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Material
preparation
Status

UNIT - I BASICS OF METROLOGY
Introduction to Metrology
Completed
Precision, Accuracy,Error and other terminologies
associated with Metrology
Linear measurements
Angular measurements
UNIT – II COMPARATIVE MEASUREMENT
Comparators – Introduction – Characteristics,Types and
uses
Testing of straightness – Flatness – parallelism and
circularity
Limit gauges
Dial Gauge and Magnetic V- Block
UNIT - III CALIBRATION AND MEASURING MACHNES
Introduction to calibration and associated terminologies
Calibration of instruments
Measurement using surface roughness tester - Shore
hardness tester
Coordinate measuring machine and Tool makers
Microscope
Gear measurement
Surface plates – bore gauges
Machine tool metrology for Lathe.
UNIT - IV QUALITY CONTROL FOR VARIABLES
Introduction to Quality and Quality control
Introduction to SQC – Note on Descriptive Statistics
Quality assurance - Concepts of Quality control Quality cost
Variation in process- factors – process capability –
process capability studies
Introduction to Control chart
Control chart for variables
Six Sigma
UNIT – V PROCESS CONTROL FOR ATTRIBUTES
Control chart for attributes
Acceptance sampling plan
Other topics associated with SQC

SYLLABUS
UNIT - I BASICS OF METROLOGY
9
Definition of metrology - Objective of metrology - Precision and Accuracy - Sources of
errors - Concept of Repeatability, Sensitivity, Readability and Reliability – Linear
measurements – types – Vernier caliper –Micrometer – types - Vernier height gauges – depth
gauges – Slip gauges – Angular measurements – Types - Vernier and optical Bevel protractor
- Sine Principle and Sine Bar - Optical Instruments for angular measurement –
Autocollimator - Angle Gauge.
UNIT – II COMPARATIVE MEASUREMENT
9
Comparators – Introduction – Characteristics and uses – types – mechanical – Optical –
profile projector – Electrical – pneumatic – Testing of straightness – Flatness – parallelism
and circularity- Limit gauges – types- Taylors principle - Snap gauges – plain plug gauges –
progressive plug gauges - Ring gauges – Thread pitch gauges - feeler gauges – radius gauges
– engineers square and parallel – dial gauges – types – plunger type – needle type – Magnetic
V block.
UNIT - III CALIBRATION AND MEASURING MACHNES
9
Introduction – sensitivity – Range – standards – Traceability - Calibration of Vernier caliper
– Micrometer – Dial gauges – Measurement using surface roughness tester – Co-ordinate
measuring machine – Types - Tool makers microscope - Gear measurement – Gear tooth
caliper – Circular pitch measuring machine – Parkinson gear tester – shore hardness tester –
Surface plates – bore gauges – Machine tool metrology for Lathe.
UNIT - IV QUALITY CONTROL FOR VARIABLES
9
Introduction, definition of quality – Facts of quality - basic concept of quality, definition of
SQC, benefits and limitation of SQC, Quality assurance - Concepts of Quality control Quality cost-Variation in process- factors – process capability – process capability studies
and simple problems – Theory of control chart- uses of control chart – Control chart for
variables – X chart, R chart and (P & C) chart – six sigma concept – Elements of quality
costs.
UNIT – V PROCESS CONTROL FOR ATTRIBUTES
9
Control chart for proportion or fraction defectives – p chart and np chart – control chart for
defects – C and U charts, State of control and process out of control identification in charts –
Acceptance sampling plan – Types - O.C. curves – producer’s Risk and consumer’s Risk.
AQL, LTPD, AOQL concepts-standard sampling plans for AQL and LTPD- uses of standard
sampling plans.
Note: Use of approved statistical table permitted in the examination
---------------------------------------------------------------------------------------------------------------ESSENTIAL READING BOOKS
1. R.K.JAIN, Engineering Metrology, Khanna publishers, 21st edition, 1984
2. GRANT, EUGENE.L “Statistical Quality Control”, Tata McGraw-Hill, 7th edition, 2005
RECOMMONDED READING BOOKS
1.MONOHAR MAHAJAN, “Statistical Quality Control”, Dhanpat Rai & Sons, 2001.
2.R.C.GUPTA, “Statistical Quality control”, Khanna Publishers, 9th edition, 1998.
3.BESTERFIELD D.H., “Quality Control”, Prentice Hall, 7th edition, 2003.
4.SHARMA S.C., “Inspection Quality Control and Reliability”, Khanna Publishers, 2002.
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Course Material
Name of the Course

:

Metrology and Quality Control (MQC)

Name of the Unit

:

Basics of Metrology

Name of the Topic

:

