
 

 

Module 2 

System Drives and devices: Hydraulic and pneumatic motors and 

their features, Electrical motors AC/DC and their features 

 

Actuators: Electrical Actuators; Solenoids, Relays, Diodes, 

Thyristors, Triacs, Hydraulic and Pneumatic actuators, Design of 

Hydraulic and Pneumatic circuits, Piezoelectric actuators, Shape 

memory alloys. 



 

 

Hydraulic motors 

 
 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

Pneumatic motor 
 

A pneumatic motor (air motor) or compressed air engine is a type of motor which does 

mechanical work by expanding compressed air. Pneumatic motors generally convert the 

compressed air energy to mechanical work through either linear or rotary motion. Linear 

motion can come from either a diaphragm or piston actuator, while rotary motion is supplied 

by either a vane type air motor, piston air motor, air turbine or gear type motor. 

 

Pneumatic motors have existed in many forms over the past two centuries, ranging in size from 

hand-held motors to engines of up to several hundred horsepower. Some types rely on pistons 

and cylinders; others on slotted rotors with vanes (vane motors) and others use turbines. Many 

compressed air engines improve their performance by heating the incoming air or the engine 

itself. Pneumatic motors have found widespread success in the hand-held tool industry, but are 

also used stationary in a wide range of industrial applications. Continual attempts are being 

made to expand their use to the transportation industry. However, pneumatic motors must 

overcome inefficiencies before being seen as a viable option in the transportation industry. 

 

Classification 

Linear 

In order to achieve linear motion from compressed air, a system of pistons is most commonly 

used. The compressed air is fed into an air-tight chamber that houses the shaft of the piston. 

Also inside this chamber a spring is coiled around the shaft of the piston in order to hold the 

chamber completely open when air is not being pumped into the chamber. As air is fed into the 

chamber the force on the piston shaft begins to overcome the force being exerted on the spring. 

As more air is fed into the chamber, the pressure increases and the piston begins to move down 

the chamber. When it reaches its maximum length the air pressure is released from the chamber 

and the spring completes the cycle by closing off the chamber to return to its original position. 

 

Piston motors are the most commonly used in hydraulic systems. Essentially, piston motors are 

the same as hydraulic motors except they are used to convert hydraulic energy into mechanical 

energy. 

 

Piston motors are often used in series of two, three, four, five, or six cylinders that are enclosed 

in a housing. This allows for more power to be delivered by the pistons because several motors 

are in sync with each other at certain times of their cycle. 



 

 

Rotary vane motors 

 
A type of pneumatic motor, known as a rotary vane motor, uses air to produce rotational motion 

to a shaft. The rotating element is a slotted rotor which is mounted on a drive shaft. Each slot 

of the rotor is fitted with a freely sliding rectangular vane. The vanes are extended to the 

housing walls using springs, cam action, or air pressure, depending on the motor design. Air is 

pumped through the motor input which pushes on the vanes creating the rotational motion of 

the central shaft. Rotation speeds can vary between 100 and 25,000 rpm depending on several 

factors which include the amount of air pressure at the motor inlet and the diameter of the 

housing. 

 

One application for vane-type air motors is to start large industrial diesel or natural gas engines. 

Stored energy in the form of compressed air, nitrogen or natural gas enters the sealed motor 

chamber and exerts pressure against the vanes of a rotor. This causes the rotor to turn at high 

speed. Because the engine flywheel requires a great deal of torque to start the engine, reduction 

gears are used. Reduction gears create high torque levels with the lower amounts of energy 

input. These reduction gears allow for sufficient torque to be generated by the engine flywheel 

while it is engaged by the pinion gear of the air motor or air starter. 

 

TYPES OF AIR MOTORS 

 
• VANE MOTORS 

 
• PISTON TYPE 

 
• TURBINE MOTORS 

 
• GEROTOR 



 

 

Rotary vane motors normally are used in applications requiring low- to medium-power 

outputs. 

 

• Simple and compact vane motors most often drive portable power tools, but certainly are used 

in a host of mixing, driving, turning, and pulling applications as well. 

