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List of Experiments: 
 
1. To study a Linear Variable Differential Transformer (LVDT) and use it in a simple    

experimental set up to measure a small displacement.  

2. To study the working of Bourdon Pressure Gauge and to check the calibration of the 

gauge in a deadweight pressure gauge calibration set up. 

3. To study the characteristics of a pneumatic displacement gauge  

4. To measure torque of a rotating shaft using strain gauge torque transducer. 

5. To measure the speed of a motor shaft with the help of non-contact type pick-ups 

(magnetic or photoelectric). 

6. To Study various Temperature Measuring Instruments and to Estimate their Response 

times. 

7. To measure load (tensile/compressive) using load cell on a tutor. 

8. To measure the angle using variable capacitance transducer. 

9. To study the construction and working of hot wire anemometer. 

10. Vibration measurement by using strain gauge based sensor.  

 
Note:   
1. At least ten experiments are to be performed in the semester.  
2. At least seven experiments should be performed from the above list. Remaining three 
experiments may either be performed from the above list or designed & set by the concerned 
institute as per the scope of the syllabus.  
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calibration of the gauge in a deadweight pressure gauge calibration 

set up. 

 

3 To study the characteristics of a pneumatic displacement gauge 
 

4 To measure torque of a rotating shaft using strain gauge torque 

transducer. 

 

5 To measure the speed of a motor shaft with the help of non-contact 

type pick-ups (magnetic or photoelectric). 

 

6 To Study various Temperature Measuring Instruments and to 

Estimate their Response times. 

 

7 To measure load (tensile/compressive) using load cell on a tutor. 
 

8 To measure the angle using variable capacitance transducer. 
 

9 To study the construction and working of hot wire anemometer. 
 



Experiment No: 1 
 

Aim: To study a Linear Variable Differential Transformer (LVDT) and use it in a simple 
experimental set up to measure a small displacement. 
 
Apparatus used: LVDT setup, micrometer. 
 
Theory: LVDT stands for linear variable differential transformer. It works on the principle of 
mutual induction. LVDT illustrated in figure (a) consist of three symmetrically spaced coils. 
This device consists of a primary coil, two secondary coils, and a moveable magnetic core which 
is connected to an external device whose position is of interest.  When a carrier excitation is 
applied to the primary coil, voltage is induced in the two secondary coils that are wired in series 
opposing circuit. When the core is centered  between the two secondary coils, the voltage 
induced in secondary coils are equal but  cut of phase by 180° with series opposing circuit, the 
voltage in two secondary coils  contact cancel each other and the O/P voltage is zero. When the 
core is moved from the centre position, an in-balance in the mutual inductance between the 
primary and secondary coils occurs and an o/p voltage develops. The o/p voltage is linear 
function of core position as long as the motion of the core is within the operating range of 
LVDT.  The direction of motion can be determined from the phase of o/p voltage. LVDT linear 
position sensors are readily available that can measure movements as small as a few millionths 
of an inch up to several inches, but are also capable of measuring positions up to ±20 inches 
(±0.5 m) 
 
  

 
 

Fig.: Working principle of LVDT 
 
 



 
 
Procedure: 
 

1. Make the right connection between LVDT sensor and the digital display unit.
2. Switch ‘ON’ the circuit.
3. Adjust the zero reading on the display by Zero Control trimpot.
4. Travel 20 mm through micrometer. And take the reading in display unit. 
5. Repeat this step for different displacement.

 
Observations & Calculations:
 

Sr. No Displacement applied by 
micrometer (mm)

  
  
  
  

 
 
 
Conclusion:  Hence the % age error in small displacements using LVDT is ______.
 
Viva Questions 
 
Q.1 What is the principle of LVDT?

Q.2 What do you mean by measurement?

Q.3 Why core is made-up of Iron?

Q.4 What are the advantages of LVDT

Make the right connection between LVDT sensor and the digital display unit.
Switch ‘ON’ the circuit. 
Adjust the zero reading on the display by Zero Control trimpot. 
Travel 20 mm through micrometer. And take the reading in display unit. 
Repeat this step for different displacement.  

Observations & Calculations: 

Displacement applied by 
micrometer (mm) 

Reading on Digital 
Indicator(mm) 
 
 
 
 

% age error in small displacements using LVDT is ______.

Q.1 What is the principle of LVDT? 

Q.2 What do you mean by measurement? 

up of Iron? 

Q.4 What are the advantages of LVDT? 

 

Make the right connection between LVDT sensor and the digital display unit. 

Travel 20 mm through micrometer. And take the reading in display unit.  

%age Error 

 
 
 
 

% age error in small displacements using LVDT is ______. 
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Experiment No: 2 
 
Aim: To study the working of Bourdon Pressure Gauge and to check the calibration of the 

gauge in a deadweight pressure gauge calibration set up. 
 
