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UNIT V MEASUREMENT OF POWER, FLOW AND TEMPERATURE 

Force, torque, power - mechanical, Pneumatic, Hydraulic and Electrical type.   

Flow measurement: Venturi meter, Orifice meter, rotameter, pitot tube – Temperature: 

bimetallic strip, thermocouples, electrical resistance thermometer – Reliability and 

Calibration – Readability and Reliability. 
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5.1 MEASUREMENT OF FORCE 

 The methods for measuring force can be classified into two basic categories: direct and 

indirect. In case of direct methods, a direct comparison is made between an unknown force 

and the known gravitational force on a standard mass. For this purpose, a beam balance may 

be employed wherein masses are compared. In this case, the beam neither attenuates nor 

amplifies. Indirect comparison is made by a calibrated transducer that senses gravitational 

attraction or weight. Sometimes, the deformation due to a force applied on an elastic member 

is measured.   

5.1.1 Direct Methods 

 Direct methods involve the comparison of an unknown force with a known 

gravitational force on the standard mass. A force is exerted on a body of mass m due to the 

earth’s gravitational field, which can be represented by the following equation: 

W = mg 

Here m is the standard mass, g is the acceleration due to gravity, and W is the weight of the 

body.  

It is imperative to know the values of mass and acceleration due to gravity accurately in order 

to determine the force acting on the body. With the help of an analytical balance, a direct 

comparison can be drawn between an unknown force and the gravitational force.  

5.1.1.1 Equal arm balance 

 

Fig. 5.1 Equal Arm Balance 

[source: https://thefactfactor.com/wp-content/uploads/2020/03/Measurement-of-Mass-

03.png] 

https://thefactfactor.com/wp-content/uploads/2020/03/Measurement-of-Mass-03.png
https://thefactfactor.com/wp-content/uploads/2020/03/Measurement-of-Mass-03.png
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An equal arm balance works on the principle of moment comparison. The beam of the equal 

arm balance is in equilibrium position when, 

Clockwise rotating moment = Anti-clockwise rotating moment 

M2L2= M1L1 

That is, the unknown force is balanced against the known gravitational force. 

The main parts of the arrangement are as follows:  

• A beam whose centre is pivoted and rests on the fulcrum of a knife edge. Either side 

of the beam is equal in length with respect to the fulcrum 

• A pointer is attached to the centre of the beam. This pointer will Point vertically 

downwards when the beam is in equilibrium. 

• A Provision to place masses at either end of the beam. 

Operation 

• A known standard mass (m1) is placed at one end of the beam and an unknown mass 

(m2) is placed at its other end.  

• Equilibrium condition exists when,  

clockwise rotating moment=Anti- clockwise rotating moment 

• More over at a given location, the earth’s attraction will act equally on both the 

masses (m1 and m2) and hence at equilibrium condition. W1=W2. That is, the 

unknown force (weight)will be equal to the known force(weight). 

Analytical Balance 

An analytical balance, also known as an equal arm balance, is probably the simplest 

force measuring system. An unknown force is directly compared with a known gravitational 

force. Comparison of masses is carried out by attaining some kind of beam balance by 

employing a null balance method. It is sufficient to only find out the magnitude since the 

unknown force and the gravitational force act in directions parallel to each other. 



ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 

Mr.P. Navin Jass, AP/MECH    ME 8501 METROLOGY & MEASUREMENTS 

The rotation of the balance arm is about the knife edge point or fulcrum O. The distance 

between the fulcrum and the centre of gravity point CG is d G. Let WB denote the weight of 

the balance arms and pointer; W1 and W2 are two weights acting on either side of the balance. 

When the two weights W1 and W2 are equal, angle θ will be zero, and hence the weight of 

the balance arms and pointer will not influence the measurements.   

 

Fig. 5.2 Analytical balance 

[source: Engineering Metrology and Measurements, N.V. Raghavendra, Pg. No 342] 

Deflection per unit unbalance gives a measure of the sensitivity of the balance. The difference 

between the two weights, that is, W1 – W2, gives the unbalance. Let this difference be ∆W. 

