
Motors and Servos Part 2: DC Motors

Back to Motors
After a brief excursion into serial communication last week, we are returning to DC 
motors this week.  As you recall, we have already worked with servos which are like the 
DC motor “value added package.”  Specifically, a servo is a DC motor in combination 
with gear reduction and a feed-back-driven motor-controller.  In this exercise, we will 
work with the unadorned DC motor such as you might find in your cell phone (so it can 
vibrate) or your laptop, or any number of toys and household appliances.

When motors first came out, people thought they’d just have one for the house: the 
household motor. Various attachments for vacuuming, meat grinding, and ceiling fan 
were available.  Some houses had intricate mazes of belts and gears routed through the 
house to supply this rotational power.  Now days, DC motors come in many sizes and 
shapes ranging in price from under a dollar to hundreds of dollars.

As you might expect, the wide variation in DC motor configurations is matched by a 
wide array of specifications including (courtesy of Tod Kurt):

• direct-drive vs. gearhead – built-in gears or not
• voltage – what voltage it best operates at
• current (efficiency) – how much current it needs to spin
• speed – how fast it spins
• torque – how strong it spins
• oh, and also: size, shaft diameter, shaft length,etc

But, the basic mode of DC motor operation is always same.



Principles of Operation
DC motors convert electrical energy into mechanical energy.  Inside, they consist of 
permanent magnets and loops of wire.   When current is applied, the wire loops generate 
a magnetic field, which reacts against the field of the permanent magnets.   The 
interaction of the fields produces the movement of the shaft/armature.   Thus, 
electromagnetic energy becomes motion.  That’s the big picture, now let’s slow down 
and look at it piece by piece.

A motor uses magnets to create motion.  The fundamental law 
of all magnets is that opposites attract and likes repel. 

There are two main sources of magnetic fields: (1) magnetic 
fields due to electric currents in conducting materials---electromagnets; and, (2) fields 
arising from magnetic materials otherwise know as permanent magnets. In these, 
electron motion (orbital or spin) can lead to a net ‘magnetic moment’ and a resulting 
magnetization.   DC motors use the interaction of permanent magnets and electromagnets 
to produce rotation.

Electromagnets
When a current flows through a conductor, a 
magnetic field surrounds the conductor. As 
current flow increases, so does the number of 
lines of force in the magnetic field. 

As shown in the figure above, the magnetic field is perpendicular to the wire and its 
direction depends on the direction the current is flowing in the wire, as expressed in the 
right-hand rule:



Because the magnetic field around a wire is circular and perpendicular to the wire, an 
easy way to amplify the wire's magnetic field is to coil the wire.

Back to the Motor 
(Taken form How Stuff 
Works)

A simple DC motor has 6 parts:
• Armature or rotor 
• Commutator 
• Brushes 
• Axle 
• Static magnet 
• DC power supply

In the above diagram, you can see two magnets in the motor: The armature (or rotor) is 
an electromagnet, while the static magnet is a permanent magnet.  Inside an electric 
motor, the attracting and repelling forces of these two magnets create rotational motion. 

If you were to attach a battery to the electromagnet as shown above, the north end of the 
electromagnet would be repelled from the north end of the permanent magnet and 
attracted to the south end of the permanent magnet. The south end of the electromagnet 
would be repelled in a similar way and the rotor would move about half a turn to align 
with the permanent magnet and then stop.  

The key to an electric motor is that, at the moment this half-turn of motion completes, the 
field of the electromagnet flips. The flip causes the electromagnet to complete another 
half-turn of motion. You flip the magnetic field by changing the direction of the current 
in the wire.  If the field of the electromagnet were flipped at precisely the right moment at 
the end of each half-turn of motion, the electric motor would spin.

The "flipping the electric field" 
part of an electric motor is 
accomplished by two parts: the 
commutator and the brushes. 
They connect the rotor to the 
power supply as shown to the 
right.

http://electronics.howstuffworks.com/motor.htm
http://electronics.howstuffworks.com/motor.htm


The commutator spins with the electromagnet. The brushes are springy pieces of metal 
that are connected to the battery and make contact with the commutator.  As shown 
above, the connection between the battery and the rotor is lost when the brushes 
encounter the splits in the commutator, and the flow of current to the rotor re-establishes 
in the opposite direction on the other side of the split.  Hence the electric field flips.

Real motor typically have three or more “poles” (north or south) in the static field as 
opposed to the two poles discussed above. 

Motor Control 
To drive a DC motor, apply a voltage.  The higher the voltage, the faster the motor spins. 
The polarity determines which way it rotates.  Give it a (brief) try using your battery pack 
in place to the 9V battery shown below.  (Your motor is only rated for 3 V so it should 
really spin!)

Just as voltage causes rotation, rotation causes voltage.  This is the principle on which 
generators and “regenerative braking” in electric & hybrid cars operate.   Try it yourself 
with an LED.  You’ll have to spin the motor shaft very rapidly to light the LED.  (I could 
not get this to work but perhaps you can.)