Apparatus used: Deadweight Pressure Gauge calibration set up, Bourdon tube Pressure gauge. 
 
Theory:   

These are used for measurement of pressure and vacuum and are suitable for all clean 
and non-clogging liquid and gaseous media. Bourdon gauge consists of a hollow metal tube with 
an oval cross section, bent in the shape of a hook. It is made of phosphorous bronze, glass 
beryllium or copper. One end of the tube is fixed and open at one end to receive the pressure 
which is to be measured. The other end of the bourdon tube is free and closed. The cross-section 
of the bourdon tube is elliptical. The bourdon tube is in a bent form to look like a circular arc. 
To the free end of the bourdon tube is attached an adjustable link, which is in turn connected to a 
sector and pinion as shown in fig. To the shaft of the pinion is connected a pointer which sweeps 
over a pressure calibrated scale. 

         
Fig.: Bourdon Tube Gauge 

 
 



Working of the Bourdon Pressure Gauge 
 

The pressure to be measured is connected to the fixed open end of the bourdon tube. The 
applied pressure acts on the inner walls of the bourdon tube. Due to the applied pressure, the 
bourdon tube tends to change in cross – section from elliptical to circular. This tends to 
straighten the bourdon tube causing a displacement of the free end of the bourdon tube. 
This displacement of the free closed end of the bourdon tube is proportional to the applied 
pressure. As the free end of the bourdon tube is connected to a link – section – pinion 
arrangement, the displacement is amplified and converted to a rotary motion of the pinion. 
As the pinion rotates, it makes the pointer to assume a new position on a pressure calibrated 
scale to indicate the applied pressure directly. As the pressure in the case containing the bourdon 
tube is usually atmospheric, the pointer indicates gauge pressure. 
 
Advantages of Bourdon tube pressure gauge: 

1. These Bourdon tube pressure gauges give accurate results. 
2. Bourdon tube cost low. 
3. Bourdon tube is simple in construction. 
4. They can be modified to give electrical outputs. 
5. They are safe even for high pressure measurement. 
 

Limitations of bourdon tube pressure gauge: 
1. They respond slowly to changes in pressure. 
2. They are subjected to hysteresis. 
3. They are sensitive to shocks and vibrations. 
4. Amplification is a must as the displacement of the free end of the bourdon tube is low. 
5. It cannot be used for precision measurement. 

 
Calibration: 

Calibration is the name of the term applied to checking the accuracy or the working 
condition of the concerned device. So, the calibration of Bourdon Pressure Gauge refers to the 
checking of its accuracy or reliability in taking a reading. The apparatus used for this purpose is 
called the Dead-Weight Gauge Tester. 

 
 Dead weight Tester: 

The dead weight tester apparatus consists of a chamber which is filled with oil free 
impurities and a piston – cylinder combination is fitted above the chamber as shown in diagram. 
The top portion of the piston is attached with a platform to carry weights. A plunger with a 
handle has been provided to vary the pressure of oil in the chamber. The pressure gauge to be 
tested is fitted at an appropriate plate. The dead weight tester is basically a pressure producing 
and pressure measuring device. It is used to calibrate pressure gauges. Calibration of pressure 
gauge means introducing an accurately known sample of pressure to the gauge under test and 
then observing the response of the gauge. 
  



 
Fig: Dead weight Tester 

 
 
Procedure: 

The following procedure is adopted for calibrating pressure gauge: 
 
1. The valve of the apparatus is closed. 
2. A known weight is placed on the platform. 
3. Now by operating the plunger, fluid pressure is applied to the other side of the piston 

until enough force is developed to lift the piston-weight combination. When this 
happens, the piston weight combination floats freely within the cylinder between 
limit stops. 

4. In this condition of equilibrium, the pressure force of fluid is balanced against the 
gravitational force of the weights pulls the friction drag. 
 

                           Therefore, PA = Mg + F 
                          Hence: P = Mg + F / A  
                              where, P = pressure 
                               M = Mass; Kg 
                               g = Acceleration due to gravity; m/s² 
                               F = Friction drag; N 
                               A = Equivalent area of piston – cylinder combination; m² 
        Thus the pressure P which is caused due to the weights placed on the platform is calculated. 
 

5. After calculating P, the plunger is released. 
6. Now the pressure gauge to be calibrated is fitted at an appropriate place on the dead 

weight tester. The same known weight which was used to calculate P is placed on the 
platform. Due to the weight, the piston moves downwards and exerts a pressure P on 



the fluid. Now the valve in the apparatus is opened so that the fluid pressure P is 
transmitted to the gauge, which makes the gauge indicate a pressure value. This 
pressure value shown by the gauge should be equal to the known input pressure P. If 
the gauge indicates some other value other than p the gauge is adjusted so that it 
reads a value equal to p. Thus the gauge is calibrated. 

