






















































































































































































































Chapter-5 

Instrumentation 

 

Transducer 

The device which converts the one form of energy into another is known as the transducer. 

The process of conversion is known as transduction. The conversion is done 

by sensing and transducing the physical quantities like temperature, pressure, sound, etc. 

The electrical transducer converts the mechanical energy into an electric signal. The electrical 

signal may be voltage, current and frequency. The production of the signal depends on the resistive 

inductive and capacitive effects of the physical input. 

Needs of Transducer 

It is quite difficult to determine the exact magnitude of the physical forces like temperature, 

pressure, etc. But if the physical force is converted into an electrical signal, then their value is 

easily measured with the help of the meter. The transducers convert the physical forces into an 

electrical signal which can easily be handled and transmitted for measurement. 

 

Parts of Transducer 

The transducer consists two important parts. 

1. Sensing Element 

2. Transduction Element 

The transducer has many other parts like amplifiers, signal processing equipment, power supplies 

calibrating and reference sources, etc. 

1. Sensing or Detector Element  – It is the part of the transducers which give the response to the 

physical sensation. The response of the sensing element depends on the physical phenomenon. 

2. Transduction Element  – The transduction element converts the output of the sensing element 

into an electrical signal. This element is also called the secondary transducer. 

https://circuitglobe.com/wp-content/uploads/2017/08/definition.jpg


Types of Transducer 

The transducer changes the physical quantity into an electrical signal. It is an electronic device 

which has two main functions, i.e., sensing and transduction. It senses the physical quantity and 

then converts it into mechanical works or electrical signals. 

The transducer is of many types, and they can be classified by the following criteria. 

 

.  

The input quantity is the non-electrical quantity, and the output electrical signal is in the form of 

the current, voltage or frequency. 

1. Classification based on the Principle of Transduction 

The transducer is classified by the transduction medium. The transduction medium may be 

resistive, inductive or capacitive depends on the conversion process that how input transducer 

converts the input signal into resistance, inductance and capacitance respectively. 

2. Primary and Secondary Transducer 

Primary Transducer – The transducer consists the mechanical as well as the electrical devices. 

The mechanical devices of the transducer change the physical input quantities into a mechanical 

signal. This mechanical device is known as the primary transducers. 

Secondary Transducer – The secondary transducer converts the mechanical signal into an 

electrical signal. The magnitude of the output signal depends on the input mechanical signal. 

https://circuitglobe.com/wp-content/uploads/2017/08/classification-of-transducers.jpg


3. Passive and Active Transducer 

Passive Transducer – The transducer which requires the power from an external supply source is 

known as the passive transducer. They are also known as the external power transducer. The 

capacitive, resistive and inductive transducers are the example of the passive transducer. 

Active Transducer – The transducer which does not require the external power source is known 

as the active transducer. Such type of transducer develops theirs owns voltage or current, hence 

known as a self-generating transducer. The output signal is obtained from the physical input 

quantity. 

The physical quantity like velocity, temperature, force and the intensity of light is induced with 

the help of the transducer. The piezoelectric crystal, photo-voltaic cell, tacho generator, 

thermocouples, photovoltaic cell are the examples of the active transducers. 

4. Analog and Digital Transducer 

The transducer can also be classified by their output signals. The output signal of the transducer 

may be continuous or discrete. 

Analog Transducer – The Analog transducer changes the input quantity into a continuous 

function. The strain gauge, L.V.D.T, thermocouple, thermistor are the examples of the analogue 

transducer. 

Digital Transducer  – These transducers convert an input quantity into a digital signal or in the 

form of the pulse. The digital signals work on high or low power. 

5. Transducer and Inverse Transducer 

Transducer – The device which converts the non-electrical quantity into an electric quantity is 

known as the transducer. 

Inverse Transducer – The transducer which converts the electric quantity into a physical 

quantity, such type of transducers is known as the inverse transducer. The transducer has high 

electrical input and low non-electrical output. 



Difference Between Active & Passive Transducer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Basis For 

Comparison 
Active Transducer Passive Transducer 

What is 

The transducer which 

generate the output in 

the form of voltage or 

current, without any 

external energy source 

is known as active 

transducer. 

The passive 

transducer means the 

transducer whose 

internal parameters 

like capacitance, 

resistance & 

inductance changes 

because of the input 

signal. 

Additional 

Energy Source 
Not Require Require 

Working 

Principle 

Draw energy from the 

measurand source. 

Take power from the 

external source which 

changes the physical 

properties of 

transducer. 

Design Simple Complicated 

Resolution Low High 

Output signal 
Produces from the 

signal to be measured. 

Output obtains by 

receiving the signal 

from the external 

power source. 

Examples 

Tachogenerator, 

Thermocouple, 

Photovoltaic cell etc. 

Thermistor, 

Differential 

transformer, 

Photomultiplier tube, 

Photovoltaic cell. 



Difference Between Sensor & Transducer 

 

Basis For 

Comparison 

Sensor Transducer 

Definition Senses the physical 

changes occurs in the 

surrounding and 

converting it into a 

readable quantity. 

The transducer is a 

device which, when 

actuates transforms 

the energy from one 

form to another. 

Components Sensor itself Sensor and signal 

conditioning 

Function Detects the changes 

and induces the 

corresponding 

electrical signals. 

Conversion of one 

form of energy into 

another. 

Examples Proximity sensor, 

Magnetic sensor, 

Accelerometer 

sensor, Light sensor 

etc. 

Thermistor, 

Potentiometer, 

Thermocouple, etc. 

