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DC MOTOR CONTROL AND HIGH CURRENT LOADS
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GEAR MOTORS
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gear head motors are DC motors with gearing to change 
the speed or torque of the output



BRUSHED DC MOTORS



BRUSHED MOTORS

Brushed motors are a type of 
motor that operate using DC 
power to continuously spin an 
internal commutator.

The commutator is in contact 
with brushes on the inside of 
the motor that create an 
electrical circuit, but do not 
restrict the movement of the 
motor.
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http://rcgroups.com


DIRECTIONALITY

The directionality of the motor 
is determined by the polarity of 
the electricity moving through it.

Reversing the flow of electricity 
will reverse the direction the 
motor is spinning.
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H-BRIDGES
You can reverse the 
polarity of electricity by 
using an H-bridge, 
which is a type of circuit 
that allows a voltage to 
flow across a load in 
either direction.
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HOW H-BRIDGE WORKS
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VOLTAGE & CURRENT DRAW

Motors often need more voltage 
and draw more current than a 
microcontroller like the Arduino 
is capable of providing.

This necessitates the use of a 
transistor or relay.
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SPEED

The speed of a brushed motor 
is determined by the voltage 
amount supplied to the motor.

This means that motors will 
operate within a range of 
voltages. PWM can efficiently 
control speed.

The speed of a motor is 
measured in revolutions per 
minute (RPM).
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PULSE WIDTH MODULATION

Pulse-Width-Modulation (PWM) 
varies the duration of an 
electrical pulse (high and low 
voltage) to simulate analog 
output.

By doing so a microcontroller 
can be used to control the 
speed of motors and still 
maintain turning power (torque) 
which a decreased voltage 
would not.
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SPEED VS TORQUE



SPEED AND TORQUE

Speed: is a measure of how far something travels in a given period of time.

Torque: is force exerted as an object rotates.If a load is added to the shaft, 
               more torque is required to turn it.

Two motors of different sizes may run at the same speed. A window fan maybe run 
1800 rpm but exert little torque, an industrial motor maybe exert heavy torque to lift 
a heavy load but run at a similar speed. 



TORQUE

Torque is how hard something is rotated.

Torque= Force x Distance
Measured in lb*ft, kgm, newton*meter, etc



TORQUE & STALL TORQUE

Torque is a measure of the 
strength of the motor, while stall 
torque is the maximum force 
the motor can exert before 
stalling.

Some motors have a gearhead 
attached to the shaft.

These gears slow the motor to 
a varying degree, but they also 
dramatically increase the 
strength of the motor. PHOTO BY  ZACH HOEKEN 



MOTOR
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MOTOR
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no load speed: fastest the motor will turn with nothing attached to the output 
shaft



MOTOR
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stall torque: load that causes the output rotational speed of a device to 
become zero. This load is too much for the motor. The motor wont turn 

current draw will increase , the motor will heat up and burn out.



MOTOR
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Max efficiency: speed and current draw that does not damage the motor



CALCULATING TORQUE



PRACTICAL EXAMPLE

If your project needs to raise an arm 
or spin something

if you know the weight and distance you can calculate 
how strong a motor you need.



DISTANCE DETERMINES TORQUE

PHOTO MAKING THINGS MOVE

Max. torque at point farthest from pivot



TORQUE = FORCE X DISTANCE

PHOTO FROM MDMETRIC

Moving your hand down the handle you need to supply less force to turn the nut but the 
distance traveled by your hand is greater.

1ft x 20lbs = 20ft/lbs

2ft x 10lbs = 20ft/lbs

If the nut requires 
20ft/lbs to turn….

A motor would need 
to torque of at least 
20ft/lbs



HOOKING MOTOR TO A 
SHAFT



FLEXIBLE COUPLINGS

Rubber tubing can be DIY coupling



RIGID COUPLINGS



RIGID MOUNTS



SERVO HORN

Hobby servos typically come 
with plastic connectors called 
horns which are used to push 
control arms for steering RC 
cars.



SERVO STEERING



SERVO COUPLER



HEAVY DUTY SERVO ASSEMBLY



3D PRINT

you can always try your luck 3d 
printing a coupler but consider 
weight balance for anything fast 
moving.

THINGIVERSE



AXIAL VS RADIAL LOAD



AXIAL VS RADIAL LOAD

Axial loading refers to force 
applied parallel to axis

PHOTO FROM MAKING THINGS MOVE

Radial loading refers to force 
applied perpendicular to an 
axis

Radial loads are the most 
common problem for us. A 
solid motor mount can take 
care of this usually.



RADIAL VS AXIAL 
LOADS
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Proper gear choices for axial 
and radial loads.



BEARINGS!

Ball bearings are one way of 
reducing friction around an axis. 

Bearings are only as good as 
the mount that holds them. A 
mechanism with a sturdy mount 
is a happy mechanism! any 
shifting or wobble in a 
mechanism leads to inefficiency 
and breakage.
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MOTOR AND HIGH CURRENT 
CONTROL



TRANSISTORS



TRANSISTORS

A transistor is a three or more 
terminal device that act as 
either electrically controlled 
switches or amplifiers.
 
A voltage or current applied to 
one pair of terminals affects the 
voltage or current going through 
another pair of terminals.

