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VISION OF THE INSTITUTION 

To mould true citizens who are millennium leaders and catalysts of change through excellence in 

education. 

MISSION OF THE INSTITUTION  

NCERC is committed to transform itself into a center of excellence in Learning and Research in 

Engineering and Frontier Technology and to impart quality education to mould technically competent 

citizens with moral integrity, social commitment and ethical values. 

  

We intend to facilitate our students to assimilate the latest technological know-how and to imbibe 

discipline, culture and spiritually, and to mould them in to technological giants, dedicated research 

scientists and intellectual leaders of the country who can spread the beams of light and happiness 

among the poor and the underprivileged. 
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 Approved by AICTE New Delhi and Accredited by NAAC 

 Affiliated to the University of Dr. A P J Abdul Kalam Technological University. 

DEPARTMENT VISION 

Producing internationallycompetitive Mechanical Engineerswith social responsibility & sustainable 

employability through viable strategies as well as competent exposure oriented quality education. 

DEPARTMENT MISSION 

1. Imparting high impacteducation by providing conductive teaching learning environment. 

2. Fostering effective modes of continuous learning process with moral & ethical values.  

3. Enhancing leadership qualities with social commitment, professional attitude, unity, team 

spirit & communication skill.  

4. Introducing the present scenario in research & development through collaborative efforts 

blended with industry & institution.  

PROGRAMME EDUCATIONAL OBJECTIVES 

PEO1: Graduates shall have strong practical & technical exposures in the field of Mechanical 

Engineering & will contribute to the society through innovation & enterprise. 

PEO2: Graduates will have the demonstrated ability toanalyze, formulate & solve design engineering / 

thermal engineering / materials & manufacturing / design issues & real life problems. 

PEO3: Graduates will be capable of pursuing Mechanical Engineering profession with good 

communication skills, leadership qualities, team spirit & communication skills. 

PEO4: Graduates will sustain an appetite for continuous learning  by pursuing higher education & 

research in the allied areas of technology. 

 

PROGRAM OUTCOMES (POS) 

Engineering Graduates will be able to: 

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals, and an engineering specialization to the solution of complex engineering 

problems. 

2. Problem analysis: Identify, formulate, review research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of 

mathematics, natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems and 

design system components or processes that meet the specified needs with appropriate 

consideration for the public health and safety, and the cultural, societal, and environmental 

considerations. 
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4. Conduct investigations of complex problems: Use research-based knowledge and 

research methods including design of experiments, analysis and interpretation of data, and 

synthesis of the information to provide valid conclusions. 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and 

modern engineering and IT tools including prediction and modeling to complex engineering 

activities with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to 

assess societal, health, safety, legal and cultural issues and the consequent responsibilities 

relevant to the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the professional engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, and 

need for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 

norms of the engineering practice. 

9. Individual and teamwork: Function effectively as an individual, and as a member or 

leader in diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with the 

engineering community and with society at large, such as, being able to comprehend and 

write effective reports and design documentation, make effective presentations, and give 

and receive clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of the 

engineering and management principles and apply these to one’s own work, as a member 

and leader in a team, to manage projects and in multidisciplinary environments. 

12. Life-long learning: Recognize the need for, and have the preparation and ability to engage 

in independent and life-long learning in the broadest context of technological change. 

 

PROGRAM SPECIFIC OUTCOMES (PSO) 

PSO1: graduates able to apply principles of engineering, basic sciences & analytics including multi 

variant calculus & higher order partial differential equations.. 

 

PSO2: Graduates able to perform modeling, analyzing, designing & simulating physical systems, 

components & processes. 

 

PSO3: Graduates able to work professionally on mechanical systems, thermal systems & 

production systems. 
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COURSE OUTCOMES 

 

CO1 
Construction and application of different linear and angular measurement instruments, compute 
errors and its classification related to mechanical measurements. 

CO2 Fundamentals of Limits, Fits and Tolerance, Gauge design and applications of interferometers. 

CO3 
Measurement of different parameters of screw thread and compute surface roughness using 
different techniques 

CO4 
Demonstrate working principle and applications of CMM, Machine vision and alignment testing of 
machine tools. 

CO5 
Explain the stages in a generalized measurement system, analyse its performance characteristics 
and discuss the classification of transducers. 

CO6 
Demonstrate the working principle and applications of strain, force, torque, vibration and 
temperature measurement devices. 

 

 

MAPPING OF COURSE OUTCOMES WITH PROGRAM OUTCOMES 

 

 
PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 PSO3 

CO1 3 3 - - - - - - - - - 3 2 3 - 
CO2 3 3 3 - - 2 - - - - - 3 2 3 - 
CO3 3 3 - - - - - - - - - 3 2 3 - 
CO4 3 - - - 3 - - - - - - 3 2 3 - 
CO5 3 - - - - - - - - - - 3 2 3 - 

CO6 3 - - - - - - - - - - - - - - 

 

Note: H-Highly correlated=3, M-Medium correlated=2, L-Less correlated=1 
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SYLLABUS 
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QUESTION BANK 

MODULE I 

 

Q:NO: 

 

QUESTIONS 

 

CO 

 

KL 

1  What do you mean by term Engineering Metrology?  CO1 K2 

2  Differentiate Precision with Accuracy. Illustrate the ideas using 

suitable diagrams.  
CO1 K3 

3  Define the term sensitivity?  CO1 K2 

4  What is the relevance of introducing calibration in 

measurements? 
CO1 K4 

5  Write a detailed note on different types of errors that are possible 

to happen while doing measurements.  
CO1 K2 

6  Discuss the different standards in metrology.  CO1 K2 

7  What are the different equipments used to carry out linear 

measurement? 
CO1 K2 

8  What are the different types of comparators? Write a note on 

each.  
CO1 K4 

9  How can we do angular measurements in Metrology?  CO1 K2 

10  Explain the working principle of sine bar?  CO1 K2 

11  What is the purpose of Angle Dekkor?  CO1 K2 

 

MODULE II 

1 What are limit gauges? CO2 K2 

2  Explain Go and No go gauges. CO2 K4 

3  Write note on gauge design. CO2 K2 

4  Define Taylor’s principle of gauging. CO2 K5 

5  Explain wear allowance and gauge tolerance. CO2 K5 

6  Write note on Optical Measuring Instruments. CO2 K3 

7  Explain the principle of interference. CO2 K5 

8  Briefly explain the working of Interferometers. CO2 K4 

9  Explain NPL flatness interferometers. CO2 K2 

 

MODULE III 

1  What you mean by drunken thread.  CO3 K3 

2  Explain different method of measuring major and minor diameter. CO3 K3 

3  Explain one , two, three wire methods for measuring effective 

diameter. 
CO3 K2 

4  Derive the expression for best wire diameter in effective diameter CO3 K3 
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measurement.  

5  Derive an expression for calculating effective diameter in three 

wire method.  
CO3 K5 

6  State the advantage and limitations of thread micrometer.  CO3 K3 

7 Explain different methods for measuring pitch diameter. CO3 K2 

8 What are the applications of tool makers microscope? CO3 K5 

9  Explain different types of thread gauges.  CO3 K5 

10  Explain the terminology in surface texture.  CO3 K2 

 

MODULE IV 

1 Machine tool metrology is primarily concerned with what? CO4 K2 

2 Discuss alignment tests on lathe CO4 K1 

3 What are the alignment tests on milling machine CO4 K2 

4 Explain  laser interferometers sketch CO4 K3 

5 Discuss various CMM with sketches CO4 K1 

6 Explain the mode of operation of CMM CO4 K2 

7 Discuss the Stages of Machine Vision CO4 K3 

8 Applications of Machine Vision in Inspection CO4 K3 

 

MODULE V 

1 What are significance of mechanical measurement  CO5 K2 

2 Give Fundamental methods of measurement CO5 K4 

3 Classification of measuring instrument  CO5 K44 

4 Stages in generalized measuring system  CO5 K2 

5 Different types of Sensor-Transducer stage  CO5 K3 

6 What is Signal-Conditioning CO5 K2 

7  Different Types of input quantities CO5 K2 

8 What are the Performance characteristic of measuring devices  CO5 K3 

9 Give Dynamic characteristics  CO5 K3 

 

MODULE VI 

1 Types of Strain and Stress Measurement  CO6 K3 

2 Give  the different Measurement of Force and Torque  CO6 K2 

3 Methods of Torque Measurement  CO6 K3 

4 Different types of Vibration measurement  CO6 K2 

5 Explain the types of Temperature Measurement  CO6 K3 
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6 What are the applications of Thermocouples  CO6 K2 

7 Discuss the types of Resistance measurements CO6 K2 

 

 

APPENDIX 1 

 

CONTENT BEYOND THE SYLLABUS 

S:NO. WEB SOURCE REFERENCES 

1 https://amesweb.info/fits-tolerances/limits-fits-tolerances-standards.aspx 

2 https://nptel.ac.in/noc/courses/noc18/SEM1/noc18-me30/ 

3 https://gaugehow.com/2019/10/08/30-measuring-instruments-for-mechanical-engineer/ 

4 https://www.watelectronics.com/different-types-of-comparators/ 

5 https://www.keyence.com/ss/products/measure-sys/measurement-selection/type/3d.jsp 
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METROLOGY AND INSTRUMENTATION 
ME312 
 

Module 5 

 Introduction to Mechanical Measurement  significance of mechanical 

measurement; Fundamental methods of measurement; Classification of measuring 

instrument. 