 

• The vanes are biased to seal against the housing interior wall by springs, cam action, or air 

pressure, depending on design. 

 

• The centrifugal force that develops when the rotor turns aids this sealing action. 

 
• Torque develops from pressure acting on one side of the vanes. 

 
• Torque at the output shaft is proportional to the exposed vane area, the pressure, and the 

moment arm (radius from the rotor centerline to the center of the exposed vane) through which 

the pressure acts. 

 

VANE MOTORS 
 

• In the slot, there are generally 3 to 10 vanes. 

 
• To enable the vanes to come out of the slots they are designed with compression spring or 

pressure air. 

 

• For motors equipped with an even number of vanes, a connecting pin links diametrically 

opposite vanes so that as the bore surface pushes one vane in, the pin pushes the other vane. 

 

• But leakage probability will be there when the vane tip wears out. 

 
• Vane motors run at 100 to 25,000 rpm. 



 

 

 

 
 

PISTON TYPE 
 

• Piston air motors are used in applications requiring high power, high starting torque, and 

accurate speed control at low speeds. 

 

• They have either two, three, four, five, or six cylinders arranged either axially or radially 

within a housing. 

 

• Output torque is developed by pressure acting on pistons that reciprocate within the cylinders. 

 
• Power developed by a piston motor depends on the inlet pressure, the number of pistons, and 

piston area, stroke, and speed. 

 

Radial- and axial-piston motors have one significant limitation: they are internally lubricated, 

so oil and grease supplies must be checked periodically and replenished. 

 

Radial-piston motors : 
 

• Feature robust, oil-lubricated construction and are well-suited to continuous operation. 

 
• They have the highest starting torque of any air motor and are particularly beneficial for 

applications involving high starting loads. 



 

 

• Overlapping power impulses provide smooth torque in both forward and reverse directions. 

 
• Sizes range to about 35 hp for speeds to 4,500 rpm. 

 

Axial-piston motors 
 

• Are more compact than radial-piston motors, making them ideal for mounting in close 

quarters. 

 

• Their design is more complex and costly than vane motors, and they are grease lubricated. 

 
• However, axial-piston motors run smoother and deliver maximum power at much lower 

speeds than vane motors can. 

 

• axial-piston motors also tolerate higher ambient temperatures. 

 
Maximum size is about 3-1/2 hp. 

 
 

 
TURBINE MOTORS 

 

• It converts low velocity high pressure air to high velocity low pressure air by passing it 

through metering nozzles. 

 

• Major advantage of this is that there is no rubbing or sliding contact between the rotating 

parts and the body cavity. 



 

 

• This reduces wear and lubricated air is not required to seal and lubricant problem. 

 
• Application is advisable only in low ambient temperature because of lubricant problem. 

 
• These are high speed low torque motor for same volume of air than piston vane type. 

 

 

 
 

GEROTOR 
 

• These gerotor type motor are mostly used for low rpm pressure applications such as 20-30 

rpm. 

 

• Hence they may not be suitable for high torque application. 

 



 

 

ADVANTAGES OF AIR MOTORS 
 

Variable speed. 

Easy to use. 

Low weight. 

Inexpensive. 

Stall w/o damage - perfect for conditions where motor works in stall conditions. 

Runs cool - especially in overload conditions. 

Explosion proof. 

Instantaneously reverses - except when specifically noted. 

APPLICATIONS OF AIR MOTORS 

Construction Engineering. 

Hand –tools. 

Mining Engineering. 

Wood working fields. 

Mechanical applications like hammering, riveting and drilling. 

Indoor manufacturing plants. 

Mobile / portable equipment at sea or on land. 

Non-electrical for hazardous locations. 

Emergency back-up to electric motors for critical operations. 

Outdoor / remote / underwater equipment. 



 

 

 

 

Electrical motors 

Electrical motor: It is a machine which convert electrical energy into mechanical energy. 
 

 

AC Motor: motor that runs on alternating current (AC) electricity. 

DC Motor: motor that runs on direct current (DC) electricity. 

