Understanding How DC Motors Use Power
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LESSON OVERVIEW

This lesson demonstrates how solar panels can be used to power a DC motor
that spins a propeller, which demonstrates how the propeller itself acts as a load
on the motor and regulates the power and energy used to spin it.

LEARNING OUTCOME

Students are shown that power used to supply a DC motor is dependent on the
motor’s load which in this case is a small plastic propeller and several plastic
disks. The lesson shows the difference between a motor spinning with and
without a propeller-disk load along with the attendant differences in electrical
power used for both tasks.

Students come to understand that:

1. A DC motor is like a variable resistor in that its internal resistance
decreases with increased mechanical loading (via a propeller).

2. A DC motor’s input power requirements change as more, or less, load is
applied to its rotating shaft thus creating more demand on the input power
source — in this case, the solar panel.

STUDENT ACTIVITIES

Students hookup a solar panel in series in order to measure the electrical power
and energy consumed by a simple DC motor and propeller. The Smart Meter —
Data Logger ™ measures the voltage, current, power and especially the internal
DC resistance of the spinning motor with four propeller loads. They use this
device in order to measure and interpret how propeller loads contribute to the
motor’s performance.

During the course of the lesson, students measure and record voltage, current,
resistance, power and energy with the Smart Meter — Data Logger ™. Students
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are charged with displaying the recorded data on the classroom computer and
explaining the differences in readings. This is followed by printing out plots of the
data on a printer or downloading data files gathered on the computer to be
included in reports about the lesson.

GRADE-LEVEL APPROPRIATENESS

This lesson is appropriate as an introduction to solar energy data interpretation
for students in grades 10 - 12.

LESSON TIME

This lesson should take between 45 minutes to 90 minutes depending on
discussion time about the experiment.

SAFETY

No particular safety issues are deemed present in this lesson; however,
particular attention to the setup and execution of the lesson is always prudent in
order to avoid unintentional mistakes and the resultant possible harm to those
involved.

REQUIRED MATERIALS

Qty Description

1 Solar Panel

Smart Meter — Data Logger
USB cable

Clip leads

Motor with propeller and large, medium and small disks
Classroom Windows PC computer with REEL Power ™ software
(MACs must have Parallel’'s “Desktop 3.0 for Windows”)

1 Printer (optional)
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PRELIMINARY STEPS

1. Install the graphical software on the classroom computer.
2. Install a fresh 9-volt battery in the Smart Meter — Data Logger
3. Refer to the Smart Meter — Data Logger ™ Tutorial for extra help.
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EQUIPMENT SETUP

1. Setup the equipment as shown in Figure 1 below. Wire the opposite side
of the solar panel so that all three modules are in series in order to
produce maximum voltage. You can use clip leads or the wires with
looped ends to hookup the two inner solar modules together (+ to -). Then
attach a clip lead from the left-most negative (-) post to the Black Input
terminal on the Smart Meter — Data Logger ™ and another clip lead from
the right-most positive (+) post to the Red Input terminal on the Smart
Meter — Data Logger ™.

2. Attach the motor to the Output terminals — the polarity doesn’t matter.

3. Remove the propeller for the first experiment.

AWA
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Figure 1 — Initial Equipment Setup — Solar Panelsi  n Series with Motor
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TEACHING THE LESSON

1.

Find an appropriate location to place the solar panel where it can receive
the maximum amount of sun or artificial light.

On the Smart Meter — Data Logger ™ push the Track key until the Set
Sample Time message is displayed. Wait 3 seconds and then push the
Fwd or Rev keys to set the Sample Time to 1 second.

Motor with No Propeller - With the solar panel tilted at an appropriate
angle to the light source to capture the maximum light the motor should be
spinning. Begin the data recording by pushing the Rec-Stop key. Notice
the Track number being recorded.

Motor with No Propeller — Allow the motor shaft to spin for about 1
minute. In that time grasp the spinning motor shaft between your fingers
to briefly slow it down. Hold it for a few seconds then release it. Do this
again for a few seconds.

Motor with No Propeller — Notice the Track number being recorded then
push the Rec-Stop key to halt recording.

