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Switches

Electromechanical Relay
Electrical Relays however, are basically electrically operated switches that come in many shapes, sizes and power ratings
suitable for all types of applications. Relays can also have single or multiple contacts within a single package with the
larger power relays used for mains voltage or high current switching applications being called “Contactors”.

In our simple relay above, we have two sets of
electrically conductive contacts. Relays may
be “Normally Open”, or “Normally Closed”.
One pair of contacts are classed as Normally
Open, (NO) or make contacts and another set
which are classed as Normally Closed, (NC) or
break contacts. In the normally open position,
the contacts are closed only when the field
current is “ON” and the switch contacts are
pulled towards the inductive coil.

The Solid State Relay.
While the electromechanical relay (EMR) are inexpensive, easy to use and allow the switching of a load circuit
controlled by a low power, electrically isolated input signal, one of the main disadvantages of an electromechanical
relay is that it is a “mechanical device”, that is it has moving parts so their switching speed (response time) due to
physically movement of the metal contacts using a magnetic field is slow.

To overcome these disadvantages of the electrical relay, another type of relay called a Solid State Relay or (SSR) for
short was developed which is a solid state contactless, pure electronic relay.

Extending the life of relay tips by reducing the
amount of arcing generated as they open is achieved
by connecting a Resistor-Capacitor network called
an RC Snubber Network.
The voltage peak, which occurs at the instant the
contacts open, will be safely short circuited by the RC
network, thus suppressing any arc generated at the
contact tips.

Motors

Electrical DC Motors are continuous actuators that convert electrical energy into mechanical energy. The DC
motor achieves this by producing a continuous angular rotation that can be used to rotate pumps, fans,
compressors, wheels, etc.
As well as conventional rotary DC motors, linear motors are also available which are capable of producing a
continuous liner movement.
•Brushed Motor – This type of motor produces a magnetic field in a wound rotor (the part that rotates) by passing an
electrical current through a commutator and carbon brush assembly, hence the term “Brushed”. The stators (the
stationary part) magnetic field is produced by using either a wound stator field winding or by permanent magnets.
Generally brushed DC motors are cheap, small and easily controlled.
•Brushless Motor – This type of motor produce a magnetic field in the rotor by using permanent magnets attached to it
and commutation is achieved electronically. They are generally smaller but more expensive than conventional brushed
type DC motors because they use “Hall effect” switches in the stator to produce the required stator field rotational
sequence but they have better torque/speed characteristics, are more efficient and have a longer operating life than
equivalent brushed types.

•Servo Motor – This type of motor is basically a brushed DC motor with some form of positional feedback control
connected to the rotor shaft. They are connected to and controlled by a PWM type controller and are mainly used in
positional control systems and radio controlled models.

A brushed DC electric motor is an internally commutated electric motor designed to be run from a direct current
power source. Brushed motors were the first commercially important application of electric power to driving
mechanical energy,

Drawbacks:
1, Wear out over the time
2, Cause sparking

The rotor or armature of a DC machine consists of current carrying conductors connected together at one end to
electrically isolated copper segments called the commutator. The commutator allows an electrical connection to be
made via carbon brushes (hence the name “Brushed” motor) to an external power supply as the armature rotates.

The “Brushless” DC Motor
The brushless DC motor (BDCM) is very similar to a permanent magnet DC motor, but does not have any brushes to
replace or wear out due to commutator sparking. Therefore, little heat is generated in the rotor increasing the motors
life. The design of the brushless motor eliminates the need for brushes by using a more complex drive circuit were the
rotor magnetic field is a permanent magnet which is always in synchronisation with the stator field allows for a more
precise speed and torque control.

Unlike the brushed DC motors, the
rotor of the brushless DC motor is
the permanent magnet (the black
outer layer in the picture).
The pairs of coils are energized
sequentially to mobilize the rotor
magnet.