 

AC Motor 
AC motor is an electric motor driven by an alternating current. 

Commonly consists of two basic parts, an outside stationary stator having coils supplied with 

alternating current to produce a rotating magnetic field, and an inside rotor attached to the 

output shaft that is given a torque by the rotating field. 

Two main types of AC motors- depending on the type of rotor used. 

- the asynchronous motor 

- the synchronous motor 

 

DC Motor 
DC motor is an electric motor that runs on direct current (DC) electricity. 

Two types of DC motor - brush and brushless DC Motor. 

Brushed DC electric motor generates torque directly from DC power supplied to the motor 

by using internal commutation, stationary magnets (permanent or electromagnets), and rotating 

electrical magnets. 

Brushless DC motors use a rotating permanent magnet or soft magnetic core in the rotor, 

and stationary electrical magnets on the motor housing. 



 

 

 

 

 

Types of DC Motor: 
Classification of the d.c. motor depends on the way of connecting the armature and field 

winding of a d.c. motor: 

1. DC Shunt Motor 

2.DC Series Motor 

3.DC Compound Motor 

 

 

 
DC Shunt Motor: 

• In dc shunt motor the armature and field winding are connected in parallel across the supply 

voltage 

• The resistance of the shunt winding 𝑅sh is always higher than the armature winding 𝑅𝑎 

• Since V and 𝑅𝑠h both remains constant the 𝐼𝑠h remains essentially constant, as field current 

is responsible for generation of flux. thus ∅∝ 𝐼𝑠h 

• So, shunt motor is also called as constant flux motor. 

 

 
 

Applications of DC shunt Motor: 

These motors are constant speed motors, hence used in applications requiring constant speed. 

Like: 

1) Lathe machine 2) Drilling machine 3) Grinders 4) Blowers 5) Compressors 

 
 

DC Series Motor: 

• In this type of DC motor the armature and field windings are connected in series. 

• the resistance of the series field winding Rs is much smaller than the armature resistance Ra 



 

 

• The flux produced is proportional to the field current but in this 𝐼𝑓=𝐼𝑎 thus ∅∝𝐼𝑎 

• Thus flux can never become constant in dc series motor as load changes If and Ia also gets 

changed 

• Thus dc series motor is not a constant flux motor. 
 

 

 

Applications of DC series Motor- 

These motors are useful in applications where starting torque required is high and quick 

acceleration. Like: 

1) Traction 2) Hoists and Lifts 3) Crane 4) Rolling mills 5) Conveyors 

 

 

DC Compound Motor: 
• The DC compound motor is a combination of the series motor and the shunt motor. It has a 

series field winding that is connected in series with the armature and a shunt field that is in 

parallel with the armature. The combination of series and shunt winding allows the motor to 

have the torque characteristics of the series motor and the regulated speed characteristics of the 

shunt motor. Several versions of the compound motor are: 

• Short shunt Compound Motors 

• Long shunt Compound Motors 

 
 

Short shunt compound motor: 
•When shunt field winding is connected in parallel with armature like dc shunt motor and this 

assembly is connected in series with the series field winding then this type of motor is called 

as short shunt compound motor. 

• Depending on the polarity of the connection short shunt motor is classified as: 

1.Cumulative compound motor. 

2. Differential compound motor. 



 

 

 

 
 

 

Long shunt compound motor: 
• when the shunt field is connected in parallel with both the series field and the armature then 

this type of motor is called as long shunt compound motor. 

• Depending on the polarity of connection of shunt field winding, series field winding and 

armature, long shunt motor is classified as: 

1. Cumulative Compound Motor. 

2.Differential Compound Motor. 

 
 

Applications of DC Compound Motor: 
Cumulative Compound Motor: 

• These motors have high starting torque. 
• They can be operated even at no loads as they run at a moderately high speed at no load. 

• Hence cumulative compound motors are used for the following applications. 