Introduction to Metrology

Objective:
To make student understand the evolution and need of Metrology.To
appreciate the importance of product inspection
Outcome:
Upon completion of this topic, student will be able to understand and
appreciate the needof metrology and inspection.
Pre-requisite:The student should have completed two semesters of UG Engineering or
Scienceprogram
Pre-Test
1. __________ is defined as the act of measuring or the size of something.
a) Measurement
b) Dimension
c) Scale
d) None of the above
2. Without the ability to _______ , it would be difficult for scientists to conduct
experiments or form theories.
a) prepare
b) measure
c) manufacture d) capture
3. In comparative ______, the respondent is asked to compare one object with another.
a) ruling
b) planning
c)scaling
d) writing
4. A measurement _______ is a standard quantity used to express a physical quantity.
a) figure
b) Number
c) Digit
d) Unit

Course Material
INTRODUCTION TO METROLOGY
Metrology has existed in some form or other since ancient times. In the earliest forms
ofmetrology, standards used were either arbitrary or subjective, which were set up by
regional, often based on practical measures like the length of an arm or a stick etc.The origin
of metrology can be traced to theIndustrial Revolution in the beginning of 19th century
(WesternEurope and the United States). This regime saw a transitionfrom manual to
mechanized way of production set-up in factories to manufacture ironand textiles. There was
a shift from conventional production methods to massproduction.Mass production called for
precisedefinition of production tasks. The workers’ wages weredetermined by a ‘piece-rate’
system. As well they were only paid for the good parts.Thus, it becamenecessary to define
what a good part was. This led to the need for inspection as per design.
The word metrology is derived from the Greek word ‘metrologia’, which means
measure.Metrology literally means science of measurements.Engineering metrology deals
with the applications of measurement science in manufacturingprocesses. It provides a means
of assessing the suitability of measuring instruments, theircalibration, and the quality control
of manufactured components. A product that is notmanufactured according to dimensional
specifications has been rejected. Any compromise in quality creates rapid negative sentiments
inthe market and the cost of recovering the original market position would be quite high.
Today,metrological error has a far greater impact on cost than in the past. Hence, an
organization shouldstrive towards a zero-defectregime in order to survive in a highly
competitive market.
Ensuringthis aspect of manufacturing is the responsibility of a quality control engineer, who
must becompletely familiar with the basics of measurement, standards and systems of
measurement,tolerances, measuring instruments, and their limitations.The science of
mechanical measurements has its roots in physics. It is an independentdomain of knowledge
dealing with the measurement of various physical quantities such aspressure, temperature,
force, and flow.
Metrology can be divided into three subfields:
1.
Scientific Metrology - basis of all subfields, and concerns the development of new
measurement methods, the realization of measurement standards, and the transfer of these
standards to users.
2.
Applied Metrology - the measurement science is developed toward manufacturing and
other processes, ensuring the suitability of measurement instruments, their calibration, and
quality control.
3.
Legal Metrology - concerning regulatory requirements of well established
measurements and measuring instruments for the protection of consumers and fair trade.

OBJECTIVES OF METROLOGY
Although the basic objective of a measurement is to provide the required accuracy at a
minimum cost, metrology has further objectives in a modern engineering plant with different
shapes which are:

1.

Complete evaluation of newly developed products.

2.
Determination of the process capabilities and ensure that these are better than the
relevant component tolerances.
3.
Determination of the measuring instrument capabilities and ensure that they are quite
sufficient for their respective measurements.
4.

Minimizing the cost of inspection by effective and efficient use of available.

5.
Reducing the cost of rejects and rework through application ofStatistical Quality
Control Techniques.
6.

To standardize the measuring methods

7.

To maintain the accuracies of measurement

8.

To prepare designs for all gauges and special inspection fixtures.

NEED FOR INSPECTION
Industrial inspection has acquired significance in recent times. It has a systematic as well a
scientific approach. Prior to the industrial revolution, craftsmen used to
manufacture/assemble the differentparts by hand and, in the process, consumed a lot of time.
They (Individuals) were entirely responsiblefor the quality of their products. Since the
industrial revolution,Inspection was an integral function of production, as many new
manufacturing techniques have been developed to facilitatemass production of components.

Inspection essentially encompasses the following:
1. Ascertain that the part, material, or component conforms to the established or desired
standard.
2. Accomplish interchangeability of manufacture.
3. Sustain customer goodwill by ensuring that no defective product reaches the customers.

Post Test MCQ
1. Metrology deals with __________
a) Measuring

b) Inspections

c) Calibration

d) All the above

2. Scientific Metrology concerns with ________
a) development of new measurement methods b) Quality Control
c) Calibration

d) None of the above

3. The systematic and scientific approach of checking a manufactured product is called
as
a) Scaling

b)measuring

c) Inspection

d)Calibration

4. _________ is the systematic study of Measurement
a) Metallurgy

b) Meteorology

c) Metrology

d)None of the above

Conclusion





The importance and necessity of metrology have greatly increased with the industrial
revolution, which emphasizes the importance of metrology in industries.
Metrology helps extract high-quality information regarding the completion of
products, working condition, and status of processes in an operational and industrial
environment
Inspection is defined as a procedure in which a part or product characteristic conforms
to the design specification.