Remove the solar panel from the sun so that the motor stops spinning
then add the propeller to the shaft. Don’t push the propeller too far onto
the shaft as it will have to be removed for the other experiments.

Motor with Propeller - With the solar panel tilted at an appropriate angle
to the light source to capture the maximum light the motor should be
spinning. Begin the data recording by pushing the Rec-Stop key. Notice
the Track number being recorded.

Motor with Propeller — Allow the motor to spin for about 1 minute.

Motor with Propeller — Notice the Track number being recorded then
push the Rec-Stop key to halt recording.

Remove the solar panel from the sun so that the motor stops spinning
then remove the propeller.

10. Add the large round disk to the motor’s

shaft, but don’t push it on too tight. It will
need to be removed for another part of
this experiment.
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11.Motor with Large Disk - With the solar panel tilted at an appropriate
angle to the light source to capture the maximum light the motor should be
spinning. Begin the data recording by pushing the Rec-Stop key. Notice
the Track number being recorded.

12. Motor with Large Disk — Allow the motor to spin for about 1 minute.

13.Motor with Large Disk - Notice the Track number being recorded then
push the Rec-Stop key to halt recording.

14.Remove the solar panel from the sun so that the motor stops spinning
then remove the large disk.

15. Add the medium round disk to the motor’s shaft, but don’t push it on too
tight. 1t will need to be removed for another part of the experiment.

16. Motor with Medium Disk — With the solar panel tilted at an appropriate
angle to the light source to capture the maximum light the motor should be
spinning. Begin the data recording by pushing the Rec-Stop key. Notice
the Track number being recorded.

17.Motor with Medium Disk —  Allow the motor to spin for about 1 minute.

18. Motor with Medium Disk — Notice the Track number being recorded then
push the Rec-Stop key to halt recording.

19. Remove the solar panel from the sun so that the motor stops spinning
then remove the medium disk.

20. Add the small round disk to the motor’s shaft, but don’t push it on too
tight.

21.Motor with Small Disk — With the solar panel tilted at an appropriate
angle to the light source to capture the maximum light the motor should be
spinning. Begin the data recording by pushing the Rec-Stop key. Notice
the Track number being recorded.

22. Motor with Small Disk — Allow the motor to spin for about 1 minute.

23.Motor with Small Disk — Notice the Track number being recorded then
push the Rec-Stop key to halt recording.

24.Remove the motor from the sun. This completes the data gathering part
of the lesson.
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DISCUSSING THE LESSON OUTCOME

1. In the classroom plug in a USB cable between the Smart Meter — Data
Logger ™ and the classroom computer and set the switch to the USB
position so that it receives power from the computer’'s USB port. Set the
power switch to the USB position and verify the sign on message on the
LCD screen.

2. Click on the REEL Power ™
icon to bring up the software
menu. Then click on the MPP
Auto Trac — Data Logger icon.

3. On the computer adjust the voltage (vertical) scale on the REEL Power ™
software to 40 volts maximum.

4. Adjust the time (horizontal) scale on the REEL Power ™ software to show
a red line marching across the bottom of the plot area.

5. Push the Track key until the View Trackx Data message is displayed.
Keep pushing the Track key until the Track number where the motor with
no propeller was recorded — the first measurement. The computer should
begin displaying the data plots for that recording. The data should look
something like Figure 2 below.

Figure 2 — Plot of Motor Spinning with No Propeller
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6. From Figure 2 notice the large dips in the resistance (black line) readings.
This is the internal resistance of the motor and the dips are caused by
holding the shaft while it spins. By holding the shaft with your fingers you
are creating a greater load on the shaft by holding it back from spinning so
the internal resistance drops for two reasons:

The motor is trying harder to overcome the load resistance and so
is demanding more power from the solar panel — which it can’t
completely supply.

The solar panel’s current increases, but the voltage decreases
trying to supply more power. This is evident if you review the Track
data on the Smart Meter — Data Logger ™. First, select Ohms
(the motor’s internal resistance) then push the Fwd and Rev keys
until it drops. Then look at the Volts, Amps and Watts readings.
What you will notice is that the overall power goes down due to the
fact that the solar panel cannot supply enough of it to the motor
when the shaft is restrained by your fingers.