1.Elevators 

2. Rolling mills 



 

 

3.Punches 

4.Shears 

5.planers 

 
 

Applications of DC Compound Motor: 
Differential Compound Motor: 

• The speed of these motors increases with increases in the load which leads to an unstable 

operation. 

• Therefore, we cannot use this motor for any practical applications. 

 

Actuators 
An actuator is a component of a machine that is responsible for moving and controlling a 

mechanism or system, for example by opening a valve. In simple terms, it is a "mover". An 

actuator requires a control signal and a source of energy. 

 

Solenoids 

Solenoid is an electromechanical device. 

Electrical energy is used to magnetically cause mechanical movement 

 
 A solenoid is a long wire wound as a helix to produce a reasonably uniform magnetic 

field B in the interior of the solenoid coils when the solenoid carries a steady current I. 

 When the coils (turns) are closely spaced, each turn can be approximated as a circular 

loop and the net magnetic field B is the vector sum of the fields resulting from all of the 

turns. 

 Inside the solenoid, the field lines are nearly parallel, uniformly distributed, and close 

together, indicating that the magnetic field is uniform. 

 The magnetic field lines between the turns tends to cancel each other. 

 The magnetic field outside the solenoid is nonuniform and weak. 

 The field at exterior points, such as P, are weak because current elements on the upper 

portions tends to cancel the current elements on the lower portions. 

 



 

 

Types of Solenoids 

1.AC Solenoid 

2.DC Solenoid 

 
AC Solenoid 

• This type of solenoid are noise damping and would likely cause premature overheating and 

failure. 

• This solenoid requires great care to insure precise alignment of plunger pole face to stator pole 

face. 

 
DC Solenoid 

• This solenoid have capability of being modified in such a fashion to prevent the pole faces 

from making contact at end of stroke. 

• So in DC solenoid a slight gap between the pole pieces at the end of stroke have drastic effect 

on improving overall life of solenoid. 

 

 
Applications of Solenoid 

The solenoids are used in variety of fields 

1. Locking applications 

2. Automotive applications 

3. Medical applications 

4. Railway applications 

5. Industrial applications 

 
Locking Applications 

Solenoids are frequently used in locking mechanisms, it include door locking, in hotels, offices 

and secure areas, vending machines, remote access systems, turnstiles, car park and access 

barriers. The list is extensive. Latching can be mechanical or magnetic, and the main function 

can suit the application to include single acting solenoids, bistable solenoids, two-directional 

solenoids or holding solenoids in many cases with or without springs. 



 

 

Automotive Applications 

Other applications for solenoids include petrol cap locking, in-car entertainment release 

mechanisms, anti-vibration engine mountings, air conditioning control and security systems. 

Automotive applications are not just for cars. We supply solenoids for integration into joystick 

controls for agricultural machinery, for lorry systems and many other automotive applications. 

There are just far too many to be listed here. 

 
Railway Applications 

Applications within the railway industry are particularly diverse, including functions on 

locomotives, rolling stock, tracks, signals and power distribution as well as conventional uses 

in maintenance and building. Safety interlock on passenger car doors use a solenoid operated 

mechanism that is controlled remotely by the train manager. 

The Solenoid Company has developed a special solenoid for the operation of fire extinguishers 

in locomotives. This application calls for a very high force for the relevant size, to operate the 

jets of a fire suppressant system. 

 
Industrial Applications 

The use for solenoids in industry is extensive. 

Anywhere that electrical power is required to achieve a movement becomes an application for 

a solenoid. Some general examples of use are locking, cutting, clamping, punching, 

positioning, diverting, holding or rotating. 

The range of standard or modified standard solenoids from The Solenoid Company will satisfy 

most of these applications. 

 

Relays 

Relays are switching that open and close circuits electromechanically or electronically. Relays 

control one electrical circuit by opening and closing contacts in another circuit. when a relay 

contact is normally open (NO), there is an open contact when the relay is not energized. When 

a relay contact is Normally Closed (NC), there is a closed contact when the relay is not 

energized. In either case, applying electrical current to the contacts will change their state. 

