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Dr. Rostamkolai

ECE 371
SUSTAINABLE ENERGY SYSTEMS
EXPERIMENT 1

INTRODUCTION TO POWER LAB
Objective

The objectives of this laboratory experiment are summarized below:


1. Become familiar with the lab equipment.

2. Learn to perform differential voltage measurements with Tektronix Oscilloscope.


3. Learn to perform current measurements and power factor angle calculation, using 


    a current probe and the Tektronix Oscilloscope.


4. Learn to use the CompactFlash Card to store Tektronix Oscilloscope traces.

Pre - Lab

Read the following sections of the Tektronix Oscilloscope Manual:
· Page 3-14: Taking Measurements
· Pages 4-1 to 4-20: Application Examples

· Pages 5-1 to 5.5: Math FFT
· TPS2PWR1: Power Analysis Application
If the Vac = 120 V-rms in Figure 8, calculate the source current, power factor angle, and power factor.
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Figure 1: Lab Equipment
Figure 1 is a setup of the Lab Bench in the power lab. The following figures will assist you to learn more about the existing equipment in this laboratory.
The Load Setup in Figure 2 consists of two resistive load banks and one capacitive load bank. Located at the top left of Figure 1, this is used in conjunction with the inductive load bank (Figure 6) on top of the power supply to represent power system loads. Switches in the up position indicate that loads are connected. 
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Figure 2: Load Setup
The Instrument Panel in Figure 3 consists of the Yokogawa Power Meter (top), 4 Digital Multimeters (middle), a Tektronix Oscilloscope (bottom), and the Yokogawa and Oscilloscope inputs (bottom right). The bottom right junction box contains the input terminals for the Yokogawa Power Meter and the Tektronix Oscilloscope that are used to connect the Yokogawa and Oscilloscope to the experimental setup.

[image: image3]
Figure 3: Instrument Panel
The RPM Meter (top) and Torque Meter (bottom) in Figure 4 will be used in conjunction with the motor-generator setup of Figure 7. They are used to measure the rotational speed in rpm, and torque of the rotating machines in N-m. 
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Figure 4: RPM and Torque Meters
In Figure 5 the Transmission Line Model (top) is used to represent three different transmission line characteristics. The dial in front panel should be set for the appropriate voltage and length of the transmission line. The Regulating Autotransformer (bottom) is used to represent voltage regulating effects by tap changing and phase shifting.  
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Figure 5: Transmission Line Model and Autotransformer
The Inductive Load Bank (top left) in Figure 6 is used in conjunction with the load banks of Figure 2 to form a typical power system load for future experiments. The Transformer (top right) in Figure 6 can be used to step voltages up or down. 

The Power Supply (bottom) in Figure 6 contains of a variety of different sources that can be dangerous if not handled properly. To power the Power Supply, push the black start button on the right corner of the Power Supply. To disconnect the power from the Power Supply, push the red button below the black start button. There is a box that is wired to start/stop box with a big red button. This is the panic button, and pushing it will shut off the entire Power Supply. Keep it close for the first few experiments. Should anyone come in contact with any live equipment, do not touch the affected person and instead depress the panic button. Finally there is a Main AC Breaker towards the center of the bench which must be switched upward in order for any of the supplies to function. The first breaker from the left will turn on the Variable Three-Phase Power Supply, and the voltage is adjusted by turning a knob on the left corner of the Power Supply. The second breaker from the left will turn on the Fixed Single-Phase Power Supply. The third breaker from the left will turn on the Fixed Three-Phase Power Supply. The next three supplies are DC Power Supplies and they have a primary (input) breaker and a secondary (output) breaker. Both breakers should be turned on to have a dc voltage available for the experiment. The last power supply from the left can be operated as a DC or AC Power Supply. The switch position on the right side of its secondary breaker will determine the mode of operation.

Turning on any power supply will turn on a red light on top of the associated power supply, indicating the source is available to generate power.
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Figure 6: Inductance Load, Transformer and Power Supply
The Motor-Generator Setup of Figure 7 is typically used to couple two rotating machines that are then attached to the RPM and Torque Meters. More details about this will be provided in future. 
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Figure 7: Motor and Generator Setup
Procedure
1. Setup the power circuit of Figure 8, utilizing the following lab equipment:
a. Fixed Single-Phase AC Power Supply to provide the ac voltage.

b. Digital Voltmeter and Ammeter to measure voltage and current. 

c. Tektronix Oscilloscope to measure voltage and current. 

d. Resistive and Inductive Load Banks. 

e.  Wire.

2.   Set-up the voltmeter and ammeter meters:



a. Set all of the measuring devices (meters) for ac rms measurements. Choose the



    Auto Scale measuring mode. 



b. Voltmeters and the oscilloscope probes can be overlaid on the circuit. 

                Therefore, it is recommended to construct the entire voltage measuring circuit 


    after the power circuit has been built. An ammeter is embedded in the circuit, 

                when the circuit is being constructed.  
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Figure 8: Simple AC Circuit Measurement
Measuring with the Oscilloscope
1. Setting up the oscilloscope:



a. You need to set the oscilloscope to match the scale of your voltage probe.

                To set the scale follow these steps:



    1. The Voltage Probe should be connected to Channel 1.


    2. Push the Channel 1 Menu button.



    3. Push the Probe option button.



    4. Push the Voltage option button.



    5. Push the Attenuation option button and select 20X.



b. Current probe provides a voltage signal proportional to the current. You need to

                set the oscilloscope to match the scale of your current probe. To set the scale

                follow these steps:

1. The Current Probe should be connected to Channel 2, set the range 

    switch on the probe to 100mV/A.



    2. Push Channel 2 Menu button.



    3. Push the Probe option button.



    4. Push the Current option button.



    5. Push the Scale option button and select 10X.

2. After reading the appropriate sections of Tektronix Manual, measure the source

     voltage and current, and then complete Table 1. You may want to use the
     cursors to measure the peak- to-peak values and then calculate the peak value, 
     but rms values and power factor angle are calculated directly by the scope.
Table 1. Measured Quantities
	Vrms (V)
	Vpeak (V)
	Irms (A)
	Ipeak (A)
	Power Factor Angle(o)
	Power Factor

	
	
	
	
	
	




After obtaining the measurements use the ComapactFlash to store an image of


the ac voltage and current, and then print it using the following instructions:
Using the CompactFlash to Save Images 

Oscilloscope traces can be stored on the CompactFlash (CF) Card. To clear the
CF card follow these steps:



    1. Insert a CF card into the card slot.



    2. Push the Utility button.

                3. Push File Utilities and select More then select Format.



    4. Select Yes to format the CF card.


To store a waveform on the CF card:


Either:


1. Push the oscilloscope Print button.


Or:



    1. Push the Save/Recall button.

                2. Push the Action button and select Save Image.



    3. Push the File Format button and select BMP.



    4. Push the Save Button and wait a few seconds for the red LED to

                    turn on and the waveform is stored.


To print the stored waveform(s):



    1. Remove the CF card from the oscilloscope and insert it into the 

                    lab computer. 



    2. Select the Drive E to display the stored waveform(s).



    3. Push the print button and select the waveform then choose the 4 x 6 size.
Documentation

At the end of the lab period, submit the pre-lab work, experiment procedure part of this instruction, your completed table of measurements, and the scope printout(s) to the instructor. 
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