 

Temperature Measurement 

The temperature transducer converts the thermal energy into a physical quantity likes the 

displacement, pressure and electrical signal etc. It is an electrical device used for automatic 

measuring of temperature. The main principle of the temperature transducer is to measure the heat 

and transfer the information after converting it into the readable form. 

The following are the characteristic of the temperature transducer. 

1. The input is always a thermal quantity. 

2. Transducer mostly converts the thermal quantity into an alternating quantity. 

3. It is used for measuring the temperature and heat flow of the devices. 



Types of Temperature Transducer 

1. Thermistor – The thermistor is a type of resistor whose resistance varies with the 

temperature. The resistance is measured by passing the small measured direct current, and 

this current causes the voltage drop across the resistance. 

 

The resistance thermometer is categorized into two types. 

• Negative Temperature Coefficient – Used for sensing the temperature. 

• Position Temperature Coefficient – Used for controlling the current. 

2. Resistance Thermometer – The resistance of metal varies with the temperature. And this 

property of the metal is used for measuring the temperature. The resistance thermometer 

uses the platinum as the sensing element and hence measures the surrounding temperature. 

https://circuitglobe.com/wp-content/uploads/2017/09/thermistor-bead-probe.jpg


 

3. Thermocouples – The thermocouple converts the temperature into the electrical energy at 

the point of the contact. It works on the principle that the metals have different temperature 

coefficient and when these two metals join together then the voltage induces, and this 

voltage is directly proportional to the temperature. 

 

4. Integrated Circuit Temperature Transducer – The IC temperature transducer uses the 

combination of temperature sensing element and an electronic circuit for measuring the 

temperature. The integrated temperature transducer has a linear characteristic. The 

operating range of the transducer is very less. It lies between 0ᵒ to 200ºC which is one of 

the major disadvantages of the transducer. 

5. Resistance Thermometer 

The resistance thermometer or resistance temperature detector (RTD) uses 

the resistance of electrical conductor for measuring the temperature. The resistance of 

https://circuitglobe.com/wp-content/uploads/2017/08/resistance-thermometer.jpg
https://circuitglobe.com/wp-content/uploads/2017/11/thermocouple-instrument.jpg


the conductor varies with the time. This property of the conductor is used 

for measuring the temperature. The main function of the RTD is to give a positive 

change in resistance with temperature. 

The metal has a high-temperature coefficient that means their temperature increases with the 

increase in temperature. The carbon and germanium have low-temperature coefficient which 

shows that their resistance is inversely proportional to temperature. 

Material used in Resistive Thermometer 

The resistance thermometer uses a sensitive element made of extremely pure metals like platinum, 

copper or nickel. The resistance of the metal is directly proportional to the temperature. Mostly, 

platinum is used in resistance thermometer. The platinum has high stability, and it can withstand 

high temperature. 

Gold and silver are not used for RTD because they have low resistivity. Tungsten has high 

resistivity, but it is extremely brittles. The copper is used for making the RTD element. The copper 

has low resistivity and also it is less expensive. The only disadvantage of the copper is that it has 

low linearity. The maximum temperature of the copper is about 120ºC. 

The RTD material is made of platinum, nickel or alloys of nickel. The nickel wires are used for a 

limited temperature range, but they are quite nonlinear. 

Construction of Resistive Thermometer 

The resistance thermometer is placed inside the protective tube for providing the protection against 

damage. The resistive element is formed by placing the platinum wire on the ceramic bobbin. This 

resistance element is placed inside the tube which is made up of stainless steel or copper steel. 

 

The lead wire is used for connecting the resistance element with the external lead. The lead wire 

is covered by the insulated tube which protects it from short circuit. The ceramic material is used 

as an insulator for high-temperature material and for low-temperature fibre or glass is used. 

https://circuitglobe.com/wp-content/uploads/2017/08/resistance-thermometer.jpg


Operation of Resistance Thermometer 

The tip of the resistance thermometer is placed near the measurand heat source. The heat is 

uniformly distributed across the resistive element. The changes in the resistance vary the 

temperature of the element. The final resistance is measured. The below mention equations 

measure the variation in temperature. 

 

Where, R0 – resistance at temperature T = 0 and α1, α2, α3……..αn are constants. 

 

6.  Resistance Thermometer  

The platinum thermal resistance (PTR) uses platinum for determining the temperature. It 

works on the principle that the resistance of platinum changes with the change of 

temperature. The thermometer measures the temperature over the range of 

200°C to1200°C. 

The platinum is an unreactive metal and can easily be drawn into fine wires. Because of these 

properties of platinum, it is used as a sensing element in thermometer. 

How Platinum Resistance Thermometer Works? 

The resistance of platinum increases linearly with the temperature, and this property of the metal 

is used for measuring the temperature. The resistance of the platinum is measured by passing the 

alternating or direct current through it. Because of the current, the voltage induces across the metal 

which measures through the voltmeter. The reading of voltage is converted into the temperature 

with the help of the calibration equation. 

Construction of Platinum Resistance Thermometer 

The figure below shows the platinum resistance thermometer. The platinum sensing coil is 

enclosed inside a bulb which is either made of glass or Pyrex. The insulator deposit on the surface 

of the glass tube is also used for sensing the temperature. 

https://circuitglobe.com/wp-content/uploads/2017/08/resistance-thermometer-equation.jpg


 

In this PTR, the double wire of the platinum is wound on the strip of the mica. Here the double 

wires are used for reducing the inductive effect. The mica is used as an insulator, and it is placed 

at the ends of the tube. 

