
Course Material  

Name of the Course : Mechatronics 

Name of the Unit  : Sensors and Transducers  

Name of the Topic  : Performance Terminology of sensors, Classification  
                                                            and selection of sensors 

Objectives: To understand the various functions of the sensors and transducers which  
                      are very much essential to apply in the field of automation. 

                
Outcomes: Upon successful completion, the student should be able to understand the  

                   Classification of the sensors and transducers. 
 

Pre-requisites: To have a basic knowledge of various measurement and control systems   
                        on the various parameters such as pressure, flow and temperature.  

 
1. The reliability of an instrument mean 

    (A) The life of the instrument 
    (B) The degree of repeatability within specified limits 

    (C) The time interval between two responses of the instrument 

    (D) None of the above 

 

2. Positive displacement flow meters are __________ flow meters. 

    (A) Variable area flow 

    (B) Differential pressure flow 
    (C) Quantity flow 

    (D) None of the above 
 
3. The materials used in the manufacture of thermistors are 

    (A) Oxides of manganese and cobalt 

    (B)  Oxides of iron and zinc 

    (C) Carbides of silicon and germanium 

    (D) All of the above 

 



4. In a mechanical system, systematic error is produced by 

    (A) Frictional loading 
    (B) Inertial loading 

    (C) Backlash 

    (D) None of the above 

 

5. Which among the following statements is correct about LVDT? 

    (A) It converts pressure into electrical output 

    (B)  It converts strain into electrical output 
    (C) It converts linear displacement into electrical signal 

    (D) All of the above 

 

6. A strain gauge should have a high value of gauge factor 

    (A) To reduce hysteresis effects 

    (B)  To give a linear relation between applied strains and resistance change 
    (C)  To increase sensitivity 

    (D)  To reduce or eliminate the effect of variation in ambient temperature 

 

7. The hot wire anemometer used for measuring gas velocities is a 

    (A) Variable inductance transducer 
    (B)  Variable resistance transducer 

    (C) Variable frequency transducer 

 (D) Variable capacitance transducer 

 
8. The function of the intermediate stage of an instrument is 

    (A) To provide a record or indication of the measurement 
    (B)  To condition and transmit the signal after it has been transduced 

    (C)  To give a signal that the desired value has been reached. 

 (D) All of the above 

 
 
 



 
9. In a slip gauges a protector is provided to 

    (A) Clean the slip gauges 
    (B) Take up all the wear when in use 
    (C) Protect the slip gauges when not in use 

 (D) Assemble the slip gauges properly 
 

10. The use of a plug gauge is 

    (A) To measure screw threads 

    (B) To measure angles 
    (C) To measure cylindrical bores 

 (D) To measure spherical holes 

 
1. Sensors 

Transducers: 

 It is an element which is subjected to physical change experience a related change. 
 Example: Tactile Sensors. 

 

Sensors: 

 It is an element which is not subjected to physical change experience a related 
change. 

 Example: LVDT 
 

2. Performance terminology: 

Static characteristics: 

Range and Span: 
 

 The range of a transducer defines the limits between which the input canvary. 
 

 The difference between the limits (maximum value - minimum value)isknown as 
span. 
 

 For example a load cell is used to measure force. An input force can varyfrom 20 
to 100 N. Then the range of load cell is 20 to 100 N. And the span of load cell is 80 
N (i.e., 10020) 
 
 
 
 



Error: 
 The algebraic difference between the indicated value and the true value of the 

measured parameter is termed as the error of the device. 
 

 Error = Indicated value —true value 
 

 For example, if the transducer gives a temperature reading of 30°C when the 
actual temperature is 29° C, then the error is + 1°C. If the actual temperature is 3 1° 
C, then the error is —1°C. 
 

Accuracy: 
 

 Accuracy is defined as the ability of the instrument to respond to the true value of 
the measure variable under the reference conditions. 
 

 For example, a thermocouple has an accuracy of ± 1° C. This means that reading 
given by the thermocouple can be expected to lie within + 1°C (or)—1°C of the 
true value. 
 

 Accuracy is also expressed as a percentage of the full range output (or) full scale 
deflection. 
 

 For example, a thermocouple can be specified as having an accuracy of ±4 % of full 
range output. Hence if the range of the thermocouple is 0 to 200°C, then the 
reading given can be expected to be within + 8°C (or)—8°C of the true reading. 
 

Sensitivity: 
 

 The sensitivity is the relationship showing how much output we can get perunit 
input. 
 

 sensitivity = Output / Input 
 

Precision: 
 

 It is defined as the degree of exactness for which the instrument is intendedto 
perform. 
 

Hysteresis error: 
 

 When a device is used to measure any parameter plot the graph of output Vs 
value of measured quantity. 
 

 First for increasing values of the measured quantity and then for decreasing values 
of the measured quantity. 
 

 The two output readings obtained usually differ from each other. 
 

 



 
 

Repeatability: 
 

 The repeatability and reproducibility of a transducer are its ability to give the 
same output for repeated applications of the same input value. 

 
Reliability: 
 

 The reliability of a system is defined as the possibility that it will perform its 
assigned functions for a specific period of time under given conditions 

 

 Stability: 
 

 The stability of a transducer is its ability to give the same output when used to 
measure a constant input over a period of time. 

 

Drift: 
 

 The term drift is the change in output that occurs over time. 
 

Dead band: 
 

 There will be no output for certain range of input values and it is known as dead 
band. 
 

 There will be no output until the input has reached a particular value. 
 

Dead time: 
 

 It is the time required by a transducer to begin to respond to a change in input 
value. 

 

Resolution: 
 

 Resolution is defined as the smallest increment in the measured value that can be 
detected. 
 

 The resolution is the smallest change in the input value which will produce an 
observable change in the input. 

 



Backlash: 
 

 Backlash is defined as the maximum distance (or) angle through which any part of 
a mechanical system can be moved in one direction without causing any motion of 
the attached part. 
 

 Backlash is an undesirable phenomenon and is important in the precision design 
of gear trains. 

 
3. Selection of Displacement, Position & Proximity Sensor: 

 Size of the displacement (mm) 
 Displacement type (Linear or angular) 
 Resolution required 
 Accuracy required 
 Material of the object 
 Cost 

 

4. Displacement sensors 

Types of Displacement sensors: 
 

 Potentiometer 
 Strain gauge 
 Capacitive sensors 
 Linear variable differential transformer 

 
Potentiometer 
 

Principle: 
 

 It works on variable resistance transduction principle 
 

 Linear or Rotary potentiometer is a variable resistance displacement transducer 
which uses the variable resistance transduction principle in which the 
displacement or rotation is converted into a potential difference due to the 
movement of sliding contact over a resistive element 

 



 

Construction & working: 
 

 A resistor with three terminals. 
 Two end terminal & one middle terminal (wiper). 
 Two end terminals are connected to external input voltage. 
 One middle and one end terminal as output voltage. 
 The slider determines the magnitude of the potential difference developed. 

 

Characteristics: 
 

 Resistance element = Precision Drawn wire with a diameter of about 25 to 50 
microns, and wad over a cylindrical or a flat mandrel of ceramic, glass or 
Anodized.  
 

 Aluminium -- 2 mm to 500 mm in case of linear pot. 
 

  For high resolution, wire is made by using ceramic (cermets)or conductive plastic 
film due to low noise levels. 
 

 Wipers (Sliders) = Tempered phosphor bronze, beryllium copper or other precious 
alloys. 
 

 Wire Material = Strong, ductile and protected from surface corrosion by 
enamelling or oxidation.  
 

 Materials &e alloys of copper nickel, Nickel chromium, and silver palladium. 
 

 Resistivity of wire ranges from 0.4 μΩm to 13 μΩm 
 

 Resistance range= 20 Ω to 200 KΩ and for plastic 500 Ω to 80 KΩ 
 

 Accuracy = Higher temperature coefficient of resistance than the wire and so 
temperature changes have a greater effect Accuracy. 

 

 



Strain gauge: 
 

 Strain gauges are passive type resistance sensor whose electrical resistance change 
when it is stretched or compressed (mechanically strained) under the application 
of force.  
 

 The electrical resistance is changed due to the change in length (increases) and 
cross sectional area (decreases) of the strain gauge. 
 

 This change in resistance is then usually converted into voltage by connecting one, 
two or four similar gauges as an arm of a Wheatstone bridge (known as Strain 
Gauge Bridge) and applying excitation to the bridge.  
 

 The bridge output voltage is then a measure of strain, sensed by each strain gauge. 
 

Unbonded type strain gauges: 
 

 In unbonded type, fine wire filaments (resistance wires) are stretched around rigid 
and electrically insulated pins on two frames. 
 

 One frame is fixed and the other is movable. 
 

 The frames are held close with a spring loaded mechanism. 
 

 Due to the relative motion between two frames, the resistance wires are strained. 
 

 This strain is then can be detected through measurement of the change in electrical 
resistance since they are not cemented with the surfaces, they can be detached and 
reused. 
 

Bonded type strain gauges: 
 

 Bonded type strain gauges consists of resistance elements arranged in the form of 
a grid of fine wire, which is cemented to a thin paper sheet or very thin Bakelite 
sheet, and covered with a protective sheet of paper or thin Bakelite. 
 

 The paper sheet is then bonded to the surface to be strained.  
 

 The gauges have a bonding material which acts an adhesive material during 
bonding process of a surface with the gauge element. 

 
 
 
 
 



Classification of Bonded Type Strain Gauges: 
 

 Fine wire gauges 
 Metal foil gauges 
 Semiconductor filament type 

 
Fine wire gauges: 
 

 Wire of 3 to 25 microns diameter is arranged in the form of grid consisting of 
parallel loops. 

 

Metal foil gauges: 
 

 A thin foil of metal, deposited as a grid pattern onto a plastic backing material 
using polyimide. 
 

 Foil pattern is terminated at both ends with large metallic pads. 
 

 Entire gauge size 5- 15mm. 
 

 Adhesive directly bonded to the gauge usually epoxy. 
 

 



 

Semiconductor filament type: 
 

 The gauges are produced in wafers from silicon or germanium crystals. 
 

 Special impurities such as boron is added. 
 

 It is mounted on an epoxy resin backing with copper on nickel leads. 
 

 Filament about 0.05mm thick 0.25mm wide and 1.25 to 12mm length. 
 

 

Capacitive sensors: 
 

 It is used for measuring, displacement, velocity, force etc. 
 
Principle: 
 

 It is passive type sensors in which equal and opposite charges are generated on the 
plates due to voltage applied across the plate which is separated by dielectric 
material. 
 

   



 

By Changing the Distance between Two Plates: 
 

 The displacement is measured due to the change in capacitance 
 

 

By Varying the Area of Overlap: 
 

 The displacement causes the area of overlap to vary 
 

 The capacitance is directly proportional to the area of the plates and  varies 
linearly with changes in the displacement between the plates 
 

 

By Varying the Dielectric Constant: 
 

 The change in capacitance can be measured due to change in dielectric constant as 
a result of displacement. 
 

 When the dielectric material is moved due to the displacement, the material causes 
the dielectric constant to vary in the region where the two electrodes are separated 
that results in a charge in capacitance. 



 
 

Linear variable differential transformer (LVDT): 
 

 It consists of three symmetrically spaced coils. 
 

 The centre coil is primary coil and other two are secondary coil 
 

 Secondary coils are connected in series opposition and equally positioned with 
respect to primary coil 
 

 The output voltage is proportional to the displacement of the core from null 
position 
 

 

 
 



 
Proximity sensors are non – contact type sensor. 
 

Types of Proximity Sensor: 
 

 Eddy current proximity sensor 
 Inductive proximity sensor 
 Pneumatic proximity sensor 
 Proximity switches 

 
Eddy current proximity sensor: 
 

Principle: 
 

 When a coil is supplied with alternating current, an alternating magnetic field is 
produced which induces an EMF on it.  
 

 If there is a metal near to this alternating magnetic field, on EMF is induced in it.  
 

 The EMF cause current to flow.  
 

 This current flow is eddy current. 
 

 
Construction & working: 
 

 It has two identical coils. 
 

 One reference coil & another sensing coil which senses the magnetic current in the 
object. 
 

 Eddy current start to flow due to AC (conducting object) close to sensor 
 

 Eddy current produce a magnetic field to oppose the magnetic field generated by 
sensing coil. 
 

 Due to this opposition reduction flux is created and it detects 0.001 mm. 



 

Inductive proximity sensors: 
 

 
 It consists of coil wound round a core. 

 

 Metal is close to coil Inductance changes occurs. 
 

 It is suitable for ferrous metals 
 
Pneumatic proximity switches: 
 

 It is suitable for sensing non conducting materials 
 

 Air is allowed to escape from the front side of the sensor. 
 

 When there is no object air escapes freely. 
 

 When there is an object, the escaping air is blocked and return backed to system. 
 

 It is used to measure the range 3 mm to 12 mm. 
 

 

 



Proximity switches: 
 

 It is used in robotics for sensing elements 
 

 It is also used in NC machines, material handling systems and assembly lines. 
 

 Micro switch 
 Reed switch 
 Photo sensitive switch 
 Mechanical switch 

 

Micro switch: 

 

 It is limit switch operated by levers, rollers & cams 
 

 It is switch which requires physical contact and small force to close the contacts. 
 

 Example: a belt conveyor. 
 

Reed switch: 
 

 It is a non – contact proximity switch that consists of two magnetic switch contacts 
enclosed in a glass tube fined with an inert gas. 
 

 When magnet is closed switch is operated. 
 

 It is used for high speed applications. 



 
Photo sensitive devices: 
 

 

 It is used to sense opaque object. 
 

 Photo detector receives a beam of light produced by the LED. 
 

 Object is passed the beam gets broken or reflected when is detected. 

 
Optical encoders: 
 

 It is used to measure position, velocity, acceleration and direction of movement of 
rotors. 

 

Incremental encoders: 
 

Principle: 
 

 When a beam of light passes through slots in a disc, it is sensed by the light sensor 
opposite to the light source. 
 

 When the disk is rotated, a pulsed output is produced by sensor with number of 
pulses being proportional to the position of the disc and number of pulses per 
second determines the velocity of the disk. 



Construction & working: 
 

 
 It consists three components light source, coded disk and photo detector 

 

 The disk is made up of plastic or glass. 
 

 The disk consists of opaque and transparent segment alternatively. 
 

 The wheel is between light and photo detector. 
 

 The photo detector receives the light signal alternatively which is converted into 
electrical signal. 

 

Absolute encoders: 
 

 
 
 



 
Principle: 
 

 The principle of operation is that they provide a unique output corresponds to 
each rotational position of the shaft. 
 

 The output is in the form of binary numbers representing the angular position. 

 

Construction & working: 
 

 The disc has four concentric slots and four photo detectors to detect the light 
pulse. 
 

 The slots are arranged in such way that they give a binary number. 
 

 It consist opaque and transparent segments. This pattern is called as track. 
 

 The encoders have 8 to 14 slots. 
 

 The number of the track determines the resolution of the encoder. 
 

 The number of bits in binary number will be equal to the number of tracks. 

 
 
 
 



 
Hall Effect sensors: 
 

Principle: 
 

 When a current carrying semiconductor plate is placed in a transverse magnetic 
field, it experiences a force (Lorentz force).  
 

 Due to this action a beam of charged particles are forced to get displaced from its 
straight path and it is known as Hall Effect. 
 

 A current flowing in a semiconductor plate is like a beam of moving charged 
particles and thus can be deflected by a magnetic field.  
 

 The side towards which the moving electron deflected becomes negatively 
charged and the other side of the plate becomes positively charged or the electrons 
moving away from it. 
 

 This charge separation produces an electrical voltage which continues until the 
Lorentz force on the charged particles from the electric field balances the forces 
produced by the magnetic field.  
 

 The result is a traverse potential difference known as Hall voltage. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Construction & working: 
 

 Current is passed through leads 1 and 2 of the semiconductor plate and the output 
leads are connected to the element faces 3 and 4. 
 

 These output faces are at same potential when there is no transverse magnetic 
field passing through the element and voltage known as Hall voltage appears 
when a transverse magnetic field is passing through the element. 
 

 This voltage is proportional to the current and the magnetic field. 
 

 The direction of deflection depends on the direction of applied current and the 
direction of magnetic field.  

 
 Fluid sensors 
 

Fluid pressure sensors: 
 

Diaphragm type: 
 

 In the diaphragm type sensor, when there is a difference in pressure between the 
two sides then the centre of the diaphragm becomes displaced. 
 

 Corrugations in the diaphragm result in a greater sensitivity. 
 

 This movement can be monitored by some form of displacement sensor. 
 

 A specially designed strain gauge is often used, consisting of four strain gauges 
with two measuring the strain in a circumferential direction while two measure 
strains in a radial direction 
 

 The four strain gauges are then connected to form the arm of a Wheatstone bridge. 
 

 While strain gauges can be stuck on a diaphragm, an alternative is to create a 
silicon diaphragm with the strain gauges as specially doped areas of the 
diaphragm. 

 

 



Capsule and bellow types: 
 

 Capsules are two corrugated diaphragms combined to give greater accuracy 
 

 Capsules and bellows are made up of stainless steel, phosphor bronze, and nickel 
with rubber and nylon. 
 

 Pressure range 10^3 to 10^8 Pa. 

 
Tube pressure sensor: 
 

 A different form of deformation is obtained using a tube with an elliptical cross 
section 
 

 Increase in pressure in tube causes it tend to circular cross – section 
 

 C – Shaped tube is generally known as a Bourdon tube. 
 

 C opens when pressure in the tube increases 
 

 A helical form gives more sensitivity 
 

 Tubes are made up of stainless steel, phosphor bronze, and nickel with rubber and 
nylon 
 

 Pressure range 10^3 to 10^8 Pa. 
 

 



Piezoelectric sensors: 
 

 Piezoelectric materials when stretched or compressed generate electric charges 
with one face of the managerial becoming positively charged and the opposite face 
negatively charged. 
 

 As a result a voltage is produced.  
 

 The net charge q on a surface is proportional to the amount x by which the charges 
have been displaced, and since the displacement is proportional to the applied 
force F. 
 

 q = kx= SF 
 

 Where k is a constant and S a constant termed the charge sensitivity. 

 
Tactile sensor: 
 

 It is used on fingertips of robot hands and for touch display screen 
 

 It uses piezoelectric poly vinylidene fluoride (PVDF) film 
 

 Two layers are separated by soft film. 
 

 The lower PVDF film has an alternating voltage applied to it results in mechanical 
oscillations. 
 

 Intermediate film transmits the vibration to upper film. 

 



 

Liquid flow sensors: turbine flow meter: 
 

 The turbine flow meter and it consists of a multi-bladed rotor which is supported 
in the pipe along with the flow occurs. 
 

 The rotor rotation depends upon the fluid flow and the angular velocity is 
proportional to the flow rate. 
 

 The rotor rotation is determines the magnetic pick-up, which is connected to the 
coil. 
 

 The revolution of the rotor is determined by counting the number of pulses 
produced in the magnetic pick up. The accuracy of this instrument is ± 3%. 

 

Orifice plate: 
 

 It is a simple disc with a central hole and it is placed in the tube through which the 
fluid flows. 
 

 The pressure difference measured between a point equal to the diameter of the 
tube upstream and half the diameter of downstream. 
 

 The accuracy of this instrument is ±1.5%. 

 



 

Liquid level measurement: 
 

Differential pressure sensor: 
 

 In this, the differential pressure cell determines the pressure difference between 
base of the liquid and atmospheric pressure. 
 

 The differential pressure sensor can be used in either form of open or closed vessel 
system. 

 
Float system: 
 

 In this method the level of liquid is measured by movement of a float. 
 

 The movement of float rotates the arm and slider will move across a 
potentiometer. 
 

 The output result is related to the height of the liquid. 

 



 
Temperature sensors: 
 

Bimetallic strips: 
 

 A Bimetallic thermostat consists of two different metal strips bounded together 
and they cannot move relative to each other. 
 

 These metals have different coefficients of expansion and when the temperature 
changes the composite strips bends into a curved strip, with the higher coefficient 
metal on the outside of the curve. 
 

 The basic principle in this is all metals try to change their physical dimensions at 
different rates when subjected to same change in temperature. 
 

 This deformation may be used as a temperature- controlled switch, as in the 
simple thermostat. 

 

Resistance Temperature Detectors (RTDs): 
 

 The materials used for RTDs are Nickel, Iron, Platinum, Copper, Lead, Tungsten, 
Mercury, Silver, etc. 
 

 The resistance of most metals increases over a limited temperature range and the 
relationship between Resistance and Temperature is shown below. 



 

 The Resistance temperature detectors are simple and resistive elements in the form 
of coils of wire 
 

 The equation which is used to find the linear relationship in RTD is 

 

Constructional details of RTDs: 
 

 The platinum, nickel and copper in the form wire are the most commonly used 
materials in the RTDs. 
 

 Thin film platinum elements are often made by depositing the metal on suitable 
substrate wire-wound elements involving a platinum wire held by a high 
temperature glass adhesive inside a ceramic tube. 
 

 

 
 



Thermistors: 
 

 Thermistor is a semiconductor device that has a negative temperature coefficient 
of resistance in contrast to positive coefficient displayed by most metals. 
 

 Thermistors are small pieces of material made from mixtures of metal oxides, such 
as Iron, cobalt, chromium, Nickel, and Manganese. 
 

 The shape of the materials is in terms of discs, beads and rods. 
 

 The thermistor is an extremely sensitive device because its resistance changes 
rapidly with temperature. 
 

 The resistance of conventional metal-oxide thermistors decreases in a very non-
linear manner with an increase in temperature. 
 

