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2.5 Comparators 

All measurements require the unknown quantity to be compared with a known 

quantity, called the standard. A measurement is generally made with respect to time, 

mass, and length. In each of these cases, three elements are involved: the unknown, the 

standard, and a system for comparing them. we came across linear measurement 

instruments, such as verniers and micrometers, in which standards are in-built and 

calibrated. 

As can be seen in the figure, a calibrated standard directly gives the measured value 

in case of direct measurement. On the other hand, a comparator has to be set to a reference 

value (usually zero setting) by employing a standard. Once it is set to this reference value, 

all subsequent readings indicate the deviation from the standard. The deviation can be 

read or recorded by means of a display or recording unit, respectively. Accuracy of direct 

measurement depends on four factors: accuracy of the standard, accuracy of scale, least 

count of the scale, and accuracy of reading the scale. The last factor is the human element, 

which depends on the efficiency with which the scales are read and the accurate 

interpretation of the readings. 

 

Fig. 2.38 Direct measurement versus comparison measurement 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-142] 
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 Accuracy of comparison measurement primarily depends on four factors: accuracy 

of the standard used for setting the comparator, least count of the standard, sensitivity 

of the comparator, and accuracy of reading the scale. In contrast to direct 

measurement, the role of the sensing element is significant in a comparator. The 

sensitivity of the comparator to sense even a minute variation in the measured value 

is equally important. The variation in the measured value may be in terms of change 

in displacement, pressure, fluid flow, temperature, and so on. 

2.5.1 CLASSIFICATION OF COMPARATORS 

 We can classify comparators into mechanical device and electrical device on the 

basis of the means used for comparison. In recent times, engineers prefer to classify 

comparators as low-and high-amplification comparators, which also reflect the 

sophistication of the technology that is behind these devices. Accordingly, we can 

draw the following classification. With respect to the principle used for amplifying 

and recording measurements, comparators are classified as follows: 

1. Mechanical comparators 

2. Mechanical–optical comparators 

3. Electrical and electronic comparators 

4. Pneumatic comparators 

5. Other types such as projection comparators and multi-check comparators 

Each of these types of comparators has many variants, which provide flexibility to the 

user to make an appropriate and economical selection for a particular metrological 

application. 

2.5.1.1 Mechanical comparators 

 Mechanical comparators have a long history and have been used for many 

centuries. They provide simple and cost-effective solutions. The skills for fabricating 
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and using them can be learnt relatively easily compared to other types of comparators. 

The following are some of the important comparators in metrology. 

2.5.1.1 (a) Dial Indicator 

 The dial indicator or the dial gauge is one of the simplest and the most widely used 

comparator. It is primarily used to compare workpieces against a master. The basic 

features of a dial gauge consist of a body with a circular graduated dial, a contact point 

connected to a gear train, and an indicating hand that directly indicates the linear 

displacement of the contact point. The contact point is first set against the master, and 

the dial scale is set to zero by rotating the bezel. Now, the master is removed and the 

workpiece is set below the contact point; the difference in dimensions between the 

master and the workpiece can be directly read on the dial scale. Dial gauges are used 

along with V-blocks in a metrology laboratory to check the roundness of components. 

A dial gauge is also part of standard measuring devices such as bore gauges, depth 

gauges, and vibrometers. Figure illustrates the functional parts of a dial indicator. 

 

Fig. 2.39 Functional parts of a dial indicator 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-144] 

 The contact point in a dial indicator is of an interchangeable type and provides 

versatility to the instrument. It is available as a mounting and in a variety of hard, 

wear-resistant materials. Heat-treated steel, boron carbide, sapphire, and diamond are 

some of the preferred materials. Although flat and round contact points are commonly 

used, tapered and button-type contact points are also used in some applications. The 
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stem holds the contact point and provides the required length and rigidity for ease of 

measurement. The bezel clamp enables locking of the dial after setting the scale to 

zero. The scale of the dial indicator, usually referred to as dial, provides the required 

least count for measurement, which normally varies from 0.01 to 0.05 mm. The scale 

has a limited range of linear measurements, varying from 5 to 25 mm. In order to meet 

close least count, the dial has to be large enough to improve readability. The dials are 

of two types: continuous and balanced. A continuous dial has graduations starting 

from zero and extends to the end of the recommended range. It can be either clockwise 

or anti-clockwise. The dial corresponds to the unilateral tolerance of dimensions. On 

the other hand, a balanced dial has graduations marked both ways of zero. This dial 

corresponds to the use of bilateral tolerance. Figure 6.3 illustrates the difference 

between the two types of dials. 