The Ebonite cap is placed at the open end of the tube. The terminals of the copper wire are joined 

together with the help of the thick copper lead. The other end of the copper leads are joined to the 

terminal AB fitted in the Ebonite cap. For reducing the effect of copper wire resistance on the 

thermometer, the two similar copper wires are connected to the upper-end terminals called CD. 

These wires are called the compensating lead. 

The industrial type thermometer is shown in the figure below. The platinum wire is protected by 

the stainless steel tube or by the glass coating. Glass or ceramic seal the sensing element. The 

sealing has two advantages. They provide the strength to the thermometer and protects the sensing 

element against the chemical reaction. 

https://circuitglobe.com/wp-content/uploads/2018/02/platinum-resistance-thermometer.jpg


 

7. Bimetallic Thermometer 

The bimetallic thermometer uses the bimetallic strip which converts the temperature into 

the mechanical displacement. The working of the bimetallic strip depends on the thermal 

expansion property of the metal. The thermal expansion is the tendency of metal in which 

the volume of metal changes with the variation in temperature. 

Every metal has a different temperature coefficient. The temperature coefficient shows the relation 

between the change in the physical dimension of metal and the temperature that causes it. The 

expansion or contraction of metal depends on the temperature coefficient, i.e., at the same 

temperature the metals have different changes in the physical dimension. 

https://circuitglobe.com/wp-content/uploads/2018/02/platinum-thermal-resistance-glass-tube.jpg


Working Principle of Bimetallic Thermometer 

The working principle of bimetallic thermometer depends on the two fundamental properties of 

the metal. 

1. The metal has the property of thermal expansion, i.e., the metal expand and contract concerning 

the temperature. 

2. The temperature coefficient of all the metal is not same. The expansion or contraction of metals 

is different at the same temperature. 

Constructions of Bimetallic Thermometer 

The bimetallic strip is constructed by bonding together the two thin strips of different metals. The 

metals are joined together at one end with the help of the welding. The bonding is kept in such a 

way that there is no relative motion between the two metals. The physical dimension of the metals 

varies with the variation in temperature. 

Since the bimetallic strip of the thermometer is constructed with different metals. Thereby, the 

length of metals changes at different rates. When the temperature increases, the strip bends 

towards the metal which has a low-temperature coefficient. And when the temperature 

decreases, the strip bends towards the metal which has a high-temperature coefficient. 

The figure below shows the bimetallic strip in the form of the straight cantilever beam. The strip 

fixed at one end and deflects at the other end. 

https://circuitglobe.com/wp-content/uploads/2018/02/bimetalliic-strips.jpg


 

The range of deflection of bimetallic strip depends on the type of metals used for construction. The 

deflection of the metal is directly proportional to the length of the strip and the variation of 

temperature and is inversely proportional to the thickness of the strips. 

 

https://circuitglobe.com/wp-content/uploads/2018/02/bimetallic-strip-fixed-at-one-end.jpg
https://circuitglobe.com/wp-content/uploads/2018/02/deflection-of-bimetallic-strip.jpg


Displacement Measurements 

Displacement is a basic variable whose value is measured and involved in many other physical 

parameters such as velocity, force, acceleration, torque and so on. The transducer used for the 

measurement of displacement can be classified in many ways. One of the most common 

classification is given below. 

 Potentiometer Transducer  

The device consists of an arm that moves linearly according to the displacement produced. It also 

consists of a single coil wound on a former with ‘N’ number of turns. The end of the arm is 

connected to a soft iron core which moves linearly along the axis of the former. Thus, reluctance 

‘R’ will be produced due to the flux path. The coil inductance of the device can be written by the 

equation, L= N2 /R. 

A linear movement of the arm to the right decreases the reluctance ‘R’ of the flux path. Thus, 

according to the equation given above, the inductance increases due to the decrease in reluctance 

and vice versa. This inductance ‘L’ can be calculated or recorded with the help of an inductance 

bridge or through a recorder. Thus the measure of the displacement of the arm can be obtained 

from the corresponding change in inductance. 

If the transducer is connected to the input of an oscillator tank circuit, the change in frequency ‘f’ 

of the oscillator could be taken as the measurement for the corresponding change in the 

displacement of the arm. A displacement of the arm changes the inductance and hence the 

frequency. Thus, the output can be measured in terms of inductance and frequency. 

 

Linear Motion Variable Inductance Transducer 

 

This transducer is used for displacement measurement. It is done by calculating the change in 

inductance in a single coil according to the variation in inductance. A schematic of the linear 

motion variable inductance transducer is shown below. 

 

http://www.instrumentationtoday.com/?p=15
http://www.instrumentationtoday.com/wp-content/uploads/2011/07/Linear-Potentiometer-Transducer.jpg
http://www.instrumentationtoday.com/wp-content/uploads/2011/07/Linear-Motion-Variable-Inductance-Transducer.jpg


Linear Motion Variable Inductance Transducer 

Proximity Inductive Transducers 

This type of transducer is used for finding the linear displacement in terms of voltage or other 

digital parameters. Another transducer for finding the linear displacement is the Linear Motion 

Variable Inductance Transducer. 

There are mainly two types of proximity inductance transducers. They are 

Mutual Inductance Type Proximity Transducer 

This transducer consists of a primary and secondary coil. The constructional diagram of the 

transducer is shown below. 

 

Working 

An ac source is given to the primary. This ac source excites the primary and a flux is produced. 

This flux is linked to the secondary coil and thus a voltage ‘V’ is induced. If the mutual inductance 

between the primary and secondary windings is represented by ‘M’ (Hertz) and the frequency of 

ac excitation is represented by ‘w’, then the voltage ‘V’ developed in secondary coil can be written 

as  

V = MwIp. 