 
Relays consist of an electromagnet and also a set of contacts. A relay is used when a circuit is 

to be controlled at a low power signal. Relays are often grouped together or with other 

components like fuses. 

 
Relays have two circuit: a control circuit and a load circuit. 

 
History about Relays 

The relay was invented in 1835 by American scientist Joseph Henry in order to improve his 

version of the electrical telegraph. 



 

 

 

 

Basic design or operation 

A simple electromagnetic relay consists of a coil of wire wrapped around a soft iron core, an 

iron yoke which provides a low reluctance path for magnetic flux, a movable iron armature, 

and one or more sets of contacts. The armature is hinged to the yoke and mechanically linked 

to one or more sets of moving contacts. It is held in place by a spring so that when the relay is 

deenergized there is an air gap in the magnetic circuit. In this condition, one of the two sets of 

contacts in the relay is closed, and the other set is open. 

 

 
Types of Relays 

Basically, Relays are of two types either electromechanical or solid-state relays. Both 

accomplish the same result but the physical structure and functionality makes them different. 

1. Electromechanical Relays (EMR) : In electromechanical relays contacts are open or closed 

by a magnetic force. Basic parts and functions of electromechanical relays include: 

Frame 

Coil 

Armature 

Contacts 

2. Solid State Relays(SSR): In solid state Relays there are no contacts and switching is totally 

electronics. It consist of 

an input circuit 

a control circuit 

 
Applications 

Amplifying a digital signal, switching a large amount of power with a small operating power. 

Detecting and isolating faults on transmission and distribution lines by opening and closing 

circuit breakers. 

Isolating the controlling circuit from the controlled circuit when the two are at different 

potentials. 

In logic functions. 



 

 

Time delay functions. 

Advantages of Relays 

Used as a kind of safety switch to allow a circuit with a small current through to switch on 

a circuit that will have a larger current flow through it. 

Minimize the amount of damage to the system during a fault. 

Small control signal controls a larger load current or voltage. 

Decreased electrical noise when switching. 

Totally silent operation. 

 
Diodes 

What’s a diode? 

- Di+Ode 

- A semiconductor device with two terminals allowing the flow of current in one direction only. 
 

 

 

 

What are diodes made out of? 

Silicon 

Germanium 

GaAs 

Silicon (Si) and Germanium (Ge) are the two most common single elements that are used to 

make Diodes. 

• Silicon and Germanium are both group 4 elements, meaning they have 4 valence electrons. 

Their structure allows them to grow in a shape called the diamond lattice. 

• Gallium is a group 3 element while Arsenide is a group 5 element. When put together as a 

compound, Ga As creates a zincblend lattice structure. 



 

 

 

 

 

Diode Is made from join P and N junctions 

N-Type: When a small amount of pentavalent impurity is added to a pure semiconductor,it’s 

known as a N-type semiconductor. 

 

P-type: when a small amount of trivalent impurity is added to a pure semiconductor,it’s called 

P-type semiconductor. 



 

 

 

 

 

IDEAL DIODE 

An ideal diode is a diode that acts like a perfect conductor when voltage is applied forward 

biased and like a perfect insulator when voltage is applied reverse biased. So when positive 

voltage is applied across the anode to the cathode, the diode conducts forward current instantly. 

 
FORWARD BIAS 

When voltage is applied across a diode in such a way that the diode allows current and the 

potential barrier reduced, the diode is said to be forward-biased. 

 

REVERSE BIAS 

When voltage is applied across a diode in such a way that the diode prohibits current and 

potential barrier increase, the diode is said to be reverse-biased. 



 

 

 

 

TYPES OF DIODES 

ZENER DIODE 

 

A Zener Diode allows current to flow from its anode to its cathode like a normal semiconductor 

diode, but it also permits current to flow in the reverse direction when its "Zener voltage" is 

reached. Zener diodes have a highly doped p-n junction. Normal diodes will also break down 

with a reverse voltage but the voltage and sharpness of the knee are not as well defined as for 

a Zener diode. Also normal diodes are not designed to operate in the breakdown region, but 

Zener diodes can reliably operate in this region. 