 

 The change in resistance per degree change in temperature is considerably larger 
than that which occurs with metals. 
 

 The resistance-temperature relationship for a thermistor can be described by an 

equation of the form.    Rt= Ke^ß/t 
 

 Where Rt, is the resistance at temperature t, with K and ß being constant. 
 

 Thermistors have many advantages when compared with other temperature 
sensors. 
 

 



 

 The simple series circuit for measurement of temperature using a thermistor and 
the variation of resistance with temperature for a typical thermistor. 
 

 

 The thermistor is an extremely sensitive device because its resistance changes 
rapidly with temperature. 

 

Thermocouples: 
 

 Thermocouples are based on the See back Effect. 
 

 The thermocouple temperature measurement is based on a creation of an 
electromotive force (EMF). 
 

 
 When two dissimilar metals are joined together an emf will exist between the two 

points A and B, which is primarily a function of the junction temperature and it is 
said to be the See back effect. 
 

 The thermocouple consist of one hot junction and one cold junction 
 

 Hot junction is inserted where temperature is measured 
 

 Cold junction is maintained at a constant reference temperature. 

 



 

 

 
 

5.  Fields of application  

 Generating an electrical power under the speed breakers on the highways or 
roads.  
 

 Control the temperature of several control systems like air-conditioning, heating, 
and ventilation. 
 

 Measure the distance of the sound based on reflection 
 

 Biomedical Instrumentation 
 

 Water level control 
 
 
 



 
 

 
 

 
 
 

 

 



 

Test after completion 

 
1. Function of transducer is to convert 
   

    (A) Electrical signal into non electrical quantity 
    (B) Non electrical quantity into electrical signal 
    (C) Electrical signal into mechanical quantity 
    (D) All of the above 
 
2. Thermistor is a transducer. Its temperature coefficient is 
   

    (A) Negative 
     (B) Positive 
     (C) Zero 
     (D) None of the above 

 
3. Strain gauge is a 
   

    (A) Active device and converts mechanical displacement into a change of resistance 
     (B) Passive device and converts electrical displacement into a change of resistance 
     (C) Passive device and converts mechanical displacement into a change of  
           resistance 
     (D) Active device and converts electrical displacement into a change of resistance 

 
4. The linear variable differential transformer transducer is 
   

    (A) Inductive transducer 
     (B) Non-inductive transducer 
     (C) Capacitive transducer 
     (D) Resistive transducer 

 
5. For the measurement of pressure the instruments used can be 
   

    (A) Mechanical 
    (B)  Electro-mechanical 
    (C)  Electronic 
    (D) All of the above 
 
 



 
Conclusion 

 
 The various working principles and constructions of the sensors and transducers 

have been thoroughly studied to implement into the new mechatronics 
components. 

 

 This knowledge enables the students to solve a wide range of mechanical, 
electrical and software problems, allowing them to develop the new mechatronic 
systems.  

 

 

 Demo Videos 

https://youtube.com/watch?v=bfw_So5cCp4  
 

https://youtube.com/watch?v=9eNDKuS3lUE 
 

https://youtube.com/watch?v=U2XepZNbWi8 

https://youtube.com/watch?v=J_KoRp8SnoE 
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Course Material  

Name of the Course : Mechatronics 

Name of the Unit  : Introduction to Mechatronics Systems 

Name of the Topic  : Concept and Components of Mechatronics systems     
                                                             and Importance of Mechatronics in automation  

Objectives: To understand the various definitions and concept of the mechatronics and  

                    also to impart knowledge about the various components of mechatronics  

                    which are very much essential to understand the emerging field of  

                    automation. 
                

Outcomes: Upon successful completion, the student should be able to understand the  

                   principles of the basic components and implement their ideas to demonstrate  

                 the basic structure of mechatronics system. 
 

Pre-requisites: To have a basic knowledge of various measurement systems and  
                          working principle of different electrical systems.   

 
1. The spring material used in a spring control device should have the following 

property. 

    (A) Should be nonmagnetic 

    (B) Most be of low temperature coefficient 

    (C) Should have low specific resistance 
    (D) All of the above 

 
2.  A galvanometer has  

    (A) Air friction damping 

    (B) Fluid friction damping 
    (C) Eddy current damping 

    (D) Spring coil damping 

 
 
 
 
 



 
3. The resistance can be measured most accurately by  

    (A) Voltmeter-ammeter method 
    (B)  Bridge method 

    (C) Multimeter 

    (D) Megger 

 
4. To measure the flux, devices used are based on 

    (A) Voltaic effect 

    (B)  Piezo-electric effect 
    (C) Hall effect 

    (D) Photo-voltaic effect 
 
5. Wagner earthing device is used to eliminate errors due to  

    (A) Electrostatic coupling 

    (B)  Electromagnetic coupling 

    (C) Both A and B 

    (D) None of the above 
 
6. The repeat accuracy of an instrument can be judged from its  

    (A) Static error 

    (B)  Linearity error 

    (C) Dynamic error 
    (D) Standard deviation of error 

 
7. An instrument to be used for measurement and control should preferably have  

    (A) Dead zone and dead time 
    (B)  Linear output and fast response 

    (C) Non-linear output 

 (D) A highly damped response 

 
 
 



 
8. Which instrument has identical calibration for AC as well as DC values?  

    (A) Hot wire type 

    (B)  Moving coil type 

    (C) Induction type 

 (D) Moving iron type 

 
9. The thermocouple instruments do not have 

    (A) High sensitivity 
    (B) Absence of frequency error 
    (C) Independence of ambient temperature 

 (D) High degree of measuring accuracy 

 

10. The advantages of moving coil permanent magnet type instrument are 

    (A) Low power consumption 

    (B) No hysteresis loss 

    (C) Efficiency eddy current damping 
 (D) All of the above 

 

1. Definitions of the term Mechatronics 

(i) T. Mori (1969) expressed the word ‘mechatronics’ that it is composed of mecha 

from mechanics and tronics from electronics. In other words, technologies and 

developed products will be incorporating electronics more and more into 

mechanisms, intimately and organically, and making it impossible to tell where 

one ends and the other begins.  
 

 

 

 



 

(ii) W. Bolton (1995) expressed the term mechatronics that is the Integration of      

electronics, control engineering, and mechanical engineering. 
 

(iii) D. M. Auslander and C. J. Kempf (1996) defined as it is the application of 

complex decision making to the operation of physical systems. 
 

(iv) F. Harshama, M. Tomizuka, and T. Fukuda (196) expressed as, it is the 

synergistic integration of mechanical engineering with electronics and intelligent 

computer control in the design and manufacturing of industrial products and 

processes. 
 

(v) It is the synergistic use of precision engineering, control theory, computer 

science, and sensor and actuator technology to design improved products and 

processes defined by S. Ashley (1997). 
 

(vi)  It is the field of study involving the analysis, design, synthesis, and selection of 

systems that combine electronics and mechanical components with modern 

controls and microprocessors by D. G. Alciatore and M. B. Histand (1998). 
 

2. Mechatronics-based Product Realization 
 

• Systems engineering allows design, analysis, and synthesis of products and  

   processes involving components from multiple disciplines.  
 

• Mechatronics exploits systems engineering to guide the product realization  

   process from design, model, simulate, analyze, refine, prototype, validate, and    

   deployment cycle.  
 

• In mechatronics-based product realization: mechanical, electrical, and computer  

   engineering and information systems are integrated throughout the design  

   process so that the final products can be better than the sum of its parts.  
 

 

 



Mechatronic Design Process 

 
 

3. Concept of Mechatronics design  

 
 



4. Evolution Level of Mechatronics  

i. Primary Level Mechatronics  

This level incorporates I/O devices such as sensors and actuators that integrates 

electrical signals with mechanical action at the basic control levels.  

Examples: Electrically controlled fluid valves and relays  

ii. Secondary Level Mechatronics 

         This level integrates microelectronics into electrically controlled devices.    

         Examples: Cassette players  

iii. Third Level Mechatronics 

         This level incorporates advanced feedback functions into control strategy thereby  

         enhancing the quality in terms of sophistication called smart system.  

        Examples: Control of Electrical motor used to activate industrial robots, hard disk,  

                           CD drives and automatic washing machines.  

iv. Fourth Level Mechatronics:  

          This level incorporates intelligent control in mechatronics system. It introduces  

          intelligence and fault detection and isolation (FDI) capability systems 

 

5. Basic structure  

The basic structure of the mechatronic system which carries the sensors, actuators, 

and devices for information processing. The surrounding environment, in which the 

mechatronic system operates, is also important. A diagram of this structure is shown 

in Figure. The system has usually a mechanical, electro mechanical or hydraulic 

structure or it is a combination of these structures. It means that a given physical 

system can be generally understood as a respective system that can be represented by 

a hierarchically structured mechatronic system. A task of sensors is to determine a 

chosen state variable value of the system.  

 

 

 



 
In this case, the sensors can be physically represented by the measured values or 

software sensors so called observers. The sensors supply input variables for the  

information processing, at present usually digital, i.e. discrete in terms of values and 

time. The information processing is usually done by a microprocessor although it can 

be also done by a fully analog electronics or combined (hybrid) analog/digital 

electronics. The information processing determines actions needed to affect 

appropriately the state variables of the system. An implementation of the actions is 

directly in the system by actuators. 
 

 
 

The goal of the mechatronic system is a spatial integration with other functional  

elements in the area of sensors as well as in the area of actuators. It would create an   

intelligent unit, i.e. an intelligent sensor (integration of a measured values sensor, an 

analog/digital converter and a microprocessor) and an intelligent actuator (an 

integration of a digital/analog converter, an adapter circuit or a power amplifier, or 

even a microprocessor). The intelligent sensor measures analog physical quantities, 

for example pressure, temperature, velocity, it digitalizes 8 measured values and 

transfers the signal – suitably adjusted – to information processing devices. The 

intelligent actuator is directly activated by the digital signal coming from the 

corresponding information processing device.  

 



Signals are converted to analog variables, amplified and then handed over, e.g. to 

create force or movement. A closer look at relations between the system, the sensors, 

the information processing and the actuators shows that a description of the relations 

using flows is useful. 
  

In principle, there are three different types of flows:  

(i) material flow, (ii) energy flow,  and (iii) information flow.  
 

The mechatronic system, shown in above Figure which consists of units connected 

by three types of flows. The most visible are energy and material flows. Flows 

connecting the base system and environment with sensors and actuators have a 

character of energy flow as well as information flow – energy flows for measurement 

requirements (sensors) as well as for action execution (actuators) but energy is 

transferred as well – control signals of actuators and measurement signals of sensors. 

Tools for information processing use the information flow from sensors and also 

generate the information flow for the actuators. One main energy flow affecting, 

directly or indirectly, the system can be noticed in case of energy flows. 

Communication with a human or a system user is usually realized by a special 

human-machine interface. The connection is represented by the information flow in 

both cases.  
 

6. Modularization and hierarchization  

Complex mechatronic systems are usually made by synergetic integration of 

different mechatronic modules, i.e. elements of system or components connected to 

groups, jointly executing a certain function. It is not recommended to make the 

integration at one level but it is necessary to separate the configuration according to 

the principle of hierarchization because the modules contain and constitute different 

functions. A higher-level system is made if more basic modules are connected 

together by its functional mechatronic structure and mechanic supporting structure.  

 



At this higher level, the other tasks are realized according to the events monitored 

by a sensor system and evaluated by the information - processing unit. A target value 

for the subordinate basic mechatronic modules is generated at this level of hierarchic 

structure as well as error diagnosis and algorithm monitoring. Another hierarchic 

level, at which the basic modules and already grouped systems are simply connected 

by the information processing units, is suitable if the mechatronic system would do 

other tasks, for example process of learning or adaptation.  

 

A sample of mechatronic system’s hierarchical structure is shown in the above 

Figure. The basic modules at the first level (e.g. a spring unit with wound spring and 

telescopic damper) are connected to the second level (e.g. car) by the information 

processing. The created systems are connected together by information processing 

(e.g. crossway control) at the third level. A spatial integration of related equipment is 

also an important task as well as functional integration of the mechatronic modules. 

Modules of equipment have to be integrated through defined interfaces to create a 

whole system with individual hierarchical levels (mechatronic units). A simultaneous 

considering of both integration tasks leads to the optimally constructed mechatronic 

systems. 

 



 
7.  Basic Elements of Mechatronics System 
 

The various elements in typical mechatronic systems are shown in Figure. 

 

(i) Sensors and actuators 

Sensors and actuators mostly come under mechanical systems. The actuators  
produce motion or cause some action. The sensors detect the state of the system 
parameters, inputs, and outputs. The various actuators .used in the mechatronic 
system are pneumatic and hydraulic actuators, electro-mechanical actuators, 
electrical motors such as DC motors, AC motors, stepper motors, servomotors, and 
piezoelectric actuators. The various types of sensors used in the mechatronic system 
are linear arid rotational sensors, acceleration sensors, force, torque and pressure 
sensors, flow sensors, temperature sensors, proximity sensors, light sensors. 

 

(ii) Signals and conditioning  

The mechatronic systems deal with two types of signals and conditioning such as - 
input and output. The input devices receive input signals from the mechatronic 
systems via interfacing devices and sensors. Then it is sent to the control circuits for 
conditioning or processing. The various input signal conditioning devices used in the 
mechatronic system are discrete circuits, amplifiers, Analog-to-Digital (A/D) 
converters, Digital-to-Digital (DZD) convertors. The output signals from the system 
are sent to output/display devices through interfacing devices. The various output 
signal conditioning devices used in the mechatronic system are Digital-to-Analog 
(D/A) converters, Display Decoders (DD) converters, amplifiers, power transistors, 
and power op-amps. 

 



(iii) Digital logic systems 

Digital logic devices control overall system operation. The various digital logic 

systems used in the mechatronic system are logic circuits, microcontrollers, 

programmable logic controllers, sequencing and timing controls, and control 

algorithms.  
 

(iv) Software and data acquisition systems 

The data acquisition system acquires the output signals from sensors in the form 

of voltage, frequency, resistance etc. and it is inputted into the microprocessor or 

computer. Software is used to control the acquisition of data through DAC board. 

The data acquisition system consists of a multiplexer, amplifier, register, and control 

circuitry and DAC board. The various data acquisition systems used in the 

mechatronic system is data loggers, computer with plug-in boards, etc. 
 

(v) Computers and display devices 

Computers are used to store a large number of data and process further through 

software. Display devices are used to give visual feedback to the user. The various 

display devices used in the mechatronic system are LEDs, CRT, LCD, digital  

displays, etc. 
 

 

 



 
 

8.  Fields of application  

i. High-speed laser cutting and engraving systems of extreme accuracy,  

ii. Measuring systems with optical and mechanical scanning,  

iii. Micro-assembly systems,  

iv. Wafer inspection and machining. 

 

 
 

 

 
 



 
9. Real life applications of Mechatronics 

 

i. In Health Care 
 

Robotic surgery has been around since 2000, when the da Vinci Surgical System 

was approved by the FDA. The robot includes a camera on one arm and surgical 

equipment on the other. Using a robot to perform surgery has many benefits, 

including being less invasive, which leads to faster recovery and less risk of 

infection.  
 

New surgical robots are being developed for eye surgery, targeting lung cancer, 

knee surgery, and laparoscopic surgeries. One robot, called CorPath, is enabling 

surgeons to perform procedures from a distance. In December 2018, CorPath was 

used by a surgeon to conduct an elective procedure on a patient that was 20 miles 

away. Read more about this revolutionary procedure. 
 

ii. Around the House 
 

Refrigerators that can order milk when you are running low. Washers that text 

you when the load is ready for the dryer. Vacuums that carry cats around the house 

while they clean your hardwood floors. All of these devices are available due to 

mechatronics. And, of course, who is ever without their smart phone? A cell phone’s 

camera, for example, uses mechatronics to take cute pictures and videos of your cat 

riding that robotic vacuum. 
 
 

 
 

 
 



 

iii. In the Car 
 

Mechatronics engineering has saved thousands of lives through the advent of anti-

lock brakes and stabilization, air bag inflation, and fully autonomous vehicles. The 

U.S. Postal System is even testing autonomous trucks to deliver the mail.  

 
iv. In Manufacturing 

 

The manufacturing process has become largely automated, and that is frequently 

due to integration of mechatronics. Industrial robots perform consistently and 

quickly, enabling manufacturers to keep up with demand while reducing costs. Like 

many other areas, manufacturing has adopted smart technology to ensure efficiency.  
 

v. For Exploration 
 

The Mars rovers Spirit and Opportunity provided a view of the red planet that 

had never been seen, sending to Earth a combined 342,432 pictures. Some proposed 

uses for mechatronics in space exploration include robotic arms on the International 

Space Station, development of life-sustaining systems on the moon or otherwise 

uninhabitable planets, or flying robots to examine planets’ surfaces.  

 

 

 

 

 

 

 

 

 

 

 



 

Test after completion 

 
1. Which of the following are characteristics of mechatronic products and systems? 
   

    (A) Functional interaction between mechanical, electronic and information      
           technologies 
    (B) Spatial interaction of subsystems in one physical unit 
    (C) Intelligence related to the control functions of the mechatronics system 
    (D) All of the above 
 

2. A group of components which can complete certain tasks or achieve certain desired  
    results in a desired manner while working together is called as_____ 
   

    (A) Output system 
     (B) Sequence system 
     (C) Control system 
     (D) All of the above 

 
3. In which system does the output not affect the process in any way? 
   

    (A) Open loop system 
     (B) Closed loop system 
     (C) Both a. and b. 
     (D) None of the above 

 
4. Which of the following cannot be an input that is given to the PLC? 
   

    (A) Manual switches 
     (B) Relays 
     (C) Sensors 
     (D) None of the above 
 
5. On-off Control is also called as ________. 
   

    (A) One position control 
     (B) Two position control 
     (C) Four position control 
     (D) Half position control 



 
Conclusion 

 
 The various definitions and concepts of mechatronics system are thoroughly 

studied to impart and develop the new mechatronics design. 
 

 The working principle and various stages of the elements of mechatronics 
components are discussed in stage by stage.  

 

 Mechatronics consists of integration of mechanical engineering with electronics, 
computer systems, and advanced controls to design, construct, and operate 
products and processes.  

 

 In the industry is currently an increasing demand to acquire the core skills of 
mechanical engineers and electrical engineers as well as management and 
business.  

 

 Their knowledge enables them to solve a wide range of mechanical, electrical and 
software problems, allowing them to participate in and lead multidisciplinary 
design teams.  

 

 The knowledge gained from the fundamentals of the various mechatronic systems 
on the real life applications. 

 

 Demo Videos 

https://www.youtube.com/watch?v=4Eaou2pOGGo 
 

https://www.youtube.com/watch?v=bVD2w2drhaU 
 

https://www.youtube.com/watch?v=3WBdpbhR4AU 
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Course Material  

Name of the Course : Mechatronics 

Name of the Unit  : Actuation systems 

Name of the Topic  : Pneumatic, Hydraulic and Mechanical actuating    
                                                            systems with various types of valves.  
 
Objectives: To understand the various components used in Pneumatic, Hydraulic and    
                      Mechanical actuating systems and also know about the importance of  
                      Valves in the automation. 

                
Outcomes: Upon successful completion, the student should be able to understand the  

                   working principles of the various valves which are used in automation. 

 
Pre-requisites: To have a basic knowledge of the definitions of the process parameters  
                         of the measurand and deciding the required properties of the  
                         measurement of the suitable actuation systems. 

 
1. What is the correct formula for absolute pressure? 
    (A) Pabs = Patm – Pgauge 

    (B) Pabs = Pvacuum – Patm 

    (C) Pabs = Pvacuum + Patm 
    (D) Pabs = Patm+ Pgauge 

 
2.  Which type of body is an airfoil? 
    (A) Streamline body 

    (B) Wave body 

    (C) Bluff body 

    (D) Induced body 

 
3. The sum of components of shear forces in the direction of flow of fluid is called as 
    (A) Shear drag 

    (B)  Friction drag 

    (C) Skin drag 
    (D) All of the above 

 



4. The friction factor in fluid flowing through pipe depends upon 
    (A) Reynolds number 

    (B)  Relative roughness of pipe surface 
    (C) Both (A) and (B) 

    (D) None of the above 

 
5. Kinematic eddy viscosity (ε) is the ratio of 
    (A) Eddy viscosity (η) to dynamic viscosity (μ) 

    (B)  Eddy viscosity (η) to kinematic viscosity (ν) 

    (C) Kinematic viscosity to eddy viscosity (η) 
    (D) Eddy viscosity (η) to mass density (ρ) 

 
6. Viscous forces are not present in 
    (A) Rotational flow 
    (B)  Irrotational flow 

    (C) Laminar flow 

    (D) None of the above 

 
7. What is an ideal fluid? 
    (A) A fluid which has no viscosity 

    (B)  A fluid which is incompressible 

    (C) A fluid which has no surface tension 
 (D) All of the above 

 
8. Minor losses do not make any serious effect in 
    (A)  Short pipes 
    (B)  Long pipes 

    (C)  Both the short as well as long pipes 

 (D)  None of the above 

 
9. The specific weight of the fluid depends upon 
    (A) Gravitational acceleration 
    (B) Mass density of the fluid 
    (C) Both (A) and (B) 

 (D) None of the above 

 



10. Which theory is used to determine safe design of bearings? 
    (A) Uniform wear theory 
    (B)  Uniform pressure theory 

    (C) Both (A) and (B) 

 (D) None of the above 

 
1. Definition of the Actuator 

 Actuators are output devices which convert energy from pressurized hydraulic oil 
or compressed air into the required type of action or motion. 
 