 

 

 

When the angle of deflection is small, sin q = q and cos q = 1. For such small angles of 

deflection, can be modified as follows: 
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If balances are constructed such that d, the distance between the fulcrum and the line 

joining B the knife edges, is zero, then equation becomes as follows: 

 

5.1.1.2 Unequal Arm Balance 

 

Fig. 5.3 Equal Arm Balance 

[source: http://www.visualdictionaryonline.com/science/measuring-devices/measure-

weight/unequal-arm-balance.php] 

An unequal arm balance works on the principle of moment comparison. The beam of the 

unequal arm balance is in equilibrium position when,  

Clock wise rotating moment = Anti-clockwise rotating moment 

FxL2= FxxL1 

 

http://www.visualdictionaryonline.com/science/measuring-devices/measure-weight/unequal-arm-balance.php
http://www.visualdictionaryonline.com/science/measuring-devices/measure-weight/unequal-arm-balance.php
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The main parts of the arrangements are as follows: 

• A graduated beam pivoted to a knife edge “Y” 

• A levelling pointer is attached to the beam 

• A known mass “m” is attached to the right side of the beam. This creates an unknown 

force “F”. This mass “m” can slide on the right side of the beam. 

• Provisions are made to apply an unknown force “Fx” on the left side of the beam.  

Operation 

• An unknown force “Fx” is applied on the left side of the beam through knife edge 

“Z” as shown 

• Now the position of mass “m” on the right side of the beam is adjusted until the 

levelling pointer reads null balance position. When the levelling pointer is in null 

balance position, the beam is in equilibrium. 

Clock wise rotating moment = Anti-clock wise rotating moment 

Fx. L1= F.L2 

Fx =Mg.L2/L1 

• Thus, the unknown force “Fx” is proportional to the distance “L2” of the mass “m” 

from the knife edge “Y” 

• The right-hand side of the beam which is graduated is calibrated to get a direct Measure 

of “Fx” 

5.1.1.3 Pendulum Scale 

It is a moment comparison device. The unknown force is converted to torque which is then 

balanced by the torque of a fixed standard mass arranged as a pendulum. 
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Fig. 5.4 Equal Arm Balance 

[source: https://www.brainkart.com/article/Scale-and-balances-on-Measurement-of-Force_5862/] 

Description 

• The   scale’s   frames   carry   support   ribb These support ribbons are attached to the 

sectors. The loading ribbons are attached to the sectors and the load rod a shown. The 

load rod is in turn attached to the weighing platform. 

• The two sectors are connected on either side of an equalizer beam. The sectors carry 

counter weighs. To the center of the equalizer beam is attached a rack and pinion 

arrangement. 

• A pointer is attached to the pinion which sweeps over a weight(force) calibrated 

scale.  

Operation 

• The unknown force is applied to the load rod. Due to this force, the loading tapes are 

pulled downwards. Hence the loading tapes rotate the sectors. 

• As the sectors rotate about the pivots, it moves the counter weights outwards, this 

movements increase the counter weight effective moment until the torque produced by 

the force applied to the load rod and the moment produced by the counter weight 

balance each other, thereby establishing an equilibrium. 

https://www.brainkart.com/article/Scale-and-balances-on-Measurement-of-Force_5862/
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• During the process of establishing equilibrium, the equalizer beam would be displaced 

downwards. As the rack is attached to the equalizer beam, the rack also is displaced 

downwards rotating the pinion. 

• As the pointer is attached to the pinion, the rotation of the pinion makes the pointer to 

assume a new position on the scale. The scale is calibrated to read the weight directly. 

Thus, the force applied on the load rod is measured. 

5.1.1.4 MULTIPLE LEVER SYSTEM 

 For applications involving measurement of large weights, a platform balance or 

multiple-lever system is preferred. 