 
Conclusion:  

Hence the working of Bourdon Pressure Gauge and checking of calibration on a 
deadweight pressure gauge is completed. 
 
Viva Questions 
 
Q.1 What is the working of Bourdon Pressure Gauge? 

Q.2 What is Calibration? 

Q.3 What are the limitations of bourdon tube pressure gauge? 

Q.4 What is dead weight Tester? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                           
 
 
 
 
 
 



Experiment No: 3 
 

Aim: To study the characteristics of a pneumatic displacement gauge. 

 

Apparatus used: Model of a pneumatic displacement gauge. 

 

Theory: 

In pneumatic type of devices, the displacement signal is converted to pressure signal. 

The device shown below is pneumatic displacement gauge and this is also known as flapper 

nozzle device. 

 
Fig.  Pneumatic Displacement Gauge (Flapper Nozzle) 

 

A pneumatic displacement gauge system operates with air. The signal is transmitted in form of 

variable air pressure (often in the range 3-15 psi, i.e. 0.2 to 1.0 bar) that initiates the control 

action. One of the basic building blocks of a pneumatic displacement gauge system is the flapper 

nozzle amplifier. It converts very small displacement signal (in order of microns) to variation of 

air pressure. The basic construction of a flapper nozzle amplifier is shown in above figure. 

Constant air pressure (20psi) is supplied to one end of the pipeline. There is an orifice at this 

end. At the other end of the pipe there is a nozzle and a flapper. The gap between the nozzle and 

the flapper is set by the input signal. As the flapper moves closer to the nozzle, there will be less 

airflow through the nozzle and the air pressure inside the pipe will increase. On the other hand, 

if the flapper moves further away from the nozzle, the air pressure decreases. At the extreme, if 

the nozzle is open (flapper is far off), the output pressure will be equal to the atmospheric 

pressure. If the nozzle is blocks, the output pressure will be equal to the supply pressure. A 

pressure measuring device in the pipeline can effectively show the pressure variation. The 

characteristics are inverse and the pressure decreases with the increase in distance. Typical 

characteristics of a flapper nozzle amplifier are shown in below figure. The orifice and nozzle 



diameter are very small. Typical value of the orifice diameter is 0.01 inch (0.25 mm) and the 

nozzle diameter 0.025 inch (0.6 mm). Typical change in pressure is 1.0 psi (66 mbar) for a 

change in displacement of 0.0001 inch (2.5 micron). There is an approximate linear range in 3-

15 psi, of the characteristics of the amplifier, which is the normal operating range. 

 

 
Fig.  Characteristics of a flapper nozzle amplifier 

 

The role of flapper nozzle lies in its ability to generate a large output air pressure, by placing a 

small obstruction at the orifice (at the nozzle) of an incoming pneumatic signal. This trainer has 

a flapper nozzle, together with a pressure amplifier, suitably connected to a spring damper, and a 

spring compensator. This trainer not only used to draw the characteristics of a FLAPPER 

NOZZLE, but also highlights the application of a FLAPPER NOZZLE itself. 

 

The Flapper Nozzle trainer is a pneumatic system. The air at fixed pressure enters a 

constriction (a partial obstruction) in its delivery path and enters a nozzle. The opening of the 

nozzle is larger than the constriction. When the flapper is moved away (usually one thousandth 

of an inch) from the nozzle, the pressure at the nozzle falls to a low value typically 2 to 3 psi. 

When the flapper is moved close to the nozzle, the pressure at he nozzle rises to the supply 

pressure. This pressure is now applied to a pressure amplifier, which in turn moves a beam. The 

purpose of this beam is to demonstrate the utility of a flapper nozzle experiment. The 

displacement of this moving beam is proportional to the pressure developed due to the 

positioning of the flapper from the nozzle. 

 

Conclusion: Hence the characteristics of a pneumatic displacement gauge are studied. 

 

Viva Questions 
 
Q.1 What is pneumatic displacement gauge? 

Q.2 What is the role of flapper nozzle? 

Q.3 What is approximate linear range? 



Experiment No: 4 

 

Aim: To measure torque of a rotating shaft using strain gauge torque transducer. 

 

Apparatus used:  Strain gauge torque transducer, shaft subjected to torque. 

 

Theory: 

What is torque? 

Torque is the tendency of a force to rotate an object about an axis, fulcrum, or pivot. (or) Torque 

is defined as a force around a given point, applied at a radius from that point. An engine 

produces power by providing a rotating shaft which can exert a given amount of torque on a load 

at a given rpm. The amount of torque the engine can exert usually varies with rpm. 

 

Facts about calculations: 

1. Power (the rate of doing work) is dependent on torque and rpm. 

2. Torque and rpm are the measured quantities of engine output. 

3. Power is calculated from torque and rpm, by the following equation: P =Torque x 

RPM 

How to measure torque of a rotating shaft? 