 In general, hydraulic or pneumatic systems are used for gripping and/or moving 
operations in industry. 
 

 These operations are carried out by using actuators.  
 

Actuators can be classified into three types.  
 

1. Linear actuators: These devices convert hydraulic/pneumatic energy into linear  
                                motion.  
 

2. Rotary actuators: These devices convert hydraulic/pneumatic energy into rotary  
                                motion.  
 

3. Actuators to operate flow control valves: these are used to control the flow and    
                                pressure of fluids such as gases, steam or liquid.  
 

2. Different Types of Actuators 

Single acting cylinder  

 
These cylinders produce work in one direction of motion hence they are named as 
single acting cylinders. The compressed air pushes the piston located in the cylindrical 
barrel causing the desired motion. The return stroke takes place by the action of a 
spring. Generally the spring is provided on the rod side of the cylinder. 



 
Double acting cylinder 
 

 
 

The main parts of a hydraulic double acting cylinder are: piston, piston rod, cylinder 
tube, and end caps. The piston rod is connected to piston head and the other end 
extends out of the cylinder. The piston divides the cylinder into two chambers namely 
the rod end side and piston end side. The seals prevent the leakage of oil between these 
two chambers. The cylindrical tube is fitted with end caps. The pressurized oil, air 
enters the cylinder chamber through the ports provided. In the rod end cover plate, a 
wiper seal is provided to prevent the leakage of oil and entry of the contaminants into 
the cylinder. The combination of wiper seal, bearing and sealing ring is called as 
cartridge assembly. The end caps may be attached to the tube by threaded connection, 
welded connection or tie rod connection. The piston seal prevents metal to metal 
contact and wear of piston head and the tube. These seals are replaceable. End 
cushioning is also provided to prevent the impact with end caps. 
 
Cylinder end cushions 
 

 



 
Double acting cylinders generally contain cylinder cushions at the end of the cylinder to 
slow down the movement of the piston near the end of the stroke. Cushioning 
arrangement avoids the damage due to the impact occurred when a fast moving piston 
is stopped by the end caps. Deceleration of the piston starts when the tapered plunger 
enters the opening in the cap and closes the main fluid exit. This restricts the exhaust 
flow from the barrel to the port. This throttling causes the initial speed reduction. 
During the last portion of the stroke the oil has to exhaust through an adjustable 
opening since main fluid exit closes. Thus the remaining fluid exists through the 
cushioning valve. Amount of cushioning can be adjusted by means of cushion screw. A 
check valve is provided to achieve fast break away from the end position during 
retraction motion. A bleed screw is built into the check valve to remove the air bubbles 
present in a hydraulic type system. 
 
Gear motor:  
 

A rotary actuator Rotary actuators convert energy of pressurized fluid into rotary 
motion. Rotary actuators are similar to electric motors but are run on hydraulic or 
pneumatic power. 
 

 
 
It consists of two inter meshing gears inside a housing with one gear attached to the 
drive shaft. The air enters from the inlet, causes the rotation of the meshing gear due to 
difference in the pressure and produces the torque. The air exists from the exhaust port. 
Gear motors tend to leak at low speed, hence are generally used for medium speed 
applications.  
 
 
 
 



 
 
Vane motor:  
 
A rotary actuator A rotary vane motor consists of a rotor with sliding vanes in the slots 
provided on the rotor (Fig. 6.4.5). The rotor is placed eccentrically with the housing. Air 
enters from the inlet port, rotates the rotor and thus torque is produced. Air is then 
released from the exhaust port (outlet). 
 

 
 
Limited rotation actuators  
 
It consists of a single rotating vane connected to output shaft as shown in Figure 6.4.6. It 
is used for double acting operation and has a maximum angle of rotation of about 270°. 
These are generally used to actuate dampers in robotics and material handling 
applications. Other type of limited rotation actuator is a rack and pinion type actuator. 
 

 
 
 
 
 



 
Hydraulic Systems 

 

 Hydraulic systems are power-transmitting assemblies employing pressurized 
liquid as a fluid for transmitting energy from an energy-generating source to an 
energy-using point to accomplish useful work.  

 

 The following Figure shows a simple circuit of a hydraulic system with basic 
components. 

 

 The controlled movement of parts or a controlled application of force is performed 
mainly by using electrical machines or diesel, petrol and steam engines as a prime 
mover.  

 

 These prime movers can provide various movements to the objects by using some 
mechanical attachments like screw jack, lever, rack and pinions etc.  

 

 However, the enclosed fluids (liquids and gases) can also be used as prime movers 
to provide controlled motion and force to the objects or substances.  
 

 The specially designed enclosed fluid systems can provide both linear as well as 
rotary motion.  
 

 The high magnitude controlled force can also be applied by using these systems. 
 

  This kind of enclosed fluid based systems using pressurized incompressible 
liquids as transmission media are called as hydraulic systems.  
 

 The hydraulic system works on the principle of Pascal’s law which says that the 
pressure in an enclosed fluid is uniform in all the directions.  

 

 According to the Pascal’s law, the pressure is same in all the direction, the smaller 
piston feels a smaller force and a large piston feels a large force.  
 

 Therefore, a large force can be generated with smaller force input by using 
hydraulic systems.  
 



Basic Components of a Hydraulic System 
 

 The hydraulic systems consists a number of parts for its proper functioning.  
 

 These include storage tank, filter, hydraulic pump, pressure regulator, control 

valve, hydraulic cylinder, piston and leak proof fluid flow pipelines.  

 
 The schematic of a simple hydraulic system is shown in Figure.  

 
 

 It consists of:  

o A movable piston connected to the output shaft in an enclosed cylinder  

o Storage tank  

o Filter  

o Electric pump  

o Pressure regulator  

o Control valve  

o Leak proof closed loop piping.  
 

 The output shaft transfers the motion or force however all other parts help to 
control the system.  
 

 The storage/fluid tank is a reservoir for the liquid used as a transmission media. 
 

  The liquid used is generally high density incompressible oil.  
 

 It is filtered to remove dust or any other unwanted particles and then pumped by 
the hydraulic pump.  
 

 The capacity of pump depends on the hydraulic system design.  
 



 These pumps generally deliver constant volume in each revolution of the pump 
shaft.  
 

 Therefore, the fluid pressure can increase indefinitely at the dead end of the 
piston until the system fails.  
 

 The pressure regulator is used to avoid such circumstances which redirect the 
excess fluid back to the storage tank.  
 

 The movement of piston is controlled by changing liquid flow from port A and 
port B.  
 

 The cylinder movement is controlled by using control valve which directs the 
fluid flow.  
 

 The fluid pressure line is connected to the port B to raise the piston and it is 
connected to port A to lower down the piston.  
 

 The valve can also stop the fluid flow in any of the port.  
 

Applications of hydraulic systems  
 

The main applications of hydraulic system can be classified in five categories:  
 

Industrial: Plastic processing machineries, steel making and primary metal 
extraction applications, automated production lines, machine tool industries, 
paper industries, loaders, crushes, textile machineries, R & D equipment and 
robotic systems etc.  

 

Mobile hydraulics: Tractors, irrigation system, earthmoving equipment, material 
handling equipment, commercial vehicles, tunnel boring equipment, rail 
equipment, building and construction machineries and drilling rigs etc.  

 

Automobiles: It is used in the systems like breaks, shock absorbers, steering system, 
wind shield, lift and cleaning etc.  

 

Marine applications: It mostly covers ocean going vessels, fishing boats and navel 
equipment.  

 

Aerospace equipment: There are equipment and systems used for rudder control, 
landing gear, breaks, flight control and transmission etc. which are used in 
airplanes, rockets and spaceships.  

 



 
Hydraulic Pump  
 

 The combined pumping and driving motor unit is known as hydraulic pump.  
 

 The hydraulic pump takes hydraulic fluid (mostly some oil) from the storage tank 
and delivers it to the rest of the hydraulic circuit.  

 

 In general, the speed of pump is constant and the pump delivers an equal volume 
of oil in each revolution.  

 

 The amount and direction of fluid flow is controlled by some external 
mechanisms.  

 

 In some cases, the hydraulic pump itself is operated by a servo controlled motor 
but it makes the system complex.  

 

 The hydraulic pumps are characterized by its flow rate capacity, power 
consumption, drive speed, pressure delivered at the outlet and efficiency of the 
pump.  

 

 The pumps are not 100% efficient.  
 

Centrifugal pump  
 

 It uses rotational kinetic energy to deliver the fluid.  
 

 The rotational energy typically comes from an engine or electric motor.  
 

 The fluid enters the pump impeller along or near to the rotating axis, accelerates in 
the propeller and flung out to the periphery by centrifugal force as shown in 
Figure. 

 



 In centrifugal pump the delivery is not constant and varies according to the outlet 
pressure.  
 

 These pumps are not suitable for high pressure applications and are generally 
used for low-pressure and high-volume flow applications.  

 

Reciprocating pump 
 

 It is a positive plunger pump. 
 

  It is also known as positive displacement pump or piston pump.  
 

 It is often used where relatively small quantity is to be handled and the delivery 
pressure is quite large.  

 

 From the above Figure, the crank is driven by some external rotating motor.  
 

 The piston of pump reciprocates due to crank rotation.  
 

 The piston moves down in one half of crank rotation, the inlet valve opens and 
fluid enters into the cylinder.  

 

 In second half crank rotation the piston moves up, the outlet valve opens and the 
fluid moves out from the outlet.  

 

 At a time, only one valve is opened and another is closed so there is no fluid 
leakage. 

 

 Depending on the area of cylinder the pump delivers constant volume of fluid in 
each cycle independent to the pressure at the output port. 

 
 
 
 



 
Pressure Regulation  

 

 The pressure regulation is the process of reduction of high source pressure to a 
lower working pressure suitable for the application.  
 

 It is an attempt to maintain the outlet pressure within acceptable limits.  
 

 The pressure regulation is performed by using pressure regulator.  
 

 The primary function of a pressure regulator is to match the fluid flow with 
demand.  

 

 At the same time, the regulator must maintain the outlet pressure within certain 
acceptable limits.  

 

 From the above Figure, when the valve V1 is closed and V2 is opened then the 
load moves down and fluid returns to the tank but the pump is dead ended and it 
leads to a continuous increase in pressure at pump delivery.  
 

 Finally, it may lead to permanent failure of the pump.  
 

 Therefore some method is needed to keep the delivery pressure P1 within the safe 
level.  

 

 It can be achieved by placing pressure regulating valve V3 as shown in Figure.  
 

 This valve is closed in normal conditions and when the pressure exceeds a certain 
limit, it opens and fluid from pump outlet returns to the tank via pressure 
regulating valve V3.  

 

 As the pressure falls in a limiting range, the valve V3 closes again.  
 



 When valve V1 is closed, the whole fluid is dumped back to the tank through the 
pressure regulating valve.  

 

 This leads to the substantial loss of power because the fluid is circulating from 
tank to pump and then pump to tank without performing any useful work.  

 

 This may lead to increase in fluid temperature because the energy input into fluid 
leads to the increase in fluid temperature.  

 

 This may need to the installation of heat exchanger in to the storage tank to extract 
the excess heat.  

 

Advantages  
 

 The hydraulic system uses incompressible fluid which results in higher efficiency.  
 

 It delivers consistent power output which is difficult in pneumatic or mechanical 
drive systems.  

 

 Hydraulic systems employ high density incompressible fluid.  
 

 Possibility of leakage is less in hydraulic system as compared to that in pneumatic 
system.  

 

 The maintenance cost is less.  
 

 These systems perform well in hot environment conditions.  
 

Disadvantages  
 

 The material of storage tank, piping, cylinder and piston can be corroded with the 
hydraulic fluid. Therefore one must be careful while selecting materials and 
hydraulic fluid.  
 

 The structural weight and size of the system is more which makes it unsuitable for 
the smaller instruments.  

 

 The small impurities in the hydraulic fluid can permanently damage the complete 
system, therefore one should be careful and suitable filter must be installed.  

 

 The leakage of hydraulic fluid is also a critical issue and suitable prevention 
method and seals must be adopted.  

 

 The hydraulic fluids, if not disposed properly, can be harmful to the environment. 



 

Pneumatic Systems 
 

 Pneumatic technology deals with the study of behavior and applications of 
compressed air in our daily life in general and manufacturing automation in 
particular.  
 

 Pneumatic systems use air as the medium which is abundantly available and can 
be exhausted into the atmosphere after completion of the assigned task.  

 

Basic Components of a Pneumatic System 

 
 

The important components of a pneumatic system are shown in Figure.  

a) Air filters: These are used to filter out the contaminants from the air.  

b) Compressor: Compressed air is generated by using air compressors.  

     Air compressors are either diesel or electrically operated.  

      Based on the requirement of compressed air, suitable capacity compressors may be  

     used.  

c) Air cooler: During compression operation, air temperature increases.  

    Therefore coolers are used to reduce the temperature of the compressed air.  

d) Dryer: The water vapor or moisture in the air is separated from the air by using a  

    dryer.  

e) Control Valves: Control valves are used to regulate, control and monitor for control  

    of direction flow, pressure etc. 



 f) Air Actuator: Air cylinders and motors are used to obtain the required movements of  

   mechanical elements of pneumatic system. 

g) Electric Motor: Transforms electrical energy into mechanical energy. It is used to  

   drive the compressor.  

h) Receiver tank: The compressed air coming from the compressor is stored in the air  

   receiver. 
 

2. Receiver tank: The air is compressed slowly in the compressor. But since the 
pneumatic system needs continuous supply of air, this compressed air has to be stored. 
The compressed air is stored in an air receiver as shown in Figure. The air receiver 
smoothens the pulsating flow from the compressor. It also helps the air to cool and 
condense the moisture present. The air receiver should be large enough to hold all the 
air delivered by the compressor. The pressure in the receiver is held higher than the 
system operating pressure to compensate pressure loss in the pipes. Also the large 
surface area of the receiver helps in dissipating the heat from the compressed air. 
Generally the size of receiver depends on,  
• Delivery volume of compressor 

• Air consumption  

• Pipeline network  

• Type and nature of on-off regulation  

• Permissible pressure difference in the pipelines 

 

 

 



3. Compressor: It is a mechanical device which converts mechanical energy into fluid 
energy. The compressor increases the air pressure by reducing its volume which also 
increases the temperature of the compressed air. The compressor is selected based on 
the pressure it needs to operate and the delivery volume.  
 

The compressor can be classified into two main types  
(a). Positive displacement compressors and  
(b). Dynamic displacement compressor Positive displacement compressors include 
piston type, vane type, diaphragm type and screw type.  
 

3.1 Piston compressors 

 

Piston compressors are commonly used in pneumatic systems. The simplest form is 
single cylinder compressor. It produces one pulse of air per piston stroke. As the piston 
moves down during the inlet stroke the inlet valve opens and air is drawn into the 
cylinder. As the piston moves up the inlet valve closes and the exhaust valve opens 
which allows the air to be expelled. The valves are spring loaded. The single cylinder 
compressor gives significant amount of pressure pulses at the outlet port. The pressure 
developed is about 3-40 bar. 
 

3.2 Double acting compressor 

 

 



The pulsation of air can be reduced by using double acting compressor as shown in 
Figure. It has two sets of valves and a crosshead. As the piston moves, the air is 
compressed on one side whilst on the other side of the piston, the air is sucked in. Due 
to the reciprocating action of the piston, the air is compressed and delivered twice in 
one piston stroke. Pressure higher than 30 bar can be produced.  
 

1. Diaphragm compressor 

 
 

Diaphragm compressor. The piston reciprocates by a motor driven crankshaft. As the 
piston moves down it pulls the hydraulic fluid down causing the diaphragm to move 
along and the air is sucked in. When the piston moves up the fluid pushes the 
diaphragm up causing the ejection of air from the outlet port. Since the flexible 
diaphragm is placed in between the piston and the air no contamination takes place. 
 

Screw compressor  Piston compressors are used when high pressures and relatively low 
volume of air is needed. The system is complex as it has many moving parts. For 
medium flow and pressure applications, screw compressor can be used. It is simple in 
construction with less number of moving parts. The air delivered is steady with no 
pressure pulsation. It has two meshing screws.  

 



The air from the inlet is trapped between the meshing screws and is compressed. The 
contact between the two meshing surface is minimum, hence no cooling is required. 
These systems are quite in operation compared to piston type. The screws are 
synchronized by using external timing gears. 
 

Rotary vane compressors 

 

The principle of operation of vane compressor is similar to the hydraulic vane pump. 

The Figure shows the working principle of Rotary vane compressor. The unbalanced 

vane compressor consists of spring loaded vanes seating in the slots of the rotor. The 

pumping action occurs due to movement of the vanes along a cam ring. The rotor is 

eccentric to the cam ring. As the rotor rotates, the vanes follow the inner surface of the 

cam ring. The space between the vanes decreases near the outlet due to the eccentricity. 

This causes compression of the air. These compressors are free from pulsation. If the 

eccentricity is zero no flow takes place. 
 

4. Lobe compressor 

 



The lobe compressor is used when high delivery volume but low pressure is needed. It 

consists of two lobes with one being driven and the other driving. Figure 6.2.5 shows 

the construction and working of Lobe compressor. It is similar to the Lobe pump used 

in hydraulic systems. The operating pressure is limited by leakage between rotors and 

housing. As the wear increases during the operation, the efficiency falls rapidly. 

 

 Relief valve  

 

Relief valve is the simplest type of pressure regulating device. The schematic of its 

construction and working is shown in the Figure. It is used as a backup device if the 

main pressure control fails. It consists of ball type valve held on to the valve seat by a 

spring in tension. The spring tension can be adjusted by using the adjusting cap. When 

the air pressure exceeds the spring tension pressure the ball is displaced from its seat, 

thus releasing the air and reducing the pressure. A relief is specified by its span of 

pressure between the cracking and full flow, pressure range and flow rate. Once the 

valve opens (cracking pressure), flow rate depends on the excess pressure. Once the 

pressure falls below the cracking pressure, the valve seals itself. 

 

 

 

 



 

Non-relieving pressure regulator  

 

In a non-relieving pressure regulator, the outlet pressure is sensed by a diaphragm 

which is preloaded by a pressure setting spring. If outlet pressure is too low, the spring 

forces the diaphragm and poppet to move down thus opening the valve to admit more 

air and raise outlet pressure. If the outlet pressure is too high the air pressure forces the 

diaphragm up hence reduces the air flow and causing a reduction in air pressure. The 

air vents away through the load. At steady state condition the valve will balance the 

force on the diaphragm from the outlet pressure with the preset force on the spring. 

 

Advantages  

1. Low inertia effect of pneumatic components due to light density of air.  

2. System is light in weight.  

3. Comparatively easy operations of valves.  

4. Power losses and leakages are less in pneumatic systems.  

5. Low cost.  

6. Cylinder cushioning is not required  

7. Leakage does not influence the systems and is not harmful  

 

 



 

Disadvantages  

1. Suitable only for low pressure and hence low force applications  

2. Availability of the assembly components is doubtful. 

 3. Generation of the compressed air is expensive compared to electricity  

4. Exhaust air noise is unpleasant and silence has to be used.  

5. Rigidity of the system is poor  

6. Weight to pressure ratio is large  

7. Less precise 

Comparison between Hydraulic and Pneumatic Systems 
 

S. No. Hydraulic System Pneumatic System 
1. 
 

It employs a pressurized liquid 
as a fluid 

It employs a compressed gas, usually 
air, as a fluid 

2. 
 

An oil hydraulic system operates at 
pressures up to 700 bar 

A pneumatic system usually operates 
at 5–10 bar 

3. 
 

Generally designed as closed system Usually designed as open system 

4. 
 

The system slows down when 
leakage 
occurs 

Leakage does not affect the system 
much 

5. 
 

Valve operations are difficult Valve operations are easy 

6. 
 

Heavier in weight Lighter in weight 

7. 
 

Pumps are used to provide 
pressurized liquids 

Compressors are used to provide 
compressed gases 

8. 
 

The system is unsafe to fire hazards The system is free from fire hazards 

9. 
 

Automatic lubrication is provided 
Special arrangements for lubrication 

are needed 

 

In a hydraulic system, the hydraulic energy available from a pump is converted into 

motion and force by means of an actuator. The control of these mechanical outputs 

(motion and force) is one of the most important functions in a hydraulic system. The 

proper selection of control selection ensures the desired output and safe function of the 



system. In order to control the hydraulic outputs, different types of control valves are 

required. It is important to know various types of control valves and their functions. 

This not only helps to design a proper hydraulic system but also helps to discover the 

innovative ways to improve the existing systems.  
 

There are basically three types of valves employed in hydraulic systems:  

1. Directional control valves  

2. Flow control valves and  

3. Pressure control valves  
 

1. Direction control valve (DCV) 

Directional control valves are used to control the distribution of energy in a fluid power 

system. They provide the direction to the fluid and allow the flow in a particular 

direction. These valves are used to control the start, stop and change in direction of the 

fluid flow. These valves regulate the flow direction in the hydraulic circuit. These 

control valves contain ports that are external openings for the fluid to enter and leave. 

The number of ports is usually identified by the term ‘way’. For example, a valve with 

four ports is named as four-way valve. The fluid flow rate is responsible for the speed 

of actuator (motion of the output) and should controlled in a hydraulic system. This 

operation can be performed by using flow control valves. The pressure may increase 

gradually when the system is under operation. The pressure control valves protect the 

system by maintaining the system pressure within the desired range. Also, the output 

force is directly proportional to the pressure and hence, the pressure control valves 

ensure the desired force output at the actuator.  