 Stages in generalized measuring system  Sensor-Transducer stage, Signal-

Conditioning stage, Readout-Recording stage; Types of input quantities; Active and 

Passive transducers. 

 Performance characteristic of measuring devices  Static characteristics  Accuracy, 

Precision, Repeatability, Sensitivity, Reproducibility, Drift, Resolution, Threshold, 

Hysteresis, Static calibration. 

 Dynamic characteristics- different order systems and their response-, Measuring lag, 

Fidelity, Dynamic error; Types of errors in measurement. 

 Transducers  Working, Classification of transducers.  

 Motion and Dimension measurement  LVDT  Principle, applications, advantages 

and limitations. 
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Mechanical Measurement  
 Measurement is the process of assigning a number to any parameter. Parameter can be any 

feature surrounding us, like temperature, displacement, pressure, etc. 

 Measurement is defined as the quantification of a physical variable using a measuring device 

 During the process of measurement, a specific value is assigned to the unknown quantity after 

due comparison with a predefined standard 

   

 

  

 

 

 

 

 Measurement Process 
 

 For measurement to be acceptable, the following criterions must be met: 

 The standard used for comparison must be accurately defined 

 The instrument used & method adopted must be provable 

 The numerical measure should be followed by the unit used 

 
 Mechanical measurements come across 

 Velocity 
 Acceleration 
 Force  
 Torque 
 Flow  
 Pressure etc  

 
 In order to differentiate the field of measurements that pertain only to mechanical engineering 

we call it as mechanical measurement. 

 

 

 

 

Unknown Quantity Result of measurement Measurement Process 

(Comparison) 

Standard 
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Significance of Mechanical Measurements  

 Measurement is used to evaluate the performance of any plant or process. In modern power 
plants temperature, pressure, vibrational amplitudes, etc. must be constantly monitored by the 
measurement to ensure proper performance of the system 

 Basis for the commercial activities such as production, pricing, sales & purchase 
 Verification of physical phenomenon & theories requires an extensive experimentation of the 

measurement  
 Establishes validity of design & it determines data for new & improves design 
 Measurement id fundamental element of any automatic control system. In control system the 

error b/w the actual & described value of a variable is to be determined 
 Provides fundamental basis for research & development 

Methods of Measurement 

Direct method 

 This is a simple method of measurement, in which the value of the quantity to be measured is 
obtained directly without any calculations. 

 The parameter is directly compared to a standard with help of calibrated systems.  

 E.g. - measurements by using scales, vernier calipers, micrometers, bevel protector etc.  

 Most widely used in production 

 This method is not very accurate because it depends on human judgment.  

Indirect method 

 In indirect method the value of quantity to be measured is obtained by measuring other 
quantities which are functionally related to the required value.  

 E.g. - angle measurement by sine bar, measurement of screw pitch diameter by three wire 
method etc 

Comparative method 

 In this method the value of the quantity to be measured is compared with known value of the 
same quantity. 

 So, in this method only the deviations from a master gauge are determined. 

 E.g., dial indicators, or other comparators  

Coincidence method 

 It is a differential method of measurement, in which a very small difference between the value 
of the quantity to be measured and the reference is determined by the observation of the 
coincidence of certain lines or signals.  

 E.g. - measurement by vernier caliper, micrometer. 
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Deflection method 

 In this method the value of the quantity to be measured is directly indicated by a deflection of a 

pointer on a calibrated scale. 

 E.g.  Pressure measurement using gauges  

Contact method 

 In this method the sensor or measuring tip of the instrument actually touches the surface to be 

measured.  

 E.g. - measurements by micrometer, vernier caliper, dial indicators etc. 

Contactless method 

 In contactless method of measurement, the there is no direct contact with the surface to be 

measured.  

 E.g. - measurement by optical instruments, such as tool  microscope, projection 

comparator.  

Composite method 

  The actual contour of a component to be checked is compared with its maximum and minimum 

tolerance limits. 

 This method is very reliable to ensure interchangeability and is usually effected through the use 

of composite GO  NO GO gauges. 

Transposition Method 

 This method involves making the measurement by direct comparison wherein the quantity to be 

measured (V) is initially balanced by a known value (X) of the same quantity; 

 Next, X is replaced by the quantity to be measured and balanced again by another known value 

(Y). 

 When balance indicating device gives same indication in both cases, the value of the quantity to 

be measured is:- 

  

  E.g.- Determination of mass by balance & known weights 
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Classification of Measuring Instruments 

Null & deflection type 

 In a deflection type instrument, the measured quantity generates some effect which can 

be ultimately related by the deflection of a pointer / display as a number, to its 

magnitude. 

 E.g. - spring balance: The weight of the object is indicated by the deflection / movement of a 

pointer on a graduated scale. The weight of the object generates the effect of elongation of the 

spring which is indicated by a pointer on a scale. 

 In null type instrument, the effect caused by the quantity to be measured is nullified. The 

required nullifying effect provides a measure of the magnitude of the quantity being measured. 

 E.g. consider the measurement of weight by an ordinary beam balance. 

 The unknown weight placed on one side causes the beam & pointer to deflect. Weights of 

known value are placed on the other side till a balanced or null condition is indicated by the 

pointer. 

 Null type of instrument we avoid losses due to friction or movement of the parts. So they tend 

to be more accurate. 

 But from user point of view, deflection type instruments are more convenient to use. 

 If the signal is dynamic in nature it is difficult to measure with null type of instrument. Deflection 

type instruments are preferred. 
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Analog & digital 

 The analog instruments give the output which varies in continuous manner  

 E.g.: If voltmeter is connected to the circuit the needle of the voltmeter will continuously move 

& attain some position to give the voltage in the circuit. 

 The digital instruments give the output which varies in discrete steps & can take only finite 

number of values in a given range. The output of digital instruments is generally displayed 

numerically as digits. 

 High accuracy is given by analog type because they give continuous output 

 Digital signals are important because all the data can be stored conveniently in computer 

system. 

Active & Passive 

 In passive instruments the output is produced entirely by the quantity being measured 
 The act of measurement does not require external power source 

 An example of a passive instrument is the pressure measuring device 
 The pressure of the fluid is translated into a movement of a pointer against a scale. 
 The energy expended in moving the pointer is derived entirely from the change in 

pressure measured: there are no other energy inputs to the system. 

 In active instruments the quantity being measured activates or modulates the magnitude of 

some external power input source which in turn produces the measurement.  

 External power input source is present apart from the quantity to be measured. 

 An example of an active instrument is a float-type petrol tank level indicator 

 Here, the change in petrol level moves a potentiometer arm 

 The energy in the output signal comes from the external power source 

 Primary transducer float system modulates the value of the voltage from this external 

power source 
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Manually operated & automatic instruments 

 

manually operated instruments to mechanical instruments. 

  But importance of manually operated instruments cannot be denied. 

 Manually operated instruments require the services of a human operator. 

 If some auxiliary devices are incorporated in the instrument to dispense with the human 

operator it is termed as automatic instruments. 

Absolute & Manually Operated Instruments 

 Absolute instruments are also known as Primary Measuring Instruments. 

 The measuring instruments which give the magnitude of the measuring quantity in terms of 

some physical constants are said to be Absolute Measuring Instruments 

 E.g.: - Tangent Galvanometer, Absolute Electrometer, Raleigh Current Balance etc. 

 The measuring instruments which are calibrated with absolute measuring instruments or 

another measuring instrument that have already been calibrated with absolute measuring 

instruments are said to be Secondary Measuring Instruments. 

 E.g.:  Ammeter, Voltmeter, Wattmeter etc. 

 

Contacting & Non-Contacting Instruments 

 In contacting instruments the primary sensing element come into physical contact with the 

measurand. 

 E.g.  Thermometer 

 In non-contacting instruments the primary sensing element does not come into physical contact 

with the measurand. 

 E.g.  Optical Pyrometer   
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Elements of generalized measuring system 

 The operation of a measuring instrument or a system could be described in a generalized 

manner in terms of functional elements.  

 Each functional element is made up of a component or groups of components which perform 

required and definite steps in the measurement.  

 The main functional elements of a measurement system are: 

 Primary sensing element 

 Variable conversion element  

 Variable manipulation element  

 Data transmission element 

 Data processing element  

 Data presentation element 

 Data storage element 
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 Primary Sensing Element  

 This is the element that first receives energy from the measured medium and produces an 

output depending in some way on the measured quantity. 

 An instrument always extracts some energy from the measured medium. The measured 

quantity is always disturbed by the act of measurement, which makes a perfect 

measurement theoretically impossible. 

 Coverts the input signals   

 Variable Conversion Element  

 It converts the output signal of the primary sensing element to another more suitable 

variable while preserving the information content of the  original signal.  

 Some instruments there is no need of using a variable conversion element while some other 

instruments require  

 Variable Manipulation Element  

 An instrument may require that a signal represented by some physical variable be 

manipulated in some way.  

 This element is used to manipulate & amplify the output of the variable conversion element  

 By manipulation we mean specifically a change in numerical value by the preservation of 

the physical nature of the variable. 

 Electronic voltage amplifier receives a small voltage as I/P & it produces greater magnitude 

of voltage as O/P.  

