Physics Labs with Computers, Vol. 2

Student Workbook

P39: Motor/Generator Efficiency

012-07001A 

Name _____________________
Class ______________
Date _________


Activity P39: Motor Efficiency 
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Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Energy
P39 Motor Efficiency.DS
P24 Motor Efficiency
P24_MOTO.SWS

Equipment Needed
Qty
Equipment Needed
Qty

Power Amplifier (CI-6552A)
1
Mass Set (SE-8705)
1

Photogate (ME-9204B)
1
Motor/Generator Kit (CI-6513)
1

Voltage Sensor (CI-6503)
1
String (SE-8050)
1.2 m

Balance (SE-8723)
1


What Do You Think?

[image: image9.wmf]How does the efficiency of an electric motor compare with the efficiency of a generator?

Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

[image: image10..pict]We rely on electric motors and generators in a variety of applications. Several factors such as durability and efficiency are important in the design of a motor.

In essence, an electric motor can operate in one of two modes:

Motor - 

delivering mechanical energy when powered electrically.

Generator -
delivering electrical energy when powered mechanically. 

Motor Efficiency

The percent efficiency of a motor is the ratio of the work done by the motor to the electrical energy input to the motor:

 


The work done in lifting a weight of mass m a distance h is W = mgh. The electrical energy input to the motor is the time-integral of power, which is power multiplied by time (for constant power), or:

 


The voltage V across the motor is held constant and the power input is the product of voltage and current. The energy input is found by integrating under the power input versus time curve.

Generator Efficiency

The percent efficiency of the generator is the ratio of the electrical energy produced to the work done:

 


The work done by the dropping weight is the same as the work done in lifting the weight (W = mgh). The electrical energy produced is the electrical power multiplied by the time of the fall:

 


The power generated is found by squaring the voltage generated and dividing by the resistance. The energy output is found by integrating the power generated versus time curve. R is the load resistor across which the voltage generated is applied and (t is the time it takes the weight to fall the distance h.

SAFETY REMINDER
· Follow all safety instructions.
[image: image1.wmf]

For You To Do

Motor Efficiency

For the first part of this activity, use a motor/generator to lift a mass. Use the Photogate to measure the distance the mass is lifted. Use DataStudio or ScienceWorkshop to display the distance and calculate the gravitational potential energy gained by the mass. 

At the same time, the program measures the output current drawn from the Power Amplifier by the motor while it lifts the mass. Use the program to control the output voltage from the Power Amplifier to the motor. Use the program to integrate under the curve of power input versus time and calculate the electrical energy used by the motor (Energy Input) to lift the mass.

Generator Efficiency

For the second part of this activity, turn the motor off. As the mass falls slowly back to the floor, it pulls the string that turns the motor. The motor becomes a generator, producing a voltage. Use the Voltage Sensor to measure the voltage drop across a 10-ohm resistor that is in parallel with the output of the generator. Use the program to display the voltage and integrate under the curve of power generated versus time and calculate the electrical energy produced by the generator (Energy Output) as the mass drops.

PART I: Computer Setup
[image: image11..pict]1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and then turn on the computer. 

2.
Connect the Power Amplifier’s DIN plug into Analog Channel A on the interface. Plug the power cord into the back of the Power Amplifier. Connect the other end of the power cord to an electrical outlet.

3.
Connect the Voltage Sensor’s DIN plug into Analog Channel B on the interface.

4.
Connect the Photogate’s stereo phone plug into Digital Channel 1 on the interface.

5.
Open the file titled as shown:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P39 Motor Efficiency.DS
P24 Motor Efficiency
P24_MOTO.SWS

· The DataStudio file has a Graph display of Position, Current, and Voltage and a Graph display of GPE (gravitational potential energy), Power Input, and Power Generated. It also has a Workbook display. Read the instructions in the Workbook.

· The ScienceWorkshop document has a Graph display of Position, Current, and Voltage versus Time. 

· The Signal Generator window controls the voltage to the Power Amplifier. The Signal Generator is set to output DC voltage. The Signal Generator will automatically generate a signal when you start collecting data and automatically stop when you end. 

· The ‘GPE’ (gravitational potential energy), ‘Power Input’ (to the motor), and the ‘Power Generated’ (by the generator) are built-in calculations. You will use these calculations during data analysis.