 

Directional control valves can be classified in the following manner:  

1. Type of construction:  

• Poppet valves  

• Spool valves  

 



2. Number of ports:  

• Two- way valves  

• Three – way valves  

• Four- way valves.  

3. Number of switching position:  

• Two – position  

• Three - position  

4. Actuating mechanism:  

• Manual actuation  

• Mechanical actuation  

• Solenoid actuation  

• Hydraulic actuation  

• Pneumatic actuation  

• Indirect actuation  
 

Type of construction  

1. Check Valves 

 These are unidirectional valves and permit the free flow in one direction only. These 

valves have two ports: one for the entry of fluid and the other for the discharge. They 

are consists of a housing bore in which ball or poppet is held by a small spring force. 

The valve having ball as a closing member is known as ball check valve. The various 

types of check valves are available for a range of applications. These valves are 

generally small sized, simple in construction and inexpensive.  
 

 Generally, the check valves are automatically operated. These valves can wear out or 

can generate the cracks after prolonged usage and therefore they are mostly made of 

plastics for easy repair and replacements. An important concept in check valves is the 

cracking pressure. The check valve is designed for a specific cracking pressure which is 

the minimum upstream pressure at which the valve operates. The simplest check valve 

is an inline check valve as shown in Figure. 



 
 

 The ball is held against the valve seat by a spring force. It can be observed from the 

figure that the fluid flow is not possible from the spring side but the fluid from opposite 

side can pass by lifting the ball against. However, there is some pressure drop across 

the valve due to restriction by the spring force. Therefore these valves are not suitable 

for the application of high flow rate. When the operating pressure increases the valve 

becomes more tightly seated in this design. The advantages of the poppet valves 

include no leakage, long life and suitability with high pressure applications. These 

valves are commonly used in liquid or gel mini-pump dispenser spigots, spray devices, 

some rubber bulbs for pumping air, manual air pumps, and refillable dispensing 

syringes.  

 



 

 When the closing member is not a ball but a poppet energized by a spring is known 

as poppet valve. The typical poppet valve is shown in Figure. Some valves are meant 

for an application where free flow is required in one direction and restricted flow 

required in another direction. These types of valves are called as restriction check valve.  

These valves are used when a direction sensitive flow rate is required. For example, the 

different actuator speeds are required in both the directions. The flow adjustment screw 

can be used to set the discharge (flow rate) in the restricted direction. 
 

 Another important type of check valve known as pilot operated check valve which is 

shown in figure. The function of the pilot operated check valve is similar to a normal 

check valve unless it gets an extra pressure signal through a pilot line. Pilot allows free 

flow in one direction and prevents the flow in another direction until the pilot pressure 

is applied. But when pilot pressure acts, the poppet opens and the flow is blocked from 

both the sides. These valves are used to stop the fluid suddenly. 

 

 

 

 

 



 

Spool valve  
 

 The spool valves derive their name from their appearance. It consists of a shaft 

sliding in a bore which has large groove around the circumference. This type of 

construction makes it look like a spool. The spool is sealed along the clearance between 

moving spool and housing (valve body). The quality of seal or the amount of leakage 

depends on the amount of clearance, viscosity of fluid and the level of the pressure. The 

grooves guide the fluid flow by interconnecting or blocking the holes (ports). The spool 

valves are categorized according to the number of operating positions and the way 

hydraulic lines interconnections. The standard terms are referred as Port ‘P’ is pressure 

port, Port ‘T’ is tank port and Port ‘A’ and Port ‘B’ are the actuator (or working) ports. 

The actuators can move in forward or backward direction depending on the 

connectivity of the pressure and tank port with the actuators port. 

 

 

 



 

 Two way valves  
 

 These valves are also known as on-off valves because they allow the fluid flow only 

in direction. Normally, the valve is closed. These valves are available as normally open 

and normally closed function. These are the simplest type of spool valves. When 

actuating force is not applied to the right, the port P is not connected with port A as 

shown in above figure. Therefore, the actuation does not take place. Similarly, the two 

way spool valve in the open condition. Here, the pressure port P is connected with the 

actuator port A. 
 

Three way valves  

 

 In this valve, the pressure port pressurizes one port and exhausts another one. As 

shown in figures, only one actuator port is opened at a time. In some cases a neutral 

position is also available when both the ports are blocked. Generally, these valves are 

used to operate single acting cylinders. 

 

 



Four way valves  
  

 It is generally used to operate the cylinders and fluid motors in both the directions. 

The four ways are: pump port P, tank port T, and two working ports A and B connected 

to the actuator. The primary function of a four way valve is to pressurize and exhaust 

two working ports A and B alternatively. 

 

Three position four way (3/4) valves 
 

Three position four way (3/4) valves are used in double-acting cylinders to perform 

advance, hold and return operation to the piston. These types of valves have three 

switching positions. They have a variety of possible flow path configurations but have 

identical flow path configuration. When the centered path is actuated, port A and B are 

connected with both the ports P and T respectively. In this case, valve is not active 

because all the ports are open to each other. The fluid flows to the tank at atmospheric 

pressure. In this position work cannot be done by any part of the system. This 

configuration helps to prevent heat buildup. 

 



 

 The above Figure shows a three position four way valve in the closed center position. 

The working of the valve is similar to open center DCV. In closed center DCV all user 

ports (port A and port B) are closed. Therefore, these ports are hydraulically locked and 

the actuator cannot be moved by the external load. The pumped fluid flows through the 

relief valve. The pump works under the high pressure condition which not only wastes 

the pump power but also causes wear of the pump parts. The fluid temperature also 

rises due to heat generation by the pump energy transformation. The increase in fluid 

temperature may lead to the oxidation and viscosity drop of the fluid. The oxidation 

and viscosity drop reduces the pump life and leakage in the system. 

 



 The above Figure shows a tandem center three position four way direction control 

valve. In this configuration, the working ports A and B are blocked and the pump port 

P is connected to the tank port T. Tandem center results in the locked actuator. 

However, pump to tank flow takes place at the atmospheric temperature. This kind of 

configuration can be used when the load is needed to hold. Disadvantages of high 

pressure pumping in case of closed center (shown in Figure 5.5.3) can be removed by 

using this configuration.  

 

 The regenerative center is another important type of common center configuration 

used in hydraulic circuits. Regenerative means the flow is generated from the system 

itself. Regenerative center is used when the actuator movement in one direction 

requires two different speeds. For example, the half-length of the stroke requires fast 

movement during no-load condition and remaining half-length requires slow motion 

during load conditions. The regenerative center saves the pump power. 
 

 he following Figure shows the regenerative configuration for the three position four 

way (3/4) DCV in its mid position. This configuration increases the piston speed. In the 

mid position pump Port P is connected to A and B, and tank port T is blocked. 

 

 



 The above Figure shows the floating center 3/4 DCV in its mid position. In this 

configuration, the pump port is blocked and both the working ports A and B are 

connected to the tank port T. Therefore, the working ports A and B can be moved freely 

which is reason they are called as floating center. The pumped fluid passes through the 

relief valve. Therefore, pump works in the high pressure condition. This configuration 

is used only in some special cases.  
 

Two position four way (2/4) valves  
 

 The two position four way valves have only two switching positions and do not have 

any mid position. Therefore, they are also known as impulse valves. These valves can 

be used to operate double acting cylinders. These are also used to reciprocate or hold an 

actuator. The operation is faster because the distance between ports of these valves is 

smaller. Hence, these valves are used on machines where fast reciprocation cycles are 

needed such as punching and stamping etc. 

 
 

 

 



Classification based on actuation mechanism  
 

1. Manual actuation 
 

  In this type, the spool is operated manually. Manual actuators are hand lever, push 

button and pedals etc. 
 

2. Mechanical actuation  
 

 The DCV spool can be operated by using mechanical elements such as roller and 

cam, roller and plunger and rack and pinion etc. In these arrangements, the spool end is 

of roller or a pinion gear type. The plunger or cam or rack gear is attached to the 

actuator. Thus, the mechanical elements gain some motion relative to the actuator 

(cylinder piston) which can be used for the actuation.  

 

3.  Solenoid actuation  

 The solenoid actuation is also known as electrical actuation. The energized solenoid 

coil creates a magnetic force which pulls the armature into the coil. This movement of 

armature controls the spool position. The main advantage of solenoid actuation is its 

less switching time. 

 

4. Hydraulic actuation 
 
 In this type of actuation, the hydraulic pressure is directly applied on the spool. The 

pilot port is located on one end of the valve. Fluid entering from pilot port operates 

against the piston and forces the spool to move forward. The needle valve is used to 

control the speed of the actuation. 



 

5. Pneumatic actuation 
 
 DCV can also be operated by applying compressed air against a piston at either end 

of the valve spool. The only difference would be the actuation medium. The actuation 

medium is the compressed air in pneumatic actuation system. 

6. Indirect actuation of directional control valve 
 

 The direction control valve can be operated by manual, mechanical, solenoidal 

(electrical), hydraulic (pilot) and pneumatic actuations. The mode of actuation does not 

have any influence on the basic operation of the hydraulic circuits. Mostly, the direct 

actuation is restricted to use with smaller valves only because usually lot of force is not 

available. The availability of limited force is the greatest disadvantage of the direct 

actuation systems. In practice, the force required to shift the spool is quiet higher. 

Therefore, the larger valves are often indirectly actuated in sequence. First, the smaller 

valve is actuated directly and the flow from the smaller valve is directed to either side 

of the larger valve. The control fluid can be supplied by the same circuit or by a 

separate circuit. The pilot valve pressure is usually supplied internally. These two 

valves are often incorporated as a single unit. These valves are also called as Electro-

hydraulic operated DCV. 

 

 

 

 



Flow Control Valves 

 

 The speed of actuator is very important in terms of the desired output and needs to 

be controlled. The speed of actuator can be controlled by regulating the fluid flow. A 

flow control valve can regulate the flow or pressure of the fluid. The fluid flow is 

controlled by varying area of the valve opening through which fluid passes. The fluid 

flow can be decreased by reducing the area of the valve opening and it can be increased 

by increasing the area of the valve opening. A very common example to the fluid flow 

control valve is the household tap. The pressure adjustment screw varies the fluid flow 

area in the pipe to control the discharge rate. 

Types of Flow Control Valves 
 
 The flow control valves work on applying a variable restriction in the flow path. 
Based on the construction; there are mainly four types viz. plug valve, butterfly valve, 
ball valve and balanced valve. 
 
Plug or glove valve 
 

 The plug valve is quite commonly used valve. This valve has a plug which can be 

adjusted in vertical direction by setting flow adjustment screw. The adjustment of plug 

alters the orifice size between plug and valve seat. Thus the adjustment of plug controls 

the fluid flow in the pipeline. 



 

 The characteristics of these valves can be accurately predetermined by machining the 

taper of the plug. The typical example of plug valve is stopcock that is used in 

laboratory glassware. The valve body is made of glass or teflon. The plug can be made 

of plastic or glass. Special glass stopcocks are made for vacuum applications. Stopcock 

grease is used in high vacuum applications to make the stopcock air-tight. 
 

Pressure relief valves 
 

 The pressure relief valves are used to protect the hydraulic components from 

excessive pressure. This is one of the most important components of a hydraulic system 

and is essentially required for safe operation of the system. Its primary function is to 

limit the system pressure within a specified range. It is normally a closed type and it 

opens when the pressure exceeds a specified maximum value by diverting pump flow 

back to the tank. The fluid enters from the opposite side of the poppet. When the system 

pressure exceeds the preset value, the poppet lifts and the fluid is escaped through the 

orifice to the storage tank directly. It reduces the system pressure and as the pressure 

reduces to the set limit again the valve closes. This valve does not provide a flat cut-off 

pressure limit with flow rate because the spring must be deflected more when the flow 

rate is higher.  

 

 



1. Direct type of relief valve 

 

 It consists of a spring chamber where poppet is placed with a spring force. Generally, 

the spring is adjustable to set the maximum pressure limit of the system. The poppet is 

held in position by combined effect of spring force and dead weight of spool. As the 

pressure exceeds this combined force, the poppet raises and excess fluid bypassed to the 

reservoir (tank). The poppet again reseats as the pressure drops below the pre-set value. 

A drain is also provided in the control chamber. It sends the fluid collected due to small 

leakage to the tank and thereby prevents the failure of the valve. 
 

2. Unloading Valve 

 



 The unloading valve consists of a control chamber with an adjustable spring which 

pushes the spool down. The valve has two ports: one is connected to the tank and 

another is connected to the pump. The valve is operated by movement of the spool. 

Normally, the valve is closed and the tank port is also closed. These valves are used to 

permit a pump to operate at the minimum load. It works on the same principle as direct 

control valve that the pump delivery is diverted to the tank when sufficient pilot 

pressure is applied to move the spool. The pilot pressure maintains a static pressure to 

hold the valve opened. The pilot pressure holds the valve until the pump delivery is 

needed in the system. As the pressure is needed in the hydraulic circuit; the pilot 

pressure is relaxed and the spool moves down due to the self-weight and the spring 

force. Now, the flow is diverted to the hydraulic circuit. The drain is provided to 

remove the leaked oil collected in the control chamber to prevent the valve failure. The 

unloading valve reduces the heat buildup due to fluid discharge at a preset pressure 

value. 
 

3. Sequence valve 

 

The primary function of this type of valve is to divert flow in a predetermined 

sequence. It is used to operate the cycle of a machine automatically. A sequence valve 

may be of direct-pilot or remote-pilot operated type. 



 Its construction is similar to the direct relief valve. It consists of the two ports; one 

main port connecting the main pressure line and another port (secondary port) is 

connected to the secondary circuit. The secondary port is usually closed by the spool. 

The pressure on the spool works against the spring force. When the pressure exceeds 

the preset value of the spring; the spool lifts and the fluid flows from the primary port 

to the secondary port. For remote operation; the passage used for the direct operation is 

closed and a separate pressure source for the spool operation is provided in the remote 

operation mode. 
 

4. Counterbalance Valve 

 

 The counterbalance valve is used to maintain the back pressure and to prevent a load 

from failing. The counterbalance valves can be used as breaking valves for decelerating 

heavy loads. These valves are used in vertical presses, lift trucks, loaders and other 

machine tools where position or hold suspended loads are important. Counterbalance 

valves work on the principle that the fluid is trapped under pressure until pilot 

pressure overcomes the pre-set value of spring force. Fluid is then allowed to escape, 

letting the load to descend under control. This valve is normally closed until it is acted 

upon by a remote pilot pressure source. Therefore, a lower spring force is sufficient. It 

leads to the valve operation at the lower pilot pressure and hence the power 

consumption reduces, pump life increases and the fluid temperature decreases. 

 

 



 

5. Pressure Reducing Valve 

 

 The pressure reducing valves are used to limit the outlet pressure. Generally, they 

are used for the operation of branch circuits where the pressure may vary from the 

main hydraulic pressure lines. These are open type valve and have a spring chamber 

with an adjustable spring, a movable spool as shown in figure. A drain is provided to 

return the leaked fluid in the spring (control) chamber. A free flow passage is provided 

from inlet port to the outlet port until a signal from the outlet port tends to throttle the 

passage through the valve. The pilot pressure opposes the spring force and when both 

are balanced, the downstream is controlled at the pressure setting. When the pressure in 

the reduced pressure line exceeds the valve setting, the spool moves to reduce the flow 

passage area by compressing the spring. It can be seen from the figure that if the spring 

force is more, the valve opens wider and if the controlled pressure has greater force, the 

valves moves towards the spring and throttles the flow. 

 
 
 
 
 
 
 
 



 
Graphical representation of hydraulic and pneumatic elements 
 
 The hydraulic and pneumatic elements such as cylinders and valves are connected 

through pipelines to form a hydraulic or a pneumatic circuit. It is difficult to represent 

the complex functioning of these elements using sketches. Therefore graphical symbols 

are used to indicate these elements.  

 The symbols only specify the function of the element without indicating the design of 

the element. Symbols also indicate the actuation method, direction of flow of air and 

designation of the ports.  
 

 The symbol used to represent an individual element display the following 

characteristics: 

• Function 

• Actuation and return actuation methods 

• Number of connections 

• Number of switching positions 

• General operating principle 

• Simplified representation of the flow path 
 

The symbol does not represent the following characteristics: 

• Size or dimensions of the component 

• Particular manufacturer, methods of construction or costs 

• Operation of the ports 

• Any physical details of the elements 

• Any unions or connections other than junctions designated based on number  

    system.  

 

 

 

 



 

Symbols for ports 

 

 The graphical representation, designation and explanation of various components 

and equipments used in hydraulic and pneumatic system are given in table.  

Graphical symbols of hydraulic / pneumatic elements and equipments 

 
 



 
 

 

 



 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 
 

Hydraulic Cylinder Sequencing Circuits 
 

 Hydraulic cylinders can be operated sequentially using a sequence valve. The 
following Figure shows that two sequence valves are used to sequence the 
operation of two double-acting cylinders.  

 
 When the DCV is actuated to its right-envelope mode, the bending cylinder (B) 

retracts fully and then the clamp cylinder (A) retracts. 
 
 
 



 

 

 This sequence of cylinder operation is controlled by sequence valves. This 

hydraulic circuit can be used in a production operation such as drilling. Cylinder 

A is used as a clamp cylinder and cylinder B as a drill cylinder. Cylinder A 

extends and clamps a work piece. Then cylinder B extends to drive a spindle to 

drill a hole. Cylinder B retracts the drill spindle and then cylinder A retracts to 

release the work piece for removal. 

 

 

 

 

 

 

 

 



Cylinder Sequencing 
 

Two Actuator Sequential Operation 
 

  
 

Step 1: Before Start 
 

 

 



 

Step 2: At Start 

 

 
 

 

Step 3: 1st Sequence 
 
 

 
 



 

Step 4: 2nd Sequence 

 

 
 

 

Step 5: 3rd Sequence 
 
 

 
 

 

 

 



 

Step 6: 4th Sequence 

 

 
 
 

Cascade Control 
 

 

 



 

Step 2: Before Start 

 

 
 

 

Step 3: At Start 

 

 
 



3. Applications: 

 Machine tools 

• Loading & unloading of parts 

• Tool exchange operation 

• The positioning of the machining tools 

• Measuring operations 

• Operations of the doors, hatches, and other safety features 
 

 Factory automation 

• Automated & robotic welding 

• Injection Moulding 

• Servo presses 

• Packaging machines 

• Robotic joining & clinching 

• Measuring, supervision, & assembly 
 

 Materials handling 

• Forklifts & mobile lifting aids 

• Car chassis transportation 

• Food container palletizing 

• Assembly line engine handling 

• Aircraft wing handling 
 

 Industries 

• Pipelines 

• Oil and gas industry 

• Food and Beverage 

• Biopharm industry 

• Marine industry 

• Waste  water management 

 



 
 

                        
 

 

                      
 
 

                       
 

 



 
Test after completion 

 
1. Which type of motion is transmitted by hydraulic actuators? 
   

    (A) Linear motion 

    (B) Rotary motion 
    (C) Both (A) and (B) 

    (D) None of the above 
 
2. Which energy is converted into mechanical energy by the hydraulic cylinders? 
   

    (A) Hydrostatic energy 
     (B) Hydrodynamic energy 
     (C) Electrical energy 
     (D) None of the above 

 
3. Why are hydraulic cylinders cushioned? 
   

    (A) Cushioning decelerates the piston of a cylinder 

     (B) Stress and vibrations can be reduced 
    (C) Both (A) and (B) 

    (D) None of the above 
 
4. In a telescopic cylinder, as the number of stages increase 
   

    (A) Diameter of piston rod also increases 
     (B) Diameter of piston rod decreases 
     (C) Diameter of the piston rod remains the same 
     (D) None of the above 

 
5. Low-torque high-speed motors are used in 
   

    (A) Cranes 
     (B) Winches 
     (C) Fans 
     (D) All of the above 

 
 
 
 



 
Conclusion 

 
 The working principles of the various actuating systems are thoroughly studied to 

impart in the new mechatronics design. 
 

 The knowledge enables them to control the wide range of mechanical systems 
through transmission elements such as belts, chains, gears, cam and follower etc. 

 

 Demo Videos 

https://youtube.com/watch?v=Vn298-ZXZfk    
 

https://youtube.com/watch?v=XAItnsUcES0  
 

https://youtube.com/watch?v=tiyOHzgSa-s  
 

https://youtube.com/watch?v=YeYd0htafwo  
 

https://youtube.com/watch?v=NubhoJPpJf4 
 

https://youtube.com/watch?v=lY_n8OToQXU 
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Course Material  

Name of the Course : Mechatronics 

Name of the Unit  : Electrical actuation systems 

Name of the Topic  : Electrical actuating systems with various types of   
                                                            Motors and switches. 
 
Objectives: To understand the various components used in Electrical actuating systems  

                      and also know about the importance of solid state switches. 
                

Outcomes: Upon successful completion, the student should be able to understand the  

                    working principles of the solenoids and solid state switches which are used  

                  in automation. 

 

Pre-requisites: To have a basic knowledge of the definitions of the functions of the  

                         electrical machines and basic components of electronics. 
 

1. The basic function of the spring in a control valve is to 
    (A) Characterize flow 
    (B) Oppose the diaphragm so as to position the valve according to signal pressure 

    (C) Close the valve if air failure occurs 

    (D) Open the valve if air failure occurs 

 
2.  A high- pressure flow process requires a valve with tight packing. This would 

suggest that: 
    (A The actuator must be sized to provide adequate force 

    (B) A valve positioner should be employed 

    (C) Oversized pneumatic signals lines are required 

    (D) The controller supplying the signal to the valve must have a very narrow     

           proportional band. 
 