The power transmitted can be calculated from the torque, using the equation 

P = ω T 

Where, 

P is the power (in watts), 

T is torque (N m) 

ω is angular speed (rad / s). 

 

What is torsion meter? 

The deflection measuring system is called torsion meter. An instrument for determining the 

torque on a shaft, and hence the horse power of an engine by measuring the amount of twist of a 

given length of the shaft. When a shaft is connected between a driving engine and driven load, a 

twist (angular displacement) occurs on the shaft between its ends. This angle of twist is 

measured and calibrated in terms of torque. 

 

What is strain gauge torque transducer? 

The strain monitoring system is called torque meter (or) strain gauge torque transducer. A 

Torque sensor is a transducer that converts a tensional mechanical input into an electrical output 

signal. Torque Sensor, are also commonly known as a Torque Transducer. Torque is measured 

by either sensing the actual shaft deflection caused by a twisting force, or by detecting the 

effects of this deflection. The surface of a shaft under torque will experience compression and 

tension, as shown in figure below. 



 

 
Fig: Strain Gauge Torque Transducer 

 

To measure torque, strain gage elements usually are mounted in pairs on the shaft, one gauge 

measuring the increase in length (in the direction in which the surface is under tension), the 

other measuring the decrease in length in the other direction. 

A strain gage can be installed directly on a shaft. Because the shaft is rotating, the torque sensor 

can be connected to its power source and signal conditioning electronics via a slip ring. The 

strain gage also can be connected via a transformer, eliminating the need for high maintenance 

slip rings. The excitation voltage for the strain gage is inductively coupled, and the strain gage 

output is converted to a modulated pulse frequency as shown in figure. Maximum speed of such 

an arrangement is 15,000 rpm. 

 

 
Fig: Strain Gauge Working 

 

Procedure:-  

1. To connect the torque transducer at the 9 pin connector. 

2. Power ‘ON’ the switch. The front RED LED glow with which indicates the 

power available on the instrument. 

3. Give some time to stabilization. 

http://3.bp.blogspot.com/-ey6PPux29vM/Twh7GUikNiI/AAAAAAAAAf0/MRY8kbNzT8w/s1600/torque1.jpg
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4. Balancing the Torque cell by through the corresponding “ZERO” ten turn trim 

pot. 

5. Now apply load of 250g on positive side and take the reading of torque on digital 

display. 

6. Repeat step no. 5 for different loads and take the reading. 

7. Step no. 5 & 6 are repeated for negative side. 

 

Observation Table:-  

 

For positive side:  

 

Sr. No. Torque Applied Display Reading %age error 
    
    
    
    
    

 

For negative side:  

 

Sr. No. Torque Applied Display Reading %age error 
    
    
    
    
    

 

 

Conclusion: Hence the torque of a rotating shaft is successfully measured. 

 

 

Viva Questions 
 
Q.1 What is transducer? 

Q.2 What is strain gauge torque transducer? 

Q.3 What  is torque ? 

Q.4. How to measure torque of a rotating shaft? 

 

 

 
 
 
 



EXPERIMENT NO. : 5 
 

Aim: To measure the speed of a motor shaft with the help of non-contact type pick-ups 

(magnetic or photoelectric). 

 

Apparatus used: Photoelectric pick up tutor, DC motor and dimmerstat. 

 

Theory: 

(i) Principle and working of Magnetic Pickup: 

The voltage is induced in the coil around to a magnetic subjected to change in magnetic 

field; this is principle of electromagnetic induction. The arrangement is shown in fig. As shaft 

rotates, the teeth pass in front of pick up and produce a change in field resistance of magnetic 

circuit. The density of a magnetic field increases and decreases as each tooth approaches and 

leaves away from the end of the bar magnet per second. Let T be no. of teeth on the rotor, N be 

the revolutions per second and P be the no. of pulse per sec. Then, 

 

Speed = Pulses per sec. / No. of teeth 

             = {(P X 60) / T} rpm 

 

(ii) Principle and working of photoelectric pickup: 

The photoelectric pick up tachometer utilize a rotating shaft to the intercept a beam of 

light flow on a photoelectric or photo-conductive cell. The shaft has an intermittent reflecting 

(white) and non reflecting (black) surface. When a beam of light the reflecting surface on a 

rotating shaft, light pulses are obtained and reflected light is focused on the photoelectric cell. 

The frequency of the light pulses is proportional to shaft speed and so will be frequency of 

electrical o/p pulses from photoelectric.  