PART II: Sensor Calibration and Equipment Setup
Sensor Calibration

•
You do not need to calibrate the Power Amplifier or Voltage Sensor.

•
The Motor/Generator has a pulley with ten spokes attached to one end of its axle. As the pulley turns, its spokes interrupt the Photogate’s beam. The pulley and Photogate act the same as a ‘Smart Pulley’. Therefore, a ‘Smart Pulley’ icon is shown beneath Channel 1.

[image: image12..pict]•
In ScienceWorkshop change the default setting for the ‘Smart Pulley’. Double-click the ‘Smart Pulley’ icon in the Experiment Setup window to open the Smart Pulley setup window.

•
The default for the ‘Spoke Arc Length’ is 0.015 m (1.5 cm). This assumes that the string is the in the groove of the Smart Pulley, where the circumference is 15 cm. In this case, the string is on an axle that has a circumference of 2 cm, so each spoke-to-spoke interruption represents 2 cm ÷ 10, or 0.2 cm (0.002 m). 

[image: image13..pict]
Default value (15 cm circumference)
New value (2 cm circumference of axle)

•
Enter ‘0.002’ for the new Spoke Arc Length. Click ‘OK’ to return to the setup window.

Equipment Setup

1.
Clamp the motor/generator to a table about one meter above the floor. Attach a string through the small hole in the axle of the motor/generator. Make sure the string can reach to the floor. 

2.
Measure the mass (e.g., 1.2 kg) that will be attached to the end of the string and record this value. Record the mass in the Lab Report section.

· Put the mass on the end of the string that is connected to the axle of the motor/generator. 

3.
Connect the banana plugs of the motor/generator’s cable to the output terminals on the Power Amplifier. 

· Do not turn on the Power Amplifier yet. Put the switch on the motor/generator in the “OFF” (down) position. 

4.
Connect the banana plugs of the Voltage Sensor to the red and black terminals on the side of the motor/generator, matching colors.


[image: image2.wmf]
5.
Mount the Photogate on the vertical post on the side of the motor/generator. Position the Photogate so that the spokes of the pulley on the motor/generator will interrupt its beam. 


[image: image3.wmf]
Preparing to Record Data

•
Before recording any data for later analysis, you should experiment with the motor/generator setup. 

•
Be sure the mass is attached to the end of the string.

•
Turn on the power switch on the back of the Power Amplifier.

•
Start recording data (Click ‘Start’ in DataStudio or ‘REC’ in ScienceWorkshop). The output from the Signal Generator will begin automatically. Put the switch on the motor in the “up” position. The motor will begin to lift the mass.

•
When the mass is almost up to the axle on the motor/generator, put the switch on the motor to the “down” position BUT SUPPORT THE MASS SO IT WON’T FALL DOWN, YET.

•
Disconnect the stereo phone plug of the Photogate from Digital Channel 1 on the interface. This is necessary so it will not record the motion of the falling mass.

•
Let the mass fall. (Remember to leave the switch on the motor in the “down” position for this part!)

•
When the mass is down, stop data recording. 

•
Rescale the graph and examine the plots of Position, Current, and Voltage versus Time.

•
Delete your trial run of data. 

PART III: Data Recording – Lifting the Mass, THEN Letting the Mass Fall
1.
Get ready to record data. Reconnect the Photogate’s stereo phone plug into Digital Channel 1 of the interface. Be sure that the switch on the back of the Power Amplifier is on. The mass should be at its down position.

2.
When everything is ready, start recording data. The output from the Signal Generator will begin automatically. 

3.
After a second or two, put the switch on the motor in the “up” position. The motor will begin to lift the mass. 

•
Allow the motor to lift the mass until the string is almost completely wound around the axle. 

4.
When the mass is almost to the axle, switch the motor off (put the switch in the “down” position) and SUPPORT THE MASS TO KEEP IT FROM FALLING BACK DOWN. 

5.
Quickly disconnect the Photogate’s plug from Digital Channel 1 of the interface. This is necessary so it will not record the motion of the falling mass.

6. 
After disconnecting the Photogate, allow the mass to fall. 

7.
When the mass reaches its lowest point, stop recording data. 

•
You have completed data recording for BOTH Part A (motor lifting the mass) AND Part B (falling mass powering the motor-as-generator).