Ip – The current due to excitation in primary (Amperes). 

 

As shown in the figure, a ferromagnetic displacement plate is placed very near to the windings. 

The current in the primary coil produces a magnetic flux that links with the secondary coil through 

the displacement plate. Thus, the movement of the ferromagnetic plate to the right causes a greater 

value of flux linkage between the two terminals. This in turn causes an increase in the resulting 

output voltage across the secondary terminal with a value of (T1-T2). This output is given to the 

input of the CRO or a recorder and the amount of displacement can be known in terms of voltage. 

A 

http://www.instrumentationtoday.com/wp-content/uploads/2011/07/Proximity-Inductive-Transduccers.jpg


 

 

Variable Reluctance Type Proximity Transducers 

This device can be set up in two ways. Both the diagrams are shown below. 

 

Variable Reluctance Type Proximity Transducers 

Working 

The device consists of a coil that is wound on a core made up of ferromagnetic material. The 

displacement is given to the core through a target that makes an upward and downward movement 

according to the displacement produced. It does not touch the core of the coil and a smaller air gap 

is made between them. 

When the target moves closer to the coil due to the displacement, the air gap becomes less causing 

the reluctance of the magnetic field to reduce and thus the coil inductance to increase. The value 

of inductance keeps on varying according to the variation in target movement. A CRO or a recorder 

takes these values and displays it to the user. 

In the right side figure shown above, an E-type core is used for finding the displacement. The 

target is also pivoted at the central limb of the core. Thus, a single coil is divided into two turns 

and the end of each coil works as the arms of an inductance bridge. 

As the displacement value changes, an output signal is produced. This is given to a CRO after 

amplification. 

 

  

http://www.instrumentationtoday.com/wp-content/uploads/2011/07/Variable-Reluctance-Type-Proximity-Transducers.jpg


Capacitive Transducers 

Being the simplest form of a capacitor, it has two parallel conducting plates that are separated to 

each other by a dielectric or insulator with a permittivity of Ε (for air). Other than paper, vacuum, 

and semi-conductor depletion region, the most commonly used dielectric is air. 

Due to a potential difference across the conductors, an electric field develops across the insulator. 

This causes the positive charges to accumulate on one plate and the negative charges to accumulate 

on the other. The capacitor value is usually denoted by its capacitance, which is measured in 

Farads. It can be defined as the ratio of the electric charge on each conductor to the voltage 

difference between them. 

The capacitance is denoted by C. In a parallel plate capacitor, C = [A*Er*9.85*1012 F/M]/d 

A – Area of each plate (m) 

d – Distance between both the plates (m) 

Er – Relative Dielectric Constant 

The value 9.85*1012 F/M is a constant denoted by Eo and is called the dielectric constant of free 

space. 

From the equation it is clear that the value of capacitance C and the distance between the parallel 

plates,d are inversely proportional to each other. An increase of distance between the parallel plates 

will decrease the capacitance value correspondingly. The same theory is used in a capacitive 

transducer. This transducer is used to convert the value of displacement or change in pressure in 

terms of frequency 

As shown in the figure below, a capacitive transducer has a static plate and a deflected flexible 

diaphragm with a dielectric in between. When a force is exerted to the outer side of the diaphragm 

the distance between the diaphragm and the static plate changes. This produces a capacitance 

which is measured using an alternating current bridge or a tank circuit. 

 

http://www.instrumentationtoday.com/?p=15
http://www.instrumentationtoday.com/wp-content/uploads/2011/07/Capacitive-Transducer.jpg


Capacitive Transducer 

Linear Voltage Differential Transformer (LVDT) 

Like other inductive transducers, this transducer is also used for converting a linear motion into 

an electrical signal. The basic construction of an LVDT is explained and shown in the figure below. 

Construction 

 

                                                       LVDT Construction 

The device consists of a primary winding (P) and two secondary windings named S1 and S2. Both 

of them are wound on one cylindrical former, side by side, and they have equal number of turns. 

Their arrangement is such that they maintain symmetry with either side of the primary winding 

(P). A movable soft iron core is placed parallel to the axis of the cylindrical former. An arm is 

connected to the other end of the soft iron core and it moves according to the displacement 

produced. 

Working 

As shown in the figure above, an ac voltage with a frequency between (50-400) Hz is supplied to 

the primary winding. Thus, two voltages VS1 and VS2 are obtained at the two secondary windings 

S1 and S2 respectively. The output voltage will be the difference between the two voltages (VS1-

VS2) as they are combined in series. Let us consider three different positions of the soft iron core 

inside the former. 

• Null Position – This is also called the central position as the soft iron core will remain in the exact 

center of the former. Thus the linking magnetic flux produced in the two secondary windings will 

be equal. The voltage induced because of them will also be equal. Thus the resulting voltage VS1-

VS2 = 0. 

• Right of Null Position – In this position, the linking flux at the winding S2 has a value more than 

the linking flux at the winding S1. Thus, the resulting voltage VS1-VS2 will be in phase with VS2. 

http://www.instrumentationtoday.com/?p=15
http://www.instrumentationtoday.com/wp-content/uploads/2011/07/LVDT-Construction.jpg


• Left of Null Position – In this position, the linking flux at the winding S2 has a value less than the 

linking flux at the winding S1. Thus, the resulting voltage VS1-VS2 will be in phase with VS1. 

From the working it is clear that the difference in voltage, VS1-VS2 will depend on the right or 

left shift of the core from the null position. Also, the resulting voltage is in phase with the primary 

winding voltage for the change of the arm in one direction, and is 180 degrees out of phase for the 

change of the arm position in the other direction. 