The DC Servo Motor
DC Servo motors are used in closed loop type applications were the position of the output motor shaft is fed back
to the motor control circuit. Typical positional “Feedback” devices include Resolvers, Encoders and Potentiometers
as used in radio control models such as aeroplanes and boats etc.
A servo motor generally includes a built-in gearbox for speed reduction and is capable of delivering high torques
directly. The output shaft of a servo motor does not rotate freely as do the shafts of DC motors because of the
gearbox and feedback devices attached.

DC Motor Speed Control
Pulse Width Speed Control
We said previously that the rotational speed of a DC motor is directly proportional to the mean (average) voltage
value on its terminals, and the higher this value, up to maximum allowed motor volts, the faster the motor will
rotate. In other words more voltage more speed. By varying the ratio between the “ON” (tON) time and the “OFF”
(tOFF) time durations, called the “Duty Ratio”, “Mark/Space Ratio” or “Duty Cycle”, the average value of the motor
voltage and hence its rotational speed can be varied. For simple unipolar drives the duty ratio β is given as:

and the mean DC output voltage fed to the motor is given as: Vmean = β x Vsupply. Then by varying the width of
pulse a, the motor voltage and hence the power applied to the motor can be controlled and this type of control is
called Pulse Width Modulation or PWM.

The DC Stepper Motor
Like the DC motor above, Stepper Motors are also electromechanical actuators that convert a pulsed digital input signal
into a discrete (incremental) mechanical movement are used widely in industrial control applications. A stepper motor is a
type of synchronous brushless motor in that it does not have an armature with a commutator and carbon brushes but has a
rotor made up of many, some types have hundreds of permanent magnetic teeth and a stator with individual windings. dc
stepper motor Stepper Motor As it name implies, the stepper motor does not rotate in a continuous fashion like a
conventional DC motor but moves in discrete “Steps” or “Increments”, with the angle of each rotational movement or step
dependant upon the number of stator poles and rotor teeth the stepper motor has.

Stepper motor is controlled by PWM signal. PWM signal can drive the motor to rotate a
fixed angle in accordance with the set direction and control the amount of angular
displacement by controlling the number of pulses

What is the Piezoelectric Effect?
Piezoelectric Effect is the ability of certain materials to generate an electric charge
in response to applied mechanical stress. The word Piezoelectric is derived from
the Greek piezein, which means to squeeze or press, and piezo, which is Greek for
“push”. One of the unique characteristics of the piezoelectric effect is that it is
reversible, meaning that materials exhibiting the direct piezoelectric effect (the
generation of electricity when stress is applied) also exhibit the converse
piezoelectric effect (the generation of stress when an electric field is applied).

The piezoelectric effect is very useful within many applications that involve the production and detection of
sound, generation of high voltages, electronic frequency generation, microbalances, and ultra fine focusing
of optical assemblies. It is also the basis of a number of scientific instrumental techniques with atomic
resolution, such as scanning probe microscopes (STM, AFM, etc). The piezoelectric effect also has its use in
more mundane applications as well, such as acting as the ignition source for cigarette lighters.

Application 1: Diagnostic Ultrasound Transducers

Ultrasound Transducer

The images are black-white cross-sectional images of the organ.

Application 2: Buzzers

Application 3: Piezo Motor

Joy Sticks

Analog joysticks are basically
potentiometers, when it rests in the
middle, the reading should be 512. It
ranges from 0 to 1023.

// Arduino pin numbers
const int SW_pin = 2; // digital pin connected to switch output
const int X_pin = 0; // analog pin connected to X output
const int Y_pin = 1; // analog pin connected to Y output
void setup() {
pinMode(SW_pin, INPUT);
digitalWrite(SW_pin, HIGH);
Serial.begin(9600);
}
void loop() {
Serial.print("Switch: ");
Serial.print(digitalRead(SW_pin));
Serial.print("\n");
Serial.print("X-axis: ");
Serial.print(analogRead(X_pin));
Serial.print("\n");
Serial.print("Y-axis: ");
Serial.println(analogRead(Y_pin));
Serial.print("\n\n");
delay(500);
}

