]Platform: NI ELVIS III
	· [bookmark: _2lhe0v8ltu2o]View User Manual 
http://www.ni.com/en-us/support/model.ni-elvis-iii.html

	[bookmark: _Toc503859268]Hardware: Quanser Mechatronic Systems Board
	· View User Manual
http://www.ni.com/en-us/support/model.quanser-energy-systems-board-for-ni-elvis-iii.html

	[bookmark: _Toc503859269]Software: LabVIEW
Version 18.0 or Later
Toolkits and Modules:
· LabVIEW Real-Time Module
· LabVIEW FPGA Module
· NI ELVIS III Toolkit
	· [bookmark: _9gwdittee375]Before downloading and installing software, refer to your professor or lab manager for information on your lab’s software licenses and infrastructure
· Download & Install for NI ELVIS III
http://www.ni.com/academic/download
· View Tutorials
http://www.ni.com/academic/students/learn-labview/




[bookmark: _Toc505343625]Expected Deliverables

In this lab, you will collect the following deliverables:

· Observed behavior of the AC generator due to changing input torque
· Observed behavior of the AC generator due to changing load current
· Observed behavior of the AC generator under unbalanced load
· Design for generator speed control logic
· Calculated transformer gains
· Observations of the effect of the transformer on various waveforms
· Comparison between actual and ideal transformer behavior

[bookmark: _bcs3wl446khl][bookmark: _ey8ycagfi1oe][bookmark: _Toc503859272]Your instructor may expect you complete a lab report.  Refer to your instructor for specific requirements or templates.


[bookmark: _Toc505343626]

Section 1: AC Generation

1.1 [bookmark: _Toc503859273][bookmark: _Toc505343627]Theory and Background

An electrical generator converts mechanical energy to electrical energy by leveraging the fact that moving a conductor through a magnetic field will induce a current in the conductor. Generators consist of two components, the rotor, which spins in the center of the generator and the stator which is stationary and surrounds the rotor. Since the rotor and stator move relative to one another, either one can be used to induce the magnetic field, and that field will induce currents in any conductors attached to the other.

The AC generator on the Energy Systems board consists of a single permanent magnet rotor, with three stationary coils on the stator spaced at 120 degree increments around the rotor.

Faraday's Law of Induction

Faraday’s law of induction states that change in the magnetic flux enclosed by a circuit will result in an electromotive force in that circuit. In simpler terms, if a loop of wire is moving relative to a magnetic field, a voltage will be induced in that wire as the magnitude and polarity of magnetic field lines passing through the loop changes. This effect is most easily grasped by observing a loop of wire rotating in a static magnetic field.

[image: ]
Figure 1‑1: Single-phase AC generation using a static magnetic field

Figure 1-1 shows an AC generator with a static magnetic field at three points in its rotation. As the loop approaches the horizontal, the wires are passing through the magnetic field lines fastest, thus the highest voltage is induced. When the loop is vertical, the wires are moving parallel to the magnetic field. At this point the generated voltage is zero. Finally as the loop returns to the horizontal positon the induced voltage increases again; however this time since the loop is moving through the field in the opposite direction, the resultant voltage is negative.

Mechanical Resistance

[bookmark: _Toc503859282][bookmark: _Toc505343632]Recall Fleming’s left hand rule. When current flows through a conductor that is placed in a magnetic field, there is a resulting force perpendicular to both the current and the field. In the case of the generator shown in Figure 1-1 when the loop rotates clockwise, the resulting electromagnetic force (EMF) will try to drive a current through the loop into the page on the left half of the generator, and out of the page on the right half. Placing a load on the generator will allow that current to flow, and in accordance with Ohm’s law, the current flow will be inversely proportional to the resistance of the load. Thus a heavy load (affording low resistance to the generator) will result in high currents through the loop. Applying Fleming’s left hand rule to this current means that a force will result upon the loop. This force will act downwards on the left side of the generator, and upward on the right side effectively resisting the rotation of the loop. This means that electrical load applied to the generator will be converted into mechanical load on the force causing the generator to rotate.

Three Phase Generation

The generator on the Energy Systems board differs from the hypothetical generator shown in Figure 1-1 in two ways. First, rather than a static magnetic field and rotating loop, it has a rotating magnetic field and static coils. Second, there are three coils spaced around the outside of the generator at 120 degree intervals. The same principals apply, however now the periods of maximum EMF occur when one of the poles of the rotor magnet is in line with one of the coils. This is because the magnetic flux is densest near the poles of the rotor magnet so as they pass close to the coil the flux through the coil changes fastest. Figure 1-2 shows a simplified representation of the 3-phase generator.

[image: ]
Figure 1-2: A 3-Phase AC generator with a permanent magnet rotor

The three coils of the generator are connected in a wye configuration, meaning that one end of each of the windings is connected to a common neutral point. While each coil has an induced voltage relative to the neutral point, the output voltages are measured between phases. This is referred to as phase-to-phase voltage.

1.2 Implement

1. Open the project Energy Systems Board.lvproj, and under Quanser ELVIS III, open Energy Systems – AC Generation.vi.
2. Ensure that the Load Type control is set to None and that the Load Current is 0.
3. Run the VI.
4. The source voltage represents the energy imparted by a source such as wind or flowing water. Increase the source voltage slowly and record the voltage at which the motor begins to turn.
5. Increase the source voltage incrementally by steps of 1V to 10V. Note any effects the increased source voltage has on the AC power signal.
6. Select a voltage in the 10-20V range. Using the waveform plot, measure the wavelength of the AC signal. Compare the AC wavelength to the rotor speed and record the ratio between them.
7. Set the Source Voltage to 20V and the Load Type to Balanced. The generator is now supplying current to a DC load via a rectifier and boost power supply. Increase the load current and note any effect this load has on the generated AC waveform.
8. Set the Load Current to 100mA.
9. Switch the Load Type between Balanced and Unbalanced. When the load is unbalanced, only the A-B phase pair are subjected to load. Make note of the effect of the unbalanced load on the AC waveform.
10. Return the system to a balanced load at 0mA. Adjust the source voltage until the rotor speed is 314 rad/s (giving an AC frequency of 100 Hz).
11. Increasing the load current by 10mA increments up to 100mA, record the source voltage required to maintain 314 rad/s rotor speed. 
12. Press Stop and close the VI.