Pressure Measurement 

A pressure transducer is used to convert a certain value of pressure into its corresponding 

mechanical or electrical output. Measurement if pressure is of considerable importance in process 

industries. 

Types 

 

 The types of pressure sensors are differentiated according to the amount of differential pressure 

they are able to measure. For low differential pressure measurement Liquid Column 

Manometers are used. Elastic type pressure gauges are also used for pressure measurement up to 

700 MPa. Some of the common elastic/mechanical types are: 

 

• Bourdon Tubes 

• Diaphragm 

• Piston Type Pressure Transducer 

• Bellows 

• Electrical Type Pressure Sensors 

• Bell Gauge 

• Manometers 

 

Bourdon Tube 

Bourdon Tubes are known for its very high range of differential pressure measurement in the range 

of almost 100,000 psi (700 MPa). It is an elastic type pressure transducer. As seen in the figure, 

the pressure input is given to a socket which is soldered to the tube at the base. The other end or 

free end of the device is sealed by a tip. This tip is connected to a segmental lever through an 

adjustable length link. The lever length may also be adjustable. The segmental lever is suitably 

pivoted and the spindle holds the pointer as shown in the figure. A hair spring is sometimes used 

to fasten the spindle of the frame of the instrument to provide necessary tension for proper meshing 

of the gear teeth and thereby freeing the system from the backlash. Any error due to friction in the 

spindle bearings is known as lost motion. The mechanical construction has to be highly accurate 

in the case of a Bourdon Tube Gauge. If we consider a cross-section of the tube, its outer edge will 

have a larger surface than the inner portion. The tube walls will have a thickness between 0.01 and 

0.05 inches. 

http://www.instrumentationtoday.com/manometer/2011/09/
http://www.instrumentationtoday.com/manometer/2011/09/
http://www.instrumentationtoday.com/bourdon-tube/2011/09/
http://www.instrumentationtoday.com/diaphragm-pressure-transducer/2011/09/
http://www.instrumentationtoday.com/pressure-transducer/2011/09/#Piston
http://www.instrumentationtoday.com/bellows/2011/09/
http://www.instrumentationtoday.com/electrical-pressure-transducers/2011/09/
http://www.instrumentationtoday.com/pressure-transducer/2011/09/#Bell%20Gauge
http://www.instrumentationtoday.com/manometer/2011/09/
http://www.instrumentationtoday.com/pressure-transducer/2011/09/


 
Bourdon Tube Pressure Gauge 

Diaphragm Pressure Transducer 

A diaphragm pressure transducer is used for low pressure measurement. They are commercially 

available in two types – metallic and non-metallic. 

Metallic diaphragms are known to have good spring characteristics and non-metallic types have 

no elastic characteristics. Thus, non-metallic types are used rarely, and are usually opposed by a 

calibrated coil spring or any other elastic type gauge. The non-metallic types are also called slack 

diaphragm. 

Working 

The diagram of a diaphragm pressure gauge is shown below. When a force acts against a thin 

stretched diaphragm, it causes a deflection of the diaphragm with its centre deflecting the most. 

http://www.instrumentationtoday.com/wp-content/uploads/2011/09/Bourdon-Tube-Pressure-Gauge.jpg


 

Diaphragm Gauge 

Since the elastic limit has to be maintained, the deflection of the diaphragm must be kept in a 

restricted manner. This can be done by cascading many diaphragm capsules as shown in the figure 

below. A main capsule is designed by joining two diaphragms at the periphery. A pressure inlet 

line is provided at the central position. When the pressure enters the capsule, the deflection will be 

the sum of deflections of all the individual capsules. As shown in figure (3), corrugated diaphragms 

are also used instead of the conventional ones. 

Piston Type Pressure Transducer 

As shown in the figure below, the input pressure is given to the piston. This moves the piston 

accordingly and causes the spring to be compressed. The piston position will be directly 

proportional to the amount of input pressure 

exerted. A meter is placed outside the piston 

and spring arrangement, which indicates the 

amount of pressure exerted. As the device has 

the ability to withstand shock, sudden pressure 

changes, and vibrations, it is commonly used in 

hydraulic applications. Mostly, the output of 

the piston and spring arrangement is given to a 

secondary device to convert movement into an 

electrical signal.  

 

 

 

 

http://www.instrumentationtoday.com/wp-content/uploads/2011/09/Diaphragm-Gauge.jpg
http://www.instrumentationtoday.com/wp-content/uploads/2011/09/Piston-Type-Pressure-Transducer.jpg


Piston Type Pressure Transducer 

Bellows 

Like a diaphragm, bellows are also used for pressure measurement, and can be made of cascaded 

capsules. The basic way of manufacturing bellows is by fastening together many individual 

diaphragms. The bellows element, basically, is a one piece expansible, collapsible and axially 

flexible member. It has many convolutions or fold. It can be manufactured form a single piece of 

thin metal. For industrial purposes, the commonly used bellow elements are: 

 

• By turning from a solid stock of metal 

• By soldering or welding stamped annular rings 

• Rolling a tube 

• By hydraulically forming a drawn tubing 

Working 

The action of bending and tension operates the elastic members. For proper working, the tension 

should be least. The design ideas given for a diaphragm is applied to bowels as well. The 

manufacturer describes the bellows with two characters – maximum stroke and maximum 

allowable pressure. The force obtained can be increased by increasing the diameter. The stroke 

length can be increased by increasing the folds or convolutions. 

http://www.instrumentationtoday.com/diaphragm-pressure-transducer/2011/09/
http://www.instrumentationtoday.com/pressure-transducer/2011/09/


 

                                                     Bellow Pressure Gauge 

Bell Gauge 

 

The bell gauge is a type of pressure transducer that measures differential pressure between 0.06 Pa 

and 4 KPa. The static pressure may be as high as 4 to 6 MPa. The schematic diagram of a single 

element bell gauge is shown below. 

http://www.instrumentationtoday.com/wp-content/uploads/2011/09/Bellow-Pressure-Gauge.jpg


 

Bell Gauge 

The movement of the bell is taken out by link and lever mechanism or by some electrical methods. 