 

Fig. 2.40 Method for designating numbers 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-144] 

 Metrological features of a dial indicator differ entirely from measuring instruments 

such as slide callipers or micrometers. It measures neither the actual dimension nor 

does it have a reference point. It measures the amount of deviation with respect to a 

standard. In other words, we measure not length, but change in length. In a way, this 

comparison measurement is dynamic, unlike direct measurement, which is static. 

Obviously, the ability to detect and measure the change is the sensitivity of the 

instrument. 
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2.5.1.1 (b) Use of Dial Indicators 

 A dial indicator is frequently built into other measuring instruments or systems, as 

a read-out device. It is more often used as a comparator in order to determine the 

deviation in a dimension from a set standard. The setting of the indicator is done using 

a master or gauge block. 

 

Fig. 2.41 Dial indicator mounted on a stand 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-146] 

The dial indicator can be moved up and down and clamped to the stand at any 

desired position, thereby enabling the inspection of components of various sizes. To 

start with, the indicator is moved up and the standard is placed on the reference surface, 

while ensuring that the spindle of the indicator does not make contact with the standard. 

Next, the stand clamp is loosened and the spindle of the indicator is gently lowered onto 

the surface of the standard such that the spindle is under the required gauge pressure. 

Now, the indicator is held in position by tightening the stand clamp. The bezel clamp is 

loosened, the bezel is rotated, and the reading is set to zero. The dial indicator should be 

set to a dimension that is approximately in the centre of the spread over which the 

actual object size is expected to vary. 

The following guidelines are recommended for the proper use of dial indicators: 
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1. A dial indicator is a delicate instrument as the slender spindle can be damaged 

easily. The user should avoid sudden contact with the workpiece surface, over-

tightening of contact points, and side pressure. 

2. Any sharp fall or blow can damage the contact points or upset the alignment of 

bearings, and hence should be avoided. 

3. Standard reference surfaces should be used. It is not recommended to use non-

standard attachments or accessories for reference surfaces. 

4. The dial indicator should be cleaned thoroughly before and after use. This is very 

important because unwanted dust, oil, and cutting fluid may seep inside the 

instrument and cause havoc to the maze of moving parts. 

5. Periodic calibration of the dial gauge is a must. 

2.5.1.2 Johansson Mikrokator 

 

Fig. 2.42 Johansson Mikrokator 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-147] 

 The basic element in this type of comparator is a light pointer made of glass fixed 

to a thin twisted metal strip. Most of us, during childhood, would be familiar with a 

simple toy having a button spinning on a loop of string. Whenever the loop is pulled 

outwards, the string unwinds, thereby spinning the button at high speed. This type of 
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comparator, which was developed by the Johansson Ltd Company of USA, uses this 

principle in an ingenious manner to obtain high mechanical magnification. The basic 

principle is also referred to as the ‘Abramson movement’ after H. Abramson who 

developed the comparator. The two halves of the thin metal strip, which carries the 

light pointer, are twisted in opposite directions. Therefore, any pull on the strip will 

cause the pointer to rotate. While one end of the strip is fixed to an adjustable 

cantilever link, the other end is anchored to a bell crank lever. The other end of the 

bell crank lever is fixed to a plunger. Any linear motion of the plunger will result in a 

movement of the bell crank lever, which exerts either a push or a pull force on the 

metal strip. Accordingly, the glass pointer will rotate either clockwise or 

anticlockwise, depending on the direction of plunger movement. The comparator is 

designed in such a fashion that even a minute movement of the plunger will cause a 

perceptible rotation of the glass pointer. A calibrated scale is employed with the 

pointer so that any axial movement of the plunger can be recorded conveniently. We 

can easily see the relationship of the length and width of the strip with the degree of 

amplification. 

 It is clear from the preceding equation that magnification varies inversely with the 

number of turns and width of the metal strip. The lesser the number of turns and 

thinner the strip, the higher is the magnification. On the other hand, magnification 

varies directly with the length of the metal strip. These three parameters are varied 

optimally to get a compact but robust instrument. A pull on the metal strip subjects it 

to tensile force. In order to prevent excessive stress on the central portion of the metal 

strip, perforations are made in the strip. A slit washer is provided to arrest the rotation 

of the plunger along its axis.   
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2.5.1.3 Sigma Comparator 

 

Fig. 2.43 Sigma mechanical comparator 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-148] 

It is a simple but ingenious mechanical comparator developed by the Sigma 

Instrument Company, USA. A linear displacement of a plunger is translated into the 

movement of a pointer over a calibrated scale. 