We are using small and inexpensive motors that are only rated for 3 Volts, but many DC 
motors are rated for higher voltage and have a large current draw.  Motors are typically 
run using a power supply that is separate from the micro-processor power supply.  A 
separate power supply is used not just to satisfy the motor’s higher voltage and current 
demands, but also because motors are electrically noisily---they generate what is called 
“counter Electromotive Force” (EMF) or voltage.  For these reasons, we control our 
motor with a separate 6V power supply as shown in the figure to the right below.  You 
can start by implementing the “little motor” configuration to the left below.  After that 
configuration is tested and working, you can easily add the external power supply for the 
motor, i.e., your 6 V battery pack.  Read on before you start building your circuit.

Both configurations require a transistor.  A transistor acts like a switch that is controlled 
by electricity rather than your fingers.  Using this switch, a low voltage signal can control 
a high voltage signal.  By applying voltage to the “base” (see the figure below), you can 
open the “switch” between the “collector” and “emitter”.

On this type of transistor (called an NPN), you need to make sure the collector is always 
at a higher voltage than the emitter. Generally you do this by connecting the emitter to 
ground just as we have in the configuration above.

In addition to a transistor, we will use a diode to isolate our micro-processor from the 
motor.  A diode is like a one-way valve in plumping---it allows current to flow in only 



one direction.   Remember that a motor can also act like a generator.  The “kickback” 
diode shown in the figure below routes any counter EMF back to the motor so that it 
can’t damage the rest of the circuit.

An LED is a Light Emitting Diode, that’s why you must orientate it properly in the 
circuit in order for it to light.   The proper orientation of a diode is indicated by its 
banding.  In the case of our diode, the darker red band should align with the tip of the 
arrow in the figure above---it is synonymous with the short leg of an LED.

Build the circuit shown directly above.  Once you gotten it to work, show it to your 
instructor to receive credit, and then modify the circuit to power your motor from the 
6V battery pack.  Again, show your instructor your modified motor controller to 
receive credit.

Changing Speed
As you noticed, the motor controller above turns your motor on and off, but that’s it. 
When it’s on, your motor runs at full speed in the forward direction.  Let’s modify the 
motor controller so that we can control the motor’s speed.  To do this, we need our 
micro-processor to act as more than a power supply.  Specifically, we’ll use PWM to 
control the “effective voltage” received by the motor.  As mentioned earlier, voltage 
controls the speed of the motor.  If you don’t remember PWM and how to generate it on 
the Arduino, revisit LEDs and Sensors Part 2: Analog to Digital.

Modify your circuit to match that shown below.

http://www.cs.unca.edu/~bruce/Fall09/255L/LEDsAndSensorsPart2.pdf


Now run the program below to control your motor’s speed.

/*
 * Serial Read Blink
 * -----------------
 * Created 18 October 2006
 * copyleft 2006 Tod E. Kurt <tod@todbot.com>
 * http://todbot.com/
 * 
 * based on "serial_read_advanced" example
 */

int motorPin = 9;
int val = 0;       // variable to store the data from the serial port

void setup() {
  pinMode(motorPin,OUTPUT);    // declare the motor's pin as output
  Serial.begin(19200);        // connect to the serial port
  Serial.println("Welcome to SerialMotorSpeed!");
  Serial.println("Enter speed number 0-9:");
}

void loop () {
  val = Serial.read();      // read the serial port
  if (val >= '0' && val <= '9' ) {
    val = val - '0';       // convert from character to number
    val = 28 * val;        // convert from 0-9 to 0-255 (almost)
    Serial.print("Setting speed to ");
    Serial.println(val);
    analogWrite(motorPin,val);
    
    Serial.println("Enter speed number 0-9:");
  }
}

Show your instructor your enhanced motor controller to receive credit.

Your Turn
Your job is to work on the input and output of your motor project.  

Modify the input so that a potentiometer controls the speed of your motor.  We used a 
potentiometer to control the note played on a speaker in LEDs and Sensors Part 2: 
Analog to Digital; you can look at that program as an example.  Note: The output of the 
potentiometer should NOT directly power the motor, instead the position of the 
potentiometer should be used to control the PWM signal sent to the transistor.

http://www.cs.unca.edu/~bruce/Fall09/255L/LEDsAndSensorsPart2.pdf
http://www.cs.unca.edu/~bruce/Fall09/255L/LEDsAndSensorsPart2.pdf


Modify the output by making your motor do something interesting.  Use the materials 
supplied at the start of class to create something interesting on the end of the motor shaft. 
For example, make a figure that dances when the motor turns and then control your motor 
to create the allusion of an interesting dance.  Be creative and be prepared to display your 
creation to the class to receive the full credit for this exercise.

Extra Credit (10 points)
Follow the instructions provided on the ITP Physical Computing website for controlling a 
DC motor's rotational direction using an H-bridge.  Because the H-bridge chip is rated for 
voltages in the range of 4.5 V to 36 V, we can not reduce the speed of the motor when 
using the H-bridge chip, we can only reverse its direction of rotation.  Demonstrate your 
H-bridge motor controller to receive 10 points of extra credit.

http://itp.nyu.edu/physcomp/Labs/DCMotorControl
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