 Data Transmission Element  

 When functional elements of an instrument are actually physically separated 

 It becomes necessary to transmit  the data from one to another 

 Transmits the data from one element to the other element 

 E.g. Shaft & gear assembly system  
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 Data Processing Element  

 Element used to modify the data before displayed or finally recorded 

It may be used for following purposes: 

 To convert the data into a useful form 

 To separate the signal hidden in noise 

 It may provide corrections to the measured physical variables to compensate for zero 
effect, temperature error, etc.  

 

 Data Presentation Element 

 If the information about the measured quantity is to be communicated to a human 

observer for monitoring, control, or analysis purposes, it must be put into a form 

recognizable by one of the human senses.  

 The value of measured variables may be indicated by an analog indicator (pointer & a 

  

Measurement scheme for weighing machine 

 Primary sensing element  Load Cell (Transducer)  Kg in to mill volts 

 Data manipulation element  Amplifier  Voltage is amplified 

 Data processing element  Analog to Digital converter  

 Data presentation element  Digital display 

 

 

 

 

 

 

 

 

 

 

 

 

O/P of load cell in 
mV proportional to 
weight 

Load Cell Amplifier 
Analog to 

digital 
convertor 

Digital 
display 

Voltage is 
amplified 

Digital O/P 
equivalent 
to weight 

Weight 

Primary sensing 
element 

Data manipulation 
element 

Data processing 
element 

Data presentation 
element 
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Measurement scheme for Thermometer 

 Primary sensing: Thermometer bulb with mercury. 

 Data conversion: Temperature signal is converted into volume displacement. 

 Data Manipulation: As the mercury expands it move through the capillary tube in the 
thermometer stem. The volume signal is thus converted into linear distance signal. 

 Data  presentation: Calibrated scale on the thermometer 

Stages in Generalized Measurement System 

 A generalized measuring system comprises of three stages: 

1. Sensor - Transducer Stage 

2. Signal Conditioning Stage 

3. Readout  Recording Stage  

Sensor  Transducer Stage 

 The main function of the sensor  transducer stage is to sense the input signal and transform it 

into its analogous signal, which can be easily measured. 

 The input signal is a physical quantity such as pressure, temperature, velocity, heat, or intensity 

of light. 

 The device used for detecting the input signal is the transducer or sensor.  

 The transducer converts the sensed input signal into a detectable signal, which may be electrical, 

mechanical, optical, thermal, etc.  

 The transducer should have the ability to detect only the input quantity to be measured and 

exclude all other signals  

Signal Conditioning Stage 

 The O/P from transducer may require some processing & modification 

 Transduced signal is modified & amplified appropriately with the help of conditioning & 

processing devices before passing  it for display 

 Signal conditioning by noise reduction & filtering is performed to enhance the condition of the 

signal obtained in the first stage, in order to increase the signal-to-noise ratio 
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 If required, the obtained signal is further processed by means of integration, differentiation, 

addition, subtraction, digitization, modulation, etc 

 In order to obtain an output that is analogous to the input, the characteristics of the input 
signals should be transformed with true fidelity. 

 Also called as intermediate modifying stage 

Readout  Recording Stage 

 Presents the value of the output that is analogous to the input value 

 The output value is provided by either indicating or recording for subsequent evaluations by 

human beings or a controller, or a combination of both 

 The indication may be provided by a scale and pointer, digital display, or cathode ray 
oscilloscope 

 Recording may be in the form of an ink trace on a paper chart or a computer printout 

 Other methods of recording include punched paper tapes, magnetic tapes, high speed camera, 

TV equipment, CRT  

 For control & analysis purpose microprocessor or computers may be used 

 The final stage in measurement is known as terminating stage 

 Thus, measurement of physical quantities such as pressure, force, and temperature, which 

cannot be measured directly, can be performed by an indirect method of measurement. 

 This can be achieved using a transduced signal to move the pointer on a scale or by obtaining a 

digital output  

Types of Input Quantities 

 Desired inputs :  

 Quantities that the instrument is specifically intended to measure. 

 The desired inputs P1and P2 whose difference causes the output x, which can be read off 
the calibrated scale 
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 Interfering inputs :   

 Quantities to which the instrument is unintentionally sensitive. 

 The measurement systems are not desired to respond to 

interfering inputs on account of their principle of working, 

design etc.  

 Measuring pressures under acceleration influence:  an error will be engendered because 

of the interfering acceleration input. 

 Modifying inputs :  

 The quantities that cause a change in the input-output relations 
for the desired and interfering inputs 

 If the manometer is not properly aligned with the gravity vector, it 
gives a modified output signal. 

 Angular disorientation, ambient temperature 

 

Performance Characteristics of measuring devices 

 Performance characteristics give a meaningful description of the quality of the device  

 Measurement system characteristics are classified in to two types: 

Static characteristics 

 They are concerned with the measurement of quantities that are constant or vary slowly 
with time 

Dynamic characteristics 

 They are concerned with rapidly varying quantities 

Static Characteristics 

 

 

 Accuracy 

 Precision 

 Repeatability 

 Sensitivity 

 Reproducibility 

 Drift 

 Resolution 

 Threshold 

 Hysteresis 

 Static Calibration 
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Accuracy 

 Accuracy of the instrument is defined as the closeness with which an instrument reading 
approaches the true value of the quantity being measured. 

 Inaccuracy is measured a ratio of the highest deviation of a value represented by the instrument 
to the ideal value 

 Accuracy of an instrument is inversely proportional to the error 

 Highly accurate instrument produces low errors  

Precision 

 Precision is a measure of reproducibility of the instruments 

 A measure of consistency of measurement .i.e. successive reading does not differ 

 Relates how carefully the final measurement can be read but not how accurate the 
measurement is. 

Repeatability 

 Repeatability is defined as the ability of the instrument to give the same output reading for the 

same applied input value repeatedly under the same operating conditions 

 Repeatability describes the closeness of output readings when the same input is applied over a 

short period of time with the same measurement conditions (instrument, observer & external 

factors) 

Reproducibility 

 Reproducibility describes the closeness of output readings 
for the same  input when there are changes in the methods 
of measurement (different instrument, observer & external 
factors) 

Sensitivity 

 Sensitivity is an absolute quantity, the smallest 

absolute amount of change that can be detected 

by a measurement. 

 This is the relationship between a change in the 

output reading for a given change of the input (This 

relationship may be linear or non-linear.) 

 If the calibration curve is liner, as shown, the 

sensitivity of the instrument is the slope of the 

calibration curve. 
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Resolution 

 Resolution is the smallest unit of measurement that can be indicated by an instrument 

 

 

 

Drift 

 The gradual shift in the indication or record of the instrument over an extended period of 

time, during which the true value of the variable does not change is referred to as drift. 

 Zero drift 

 Sensitivity drift / span drift 

 Zonal drift 

 Zero Drift 

 If the whole calibration is shifted by the same amount due to slippage or due to undue 

warming up of tube of electronic tube circuits, zero drift sets in 

 Zero setting can prevent this  

 Span Drift or Sensitivity Drift: 

 If there is proportional change in the indication all along upward scale, 

the drift is called span drift or sensitivity drift.  

 Hence higher calibrations get shifted more than lower calibrations.  

 Zonal drift 

 In case the drift occurs over a portion of span of instrument, while remaining portion of the 

scale remains unaffected, it is called zonal drift.  

 Dead zone 

 Dead zone is defined as the largest change of input quantity for which there is no output of 
the instrument.  
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Linearity  

 A measuring instrument/system is said to be linear if it uniformly responds to incremental 
changes. 

 Linearity of a sensor refers to the O/P that is directly proportional to 

I/P over its entire range so that the slope of a graph of O/P vs. I/P 

describes a straight line. 

 Non  Linearity is defined as the maximum deviation of the output of 

the measuring system from a specified straight line. 

Threshold 

 If the input to the instrument is gradually increased from zero, a minimum value of that input is 

required to detect the output.  

 This minimum value of the input is defined as the threshold of 

the instrument 

Hysteresis 

 Hysteresis is a phenomenon which depicts different output effects when loading and unloading. 

 Hysteresis is caused by energy storage/ dissipation in the system. 

 Maximum input and output hysteresis are usually expressed as the percentage of the full scale 

input or output reading 

Static Calibration 

 Static calibration refers to a situation in which one of the inputs (desired, modifying and 
interfering) is varied and other two are kept constant. 

 Static calibration gives input output relations obtained when only one I/P of the instrument is 
varied at a time, all other inputs being kept constant.  

Dynamic Characteristics 

 The dynamic characteristics of a measuring system describe its behavior between the time a 

input quantity changes value and when the time the instrument output attains a steady value in 

response. 

 Speed of response 

 Measuring lag 

 Fidelity  

 Dynamic error 
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Speed of Response 

 Speed of Response is defined as the rapidity with which an instrument or measurement system 

responds to changes in measured quantity. 

 The speed at which the output changes is less than the speed at which the input varies. 

Measuring Lag 

 An instrument does not react to a change in input immediately. The delay in the response of an 

instrument to a change in the measured quantity is known as measuring lag.  

 Measuring lag is of two types : 

 Retardation type: In this type of measuring lag the response begins immediately after a 

change in measured quantity has occurred. 