The plunger is the sensing element that is in contact with the work part. It moves on a 

slit washer, which provides frictionless linear movement and also arrests rotation of the 

plunger about its axis. A knife edge is screwed onto the plunger, which bears upon the 

face of the moving member of a cross-strip hinge. This unit comprises a fixed member 

and a moving block, connected by thin flexible strips at right angles to each other. 

Whenever the plunger moves up or down, the knife edge drives the moving member of 

the cross-strip hinge assembly. This deflects an arm, which divides into a ‘Y’ form. The 

extreme ends of this Y-arm are connected to a driving drum by means of phosphor-bronze 

strips. The movement of the Y-arm rotates the driving drum and, in turn, the pointer 

spindle. This causes the movement of the pointer over a calibrated scale. 
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2.5.1.4 MECHANICAL–OPTICAL COMPARATOR 

 

Fig. 2.44 Principle of a mechanical optical comparator 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-149] 

 This is also termed as Cooke’s Optical Comparator. As the name of the comparator 

itself suggests, this has a mechanical part and an optical part. Small displacements of 

a measuring plunger are initially amplified by a lever mechanism pivoted about a 

point. 

 The mechanical system causes a plane reflector to tilt about its axis. This is 

followed by a simple optical system wherein a pointed image is projected onto a 

screen to facilitate direct reading on a scale. 

 The plunger is spring loaded such that it is biased to exert a downward force on 

the work part. This bias also enables both positive and negative readings, depending 

on whether the plunger is moving up or down. The scale is set to zero by inserting a 

reference gauge below the plunger. Now, the reference gauge is taken out and the 

work part is introduced below the plunger. This causes a small displacement of the 

plunger, which is amplified by the mechanical levers. The amplified mechanical 

movement is further amplified by the optical system due to the tilting of the plane 

reflector. 
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 A condensed beam of light passes through an index, which normally comprises a 

set of cross-wires. This image is projected by another lens onto the plane mirror. The 

mirror, in turn, reflects this image onto the inner surface of a ground glass screen, 

which has a scale. The difference in reading can be directly read on this calibrated 

screen, which provides the linear difference in millimetres or fractions of a millimetre. 

Optical magnifications provide a high degree of precision in measurements due to the 

reduction of moving members and better wear-resistance qualities. 

2.5.1.5 Electrical Comparators 

 Electrical and electronic comparators are in widespread use because of their 

instantaneous response and convenience in amplifying the input. An electronic 

comparator, in particular, can achieve an exceptionally high magnification of the order 

of 105:1 quite easily. Electrical and electronic comparators mainly differ with respect to 

magnification and type of output. However, both rely on mechanical contact with the 

work to be measured.  

Electrical comparators generally depend on a Wheatstone bridge circuit for 

measurement. A direct current (DC) circuit comprising four resistors, two on each arm, 

is balanced when the ratios of the resistances in the two arms are equal. Displacement of 

the sensing element, a plunger, results in an armature connected to one of the arms of the 

bridge circuit to cause an imbalance in the circuit. This imbalance is registered as an 

output by a galvanometer, which is calibrated to read in units of linear movement of the 

plunger. Magnifications of the order 104:1 are possible with electrical systems. The block 

diagram illustrates the main elements of an electrical comparator. 

 

Fig. 2.45 Elements of an electrical comparator 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-152] 
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2.5.1.5 (a) Linear Variable Differential Transformer 

 An LVDT provides an alternating current (AC) voltage output proportional to the 

relative displacement of a transformer core with respect to a pair of electrical 

windings. It provides a high degree of amplification and is very popular because of its 

ease of use. Moreover, it is a non-contact-type device, where there is no physical 

contact between the plunger and the sensing element. As a consequence, friction is 

avoided, resulting in better accuracy and long life for the comparator. It can be 

conveniently packaged in a small cartridge. 

 An LVDT produces an output proportional to the displacement of a movable core 

within the field of several coils. As the core moves from its ‘null’ position, the voltage 

induced by the coils change, producing an output representing the difference in 

induced voltage. It works on the mutual inductance principle. A primary coil and two 

secondary coils, identical to each other, are wound on an insulating form. An external 

AC power source is applied to the primary coil and the two secondary coils are 

connected together in phase opposition. In order to protect the device from humidity, 

dust, and magnetic influences, a shield of ferromagnetic material is spun over the 

metallic end washers. The magnetic core is made of an alloy of nickel and iron. 