 
 
3. One advantage of an electric to pneumatic valve positioner is: 



    (A) It can be used on flow control 

    (B)  It conserves energy 
    (C)  It produces positive valve position 

    (D)  It dampers valve travels 

 
4. Which of the following systems generate more energy when used in industrial 

applications? 
    (A) Hydraulic systems 

    (B)  Pneumatic systems 

    (C)  Both systems generate same energy 

    (D)  None of the above 
 
5. Which of the following factors is considered while selecting a compressor? 
    (A) Type of oil filter required 
    (B) Volumetric efficiency 

    (C) Viscosity of the liquids used 

    (D) All of the above 
 
6. Which of the following is a component used in air generation system? 
    (A) Pressure switch 

    (B)  Pressure gauge 
    (C) Drier 

    (D) Intercooler 
 

7. Which type of motion is transmitted by hydraulic actuators? 
    (A) Linear motion 

    (B)  Rotary motion 
    (C) Both (A) and (B) 

 (D) None of the above 

8. Which energy is converted into mechanical energy by the hydraulic cylinders? 
    (A) Hydrostatic energy 

     (B) Hydrodynamic energy 

     (C) Electrical energy 

 (D) None of the above 

 
 



9. Why are hydraulic cylinders cushioned? 
    (A) Cushioning decelerates the piston of a cylinder 
    (B)  Stress and vibrations can be reduced 
    (C) Both (A) and (B) 

 (D) None of the above 

 
10. Leakage in welded type of hydraulic cylinder is prevented by 
    (A) Wiper in gland cover 

    (B)  Rod seal in end cover 
    (C)  Rod seal in gland cover 

 (D) None of the above 

 
1. Electrical actuating systems 
 

 Electric drives are mostly used in position and speed control systems. The motors 

can be classified into two groups namely DC motors and AC motors.   

 

Classification of motors 
 

 

 

2. DC motors 



 A DC motor is a device that converts direct current (electrical energy) into rotation of 

an element (mechanical energy). These motors can further be classified into brushed DC 

motor and brushless DC motors. 
 

Brush type DC motor 
 
 A typical brushed motor consists of an armature coil, slip rings divided into two 

parts, a pair of brushes and horse shoes electromagnet as shown in Figure. A simple DC 

motor has two field poles namely a north pole and a south pole. The magnetic lines of 

force extend across the opening between the poles from north to south. The coil is 

wound around a soft iron core and is placed in between the magnet poles. These 

electromagnets receive electricity from an outside power source. The coil ends are 

connected to split rings. The carbon brushes are in contact with the split rings. The 

brushes are connected to a DC source. Here the split rings rotate with the coil while the 

brushes remain stationary. 

 

Brushed DC motor 



 The working is based on the principle that when a current-carrying conductor is 

placed in a magnetic field, it experiences a mechanical force whose direction is given by 

Fleming's left-hand rule. The magnitude of the force is given by 
 

F = (B * I * L * Sin) 
 

Where, B is magnetic field density in weber/m2 

I is the current in amperes and 

L is the length of the conductor in meter 
 

 A direct current in a set of windings creates a magnetic field. This field produces a 

force which turns the armature. This force is called torque. This torque will cause the 

armature to turn until its magnetic field is aligned with the external field. Once aligned 

the direction of the current in the windings on the armature reverses, thereby reversing 

the polarity of the rotor's electromagnetic field. A torque is once again exerted on the 

rotor, and it continues spinning. The change in direction of current is facilitated by the 

split ring commutator.  
 

 The main purpose of the commutator is to overturn the direction of the electric 

current in the armature. The commutator also aids in the transmission of current 

between the armature and the power source. The brushes remain stationary, but they 

are in contact with the armature at the commutator, which rotates with the armature 

such that at every 180° of rotation, the current in the armature is reversed. 

 
Advantages of brushed DC motor: 
 

• The design of the brushed DC motor is quite simple 

• Controlling the speed of a Brush DC Motor is easy 

• Very cost effective 
 

Disadvantages of brushed DC motor: 
 

• High maintenance 

• Performance decreases with dust particles 

• Less reliable in control at lower speeds 

• The brushes wear off with usage 
 

 

 



 

Brushless DC motor 
 

 

Brushless DC motor 
 

 A brushless DC motor has a rotor with permanent magnets and a stator with 

windings. The rotor can be of ceramic permanent magnet type. The brushes and 

commutator are eliminated and the windings are connected to the control electronics. 

The control electronics replace the commutator and brushes and energize the stator 

sequentially. Here the conductor is fixed and the magnet moves. 
 

 The current supplied to the stator is based on the position of rotor. It is switched in 

sequence using transistors. The position of the rotor is sensed by Hall Effect sensors. 

Thus a continuous rotation is obtained. 
 

Advantages of brushless DC motor: 
 

• More precise due to computer control 
• More efficient 
• No sparking due to absence of brushes 
• Less electrical noise 
• No brushes to wear out 
• Electromagnets are situated on the stator hence easy to cool 
• Motor can operate at speeds above 10,000 rpm under loaded and unloaded conditions 



• Responsiveness and quick acceleration due to low rotor inertia 
 
Disadvantages of brushless DC motor: 
 

• Higher initial cost 
• Complex due to presence of computer controller 
• Brushless DC motor also requires additional system wiring in order to power the  
    electronic commutation circuitry 
 

AC motors 
 

 AC motors convert AC current into the rotation of a mechanical element (mechanical 

energy). As in the case of DC motor, a current is passed through the coil, generating a 

torque on the coil. Typical components include a stator and a rotor. The armature of 

rotor is a magnet unlike DC motors and the stator is formed by electromagnets similar 

to DC motors. The main limitation of AC motors over DC motors is that speed is more 

difficult to control in AC motors. To overcome this limitation, AC motors are equipped 

with variable frequency drives but the improved speed control comes together with a 

reduced power quality. 
 

 
AC motor working principle 

 

The working principle of AC motor is shown in Figure. Consider the rotor to be a 

permanent magnet. Current flowing through conductors energizes the magnets and 

develops N and S poles. The strength of electromagnets depends on current. First half 

cycle current flows in one direction and in the second half cycle it flows in opposite 

direction. As AC voltage changes the poles alternate. 
 

AC motors can be classified into: 
(1) Synchronous motors and 
(2) Induction motors. 

 
 



 
 
Synchronous motor 
 

 
Synchronous AC motor 

 
 A synchronous motor is an AC motor which runs at constant speed fixed by 

frequency of the system. It requires direct current (DC) for excitation and has low 

starting torque, and hence is suited for applications that start with a low load. It has two 

basic electrical parts namely stator and rotor as shown in Figure. The stator consists of a 

group of individual wounded electro-magnets arranged in such a way that they form a 

hollow cylinder.  
 

 The stator produces a rotating magnetic field that is proportional to the frequency 

supplied. The rotor is the rotating electrical component. It also consists of a group of 

permanent magnets arranged around a cylinder, with the poles facing toward the stator 

poles. The rotor is mounted on the motor shaft. The main difference between the 

synchronous motor and the induction motor is that the rotor of the synchronous motor 

travels at the same speed as the rotating magnet. 
 

 The stator is given a three phase supply and as the polarity of the stator 

progressively change the magnetic field rotates, the rotor will follow and rotate with the 

magnetic field of the stator. If a synchronous motor loses lock with the line frequency it 

will stall. It cannot start by itself, hence has to be started by an auxiliary motor. 



 

 

Synchronous speed of an AC motor is determined by the following formula: 

  

Ns = Revolutions per minute 
P = Number of pole pairs 
f = Applied frequency 

Induction motor 
 

 Induction motors are quite commonly used in industrial automation. In the 

synchronous motor the stator poles are wound with coils and rotor is permanent 

magnet and is supplied with current to create fixed polarity poles. In case of induction 

motor, the stator is similar to synchronous motor with windings but the rotors’ 

construction is different. 

 
Induction motor rotor 

 
Rotor of an induction motor can be of two types: 
 

• A squirrel-cage rotor consists of thick conducting bars embedded in parallel slots. 
The bars can be of copper or aluminum. These bars are fitted at both ends by means end 
rings as shown in Figure. 



 
• A wound rotor has a three-phase, double-layer, distributed winding. The rotor is 

wound for as many numbers of poles as the stator. The three phases are wired 

internally and the other ends are connected to slip-rings mounted on a shaft with 

brushes resting on them. 
 

Induction motors can be classified into two types: 
 

• Single-phase induction motor: It has one stator winding and a squirrel cage rotor. It 

operates with a single-phase power supply and requires a device to start the motor. 
 

• Three-phase induction motor: The rotating magnetic field is produced by the 

balanced three-phase power supply. These motors can have squirrel cage or wound 

rotors and are self-starting. 
 

 In an induction motor there is no external power supply to rotor. It works on the 

principle of induction. When a conductor is moved through an existing magnetic field 

the relative motion of the two causes an electric current to flow in the conductor. In an 

induction motor the current flow in the rotor is not caused by any direct connection of 

the conductors to a voltage source, but rather by the influence of the rotor conductors 

cutting across the lines of flux produced by the stator magnetic fields.  
 

 The induced current which is produced in the rotor results in a magnetic field 

around the rotor. The magnetic field around each rotor conductor will cause the rotor 

conductor to act like the permanent power supply, the induced magnetic field of the 

rotor will be attracted and will follow the rotation. However, to produce torque, an 

induction motor must suffer from slip. Slip is the result of the induced field in the rotor 

windings lagging behind the rotating magnetic field in the stator windings. The slip is 

given by, 

  



 

 
Advantages of AC induction motors 
 

• It has a simple design, low initial cost, rugged construction almost unbreakable 

• The operation is simple with less maintenance (as there are no brushes) 

• The efficiency of these motors is very high, as there are no frictional losses, with  

    reasonably good power factor 

• The control gear for the starting purpose of these motors is minimum and thus simple  

   and reliable operation 

 

Disadvantages of AC induction motors 
 

• The speed control of these motors is at the expense of their efficiency 

• As the load on the motor increases, the speed decreases 

• The starting torque is inferior when compared to DC motors 

 Stepper motor 
 
A stepper motor is a pulse-driven motor that changes the angular position of the rotor 

in steps. Due to this nature of a stepper motor, it is widely used in low cost, open loop 

position control systems. 
 

Types of stepper motors: 

• Permanent Magnet 

o Employ permanent magnet 

o Low speed, relatively high torque 

• Variable Reluctance 

o Does not have permanent magnet 

o Low torque 
 

 

 

 



 

Variable Reluctance Motor 
 
 In Variable Reluctance motor, the cylindrical rotor is made of soft steel and has four 

poles as shown in the following Figure. It has four rotor teeth, 90o apart and six stator 

poles, 60o apart. Electromagnetic field is produced by activating the stator coils in 

sequence. It attracts the metal rotor. When the windings are energized in a reoccurring 

sequence of 2, 3, 1, and so on, the motor will rotate in a 30o step angle. In the non-

energized condition, there is no magnetic flux in the air gap, as the stator is an 

electromagnet and the rotor is a piece of soft iron; hence, there is no detent torque. This 

type of stepper motor is called a variable reluctance stepper. 

 

Variable reluctance stepper motor 

Permanent magnet (PM) stepper motor 
 

In this type of motor, the rotor is a permanent magnet. Unlike the other stepping 

motors, the PM motor rotor has no teeth and is designed to be magnetized at a right 

angle to its axis. The following Figure shows a simple, 90o PM motor with four phases 

(A-D). Applying current to each phase in sequence will cause the rotor to rotate by 

adjusting to the changing magnetic fields. Although it operates at fairly low speed, the 

PM motor has a relatively high torque characteristic. These are low cost motors with 

typical step angle ranging between 7.5o to 15o. 



 

 

Permanent magnet stepper 
 

Hybrid stepper motor 
 
 Hybrid stepping motors combine a permanent magnet and a rotor with metal teeth 

to provide features of the variable reluctance and permanent magnet motors together. 

The number of rotor pole pairs is equal to the number of teeth on one of the rotor’s 

parts. The hybrid motor stator has teeth creating more poles than the main poles 

windings. 
 

 

Hybrid stepper motor 



 
 The rotation of a hybrid stepping motor is produced in the similar fashion as a 

permanent magnet stepping motor, by energizing individual windings in a positive or 

negative direction. When a winding is energized, north and south poles are created, 

depending on the polarity of the current flowing. These generated poles attract the 

permanent poles of the rotor and also the finer metal teeth present on rotor. The rotor 

moves one step to align the offset magnetized rotor teeth to the corresponding 

energized windings. Hybrid motors are more expensive than motors with permanent 

magnets, but they use smaller steps, have greater torque and maximum speed. 

Step angle of a stepper motor is given by, 

  

Advantages of stepper motors 
 

• Low cost 

• Ruggedness 

• Simplicity of construction 

• Low maintenance 

• Less likely to stall or slip 

• Will work in any environment 

• Excellent start-stop and reversing responses 
 

Disadvantages of stepper motors 
 

• Low torque capacity compared to DC motors 

• Limited speed 

• During overloading, the synchronization will be broken. Vibration and noise occur   

   when running at high speed. 

 
 
 
 
 



 

 Servomotor 
 

 Servomotors are special electromechanical devices that produce precise degrees of 

rotation. A servo motor is a DC or AC or brushless DC motor combined with a position 

sensing device. Servomotors are also called control motors as they are involved in 

controlling a mechanical system. The servomotors are used in a closed-loop servo 

system as shown in Figure. A reference input is sent to the servo amplifier, which 

controls the speed of the servomotor. A feedback device is mounted on the machine, 

which is either an encoder or resolver. This device changes mechanical motion into 

electrical signals and is used as a feedback. This feedback is sent to the error detector, 

which compares the actual operation with that of the reference input. If there is an 

error, that error is fed directly to the amplifier, which will be used to make necessary 

corrections in control action. In many servo systems, both velocity and position are 

monitored. Servomotors provide accurate speed, torque, and have ability of direction 

control. 

 

Servo system block diagram 
 
DC servomotors 
 

DC operated servomotors are usually respond to error signal abruptly and accelerate 

the load quickly. A DC servo motor is actually an assembly of four separate 

components, namely: 

• DC motor 
• Gear assembly 
• Position-sensing device 
• Control circuit 
 



 
AC servo motor 
 

 In this type of motor, the magnetic force is generated by a permanent magnet and 

current which further produce the torque. It has no brushes so there is little 

noise/vibration. This motor provides high precision control with the help of high 

resolution encoder. The stator is composed of a core and a winding. The rotor part 

comprises of shaft, rotor core and a permanent magnet. 
 

 Digital encoder can be of optical or magnetic type. It gives digital signals, which are 

in proportion of rotation of the shaft.  
 

Advantages of servo motors 
 

• Provides high intermittent torque, high torque to inertia ratio, and high speeds 

• Work well for velocity control 

• Available in all sizes 

• Quiet in operation 

• Smoother rotation at lower speeds 

 

Disadvantages of servo motors 
 

• More expensive than stepper motors 

• Require tuning of control loop parameters 

• Not suitable for hazardous environments or in vacuum 

• Excessive current can result in partial demagnetization of DC type servo motor 

 
 
 
 
 
 
 
 
 
 
 



 

Solid-State switches 
 

 Solid-State switches are made up of with semiconductor material. The commonly use 

Solid- State switches are Diodes, transistors, MOSFETS, Thyristors etc,. 
 

Diode 
 

 A pure silicon crystal or germanium crystal is known as an intrinsic semiconductor. 

There are not enough free electrons and holes in an intrinsic semi-conductor to produce 

a usable current. The electrical action of these can be modified by doping means adding 

impurity atoms to a crystal to increase either the number of free holes or no of free 

electrons. When a crystal has been doped, it is called a extrinsic semi-conductor. They 

are of two types 

➢ N-type semiconductor having free electrons as majority carriers 

➢ P-type semiconductor having free holes as majority carriers 
 

 A junction is made by joining p-type semiconductor to n-type semiconductor a useful 

device is produced known as diode and it is shown in Figure. It will allow current to 

flow through it only in one direction. The unidirectional properties of a diode allow 

current flow when forward biased and disallow current flow when reversed biased. 

 
PN Junction diode 

 
Formation of Depletion Region or (Open circuited PN Junction):  
 

The open circuited PN junction diode is shown in Figure. In a P-N junction, there exists 

a concentration gradient near the junction. There is large number of holes on N side, 

near the junction. Those holes start moving from P side to N side i.e. from high 

concentration area to low concentration area. This is nothing but diffusion of holes from 

P side to N side. Similarly, the electrons on N side start diffusing across the junction 

into the P region. 



 
Open circuited PN Junction 

 

 As holes enter the N region, they find number of donor atoms. The holes recombine 

with donor atoms. As donor atoms accept additional holes, they become positively 

charged immobile ions. Atoms on P side are acceptor atoms. The electrons diffusing 

from N side to P side recombine with the acceptor atoms on P side. As acceptor atoms  

accept additional electrons, they become negatively charged immobile ions. Such a 

large number of negatively charged ions get formed near the junction on P side. 
 

 As more number of holes diffuses on N side, large positive charge will be 

accumulated on N side near the junction. Eventually in the same way large negative 

charge will be accumulated on P side near the junction. Such a region is depleted of free 

mobile charge carriers and hence it is called depletion region (or) depletion layer. The 

depletion region is also called space charge region if the depletion region can become 

widened up to a point where no further electrons are holes can cross the junction. Thus, 

depletion region can acts as the barrier. 
 

P-N Junction Diode:  

 The P-N junction forms a popular semiconductor device called P-N Junction Diode. 

The P-N Junction has two terminals called as electrodes: one each from P region and N 

region. As there are two electrodes, it is called as diode i.e. di + electrode. The terminal 

connected to p-region is called Anode and the terminal connected to n-region is called 

cathode. The symbol of pn junction diode is shown in Figure. 



 

Symbol of pn junction diode 

Applications:  
 
A PN junction diode allows electric current when it is forward biased and blocks 

electric current when it is reverse biased. 

➢ Rectifier circuits 

➢ Used as Switch 

➢ Demodulator circuits 

➢ Clipper and clamper circuits 
 

Bipolar Junction Transistor (BJT) 
 

 A transistor is basically a Si on Ge crystal containing three separate regions. It can be 

either NPN or PNP type. The middle region is called the base and the outer two regions 

are called emitter and the collector. 
 

 In transistors, emitter is heavily doped. Its job is to emit or inject electrons into the 

base. These bases are lightly doped and very thin, it passes most of the emitter-injected 

electrons on to the collector. The doping level of collector is intermediate between the 

heavy doping of emitter and the light doping of the base. 

 



 The collector is so named because it collects electrons from base. The collector is the 

largest of the three regions; it must dissipate more heat than the emitter or base. The 

transistor has two junctions. One between emitter and the base and other between the 

base and the collector. Because of this the transistor is similar to two diodes, one emitter 

base diode and other collector base diode. 
 

Operating Modes of Transistors: 
 

Depends on the biasing conditions like forward or reverse, transistors have three major 

modes of operation namely cut-off, active and saturation regions.  
 

(i) Active Mode 

 In this mode, the transistor is generally used as a current amplifier. In active mode, 

emitter base junction is forward biased whereas collector-base junction is reverse 

biased. In this mode, the current flows between emitter and collector and amount of 

current flow is proportional to the base current. 

 

(ii) Cut-off Mode 

 In this mode, both collector base junction and emitter base junction are reverse 

biased. This in turn not allows the current to flow from collector to emitter when the 

base-emitter voltage is low.  

 



 In this mode device is completely switched off as the result the current flowing 

through the device is zero. Hence in this mode transistor is acting as open switch. 
 

(iii) Saturation Mode 
 
 In this mode of operation, both the emitter base and collector base junctions are 

forward biased. Current flows freely from collector to emitter when the base-emitter 

voltage is high. In this mode device is fully switched ON. Hence in this mode transistor 

is acting as closed switch.  
 

 

Transistor Applications: 
 

➢ Amplifiers, Oscillators 
➢ Used as a Switch. 
 

MOSFET – Metal Oxide Field Effect Transistor 
 
 

 The MOSFET (Metal Oxide Semiconductor Field Effect Transistor) transistor is a semi 

conductor device which is widely used for switching and amplifying electronic signals 

in the electronic devices. The MOSFET is a three terminal device such as source, gate, 

and drain. The MOSFET is very far the most common transistor and can be used in both 

analog and digital Circuits 
 

 The MOSFET works by varying the width of a channel along which charge carriers 

flow (holes and electrons). The charge carriers enter the channel from the source and 

exits through the drain. The channel width is controlled by the voltage on an electrode 

is called gate which is located between the source and drain. It is insulated from the 

channel near an extremely thin layer of metal oxide. 

 



 

Types of MOSFET Devices 
 

The MOSFET is classified into two types such as 

➢ Depletion-type MOSFET or DE-MOSFET: The DE-MOSFET can be operated in  

    Both depletion mode and the enhancement mode. For this reason, it is also called 

    depletion/enhancement MOSFET. 
 

➢ Enhancement-type MOSFET or E-MOSFET: The E-MOSFET can be operated only in 

     enhancement mode. 
 

MOSFET Working Principle: 
 

 The working of MOSFET depends upon the metal oxide capacitor (MOS) that is the 

main part of the MOSFET. The oxide layer presents among the source and drain 

terminal. It can be set from p-type to n-type by applying positive or negative gate 

voltages respectively. When apply the positive gate voltage the holes present under the 

oxide layer with a repulsive force and holes are pushed downward through the 

substrate. The deflection region populated by the bound negative charges which are 

allied with the acceptor atoms. 