 Time delay type: In this type of measuring lag the response of the measurement system 

begins after a dead zone after the application of the input. 

Fidelity 

 Fidelity of a system is defined as the ability of the system to reproduce the output in the same 

form as the input. 

 It is the degree to which a measurement system indicates changes in the measured quantity 

without any dynamic error.   

 Supposing if a linearly varying quantity is applied to a system and if the output is also a linearly 

varying quantity the system is said to have 100 percent fidelity. Ideally a system should have 100 

percent fidelity and the output should appear in the same form as that of input. 

Dynamic Error 

 The dynamic error is the difference between the true value of the quantity changing with time 

and the value indicated by the instrument if no static error is assumed.  
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Transducers 

 The  transduction  process  involves  the  transformation  of  one  form  of  energy  
into another form. 

 A transducer is a device that converts one form of energy into another form 

 A  large group of transducers  used in instrumentation  area convert mechanical 
input into electrical output  

Transduction principles 

 Electro mechanical transducers 

 Resistive  transducer 

 Inductive  transducer 

 Capacitive   transducer 

 Piezoelectric transducer 

 Electromagnetic transducers 

 Eddy current transducer  

Resistive transducer 

 The resistance R is a function of the cross sectional area of the conductor (A), its length (L) and 
its resistivity ( ).  

 R = f ( ,L,A) 

 If the conductor is mechanically strained or compressed, the parameters A, l, and , and as a 

consequence R, will change. This enables one to measure very small displacements.  

 If, besides the magnitude of the strain, we also wish to measure the direction of 

the strain, a combination of strain gauges is used, arranged in a certain 

geometric pattern. This arrangement is known as a strain gauge rosette.  
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Inductive transducer 

 Inductive sensors are based on electromagnetic induction or mutual inductance 

 Detect the mechanical energy which is converted into a corresponding electrical signal 

 Consists of : 

 Fixed iron 

 Movable armature. 

  

 

 

 When the mechanical element whose displacement is to be measured, is moved 

 The movement causes a change in flux generated by the circuit and a corresponding change in 
O/P  

 

 

 

 

 

 

 

 

 

 L , the inductance is given by 

  

 0 - magnetic permeability 

  A0- equivalent cross-sectional area  

  l0-   length of the gap  

 

 

Measurand 
Change 

Change in 
flux 

Change in 
inductance O/P 
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Capacitive transducer 

 Capacitive transducer is used for measuring displacement, pressure, etc..  

 The capacitance of capacitive transducer changes : overlapping of plates, change in distance 
b/w the plates & dielectric constant  

 The capacitive transducer contains two parallel metal plates 

 These plates are separated by dielectric medium (air, metal, 
gas or liquid) 

 In normal capacitor the distance b/w the plates are fixed 

 But in capacitive transducer the distance b/w them are varied  

 The input quantity causes change of capacitance which is 
directly measured by the capacitive transducer 

 Displacement can be measured by directly 
connecting the measurable devices to the movable 
plate of the capacitor  

 The equations below express the capacitance 
between the plates of a capacitor 

  

  
 Where 

A  Overlapping area of plates in m2 
d  the distance between two plates in meter 

 permittivity of the dielectric material 
r  relative permittivity 
0  the permittivity of free space 

 

Piezoelectric transducer 

 The word "piezoelectric" literally means electricity caused by pressure 

 There are certain materials that generate electric potential or voltage when mechanical 

strain is applied to them or conversely when the voltage is applied to them, they tend to 

change the dimensions along certain plane. This effect is called as the piezoelectric effect  
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 When mechanical stress or forces are applied to some materials along 

certain planes, they produce electric voltage.  

 This electric voltage can be measured easily by the voltage measuring 

instruments, which can be used to measure the stress or force. 

 The voltage output obtained from these materials due to piezoelectric 

effect is proportional to the applied stress or force.  

 The output voltage can be calibrated against the applied stress or the force so that the 

measured value of the output voltage directly gives the value of the applied stress or force.  

Eddy current transducer  

 An AC current is applied to the coil as a result  a magnetic field  is generated  

 When the coil is placed near the conductive material eddy current will be generated in the 
material 

 Due to the magnetic field in the coil eddy current will be generated in the conductive 
material 

 Eddy current in the conductor generates their own magnetic field & oppose the emf 
produced by the coil  

 Closer the probe / coil to the conductor eddy current generation & opposition will be more 

 As the two fields oppose each other it will change the impedance of the coil & is detected by 
the circuit & produce o/p 

 Uses the effect of eddy currents to sense the proximity of conductive materials. 

 Contains two coils: an active coil (main coil) and a balance coil.  

 The active coil senses the presence of a nearby conductive object, and balance coil is used to 
balance the output bridge circuit. 
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CLASSIFICATION OF TRANSDUCERS 

 Transducers are classified as follows: 

1. Primary and secondary transducers 

2. Based on the principle of transduction 

3. Active and passive transducers 

4. Analog and digital transducers 

5. Direct and inverse transducers 

6. Null and deflection transducers  

Primary and Secondary Transducers 

 Transducers may comprise two important components: Sensing / detecting element & 
transduction element. 

Sensing or detecting element  

 The function of this element is to respond to a physical phenomenon or a change in the 
physical phenomenon. 

  Hence it is termed a primary transducer. 

Transduction element  

 The function of a transduction element is to transform the output obtained by the 
sensing element to an analogous electrical output 

 Hence it is termed a secondary transducer.  

 

 

 

 

 

 An example of a primary detector transducer stage comprising both these elements is the 

combination of the bourdon tube and the linear variable differential transformer (LVDT)  
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 The bourdon tube, which acts as a detecting element, senses pressure and gives the output in 
the form of displacement 

 This displacement is further used to move the core of LVDT, and a voltage is obtained as output 
 Thus, the pressure is converted into displacement, which in turn is transduced into an analogous 

voltage signal.  
 Thus, the bourdon tube acts as the primary sensing element and the LVDT as the secondary 

transducer 

 

 

 

 

 

 

 

 

Based on Principle of Transduction 

 How the I/P quantity is transdused into capacitance, resistance, and inductance values 

 Capacitive 

 Resistive 

 Inductive 

 Piezoelectric 

 Thermoelectric 

 Electro kinetic 

 Optical  

Active and Passive Transducers 

Active transducers  

 Are of a self-generating type  

 They develop their own voltage or current output. 

 They do not need any auxiliary power source to produce the output. 

 The energy required to produce the output is derived from the physical quantity being 
measured.  
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 Examples of active transducers are piezoelectric crystals, tachogenerators, thermocouples, and 
photovoltaic cells.  

 

 

 

Passive transducers 

 Derive the power required for transduction from an auxiliary power source. 

 A part of the power required for generating the output is derived from the physical quantity 
being measured 

 These transducers remain passive in the absence of an external power source; hence, they are 
called passive transducers. 

 Are termed externally powered transducers  

 Resistive, capacitive, and inductive transducers are some of the examples of passive transducers.  

 

 

 

 

 

Analog and Digital Transducers 

 Based on the output generated, that is, depending on whether the output generated is a 
continuous function of time or is in discrete form, transducers are classified as analog and digital 
transducers. 

 Analog transducer, the input quantity is converted into an analog output, which is a continuous 
function of time. 

 LVDT, strain gauge, thermocouple, and thermistor are some examples of analog transducers.  

 If a transducer converts the input quantity into an electrical signal that is in the form of pulses, 
as output, called a digital transducer.  

 These pulses are not continuous functions of time but are discrete in nature. 

 Easier to process & transmit data as a function of two numbers 0 and 1 

 E.g. Shaft encoders, linear displacement transducers using conducting or non-conducting 
contacts  
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Direct and Inverse Transducers 

 When a measuring device measures and transforms a non-electrical variable into an electrical 
variable, it is called a direct transducer. 

 A thermocouple that is used to measure temperature, radiation, and heat flow is an example of 
a transducer 

 If an electrical quantity is transformed into a non-electrical quantity, it is termed an inverse 
transducer. 

 A piezoelectric crystal wherein a voltage is given as the input causes mechanical deformation.  

Null- and Deflection-type Transducers 

 A deflection type transducer works on the principle that the measured quantity produces a 
deflection of the pointer. 

 The pressure measuring device is an example of a deflection type transducer. 

 A null type transducer works on the principle of maintaining zero deflection by applying an 
appropriate known effect that opposes the one generated by the measured quantity.  

 An alternative type of pressure gauge is the deadweight gauge which is a null type instrument. 

Here, weights are put on the top of the piston until the downward force balances the fluid 

pressure. Weights are added until the piston reaches a datum level, known as null point. 

Pressure measurement is made in terms of the value of the weights needed to reach this null 

position.  
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Motion & Dimension Measurement by Linear Variable Differential Transformer (LVDT) 

 Is a passive type sensor 

 An LVDT produces an output 

proportional to the displacement of a 

movable core within the field of several 

coils 

 

position, the voltage induced by the 

coils change, producing an output 

representing the difference in induced voltage 

 It works on the mutual inductance principle 

 It consists of a primary coil wound on an insulating form and two secondary coils 
symmetrically spaced from the primary  

 An external AC power source is applied to the primary coil and the two secondary coils are 
connected together in phase opposition 

 The motion of the core varies the mutual inductance of secondary coils 

 This change in inductance determines the electrical voltage induced from the primary coil to 
the secondary coil 

 If the core is centred in the middle of the two secondary windings, then the voltage induced 

in both the secondary coils will be equal in magnitude but opposite in phase, and the net 

output will be zero 

 An output voltage is generated when the core moves on either side of the null position 

Advantages of electrical comparators 

 Highly sensitive and provides good magnification 

 Insensitive to temperature changes 

 Digital display minimizes the reading errors 

 

 

Applications 

 Used to measure the displacement, deflection, position and profile of workpiece. 