[bookmark: _Toc503859283][bookmark: _Toc505343633]1.3 Analyze

1-1 In step 4, what voltage was required to start the generator? What does this voltage represent in the context of a power system?

1-2 What effects did you observe due to increased Source Voltage in step 5?

1-3 Describe how you calculated the ratio of wavelength to rotor speed in step 6. What does this ratio tell you about the structure of the generator?

1-4 What effects did you observe due to increased Load Current in step 7? Why does loading the generator have these effects?

1-5 What effects did you observe due to imbalanced loads in step 9? Why does an unbalanced load have this effect?

1-6 Plot the loads/source voltages recorded in step 11 and comment on the relationship.

1-7 Given the relationship observed between loads and source voltages for a constant rotor speed, how could the source voltage be adjusted on the fly to maintain a constant generator speed? This is analogous to a hydroelectric power plant opening and closing a flow valve in order to control the speed of a turbine to maintain AC frequency.
[bookmark: _Toc503859284][bookmark: _Toc505343634]

[bookmark: _GoBack]Section 2: AC Transformers

[bookmark: _Toc503859285][bookmark: _Toc505343635]2.1 Theory and Background

Transformers function by using an AC current flowing in a conductor to induce magnetic flux in a magnetic core. The core of the transformer is made of a material with very high magnetic permeability, which allows it to direct the magnetic flux in the desired direction. The magnetic flux in the core is then used to induce a current in a second conductor.

As AC power enters a transformer it passes through the primary coil where the incoming conductor is wrapped around the core many times in a helical pattern. Recall Maxwell’s Right Hand Rule, as current passes through a conductor it induces a circular magnetic current around the conductor such that if one were to grip the conductor with their right hand with their thumb in the direction of current flow, their fingers would curl around the conductor in the direction of the magnetic flux lines. When the conductor is wrapped in a helix, these magnetic fields combine to result in a linear magnetic field within the helix. Because the primary coil is wrapped around a highly permeable core, the magnetic flux is contained and directed through the core in a closed loop. When another conductor is wrapped around another part of the core (referred to as the secondary coil) the magnetic flux through the center of the helix induces a current in this conductor. The arrangement of these parts in a shell transformer like that on the Energy Systems board is shown in Figure 2-1.

[image: ]
Figure 2-1: A shell transformer

The relationship between the electromotive potential in a looped conductor and the change in magnetic flux can be analyzed by again applying Faraday’s Law. Because neither the conductor nor the core are moving, the change in the magnetic flux is purely a function of the EMF. Since all of the loops of a coil are similar the total change in magnetic flux, ΦB, caused by a coil with N loops is given by Faraday’s law as

Equation 2-1


where V is the potential drop across the loop. Assuming an ideal transformer, the change in the magnetic flux at all points in the core will be equal. This means that for a primary coil with NP turns and a secondary coil with NS turns, the relationship of the input the output voltage is given by


Equation 2-2


Which rearranges to

Equation 2-3


So the output voltage will be related to the input voltage proportional to the ratio of turns in the primary and secondary coils. One of the limitations of transformers is that electromotive force is only transferred by a change in the magnetic flux. Thus if a DC voltage is applied to a transformer, the flux in the core will increase until the core is saturated. At this point the back EMF due to magnetic reluctance in the core matches the potential in the primary coil. At this point the magnetic flux levels off and the output voltage drops to zero.

[bookmark: _Toc503859288][bookmark: _Toc505343638]2.2 Implement

1. Open the project file Energy Systems Board.lvproj. Under Quanser ELVIS III, open Energy Systems – AC Tranformers.vi. 
2. Ensure that the AC Amplitude is set to 10 VAC with 0V DC Offset.
3. Run the VI.
4. Measure the output voltage of the transformer.
5. Adjust the AC Amplitude of the input, note any effect this change has on the ratio of input to output voltages.
6. Return the AC Amplitude to 10 VAC and adjust the DC Offset. Note any effect this adjustment has on the output signal.
7. Return the DC Offset to zero.
8. Based on Faraday’s laws, record a prediction about what should happen to the transformer output if the current load on the output is increased (assuming that the input voltage is unchanged by the load)
9. Activate the Transformer Load switch. This reduces the resistive load on the output of the transformer from 287Ω to 17Ω, record any effect this has on the output voltage waveform.
10. Using the measurements of transformer output RMS voltage and the known load impedance, calculate the power output of the transformer with each load.
11. Press Stop and close the VI.

[bookmark: _Toc503859289][bookmark: _Toc505343639]2.3 Analyze

2-1 What output voltage did you observe in step 4? What does this tell you about the primary and secondary coils?

2-2 What effect did changing the AC input voltage in step 5 have on the ratio between the input and output voltages?

2-3 What effect did adding a DC offset have on the output signal in step 6? Why does the transformer react this way?

2-4 What do Faraday’s laws imply about the relation between the output voltage and load current?

2-5 What effect did reducing the output impedance have on the output voltage signal in step 9? Does this conform with the ideal transformer model?

2-6 How do the power output values for each load case compare? How does this system appear to differ from an ideal transformer?
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