 
Construction of MOSFET 

 



 
MOSFET Applications 
 

• MOSFETs are used in digital integrated circuits, such as microprocessors. 

• Used in memories and in logic CMOS gates. 

• Used as analog switches. 

• Used as amplifiers. 

• Used in the applications of power electronics and switch mode power supplies. 

• MOSFETs are used as oscillators in radio systems. 

• Used in automobile sound systems and in sound reinforcement systems. 
 

Comparison between BJT, FET and MOSFET 

 

Thyristors 
 
Thyristors are basically classified into three types 
 

➢ Silicon Controlled Rectifiers (SCRs) 

➢ DIAC (Diodes as AC Switch) 

➢ TRIAC (Triode as AC Switch) 

 



 
Silicon Controlled Rectifiers (SCRs): 
 
 The SCR is a four-layered, three terminal semiconductor device, with each layer 

consisting of alternately N and P-type materials. The main terminals, labeled anode and 

cathode, and the control terminal, called the gate, is attached to p-type material near the 

cathode. These simply named as thyristors. 

 

The SCR has three p-n junctions (serially named J1, J2 and J3 from the anode). 
 

 

 When the anode is at a positive potential VAK with respect to the cathode with no 

voltage applied at the gate, junctions J1 and J3 are forward biased, while junction J2 is 

reverse biased. As J2 is reverse biased, no conduction takes place (Off state). Now if 

VAK is increased beyond the breakdown voltage VBO of the thyristor, avalanche 

breakdown of J2 takes place and the thyristor starts conducting (On state). 

 



 

 If a positive potential VG is applied at the gate terminal with respect to the cathode, 

the breakdown of the junction J2 occurs at a lower value of VAK. By selecting an 

appropriate value of VG, the thyristor can be switched into the on state quickly. Once 

avalanche breakdown has occurred, the thyristor continues to conduct, irrespective of 

the gate voltage, until: (a) the potential VAK is removed or (b) the current through the 

device (anode−cathode) is less than the holding current specified by the manufacturer. 

Hence VG can be a voltage pulse. 
 

SCR Applications 
 

 Thyristors are semiconductor devices that are specifically designed for use in  
High power switching applications.  
 

 Thyristors can operate only in the switching mode, where they act like either an 
open or closed switch and once triggered it will remain conducting.  
 

 Therefore, in DC circuits and some highly inductive AC circuits the current has to 
be artificially reduced by a separate switch or turn off circuit. 

 

 TRIAC 
 
 TRIAC, from triode for alternating current, is a generic trademark for a three 

terminal electronic component that conducts current in either direction when triggered. 

It is also called as bidirectional triode thyristors or bilateral triode thyristors.  

 



 

 The figure shows the circuit symbol for a TRIAC where A1 is Anode 1, A2 is Anode 

2, and G is Gate. Anode 1 and Anode 2 are normally termed Main Terminal 1 (MT1) 

and Main Terminal 2 (MT2) respectively. TRIACs are a subset of thyristors. TRIACs 

differ from SCRs in that they allow current flow in both directions, whereas an SCR can 

only conduct current in a single direction. Most TRIACs can be triggered by applying 

either a positive or negative voltage to the gate (an SCR requires a positive voltage). 

Once triggered, SCRs and TRIACs continue to conduct, even if the gate current ceases, 

until the main current drops below a certain level called the holding current. TRIAC’s 

bidirectionality makes them convenient switches for alternating current (AC). This is 

commonly used for controlling the speed of induction motors, dimming lamps, and 

controlling electric heaters. 
 

TRIAC Applications: 
 

 The TRIAC is most commonly used semiconductor device for switching and 

power control of AC systems as the TRIAC can be switched ON by either a 

positive (or) negative Gate pulse, regardless of the polarity of the AC supply at 

that time.  
 

 This makes the TRIAC ideal to control a lamp or AC motor load with a very basic 

TRIAC switching circuit. 

 

 

Test after completion 

 
1. Which of the following is the basic element of an electric drive?   

    (A) Control system 
    (B) Electric motor 
    (C) Both (A) and (B) 
    (D) None of the above 
 



 
2. Which of the following motor is a constant speed motor?   

    (A) Schrage motor 
    (B) Induction motor 
    (C) Universal motor 
    (D) Synchronous motor 
 
3. DC series motor behaves as a __________ in dynamic braking.   

    (A) Thyristor 
     (B) Transformer 
     (C) Induction motor 
     (D) Separately excited motor 
 
4. A variable reluctance stepper motor is constructed of ______________ material with  
    salient poles. 
   

    (A) Paramagnetic 
    (B) Ferromagnetic 
    (C) Diamagnetic 
    (D) Non-magnetic 

 
5. A stepping motor is a ____________ device. 
   

    (A) Mechanical 
    (B) Electrical 
    (C) Analogue 
    (D) Incremental 
 
 

Conclusion 
 

 The working principle and functions of types of motors, viz., DC motor, AC 
motor, Stepper motor and Servo motor are thoroughly studied and also the solid 
state switches such as diode, transistor and thyristors are discussed to impart and 
develop the new mechatronics design. 

 

 

 
 
 



 

 Demo Videos 

https://youtube.com/watch?v=BbmocfETTFo  
 

https://youtube.com/watch?v=om0yTP59nG4  
 

https://youtube.com/watch?v=ChJXW7VDMhw  
 

http://youtube.com/watch?v=dmk6zIkj7WM 
 

http://youtube.com/watch?v=ditS0a28Sko 
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Course Material  

Name of the Course : Mechatronics 

Name of the Unit  : Design of Mechatronics Systems 

Name of the Topic  : Traditional and Mechatronics Design & Possible  
                                                             Design Solutions 
                                                              

Objectives: To understand the differences between Traditional and Mechatronics  
                      design.    

                
Outcomes: Upon successful completion, the student should be able to understand the  
                     importance and developments of the Mechatronics system. 

 

Pre-requisites: To have a basic knowledge of working principles of the components  
                          which are applied in the traditional systems.  

 
1. Industrial Design is protected in India by  

(A) Design Patent  
(B) Un-registered Design  
(C) Industrial Design Registration  
(D) Patent  

 

2. Industrial Design protects  
(A) Shape and Configuration of an article  
(B) Surface Pattern of an article  
(C) Both (A) and (B)  
(D) None of the above  

 

3. Article means  
(A) Something which can be made and sold independently  
(B) Part of an article  
(C) Part of an article which can be made and sold independently  
(D) Both (A) and (C)  

 

4. In order to register Industrial Design, Design should be  
(A) New  
(B) Original  
(C) New or Original  
(D) Distinct  



 
5. Industrial Design is protected for  

(A) 20 years  
(B) 10 year  
(C) 10+5 years  
(D) Both (B) and (C)  

 
6. Trademark is a mark that  

(A) Use in the course of trade  
(B) Distinguish good or services of one undertaking to other  
(C) Both (A) and (B)  
(D) None of the above  

 
7. In order to register trademark, the mark should be  

(A) Distinctive  
(B) Deceptive  
(C) Descriptive  
(D) All the above  

 
8. Non-traditional trademark can be registered in India  

(A) Yes  
(B) No  
(C) Yes if it is represented graphically  
(D) None of the above 

 
9. Customization means__________ 

     (A) Tailor-made products for each customer 
(B) Customers selling good  
(C) Tailor-made products for each staff 
(D) None of the above 

 
10. Marketing segmentation is useful for__________ 

(A) Preferential marketing 
(B) Targeting existing clients 
(C) Identifying prospects 
(D) All of the above 

 
 
 



 
 
1. Mechatronic approach to system design  

 The concept of mechatronics arises from the integration of knowledge from 
different areas of physics and technical disciplines.  

 

 The purpose of mechatronics is to use this integration in order to achieve a 
synergic effect, i.e. to obtain a product with highest possible technical and 
economical parameters.  

 

 In this light, mechatronics can be considered as a new and innovative technology 
that can be divided into several areas:  

 

Design:  
 

 The search is made for the mastering of appropriate level of abstract tools and 
their interconnection with other levels of abstract tools, whereas these tools 
have to be able to appropriately conceive the tasks from mechanics, electrical 
engineering, electronics, control and data processing.  

 

Production:  
 

 The deal is made with evaluation of product design in terms of its 
manufacturability under the respective conditions, namely with respect to 
mechanical and electrical components. 

 

Quality and reliability: 
 

 The deal is made with development of methods and tools to ensure the quality 
and to predict reliability and implementation of these methods and tools into 
the process of product designing. 

 

Education: 
 

 The deal is made with breaking through the barriers between a traditional 
conception of mechanical engineering and electrical engineering and a control 
including computer sciences.  
 

 This area should be developed within the respective enterprises and also 
between the enterprises, and last but not least also in secondary and tertiary 
education.  

 
 



 
 

 Ii is mainly dealt with the development of methods, tools, and models that provide 
aid to the process of designing.  
 

 The requirements laid upon the process of designing can be summarized as follows:  
 

 Highest attention paid to the early stage of designing process 

 Shared modelling of technical systems and the processes occurring therein  
 Work in an interdisciplinary team interdisciplinary team.  

 

 Shared modelling throughout the initial stage of designing process is a necessary 
condition for the work of interdisciplinary team. The reasons can be formulated as 
follows:  
 

 A designer is provided with a possibility of virtual presentation of problem 
solving.  

 A shared model enables us to explain the core of the solution to the other fellow 
workers, and if needed by the management, also to other workers from 
manufacturing and marketing departments. It is also important that this model 
can be used in further stages of designing process 

 A shared model is a condition that enables the designer to concentrate on the 
solutions to the problems that are decisive for the respective stage of designing 
process 

 A shared model also allows an easy verification of completeness and quality of 
problem solving.  

 

 It is necessary to point out that mechatronic systems are considered to be complex.  
 

 They consist of a number of elements of various physical natures.  
 

 The elements interact with each other but properties of the systems cannot be 
determined by describing the interactions.  

 

 Therefore the system is more than a set of parts; the synergic effect is reached.  
 

2. Traditional methodology of machine design  
 

 A traditional design of machine systems, which seem to be mechatronic, which 
consists of subsystems of different physical nature (mechanics, electrotechnics, 
electronic, control including software).  
 



 The subsystems operate independently with limited interactions.  
 

 Even for these systems, the internal complexity has to be considered from the 
beginning of design process.  

 

 A traditional methodology of design process is as follows:  
 

 system is partitioned into individual homogenous subsystems according to the 
disciplines 

 homogenous subsystems are designed by specialists from a design team 
 each homogenous subsystem is designed by traditional way, ¾ each product 

function is from the most part realized by only one homogenous subsystem 
 interactions are minimized, emphasis is mainly laid on common interfaces of the 

subsystems.  
 

 A common approach is as follows: first the mechanical parts are designed (skeleton) 
followed by electrical systems (muscles), electronic systems (sensors and nervous 
system) and finally a control system (brain).  
 

 A resulting system that appears to be mechatronic is only a result of application of 
existing solutions and corresponding technologies.  

 

 Research and development of new technologies and/or solutions is not needed if 
the traditional methodology is used.  
 

3. Mechatronic methodology of machine design  
 

 The development of technology leads to a continuous increase in demands on 
properties of designed products:  

 

 more functions 
 higher efficiency and reliability 
 lower demands on energy 
 minimal size and weight 
 lower cost.  

 

 The following demands, brought about by development of technology, are increasing 
productivity of developers and designers.  
 

 Shortening of development and design time is mainly desirable.  
 

 These demands cannot be fulfilled by traditional methodology.  
 



 Main concern is that the development cycle of new product is too long, and the 
required or optimally achievable quality of the product is not guaranteed.  
 

 It means that the individual homogenous subsystems form a barrier that does not 
allow us to increase the quality of system without increasing the price.  
 

 A mechatronic design is a tool which allows us to accomplish required changes. It 
can be understood as follows:  

 

 The mechatronic approach accepts usefulness of partitioning of solved problems 
to individual mechatronic disciplines 

 It creates only one system with maximal functional and spatial integration 
instead of individual homogenous systems 

 This system shows higher flexibility and intelligence without increased price.  
 

 It is evident that the mechatronic design is mostly useful at the stage of search for 
solution conception.  
 

 It is because the most of decisions about division of functions and their 
implementation including spatial integration to mechatronic system is accepted in 
this stage.  

 
4. POSSIBLE DESIGN SOLUTIONS 
 

Wind Screen – Wiper Motor: 
  

 Wind screen wiper is a device which is used to clear from the front glass of the 
vehicles, during rainy season. 
 

 In consists of an arm which oscillates back and forth in an arc like a wind screen 
wiper. 

  

Mechanical Solution: 
 

 It works like a four bar mechanism, when the crank rotates, the arm 1 rotates. 
 

 This makes the arm 2 to oscillate the arm 3. 
 
 
 
 
 
 



Mechatronics Approach: 
 
 The mechatronics approach uses a stepper motor with microprocessor for controlling 

it. 
  
 The input to the stepper is required to cause it to rotate a number of steps in one 

direction and then reverse to rotate the same number of steps in other direction. 
 

 Transistors are used as a switch for controlling the stepper motor. 
 

 To start and rotate the motor, the coils of the stepper motor are to be energised in a 
proper sequence.  

        

 Stepper motor can be operated in two configurations. 
Full step Configuration 

       Half step Configuration 
 

 
 

Detail Design: 
 
 Once optimizing a solution is completed, the detail design of that solution is 

developed. 
 

 This may require a production of prototype etc. 
 

 Mechanical layout is to be made whether physically all component can be 
accommodated. 
 

 Also whether components are accessible for replacement / maintenance are to be 
checked. 
 

 The selected design or solution is then translated into working drawings, circuit 
diagrams, etc. So that the item can be made. 
 

 Drawings also include the manufacturing tolerances for each component. 
 



 

5.  Fields of application  

1. Oil lubricating system  

2. Simulated formation of oil drops  

3. Electronic Control Unit (ECU) 

             
                                                   
 

Test after completion 
 

1. Where is the feedback generated by sensors in a mechatronics system given? 
    (A) Input sensors 
    (B) Comparators 
    (C) Mechanical actuators 
    (D) Output sensors 
 

2. What is the function of analysis in the modeling and simulation phase? 
   

    (A) Database for maintaining project information 
    (B) tools Sub models for eventual reuse 
    (C) Contains Numerical methods 
    (D) To produce high-level source code 
 

3. The function of the data transmission element is ____. 
   

    (A) to transfer data from one element to another 
    (B) to Modify the data 
    (C) to process the data 
    (D) to separate the signal hidden in the noise 
 
 
 
 
 
 



4. Which elements among the following is used to modify the data before display? 
   

    (A) Data presentation element 
    (B) Data transmission element 
    (C) Data processing element 
    (D) Variable manipulation element 
 

5. What is the main of DAS (data acquisition system)? 
   

    (A) Storing data 
    (B) It converts analog to digital data 
    (C) It converts digital to analog data 
    (D) Processes the data 

 
Conclusion 

 
 The various points of mechatronics design approach are thoroughly studied 

compared to traditional design approach. 
 

 The components and methods of mechatronics design approach have studied in 
detail.  

 Demo Videos 

https://www.youtube.com/watch?v=YjW1ba3y-_U 
 

https://www.youtube.com/watch?v=pn0d1gjL7Vs 
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Course Material  

Name of the Course : Mechatronics 

Name of the Unit  : Design of Mechatronics Systems 

Name of the Topic  : Stages in designing Mechatronics Systems    
                                                              

Objectives: To understand the various design steps to be involved to develop the new  
                      design for mechatronics systems.    

                
Outcomes: Upon successful completion, the student should be able to understand the  

                   various steps involved to design any new components. 
 

Pre-requisites: To have a basic knowledge of the important terms which are directly or  
                         indirectly involved and the proper material selection based on its  
                         properties.   

 
1. The process of creating mechanisms and shapes of mechanical elements for a 

machine to get the desired output for a given input is called as ___ 
     (A) Analysis 

     (B) Innovation 
     (C) Synthesis 

     (D) Designing   
 
2.  Which of the following is not a reason to design and redesign a product? 
    (A) Optimum design 

    (B)  Innovation 

    (C) Appearance 
    (D) None of the above 

 
3. In design process, which process is followed after selecting the material? 
    (A) Selecting factor of safety 

    (B)  Synthesis 

    (C) Analysis of forces 
    (D) Determining mode of failure 

 



 
4. Which design consideration deals with appearance of the product? 
    (A) Ergonomics 
   (B) Aesthetics 

   (C)  System design 

   (D) Creative design 

 
5. The objective of considering ergonomics in machine design is to ____ 
    (A) increase physical stresses 

    (B) make user adapt to the machine 
    (C) make machine fit for the user 

    (D) improve appearance of the product    

 
6. Which process of design cycle assists in acquiring and fulfilling the functional 

requirements of a module through the stages of modeling, dynamics and 
optimization? 

    (A) Functional Analysis 
    (B)  Synthesis 

    (C) Evaluation and decision 

    (D) Documentation 

 
7. The component deforming progressively under load at high temperatures is called as 
    (A) Resilience 
    (B)  Creep 

    (C) Fatigue 

 (D) All of the above 
 

8. Which process allows controlling grain structure of the product? 
    (A) Casting 

    (B)  Forging 

    (C) Die Casting 

    (D) None of the above 

 

 

 



 

9. The temperature at which new stress free grains are formed in the metal is called the 
______ temperature. 

    (A) Recrystallization 
    (B) Crystallization 
    (C) Solidification 

 (D) None of the above  

 
10. Hot working or cold working, which reduces strain hardening and residual 

stresses. 

    (A) Hot working 

    (B) Cold working 

    (C) Both have equal effect 

 (D) Impossible to detect 

 
1. Mechatronics Design Process System 

 The traditional electromechanical system design approach is applied to bring more 
reliability and performance into the mechanical part of the system during the 
development stage.  

 The control part of the system is then designed and added to provide additional 
performance or reliability and also to correct undetected errors in the design.  

 Because the design steps occur sequentially, the traditional approach is a 
sequential engineering approach.  

 A major factor in this sequential approach is the inherently complex nature of 
designing a multidisciplinary system.  

 Essentially, mechatronics is an improvement upon existing lengthy and expensive 
design processes.  

 Engineers of various disciplines work on a project simultaneously and 
cooperatively.  

 This eliminates problems caused by design incompatibilities and reduces design 
time because of fewer returns.  



 Design time is also reduced through extensive use of powerful computer 
simulations, reducing dependency upon prototypes.  

 This contrasts the more traditional design process of keeping engineering 
disciplines separate, having limited ability to adapt to mid-design changes, and 
being dependent upon multiple physical prototypes. 

 The mechatronic design methodology is not only concerned with producing high-
quality products but with maintaining them as well—an area referred to as life 
cycle design.  
 

 Several important life cycle factors are indicated.   
 

o Delivery: Time, cost, and medium. 
o Reliability: Failure rate, materials, and tolerances. 
o Maintainability: Modular design. 
o Serviceability: On board diagnostics, prognostics, and modular design. 
o Upgradeability: Future compatibility with current designs. 
o Disposability: Recycling and disposal of hazardous materials. 

  The life cycle factors except to point out that the conventional design for life cycle 
approach begins with a product after it has been designed and manufactured.  
 

 
 

MECHATRONIC DESIGN PROCESS 

 



 In the mechatronic design approach, the life cycle factors are included during the 
product design stages, resulting in products which are designed from conception 
to retirement.  
 

 The mechatronic design process consists of three phases: modeling and 
simulation, prototyping, and deployment.  

 

 All modeling, whether based on basic equations or the more detailed physics, 
should be modular in structure.  

 

 The simple model captures some of the fundamental behavior of a subsystem.  
 

 A detailed model is an extension of the first principle model providing more 
function and accuracy than the first level model.  

 

 Connecting the modules (or blocks) together may create complex models. Each 
block represents a subsystem, which corresponds to some physically or 
functionally realizable operations, and can be encapsulated into a block with 
input/output limited to input signals, parameters, and output signals.  

 

 This limitation may not always be possible or desirable; however, its use will 
produce modular subsystem blocks which easily can be maintained, exercised 
independently, substituted for one another and reused in other applications. 
 

 Because of their modularity, mechatronics systems are well suited for applications 
that require reconfiguration.  
 

 Such products can be reconfigured either during the design stage by substituting 
various subsystem modules or during the life span of the product.  
 

 Since many of the steps in the mechatronics design process rely on computer-
based tasks such as information fusion, management, and design testing, an 
efficient computer-aided prototyping environment is essential. 

  
2. Important Features 

Modeling:  

 Block diagram or visual interface for creating intuitively understandable 
behavioral models of physical or abstract phenomenon.  
 

 The ability to encapsulate complexity and maintain several levels of subsystem 
complexity is useful. 

 



 
Simulation:  
 

 Numerical methods for solving models containing differential, discrete, hybrid, 
partial, and implicit nonlinear and linear equations.  

 

Project Management:  
 

 Database for maintaining project information and subsystem models for eventual 
reuse. 
 

Design:  
 

 Numerical methods for constrained optimization of performance functions based 
on model parameters and signals.  
 

 Monte Carlo type of computation is also desirable. 
 

Analysis:  
 

 Numerical methods for frequency-domain, time-domain, and complex-domain 
design. 
 

Real-Time Interface:  
 

 A plug-in card is used to replace part of the model with actual hardware by 
interfacing to it with actuators and sensors.  
 

 This is called hardware in the loop simulation or rapid prototyping and must be 
executed in real time. 
 

Code Generator:  
 

 Produces efficient high-level source code from the block diagram or visual 
modeling interface.  
 