References
1) N.V.Raghavendra, Engineering Metrology and Measurements, Oxford University Press,
2013
2)R.K.JAIN, Engineering Metrology, Khanna publishers, 21st edition

Suggested Video Links:https://nptel.ac.in/courses/112/104/112104250/
Assignment Questions
1) What is Metrology?
2) What is the objective of Metrology?

3) State the needs of inspecting a product.

Course Material
Name of the Course

:

Metrology and Quality Control (MQC)

Name of the Unit

:

Basics of Metrology

Name of the Topic
associated with Metrology

:

Precision, Accuracy, Error and other terminologies

Objective:
To make student understand the fundamental terminologies associated with
Metrology.To appreciate the difference between precision and accuracy.
Outcome:
Upon completion of this topic, student will be able to understand and
appreciate the terminologies associated with Metrology.
Pre-requisite: The student should have completed two semesters of UG Engineering or
Science program
Pre-Test
1. __________ is associated with performance of instrument.
a)Precision b) Cost
c) Power consumption
d) None of the above
2. Measured value - True value =
a) Correction Factor b) Adjustment c) Error
d)Difference index

TERMINOLOGIES
Precision
The terms precision and accuracy are used in connection with the performance of the
instrument.Precision is the repeatability of the measuring process. It refers to the group of
measurements for the same characteristics taken under identical conditions. It indicates to
what extent the identically performed measurements agree with each other.If the instrument
is not precise it will give different (widely varying) results for the same dimension when
measured again and again. The set of observations will scatter about the mean. The scatter of
these measurements is designated as σ, the standard deviation. It is used as an index of
precision. The less the scattering more precise is the instrument. Thus, lower, the value of σ,
the more precise is the instrument.
Accuracy
Accuracy is the degree to which the measured value of the quality characteristic agrees with
the true value. The difference between the true value and the measured value is known as
error of measurement. It is practically difficult to measure exactly the true value and therefore
a set of observations is made whose mean value is taken as the true value of the quality
measured.

Figure: Difference between Accuracy and Precision
Factors affecting the precision and accuracy of the Measuring System
The basic components of an accuracy evaluation are the five elements of a measuring system
such as
1.
2.

Factors related to calibration standards.
Factors related to the work piece

3.
4.
5.

Factors related to the inherent characteristics of the instrument.
Factors related to the person, who carries out the measurements,
Factors related to the environment.

Factors related to the Standard
1.
2.
3.
4.

Coefficient of thermal expansion
Calibration interval -Stability with time
Elastic properties
Geometric compatibility

Factors related to the Work piece
1.
2.
3.
4.
5.

Cleanliness -Surface finish, waviness, scratch, surface defects etc.,
Hidden geometry
Elastic properties,-adequate datum on the work piece
Arrangement of supporting work piece
Thermal equalization etc.

Factors related to the inherent characteristics of Instrument:
1.
2.
3.
4.
5.
6.
7.

Adequate amplification for accuracy objective
Scale error -Effect of friction, backlash, hysteresis, zero drift error
Deformation in handling or use, when heavy work pieces are measured
Calibration errors
Mechanical parts (slides, guide ways or moving elements)
Repeatability and readability
Contact geometry for both work piece and standard.

Factors related to person
1.
2.
3.
4.
5.
6.

Training, skill
Sense of precision appreciation
Ability to select measuring instruments and standards
Sensible appreciation of measuring cost
Attitude towards personal accuracy achievements
Planning measurement techniques for minimum cost, consistent with precision
requirements etc.

Factors related to Environment
1.
2.
3.
4.
5.
6.

Temperature, humidity etc.
Clean surrounding and minimum vibration enhance precision
Adequate illumination
Temperature equalization between standard, work piece, and instrument
Thermal expansion effects due to heat radiation from lights
Heating elements, sunlight and people