Another similar method consists in mounting an opaque disc on shaft. The rotating 

component the disc has a no. of evenly spaced peripheral holes. A light source on the side of 

disc and there is light sensor on opaque portion of disc between the lights source & the light 

sensor, no light falls on sensor and consequently on o/p results. But a pulse of voltage is 

produced every time a hole appear between the two is light illuminates the sensor. The 

frequency of pulse generations is determined by no. of holes in disc and its speed of rotations. 

Since no of holes is fixed, pulse of repetitions, frequency of transducers o/p is proportional to 

angular velocity of moving member. 

 

Procedures:  

1. To connect photoelectric picks-up transducer at the 9 pin connector. 

2. Power ‘ON’ the switch. The front RED LED glow with which indicates the 

power available on the instrument. 

3. Give some time to stabilization. Set the zero reading in the display.  

4. Increase the voltage using dimmerstat and note the corresponding reading. 



5. Repeat step no. 4 for different voltage and take the reading. 

 

Observation Table:- 

 

Sr. No. RPM Display reading 

1 Minimum RPM  

2 Centre RPM  

3 Maximum  RPM  

 

  

Result: Hence the speed of the motor is successfully. 

 

Precautions: 

1. Always start the motor with help of zero speed. Operate dimmerstat slowly. 

2. Connect motor to earthing wire. 

3. When experiment is over disconnect the photoelectric and magnetic pick up. 

 

Viva Questions 
 
Q.1 What is principle and working of Magnetic Pickup? 

Q.2 What is the speed of Magnetic Pickup? 

Q.3 What is principle and working of photoelectric pickup? 

Q.4. What is the speed of photoelectric pickup? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                            
 
 
 



Experiment No: 6 
 
Aim: To Study various Temperature Measuring Instruments and to Estimate their Response 
times. 
(a) Mercury – in glass thermometer 
(b) Thermocouple 
(c) Electrical resistance thermometer 
(d) Bi-metallic strip 
 
Apparatus used: Mercury thermometer, Thermocouple setup, Platinum thermometer and Bi-
metallic strip. 
 
Theory: 
 
(a) Mercury – in glass thermometer: 
 
A liquid-in-glass thermometer is widely used due to its accuracy for the temperature range -200 
to 600°C. Compared to other thermometers, it is simple and no other equipment beyond the 
human eye is required. The LIG thermometer is one of the earliest thermometers. It has been 
used in medicine, metrology and industry. In the LIG thermometer the thermally sensitive 
element is a liquid contained in a graduated glass envelope. The principle used to measure 
temperature is that of the apparent thermal expansion of the liquid. It is the difference between 
the volumetric reversible thermal expansion of the liquid and its glass container that makes it 
possible to measure temperature. 
The liquid-in-glass thermometer comprises of 
1. A bulb, a reservoir in which the working liquid can expand or contract in volume 
2. A stem, a glass tube containing a tiny capillary connected to the bulb and enlarged at the 
bottom into a bulb that is partially filled with a working liquid. The tube's bore is extremely 
small - less than 0.02 inch (0.5 millimeter) in diameter 
3. A temperature scale is fixed or engraved on the stem supporting the capillary tube to indicate 
the range and the value of the temperature. It is the case for the precision thermometers whereas 
for the low accurate thermometers such as industrial thermometer, the scale is printed on a 
separate card and then protected from the environment. The liquid-in-glass thermometers is 
usually calibrated against a standard thermometer and at the melting point of water 
4. A reference point, a calibration point, the most common being the ice point 
5. A working liquid, usually mercury or alcohol 
6. An inert gas is used for mercury intended to high temperature. The thermometer is filled with 
an inert gas such as argon or nitrogen above the mercury to reduce its volatilization. 
The response of the thermometer depends on the bulb volume, bulb thickness, total weight and 
type of thermometer. The sensitivity depends on the reversible thermal expansion of the liquid 
compared to the glass. The greater the fluid expansion, the more sensitive the thermometer. 
Mercury was the liquid the most often used because of its good reaction time, repeatability, 
linear coefficient of expansion and large temperature range. But it is poisonous and so other 
working liquids are used. 



 
Fig: Liquid in Glass Thermometer 

A mercury-in-glass thermometer, also known as a mercury thermometer, consisting of 
mercury in a glass tube. Calibrated marks on the tube allow the temperature to be read by the 
length of the mercury within the tube, which varies according to the heat given to it. To increase 
the sensitivity, there is usually a bulb of mercury at the end of the thermometer which contains 
most of the mercury; expansion and contraction of this volume of mercury is then amplified in 
the much narrower bore of the tube. The response time of the thermometer is nothing but as time 
constant or the time of consideration for measuring particular temperature. 
 
(b) Thermocouple: 
 
An electric current flows in a closed circuit of two dissimilar metals if their two junctions are at 
different temperatures. The thermoelectric voltage produced depends on the metals used and on 
the temperature relationship between the junctions. If the same temperature exists at the two 
junctions, the voltage produced at each junction cancel each other out and no current flows in 
the circuit. With different temperatures at each junction, different voltage is produced and 
current flows in the circuit. A thermocouple can therefore only measure temperature differences 
between the two junctions. 