Disadvantages of electrical comparators 

 Requires external power source 

 Fluctuations in supply voltage can affect the 
results 

 The core has appreciable mass. The resulting 
inertial effects can lead to wrong 
measurements  
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Dynamic characteristics- different order systems and their response 

 In general, the response of measurement instruments under dynamic conditions can be 
complex.  

 The fundamental concepts of dynamic response can be understood by studying relatively 
simple mathematical models. 

 Consider three mathematical models for dynamic system response:  

 Zero 

 First 

 Second order systems  

Zeroth Order Systems 

 Consider a thermometer that measures the temperature in a room 

 For practical purposes, the thermometer will indicate the current temperature at the 
location where it has been installed 

 The output of   

 Let f(t) be the input to the system as a function of time and y(t) be the output, then the 

relationship between them is 

    y (t) = K f(t)  

 f(t) : actual temperature of the room 

 y(t) : indicated temperature 

 K is a constant that multiplies the input to generate the output. 

 K is called the static sensitivity. 

 The output of Zeroth order systems is not affected by the speed at which f(t) changes  

 If y (t) is the temperature as displayed in a readout device and the thermometer is calibrated 

correctly, then K would ideally be equal to one. 

 If the output of the thermometer is, for example, an electrical signal, then K would be a 

constant with units of Volts per degree Fahrenheit 

 Results of static calibration are sufficient to characterize the response of the system.  

 

 

 

Department of Mechanical Engineering, NCERC, Pambady Page 129



First Order Systems 

 Consider an oral thermometer used at a clinic to measure body 
temperature. 

 Prior to use, the thermometer is at room temperature. 

 When the thermometer makes contact with measurand it 
experiences a sudden increase in temperature 

 The operator have to wait for a while before reading the 
temperature 

 This situation cannot be represented by  a zero order system  

 The thermometer was originally at room temperature, To 

 It is then made to contact the measurand at temperature T1 

 In order for the thermometer to work, the mercury in the bulb must be heated to T1  

 The thermal expansion of the mercury will cause the column of mercury in the stem of the 
thermometer to increase in length 

 Measuring this length with the scale marked in the glass gives a temperature reading T(t) 

 It takes time for the temperature of the mercury to reach the value T1  

 Due to conservation of energy, the rate of change of energy in the bulb with respect to time 

is equal to how fast heat is flowing in 

 

 

 As E increases, the temperature of the mercury, T, rises in proportion. 

 
Cv  

 The increase in energy is related to the increase in temperature by 

 

 How fast heat can flow through the walls of the bulb depends on a property of glass called 

the convection heat transfer coefficient, h, the surface area of the bulb, A, and the current 

temperature difference between the mercury and the measurand. 

 In equation form,  
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 This is a differential equation that governs what the temperature of the mercury is at any 

time. 

 In general, the equation of a first order system is given by 

 

 For the above example we have, 

 

 Equation governing the behaviour of a first order system is a first order differential equation 

Second Order Systems 

 Consider weight scales, they generally have a pointer, which indicates weight on a dial  

 When loaded the pointer will oscillate a bit before settling & indicating correct weight 

 Reason for the oscillation of the pointer is that the scale has mass, hence inertia 

 The balance can be represented by the mass-spring-dashpot system  

 To simplify, the dial has been replaced by the straight scale  
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 The mass m represents the object weighted so that the weight W is equal to mg where g is 

the acceleration of gravity. 

 The spring force is proportional to the displacement y of the mass.  

 If the zero value of y corresponds to the position of the spring when it is unloaded, then the 

force Fs required to stretch the spring a distance y is given by  

 

 

 The damping is provided by the dashpot 

 This force-speed (Damping Force) relation can be written as 

 

 

 

 where c is called the damping coefficient  

 

 second law we obtain the equation 

 
 

 

 This is the differential equation that governs the motion of the scale. 

 Since the weight is indicated by the displacement of the scale, the equation also governs the 

indicated weight  

 In general, the equation for a second order system is given by  

 

 In the above example we have,  
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METROLOGY AND INSTRUMENTATION 
ME312 
 

Module 6 

 Strain and Stress Measurement - Electrical resistance strain gauge - Principle, operation. 

 Measurement of Force and Torque  Strain-Gauge Load Cells, Hydraulic and Pneumatic load 

cells  basic principle and three component force measurement using piezoelectric quartz 

crystal. 

 Torque Measurement  Dynamometers  Mechanical, Hydraulic and Electrical. 

 Vibration measurement  Vibrometers and Accelerometers  Basic principles and operation. 

 Temperature Measurement  Use of Thermal Expansion  Liquid- in-glass thermometers, 

Bimetallic strip thermometer, Pressure thermometers. 

 Thermocouples  Principle, application laws for Thermocouples, Thermocouple materials 

and construction, measurement of Thermocouple EMF. 

 Resistance Temperature Detectors (RTD); Thermistors; Pyrometers (Basic Principles). 
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Quarter Bridge strain gauge circuit 
Full Bridge Strain Gauge Circuit 

Strain & Stress Measurement 

Electrical Resistance Strain Gauges  

 Strain Gauge is a passive transducer that converts a mechanical displacement into change of 
resistance 

 1856 Lord Kelvin demonstrated that the resistances of copper wire and iron wire change when 
the wires are subjected to mechanical strain. 

 The electrical resistance of a copper wire / iron wire changes when the wire is either stretched 
or compressed 

 He used a Wheatstone bridge circuit with a galvanometer as the indicator. 

 Electrical resistance strain gages are sensors made of thin foil or wire-type conductors that 
respond to variations in length with variations in electrical resistance. 

 Strain gages are used to measure linear strains that occur at surface points of an object when it 
responds to some actuating load  

 The strain gage is bonded to the surface with an adhesive  

 Deformation of the surface element forces the strain gage to change its length 

 The variation in length of the parallel segments of the wire-type conductor will be directly 
proportional to the variation in electrical resistance of the conductor.  
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where K is the gage factor.  
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Force and torque measurement 
 The force transducer is also known as a load cell. 

 Strain gauge load cells  

 Hydraulic load cell  

 Pneumatic load cell  

 Multi-component piezoelectric force transducers  

Elastic members 

 Force-measuring transducers employ various mechanical elastic members 

 Application of a load or force on these members causes an analogous deflection 

 This deflection, which is usually linear, is measured either directly or indirectly by employing 
secondary transducers. 

 

 

 This displacement is then converted into an electrical signal by the secondary transducers.  

 The strain gauge is the most popular secondary transducer employed for the measurement 
of force 

 Load cells employ strain gauges for force measurement  

Strain Gauge Load Cells 

 When an elastic member is combined with a strain gauge and used for the measurement of 
force, it is termed as a load cell 

 In load cells, elastic members act as primary transducers and strain gauges as secondary 
transducers 

 A load cell is used in an indirect method of force measurement where force or weight is 
converted into an electrical signal 

 Load cells are used extensively for the measurement of force.  

 A load cell comprises four strain gauges 

 Two of these are used for measuring the longitudinal strain while the other two for 
measuring the transverse strain. 

 The four strain gauges are mounted at 90° to each other  
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 Two gauges experience tensile stresses while the other two are subjected to compressive 
stresses 

 At the no-load condition, resistance in all the four gauges will be same. 

 The potential across the two terminals B and D are same 

 The Wheatstone bridge is now balanced and hence output voltage is zero 

 When specimen is stressed due to the applied force, the strain induced is measured by the 
gauges. 

 Gauges R1 and R4 measure the longitudinal (compressive) strain  

 Gauges R2 and R3 measure the transverse (tensile) strain 

 In this case, voltages across the terminals B and D will be different, causing the output 
voltage to vary, which becomes a measure of the applied force upon calibration.  
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Hydraulic Load Cell 

 When a force is applied on a liquid medium contained in a confined space, the pressure of the 
liquid increases.  

 This increase in pressure of the liquid is proportional to the applied force. 

 Hence a measure of the increase in pressure of the liquid becomes a measure of the applied 
force when calibrated  

 

 The main parts of a hydraulic load cell are as follows  

 A diaphragm 

 A piston with a loading platform placed on top of the diaphragm. 

 A liquid medium which is under a pre-loaded pressure is on the other side of the 
diaphragm. 

 A pressure gauge (bourdon tube type) connected to the liquid medium  

 The force to be measured is applied to the piston  

 The applied force moves the piston downwards and deflects the diaphragm and this deflection 
of the diaphragm increases the pressure in the liquid medium (oil)  

 This increase in pressure of the liquid medium is proportional to the applied force.  

 The increase in pressure is measured by the pressure gauge which is connected to the liquid 
medium. 

 The pressure is calibrated in force units and hence the indication in the pressure gauge  becomes 
a measure of the force applied on the piston 
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Pneumatic load cell 

 

 Force-balance device whose operation relies on the pressure exerted by the force or weight on a 
volume of air in a confined space. Consists of : 

 An Elastic Diaphragm: This is made of a flexible material or can also be a corrugated diaphragm 
just like that of a hydraulic load cell. 