When the bell moves maximum up or down it closes the inlets of pressure p2 or p1, whereby 

protection to overrange and reversal of pressure are afforded. The diagram of a two element bell 

differential gauge or balance is also shown above. The two identical bells are suspended from the 

two knife edges of a balance beam. The differential weight is balanced statically by the movement 

of the counter weight w. 

Electrical Pressure Transducers 

Some of the most commonly used electrical pressure sensors are: 

1. Strain Gauge Pressure Transducer 

2. Capacitance Pressure Gauge 

3. Piezo-electric Type Pressure Sensor 

4. Optical Type Pressure Sensor 

5. Fibre-optic Type Pressure Measurement 

6. Surface Acoustic Wave (SAW) Sensor 

7. Bridgeman Pressure Gauge 

 

1. Strain Gauge Pressure Sensor 

Strain Gauge is a passive transducer that converts a mechanical elongation or displacement 

produced due to a force into its corresponding change in resistance R, inductance L, or capacitance 

C. A strain gauge is basically used to measure the strain in a work piece. If a metal piece is 
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subjected to a tensile stress, the metal length will increase and thus will increase the electrical 

resistance of the material. Similarly, if the metal is subjected to compressive stress, the length will 

decrease, but the breadth will increase. This will also change the electrical resistance of the 

conductor.  

Strain Gauge Transducer 

The device finds its wide application as a strain gauge transducer/sensor as it is very accurate in 

measuring the change in displacement occurred and converting it into its corresponding value of 

resistance, inductance or capacitance. It must be noted that the metal conductor which is subjected 

to an unknown force should be of finite length. 

Types 

Strain gauge transducers are broadly classified into two. They are 

1. Electrical Resistance Type Strain Gauge 

In an electrical resistance strain gauge, the device consists of a thin wire placed on a flexible paper 

tissue and is attached to a variety of materials to measure the strain of the material. In application, 

the strain gauge will be attached to a structural member with the help of special cement. The gauge 

position will be in such a manner that the gauge wires are aligned across the direction of the strain 

to be measured. The wire used for the purpose will have a diameter between 0.009 to 0.0025 

centimeters. When a force is applied on the wire, there occurs a strain (consider tensile, within the 

elastic limit) that increases the length and decreases its area. Thus, the resistance of the wire 

changes. This change in resistance is proportional to the strain and is measured using a Wheatstone 

bridge. 

A simple Wheatstone bridge circuit is shown in the figure below. It can be set in three different 

ways such as – full bridge, half bridge or quarter bridge. A full bridge will have all four of its 

gauges active. The half bridge will have two of its gauges active and thus uses two precise value 

resistors. The quarter bridge will have only one gauge and the rest of the resistors will be precise 

in value. 

 

A full bridge circuit is used in applications where complimentary pair of strain gauges is to be 

bounded to the test specimen. In practice, a half bridge and full bridge circuit has more sensitivity 

than the quarter bridge circuit. But since, the bonding is difficult, a quarter bridge circuits are 
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mostly used for strain gauge measurements. A full bridge circuit is said to be more linear than 

other circuits. 

The wire strain gauge can be further divided into two. They are bonded and unbonded strain 

gauge. 

As shown in the figure below, an unbounded strain gauge has a resistance wire stretched between 

two frames. The rigid pins of the two frames are insulated. When the wire is stretched due to an 

applied force, there occurs a relative motion between the two frames and thus a strain is produced, 

causing a change in resistance value. This change of resistance value will be equal to the strain 

input. 

 

Unbonded Strain Gauge 

A bonded strain gauge will be either a wire type or a foil type as shown in the figure below. It is 

connected to a paper or a thick plastic film support. The measuring leads are soldered or welded 

to the gauge wire. The bonded strain gauge with the paper backing is connected to the elastic 

member whose strain is to be measured. 

 

Bonded Type Strain Gauges 

According to the strain to be measured, the gauges can be classified as the following. 

http://www.instrumentationtoday.com/wp-content/uploads/2011/08/Unbonded-Strain-Gauge.jpg
http://www.instrumentationtoday.com/wp-content/uploads/2011/08/Bonded-Type-Strain-Gauges.jpg


• Uniaxial/Wire Strain Gauge 

The figure of such a strain gauge is shown above. It mostly uses long and narrow sensing elements 

so as to maximize the length of the strain sensing material in the desired direction. Gauge length 

is chosen according to the strain to be calculated. 

 

Gauge Configurations 

• Biaxial Strain Gauges 

When the measurement of strain is to be done in two directions (mostly at right angles), this method 

is used. The basic structure for this is the two element 90 planar rosette or the 90 planar 

shear/stacked foil rosette. The gauges are wired in a Wheatstone bridge circuit to provide 

maximum output. For stress analysis, the axial and transfers elements have different resistances 

which can be selected that the combined output is proportional to the stress while the output of the 

axial element alone is proportional to the strain. The figure is given below. 

• Three Element Rosettes 

It is divided into two types – three element 60delta rosette strain gauge and three element 45planar 

rectangular rosette. They are used in applications where both the magnitude and direction of the 

applied strains are to be found out. Both the figures are shown below. The 60 rosette is used when 

the direction of the principal strain is unknown. The 45 rosette is used to determine a high angular 

resolution, and when the principal strains are known. 

