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DC (Beakman Inspired) Motor
For this project, students can work in groups of two to four. A group of three or four
must produce and test at least two distinctly different final motor designs. However, they
need only write one report. Groups of two need only do one new motor design.
Grading
Preliminary Performance (5 pts)
Final Motor Performance (15 pts)
Only one test is necessary for a group of 2 students. Two tests are

required for larger groups. Additional tests can be done by any group that wishes
to improve their performance.

Motor Speed Witnessed Date
Data Plot Printed and Signed Date
Motor Speed Witnessed Date
Data Plot Printed and Signed Date
Motor Speed Witnessed Date
Data Plot Printed and Signed Date
Motor Speed Witnessed Date
Data Plot Printed and Signed Date

Design, Analysis & Discussion of Results (25 pts)
Personal Responsibilities (5 pts)

Total (50 pts)

Name

Name

Name

Name
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Pre-Project: Be sure that you have a copy of your results from the pre-project test day.
Attach these results to your report.

Introduction: Project Goals.

The purpose of this project is to build the Beakman’s motor in such a manner that it
rotates much faster than the case with the basic design and to determine the speed of the
motor by making measurements of currents and voltages in the motor circuit. An
explanation of why the motor works as well as it does (including some modeling) must
be provided.

Background

The basic principles of motor operation are included in the websites listed with the pre-
project. Each time the coil spins through a single revolution, the commutator turns the
current on for half of the cycle and off for half of the cycle. While the current is on, the
coil becomes an electromagnet, which is either attracted to or repelled by a permanent
magnet attached to the battery that powers the motor. By properly orienting the
commutator, the coil is given a little push each time it goes by the magnet and it will
continue to spin. By monitoring the current to or voltage across the coil, the frequency it
spins at can be determined. If the spinning is sufficiently regular, the frequency
measurement capability of the oscilloscope can be used for this purpose.

To make the motor work well, there are many issues that have to be addressed. The
issues that came up a couple of years ago are listed on another website:
http://hibp.ecse.rpi.edu/~connor/motor_comments.html

A key issue noticed by nearly all motor builders is balance. The better balanced the coil,
the faster it turns. To achieve good balance, it has generally been found that a smaller coil
will be more stable. This coil will also be able to work closer to the magnet where the
magnetic field is larger. Some very creative ideas have been pursued in motor design,
particularly in the past year.

The basic Beakman design calls for a coil diameter to be equal to that of a toilet paper
tube. Improved performance should be obtained if a smaller coil is built. How much
smaller is hard to determine. Since the larger coil is known to work, reducing the
diameter by about 25% should make things better without deviating too much from the
basic design. To make the smaller coil work, a smaller battery can be used or the paper
clips can be bent in. During construction, it is very important to keep everything as rigid
and symmetric as possible.

Note: Motors must be built using a 1.5 volt battery and the magnet wire and
magnets available in the studio. Two paper clips must be used to form the cradle for
the coil. These paper clips cannot be bent into a closed loop around the coil. The
top of the cradle must remain open. No other source of power can be used. Anything
else in the basic design can be changed and other materials can be added. For example, a
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small wire can be used to hold the coil in the cradle as long as it is not connected
electrically to the cradle. It is permissible to use one of the DC power supplies while
designs are being tested, but final performance testing must be done with a battery.

ot OK
OK

As the coil spins, the current passes through it during half of the rotation cycle. The
excitation of the coil is thus like a square wave. The coil is an inductor and a resistor.
The connections to the coil have some finite contact resistance, the paper clips or
whatever is used to connect the coil to the battery and the battery itself all have some
resistance. Energy lost to air drag and coil wobble will look like resistance to the circuit.
Also, as the coil spins past the magnet, a current will be induced in the coil, just as
dropping the magnet through the coil can produce a current. This current will be in the
opposite direction to the applied current. Depending on the relative size of the
resistances and inductances, the net effect of all this will either look like an inductance or
like a resistance, but probably not both. It can be useful to simulate the parallel
combination of a resistance and an inductance excited by a square wave, to see what the
signal might look like. However, it is probably most efficient to do this after the signal
has been observed by picking the L and R that give the observed signal. Whatever the
signal looks like, it should repeat every cycle.