 In a platform balance, two smaller weights, poise weight WX and pan weight WY, are 

used for the measurement of a large weight W. The initial zero balance can be set by an 

adjustable counterpoise. The poise weight Wx is set to zero of the beam scale, and then the 

counterpoise is adjusted for obtaining the initial balance before applying the unknown weight 

W on the platform.  

 

Fig. 5.5 MULTIPLE LEVER SYSTEM 

[source: Engineering Metrology and Measurements, N.V. Raghavendra, Pg. No 344] 
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For ease of analysis, it can be assumed here that the two weights W1 and W2 are substituted 

by W. Since Wx has already been adjusted to zero, the entire unknown weight W is balanced 

by the pan weight Wy. 

 

It is clear from these discussions that weight W can be placed anywhere on the platform and 

its position with respect to the knife edges of the platform is not significant. 

From the above Eqs we obtain the following equation: 

 

where S is known as the scale multiplication ratio, which is given by another equation: 

 

The multiplication ratio gives an indication of the weight that should be applied to the 

pan in order to balance the weight on the platform. This means that if the multiplication factor 

is 100, then a weight of 1 kg applied on the pan can balance a weight of 100 kg placed on the 

platform. Let us assume that the beam is divided with a scale of m kg per scale division, then 

a poise movement on the y scale division has to produce the same result as a weight Wx 

placed on the pan at the end of the beam; hence, Wxy = mya. Therefore, we obtain the 

following equation: 
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The required scale divisions on the beam for any poise weight Wx is determined by 

this relationship. The length of the beam scale a is expressed in terms of scale divisions. The 

beam is balanced by appropriate combinations of pan weights and an adjustment of the poise 

weight along the calibrated beam scale. 

5.1.2 Indirect Methods 

5.1.2.1 Accelerometers 

A device for measuring acceleration. The force causing the acceleration of a body is a 

product of the body mass m and the acceleration a. This principle allows the use of 

accelerometers to measure the force caused by vibrating masses under the influence of a 

dynamic force.  

F=ma. 

 

Fig. 5.6 Force Measurement by Accelerometers 

[source: https://tacunasystems.com/knowledge-base/force-measurement-glossary/] 

5.1.2.2 Electromagnetic Balance 

 The main parts of the electromagnetic balance are a photoelectric transducer, an 

amplifer and a coil suspended in a magnetic field. The coil carries a current while produces 

an electromagnetic torque. 

 The servo system is used with the coil to balance the difference between unknown 

force and gravitational force acting on standard mass. The photoelectric transducer is used to 

https://tacunasystems.com/knowledge-base/force-measurement-glossary/
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check the balance of unknown force and the standard mass produces the electrical voltage in 

a resistor. It is taken as output and the circuit connected to the resistor is used to measure the 

unknown force. The output signal can be recorded or used for automatic control applications. 

 

 

Fig. 5.7 Electromagnetic Balance 

[source: https://www.sciencedirect.com/topics/engineering/electromagnetic-balance] 

5.1.2.3 Hydraulic and Pneumatic Load Cells 

A load cell is a transducer or sensor that converts the kinetic energy of a force (which 

is impossible to measure without this conversion) into a quantifiable output such as an 

electrical signal. Each type exploits some physical property of its component materials to 

create this measurable output. The strength of the output is proportional to the force 

(compression, tension, pressure, etc.) applied to the load cell. This output data can then be 

displayed, stored, or used to control complex systems. 

Load cells are most commonly used in industrial weighing applications such as scales. 

Because load cells can convert forces to electrical signals, they are also often used in control 

systems where the force on a system affects its behavior. For example, a load cell may 

measure the tension on a machine that winds cabling on a spool to ensure the system uses a 

consistent tension throughout its process. 

https://www.sciencedirect.com/topics/engineering/electromagnetic-balance
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Fundamentally, load cells are in systems that test, monitor, and run industrial 

machinery, medical devices, aircraft loads, and many other applications. 