  2.   Semiconductor Strain Gauge 
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This is the most commonly used strain gauge as a sensor, although the bonded type may also be 

used in stress analysis purposes. The bonded type is usually made in wafers of about 0.02 

centimeters in thickness with length and resistance values nearly equal to the wire gauge. It uses 

either germanium or silicon base materials to be made available in both n-type or p-type. The p-

type gauges have a positive gauge factor while the n-type gauges have a negative gauge factor. 

Temperature dependence of gauge factor is governed by the resistivity of the material. The large 

value of the gauge factor in semiconductor gauges is attributed to the piezoresistance effect in such 

materials. 

Variable Inductance Type Strain Gauge 

The basic arrangement of a variable inductance strain gauge is shown below. This type of strain 

gauge is very sensitive and can be used to measure small changes in length – as small as 1 millionth 

of an inch. Thus, it is highly applicable as a displacement transducer. The member whose strain is 

to be measured is connected to one end of a moveable iron armature. The long part of the armature 

is placed between the two cores with wires coiled in between. If the strain produced makes the 

armature move towards the left core (core 1), it increases the inductance of the left hand coil, that 

is, coil 1 and decreases the inductance of coil 2. These two coils produce the impedance Z1 and 

Z2 in the bridge circuit. This produces an output voltage E, which is proportional to the input 

displacement and hence proportional to the strain. This type of strain gauge is more accurate and 

sensitive than a resistive strain gauge. But, it is difficult to install the device as it is bulky and 

complex in construction. 

 

                                                   Variable Inductance Type Strain Gauge 

 

Capacitance Transducer 

It consists of a pair of parallel plates with the middle plate moving with pressure and producing a 

differential capacitor system. The figure below shows a pressure gauge of this type. Spherical 
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depression of the glass plate is less than 0.0025 centimetres. When a differential pressure exists, 

the thin steel diaphragm moves towards the low pressure side and the output voltage e0 measured 

as the difference of voltage e1 and e2 across the two capacitors formed with this movable plate is 

given by the equation 

e0 = e1-e2 = Ex/d 

x – Displacement of the diaphragm 

d – Diameter 

 

Capacitive Pressure Transducer 

Such transducers are frequently used in pressure transmitter. 

 

Piezoelectric Transducer 

The main principle of a piezoelectric transducer is that a force, when applied on the quartz crystal, 

produces electric charges on the crystal surface.  The charge thus produced can be called as 

piezoelectricity. Piezo electricity can be defined as the electrical polarization produced by 

mechanical strain on certain class of crystals. The rate of charge produced will be proportional to 

the rate of change of force applied as input. As the charge produced is very small, a charge 

amplifier is needed so as to produce an output voltage big enough to be measured. The device is 

also known to be mechanically stiff. For example, if a force of 15 kiloN is given to the transducer, 
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it may only deflect to a maximum of 0.002mm. But the output response may be as high as 

100KiloHz.This proves that the device is best applicable for dynamic measurement. 

The figure shows a conventional piezoelectric transducer with a piezoelectric crystal inserted 

between a solid base and the force summing member. If a force is applied on the pressure port, the 

same force will fall on the force summing member. Thus a potential difference will be generated 

on the crystal due to its property. The voltage produced will be proportional to the magnitude of 

the applied force. 

 

Piezoelectric Transducer 

Piezoelectric Transducer can measure pressure in the same way a force or an acceleration can be 

measured. For low pressure measurement, possible vibration of the amount should be compensated 

for. The pressure measuring quartz disc stack faces the pressure through a diaphragm and on the 

other side of this stack, the compensating mass followed by a compensating quartz. 

 

 

 

                                                            Bridgeman Gauge 

Frequency Measurement 

 

Weston Frequency Meter 

The Weston frequency meter is a moving iron instrument used for measuring the unknown 

frequency of a signal. The frequency meter consists one inductive and one resistive coil. When the 
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frequency of the signal varies from standard frequency, the current distribution across the coils 

becomes changes. 

Working Principle  

The Weston frequency meter works on the principle that whenever the frequency of the measurand 

signal varies, the distribution of current between the inductive and the resistive circuit of the meter 

changes. 

In other words, the change in frequency causes the change in the inductive impedance of the circuit 

because of which the variation occurs in the distribution of current between the parallel paths. 

Construction  

The meter consists two coils which are placed perpendicular to each other. The resistor RA is 

connected in series with the coil A and the inductor LB is connected in series with the coil B. The 

inductor LA is connected in parallel with the coil A and the resistance RB is in parallel with the coil 

B. 

The meter has the soft iron pointer and magnetic needle which are mounted at the centre of the 

coils. The inductor L is connected in series with the LA and RB. The L reduces the harmonics 

present in circuit current. Thereby, reduces the error of the instrument. 
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Working  

The circuit diagram of the Weston frequency meter is shown in the figure. 

When the supply is given to the Weston frequency meter, the current starts flowing into the coil A 

and B. The perpendicular magnetic field set up in the coils because of the current. The magnitude 

of the field depends on the current passes through the coils. 

The magnetic field of both the coil A and coil B acts on the soft iron and the magnetic needle. The 

position of the needle depends on the relative magnitude of the magnetic field acts on it. 

When the supply of normal frequency applies across the meter, the voltage drop of the same 

magnitude occurs across the reactance LA and resistance RB. Hence equal current passes through 

the coil A and coil B. 