 
LIGHT EMITTING DIODE(LED) 

A light-emitting diode (LED) is a two-lead semiconductor light source. It is a p–n junction 

diode, which emits light when activated.[4]When a suitable voltage is applied to the leads, 

electrons are able to recombine with electron holes within the device, releasing energy in the 

form of photons. This effect is called electroluminescence, and the color of the light 

(corresponding to the energy of the photon) is determined by the energy band gap of the 

semiconductor. 



 

 

 
 

 
 

PHOTO DIODE 

While LEDs emit light, Photodiodes are sensitive to received light. They are constructed so 

their pn junction can be exposed to the outside through a clear window or lens. 

 

APPLICATION OF DIODE 

1. Diode Rectifier 

Type of diode that converts alternating current into unidirectional current (DC) 

Typically seen in power supplies 

 
2. Clippers 

Electronic circuits that have the ability to clip – off a portion of the input signal without 

distorting the remaining part of the alternating waveform 

Other names are limiters, amplitude selectors and slicers 

 
3. Clampers 

Circuits that shift the waveform of the input signal either all above or below the reference 

voltage 

Add or restore a DC level to an electrical signal 

Also known as DC restorer 



 

 

4. Voltage Multiplier 

Circuit which produces a greater DC output voltage than AC input voltage to the rectifiers 

Uses clamping action to increase peak rectified voltages without the necessity of increasing 

the input’s transformers voltage rating 

Used in high – voltage, low current applications such as TV receivers 

 

Thyristors 
Thyristor is a small device which can control large amounts of voltage and power. Thyristors 

are used as current reversal to turn off the device. 

Actually, it takes direct current so it is very difficult to apply to the device. 

 
What is a Thyristor? 

A thyristor is a four layer solid-state semiconductor device with P and N type material. 

Whenever a gate receives a triggering current. 

It starts’ conducting until the voltage across the thyistor device is under forward bias. 

So it acts as a bistable switch under this condition. 

To control the large amount of current of the two leads. 

 
Thyristor Circuit Symbol 

It has three terminals Anode, cathode and gate. 
 

 

Different States in a Thyristor 

There are three states in a thyristor 

Reverse blocking mode– In this mode of operation, the diode will block the voltage which 

is applied. 

Forward blocking mode– In this mode, the voltage applied in a direction makes a diode to 

conduct. But conduction will not happen here because the thyristor has not triggered. 

Forward conducting mode– The thyristor has triggered and current will flow through the 

device until the forward current reaches below the threshold value which is known as “Holding 

current”. 

 
Thyristor Layer Diagram 



 

 

 

 
 

Thyristor Layer Diagram 

Thyristor consists of three p-n junctions namely J1, J2, and J3. 

If the anode is at a positive potential with respect to the cathode and the gate terminal is not 

triggered with any voltage. 

Then J1 and J3 will be under forward bias condition. 

While J2 junction will be under reverse bias condition. 

So J2 junction will be in the off state (no conduction will take place). 

If the increase in voltage across anode and cathode beyond the VBO (Breakdown voltage). 

Then avalanche breakdown occurs for J2. 

Then thyristor will be in ON state (starts conducting). 

If a VG (Positive potential) is applied to the gate terminal. 

Then a breakdown occurs at the junction J2 which will be of low value VAK. 

The thyristor can switch to ON state, by selecting a proper value VG. 

Under avalanche breakdown condition. 

The thyristor will conduct continuously without taking consideration of gate voltage, until 

and unless, 

o The potential VAK is removed or 

o Holding current is greater than the current flowing through the 

device. 

Here VG– Voltage pulse which is the output voltage of the UJT relaxation oscillator. 

 
The two types of thyristor switching circuits are 

1. DC Thyristor Circuit. 

2. AC Thyristor circuit. 

 
DC Thyristor Circuit 

When connected to the DC supply, to control the larger DC loads and current we usethyristor. 

The main advantage of thyristor in a DC circuit as a switch gives a high gain in current. 

A small gate current can control large amounts of anode current. 