 A Loading Platform: This is where the force is applied or weight to be quantified is placed. It is 
usually a steel piston with the diaphragm attached to its base.  

 Air Supply Regulator: This is located at the bottom of the device or at its side below the 
diaphragm. It is basically an opening that is regulated by a valve. 

 An Outlet Nozzle: This is also an opening but not directly regulated by any valve. 

 The Flapper/Bleed Valve: This is attached to the body of the diaphragm. Its upward/downward 
movement opens/closes the outlet nozzle. 

 A Pressure Gauge or Manometer: Indicates the pressure as a measure of the weight or applied 
force.  

 Sensitive to pressure changes, the load cell should be adjusted to zero setting before using it to 
measure force  

 The force is applied to the loading platform to which a diaphragm and a flapper is attached. 

 This applied load deflects the diaphragm and as a result, causes the flapper to move downwards 
and shut off the outlet nozzle.  

 While this is happening, a back pressure is also acting on the diaphragm thereby producing a 
counteractive upward force 

 Air pressure is regulated until the diaphragm returns to the pre-loaded position  

 This is indicated by the air which comes out of the nozzle. At this stage, the corresponding 
pressure indicated by the pressure gauge gives a measure of the applied force when calibrated 
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Multi component piezoelectric force transducers  

(Three component force measurement using piezoelectric quartz crystal) 
 
 They measure the forces in three orthogonal axes.  

 Force F acts upon the transducer and is transmitted to each of three discs with the same 

magnitude and direction.  

 Each piezoelectric crystal ring  has been cut along a specific axis  

 The orientation of the sensitive axis coincides with the axis of the force component to be 

measured 

 Each then produces a charge proportional to the force component specific to that disc.  

 The charge is collected via the electrodes inserted into the stack  
  

 

   

 

Torque measurement 

 Dynamometers 

 Mechanical  

 Hydraulic 

 Electrical 

 The dynamometer is a device which absorbs the power and transforms it into heat energy. 
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Rope brake (mechanical) dynamometer 

 The rope brake dynamometer consists of some turns of rope 
wound around the rotating drum attached to the output 
shaft. 

 One side of the rope is connected to spring balance and the 
other side to a loading device.  

 The power is absorbed in friction between the rope and the 
drum. Therefore drum in rope brake requires cooling. 

 In the operation of the brake, the engine is made to run at a 
constant speed. 

 The frictional Torque, due to the rope, must be equal to the 
torque being transmitted by the engine.  

 measured accurately because of 
change in the friction coefficient of the rope with a change 
in temperature. 

 

  

  

Hydraulic dynamometer 

 It works on the principal of dissipating energy in fluid friction rather than dry friction. 

 Water or oil is used 

 A rotating disc connected to a shaft whose power to be measured 

 Rotating disc is mounted inside the casing 

 Casing is mounted on antifriction bearing & has a brake arm & a balance system attached to it 

 The casing is in the form of two halves 

 One of them is mounted on the either side of the rotating disc 

 The semi elliptical grooves placed in the casing match with the corresponding grooves inside the 

rotating disc to form vortex inside the chamber  

 

Rotating Drum 

Rope 
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 When the shaft is rotating the water drives into the grooves  

 It tries to rotate the casing as well  

 But the rotation of casing is resisted by the braking arm & the balance system measures the 
torque 

 The frictional force developed between the rotor and the fluid is carried away through 
continuous supply of working fluid. 

Eddy current (electrical) dynamometer 

 Eddy current dynamometer consists of a stator which are fitted with electromagnets  

 A rotor made of conductive material which is coupled to the output shaft of the engine. 

 When the rotor rotates , eddy currents are induced in the stator  

 Due to the magnetic flux set up by the passage of current in the electromagnets. 
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 The eddy currents produced will resist any change in the magnetic field.  
 Therefore the rotor obtains a reverse force & attempts to reduce the rotational speed of the 

rotor  

 But the torque supplied by engine maintains the rpm.  

 The torque will be measured with the help of a moment arm.  

 In mechanical dynamometers friction was involved  

 Since no contact b/w the rotor & stator hence no friction 

 Fast in operation & lighter in weight 

 But requires external power & chances of eddy current losses  

 

Vibration measurement 
Components of Vibration 

 The components of vibration measurement are 

 Acceleration  

 Velocity  

 Displacement 

 Spring force  displacement 

 Damping force  velocity 

 Inertia force  acceleration 

 Vibration measurement is necessary to know the response of a structure / a system  

 In vibration analysis of a mechanical system, it is required to measure the displacement, 
velocity and acceleration components of a system. 

 An instrument, which is used to measure these parameters, is referred as vibration 
measuring instrument or seismic instrument or vibration pick up .  

 Two types of seismic transducers known as vibrometer and accelerometer are widely used.  

 Vibrometer or a seismometer is a device to measure the displacement of a vibrating body.  

 Accelerometer is an instrument to measure the acceleration of a vibrating body.  

 Vibrometer is designed with low natural frequency and accelerometer with high natural 
frequency.  
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 So vibrometer is known as low frequency transducer and accelerometer as high frequency 
transducer.  

Vibrometer 

 Consists of a mass  spring damper system mounted on the vibrating body 

 The vibratory motion is measured by finding the displacement of mass relative to the base 
on which it is mounted  

 

 

 

 

 On solving the above differential equation , the steady-state solution is given by   
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                 Magnification Factor = 

 

 

 

 

 

 So the relative amplitude Z is shown equal to the amplitude of vibrating body Y on the 
screen.  

 Though Z and Y are not in the same phase but Y being in simple harmonic, will result in the 
output signal as true reproduction of input quantity.  

Laser Doppler vibrometer 

 Laser Doppler Vibrometer (LDV) is a Laser based non-contact vibration measurement 
system.  

 The system works on the principle of Doppler Effect and interferometry for vibration 
measurement 

Doppler Effect 

 If a wave is reflected by a moving object and detected by an instrument the measured 
frequency shift of the wave can be described as: 

   fD  

  

  

  To be able to conversely determine the velocity of an object, the (Doppler) frequency shift 
has to be measured at a known wavelength. This is done in the LDV by using a laser 
interferometer. 

Interferometry 

 The Laser Doppler Vibrometer works on the basis of optical interference requiring two 
coherent light beams. 

 The interference term relates to the path difference between both the beams.  

 If the path difference b/w the interfering beams is integral multiplier of Laser wavelength, 
constructive interference occur 

 If the path difference is odd multiplier of half the wave length, destructive interference 
occurs where the overall intensity becomes zero. 

 The interference phenomenon is exploited technically in Laser Doppler Vibrometer as shown 
in the Figure 
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 A laser-Doppler Vibrometer detects the Doppler shift of laser light, that is reflected from the 

test object  

 A laser beam is divided by beam splitter BS1 into a measurement beam and reference beam  

 Reference beam propagates & is projected to the photo detector  

 After passing through the beam splitter BS2 the measurement beam is focussed onto the 
sample 

 Measurement beam is incident on the test object where the light is scattered by the moving 
object  

 Depending on the velocity & displacement the back scattered light is changed in frequency & 
phase 

 The characteristics of motion are completely contained in the backscattered light 

 The superposition of this light with the reference beam creates a modulated detector o/p 
signal revealing the Doppler shift in frequency 

 Signal processing & analysis provides the vibrational displacement of the test object   
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Accelerometer 

 An accelerometer is a sensor that measures the physical acceleration experienced by an 
object due to inertial forces or due to mechanical excitation. 

 An ability of an accelerometer to sense acceleration can be put to use to measure a variety 
of things like tilt, vibration, rotation, collision, gravity, etc.  

 Applications  Vibration measurement, Mobile phones, Aircrafts, Airbags, Washing machines  

 

Capacitive Accelerometers 

 Capacitors can also be used in accelerometers to 

measure force. 

 If a moving mass alters the distance between two 

metal plates, measuring the change in their 

capacitance gives a measurement of the force 

that's acting. 

 As the accelerometer(grey) moves to the right, the mass (red) is left behind and pushes the 

metal plates (blue) closer together, changing their capacitance in a measurable way.  

Piezoelectric Accelerometers 

 When the accelerometer moves, the mass squeezes the crystal and generates a electric 
voltage  

 The voltage will be proportional to the accelerative 
force  

 The basic concept of a piezoelectric accelerometer: 

as the accelerometer box moves right, the mass 

squeezes the piezoelectric crystal, which generates a 

voltage. The bigger the acceleration, the bigger the 

force, and the greater the current that flows  
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MEMS accelerometer 

 An accelerometer is an electromechanical device that is used to measure acceleration and 
the force producing it.  

 Piezoelectric accelerometer are bulky and cannot be used for all operations, a smaller and 
highly functional device like the MEMS accelerometer was developed. 

 MEMS (micro electromechanical systems) accelerometers  are manufactured through micro 
fabrication process 

 One of the most commonly used MEMS accelerometer is the capacitive type 

 The capacitive MEMS accelerometer is famous for its high sensitivity and its accuracy at high 
temperatures 

 The device does not change values depending on the base materials used  

 Depends only on the capacitive value that occurs due to the change in distance between the 
plates.  