The meter designs such a way that when the normal frequency passes through the coil then the 

voltage drops across the LA, LB, RA, and RB remains same. Thus, same magnitude current passes 

through the coils. In this situation, the magnetic needle makes an angle of 45° concerning the coils 

and the soft iron needle places at the centre of the scale. 

When the high frequency passes through the meter, the reactance LA and LB of the coil increases 

and the RA and RB remains same. The inductance increase the impedance of the coil A. The 

impedance means the opposition offered by the circuit in the flow of current. As the magnitude of 

current in the coil A decreases, the field develops because of the coil, A current also decreases. 

The more current flows through the coil B because of the parallel connections with coil A. The 

magnetic field develops in the coil B becomes stronger than the coil A. The magnetic needles align 

themselves parallel to the axis of the strong magnetic field, and the pointer deflects towards the 

coil B or strong magnetic field. 

When the frequency of the measurand signal reduces from the normal value, the opposite action 

takes place, and the pointer deflects towards the left. 

 

 

 

 

 

Vibration Measurement 



Seismic Transducer 

The seismic transducer is used for measuring the vibration of the ground. The spring mass damper 

element and the displacement transducer are the two main component of the seismic transducer. 

The mass that connected to the damper element and spring without any other support is known as 

spring mass damper element. And the displacement transducer converts the displacement into the 

electrical quantity. The seismic transducer is used for measuring the earth vibration, volcanic 

eruption and other vibrations etc. 

Construction of Seismic Transducer 

The systematic diagram of the seismic transducer is shown in the figure below. The mass is 

connected by the help of the damper and spring to the housing. The housing frame is connected to 

the source whose vibrations need to be measured. 

 

The arrangement is kept in such a way so that the position of the mass remains same in the space. 

Such type of arrangement is kept for causing the relative motion between the housing frame and 

the mass. The term relative motion means one of the objects remains stationary, and the other is in 

motion concerning the first one. The displacement that occurs between the two is sensed and 

represented by the transducer. 
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Mode of Transducer 

The seismic transducer works in two different modes. 

• Displacement Mode 

• Acceleration Mode 

The selection of the mode depends on the combinations of the mass, spring and damper 

combinations. The large mass and soft spring are used for the displacement mode measurement 

while the combination of the small mass and stiff spring is used for the acceleration mode. 

Types of Seismic Transducer 

Vibrometer and the accelerometer are the two type of the seismic transducer. 

1. Vibrometer – The vibrometer or low-frequency meter is used for measuring the displacement 

of the body. It also measures the high frequency of the vibrating body. Their frequency range 

depends on the natural frequency and the damping system. 

2. Accelerometer – The accelerometer measures the acceleration of the measuring body. The 

acceleration shows the total force acting on the object. 

Humidity Measurement 

 

Hygrometer 

Hygrometer uses for measuring the humidity present in the surrounding environment. The term 

humidity means the amount of water vapour present in the gas. The physical properties of the 

material changes by the effect of the humidity and this principle use in hygrometer for 

measurement. 

The humidity is classified into two types. 

1. Absolute Humidity 

2. Relative Humidity 

The absolute humidity shows the amount of water vapour presents per unit volume. And the 

relative humidity is the ratio of the actual water vapour pressure to the maximum water vapour 

pressure reaches in the substance at the particular temperature. The relative humidity depends on 

the temperature. 

Classifications of Hygrometer 

The following are the classification of hygrometer by the material used for measuring the humidity. 



Resistive Hygrometer 

The conducting film of the resistive hygrometer is made by the lithium chloride and the carbon. 

The conducting film places between the metal electrodes. The resistance of the conducting film 

varies with the change in the value of humidity present in the surrounding air. 

The moisture absorbs by the lithium chloride will depend on the relative humidity. If the relative 

humidity is high, the lithium chloride will absorb more moisture and their resistance decreases. 

The change in the value of resistance is measured by applying the alternating current to the bridge. 

The direct current is not used in the bridge as they breakdowns the layer of lithium chloride. The 

obstructions occur in the flows of current shows the value of resistance or the value of relative 

humidity. 

Capacitive Hygrometer 

The change in capacitance of the capacitor shows the surrounding humidity. The capacitive 

hygrometer gives the very accurate result. It is made by placing the hygroscopic material between 

the metal electrodes. 

The hygroscopic material can quickly absorb the water. The material absorbs water because of 

which the capacitance of the capacitor decreases. The electronic circuit measures the change in 

capacitance. 

Microwave Refractometer 

The microwave refractometer measures the refractive index of the moist air when their humidity 

is change. The refractive index means the ratio of the velocity of air in one medium to that of 
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another medium. The refractive index of humid air is measured either by measuring the dielectric 

constant using the capacitor or by measuring the change in frequency. 

Aluminium Oxide Hygrometer 

In this hygrometer, the aluminium oxide is coated with the anodised aluminium. The dielectric 

constant and the resistance of the aluminium changes by the effects of the humidity. The 

aluminium oxide hygrometer uses the aluminium as their one electrode and the gold layer as the 

second electrode. 

 

The second electrode is porous for absorbing the air vapour mixture. The changes occur in the 

capacitance and resistance of the material because of the humidity. The change in properties 

changes the impedances of the material. The impedance measures with the help of the bridge. This 

hygrometer is the essential component of the electronic system. 

Crystal Hygrometer 

The figure below shows the crystal hygrometer using quartz. 
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In crystal hygrometer, the hygroscopic crystal or the crystal having the coating of hygroscopic 

material is used.  When the crystal absorbs the drops of the water, the mass of the crystal changes. 

The change in mass is proportional to the total water absorbed by the crystals. 

 