 

Fig. 2.46 Construction details of an LVDT 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-153] 
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 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. Since the secondary coils are in series, a net differential output 

results for any given position of the core. This curve shows the relationship between 

the differential output voltage and the position of the core with respect to the coils. It 

can be seen from this graph that 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. 

 Sensitivity of an LVDT is stated in terms of millivolts output per volt input per 1 

mm core displacement. The per-volt input voltage refers to the exciting voltage that 

is applied to the circuit. Sensitivity varies from 0.1 to 1.5 mV for a range varying 

from 0.01 to 10 mm of core displacement. Sensitivity is directly proportional to 

excitation voltage, frequency of input power, and number of turns on the coils. An 

LVDT enjoys several distinct advantages compared to other comparators. 

Advantages of LVDTs 

1. It directly converts mechanical displacement into a proportional electrical voltage. 

This is unlike an electrical strain gauge, which requires the assistance of some form 

of elastic member. 

2. It cannot be overloaded mechanically. This is because the core is completely 

separated from the remainder of the device. 

3. It is highly sensitive and provides good magnification. 

4. It is relatively insensitive to temperature changes. 

5. It is reusable and economical to use. 

The only disadvantage of an LVDT is that it is not suited for dynamic measurement. 

Its core has appreciable mass compared, for example, to strain gauges. The resulting 

inertial effects may lead to wrong measurements. 
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2.5.1.6 Electronic Comparator 

 

Fig. 2.47 Components of an electronic comparator 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-155] 

Electrical and electronic comparators differ with respect to magnification and type 

of output. However, both rely on the mechanical contact with the work to be 

measured. While the electronic comparator is more complex, advances in integrated 

circuits have reduced the size and power consumption of the equipment. Electronic 

gauges are more accurate and reliable, which has made them the preferred choice in 

many applications. The most significant advantage offered by electronic comparators 

is the speed of response. A measurement rate of 500 per minute is easily accomplished 

by an electronic comparator, making it well suited for dynamic measurement. For 

example, the thickness of a strip coming out of a rolling mill or deflection of a machine 

part under varying loads can be measured over a given period of time. The following 

advantages make electronic comparators superior to other types of comparators. 

Advantages of electronic comparators 

1. High accuracy and reliability 

2. High sensitivity in all ranges 

3. High speed of response 

4. Easy provision for multiple amplification ranges 

5. Versatility (a large number of measurement situations can be handled with standard 

accessories) 
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6. Easy integration into an automated system 

2.5.1.6 (a) Sigma Electronic Comparator 

 

Fig. 2.48 Sigma electronic comparator 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-156] 

  

 The movement at the probe tip actuates the inductance transducer, which is 

supplied with an AC source from the oscillator. The transducer converts this 

movement into an electrical signal, which is then amplified and fed via an oscillator 

to the demodulator. The current, in DC form, then passes to the meter and the probe 

tip movement is displayed as a linear measurement over a circular scale. Various 

measuring and control units can be incorporated, which provide for a wide range of 

single or multiple measurements to be made simultaneously. Using various adaptors 

to suit the work, the comparator can be put to many applications such as external and 

internal gauging, flatness testing, thickness gauging, and tube wall thickness. The set-

up consists of a transducer stand and a display unit. The transducer stand consists of 

a mounting arrangement for the plunger, which moves inside a ball bushing free of 

friction. The plunger housing is fixed to a horizontal platform, which can be moved 

up or down, thanks to a nut-and-screw arrangement. The platform can be raised to the 

required height by loosening the nut and clamped in position by tightening the nut. 

Once the main nut is tightened, there may be a small shift in the position of the 

plunger, which can be made up by operating the fine adjustment knob. The plunger is 
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held against a light spring load to ensure that it makes a firm contact with the 

workpiece while the reading is being taken. 

The display unit comprises all the electronics. It consists of a needle moving over 

a circular scale, several knobs for range selection, zero setting and other adjustments, 

and light indicators to display the inspection results. To start with, the standard, which 

may be a master component or a slip gauge, is loaded below the plunger and a light 

contact is made. The appropriate range is selected. The range may vary from micron 

to millimetre levels. The user has to select the range depending on the level of 

tolerance required. Now, the zero-setting knob is operated to set the scale to read zero. 