Hydraulic Load Cells 

Hydraulic load cells convert a load to hydraulic pressure. The measured load is applied 

to a load platform attached to a piston. The piston is housed in a closed chamber filled with 

fluid. When a load is applied, the action of the piston on the diaphragm pressurizes the liquid. 

The change in liquid pressure is directly proportional to the force applied by the load. The 

liquid pressure is then read through a bourdon tube pressure gauge. 

Hydraulic Load Cell Components 

Hydraulic load cells have the following components: 

• An elastic diaphragm 

• A piston connected to a load platform 

• Hydraulic fluid which is usually oil or sometimes water 

• Pressure gauge or gauges 

• A tube connecting the chamber to the pressure gauge 

• Steel housing for the assembly 

Features, Benefits and Disadvantages of Hydraulic Load Cells 

Because the hydraulic load cell design contains no electrical components, this type of 

load cell lends itself to environments where explosion safety is a concern, or where an outside 

power source may be difficult to provide. 
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Fig. 5.8 Hydraulic Load Cell 

[source: https://tacunasystems.com/knowledge-base/an-overview-of-load-cells/] 

On the flip side, hydraulic load cells tend to be more expensive than other types, 

making them cost-prohibitive for certain applications. Hydraulic load cells can typically 

measure up to 5MN and have an accuracy of about 0.25 to 1.0 percent of full-scale output. 

Their resolution is typically about 0.02 percent. Because these load cells are sensitive to 

ambient pressure, the user must reset the readout to zero before each use. 

Pneumatic Load Cells 

Pneumatic load cells function similarly to their hydraulic counterparts in that they 

convert fluid pressure into a load measurement. However, the pressurized fluid in a 

pneumatic load cell is a type of gas, oftentimes air. 

The force to be measured is applied to a loading platform on one side of a diaphragm, 

and a pressure supply regulator introduces a pressurized gas to a chamber on the opposite 

side of the diaphragm to balance out the force. A nozzle connected to a pressure gauge allows 

some of the pressurized gas to escape the chamber. The pressure of the gas flowing through 

this nozzle is measured. This pressure is proportional to the force applied. 

Pneumatic Load Cell Components 

Pneumatic load cells have the following components: 

• A loading platform to apply the force 

• A steel chamber filled with pressurized gas or air 

https://tacunasystems.com/knowledge-base/an-overview-of-load-cells/
https://tacunasystems.com/knowledge-base/force-measuement-tips/force-measurement-glossary/#full-scale-output
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• An elastic diaphragm connected to the loading platform that seals the chamber 

• An air supply regulator 

• Nozzle (bleed valve) 

• Pressure gauge 

Features, Benefits and Disadvantages of Pneumatic Load Cells 

Like their hydraulic counterparts, pneumatic load cells are explosion resistant 

and are generally used in applications with intrinsic safety concerns. The pneumatic 

load cell is also tolerant of temperature changes. Finally, this type of load cell is 

sensitive to small loads. This makes them practical for systems requiring real-time 

accuracy with the lightest of loads, such as dispensing IV fluids. 

 

Fig. 5.9 Pneumatic Load Cell 

[source: https://tacunasystems.com/knowledge-base/an-overview-of-load-cells/] 

 

 

 

 

 

 

https://tacunasystems.com/knowledge-base/an-overview-of-load-cells/
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5.1.2.4 Coil Springs: Spring Balance 

 

Fig. 5.10 Spring Balance 

[source: https://tacunasystems.com/knowledge-base/an-overview-of-load-cells/] 

A spring balance is a device used for the direct measurement of force by using coil 

spring deflection. It consists of a spring fixed at one end and the load is applied at the to end. 

The displacement at the free end due to the applied force is shown by a pointer moving on a 

scale. 

 The deflection of the spring when a force F is applied at the free end is given by the 

following equation: 

x=8FD3n/Gd4 

From the above equation, it is clear that the deflection is a linear function of force and it can 

be directly used as a measure of force. 