No Fingers on Shaft Fingers on Shaft

7

02559 Ohms TO | [ 013.600hms TO
This Sample 0001 This Sample 0017

02.764 Volts TO | 01.714 Volts TO |
This Sample 0001 This Sample 0017

00.108 Amps TO | | 00.126 Amps TO |
This Sample 0001 This Sample 0017

00.297 Watts  TO | 00.215 Watts TO |
This Sample 0001 This Sample 0017

\

The motor spinning without a load runs faster but does not achieve
a stable speed because it has nothing to work against like a
propeller.

Pager
A REEL Power ™ (Renewable Energy Education Lab) Lesson
© LearnOnline, Inc.  www.learnonline.com



7. Push the Track key until the View Trackx Data message is displayed.
Keep pushing the Track key until the Track number where the motor with
the propeller was recorded — the second measurement. The computer
should begin displaying the data plots for that recording. The data should
look something like Figure 3 below. Notice how smooth the plots look.
This is due to stable load the propeller provides.

Figure 3 — Plot of Motor Spinning with Propeller
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8. Push the Track key until the View Trackx Data message is displayed.
Keep pushing the Track key until the Track number where the motor with
the large disk was recorded — the third measurement. The computer
should begin displaying the data plots for that recording. The data should
look something like Figure 4 below. Notice that the plots are not as
smooth as the one with the propeller in Figure 3. This is generally
because the disk is not “grabbing the wind” as much as the propeller and
not providing as much of a load, but the disk is still giving much more
stability to the motor’s spinning as compared to no load at all (Figure 2).

Figure 4 - Motor Spinning with Large Disk
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9. Push the Track key until the View Trackx Data message is displayed.
Keep pushing the Track key until the Track number where the motor with
the medium disk was recorded — the fourth measurement. The computer
should begin displaying the data plots for that recording. The data should
look something like Figure 5 below.

Figure 4 - Motor Spinning with Medium Disk
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10.Push the Track key until the View Trackx Data message is displayed.
Keep pushing the Track key until the Track number where the motor with
the small disk was recorded — the last measurement. The computer
should begin displaying the data plots for that recording. The data should
look something like Figure 6 below.

Figure 6 — Motor Spinning with Small Disk

DISCUSSING THE LESSON OUTCOME

Begin the discussion of the lesson by pointing out that
the propeller and disks act like a flywheel on a car’s
engine. The purpose of the flywheel is to keep the car’s
engine running smoothly. It does this because it
provides both a load for the engine as it runs (especially
at idle) and also provides momentum to keep the engine
turning with less dependence on fuel doing the same job.
In effect, the propeller and disks do the same thing
except the propeller is better at it than the disks — and
the larger disks are better than the smaller ones.

Image courtesy www.highperformancestore.com
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Continue the discussion by comparing the electrical data among the propeller
and the disks. Have the students either capture the images as in the Figures
above or take the data from the Smart Meter — Data Logger ™ LCD screen by
going through the Track data for each part of the lesson. We will use the
captured screen data here. Both data are snapshots of voltage, current, power
and resistance as the motor is spinning with the attached load.

Motor Spinning with No Load

Motor Spinning with Propeller

Motor Spinning with Large Disk

Motor Spinning with Medium Disk

Motor Spinning with Small Disk

From the above data snapshots point out that the propeller and disks present
varying loads (the resistance in Ohms) to the motor. The propeller presents the
greatest load (least resistance) at 13.8 ohms while the small disk presents the
least load at 28.3 ohms. It is even smaller than the no load reading of 26.3
ohms. The reason for this is the “flywheel effect”; that is, the momentum of the
small disk actually reduces the load on the spinning motor as compared with it
spinning with no propeller or disk at all. Also notice that it uses less power, as
well.

TEACHER GUIDELINES AND TIPS

The following tips can add more dimensions to the lesson:

Glue paper cutouts to the disks. This will add to the mass of the disk
and generally improve the smoothness of spinning.

Use a larger solar panel — one that will support the electrical demands
of the motor.
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