 If two plates are kept parallel to each other and are separated by a , and if  is 
the permittivity of the separating material, then capacitance produced can be written as 

 

 A   is the area of the electrodes 

 A change in the values of , A or d will cause a change capacitance 

  Accelerometer values mainly depend on the change of values of d or A 
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 MEMS transducer mainly consists of a movable microstructure or a proof mass that is 
connected to a mechanical suspension system and thus on to a reference frame 

 The movable plates and the fixed outer plates act as the capacitor plates. 

 When acceleration is applied, the proof mass moves accordingly. 

 The deflection of proof mass is measured using the capacitance difference 

 The free-space (air) capacitances between the movable plate and two stationary outer 
plates C1 and C2 are functions of the corresponding displacements x1 and x2 

 

 If the acceleration is zero, the capacitances C1 and C2 are equal because x1 = x2 

 The proof mass displacement x results due to acceleration. 

  

 

  

 The displacement will be proportional to the capacitance difference 

 MEMS accelerometers are used in mobile phones , gaming devices , digital cameras , laptops 
etc 
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Temperature Measurement 
Use of thermal expansion 

 Thermal expansion is the tendency of matter to change its volume in response to 
change in temperature  

 When a substance is heated, the kinetic energy of the molecules increases 

 Molecules begin to vibrate / move more and thus maintain a greater average 
separation  

 Temperature measuring / monitoring systems use the principle of expansion / 
contraction of liquids, gases or solids when it is exposed to temperature changes 

 When liquid confined in a tube, as the temperature increases, the molecules of the 
liquid move faster, and the liquid expands. The amount of expansion is related to the 
increase in temperature. 

Liquid - in - Glass Thermometer 

 The liquid in glass thermometer, is the most commonly used device to measure temperature 

and it is inexpensive to make and easy to use. 

 The components of a typical liquid-in-glass thermometer are: 

 Bulb 

 Stem 

 Auxiliary scale 

 Contraction chamber  

 Immersion line 

 Main Scale 

 Expansion chamber 

  

 Bulb:  The reservoir for containing most of the thermometric liquid. 

 Stem: The glass tube having a capillary bore along which the liquid moves with changes in 
temperature. 

 Auxiliary Scale:  A narrow-temperature-range scale for reading a reference temperature 
(usually the ice point). If the main scale range includes the reference temperature no 
auxiliary scale is supplied.  
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 Contraction Chamber:  An enlargement of the capillary bore between the auxiliary and main 
scales, or between the reservoir and the main scale, to limit the length of the capillary (and 
hence the thermometer). 

 Immersion Line: A line marking the depth to which a partial-immersion thermometer should 
be immersed 

 Main Scale: An engraved, etched, or otherwise permanently attached scale with well-
defined, narrow graduation lines against which the height of the liquid in the capillary is 
measured  

 There may be a coloured backing material for better visibility of the lines. The main scale is 
graduated in fractions or multiples of degrees Celsius. If its range incorporates the reference 
temperature, it is the only scale.  

 Expansion Chamber: Enlargement at the top of the capillary into which the liquid can flow if 
the thermometer temperature exceeds the scale limit. 

 It is undesirable for liquid to enter the expansion chamber, however, so it is much better to 
ensure that there is no overheating of the thermometer.  

 The expansion chamber also prevents excessive gas pressure when the thermometer is used 
near the top of its range, especially in high-temperature pressurized thermometers.  

 

 

 

Bimetallic Strip Thermometer 

 Are mechanical thermometers  

 These thermometers use the following two principles:  

 All metals expand or contract when there is a change in temperature.  

 The rate at which this expansion or contraction takes place depend on the 

temperature co-efficient of expansion of the metal. Temperature coefficient of 

expansion is different for different metals. Hence the difference in thermal 

expansion rates is used to produce deflections which are proportional to 

temperature changes. 
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 The bimetallic thermometer consists of a bimetallic strip.  

 A bimetallic strip is made of two thin strips of metals which have different coefficients of 
expansion. 

 The two metal strips are joined together by brazing, welding or riveting so that the relative 
motion between them is arrested.  

 The bimetallic strip is in the form of a cantilever beam. An increase in temperature will result 
in the deflection of the free end of the strip 

 Side with a higher coefficient expand more than the side that is less responsive to 
temperature changes. As a result, the bimetallic strip will bend to one side. 

 This deflection is linear and can be related to temperature changes. 

Thermostats 

 In a thermostat the main component is a bimetallic strip 

 With change in temperature the the side with a higher coefficient of expansion expand more 
than the side with lower coefficient of expansion. 

 As a result, the bimetallic strip will bend to one side 

 When the strip bend it will close an electrical circuit and the air conditioner go into action  

 By adjusting the thermostat, one varies the distance that the bimetallic strip must be bent in 
order to close the circuit 

 Once the air in the room reaches the desired temperature, the high-coefficient metal will 

begin to contract, and the bimetallic strip will straighten. This will cause an opening of the 

electrical circuit, disengaging the air conditioner.  
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Pressure Thermometer 

 The change in temperature can be measured using pressure thermometers.  

 Work on the principle of thermal expansion  

 Temperature change can be determined using these thermometers, which rely on 
pressure measurement.  

 Depending on the filling medium, pressure thermometers can be classified as liquid, 
gas, or a combination of liquid and its vapour.  

 Pressure thermometers comprise the 
following components:  

 A bulb filled with a liquid, vapour, or 
gas 

 A flexible capillary tube;  

 A bourdon tube  

 Due to variation in temperature, the 
pressure and volume of the system change 
and the fluid either expands or contracts.  

 This causes the bourdon tube to move or 
uncoil, which actuates the needle on the 
scale, thus providing a measure of the 
temperature  

Thermocouple 

 Thermocouples are active sensors employed for the measurement of temperature.  

 The thermoelectric effect is the direct conversion of temperature differences to an 
electric voltage.  

 When two dissimilar metals are joined together to form two junctions such that one 
junction (hot junction / measured junction) is at a higher temperature than the other 
junction (cold junction / reference junction), a net emf is generated.  
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Principle of operation: Seebeck effect 

 If two junctions of thermo-couple are placed at different temperature, then an emf will be 
produced in thermo-couple which will be proportional to the temperature difference  

 

 

 

Peltier Effect 

 It is reverse of Seebeck effect.  

  According to this, when an electric current is passed 
through thermo-couple, heat is evolved at one 
junction and absorbed at the other end i.e. one end 
become hot while other become cold.  

 

Thomson Effect 

 If a conductor is placed in varying temperature along its length and current is passed 
through it then it will absorb or evolve heat.  

 

 

 

 

Laws of Thermocouples 

 Apart from the Peltier and Thomson effects, which form the basis of thermoelectric emf 
generation 

 Three laws of thermocouples that govern this phenomenon are required to be studied in 
order to understand their theory and applicability 

 Provide some useful information on the measurement of temperature.  
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Law of homogeneous Circuits 

 Thermoelectric current cannot be sustained in a circuit of a single homogenous material, 
regardless of the variation in its cross section and by the application of heat alone.  

 This law suggests that two dissimilar materials are required for the formation of any 
thermocouple circuit. 

 If two thermocouple junctions are at T1 and T2 , then the thermal emf generated is 
independent and unaffected by any temperature distribution along the wires 

 The emf generated is a function of temperature gradient  (T1-T2)                                                                                    
  Seebeck  coefficient  

 

 

Law of intermediate metals 

 Law of intermediate metals states that a third metal may be inserted in to a thermocouple 

system if and only if the junctions with the third metal are kept at same temperature. 

 

Law of intermediate temperatures 

 If a thermocouple circuit generates an emf e1 when its two junctions are at temperatures T1 

and T2, and e2 when the two junctions are at temperatures T2 and T3, then the 

thermocouple will generate an emf of e1 + e2 when its junction temperatures are 

maintained at T1 andT3.  

 

)( 21 TTV

Department of Mechanical Engineering, NCERC, Pambady Page 155



 
 

Thermocouple materials 

 Any two different materials can be used to form a thermocouple 

 However, only a few are suitable for temperature measurement applications  

 Thermocouple materials are divided into base metal type and rare, noble, or precious metal 
type 

 Platinum (platinum rhodium) thermocouples are called noble thermocouples, and all other 
thermocouples belong to the base metal type.  

 

 

 

Construction of Thermocouple 

 

 Leads of the thermocouple are encased in a rigid metal sheath 

 The measuring junction is at the bottom of the thermocouple housing 

 Magnesium oxide surrounds the thermocouple wires 
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 Prevent vibration that could damage the fine wires & to enhance heat transfer b/w the 
measuring junction & the medium surrounding the thermocouple  

 A voltmeter cannot be directly connected to a thermocouple because the voltmeter leads 
themselves create a new thermoelectric circuit. 

 The voltage across the thermocouple is measured by physically putting one junction in to ice 
bath.  

Measurement of thermocouple emf 

 Consider a digital voltmeter (DVM) that is 
connected across a copper-constantan 
thermocouple.  

 We need to measure the output voltage V1 
at junction J1 

 But the addition of voltmeter created two 
more metallic junctions : J2 and J3 

 Since J3 is a copper-to-copper  junction, it 
creates no thermal voltage  

 However, J2 is a copper-to-constantan junction,  which will add a voltage V2 in opposition to 
V1.   