5.1.2.4 Proving Rings 

One of the most popular devices used for force measurement is the proving ring. In 

order to measure the displacement caused by the applied pressure, a displacement transducer 

is connected between the top and bottom of the ring. Measurement of the relative 

displacement gives a measure of the applied force. A proving ring can be employed for 

https://tacunasystems.com/knowledge-base/an-overview-of-load-cells/
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measuring the applied load/force, with deflection being measured using a precise micrometer, 

a linear variable differential transformer (LVDT), or a strain gauge. When compared to other 

devices, a proving ring develops more strain owing to its construction. A proving ring, which 

is made up of steel, can be used for measuring static loads, and is hence employed in the 

calibration of tensile testing machines. It can be employed over a wide range of loads (1.5 

kN to 2 MN). 

 

Fig. 5.11 Proving Rings 

[source: Engineering Metrology and Measurements, N.V. Raghavendra, Pg. No 348] 

 It has a radius R, thickness t, and an axial width b. The proving ring may be subjected 

to either tensile or compressive forces across its diameters. The two ends between which 

force is measured are attached with structures. Four strain gauges are mounted on the walls 

of the proving ring, two on the inner walls, and two other on the outer walls. The applied 

force induces a strain (compressive) −ɛ in gauges 2 and 4, while gauges 1 and 3 undergo 

tension +ɛ. The four strain gauges are connected to the bridge circuit, and the unbalanced 

voltage caused by the applied force can be measured. This voltage is calibrated in terms of 

force. The magnitude of the strain is given by the following expression:   

 

The relationship between the applied force and the deflection caused by the applied force is 

given by 
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Here, E is the young’s modulus, I is the moment of inertia, F is the force, d is the outside 

diameter of the ring, and is the deflection. 

5.1.2.5 Load Cells 

 

Fig. 5.12 Structure of a Load Cell 

[source: Engineering Metrology and Measurements, N.V. Raghavendra, Pg. No 346] 

 

Fig. 5.13 Wheatstone Bridge Circuit 

[source: Engineering Metrology and Measurements, N.V. Raghavendra, Pg. No 346] 

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 



ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 

Mr.P. Navin Jass, AP/MECH    ME 8501 METROLOGY & MEASUREMENTS 

gauges are mounted at 90° to each other, 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 the 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, while 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.  

The longitudinal strain developed in the load cell is compressive in nature and given 

by the following relation: 

 

Here, F is the force applied, A is the cross-sectional area, and E is the young’s modulus 

of elasticity. 

Gauges 1 and 4 experience this strain. Strain gauges 2 and 3 would experience a strain 

given by the following relation: 

 

Here, Ɣ is the Poisson’s ratio. 

This arrangement of mounting of gauges compensates the influence of bending and  

temperature. In fact, a complete compensation is obtained if the gauges are mounted 

symmetrically. 
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5.1.2.6 Bourdon tube Pressure Guage 

 

Fig. 5.14 Bourdon tube Pressure Guage 

[source:https://mgdic.files.wordpress.com/2016/12/elastic_type_pressure_transducers.pdf] 

Principle: 

When an elastic transducer (bourdon tube in this case) is subjected to a pressure, it deflects. 

This deflection is proportional to the applied pressure when calibrated. 

Construction:  

A C-type Bourdon tube consists of a long thin-walled cylinder of non-circular cross-

section, sealed at one end, made from materials such as phosphor bronze, steel and beryllium 

copper, and attached by a light line work to the mechanism which operates the pointer. The 

other end of the tube is fixed and is open for the application of the pressure which is to be 

measured. The tube is soldered or welded to a socket at the base, through which pressure 

connection is made. 

Working: 

As the fluid under pressure enters the Bourdon tube, it tries to change the section of 

the tube from oval to circular, and this tends to straighten out the tube. The resulting 

https://mgdic.files.wordpress.com/2016/12/elastic_type_pressure_transducers.pdf
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movement of the free end of the tube causes the pointer to move over the scale. The tip of the 

Bourdon tube is connected to a segmental lever through an adjustable length link. The 

segmental lever end on the segment side is provided with a rack which meshes to a suitable 

pinion mounted on a spindle. The segmental lever is suitably pivoted and the spindle holds 

the pointer. 