 
Fig: Thermocouple 

 
Thermocouples response time is measured as a “time constant.” The time constant is defined as 
the time required for a thermocouple’s voltage to reach 63.2% of its final value in response to a 
sudden change in temperature. It takes five time constants for the voltage to approach 100% of 
the new temperature value. Thermocouples attached to a heavy mass will respond much slower 
than one that is left free standing because its value is governed by the temperature of the large 
mass.  A free standing (exposed or bare wire) thermocouple’s response time is a function of the 
wire size (or mass of the thermocouple bead) and the conducting medium.  A thermocouple of a 
given size will react much faster if the conducting medium is water compared to still air. 
 
(c) Electrical resistance thermometer: 
Resistance thermometers may be called as RTDs (resistance temperature detectors), PRT's 
(platinum resistance thermometers), or SPRT's (standard platinum resistance thermometers). 
These thermometers operate on the principle that, electrical resistance changes in pure metal 
elements, relative to temperature. The traditional sensing element of a resistance thermometer 

http://4.bp.blogspot.com/-6fnGslx-YSg/Twh7GNvBw0I/AAAAAAAAAfk/hznSz5z0EGo/s1600/thermocouple1.jpg


consists of a coil of small diameter wire wound to a precise resistance value. The most common 
material is platinum, although nickel, copper, and nickel-iron alloys compete with platinum in 
many applications. 
 
Platinum Resistance thermometer consists of a fine platinum wire (platinum coil) wound in a 
non-inductive way on a mica frame M (Figure 1). The ends of this wire are soldered to points A 
and C from which two thick leads run along the length of the glass tube (that encloses the set up) 
and are connected to two terminals (P, P) fixed on the cap of the tube. These are the platinum 
wire leads. Also, by the side of these leads, another set of leads run parallel and are connected to 
the terminals (C, C) fixed on the cap of the tube. These are called compensating leads and are 
joined together inside the glass tube. The compensating leads and the platinum wire are 
separated from each other by mica or porcelain separators (D, D). The electrical resistance of the 
(P, P) leads is same as that of the (C, C) leads. 
 

 
 

Fig: Resistance Thermometer 
 
A time constant indicates the responsiveness of a resistance thermometer to temperature change. 
A common expression is the time it takes a thermometer to reflect 63.2% of a step temperature 
change in moving water. Response speed depends on the mass of the thermometer and the rate at 
which heat transfers from the outer surface to the sensing element. A rapid time constant reduces 
errors in a system subject to rapid temperature changes. 
 
(d) Bi-metallic strip: 
 
Bonding two metals with dissimilar thermal expansion coefficients can produce useful devices 
for detecting and measuring temperature changes. A typical pair is brass and steel with typical 
expansion coefficients of 19 and 13 parts per million per degree Celsius respectively. 

 
 

 
 

Fig: Bimetallic Strip 
 



The examples shown are straight strips, but bimetallic strips are made in coils to increase their 
sensitivity for use in thermostats. One of the many uses for bimetallic strips is in electrical 
breakers where excessive current through the strip heats it and bends it to trip the switch to 
interrupt the current. 
 
A bimetallic strip is used to convert a temperature change into mechanical displacement. The 
strip consists of two strips of different metals which expand at different rates as they are heated, 
usually steel and copper, or in some cases brass instead of copper. The strips are joined together 
throughout their length by riveting, brazing or welding. The different expansions force the flat 
strip to bend one way if heated, and in the opposite direction if cooled below its initial 
temperature. The metal with the higher coefficient of thermal expansion is on the outer side of 
the curve when the strip is heated and on the inner side when cooled. 
 
Conclusion: Hence the study of various temperature measuring instruments and their response 
times is completed. 
 

Viva Questions 
 
Q.1 What is working principle of mercury – in glass thermometer? 

Q.2 What is working principle of Thermocouple? 
Q.3 What  is working principle of electrical resistance thermometer ? 

Q.4. What is working principle of Bi-metallic strip? 

 

 

 

 

 

 

 

 

 

 

 

 

 



Experiment No: 7 

Aim: To measure load (tensile/compressive) using load cell on a tutor. 

 

Apparatus used: Load cell tutor, different load. 

 

Theory: A Load Cell is defined as a transducer that converts an input mechanical force into an 

electrical output signal. Load Cells are also commonly known as Load Transducers or Load 

Sensors. 

 

Load cell designs can be distinguished according to the type of output signal generated 

(pneumatic, hydraulic, electric) or according to the way they detect weight (bending, shear, 

compression, tension, etc.) 