Analyzing the Data
· Use the included calculations from the Experiment Calculator to determine the gravitational potential energy, power input, and power generated. 

1. In the calculation for GPE, the mass of the object must be entered using the Experiment Calculator.

In DataStudio, do the following:

[image: image14..pict]•
Double-click the ‘Gravitational Potential Energy’ calculation in the Data list. Result: The Calculator window opens.

•
Under ‘Variables’, enter the mass of the object. Click ‘Accept’ to save the change.

In ScienceWorkshop, do the following:

•
Click the Calculator button ([image: image4.png]


) in the Experiment Setup window to open the Experiment Calculator window.

•
Click the ‘Calculation Menu’ button ([image: image5.png]


). Select GPE from the Calculation Menu.

[image: image15..pict][image: image16..pict]•
Move the cursor to the end of the formula in the formula area. Click the multiplication button ([image: image6.png]


) in the keypad. Type the mass of the object. (For example, type “1.0” if the mass was 1.0 kilograms). 

•
Click the ‘equal’ button ([image: image7.png]


) in the calculator keypad, or press <enter> or <return> on the keyboard to finish your calculation.

2. [image: image17..pict]The other two built-in calculations are Power Input and Power Generated. They do not need to be modified.

· The Power Input is calculated as follows:

P = VI where V is the DC Voltage set in the Signal Generator and I is the current drawn from the Power Amplifier by the motor as it works.

•
The Power Generated is calculated as follows:



 where V is the generator’s output voltage measured by the Voltage Sensor in Channel B and R is the 10 ohm resistor that is in parallel with the output voltage. 

3. Use the Graph display’s built-in analysis tools to determine the maximum GPE (gravitational potential energy) gained by the mass, the energy input to the motor (the time-integral of Power Input), and the energy output by the ‘motor-as-generator’ (the time-integral of Power Generated).

[image: image18..pict]In DataStudio, do the following in the Graph of Gravitational Potential Energy, Power Input, and Power Generated:

•
Select the plot of ‘Gravitational Potential Energy’. Select ‘Maximum’ from the Statistics menu ([image: image8.png]


). Result: The maximum value of ‘GPE’ appears in the Legend box. Record the value in the Lab Report section.

[image: image19..pict]•
Select the plot of ‘Power Input’. Select ‘Area’ from the Statistics menu. Result: The time-integral of Power Input (area under the curve) appears in the Legend box. Record the value as ‘Energy Input’ in the Lab Report section.

•
Select the plot of ‘Power Generated’. Select ‘Area’ from the Statistics menu. Result: The time-integral of Power Generated (area under the curve) appears in the Legend box. Record the value as ‘Energy Output’ in the Lab Report section.

In ScienceWorkshop, do the following in the Graph display:

· [image: image20..pict]In the plot of Position vs. Time, use the ‘Input’ menu to replace ‘Position’ with the ‘GPE’ calculation. Open the statistics area and select ‘Maximum’ from the ‘Statistics’ menu to determine the maximum GPE (gravitational potential energy) gained by the mass. Record the ‘y’ value in the Lab Report section.

· [image: image21..pict]In the plot of Current vs. Time, use the ‘Input’ menu to select the Power Input calculation. To find the electric energy input (Energy Input), select ‘Integration’ from the ‘Statistics’ menu. Record the value as ‘Energy Input’ in the Lab Report section.

· In the plot of Voltage vs. Time, use the ‘Input’ menu to select the Power Generated calculation. Select ‘Integration’ from the ‘Statistics’ menu. Record the value as ‘Energy Output’ in the Lab Report section.

4.
Determine the percent efficiency of the motor and the percent efficiency of the ‘motor-as-generator’.

Record your results in the Lab Report Section

Lab Report - Activity P39: Motor Efficiency

What Do You Think?

How does the efficiency of an electric motor compare with the efficiency of an electric generator?

Data Table


mass of object = 

 kg
Item
Value

GPE (joules)


Energy Input (watt*s)


Energy Output (watt*s)


Mode
% Efficiency

Motor (lifting the mass)


Generator (as the mass falls)


Questions

1.
What is the efficiency of the motor as it lifted the mass?

2.
What is the efficiency of the motor-as-generator as the mass was allowed to drop?

Optional Activity

•
Change the output voltage of the power amplifier and determine how a different voltage affects the efficiency of the motor.
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