Bourdon tubes are made of a number of materials, depending upon the fluid and the 

pressure for which they are used, such as phosphor bronze, alloy steel, stainless steel, 

“Monel” metal, and beryllium copper. Bourdon tubes are generally made in three shapes: C-

type, Helical type and Spiral type 

Adjustments need to perform on bourdon tube 

Multiplication adjustment: 

Because of the compound stresses developed in the Bordon tube, actual travel is nonlinear in 

nature. However, for a small travel of the tip, this can be considered to be linear and parallel 

to the axis of link. Small linear tip movement is matched with a rotational pointer movement. 

This is known as multiplication and can be adjusted by adjusting the length of the lever. 

Shorter lever gives larger rotation for same amount of the tip travel. 

Angularity:  

When the approximately linear motion of the tip is converted to a circular motion with the 

link lever and pinion attachment, a one-to-one correspondence between them may not occur 

and a distortion results. This is known as angularity. This can be minimized by adjusting the 

length of the link. 

Advantages: 

1. These Bourdon tube pressure gauges give accurate results. 

2. Bourdon tube cost low. 

3. Bourdon tube are simple in construction. 

4. They can be modified to give electrical outputs. 

5. They are safe even for high pressure measurement. 
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6. Accuracy is high especially at high pressures. 

Disadvantages: 

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. 

5.1.2.7 Diaphragm pressure Gauge 

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

commercially available in two types – metallic and non-metallic. Metallic diaphragms are 

known to have good spring characteristics and non-metallic types have no elastic 

characteristics. Thus, non-metallic types are used rarely, and are usually opposed by a 

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

slack diaphragm. 

Construction: 

It is made up of rubber or other flexible material. Making a diaphragm slack rather than tight 

allows it to move large distance in response to a small pressure. A pointer is attached with 

the diaphragm via linkage. Pressure is applied at the input and is indicated on the scale. 

Working 

The diagram of a diaphragm pressure gauge is shown below. Unknown pressure is applied to 

the input (P1) of the gauge which will exerts force on the slack diaphragm. When a force acts 

against a thin stretched diaphragm, it causes a deflection of the diaphragm with its center 

deflecting the most. This movement is transferred to the pointer mechanism via leaf spring 

as shown in figure. 
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Fig. 5.15 Diaphragm pressure Gauge 

[source: Metrology and Measurements, Dr. Vijayaragavan, Pg. No 5.15] 

diaphragms are used for measuring very small pressures. The commonly used materials for 

making the diaphragm are polythene, neoprene, animal membrane, silk, and synthetic 

materials. Due to their non-elastic characteristics, the device will have to be opposed with 

external springs for calibration and precise operation. The common range for pressure 

measurement varies between 50 Pa to 0.1 MPa. 

Advantages of diaphragm gauges: 

1. Best advantage is they cost less 

2. They have a linear scale for a wide range 

3. They can withstand over pressure and hence they are safe to be used. 

4. No permanent zero shift. 

5. They can measure both absolute and gauge pressure, that is, differential pressure. 

Disadvantages of diaphragm gauges: 

1. Shocks and vibrations affects their performance and hence they are to be protected. 

2. When used for high pressure measurement, the diaphragm gets damaged. 

3. These gauges are difficult to be repaired. 
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5.1.2.8 Bellows type pressure gauge 

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

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

individual diaphragms. The bellows element, basically, is a one-piece expansible, collapsible 

and axially flexible member. It has many convolutions or fold. It can be manufactured form 

a single piece of thin metal. 