 The control code will be compiled and used on the embedded processor.  
 

Embedded Processor Interface:  
 

 The embedded processor resides in the final product.  
 

 This feature provides communication between the process and the computer-
aided prototyping environment.  
 

 This is called a full system prototype. 
 

 



3.  Fields of application  

1. Machine vision 

2. Automation and robotics 

3. Servo-mechanics 

4. Sensing and control systems 

5. Automotive engineering  

6. Computer-machine controls  

7. Structural dynamic systems 

8. Transportation and vehicular systems 

9. Computer aided and integrated manufacturing systems 

10. Packaging 

                         
                           Machine vision                    Automation          Robotics 
 

                            
                   Servo Mechanism      Sensors          Control Systems 

                           
         Automotive             Anti-locking Brakes             CAD System 



Test after completion 

 
1. Which is the first aspect which needs to be considered in the Mechatronics design  
    process? 
   

    (A) Hardware integration and simulation 
    (B) Conceptual design 
    (C) Mathematical modeling 
    (D) Modeling and simulation 
 
2. In the integration of Mechatronics system, an example of the first level is _____. 
   

    (A) Fluid valves 
    (B) Automatic machine tools 
    (C) Industrial robots 
    (D) Microprocessors 

 
3. What is the role of the second level in the mechatronics system design? 
   

    (A) Integrates electrical signal with mechanical action 
    (B) Integrates microelectronics into electrically controlled devices 
    (C) Advanced control strategy level. 
    (D) Providing artificial intelligence 

 
4. Microprocessor based electrical motors are used for ____ 
   

    (A) Prediction of fault in the system 
    (B) Correction before a fault occurs 
    (C) Actuation purpose in robots 
    (D) Providing intelligence 

 
5. Which phase of a mechatronics system consists of hardware designing? 
   

    (A) Prototyping 
    (B) Modeling 
    (C) Simulation 
    (D) Deployment 
 

 
 
 



 
Conclusion 

 
 The various steps and procedures of mechatronics system are thoroughly studied 

to impart and develop the new mechatronics design. 
 

 The working principle and various stages of the elements of mechatronics 
components are discussed in stage by stage.  

 

 Mechatronics consists of integration of mechanical engineering with electronics, 
computer systems, and advanced controls to design, construct, and operate 
products and processes.  

 

 The knowledge gained from the fundamentals of the various mechatronic systems 
on the real life applications. 

 

 Demo Videos 

https://youtube.com/watch?v=0ng--2sqdDo 
 

https://youtube.com/watch?v=DbGTwvyT_Co 
 

http://youtube.com/watch?v=qdPAjVxDujE 
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Course Material  

Name of the Course : Mechatronics 

Name of the Unit  : Introduction to Mechatronics Systems 

Name of the Topic  : Concept and Components of Mechatronics systems     
                                                             and Importance of Mechatronics in automation  

Objectives: To understand the various definitions and concept of the mechatronics and  

                    also to impart knowledge about the various components of mechatronics  

                    which are very much essential to understand the emerging field of  

                    automation. 
                

Outcomes: Upon successful completion, the student should be able to understand the  

                   principles of the basic components and implement their ideas to ddemonstrate  

                      the basic structure of mechatronics system. 
 

Pre-requisites: To have a basic knowledge of various measurement systems and  
                          working principle of different electrical systems.   

 
1. The spring material used in a spring control device should have the following 

property. 

    (A) Should be nonmagnetic 

    (B) Most be of low temperature coefficient 

    (C) Should have low specific resistance 
    (D) All of the above 

 
2.  A galvanometer has  

    (A) Air friction damping 

    (B) Fluid friction damping 
    (C) Eddy current damping 

    (D) Spring coil damping 

 
 
 
 
 



 
3. The resistance can be measured most accurately by  

    (A) Voltmeter-ammeter method 
    (B)  Bridge method 

    (C) Multimeter 

    (D) Megger 

 
4. To measure the flux, devices used are based on 

    (A) Voltaic effect 

    (B)  Piezo-electric effect 
    (C) Hall effect 

    (D) Photo-voltaic effect 
 
5. Wagner earthing device is used to eliminate errors due to  

    (A) Electrostatic coupling 

    (B)  Electromagnetic coupling 

    (C) Both A and B 

    (D) None of the above 
 
6. The repeat accuracy of an instrument can be judged from its  

    (A) Static error 

    (B)  Linearity error 

    (C) Dynamic error 
    (D) Standard deviation of error 

 
7. An instrument to be used for measurement and control should preferably have  

    (A) Dead zone and dead time 
    (B)  Linear output and fast response 

    (C) Non-linear output 

 (D) A highly damped response 

 
 
 



 
8. Which instrument has identical calibration for AC as well as DC values?  

    (A) Hot wire type 

    (B)  Moving coil type 

    (C) Induction type 

 (D) Moving iron type 

 
9. The thermocouple instruments do not have 

    (A) High sensitivity 
    (B) Absence of frequency error 
    (C) Independence of ambient temperature 

 (D) High degree of measuring accuracy 

 

10. The advantages of moving coil permanent magnet type instrument are 

    (A) Low power consumption 

    (B) No hysteresis loss 

    (C) Efficiency eddy current damping 
 (D) All of the above 

 
1. Definitions of the term Mechatronics 

(i) T. Mori (1969) expressed the word ‘mechatronics’ that it is composed of mecha 

from mechanics and tronics from electronics. In other words, technologies and 

developed products will be incorporating electronics more and more into 

mechanisms, intimately and organically, and making it impossible to tell where 

one ends and the other begins.  
 

 

 

 



 

(ii) W. Bolton (1995) expressed the term mechatronics that is the Integration of      

electronics, control engineering, and mechanical engineering. 
 

(iii) D. M. Auslander and C. J. Kempf (1996) defined as it is the application of 

complex decision making to the operation of physical systems. 
 

(iv) F. Harshama, M. Tomizuka, and T. Fukuda (196) expressed as, it is the 

synergistic integration of mechanical engineering with electronics and intelligent 

computer control in the design and manufacturing of industrial products and 

processes. 
 

(v) It is the synergistic use of precision engineering, control theory, computer 

science, and sensor and actuator technology to design improved products and 

processes defined by S. Ashley (1997). 
 

(vi)  It is the field of study involving the analysis, design, synthesis, and selection of 

systems that combine electronics and mechanical components with modern 

controls and microprocessors by D. G. Alciatore and M. B. Histand (1998). 
 

2. Mechatronics-based Product Realization 
 

• Systems engineering allows design, analysis, and synthesis of products and  

   processes involving components from multiple disciplines.  
 

• Mechatronics exploits systems engineering to guide the product realization  

   process from design, model, simulate, analyze, refine, prototype, validate, and    

   deployment cycle.  
 

• In mechatronics-based product realization: mechanical, electrical, and computer  

   engineering and information systems are integrated throughout the design  

   process so that the final products can be better than the sum of its parts.  
 

 

 



Mechatronic Design Process 

 

3. Concept of Mechatronics design  

 

 



4. Evolution Level of Mechatronics  

i. Primary Level Mechatronics  

This level incorporates I/O devices such as sensors and actuators that integrates 

electrical signals with mechanical action at the basic control levels.  

Examples: Electrically controlled fluid valves and relays  

ii. Secondary Level Mechatronics 

         This level integrates microelectronics into electrically controlled devices.    

         Examples: Cassette players  

iii. Third Level Mechatronics 

         This level incorporates advanced feedback functions into control strategy thereby  

         enhancing the quality in terms of sophistication called smart system.  

        Examples: Control of Electrical motor used to activate industrial robots, hard disk,  

                           CD drives and automatic washing machines.  

iv. Fourth Level Mechatronics:  

          This level incorporates intelligent control in mechatronics system. It introduces  

          intelligence and fault detection and isolation (FDI) capability systems 

 

5. Basic structure  

The basic structure of the mechatronic system which carries the sensors, actuators, 

and devices for information processing. The surrounding environment, in which the 

mechatronic system operates, is also important. A diagram of this structure is shown 

in Figure. The system has usually a mechanical, electro mechanical or hydraulic 

structure or it is a combination of these structures. It means that a given physical 

system can be generally understood as a respective system that can be represented by 

a hierarchically structured mechatronic system. A task of sensors is to determine a 

chosen state variable value of the system.  

 

 

 



 
In this case, the sensors can be physically represented by the measured values or 

software sensors so called observers. The sensors supply input variables for the  

information processing, at present usually digital, i.e. discrete in terms of values and 

time. The information processing is usually done by a microprocessor although it can 

be also done by a fully analog electronics or combined (hybrid) analog/digital 

electronics. The information processing determines actions needed to affect 

appropriately the state variables of the system. An implementation of the actions is 

directly in the system by actuators. 
 

 

 

The goal of the mechatronic system is a spatial integration with other functional  

elements in the area of sensors as well as in the area of actuators. It would create an   

intelligent unit, i.e. an intelligent sensor (integration of a measured values sensor, an 

analog/digital converter and a microprocessor) and an intelligent actuator (an 

integration of a digital/analog converter, an adapter circuit or a power amplifier, or 

even a microprocessor). The intelligent sensor measures analog physical quantities, 

for example pressure, temperature, velocity, it digitalizes 8 measured values and 

transfers the signal – suitably adjusted – to information processing devices. The 

intelligent actuator is directly activated by the digital signal coming from the 

corresponding information processing device.  

 



Signals are converted to analog variables, amplified and then handed over, e.g. to 

create force or movement. A closer look at relations between the system, the sensors, 

the information processing and the actuators shows that a description of the relations 

using flows is useful. 
  

In principle, there are three different types of flows:  

(i) material flow, (ii) energy flow,  and (iii) information flow.  
 

The mechatronic system, shown in above Figure which consists of units connected 

by three types of flows. The most visible are energy and material flows. Flows 

connecting the base system and environment with sensors and actuators have a 

character of energy flow as well as information flow – energy flows for measurement 

requirements (sensors) as well as for action execution (actuators) but energy is 

transferred as well – control signals of actuators and measurement signals of sensors. 

Tools for information processing use the information flow from sensors and also 

generate the information flow for the actuators. One main energy flow affecting, 

directly or indirectly, the system can be noticed in case of energy flows. 

Communication with a human or a system user is usually realized by a special 

human-machine interface. The connection is represented by the information flow in 

both cases.  
 

6. Modularization and hierarchization  

Complex mechatronic systems are usually made by synergetic integration of 

different mechatronic modules, i.e. elements of system or components connected to 

groups, jointly executing a certain function. It is not recommended to make the 

integration at one level but it is necessary to separate the configuration according to 

the principle of hierarchization because the modules contain and constitute different 

functions. A higher-level system is made if more basic modules are connected 

together by its functional mechatronic structure and mechanic supporting structure.  

 



At this higher level, the other tasks are realized according to the events monitored 

by a sensor system and evaluated by the information - processing unit. A target value 

for the subordinate basic mechatronic modules is generated at this level of hierarchic 

structure as well as error diagnosis and algorithm monitoring. Another hierarchic 

level, at which the basic modules and already grouped systems are simply connected 

by the information processing units, is suitable if the mechatronic system would do 

other tasks, for example process of learning or adaptation.  

 

A sample of mechatronic system’s hierarchical structure is shown in the above 

Figure. The basic modules at the first level (e.g. a spring unit with wound spring and 

telescopic damper) are connected to the second level (e.g. car) by the information 

processing. The created systems are connected together by information processing 

(e.g. crossway control) at the third level. A spatial integration of related equipment is 

also an important task as well as functional integration of the mechatronic modules. 

Modules of equipment have to be integrated through defined interfaces to create a 

whole system with individual hierarchical levels (mechatronic units). A simultaneous 

considering of both integration tasks leads to the optimally constructed mechatronic 

systems. 

 



 
7.  Basic Elements of Mechatronics System 
 

The various elements in typical mechatronic systems are shown in Figure. 

 

(i) Sensors and actuators 

Sensors and actuators mostly come under mechanical systems. The actuators  
produce motion or cause some action. The sensors detect the state of the system 
parameters, inputs, and outputs. The various actuators .used in the mechatronic 
system are pneumatic and hydraulic actuators, electro-mechanical actuators, 
electrical motors such as DC motors, AC motors, stepper motors, servomotors, and 
piezoelectric actuators. The various types of sensors used in the mechatronic system 
are linear arid rotational sensors, acceleration sensors, force, torque and pressure 
sensors, flow sensors, temperature sensors, proximity sensors, light sensors. 

 

(ii) Signals and conditioning  

The mechatronic systems deal with two types of signals and conditioning such as - 
input and output. The input devices receive input signals from the mechatronic 
systems via interfacing devices and sensors. Then it is sent to the control circuits for 
conditioning or processing. The various input signal conditioning devices used in the 
mechatronic system are discrete circuits, amplifiers, Analog-to-Digital (A/D) 
converters, Digital-to-Digital (DZD) convertors. The output signals from the system 
are sent to output/display devices through interfacing devices. The various output 
signal conditioning devices used in the mechatronic system are Digital-to-Analog 
(D/A) converters, Display Decoders (DD) converters, amplifiers, power transistors, 
and power op-amps. 

 



(iii) Digital logic systems 

Digital logic devices control overall system operation. The various digital logic 

systems used in the mechatronic system are logic circuits, microcontrollers, 

programmable logic controllers, sequencing and timing controls, and control 

algorithms.  
 

(iv) Software and data acquisition systems 

The data acquisition system acquires the output signals from sensors in the form 

of voltage, frequency, resistance etc. and it is inputted into the microprocessor or 

computer. Software is used to control the acquisition of data through DAC board. 

The data acquisition system consists of a multiplexer, amplifier, register, and control 

circuitry and DAC board. The various data acquisition systems used in the 

mechatronic system is data loggers, computer with plug-in boards, etc. 
 

(v) Computers and display devices 

Computers are used to store a large number of data and process further through 

software. Display devices are used to give visual feedback to the user. The various 

display devices used in the mechatronic system are LEDs, CRT, LCD, digital  

displays, etc. 
 

 

 



 
 

8.  Fields of application  

i. High-speed laser cutting and engraving systems of extreme accuracy,  

ii. Measuring systems with optical and mechanical scanning,  

iii. Micro-assembly systems,  

iv. Wafer inspection and machining. 
 

 
 

 

 

 



 
9. Real life applications of Mechatronics 

 

i. In Health Care 
 

Robotic surgery has been around since 2000, when the da Vinci Surgical System 

was approved by the FDA. The robot includes a camera on one arm and surgical 

equipment on the other. Using a robot to perform surgery has many benefits, 

including being less invasive, which leads to faster recovery and less risk of 

infection.  
 

New surgical robots are being developed for eye surgery, targeting lung cancer, 

knee surgery, and laparoscopic surgeries. One robot, called CorPath, is enabling 

surgeons to perform procedures from a distance. In December 2018, CorPath was 

used by a surgeon to conduct an elective procedure on a patient that was 20 miles 

away. Read more about this revolutionary procedure. 
 

ii. Around the House 
 

Refrigerators that can order milk when you are running low. Washers that text 

you when the load is ready for the dryer. Vacuums that carry cats around the house 

while they clean your hardwood floors. All of these devices are available due to 

mechatronics. And, of course, who is ever without their smart phone? A cell phone’s 

camera, for example, uses mechatronics to take cute pictures and videos of your cat 

riding that robotic vacuum. 
 
 

 
 

 
 



 

iii. In the Car 
 

Mechatronics engineering has saved thousands of lives through the advent of anti-

lock brakes and stabilization, air bag inflation, and fully autonomous vehicles. The 

U.S. Postal System is even testing autonomous trucks to deliver the mail.  

 
iv. In Manufacturing 

 

The manufacturing process has become largely automated, and that is frequently 

due to integration of mechatronics. Industrial robots perform consistently and 

quickly, enabling manufacturers to keep up with demand while reducing costs. Like 

many other areas, manufacturing has adopted smart technology to ensure efficiency.  
 

v. For Exploration 
 

The Mars rovers Spirit and Opportunity provided a view of the red planet that 

had never been seen, sending to Earth a combined 342,432 pictures. Some proposed 

uses for mechatronics in space exploration include robotic arms on the International 

Space Station, development of life-sustaining systems on the moon or otherwise 

uninhabitable planets, or flying robots to examine planets’ surfaces.  

 

 

 

 

 

 

 

 

 

 

 



 

Test after completion 

 
1. Which of the following are characteristics of mechatronic products and systems? 
   

    (A) Functional interaction between mechanical, electronic and information      
           technologies 
    (B) Spatial interaction of subsystems in one physical unit 
    (C) Intelligence related to the control functions of the mechatronics system 
    (D) All of the above 
 

2. A group of components which can complete certain tasks or achieve certain desired  
    results in a desired manner while working together is called as_____ 
   

    (A) Output system 
     (B) Sequence system 
     (C) Control system 
     (D) All of the above 

 
3. In which system does the output not affect the process in any way? 
   

    (A) Open loop system 
     (B) Closed loop system 
     (C) Both a. and b. 
     (D) None of the above 

 
4. Which of the following cannot be an input that is given to the PLC? 
   

    (A) Manual switches 
     (B) Relays 
     (C) Sensors 
     (D) None of the above 
 
5. On-off Control is also called as ________. 
   

    (A) One position control 
     (B) Two position control 
     (C) Four position control 
     (D) Half position control 



 
 
 

Conclusion 
 

 The various definitions and concepts of mechatronics system are thoroughly 
studied to impart and develop the new mechatronics design. 

 

 The working principle and various stages of the elements of mechatronics 
components are discussed in stage by stage.  

 

 Mechatronics consists of integration of mechanical engineering with electronics, 
computer systems, and advanced controls to design, construct, and operate 
products and processes.  

 

 In the industry is currently an increasing demand to acquire the core skills of 
mechanical engineers and electrical engineers as well as management and 
business.  

 

 Their knowledge enables them to solve a wide range of mechanical, electrical and 
software problems, allowing them to participate in and lead multidisciplinary 
design teams.  

 

 The knowledge gained from the fundamentals of the various mechatronic systems 
on the real life applications. 

 

 Demo Videos 

https://www.youtube.com/watch?v=4Eaou2pOGGo 
 

https://www.youtube.com/watch?v=bVD2w2drhaU 
 

https://www.youtube.com/watch?v=3WBdpbhR4AU 
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Course Material  

Name of the Course : Mechatronics 

Name of the Unit  : Design of Mechatronics Systems 

Name of the Topic  : Case Studies of Mechatronics Systems 
                                                              

Objectives: To understand the working principle of all components and its controls in  
                      the Mechatronics design.    

                
Outcomes: Upon successful completion, the student should be able to understand the  
                     efficient working of the components with suitable controlling actions of the  
                     mechatronics system. 

 

Pre-requisites: To have a basic knowledge of working principles of the sensors and  
                          transducers.  

 
1. The sensors are classified on the basis of 

(A) Functions 
(B) Performance 
(C) Output 
(D) All of the above 

  
2. The following is not a static performance parameter to be looked into before selecting  
    a parameter. 

(A) Range 
(B) Deflection 
(C) Stability 
(D) Error 

  

3. The following main dynamic characteristic(s) is usually considered in Mechatronics  
    application of sensors. 

(A) Response time 
(B) Rise time 
(C) Time constant 
(D) All of the above 

  

 



4. The ability to give same output reading when same input value is applied repeatedly  
     is known as 

(A) Stability 
(B) Repeatability 
(C) Accuracy 
(D) Sensitivity 

  

5. It is the ability of the sensor to indicate the same output over a period of time for a  
    constant input. 

(A) Stability 
(B) Resolution 
(C) Error 
(D) Impedance 

  
6. It is the time required to come to an output value within the specified error level. 

(A) Response time 
(B) Rise time 
(C) Settling time 
(D) None of the above 
 

7. A piezo-electrical crystal generates voltage when subjected to ____ force. 
(A) Electrical 
(B) Mechanical 
(C) Gravity 
(D) All of the above 

  

8. Hall Effect sensors are used in 
(A) Flow meter 
(B) Fuel level indicator 
(C) Both (A) and (B) 
(D) None of the above 
 

9. The following type of sensors are used to generate information in object grasping and  
    obstacle avoidance. 

(A) Hall Effect sensor 
(B) Proximity sensor 
(C) Light sensor 
(D) Optical sensors 



10. Inductive proximity sensors can be effective only when the objects are of _____  
    materials. 

(A) Ferro magnetic 
(B) Diamagnetic 
(C) Paramagnetic 
(D) All of the above 

 
1. Case study on pick and place robot  

 The basic from and block diagram of the pick and place robot are shown in the 
following Figures.  
 

 
 

 



 The robot has three axes about which motion can occur.  
 

 The following movements are required for this robot.  
 Clock wise and anticlockwise rotation of the robot unit of its base 
 Linear movement of the arm horizontally i.e., extension or contraction of 

arm 
 Up and down movement of the arm and  
 Open and close movement of the gripper. 

 

 The foresaid movements can be obtained by pneumatic cylinders which are 
operated by solenoid valves with limit switches.  
 

 Limit switches are used to indicate when a motion is completed.  
  

 The clockwise rotation of the robot unit can be obtained from a piston and 
cylinder arrangement during its extension and that of counter clockwise during 
its retraction. 

 

 The upward and downward movement of the arm can be obtained from a piston 
and cylinder arrangement during the extension and retraction of a piston 
respectively. 
 

 Similarly, the gripper can also be operated in a similar way as explained above 
i.e., gripper is opened during forward movement of the piston and closed 
during backward movement of the piston in the cylinder.  
 