Basic Motor Performance (5 pts — Already Assigned to the Pre-Project)

One of the best ways to begin a design process is to build a simple prototype. Thus, you
first built a basic Beakman’s motor and demonstrated its operation to a TA or instructor
during the first class meeting allocated to this project. The motor speeds should have
been recorded and witnessed on the grade sheet. You should also have obtained data
plots using Intuilink so that you will be ready to take high quality data during the
next two class sessions.

Final Motor Performance (15 pts)
A functioning motor will result in a grade of at least 6. The actual grade will be

determined by the speed of the motor. The fastest motor in the class (all sections) will
have a grade of 18; the slowest operating motor will have a grade of 6. Of the remaining
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motors, the fastest third will have a grade of 15, the next third a grade of 12, and the
lowest third a grade of 9. Motor speeds will be posted on the class website. Have your
experimental data signed by a TA or instructor.

Motor Speed must be recorded and witnessed on the grade sheet. The signed data
plot (obtained with Intuilink) must be consistent with speed recorded on the grade
sheet. The data must also be clear. Irregularities in pulses, especially for faster
speeds are not acceptable. Pulses must be clear so that the speeds can be determined
without any question.

Design, Analysis & Discussion (25 Pts)

Describe the particular design improvements (over the basic design) you have pursued in
your motor. (See the additional comments at the end for some ideas.) Draw a picture of
your final design. Your design should be sufficiently complete so that any reader will
understand what you have done and where your model and analysis come from.

Draw a circuit diagram for the motor, including every possible circuit element (resistors,
inductors, voltage or current sources, capacitors, etc.) you think might prove to be
significant in its operation. Show the connections to the oscilloscope and the input
impedances of the “scope as circuit components. Identify the circuit components you
think will be the most important in the performance of the motor. Determine values for
each of the components in your circuit. This can be done using a combination of
analysis, experiment, finding published values or judicious guessing. Whenever possible,
provide both analysis and experiment. Estimate the emf induced in the coil as it spins.
Determine the resulting current and compare this current with the current from the
battery. Be sure that you provide references for any information you have obtained from
other sources.

Please discuss the features of your data. For example, explain the voltage levels observed
in the data using your circuit model. Discuss any odd features that do not seem to be
consistent with a simple explanation of the motor. Discuss any problems you encountered
and how you overcame them. What did you learn from this experience? One of the best
ways to organize this section is to provide two examples of data and then discuss the
similarities and differences (compare and contrast).

Personal Responsibilities (5 pts)

A short paragraph should be written describing what each group member did to develop
and implement the final design. It is very important that each member of the group be
responsible for some aspect of the design, analysis or testing process. To obtain full
credit for this, tasks must be described and assigned to members of the group. If possible,
describe how you used some of what you learned in Professional Development | to make
your team more successful. On a related note, it is becoming more the rule in industry
these days that engineering is done through the use of collaboration tools like Wiki pages,
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electronic conferencing, etc. You should try to utilize some kind of tool for sharing the
work on your project. A simple idea to consider is to have the team member responsible
for the final report post drafts online for comment from the rest of the team. It will be
helpful for us if you can describe your overall approach to the project. When did you
meet? How did you organize your tasks, etc? Did you start writing the final report on the
first day, as you should?

Note: Be sure that you turn in the grading sheet with your official signed speeds and all
data signed by a TA or instructor with your report.