 

   Hydraulic load cells are force -balance devices, measuring weight as a change in 

pressure of the internal filling fluid. In a rolling diaphragm type hydraulic load cell, a load or 

force acting on a loading head is transferred to a piston that in turn compresses a filling fluid 

confined within an elastomeric diaphragm chamber. As force increases, the pressure of the 

hydraulic fluid rises. This pressure can be locally indicated or transmitted for remote indication 

or control. Output is linear and relatively unaffected by the amount of the filling fluid or by its 

temperature. If the load cells have been properly installed and calibrated, accuracy can be within 

0.25% full scale or better, acceptable for most process weighing applications. Because this 

sensor has no electric components, it is ideal for use in hazardous areas. Typical hydraulic load 

cell applications include tank, bin, and hopper weighing. For maximum accuracy, the weight of 

the tank should be obtained by locating one load cell at each point of support and summing their 

outputs. 

 

Pneumatic load cells also operate on the force-balance principle. These devices use 

multiple dampener chambers to provide higher accuracy than can a hydraulic device. In some 

designs, the first dampener chamber is used as a tare weight chamber. Pneumatic load cells are 

often used to measure relatively small weights in industries where cleanliness and safety are of 

prime concern. The advantages of this type of load cell include their being inherently explosion 

proof and insensitive to temperature variations. Additionally, they contain no fluids that might 

contaminate the process if the diaphragm ruptures. Disadvantages include relatively slow speed 

of response and the need for clean, dry, regulated air or nitrogen. 

 

Strain-gage load cells convert the load acting on them into electrical signals. The gauges 

themselves are bonded onto a beam or structural member that deforms when weight is applied. 

In most cases, four strain gages are used to obtain maximum sensitivity and temperature 

compensation. Two of the gauges are usually in tension, and two in compression, and are wired 

with compensation. When weight is applied, the strain changes the electrical resistance of the 



gauges in proportion to the load. Oth

cells continue to increase their accuracy and lower their unit costs.

 

The following figure is used for compression and tension load measuring on load cell.

 

 

Procedure: 

 

1. Make setup of load cell and tutor.

2. Place weight on the load cell.

3. Note down the reading given by tutor separately for compression and tension.

4. Take 8-10 readings by increasing weight.

5. Compare actual weight & weight given by tutor.

 

Conclusion: Actual tensile & compression loads are _______ & _________.

                     Tutor tensile & compression loads are _______

 

Viva Questions 
 
Q.1 What is load cell tutor? 

Q.2 What is hydraulic load cells?
Q.3 What is pneumatic load cells

Q.4. What is strain-gage load cells

 

 

                                                                    

 

 

 

 

 

gauges in proportion to the load. Other load cells are fading into obscurity, as strain gage load 

cells continue to increase their accuracy and lower their unit costs. 

The following figure is used for compression and tension load measuring on load cell.

Fig: Load Cell 

setup of load cell and tutor. 

2. Place weight on the load cell. 

3. Note down the reading given by tutor separately for compression and tension.

10 readings by increasing weight. 

5. Compare actual weight & weight given by tutor. 

Actual tensile & compression loads are _______ & _________.

Tutor tensile & compression loads are ________ & _________.

ydraulic load cells? 
load cells? 

gage load cells? 

                                                                     

er load cells are fading into obscurity, as strain gage load 

The following figure is used for compression and tension load measuring on load cell. 

 

3. Note down the reading given by tutor separately for compression and tension. 

Actual tensile & compression loads are _______ & _________. 

& _________. 

http://4.bp.blogspot.com/-VqhulGGa1cM/Twh696hjENI/AAAAAAAAAeQ/cfcfdGlDA0Y/s1600/load+cell.jpg


Experiment No: 8 
  

Aim: To measure the angle using variable capacitance transducer. 

  

Apparatus: - Capacitance transducer tutor, Angular sensor. 

  

Theory: -  

A variable capacitance transducer works on the principal of change of capacitance may 

be due to it is a displacement sensitive transducer. Due to motion there is a change in the 

capacitance between two plates. Suitably circulating is used to generate a voltage corresponding 

to capacitance change. The capacitance between two plates is given by the equation  

  

C = 1/3.6π Є A/d  

  

Where,  

 C= Capacitance in µ f  

 A= Area of plate cm2  

 d= Distance between plates  

 Є= dielectric constant of the medium between the plates  

  

Principal: -  

The capacitance transducer is based on the principal of change of capacitance which may 

be caused by changed in  

1. Area ‘A’  

2. By changing distance‘d’ between plates  

3. By changing the dielectric constant  

  

These changes are caused by physical variable like distance, force & pressure in most cases. The  

Capacitance may be measured with a bridge CKT. The output impedance of capacitance 

transducer may be  

                          Xc = 1/2πfc 

 

Procedure:-  

1. To connect the torque transducer at the 9 pin connector. 

2. Power ‘ON’ the switch. The front RED LED glow with which indicates the 

power available on the instrument. 