 The resultant voltmeter reading V will be proportional to the temperature difference 
between J1 and J2. (T1 & T2 may change)                                                   

 One way to determine the temperature of J2 is to physically put the junction into an ice 
bath.  

 This forces its temperature to be 0°C 
and establishes J2 as the "reference 

 

 Now both voltmeter terminal 

junctions are now copper-copper, 

they create no thermal voltage, and 

the reading "V" on the voltmeter is 

proportional to the temperature 

difference between J1 and J2.  
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Resistance Temperature Detectors (RTDs) 

 RTDs are also known as resistance thermometers  

 When a metal wire is heated, the resistance increases 

 So temperature can be measured using the resistance of a wire 

 An RTD is a temperature sensor that works on the principle that the resistance of electrically 
conductive materials is proportional to the temperature to which they are exposed.  

 Resistance of a metal increases with an increase in temperature. So, metals can be classified 
as per their positive temperature coefficient (PTC) 

 RTDs converts the temperature to voltage signals by measurement of resistance 

 RTD elements are constructed of platinum, copper, nickel or nickel  iron alloys 

 Because of Linear resistance  temperature characteristics, high coefficient of 
resistance & ability to withstand repeated temperature cycles  

 The linear relationship of resistance  temperature is given by: 

    R = R0 (1 + T) 

Where,  

   R is the resistance at a temperature T oC 

   R0 is the resistance at temperature at 0 oC  

    is the temperature coefficient of resistance  

  

 
 

Construction of RTD 

 The material used must be capable of being drawn into fine wire so that the element can be 

easily constructed 

 RTD elements are long, spring like wires surrounded by an insulator & enclosed in a sheath 

of metal for protection.  
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 Platinum is used as RTD element that is surrounded by a porcelain insulator 

 Insulator prevents a short circuit b/w wire & metal sheath 

 Inconel is normally used in manufacturing of RTD sheath because of its inherent corrosion 
resistance  

 When it is placed in a liquid or gas medium, the Inconel sheath quickly reaches the 
temperature of the medium 

 The change in temperature will cause the platinum wire to heat or cool  

 Thereby resulting a proportional change in resistance 

 Measured by a resistance measuring device calibrated to give proper temperature reading  

 

 

 

 

 

 

 

 

Thermistors 

 A thermistor is a resistance thermometer or a resistor whose resistance is dependent on 
temperature 

 A thermistor is similar to an RTD, but a semiconductor material is used instead of a metal  

 The name comes from a combination of the words  

 Resistance can change by more than 1000 times.  

 Thermistors sense minute changes in temperature undetected by RTDs & thermocouples  

 There are two types:  

 PTC (Positive Temperature Coefficient of Resistance). Resistance increases with increase in 
temperature. Used in electric current control devices 

 NTC (Negative Temperature Coefficient of Resistance)- 
Resistance decreases with increase in temperature 

The most common type of Thermistors are those in which 
resistance decreases as the temperature increases (NTC)  

 Advantages : 

 Suitable for measuring high 
temperatures 

 High accuracy, good stability & 
repeatability 

 Low drift 

 Wide operating range 

 Suitability for precision applications 

 Disadvantages : 

 Size is more than thermocouple 

 Power supply is required 

 Resistance element is more 
expensive than thermocouple 

 Chances of error due to self heating 
& thermoelectric effect of resistive 
element 
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 The relationship between temperature and resistance is given by the following equation 

  

 

Here, R is the resistance at temperature T 

RR is the resistance at the reference temperature TR 

 is a constant  

 Thermistor are composed of sintered mixture of 

metallic oxides such as manganese, nickel cobalt, 

copper, iron and uranium 

 Ground to fine powder, compressed & subjected to high 
heat.  

 They are available in variety of sizes and shapes 

 Thermistors may be in the form of beads, probes, rods and discs  

 

Bead Thermistors 

 Smallest Thermistors are in the form of heads with a diameter of 0.15mm 
to 1.25mm. This is the most familiar type of Thermistor usually glass 
coated.  

 

Probe Thermistors 

 Beads may be sealed in the tips of solid glass rods to form probes Glass probe have a diameter of 
about 2.5mm.  

 The probes are used for measuring temperature of liquids. 

 

 

Disc Thermistors 

Discs are made by pressing material under high pressure into cylindrical flat shapes with a diameters 

ranging from 2.5mm to 25mm. they are mainly used for temperature control. 
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Washer Type Thermistors 

 Washer type is usually long cylindrical units 

 Leads are attached to the ends of the rods 

 The advantage of this type is, it produce high resistance under 
moderate power 
 

Temperature measurement using Thermistors 

 Thermistor is placed in the environment whose temperature is to be measured. 

 Thermistor is connected in a circuit consisting of battery and micro-ammeter 

 Any change in temperature causes a change in resistance of Thermistor. 

 Hence, corresponding change in circuit current. 

 By directly calibrating micro ammeter in terms of temperature, we can measure 
temperature 

 

 

 

 

 

 

 

 

 

 

 

Advantages of using RTDs 

 Possess very high sensitivity,  than that 
of RTDs & thermocouples 

 Manufactured in any shape & size 

 Withstand mechanical & electrical 
stresses  

 Response is fast 

 Inexpensive 

 High degree of accuracy  

 

Limitations 

 Limited measuring range 

 Poor performance at higher 
temperatures 

 Self heating errors may occur 
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Pyrometers 

 Pyrometers are non- contact type temperature measurement instruments. 

 A pyrometer is a device that is used for the temperature measurement of an object.  

 Pyrometers are used in temperature measurement through a measurement of thermal 
radiation emitted by the body or based on the change in intensity & colour of radiation 

 Radiation Pyrometer 

 Optical Pyrometer 

 IR Pyrometer 

 Unlike a RTD, thermocouple, there is no direct contact between the pyrometer and the 
object whose temperature is to be found out 

Radiation Pyrometer 

 This device is used in places where physical contact temperature sensors like Thermocouple, 
RTD, & Thermistors would fail because of the high temperature of the source 

 The main theory behind a radiation pyrometer is that the temperature is measured through 
the naturally emitted heat radiation by the body.  

 This heat is known to be a function of its temperature  

 The radiation pyrometer has an optical system, including a lens, a mirror and an adjustable 
eye piece. 

 The heat energy emitted from the hot body is passed on to the optical lens, which collects it 
and is focused on to the detector with the help of the mirror and eye piece arrangement  
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 The detector may either be a thermistor or photomultiplier tubes  

 The latter is known for faster detection of fast moving objects, the former may be used for 
small scale applications 

 Thus the heat energy is converted to its corresponding electrical signal by the detector and is 
sent to the output temperature display device  

 

 

 

 

 

 

 

Optical Pyrometer 

 In an optical pyrometer, a brightness comparison is made to measure the temperature 

 Compares the brightness produced by the radiation of the object whose temperature is to 
be measured, with that of a reference temperature 

 The reference temperature is produced by a lamp 

 The brightness of the lamp can be adjusted till its intensity becomes equal to the brightness 
of the source object 

 For an object, its light intensity always depends on the temperature of the object, whatever 
may be its wavelength. 

 After adjusting the intensity, the current passing through it is measured using a multimeter, 
as its value will be proportional to the temperature of the source when calibrated  

 An optical pyrometer has following components 

 An eye piece at the left side and an optical lens on the right. 

 A reference lamp, which is powered with the help of a battery. 

 A rheostat to change the current and hence the brightness intensity. 

 Absorption screen is fitted between the optical lens and the reference bulb to 
increase the temperature range 

 A red filter placed between the eye piece and the reference bulb helps in narrowing 
the band of wavelength. 

 

 Advantages: 

 It is a non-contact-type device. 

 It gives a very quick response. 

 High-temperature measurement 
can be accomplished. 

 Disadvantages: 

 Errors in temperature 
measurement are possible due to 
emission of radiations to the 
atmosphere. 

 Emissivity errors affect 
measurements.  
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 The radiation from the source is focussed by objective lens on to the reference bulb. 

 The eyepiece is adjusted such that the filament of the reference lamp is in a sharp focus and 
the filament is super-imposed on the temperature source image. 

 Controlling the rheostat values the current in the reference lamp changes 

 This in turn, changes its intensity. This change in current can be observed in three different 
ways.  

 

 

 

 

 

 

 

 

1. The filament is dark: That is, cooler than the temperature source. 

2. Filament is bright: That is, hotter than the temperature source. 

3. Filament disappears: Thus, there is equal brightness between the filament and temperature 

source.  

 At this time, the current that flows in the reference lamp is measured, as its value is 

a measure of the temperature of the radiated light in the temperature source, when 

calibrated. 
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 Advantages  

 Simple assembling of the device 

enables easy use of it. 

 Provides a very high accuracy with +/-

5 degree Celsius. 

 There is no need of any direct body 

contact 

 Relatively inexpensive 

 Does not depend on surface 

properties of material 

 

 Disadvantages  

 Not suitable for low temperature 

measurement. Temperature more 

than 700 degree Celsius can only be 

measured, as the measurement is 

based on the light intensity. 

 Adjustment of standard lamp 

temperature is done manually. So it 

may cause some error  

 

 Applications  

 Used to measure temperatures of liquid metals or highly heated materials. 

 Can be used to measure furnace temperatures. 
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