7. Manual handling may also introduce thermal expansion.

Higher accuracy can be achieved only if, ail the sources of error due to the above five
elements in the measuring system are analyzed and steps taken to eliminate them. The above
analysis of five basic metrology elements can be composed into the acronym SWIPE, for
convenient reference where, S – Standard W – Work piece I – Instrument
P – Person
E – Environment.
Repeatability
It is the ability of the measuring instrument to repeat the same results for the measurements
for the same quantity, when the measurement are carried out-by the same observer,-with the
same instrument,-under the same conditions,-without any change in location,-without change
in the method of measurement-and the measurements are carried out in short intervals of
time. It may be expressed quantitatively in terms of dispersion of the results
Sensitivity
Sensitivity may be defined as the rate of displacement of the indicating device of an
instrument, with respect to the measured quantity. In other words, sensitivity of an instrument
is the ratio of the scale spacing to the scale division value. For example, if on a dial
indicator, the scale spacing is 1.0 mm and the scale division value is 0.01 mm, then
sensitivity is 100. It is also called as amplification factor or gearing ratio. If we now consider
sensitivity over the full range of instrument reading with respect to measured quantities as
shown in Figure the sensitivity at any value of y=dx/dy, where dx and dy are increments of x
and y, taken over the full instrument scale, the sensitivity is the slope of the curve at any
value of y.
The sensitivity may be constant or variable along the scale. In the first case we get linear
transmission and in the second non-linear transmission. . Sensitivity refers to the ability of
measuring device to detect small differences in a quantity being measured. High sensitivity
instruments may lead to drifts due to thermal or other effects, and indications may be less
repeatable or less precise than that of the instrument of lower sensitivity.

Figure: Sensitivity
Readability
Readability refers to the case with which the readings of a measuring Instru
Instrument
ment can be read.
It is the susceptibility of a measuring device to have its indications converted into meaningful
number. Fine and widely spaced graduation lines ordinarily improve the readability. If the
graduation lines are very finely spaced, the scale will be more readable by using the
microscope; however, with the naked eye the readability will be poor. To make micrometers
more readable they are provided with vernier scale. It can also be improved by using
magnifying devices.
Reliability
Reliability may be explicitly defined as the probability that a system will perform satisfactory
for at least a given period of time when used under stated conditions. The reliability function
is thus the same probability expressed as a function of the time period.
Errors in Measurements
It is never possible to measure the true value of a dimension there is always some error. The
error in measurement is the difference between the measured value and the true value of the
measured dimension. The error in measurement ma
may
y be expressed or evaluated either as an
absolute error or as a relative error.
Error in measurement = Measured value - True value
Absolute Error
1. True absolute error: It is the algebraic difference between the result of measurement
and the conventional true value of the quantity measured.
2. Apparent absolute error: If the series of measurement are made then the algebraic
difference between one of the results of measurement and the arithmetical mean is
known as apparent absolute error

3. Relative Error: It iss the quotient of the absolute error and the value of comparison
use or calculation of that absolute error. This value of comparison may be the true
value, the conventional true value or the arithmetic mean for series of measurement.
The accuracy of measurement,
ement, and hence the error depends upon so many factors,
such as:
i) Calibration standard
ii) Work piece
iii) Instrument -Person -Environment
Environment etc.
Types of Errors

1.

Systematic Error

These errors include calibration errors, error due to variation in th
thee atmospheric condition
Variation in contact pressure etc. If properly analyzed, these errors can be determined and
reduced or even eliminated hence also called controllable errors. All other systematic errors
can be controlled in magnitude and sense except
except personal error. These errors results from
irregular procedure that is consistent in action. These errors are repetitive in nature and are of
constant and similar form.
2.

Random Error

These errors are caused due to variation in position of setting stand
standard
ard and workpiece errors.
Due to displacement of level joints of instruments, due to backlash and friction, these error
are induced. Specific cause, magnitude and sense of these errors cannot be determined from
the knowledge of measuring system or conditio
condition
n of measurement. These errors are non
nonconsistent and hence the name random errors.
Table: Difference between systematic error and random error
Systematic Errors

Random Errors

These errors are repetitive in nature andare of These are non-consistent.
consistent. The sourcesgiving
constant and similar form
rise to such errors are random.
These errors result from improper
conditionsorprocedures thatare consistent in
action.

Such errors are inherent in the measuring
system or measuring instruments.

Except personal errors, all other systematic
errors can be controlled in magnitude and
sense.

Specific causes, magnitudes and sense of
these errors cannot be determined from the
knowledge of measuring system or condition.

Ifproperlyanalyzedthesecanbedetermined and These errors cannot be eliminated, but
reduced or eliminated.
theresults obtained can be corrected.
These include calibration errors, variation
incontact pressure, variation in
atmosphericconditions, parallax errors,
misalignment errors etc.

These include errors caused due to variation in
position of setting standard and work-piece,
errors due to displacement of lever joints of
instruments, errors resulting from backlash,
friction etc.

Environmental Error
These errors are caused due to effect of surrounding temperature, pressure and humidity on
the measuring instrument. External factors like nuclear radiation, vibrations and magnetic
field also leads to error. Temperature plays an important role where high precision is
required. e.g. while using slip gauges, due to handling the slip gauges may acquire human
body temperature, whereas the work is at 20°C. A 300 mm length will go in error by 5
microns which is quite a considerable error. To avoid errors of this kind, all metrology
laboratories and standard rooms worldwide are maintained at 20°C.

Post Test MCQ
1. __________is the degree to which the measured value of the quality characteristic
agrees with the true value.
a) Accuracy

b) Precision

c) Repeatability

d) None the above

2. If the instrument is not ________ it will give different (widely varying) results for the
same dimension when measured again and again.
a) Accurate

b) Precise

c) Sensitive

d) None the above

3. __________ of an instrument is the ratio of the scale spacing to the scale division
value.
a) Accuracy

b) Precision

c) Sensitivity d) None the above

4. ____________ is the algebraic difference between the result of measurement and the
conventional true value of the quantity measured.
a) True absolute error b) Apparent absolute error c) Relative error d) None of the above

Conclusion





The terms precision and accuracy are used in connection with the performance of the
instrument.
Precision is the repeatability of the measuring process.
Accuracy is the degree to which the measured value of the quality characteristic
agrees with the true value.
The difference between the true value and the measured value is known as error of
measurement.

References
1) N.V.Raghavendra, Engineering Metrology and Measurements, Oxford University Press,
2013
2)R.K.JAIN, Engineering Metrology, Khanna publishers, 21st edition

Suggested Video Links:
Assignment Questions
1) Differentiate Precision from Accuracy.

2) What is repeatability ?
3) State the difference between Systematic error and Random error.
4) List the various factors affecting the accuracy of the instrument.

Course Material
Name of the Course

:

Metrology and Quality Control (MQC)

Name of the Unit

:

Basics of Metrology

Name of the Topic

:

Linear Measurements

Objective:
To make student understand the concept of linear measurement and various
techniques associated.
Outcome:
Upon completion of this topic, student will be able to understand and
appreciate the various methods of linear measurements.
Pre-requisite: The student should have completed two semesters of UG Engineering or
Science program
Pre-Test
1. The term __________ is associated with arranging or extending along a straight line.
a)Linear
b) Angular
c) Perpendicular
d) None of the above
2. A __________ is a mark used to indicate points on a visual scale
a)spaceb) Graduation
c) stencil
d) None of the above
3. A ______ is a device used to measure the dimensions of an object
a) caliperb) fixture c) limit d) None

1

LINEAR MEASUREMENTS
Linear measurement applies to measurement of lengths, diameter, heights and thickness
including external and internal measurements.. Linear measuring instruments are designed
either for line measurements or end measurements. In end measuring instruments, the
measurement is taken between two end surfaces as in micrometers, slip gauges etc.
The instruments used for linear measurements can be classified as:
1.

Direct measuring instruments

2.

Indirect measuring instruments

The Direct measuring instruments are of two types:
1.

Graduated

2.

Non Graduated

The graduated instruments include rules, vernier calipers, vernier height gauges, vernier
depth gauges, micrometers, dial indicators etc.The non graduated instruments include
calipers, trammels, telescopic gauges, surface gauges, straight edges, wire gauges, screw
pitch gauges, radius gauges, thickness gauges, slip gauges etc.
They can also be classified as
1.

Non precision instruments such as steel rule, calipers etc.,

2.

Precision measuring instruments, such as vernier instruments, micrometers, dial
gauges etc.

Steel rule (Scales)


The most common tool for crude measurements is the scale (also known as rules, or
rulers).



Although plastic, wood and other materials are used for common scales, precision
scales use tempered steel alloys, with graduations scribed onto thesurface.



These are limited by the human eye. Basically they are used to compare two
dimensions.



The metric scales use decimal divisions, and the imperial scales use fractional
divisions.
2



Some scales only use the fine scale divisions at one end of the scale. It is advised that
the end of the scale not be used for measurement. This is because as they become worn
with use, the end of the scale will no longer be at a `zero'position.



Instead the internal divisions of the scale should be used. Parallax error can be a factor
when making measurements with ascale.

Figure steel rule

Calipers
Caliper is an instrument used for measuring distance between or over surfaces comparing
dimensions of work pieces with such standards as plug gauges, graduated rules etc. Calipers
may be difficult to use, and they require that the operator follow a few basic rules, do not
force them, they will bend easily, and invalidate measurements made. These instruments are
very useful when dealing with hard to reach locations that normal measuring instruments
cannot reach. Obviously the added step in the measurement will significantly decrease the
accuracy.
Vernier Calipers
Vernier caliper, instrument for making very accurate linear measurements introduced in 1631
by Pierre Vernier of France. It utilizes two graduated scales: a main scale similar to that on a
ruler and an especially graduated auxiliary scale, the vernier, that slides parallel to the main
scale and enables readings to be made to a fraction of a division on the main scale. Vernier
calipers are widely used in scientific laboratories and in manufacturing for quality control
measurements.The vernier instruments generally used in workshop and engineering
metrology have comparatively low accuracy. The line of measurement of such instruments
does not coincide with the line of scale. The accuracy therefore depends upon the straightness
of the beam and the squareness of the sliding jaw with respect to the beam. To ensure the
squareness, the sliding jaw must be clamped before taking the reading. The zero error must
also be taken into consideration. Instruments are now available with a measuring range up to
one meter with a scale value of 0.1 or 0.2 mm.
Types of Vernier Calipers
3

According to Indian Standard IS: 3651-1974, three types of vernier calipers have been
specified to make external and internal measurements and are shown in figures respectively.
All the three types are made with one scale on the front of the beam for direct reading.
Type A: Vernier has jaws on both sides for external and internal measurements and a blade
for depth measurement
Type B: It is provided with jaws on one side for external and internal measurements.
Type C: It has jaws on both sides for making the measurement and for marking operations

Figure: A typical Vernier caliper

Errors in Calipers
The degree of accuracy obtained in measurement greatly depends upon the condition of the
jaws of the calipers and a special attention is needed before proceeding for the measurement.
The accuracy and natural wear, and warping of Vernier caliper jaws should be tested
frequently by closing them together tightly and setting them to 0-0 point of the main and
Vernier scales.
Vernier height gauge
Vernier height gauge is similar to vernier calliper but in this instrument the graduated bar is
held in a vertical position and it is used in conjunction with a surface plate.

Construction
A vernier height gauge consists of
1.
A finely ground and lapped base. The base is massive and robust in construction to
ensure rigidity and stability.
2.

A vertical graduated beam or column supported on a massive base.

3.
Attached to the beam is a sliding vernier head carrying the vernier scale and a
clamping screw.
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4.
An auxiliary head which is also attached to the beam abo
above
ve the sliding vernier head. It
has fine adjusting and clamping screw.
5.

A measuring jaw or a scriber attached to the front of the sliding vernier.

Figure Vernier Height Gauge
Uses


The vernier height gauge is designed for accurate measurements and marking of
vertical heights above a surface platedatum.



It can also be used to measure differences in heights by taking the vernier scale
readings at each height and determining the difference bysubtraction.



It can be used for a number of applications in tthe
he tool room and inspectiondepartment

Inportant Features
The important features of vernier height gauge are


All the parts are made of good quality steel or stainlesssteel.



The beam should be sufficiently rigid square with thebase.



The measuring jaw should have a clear projection from the edge of the beam at least
equal to the projection of the base' from thebeam.



The upper and lower gauging surfaces of the measuring jaw shall be flat and parallel
to thebase.



The scriber should also be of the same nominal de
depth
pth as the measuring jaw so that it
may bereversed.
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The projection of the jaw should be at least 25mm.



The slider should have a good sliding fit for all along the full working length of the
beam.



Height gauges can also be provided with dial gauges instead ofvernier.



This provides easy and exact reading of slider movement by dial a gauge which is
larger and clear.

Precautions


When not in use, vernier height gauge should be kept in itscase.



It should be tested for straightness, squareness and parallelism of the working faces of
the beam, measuring jaw andscriber.



The springing of the measuring jaw should always beavoided.

Vernier DepthGauge
Vernier depth gauge is used to measure the depths of holes, slots and recesses, to locate
centre distances etc. It consistsof
1.

A sliding head having flat and true base free from curves andwaviness.

2.

A graduated beam known as main scale. The sliding head slides over the graduated
beam.

3.

An auxiliary head with a fine adjustment and a clampingscrew.

Figure. Vernier Depth Gauge


The beam is perpendicular to the base in both directions and its ends square andflat.



The end of the sliding head can be set at any point with fine adjustment mechanism
locked and read from the vernier provided on it, while using the instrument, the base
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is held firmly on the reference surface and lowers the beam into the hole until it
contacts the bottom surface of thehole.


The final adjustment depending upon the sense of correct feel is made by the fine
adjustment screw. The clamping screw is then tightened and the instrument is
removed from the hole and reading taken in the same way as the vernier calliper.
While using theinstrument it should be ensured that the reference surface op which
the depth gauge base is rested is satisfactorily true, flat aridsquare.

Micrometers
There are two types in it.
1.

Outside micrometer — To measure external dimensions.

2.

Inside micrometer — To measure internal dimensions.

An outside micrometer is shown. It consists of two scales, main scale and thimble scale.
While the pitch of barrel screw is 0.5 mm the thimble has graduation of 0.01 mm. The least
count of this micrometer is 0.01 mm.

Figure: Micrometer
The micrometer requires the use of an accurate screw thread as a means of obtaining a
measurement. The screw is attached to a spindle and is turned by movement of a thimble or
ratchet at the end. The barrel, which is attached to the frame, acts as a nut to engage the screw
7

threads, which are accurately made with a pitch of 0.05mm. Each revolution of the thimble
advances the screw 0.05mm. On the barrel a datum line is graduated with two sets of division
marks.
Slip Gauges
These may be used as reference standards for transferring the dimension of the unit of length
from the primary standard to gauge blocks of lower accuracy and for the verification and
graduation of measuring apparatus. These are high carbon steel hardened, ground and lapped
rectangular blocks, having cross sectional area 0f 30 mm, 10mm. The opposite faces are of
such a high degree of surface finish, that when the blocks are pressed together with a slight
twist by hand, they will wring together. They will remain firmly attached to each other. They
are supplied in sets of 112 pieces down to 32 pieces. Due to properties of slip gauges, they
are built up by, wringing into combination which gives size, varying by steps of 0.01 mm and
the overall accuracy is of the order of 0.00025mm. Slip gauges with three basic forms are
commonly found, these are rectangular, square with center hole, and square withoutcenter.

Figure: Set of slip gauges
Wringing of Slip gauges
Any two slips when perfectly clean may be wrung together. The dimensions are permanently
marked on one of the measuring faces of gauge blocks.
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Figures. Wringing of Slip gauges

Classification of Slip Gauges
Slip gauges are classified into various types according
a
to their use as follows:
Grade2:It
It is a workshop grade slip gauges used for setting tools, cutters and checking
dimensions roughly.
Grade1:The
The grade I is used for precise work in tool rooms.
Grade0:It
It is used as inspection grade of slip gauges mainly by inspection department.
Grade00:Grade
Grade 00 mainly used in high precision works in the form of error detection in
instruments.
Calibrationgrade:The
The actual size of the slip gauge is calibrated on a chart supplied by the
manufactures.
Manufacture of Slip Gauges
The following additional operations are carried out to obtain the necessary qualities in slip
gauges during manufacture.
1.

First the approximate size of slip gauges is done by preliminary operations.

2.

The blocks are hardened and wear resistant by a special heat treatment process.

3.

To stabilize the whole life of blocks, seasoning process is done.

4.

The approximate required dimension is done by a final grinding process.

5.

To get the exact size of slip gauges, lapping operation is done.

6.

Comparison is made with grand master sets.

Slip Gauges accessories
The application slip gauges can be increased by providing accessories to the slip gauges. The
various accessories are
9

i.

Measuringjaw:It is available in two designs specially made for internal and external
features.

ii.

Scriber and Centrepoint:It is mainly formed for marking purpose.

iii.

Holder andbase:Holder is nothing but a holding device used to hold combination of
slip gauges.Base in designed for mounting the holder rigidly on its top surface.

Uses of Slip gauges
1.

Direct precise measurement, where the accuracy of the work piece demands it.

2.

For checking accuracy of vernier callipers, micrometers, and such other measuring
instruments.

3.

Setting up a comparator to a specific dimension.

4.

For measuring angle of work piece and also for angular setting in conjunction with a sine
bar.

5.

The distances of plugs, spigots, etc. on fixture are often best measured with the slip
gauges or end bars for large dimensions.

6.

To check gap between parallel locations such as in gap gauges or between two mating
parts.
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Post Test MCQ
1. Calipers belong to __________
a) Graduated Instrument

b) Non- Graduated Instrument

c) Low-Precision Instrument

d) All the above

2. Steel rule belong to __________
a) Graduated Instrument b) Non- Graduated Instrument
c) Low-Precision Instrument

d) All the above

3. Vernier Caliper used in workshops have __________ accuracy
a) Very high b) High
c) Medium
d) Low
4. Vernier calipers andmicrometers are made of
a) Steelb) Aluminium c) Copper
d) Hindalium
5. __________is the process of sliding two blocks together so that their faces bond.
a) Weldingb) Wringing

c) Adhesion bonding

d) Pasting

Conclusion


Linear measurement applies to measurement of lengths, diameter, heights and thickness
including external and internal measurements.



Vernier calipers and micrometers are widely used in scientific laboratories and in
manufacturing for quality control measurements.
Slip blocks (also known as gage blocks, Johansson gauges) are a system for producing
precision lengths.



References
1) N.V.Raghavendra, Engineering Metrology and Measurements, Oxford University Press,
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Suggested Video Links:
Assignment Questions
1) How linear measuring instruments are classified?
2) What is wringing of slip gauges?
3) What is the other name of slip gauges?
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4) Write a brief note on height gauge.
5) List the applications of depth gauge?
6) Briefly discuss the manufacturing steps of a slip gauges.
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Course Material
Name of the Course

:

Metrology and Quality Control (MQC)

Name of the Unit

:

Basics of Metrology

Name of the Topic

:

Angular Measurements

Objective:
To make student understand the evolution and need of Metrology.To
appreciate the importance of product inspection
Outcome:
Upon completion of this topic, student will be able to understand and
appreciate the needof metrology and inspection.
Pre-requisite: The student should have completed two semesters of UG Engineering or
Science program
Pre-Test
1. In geometry, a/an _________ can be defined as the figure formed by two rays meeting
at a common end point.
a)angle
b) meet
c) pair d) None of the above
2. ___________ is an end-to-end test framework for Angular and AngularJS
applicationsa) Caliper b) Protractor
c) channel d) None of the above
3. Sinθ = _________________
a) Opposite over Hypotenuse b) Hypotenuse over Opposite c) adjacent over
Hypotenuse