Construction: 

A bellows gauge contains an elastic element that is a convoluted unit that expands and 

contracts axially with changes in pressure. Most bellows gauges are spring-loaded; that is, a 

spring opposes the bellows, thus preventing full expansion of the bellows. Limiting the 

expansion of the bellows in this way protects the bellows and prolongs its life. In a spring-

loaded bellows element, the deflection is the result of the force acting on the bellows and the 

opposing force of the spring. The movement of bellows is transferred to a pointer though a 

linkage. Bellows can also be used to measure differential pressure as shown in figure. Here 

two different pressure are applied to the two different pressure connection. Scale and Pointer 

is attached with gauge movement linkage at the center of the force bar. The bellows are 

connected between the input pressure connection and force bar. 

 

Fig. 5.16 Bellows type pressure gauge 

[source:https://mgdic.files.wordpress.com/2016/12/elastic_type_pressure_transducers.pdf] 

https://mgdic.files.wordpress.com/2016/12/elastic_type_pressure_transducers.pdf
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Fig. 5.17 Differential Bellows type pressure gauge 

[source:https://mgdic.files.wordpress.com/2016/12/elastic_type_pressure_transducers.pdf] 

Working: 

The pressure to be measured is applied to the outside or inside of the bellows. However, in 

practice, most bellows measuring devices have the pressure applied to the outside of the 

bellows. As the inlet pressure varies, the bellows will expand or contract. This will move the 

linkage assembly and pointer will shows the applied pressure on the scale.  For differential 

pressure measurement using bellows, applied differential pressure will try to imbalance the 

force bar and accordingly this movement is transferred to scale via gauge movement and 

pointer.  

Like Bourdon-tube elements, the elastic elements in bellows gauges are made of brass, 

phosphor bronze, stainless steel, beryllium-copper, or other metal that is suitable for the 

intended purpose of the gauge. 

Although some bellows instruments can be designed for measuring pressures up to 800 psig, 

their primary application is in the measurement of low pressures or small pressure 

differentials. 

Advantages 

• Bellow joints do not require access; i.e. They can be direct buried, however a telltale is 

recommended 

https://mgdic.files.wordpress.com/2016/12/elastic_type_pressure_transducers.pdf
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• No maintenance is required. 

• Low cost 

• Can be used to measured differential pressure  

Disadvantages  

• Bellows joints can fail catastrophically. 

• No in place maintenance or repair can be performed - they must be replaced if damaged 

• Require that the system to be shut down when a failure occurs. 

• Smaller pressure range of application. 

• Temperature compensation needed 

5.1.2.9 Pressductor 

This type utilizes the magneto-elastic effect or the change in permeability in a magnetic core 

occurring when a force is applied to the core. When exposed to mechanical force, 

ferromagnetic elements change the magnetic moments of its "Weiss" domains when pressure 

is applied, resulting in changes in the magnetic characteristics in the directions in which the 

mechanical forces act. 

 

Fig. 5.18 Pressductor 

[source: https://www.iqsdirectory.com/articles/load-cell.html] 

https://www.iqsdirectory.com/articles/load-cell.html
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5.1.2.10 Electronic Weighing System 

 

Fig. 5.19 Block Diagram of Electronic Weighing System 

[source: Metrology and Measurements, Dr. Vijayaragavan, Pg. No 5.21] 

The above figure shows the Block Diagram of Electronic Weighing System. The system 

comprises the load cell, suitable signal conditioners and output recorders/ indicators giving 

both analog and digital output for further processing. The signal from the load cells are added 

and amplified to give an output 0V to 5V or 4 to 20mAfor process instrumentation. It is 

further converted into a digital format with an analog to digital converter so that the output 

can be indicated or printed out in a digital format or used for processing. The electronic 

weighing system can be designed to integrate with computer system with a suitable software 

to include all functions such as totalizing, averaging, counting and processing or any other 

such control operation. 

Applications: 

➢ Platform weighing 

➢ Truck weighing 

➢ Crane weighing 

➢ Weighing of vehicle in motion,  

➢ weigh feeders 

➢ Tank and hooper weighing 

➢ Bulk load sensing as encountered in steel plants 
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➢ Chemical plants 

➢ Petro chemical plants 

➢ Fertilizers 

➢ Pharmaceuticals and  

➢ Textile industries etc. 