3. Give some time to stabilization. 

4. Adjust Zero reading using ‘Zero’ setting trimpot. 

5. Adjust the span range by Span Control trimpot. 

6. Pull the angular sensor from 0 to 3600 and take the digital reading from the tutor. 



 

Observation Table:-  

 

Sr. No. Analog Reading 
( in degree) 

Display Reading 
( in degree) 

%age Error 

    
    
    
    
    

 

 

Advantages:  

1. They require very small force  

2. They are extremely sensitive  

3. Good frequency response  

4. Loading effect is minimum  

5. They are used where inductive transducer are ineffective due to magnetic field.  

  

Disadvantages:  

1. They require insulation as its metallic parts are required to be earth.  

2. The capacitance transducer shows non linear behavior which may be an account of edge 

current.  

 

Viva Questions 
 
Q.1 What is variable capacitance transducer? 

Q.2 What is the working principle of variable capacitance transducer? 
Q.3 What is the formula to find capacitance between two plates? 

Q.4. What are the advantages of variable capacitance transducer? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                           Experiment No: 9 
  

Aim: To study the construction and working of hot wire anemometer. 

  

Apparatus: - Hot wire anemometer. 

  

Theory: - An anemometer is a device used for measuring wind speed, and is a common weather 

station instrument. The term is derived from the Greek word anemos, meaning wind, and is used 

to describe any air speed measurement instrument used in meteorology or aerodynamics. 

 Hot wire anemometer is a commonly used device for measuring the mean and fluctuating 

velocities in fluid flows. The flow sensing element is a short length of 5 μ m diameter platinum-

tungsten wire welded between two prongs of the probe and heated electrically as a part of 

Wheatstone bridge. 

 

Hot Wire Measurements 

The hot wire anemometer consists of a sensor, a small electrically heated wire exposed to 

the fluid flow and of electronic equipment, which performs the transformation of the sensor 

output into a useful electric signal. The electronic circuitry forms an integral part of the 

anemometric system and has a direct influence on the probe characteristics. The sensor itself is 

very small: typical dimensions of the heated wire are 5 μm in diameter and 1 to 3 mm in length, 

thus giving an almost punctual measurement. 

 

Modes of anemometer operation 

Constant Current (CCA) 

Constant Temperature (CTA) 

 

Principles of operation 

The basic principle of operation of the system is the heat transfer from the heated wire to 

the cold surrounding fluid, heat transfer which is function of the fluid velocity. Thus a 

relationship between the fluid velocity and the electrical output can be established. The purpose 

of the electronic circuit is to provide to the wire a controlled amount of electrical current, and in 

the constant temperature method, to vary such a supply so as to maintain the wire temperature 

constant, when the amount of heat transfer varies. 

Consider a thin wire mounted to supports and exposed to a velocity U. When a current is 

passed through wire, heat is generated (I2Rw). In equilibrium, this must be balanced by heat loss 

(primarily convective) to the surroundings. If velocity changes, convective heat transfer 

coefficient will change, wire temperature will change and eventually reach a new equilibrium. 

http://en.wikipedia.org/wiki/Wind
http://en.wikipedia.org/wiki/Weather_station
http://en.wikipedia.org/wiki/Weather_station
http://en.wikipedia.org/wiki/Meteorology
http://en.wikipedia.org/wiki/Aerodynamics


 
 

Figure: - Probe 

 

Probes 

In practical applications, a material suitable for making a sensor should have some properties: 

-a high value of the temperature coefficient of resistance, to increase its sensitivity to velocity 

variations 

-an electrical resistance such that it can be easily heated with an electrical current at practical 

voltage and current levels. 

-possibility of being available as wire of very small diameters 

-a high enough strength to withstand the aerodynamic stresses at high flow velocities. 

The materials which are most commonly used are : tungsten, platinum and platinum-iridium 
alloys 
 
 
 
Viva Questions 
 
Q.1 What is anemometer? 

Q.2 What is working principle of hot wire anemometer? 

Q.3 What are the types of anemometer? 

 

 

 


	Advantages of Bourdon tube pressure gauge:
	1. These Bourdon tube pressure gauges give accurate results.
	2. Bourdon tube cost low.
	3. Bourdon tube is simple in construction.
	4. They can be modified to give electrical outputs.
	5. They are safe even for high pressure measurement.
	Limitations of bourdon tube pressure gauge:
	1. They respond slowly to changes in pressure.
	2. They are subjected to hysteresis.
	3. They are sensitive to shocks and vibrations.
	4. Amplification is a must as the displacement of the free end of the bourdon tube is low.
	5. It cannot be used for precision measurement.
	Calibration:

