
ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 

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

2.7 Angular Measurement 

 Length standards such as foot and metre are arbitrary inventions of man. This has 

necessitated the use of wavelength of light as a reference standard of length because of 

the difficulty in accurately replicating the earlier standards. On the other hand, the 

standard for angle, which is derived with relation to a circle, is not man-made but exists 

in nature. One may call it degree or radian, but the fact remains that it has a direct relation 

to a circle, which is an envelope of a line moving about one of its ends. Whether one 

defines a circle as the circumference of a planet or path of an electron around the nucleus 

of an atom, its parts always bear a unique relationship. 

 We need to measure angles of interchangeable parts, gears, jigs, fixtures, etc. Some 

of the typical measurements are tapers of bores, flank angle and included angle of a gear, 

angle made by a seating surface of a jig with respect to a reference surface, and taper 

angle of a jib. Sometimes, the primary objective of angle measurement is not to measure 

angles. 

 Measurement of straightness, parallelism, and flatness of machine parts requires 

highly sensitive instruments like autocollimators. The angle reading from such an 

instrument is a measure of the error of alignment. 

 There are a wide range of instruments, starting from simple scaled instruments to 

sophisticated types that use laser interferometry techniques. The basic types are simple 

improvisations of a protractor, but with better discrimination (least count), for example, 

a vernier protractor. 

These instruments are provided with a mechanical support or a simple mechanism 

to position them accurately against the given workpiece and lock the reading. A spirit 

level has universal applications, not only in mechanical engineering but also in civil 

engineering construction for aligning structural members such as beams and columns. 

Instruments employing the basic principle of a spirit level but with higher resolution, 

such as conventional or electronic clinometers, are popular in metrology applications. By 
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far, the most precise instruments are collimators and angle dekkors, which belong to the 

family of instruments referred to as optical tooling. 

2.7.1 TYPES OF ANGULAR MEASURING INSTRUMENTS 

 Angular measurements are classified on the basis of line standard, face standard, 

inclines and angle comparators 

Line standard angular measuring devices 

i. Protractors 

ii. Universal bevel protractors 

Face standard angular measuring devices 

Measurement of inclines 

i. Spirit level 

ii. Clinometer  

Angle comparators 

2.7.1.1 Protractor 

 A simple protractor is a basic device used for measuring angles. At best, it can 

provide a least count of 1° for smaller protractors and ½° for large ones. However, simple 

though it may be, the user should follow the basic principles of its usage to measure 

angles accurately. For instance, the surface of the instrument should be parallel to the 

surface of the object, and the reference line of the protractor should coincide perfectly 

with the reference line of the angle being measured. Positioning of the protractor and 

observation of readings should be performed with care to avoid parallax error. 

 A simple protractor has limited usage in engineering metrology. However, a few 

additions and a simple mechanism, which can hold a main scale, a vernier scale, and a 

rotatable blade, can make it very versatile. A universal bevel protractor is one such 

instrument that has a mechanism that enables easy measurement and retention of a 

reading. A vernier scale improves the least count substantially. Additional attachments 
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enable the measurement of acute and obtuse angles with ease and thereby justify its name 

as the universal bevel protractor. It can measure the angle enclosed by bevelled surfaces 

with ease and hence the name. 

 If one traces the history of development of angle-measuring devices, the bevel 

protractor preceded the universal bevel protractor. The earliest bevel protractor had a 

simple mechanism that facilitated rotation of measuring blades and locked them in place. 

It had a scale graduated in degrees on which the measurements could be directly read. 

However, these instruments have largely been replaced by universal bevel protractors 

and the older types are not being used in metrology applications now. Therefore, we shall 

directly go to a discussion on the universal bevel protractor. 

2.7.1.2 Bevel Protractor 

Bevel protractors are nothing but angular measuring instruments. 

Types of bevel protractors: 

The different types of bevel protractors used are: 

1) Vernier bevel protractor  

2) Universal protractor 

3) Optical protractor 

Vernier bevel protractor:  

Working principle: 

 

Fig. 2.67 Vernier bevel protractor 
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[source: 

http://www.gpsrinagar.org/lms/MECHMECH%20AUTO/angular%20measurement_me

ch.pdf] 

➢ A vernier bevel protractor is attached with acute angle attachment.  

➢ The body is designed its back is flat and no projections beyond its back. The base 

plate is attached to the main body and an adjustable blade is attached to the 

circular plate containing vernier scale.  

➢ The main scale is graduated in degrees from 0° to 90° in both the directions. The 

adjustable can be made to rotate freely about the center of the main scale and it 

can be locked at any position.  

➢ For measuring acute angle, a special attachment is provided. The base plate is 

made fiat for measuring angles and can be moved throughout its length. The ends 

of the blade are beveled at angles of 45°and 60°.  

➢ The main scale is graduated as one main scale division is 1° and vernier is 

graduated into 12 divisions on each side of zero. Therefore, the least count is 

calculated as  

Least count = One main scale division/No. of on vernier scale 

=1o/12 

=1/12*60  

=5 minutes 

Thus, the bevel protractor can be used to measure to an accuracy of 5 minutes. 

Optical bevel Protractor 

Stock 

The working edge of the stock is about 90 mm in length and 7 mm thick. It is very 

essential that the working edge of the stock be perfectly straight. 

Blade 
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It can be moved along the turret throughout its length and can also be reversed. It 

is about 150 or 300 mm long, 3 mm wide and 2 mm thick and ends bevelled at angles of 

45° and 60° within the accuracy of 2 minutes of arc. It can be clamped in any position. 

  The values are obtained by means of an optical magnifying system. This optical 

magnifying system is attached with the bevel protractor itself separate arrangement is 

provided for adjusting the focus of the system for the normal variation of eyesight. The 

main and vernier scale are arranged always in focus of the optical system. 

   

Fig. 2.68 Optical bevel Protractor 

[source:http://www.gpsrinagar.org/lms/MECHMECH%20AUTO/angular%20measure

ment_mech.pdf] 

Applications of bevel protractor 

The bevel protractor can be used in the following applications. 

1. For checking a ‘V’ block: 

 

Fig. 2.69 Checking ‘V’ block 
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[source:http://www.gpsrinagar.org/lms/MECHMECH%20AUTO/angular%20measure

ment_mech.pdf] 

2. For checking acute angle 

 

Fig. 2.70 Measuring acute angle 

[source:http://www.gpsrinagar.org/lms/MECHMECH%20AUTO/angular%20measure

ment_mech.pdf] 

2.7.1.2 Universal Bevel Protractor 

 

Fig. 2.71 Universal bevel protractor 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-120] 

The universal bevel protractor with a 5' accuracy is commonly found in all tool 

rooms and metrology laboratories. It has a base plate or stock whose surface has a high 

degree of flatness and surface finish. The stock is placed on the workpiece whose angle 

is to be measured. An adjustable blade attached to a circular dial is made to coincide with 

the angular surface. It can be swivelled to the required angle and locked into position to 

facilitate accurate reading of the circular scale that is mounted on the dial. The main scale 

on the dial is graduated in degrees and rotates with the rotation of the adjustable blade. 
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 An acute angle attachment is provided for the measurement of acute angles. The 

main scale on the dial is divided into four quadrants, each measuring 90°. Each division 

on this scale reads 1°. The degrees are numbered from 0 to 90 on either side of the zeroth 

division. The vernier scale has 24 divisions, which correspond to 46 divisions on the main 

scale. 

 

Fig. 2.72 Divisions on the vernier scale 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-120] 

 

Fig. 2.73 Reading the vernier scale 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-120] 

Calculation of Least Count 

 Value of one main scale division = 1° 24 vernier divisions correspond to 46 main 

scale divisions. From Fig. 5.2, it is clear that one vernier division equals 1/12th of 23°. 

Let us assume that the zeroth division on both the main and the vernier scales are lined 

up to coincide with each other. Now, as the dial rotates, a vernier division, starting from 

the fifth minute up to the 60th minute, progressively coincides with a main scale division 

until the zeroth division on the vernier scale moves over the main scale by 2°. Therefore, 

the least count is the difference between one vernier division and two main scale 

divisions, which is 1/12° or 5'. 
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Reading Vernier Scales 

The zeroth division of the vernier scale is just past the 10° division on the main 

scale. The seventh division, marked as the 35' division, on the left-hand side of the 

vernier scale coincides with a division on the main scale. Therefore, the reading 

 in this case is 10°35'. 

 

Fig. 2.74 Reading the vernier scale 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-121] 

It is possible that a division on the right side of zero on the vernier scale may be 

coinciding with a division on the main scale (dial scale). In order to eliminate this 

confusion, we follow a simple rule. Always read the vernier from zero in the same 

direction that you read the dial scale. In the given example, the 10th division on the dial, 

which is close to the zeroth division on the vernier, is to the left of the zeroth division on 

the dial scale. In other words, the dial scale is being read in the leftward or anticlockwise 

direction. Therefore, the vernier should also be read towards the left of the vernier zero 

division. 

 

 

 

 

 



ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 

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

2.7.1.3 Measurements of inclines 

Spirit Level 

 

Fig. 2.75 Spirit Level 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-131] 

A spirit level is a basic ‘bubble instrument’, which is widely used in engineering 

metrology. It is derived from the practice in cold western countries. To combat freezing, 

the tubes were filled with ‘spirits of wine’, hence the general term spirit level. Spirit level, 

as you are aware, is an angular measuring device in which the bubble always moves to 

the highest point of a glass vial.  

The base, called the reference plane, is seated on the machine part for which 

straightness or flatness is to be determined. When the base is horizontal, the bubble rests 

at the centre of the graduated scale, which is engraved on the glass. When the base of the 

spirit level moves out of the horizontal, the bubble shifts to the highest point of the tube.  

The position of the bubble with reference to the scale is a measure of the angularity 

of the machine part. This scale is calibrated to directly provide the reading in minutes or 

seconds. A cross test level provided at a right angle to the main bubble scale indicates the 

inclination in the other plane. A screw adjustment is provided to set the bubble to zero by 

referencing with a surface plate. 
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Clinometer 

 

Fig. 2.76 Clinometer 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-132] 

A clinometer is a special case of a spirit level. While the spirit level is restricted to 

relatively small angles, clinometers can be used for much larger angles. It comprises a 

level mounted on a frame so that the frame may be turned to any desired angle with 

respect to a horizontal reference. Clinometers are used to determine straightness and 

flatness of surfaces. They are also used for setting inclinable tables on jig boring machines 

and angular jobs on surface grinding machines. They provide superior accuracy 

compared to ordinary spirit levels. 

To measure with clinometers, the base is kept on the surface of the workpiece. The 

lock nut is loosened, and the dial comprising the circular scale is gently rotated until the 

bubble in the spirit level is approximately at the centre. Now, the lock nut is tightened 

and the fine adjustment nut is operated until the bubble is exactly at the centre of the vial 

scale. The reading is then viewed through the eyepiece. Most clinometers in a metrology 

laboratory provide readings up to an accuracy of 1'. Precision clinometers can be used if 

the accuracy requirement is up to 1". 

Vernier Clinometer 

➢ It consists of a spirit level mounted on a rotator member carried in housing.  

➢ One face of the housing forms the base of the instrument.  

➢ There is a circular scale on the housing. 
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Fig. 2.77 Vernier Clinometer 

[source:http://www.gpsrinagar.org/lms/MECHMECH%20AUTO/angular%20measure

ment_mech.pdf] 

➢ The angle of inclination of the rotary member relative to the base be measured by 

a circular scale.  

➢ The scale may cover the whole circle or only part of it. Clinometers are generally 

used to determine the angle included between two adjacent faces of a work piece.  

➢ The base of the instrument is placed on one of the surfaces and rotary member is 

adjusted till zero reading of the bubbles is obtained.  

➢ The angle of rotation is then noted on the circular scale against an index.  

➢ The instrument is then placed on the other surface and the reading is taken in the 

similar manner. 

Micrometer Clinometer 

 

Fig. 2.78 Micrometer Clinometer 
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[source:http://www.gpsrinagar.org/lms/MECHMECH%20AUTO/angular%20measure

ment_mech.pdf] 

In this type spirit level is attached at one end of the barrel of a micrometer. The 

other end of the spirit level is hinged on the base. The base is placed on the surface 

whose inclination is to be measured. 

The micrometer is adjusted till the level is horizontal. This type of clinometer is 

used for measuring small angles. 

Angle Gauges 

 Angle gauges, which are made of high-grade wear-resistant steel, work on a 

principle similar to slip gauges. While slip gauges can be built to give linear dimensions, 

angle gauges can be built to give the required angle. 

 At the outset, it seems improbable that a set of 10 gauges is sufficient to build so 

many angles. However, angle blocks have a special feature that is impossible in slip 

gauges—the former can be subtracted as well as added. Angle gauges are made of 

hardened steel, which is lapped and polished to a high degree of accuracy and flatness. 

The gauges are about 75 mm long and 15 mm wide, and the two surfaces that generate 

the angles are accurate up to ±2". The gauges are available in sets of 6, 11, or 16. 

 

Fig. 2.79 Angle gauge block (a) Addition (b) Subtraction 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-127] 
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Most angles can be combined in several ways. However, in order to minimize 

error, which gets compounded if the number of gauges used is increased, it is preferable 

to use the least number of angle gauge blocks. The set of 16 gauges forms all the angles 

between 0° and 99° in 1" steps—a total of 3,56,400 combinations! The laboratory master-

grade set has an accuracy of one-fourth of a second. While the inspection-grade set has 

an accuracy of ½", the tool room grade set has an accuracy of 1". 

 

Fig. 2.80 Combination of angle gauges for 42°35'20'' 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-128] 

 Angle gauges can be combined to provide the required angles. It may be noted that 

each angle gauge is engraved with the symbol ‘<’, which indicates the direction of the 

included angle. Obviously, when the angles of the gauges need to be added up, the symbol 

< of all gauges should be in line. On the other hand, whenever an angle gauge is required 

to be subtracted from the combination, the gauge should be wrung such that the symbol 

< is in the other direction. 

 Let us consider an angle 42°35′20'', which is to be built using the 16-gauge set. 

Starting from degrees, the angle of 42° can be built by subtracting a 3° block from a 45° 

block. The angle of 35' can be obtained by combining a 30' gauge with a 5' gauge. A 20" 

gauge is readily available. 