ANGULAR MEASUREMENTS
Precise measurement of angles is one of the important requirements in workshops and tool
rooms. 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, taper angle of a
jib and so on. Sometimes, the primary objective of angle measurement is not to measure
angles. This may sound rather strange, but it is the case in the assessment of alignment of
machine parts. Measurement of straightness, parallelism and flatness of machine parts
requires highly sensitive instruments, such as autocollimators. The angle reading from such
an instrument is a measure of error of alignment.
A simple Protractor is the basic device for measuring angles. At best, it can provide least
count of one degree for smaller protractor and half degree for large protractors. However,
simple though it may be, the user should follow basic principles of 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 perfectly coincide with the reference
line of the angle being measured. Like a steel rule, the simple protractor has limited usage in
engineering metrology. But, 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, which has a mechanism that enables easy measurement and
retention of a reading.

Bevel Protractors
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
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.
Applications of bevel protractor
The bevel protractor can be used in the following applications.
1.For checking a ‘V’block
2. For measuring acute angle

3.For checking in inside beveled face of a ground face

Figure: Vernier Bevel Protractor
Sine Bar
Sine bars are always used along with slip gauges as a device for the measurement of angles
very precisely. They are used to
1. Measure angles very accurately.
2. Locate the work piece to a given angle with very high precision.
Generally, sine bars are made from high carbon, high chromium, and corrosion resistant steel.
These materials are highly hardened, ground and stabilized. In sine bars, two cylinders of
equal diameter are attached at lie ends with its axes are mutually parallel to each other. They
are also at equal distance from the upper surface of the sine bar mostly the distance between
the axes of two cylinders is 100mm, 200mm or 300mm. The working surfaces of the rollers
are finished to 0.2µm R value. The cylindrical holes are provided to reduce the weight of the
sinebar.
Working principle of sine bar
The working of sine bar is based on trigonometry principle. To measure the angle of a
given specimen, one roller of the sine bar is placed on the surface plate and another one roller
is placed over the surface of slip gauges. Now, ‘h be the height of the slip gauges and ‘L’ be
the distance between roller centers, then the angle is calculated as
Sin θ = Opposite over Hypotenuse = H /L

Use of Sine Bar

1 Before checking the unknown angle of the specimen, first the angle (0) ofgiven
specimen is found approximately by bevelprotractor.
2 Then the sine bar is set at angle of 0and clamped on the angleplate.
3 Now, the work is placed on the sine bar and the dial indicator set at one end of the work
is moved across the work piece and deviation is noted.
4 Slip gauges are adjusted so that the dial indicator reads zero throughout the
worksurface.
Limitations of sine bars






Sine bars are fairly reliable for angles than15°.
It is physically difficult to hold inposition.
Slight errors in sine bar cause larger angularerrors.
Adifferenceofdeformationoccurs atthepointofrollercontactwiththe surface plate and to
the gaugeblocks.
 The size of parts to be inspected by sine bar islimited.
Sources of error in sine bars
The different sources of errors are listed below:

1. Error in distance between rollercenters.
2. Error in slip gaugecombination.
3. Error in checkingof parallelism.
4. Error in parallelism of roller axes with eachother.
5. Error in flatness of the upper surface of sinebar.

Angle Gauge
Angle Gage Blocks permit fast, simple and accurate measurements of any angle. They are far
superior to sine bar measuring methods, that involve trigonometric formulae and complex
stacks of gage blocks. Sets are available in an assortment of accuracy grades and block
counts.Developed by Dr. Tomlinson in 1939. They are blocks of 75 mm length and 16 mm
wide which has lapped surfaces lying at a very precise angle.Angle Gauge Blocks are made
from High Carbon High Chromium Steel which has the properties of aging stability in
dimensions and wear resistance.

Figure: Angle Gauge Blocks

Post Test MCQ
1. For checking the angle of V block, which instrument shall be used?
a) Bevel Protractor b)Simple Protractor

c) Slip Gauges

d) Sine Bar

2. The size of sine bar is specified by
a) thickness b) distance between centrs of two rollers
c) diameter of rollers d) internal distance of rollers
3. Angle gauges are made of ___________
a) aluminium b) Chromium c)Hindaliumd) Steel
4. Sine bars are always used with ______
a) Slip Gauges

b) angle gauges

c) bore gauges

d) Limit gauges

Conclusion




Need of angular measurements comes to picture while assembling machines rather
than in manufacturing domain.
Bevel protractore is used in vast areas for angular measurements
The process of finding the angle using sine bar is complex compared to angle gauges.
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Suggested Video Links:
Assignment Questions
1) What is an angle gauge?
2) List the various ways of using bevel protractor?
3) What is the principle behind angular measurement using sine bar?