The Sigma electronic comparator is extremely popular in inspection processes 

because of the following reasons: 

1. It is easy to use and provides a convenient means of measurement. 

2. It has a high degree of accuracy and repeatability. 

3. It has a provision to set several ranges of tolerances very easily. 

4. Light indications on its display unit enable fast inspection, since the inspector 

of components does not have to refer to the scale every time. 

5. It can be easily integrated with a computer or micro-controller. Therefore, 

inspection data can be recorded for further analysis. 

2.5.1.7 Pneumatic Comparators 

 Pneumatic comparators use air as a means of measurement. The basic principle 

involved is that changes in a calibrated flow respond to changes in the part feature. This 

is achieved using several methods and is referred to as pneumatic gauging, air gauging, 

or pneumatic metrology. Since a pneumatic gauge lends itself to the gauging of several 

features at once, it has become an indispensable part of production inspection in the 

industry. It is possible to gauge length, diameter, squareness, parallelism, taper, 

concentricity, etc., using a simple set-up. For instance, if one is inspecting the bore of an 
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engine cylinder, it is also possible to assess its size, taper, camber, and straightness in the 

same setting. 

 Pneumatic metrology is quite popular because of several advantages: absence of 

metal-to-metal contact, higher amplification, and low cost. Absence of metal-to-metal 

contact between the gauge and the component being inspected greatly increases the 

accuracy of measurement. The gauge also has greater longevity because of a total absence 

of wearable parts. Amplification may be increased without much reduction in range, 

unlike mechanical or electronic instruments. 

However, similar to electronic comparators, amplification is achieved by 

application of power from an external source. 

 

Fig. 2.49 Free flow air gauge 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-158] 

2.5.1.8 Solex Pneumatic Gauge 

This air gauge has been developed and marketed by Solex Air Gauges Ltd, USA, 

and is one of the most popular pneumatic comparators in the industry. The Solex 

pneumatic gauge is generally used for the inspection of internal dimensions, although 

it is also used for external measurements with suitable attachments. Compressed air is 

drawn from the factory air supply line, filtered, and regulated to a pressure of about 2 
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bar. Air will now pass through a dip tube immersed in a glass water tank. The position 

of the dip tube in terms of depth H will regulate the effective air pressure in the system 

at the input side. Extra air, by virtue of a slightly higher supply air pressure, will leak 

out of the water tank in the form of air bubbles and escape into the atmosphere. This 

ensures that the air moving towards the control orifice will be at a desired constant 

pressure. 

 

Fig. 2.50 Solex pneumatic gauge  

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-162] 

2.5.1.8 (a) Applications of Pneumatic Comparators 

 Pneumatic gauging is one of the widely used methods for inspection of holes. 

While it comprises relatively simple elements such as air filters, glass columns, 

manometer tubes, and bourdon tubes, the inspection can be carried out with an accuracy 

up to 1 µm. The gauging elements can be adapted to measure nearly any feature of the 

hole, including diameter, roundness, squareness, and straightness. 

 The gauging element in pneumatic metrology can be classified into three types: 

type 1, type 2, and type 3. In type 1, the hole being measured is the exit nozzle of the 

gauging element. This is only suitable for inside measurement and is used when the cross-

sectional area is to be controlled rather than the shape. Typical applications include 

inspection of automobile cylinder bores, nozzle of carburettor, etc. 

 In this case, an air jet not in contact with the part is the gauging element. The rate 

of flow of air depends on the cross-sectional area of the nozzle and the clearance between 
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the nozzle and the part features. In other words, it is basically an air jet placed close to 

the part. 

 In type 3, the air jet is mechanically actuated by contact with the part. This is more 

suited for attribute inspection (GO and NO-GO type). It is compact and can replace an 

LVDT. It incorporates an air valve that changes the air flow in proportion to the linear 

change. This is often used interchangeably with an electronic gauge head. 

 

Fig. 2.51 Use of a single-jet nozzle for inspection 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-163] 

 The pneumatic gauging head may have one or more measuring orifices. 

Accordingly, a gauging head with a single orifice result in the indicator needle moving 

to either the positive or the negative side, depending on the variation in gap between the 

orifice and the work part. However, two opposing orifices in the measuring head can 

provide differential measurement. The clearance with respect to both the orifices will get 

added up, resulting in an equivalent gap. By rotating the measuring head, characteristics, 

for example, out-of-roundness can be reliably measured. 