FROM PRACTICAL ELECTRONICS FOR INVENTORS BY PAUL SCHERZ



IMPORTANCE

Considered by many to be 
among the most important 
inventions of all time, 
transistors are the basis for 
almost all modern electronic 
devices.

The ease of manufacturing and 
low cost of production have 
lead to a dramatic proliferation 
of transistors since its 
invention.
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FOR SWITCHING
Transistors can be used for 
switching in high-power 
applications as well as in the 
construction of logic gates.

When used as a switch, a 
transistor uses an input voltage 
to control a, usually higher, 
output voltage.

A logic gate is a circuit that 
converts multiple or single 
inputs into a single boolean 
output. PHOTO BY PFERRIOLA



FOR AMPLIFYING

Transistors can also be used to 
provide an amplified voltage, 
current, or both.

Transistors are used in this 
context within televisions, 
stereos and portable electronic 
devices to provide amplification 
of audio signals.
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TRANSISTOR TYPES
Although there are many kinds 
of transistors, there are 
essentially two types:

• Unipolar / Field-Effect
• Bipolar
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BIPOLAR TRANSISTORS



BIPOLAR TRANSISTORS

Bipolar transistors rely on the 
contact of two types of 
semiconductors for operation.

These semiconductors are 
either positively or negatively 
doped. By giving a small signal 
voltage these semiconductors 
can act as either a conductor or 
an insulator.
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BASE, COLLECTOR & EMITTER

Bipolar transistors have three 
internal regions and three 
external leads.
These leads, labeled collector, 
base and emitter, can be 
arranged in any order, so 
always review the datasheet for 
the correct pinout.

The base connects to the 
control voltage, collector 
connects to the load and the 
emitter connects to ground. PHOTO FROM ENGADGET.COM

http://engadget.com


NPN VS. PNP
There are two types of bipolar 
transistors, NPN and PNP, the 
difference being the order in 
which the positively or 
negatively doped 
semiconductors are arranged.

NPN, the most common type, 
conducts electricity, when the 
base is HIGH.

A PNP transistor operates 
inversely, by being on when the 
base is LOW.
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NPN

NPN, the most common type, 
conducts electricity, when the 
base is HIGH.

Used when power supply is 
positive polarity.

FROM PRACTICAL ELECTRONICS FOR INVENTORS BY PAUL SCHERZ



PNP

A PNP transistor operates 
inversely, by being on when the 
base is LOW.

FROM PRACTICAL ELECTRONICS FOR INVENTORS BY PAUL SCHERZ



UNIPOLAR OR FIELD 
EFFECT (FET)TRANSISTORS



UNIPOLAR / FIELD-EFFECT 

Unipolar / field-effect transistors 
rely on an electric field to 
control the conductivity of the  
semiconductor.

MOSFETs are the most 
common type of unipolar / field-
effect transistor.
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SOURCE, DRAIN & GATE
Unipolar / field-effect transistors 
have three external leads.

These leads, labeled source, 
drain and gate, can be 
arranged in any order, so 
always review the datasheet for 
the correct pinout.

What connects to the leads 
depends on the type of unipolar 
/ field-effect transistor you are 
using.

PHOTO FROM BBC.CO.UK

http://bbc.co.uk


N-CHANNEL VS. P-CHANNEL
In an n-channel transistor:
• the gate connects to the control voltage,
• drain connects to the load and
• the source connects to ground.

In a p-channel transistor:
• the gate connects to the control voltage,
• drain connects to the load and
• the source connects to the high voltage.
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RELAYS
 (MORE NEXT WEEK)



RELAYS
A relay is a switch that 
can be controlled 
electronically.

Relays are larger and 
slower than transistors, 
but better suited for 
switching very high 
voltage and / or current 
levels.
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IN-CLASS: TURNING  A DC 
MOTOR ON AND OFF USING 

A TRANSISTOR



TIP122

NPN Transistor
Bipolar

Don't touch!
Can get hot!



SNUBBER DIODE

A DC motor is an inductive load 
meaning that when it moves it 
can produce or induce a 
current. A dc motor is basically 
a power generator used in 
reverse. 

When you suddenly turn off the 
motor it continues to move and 
generates current for a short 
time. The snubber diode 
protects your circuit by resisting 
this. PHOTO PDAN



TIP122 WITH DC MOTOR
Components:
• Breadboard (from kit)
• DC Motor (from kit)
• TIP122
• Diode (IN4007)
• power plug 5V power supply

Use Arduino code from Blink 
example
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PWM
void setup() 
{ 
  pinMode(motorPin, OUTPUT);
  Serial.begin(9600);
  while (! Serial);
  Serial.println("Speed 0 to 255");
} 
 
 
void loop() 
{ 
  if (Serial.available())
  {
    int speed = Serial.parseInt();
    if (speed >= 0 && speed <= 255)
    {
      analogWrite(motorPin, speed);
    }
  }
} 



PWM ADD A POT (A0)
int sensorPin = A0; 
int sensorValue = 0; 
int motorPin = 9;
 
void setup() 
{ 
  pinMode(motorPin, OUTPUT);
  Serial.begin(9600);
  
} 
 
void loop() 
{ 
   sensorValue = 
analogRead(sensorPin);
   int motorSpeed = map(sensorValue, 
0, 1023, 0, 255);
      analogWrite(motorPin, 
motorSpeed);
    Serial.println(motorSpeed);
    delay(10);
    }
  