So the thyristor is known as a current operated device. 



 

 

 

 
 

AC Thyristor Circuit 

When connected to the AC supply, 

Thyristor acts differently because it is not same as DC connected circuit. 

During one half of a cycle, 

Thyristor used as an AC circuit causing it to turn off automatically due to its reverse biased 

condition. 

 
Types of Thyristors 

Based on turn on and turn off capabilities the thyristors are classified into the following 

types: 

o Silicon controlled thyristor or SCRs 

o Gate turn off thyristors or GTOs 

o Emitter turn off thyristors or ETOs 

o Reverse conducting thyristors or RCTs 

o Bidirectional Triode Thyristors or TRIACs 

o MOS turn off thyristors or MTOs 



 

 

Based on turn on and turn off capabilities the thyristors are classified into the following 

types: 

o Bidirectional phase controlled thyristors or BCTs 

o Fast switching thyristors or SCRs 

o Light activated silicon controlled rectifiers or LASCRs 

o FET controlled thyristors or FET-CTHs 

o Integrated gate commutated Thyristors or IGCTs 

 
Silicon Controlled Rectifier (SCR) 

A silicon controlled rectifier is also known as thyristor rectifier. 

It is a four layered current controlling solid state device. 

SCRs can conduct current in only one direction (unidirectional devices). 

SCRs can be triggered normally by the current which is applied to the gate terminal. 

 
Gate Turn Off Thyristors (GTOs) 

One of the special types of high power semiconductor devices is GTO (gate turn-off 

thyristor). 

The gate terminal controls the switches to be turned ON and OFF. 

Applications 

Variable speed motor drives 

High power inverters and traction 

 
Emitter Turn OFF Thyristor 

The Emitter turn OFF thyristor is one type of the thyristor. 

It will turn ON and turn OFF by using MOSFET. 

It includes both the advantages of the MOSFET and GTO. 

It consists of two gates- one gate is used to turn ON 

Another gate with a series MOSFET is used to turn OFF. 



 

 

 

 

Applications 

ETO device is used for the fault current limiter and solid-state circuit breaker. 

Because of its high capability current interruption, fast switching speed, compact structure 

and low conduction loss. 

 

 

Triacs 
Triode for Alternating Current (TRIAC) 

Symbol 

Triac can conduct current in either direction and formally called bidirectional triode thyristor 

Closely related to SCR 

Differences between Triac and SCR 

Triac is bidirectional devices (can conduct current in either direction) while SCR is 

unidirectional devices (can conduct current only in one way) force commutation by reversed 

biasing cannot be employed. 

TRIACs can be triggered by either a positive or a negative current applied to its gate electrode 

while SCR can only triggered when a positive current apply to the gate terminal 

In order to create a triggering current, a positive or negative voltage has to be applied to the 

gate with respect to the A1 terminal (otherwise known as MT1). 



 

 

Parameter of TRIAC 

 
Comparison between SCR (Silicon controller rectifier) and TRIAC 

 

Characteristic 

It can be seen that it is an extension IV characteristic of SCR 

The characteristic are symmetrical about the first and the third quadrants 

It shows the gate can be used to control the main current flow in either direction 

TRIAC will be continuously ON until the current through A1 to A2 are below the holding 

current. 



 

 

 

 

Turning the TRIAC ON 

 
Applications of TRIAC: 

TRIACs are used in numerous applications such as light dimmers, speed controls for electric 

fans and other electric motors and in the modern computerized control circuits of numerous 

household small and major appliances. They can be used both into AC and DC circuits however 

the original design was to replace the utilization of two SCRs in AC circuits. There are two 

families of TRIACs, which are mainly used for application purpose, they are BT136, BT139. 



 

 

 

Hydraulic and Pneumatic actuators 
 

Actuators : 

• Actuators are those components of a fluid power system, which produces mechanical work 

output. 

• They develop force and displacement, which is required to perform any specific task. The task 

may be of any kind, to move, to press, to lift, to clamp. 

• Actuators are common for both hydraulic and pneumatic system. 