 The micro controller used to control the solenoid values and hence the 
movements of the robot unit. The type of microcontroller used in M68C11. 
 

 A software program is used to control the robot. 
 

 Eight C port lies PC0 – PC7, are used to sense the position of eight separate limit 
switches used for eight different robotic movements. 
 

 Also one line from port D is used to start or stop the robot operation. 
 

 The switch in its one position will provide +5V (a logic high signal), to the 
corresponding port lines and the switch in another position will provide 0V (a 
logic low signal), to the port lines. 
 

 



 
 

 The following Figure shows a mechanism used for this purpose. 
 

 
 

  So the two positions of a switch will provide either a logic high or logic low to 
the corresponding PC0 – PC7, and PD, lines. 
 

 Eight part B lines (PB0 – PB7) are used to control eight different movement. 
These are Base CW, Base CEW, Arm extends, Arm retract, Arm up, Arm down 
Gripper close and Gripper open of the robot. 

 

 PB0 is connected to the Triac opto-isolator through a resistor. 
 

 TRIAC isolator consists of LED and TRIAC. 
 

 For example, when the base has to rotate in clockwise direction, a high signal is 
sent through line PB0 

 
 



 
 The diode is forward biased and the TRIAC opto-isolation operates, regulating 

the supply to the solenoid value which in turn operated the piston rod of the 
pneumatic cylinder. 
 

 The base clockwise continues the rotation till it reader the position of second 
limit switch 
 

2.  Fields of application  

1. Fast Assembly  

2. Inspection and Quality Control   

3. Fast Packaging   

4. Fast Sortation  
 

                   
 

 

3. Case study on automatic Car Park Systems 

     Introduction to Automated car parking System:  
 

 Over the decades, our country has been developed drastically and has a lot of 
well contacted roads, commercial building and increasing number of 
automobiles.  
 

 While parking these automobiles in parking space, due to the unplanned and 
lack of discipline, the people can park their cars anywhere they want to, which 
creates a mess as people do not follow the particular cue most of the time.  

 

 As a result of this, a huge traffic jam takes place in that place.  
 

 While parking in and retrieving car due mismanagement cars can get dent by 
bumping with each other as there is lack of sufficient space.  

 



 
 

 This leads to arguments, fights among people which sometimes makes huge 
traffic jam.  
 

 This is also an economical loss and need to repair the damaged car and also cars 
consumes extra fuel while parking in or out.  

 

 Traffic jam is an issue here as it kills our precious time.  
 

 Due to this chaos in parking our valuable time gets wasted.  
 

 It harms the students, office going staffs and emergency patients to a great 
extent. 
 

 It also causes economical loss to commercial places like shopping malls, 
amusement parks as people are more likely not to visit these places due to this 
parking hazard.  

 

 As our advancing time of the life, the manual car parking system in commercial 
spaces is creating hurdle which is causing wastage of time and some economic 
losses as well.  

 

 Therefore, the solution is needed to overcome these problems by introducing the 
automated car parking systems.  

 

 Automated Car Parking Systems as a solution of these problems as well as a 
replacement to the manual car parking systems at commercial spaces.  

 

  This system not only saves time and money, it can also earn money by charging 
for parking spaces. 

 

 Coin-operated car park system with barriers  
 

 The main requirement of the system is that, the in-barrier is to be opened to 
allow the car inside if correct money (coin) is inserted in the collection box.  

 

 The out barrier is to be opened to allow the car outside, if the car is detected at 
the car park side of the barrier.  

 

 The automatic car park barrier along with the mechanism to lift and lower it.  
 

  When the current flows through the solenoid A & the piston in the cylinder 
extends to move upward and causes the barrier to rotate about its pivot and 
thus the barrier raises to allow the car inside.  

 



 

 
 
 

 When the current flows through the solenoid A ceases, the spring on the solenoid 
valve makes the contacts to open and thus makes the valve to its original 
position.  
 

 When the current flows through solenoid B, the piston in the cylinder moves 
downward end causes the barrier to get down.  

 

 Limit switches are used to detect when the barrier is down and also when fully 
up.  

 

  This control can be controlled by PLC 
 

 



 
 Six inputs (X400 to X405) is required for the PLC to sense the six limit switch 

position namely coin-operated switch, entrance barrier up switch, down switch, 
car at exit barrier switch, exit barrier up switch, Exit barrier down switch. 
 

X400 –        coin operated switch at entrance to car park 
X401 –        switch activated when entrance barrier is out 
X402 –        switch activated when entrance barrier is down 
X403 –        switch activated when car at exit barrier 
X404 –        switch activated when exit barrier is -up 
X405 –        switch activated when exit barrier is down 
Y430 –        solenoid on valve A for entrance barrier 
Y431 –        solenoid on valve B for entrance barrier 
Y432 –        solenoid on valve A for exit barrier 
Y433 –        solenoid on valve B for exit barrier 

 

 Whenever, a switch is operated, 0V signal is provided to the corresponding 
inputs and otherwise +24v signal is provided to the inputs. Four outputs (Y430 
to Y433) are required to operate the two solenoid valves A and B. 

 

 
 



4. Case study on Car Engine Management 
 

 An electronic engine management system is made up of sensors, actuators, and 
related wiring that is tied into a central processor called microprocessor or 
microcomputer (a smaller version of a computer). 
 

 Electronic management systems monitor and gather data from a number of 
sensors in the engine and continuously adjust the fuel supply and injection 
timing.  

 

 This minimizes emissions and maximizes fuel efficiency and engine output at 
any given workload.  

 

 The electronic engine management generally consists of the following basic 
components: An electronic control unit (ECU), a fuel delivery system (typically 
fuel injection), an ignition system and a number of sensors.  

 

 The Figure shows the various components in the typical engine management 
system.  

 

 
 
 



 

1. Electronics control unit (ECU):  
 

 The sensors provide feedback to the ECU to indicate how the engine is running 
so that the ECU can make the necessary adjustments to the operation of the fuel 
delivery and / or ignition system.  

 
2. Fuel delivery system: 
 

  This system consist high pressure fuel pump which is mounted in or near the 
tank. The fuel line the pump passes through a filter before it runs forward to the 
engine bay.  
 

 The fuel line connects to a fuel rail that feeds each of the injectors.  
 

 At the end of the rail is a fuel pressure regulator, with surplus fuel heading back 
to the tank in the return line.  

 
3. Ignition system: 
 

 Ignition system consists of ignition coil, distributor and spark plug.  
 

 These components are connected with the ECU to receive the signal for proper 
timed operation.  

 
 



4. Various sensors:  
 

 Engine sensors fall into five broad categories.  
 

 Throttle – Position Sensors  
 Exhaust Gas Oxygen Sensors  
 Manifold Absolute Pressure Sensors  
 Temperature Sensors and  
 Speed / Timing Sensors.  

 
 All these sensor functions are centrally controlled by microcontroller as shown in 

above Figure.  
 

(i) Throttle – Position Sensors:  
 

 A throttle – position sensor sends the signal to ECU about the throttle opening 
and the force applied by the driver.  
 

 Then the ECU controls the fuel delivery and spark timing based on the throttle 
position.  

 

 Two common throttle – position sensors are potentiometric and Hall – effect 
sensors.  

 
(ii) Exhaust Gas Oxygen (EGO) Sensors:  

 
 Exhaust gas oxygen (EGO) sensors are places within the engine’s exhaust system.  

 

 The amount of oxygen in the exhaust gas indicates whether or not the ECU has 
directed the fuel delivery system to provide the proper air – to fuel ratio.  

 

 If the relative amount of air is too high or too low, engine power, smoothness, 
fuel efficiency and emissions will all suffer.  

 
(iii) Manifold Absolute Pressure (MAP) Sensors:  

 
 Manifold Absolute Pressure (MAP) Sensors measure the degree of vacuum in the 

engine’s intake manifold.  
 

 The amount of vacuum depends on engine rpm and throttle opening.  
 

 The most common MAP sensors are piezo-resistive and variable capacitor 
sensors.  

 
 
 



 
(iv) Temperature Sensors:  

 
 Temperature sensors are used to report engine temperature to the driver / 

operator via dash panel mounted temperature gauge, report engine 
temperatures to the ECU to activate / de – activate cooling fans in water – 
cooled engines, too rich in fuel mixtures for easier starting in cold weather and 
to lean out mixtures for maximum fuel economy.  
 

 Two common temperature sensors are thermistors or thermo diodes. 
 

(v) Engine Speed / Timing Sensors:  
 

 Speed / Timing sensors provide information to the ECU regarding engine speed 
and the crank position.  
 

 This information is used by the ECU to control fuel and ignition, as well as to 
make sure that engine speed does not exceed safe operating limits.  

 

 It is also used to control the fuel injectors and spark plugs.  
 

 Most common speed/timing sensors are variable reluctance, optical crankshaft 
position and Hall Effect sensors.  

 
(vi) Exhaust Gas regulation (EGR) Valve Position Sensor:  

 

 The signal from EGR valve position sensor is used to adjust the air fuel mixture. 
 

  The exhaust gases introduced by the EGR valve into the intake manifold reduce 
the available oxygen and thus less fuel is needed in order to maintain low 
hydro carbon level in the exhaust.  

 
(vii)  Mass Air flow (MAF) sensor:  

 

 MAF sensor is used to measure engine load to squirt in the right amount of 
petrol, and fire the spark at just the right moment.  
 

 The amount of power being developed depends on how much air the engine is 
breathing.  

 

 Most common airflow sensors are Hot Wire Airflow sensor and V and Airflow 
Meter.  

 
(viii)  Knock Sensor:  

 
 The knock sensor is used to identify the sounds of knocking and sends signal to 

ECU to avoid knocking.  
 



 It is screwed into the engine block and is designed to separate out the special 
noise which means that knocking is occurring.  

 

 Many Electronic Fuel Injection (EFI) engines run ignition timing very close to 
knocking. 

 
5. Case study on Automatic Camera 
 

 An automatic/digital camera takes light and focuses it via the lens onto a sensor 
made out of silicon.  

 It is made up of a grid of tiny photosites that are sensitive to light.  

 Each photosite is usually called a pixel, a contraction of "picture element".  

 There are millions of these individual pixels in the sensor of a DSLR camera. 
Digital cameras sample light from our world, or outer space, spatially, tonally 
and by time.  

 Spatial sampling means the angle of view that the camera sees is broken down 
into the rectangular grid of pixels.  

 Tonal sampling means the continuously varying tones of brightness in nature are 
broken down into individual discrete steps of tone.  

 If there are enough samples, both spatially and tonally and perceive it as faithful 
representation of the original scene.  

 



 Under low light conditions, the eye's exposure, or Integration time can increase 
to several seconds.  

 The eye is a relatively sensitive detector.  

 It can detect a single photon, but this information is not sent along to the brain 
because it does not exceed the minimum signal-to-noise ratio threshold of the 
noise filtering circuitry in the visual system.  

 It requires several photons for a detection to be sent to the brain.  

 A digital camera is almost as sensitive as the eye, and both are much more 
sensitive than film, which requires many photons for detection. 

 It is the time sampling with long exposures that really makes the magic of digital 
astrophotography possible.  

 A digital sensor's true power comes from its ability to integrate, or collect, 
photons over much longer time periods than the eye.  

 Each photosite on a CCD or CMOS chip is composed of a light-sensitive area 
made of crystal silicon in a photodiode which absorbs photons and releases 
electrons through the photoelectric effect.  

 The electrons are stored in a well as an electrical charge that is accumulated over 
the length of the exposure.  

 The charge that is generated is proportional to the number of photons that hit the 
sensor. 

 This electric charge is then transferred and converted to an analog voltage that is 
amplified and then sent to an Analog to Digital Converter where it is digitized 
(turned into a number). 

 CCD and CMOS sensors perform similarly in absorbing photons, generating 
electrons and storing them, but differ in how the charge is transferred and where 
it is converted to a voltage.  

 Both end up with a digital output. 

 The entire digital image file is then a collection of numbers that represent the 
location and brightness values for each square in the array.  

 Electrons are generated as long as photons strike the sensor during the duration 
of the exposure or integration.  

 They are stored in a potential well until the exposure is ended.  



Digital Camera Parts and Functions 

 Modern digital cameras all have the same basic parts. 

Viewfinder 
 The viewfinder is one of the most important parts of a camera. 

 It is a rectangular-shaped part at the back of your camera that lets you see and 
frame your subject.  

 Some viewfinders are fully digital, which shows you various details like your 
shutter speed, aperture, and ISO before you take the shot. 

Pentaprism 
 

 The pentaprism is a mirror placed at a 45-degree angle behind the camera lens. 
 

  The mirror projects the light captured from the lens to the viewfinder.  
 

 Before pentaprisms were introduced, photographers always had to look 
downwards when taking photos, which is not ideal for some subjects and would 
only allow you to take photos at hip-level.  
 

 Pentaprisms got rid of this problem and now defines single-lens reflex or SLR 
cameras. 

Focusing Screen 
 

 A camera’s Focusing Screen is the glass surface on which the camera’s mirror 
projects the image.  
 

 The focusing screen helps in achieving various focus effects such as sharp and 
high-contrast shots to blurs and bokeh. 

Condenser Lens 
 

 A condenser lens is a part made up of two matching convex lenses.  
 

 This part uses a simple method for correcting color fringing or aberration that is 
a common problem encountered when using traditional camera lenses.  

 

 



Digital Sensor 
 

 The digital sensor of a camera is one of its most delicate parts.  
 

 This sensor captures the light coming from the lens to create an image.  
 

 Modern cameras use either a charged-coupled device (CCD) or a complementary 
metal-oxide semiconductor (CMOS) imager for capturing images. 

Shutter 
 The camera shutter is an opaque piece of metal or plastic that controls the 

amount of light that reaches the camera sensor.  
 

 The shutter release button is adjusted accordingly using the camera’s shutter 
speed setting. 

Display 
 The camera display shows the user helpful information about the photos and the 

camera.  
 

 Here,  the different camera settings alter the exposure, ISO, shutter speed, and 
more.  

Electronics 
 Camera’s electronic components can be divided into three separate categories: 

photo capture components, camera controller, and user interface components.  
 

 The camera controller elements control all the electronic components of the 
camera.  
 

 Its photo capture elements are responsible for the recording of images, while the 
user interface elements are responsible for letting the user interact with and 
control the camera.  

Autofocus System 
 One of the advantages that digital cameras have over traditional film cameras is 

their ability to focus on a particular subject quickly and automatically.  
 



 This is made possible thanks to the autofocus sensor, one of the parts of a camera 
lens that sends information to the computer inside the camera and commands 
the lens to adjust its focusing elements to render a sharp image.  

Reflex and Relay Mirror 
 The reflex mirror is found in any SLR or DSLR camera.  

 
 Unlike rangefinder cameras, the lens of a DSLR camera is not on the same axis as 

the lens, which is why this type of camera needs a mirror.  
 

 The reflex mirror is a mirror positioned at a 45-degree angle to reflect light from 
the lens to the viewfinder.  

Aperture 
 The aperture is the opening in the camera lens through which light passes 

through.  
 

 This part is made up of small, thin blades that shrink or expand depending on 
how much light you want in your exposure.  
 

 It also determines the depth of field of your camera, which is a vital factor in how 
much background blur you want. 

Zoom Elements 
 Zoom lenses allow you to shift between focal lengths, from wide to telephoto, 

depending on your lens’ focal range, by turning the lens rings.  

Batteries 
 The battery is one of the most important parts of the camera, as most of its 

components will not work if not powered by one.  
 

 The long-lasting battery is used to shoot more photos and shoot for extended 
periods, to take the perfect shot. 
 

6. Case study on Washing machine 
 

 An automatic/digital camera takes light and focuses it via the lens onto a sensor 
made out of silicon.  

 



 Washing process comprises immersing, dipping, rubbing, or scrubbing in water 
usually accompanied by detergent, or bleach. 
  

 The simplest machines may merely agitate clothes in water while switched on; 
automatic machines on the other hand may fill, empty, wash, spin, and heat in a 
cycle.  
 

 Washing machines are of two types by function:  
 

1. Semi Automatic:  
 

 In semi-automatic machines the controls are not completely automatic and 
manual intervention is required.  
 

 These are top loading twin tub machines where the washer and the dryer are 
separate units.  
 

 So the task of loading and unloading a couple of extra times.  
 
2. Fully Automatic:  
 

 A fully automatic can be either front or top loading and there is no manual 
intervention needed—drop the clothes, turn the machine on, and wait for it to 
finish washing and drying.  
 

 Fully automatic machines require a dedicated running water supply from a tap.  
 

 The whole process is carried out in a single tub.  
 

 The clothes are dropped in the tub, water and detergent is added, then wash 
cycle is programmed according to the requirement.  
 

 The washing machine does washing, rising, and drying and notifies with beeps 
when it is through with all the tasks. 

 
 
 
 
 
 



 
Design of Automatic Washing Machine  
 
Principle: 
 

 The inside bucket of fully-automatic washing machine has many small holes, 
through them the water bucket between the inside and outside is interlinked, 
electromagnetic valve pumps the water in and out.  
 

 When the water fills in the control system the electromagnetic valve opens up, 
this allows the water to be fed into outer barrel.  
 

 During drainage, the control system lets the drain electromagnetic valve open 
up, so the water by outer barrel drains out.  
 

 When dehydrating, the control system will close valve and by turning on 
washing motor driving internal vats to dry.  
 

 High, middle and low water level control switches are used to detect the high, 
middle and low water level.  
 

 Start button activates the washing machine; stop button is used to manually stop 
water, drainage, dehydration and alarm. Drainage button is to achieve manual 
drainage. 
 

Working:  
 
 There are two types of washing machines such as the top loader and the front 

loader.  
 

 With either machine it is filled with clothing or other linens, some detergent is 
added and it turns on.  
 

 They are directly hooked to water lines which bring water into the drum and 
mixes with the detergent.  
 

 Then they agitate or bounce the clothing through the soapy water, thereby 
cleaning out the dirt and soil.  
 



 The machines go into a spin cycle and pull all the water back out of the clothing.  
 

 Once more, water fills the tub and rinses out the remaining soap.  
 

 Again, with high speed spinning it spins out the water and leaves the clothes 
dried.  
 

 The functional block diagram of a washing machine is shown below in Figure. 
 

 
 

 In the above figure there are units which are controlled by a controller. These 
units are described below: 

 
1. Valve control unit:  
 

 This unit control the water inlet valve and drain valve.  
 

 It contains all the information about the water valve, such as when it open and 
close.  
 

 Similarly, it contains all the information about the opening and closing of drain 
valve.  



2. Sensor unit: 
 

  Sensor unit contains all the information of the sensors which are used in 
washing machine, such as, sensor for load check (clothes weight) gives the 
information that how much load is present inside the tub accordingly water fills 
into the tub.  
 

 Similarly, it contains information for all other sensors required in washing 
machine, such as, water availability check, detergent availability, door 
open/close, balance check and trap check.  

 
3. Motor control unit:  
 

 This unit controls the functioning of motor.  
 

 It contains all the information about the rotation of motor, such as when motor 
rotates in clockwise direction and when in counter clockwise.  
 

 It also contains the information when motor will on and off in all three cases i.e., 
washing, rinsing and drying.  

 
4. Display unit:  
 

 The display unit consists of LEDs to indicate the completion of process, 
occurrence of some problem while washing, set or reset of buttons, etc.  
 

 Seven segment display for the numeric value display and also for the message 
display of errors. 

 
                                                   Test after completion 
 

1. The important parameters in a gasoline engine that can be controlled are 
    (A)  air-fuel ratio 
    (B)  mixture distribution between cylinders 
    (C)  ignition timing 
    (D)  all of the above 
 
 
 
 
 



 

2. The knowledge base of an expert system includes both facts and 
   

    (A) theories 
    (B) heuristics 
    (C) algorithms 
    (D)  analysis 

 
3. Which device is mostly associated with automation? 
   

    (A) flexible manufacturing 
    (B)  robots 
    (C) computer graphics workstation 
    (D) NC machine 

  
4.Knock sensors use 
   

    (A) thermistors 
    (B) thermocouples 
    (C) piezoelectric pickup 
    (D) flap type sensors 

 
5. In washing machines, most commonly used motors are 
   

    (A) Split phase induction motors 
    (B) Slip ring induction motors 
    (C) Capacitor start induction motors 
    (D) Shaded pole induction motors 

 
 

 
Conclusion 

 
 The working principles of various components of pick and place, automatic car 

park barrier, car engine management, automatic camera and washing machine are 
studied and analyzed completely through case studies. 
 

 

Demo Videos 

https://youtube.com/watch?v=uC8iu9VcM3c 
 

http://youtube.com/watch?v=6RKXVefE98w 



 
https://youtube.com/watch?v=AEUzJNd4pqc 

 
http://youtube.com/watch?v=xtaUkrsJ3Z8 

 
https://www.youtube.com/watch?v=rXWrpE1Khkk 

 
https://youtube.com/watch?v=HksMSVZqB4Y 

 

References 

1. Devdas Shetty and Richard A. Kolk, “Mechatronics Mechatronics System Design”, 
Cengage Learning , Second Edition, 1997  

 

2. Michael B. Histand and David G. Alciatore, “ Introduction to Mechatronics and  
     Measurement Systems”, McGraw-Hill International Editions, 2007. 3rd Edition 

        
 


	1a.pdf (p.1-32)
	1b.pdf (p.33-48)
	2a.pdf (p.49-104)
	2b.pdf (p.105-132)
	3.pdf (p.133-141)
	3a.pdf (p.142-150)
	3c.pdf (p.151-167)
	3d.pdf (p.168-191)