Additional Comments:

The basic principles of motor operation are included in the websites listed above. Each
time the coil spins through a single revolution, the commutator turns the current on for
half of the cycle and off for half of the cycle. While the current is on, the coil becomes
an electromagnet which is either attracted to or repelled by a permanent magnet attached
to the battery that powers the motor. By properly orienting the commutator, the coil is
given a little push each time it goes by the magnet and it will continue to spin. While this
description is adequate to explain generally how the motor works, it is not so useful for
actually designing a motor.

F

A better model involves the forces between current-carrying wires and magnetic fields.
A current-carrying wire experiences a force due to a magnetic field in a direction
perpendicular to both the wire and the field, as shown in the figure above. In the most

fundamental terms, we express this force as f = J x B, where f is the force density, J is
the current density in the wire (J is | divided by the area of the wire) and B is the
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magnetic field. Most simply, this expression can be writtenas F = ILx B = ILBsina ,
where | is the current, L is the length of the wire (this is made a vector by multiplying it
by the unit vector in the direction of the current flow), and a is the angle between the
wire and the magnetic field. There is quite a good discussion of the principles behind the
DC motor at http://www.micromo.com/03application_notes/tutoriall.asp from Micro Mo
Electronics in Clearwater, FL. (The figure above comes from this web site.) It will be
useful to read over this material to see how to optimize your motor designs. Something
to think about — where would the magnet be located in the figure showing the forces?

Big Hint — A variation of the method described above for closing the support structure
without making electrical contact has been used recently to obtain some very fast speeds.
Rather than attaching a small wire to the paper clip to hold the coil in the cradle, many
students manually press down on the coil axle with two pieces of wire (4-6 inches in
length). That is, they hold the two pieces of wire in their hands and press gently down
onto the coil axle as close to the support point as possible. This stops the coil from
hopping and maintains the connection between the coil and the paper clip support. In
effect, they have added a spring (since the pieces of wire are flexible) that keeps pressure
on the axle to maintain contact. Using this idea, speeds typically increased by at least a
factor of two. This semester, you are required to use a somewhat more elegant approach
and use a spring that requires no human intervention. For example, you can attach one
end of these extra wires to a stand and then bend them in such a manner to create a spring
that holds the axle down without requiring a person to hold the wires. You can use any
design you wish for your spring as long as the metal of the spring does not make
electrical contact between the coil and the battery. Any kind of insulated wire can be used
as long as the insulation is not removed. Using a spring of this type will take some
adjustment to get right — something that is not required for a human operated spring,
since we are capable of adjusting the tension until the best possible speed is achieved.
When you test your motor, you should do it first without the spring. When you add the
wires you should see that the motor rotates at a much higher frequency and that the coil
remains in contact with the support for a larger fraction of each cycle (that is, that the
duty cycle is larger).

Back EMF — A voltage will be induced in a spinning coil because the wires are passing
rapidly through a DC magnetic field. Fortunately for our purposes here, this voltage is
generally quite small. We did a small experiment to show what this voltage looks like. A
coil similar to the ones used for the Beakman’s motor was constructed but all enamel was
removed from both axles. Thus, while the coil spins, a voltage can be measured. The coil
was placed over the magnet but no battery was used. The coil was set in motion by
manually starting it with a flick of a finger. The voltage signal observed generally looked
like the following.
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The signal is noisy because the coil does not make good contact at all times. It is not a
good sine wave since the B field is not constant. From this signal, you can tell the
frequency of rotation and the maximum induced voltage. Use this information to justify
your estimate of the contribution from the back EMF in your motor design. You can also
use this information to get a rough idea of the average B field, if you also know that this
coil had about 7 turns of wire.

Report — In your report, you should only include useful information. Do not pad it with
extra materials. However, you should make sure that you include a relatively complete
picture of how your motor operates and why. All plots should be well annotated so that
they can be easily understood without reading any of the text materials. Be sure that you
provide information on all reference materials you have used. Do not borrow pictures or
any other information from webpages, books, etc. without properly giving clear credit.
You are free to use any information at all as long as you give proper credit.
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