• Hydraulic actuators are made stronger to with stand pressure of oil and develop huge amount 

of force. 

• Speed of actuator depends on rate of working fluid. Rate of flow of working fluid can be 

controlled using Flow Control Valve (FCV). 

• Force developed by cylinder is the product of pressure of working fluid and the piston area. 

• Force of actuator is controlled by controlling the pressure of working fluid using Pressure 

Control Valve (PCV). 

• Direction of motion of actuator is controlled by controlling the direction of flow of fluid, by 

using Direction Control Valve (DCV). 

 
Actuators: 

• Actuators are of two types: 

–Linear actuator 

–Rotary actuator 

 

 
Actuators : 

• Linear actuator 

–Rotating cylinder 

–Non-rotating cylinder 

• Single acting cylinder 

• Double acting cylinder 

–Special type cylinder 

• Diaphragm cylinder 

• Tandem cylinder 

• Double rod end cylinder 

• Telescopic cylinder 

• Cylinder with cushioning 



 

 

 

 

Hydraulics 

- Economic 

- Reliable 

- Resistant to overloads 

- Able to support heavy loads 

Hydraulic actuators 

- Low working speed 

- Hydraulic group noisy in operation 

Pneumatic actuators (cylinders) 

- Economic 

- Reliable 

- High operation speed 

- Resistant to overloads 

- Operation at constant force 

 
- No speed control 

- Poor position speed 

- Noisy operation 

 
Comparison between Hydraulic and Pneumatic system 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 

 

Piezoelectric actuators 

Background: 

 
A piezoelectric actuator converts an electrical signal into a precisely controlled physical 

displacement (stroke). If displacement is prevented, a useable force (blocking force) will 

develop. The precise movement control afforded by piezoelectric actuators is used to finely 

adjust machining tools, lenses, mirrors, or other equipment. A piezo actuator can be used to 

control hydraulic valves, act as a small-volume pump or special-purpose motor, and in other 

applications requiring movement or force. 

Piezoelectric materials are: Quartz, Ceramics, PZT(lead zirconate titanate). 

 
Two different types of piezo actuators are stack actuators and stripe actuators. 

 
Stack Actuator: Stack actuators offer low stroke and a high blocking force. Based upon the 

user’s requirements stack actuators can be either discrete or co-fired. 

Discrete Stack Actuators 

Discrete stacks (high-voltage stack actuators) are composite structures made by stacking 

separately finished piezoelectric ceramic discs or rings and metal electrode foils with an 

adhesive. Operating voltages ranging from 500 V thru 1,000 V are typical. 

Co-fired multilayer stack actuators, also called “monolithic stacks”, involve no adhesive, but 

rather a high temperature sintering of the complete ceramic and electrode pile. Operating 



 

 

voltages of a co-fired stack are up to 200 V. Rectangular cross sections are typical due to the 

ease of cutting processes in production. 

Both the discrete and co-fired stacks can be insulated with a coating material — a bare stack 

— or encased in stainless steel when protection from mechanical stress and environmental 

extremes are needed. 

 
Stripe Actuator: A Stripe actuator, also called a bending actuator, is designed to produce a 

relatively large mechanical deflection in response to an electrical signal. This deflection offers 

a large stroke and avery limited blocking force when compared to a stack actuator. 

Bending Actuators 

In a stripe actuator, thin two layers of piezoelectric ceramic are bonded together, usually with 

the direction of polarization coinciding, and are electrically connected in parallel. When 

electrical input is applied, once ceramic layer expands and the other contracts causing the 

actuator to flex. 

 

 

 
Application 

The first serious application for piezoelectric materials appeared during World War I 

This work is credited to Paul Langevin and his co-workers in France, who built an ultrasonic 

submarine detector 

The transducer they built was made of a mosaic of thin quartz crystals that was glued 

between two steel plates in a way that the composite system had a resonance frequency of 50 

KHz 

The device was used to transmit a high-frequency signal into the water and to measure the 

depth by timing the return echo 

Their invention, however, was not perfected until the end of the war. 
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