Engineering Metrology

Introduction to Metrology:
Metrology is a science of measurements. It deals with how to measure
the various dimensions of any product and various instruments used for
measuring the dimensions. The word Metrology came from the Greek
word Metron which means measure. So it is called as Metrology.
Metrology deals with all the instruments which are used to measure
linear dimensions and non linear dimensions. Examples for linear
dimensions are length, width, breadth, thickness, diameter etc.
Examples for non linear dimensions are angular measurements.
Learning Metrology plays a major role for ones who works in
manufacturing industries. In industries after manufacturing the product
we have to check the dimensions of the product whether we got the
exact dimensions or not. This knowledge can be obtained by learning
Metrology. Metrology explains the working principles of various
measuring instruments used for finding the various dimensions of the
manufactured product.

Need of Inspection:
In order to determine the fitness of anything made, man has always
used inspection. But industrial inspection is of recent origin and has
scientific approach behind it. It came into being because of mass
production which involved interchangeability of parts. In old craft, same
craftsman used to be producer as well as assembler. Separate
inspections were not required. If any component part did not fit properly
at the time of assembly, the craftsman would make the necessary
adjustments in either of the mating parts so that each assembly
functioned properly. So actually speaking, no two parts will be alike and
there was practically no reason why they should be. Now new
production techniques have been developed and parts are being
manufactured in large scale due to low-cost methods of mass
production. So hand-fit methods cannot serve the purpose any more.
When large number of components of same part are being produced,
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then any part would be required to fit properly into any other mating
component part. This required specialization of men and machines for
the performance of certain operations. It has, therefore, been considered
necessary to divorce the worker from all round crafts work and to
supplant hand-fit methods with interchangeable manufacture.
The modern production techniques require that production of complete
article be broken up into various component parts so that the production
of each component part becomes an independent process. The various
parts to be assembled together in assembly shop come from various
shops. Rather some parts are manufactured in other factories also and
then assembled at one place. So it is very essential that parts must be
so fabricated that the satisfactory mating of any pair chosen at random is
possible. In order that this may be possible, the dimensions of the
component part must be confined within the prescribed limits which are
such as to permit the assembly with a predetermined fit. Thus industrial
inspection assumed its importance due to necessity of suitable mating of
various components manufactured separately. It may be appreciated
that when large quantities of work-pieces are manufactured on the basis
of interchangeability, it is not necessary to actually measure the
important features and much time could be saved by using gauges
which determine whether or not a particular feature is within the
prescribed limits. The methods of gauging, therefore, determine the
dimensional accuracy of a feature, without reference to its actual size.
The purpose of dimensional control is however not to strive for the exact
size as it is impossible to produce all the parts of exactly same size due
to so many inherent and random sources of errors in machines and men.
The principal aim is to control and restrict the variations within the
prescribed limits. Since we are interested in producing the parts such
that assembly meets the prescribed work standard, we must not aim at
accuracy beyond the set limits which, otherwise is likely to lead to
wastage of time and uneconomical results.
Lastly, inspection led to development of precision inspection instruments
which caused the transition from crude machines to better designed and
precision machines. It had also led to improvements in metallurgy and
raw material manufacturing due to demands of high accuracy and
precision. Inspection has also introduced a spirit of competition and led
to production of quality products in volume by eliminating tooling bottlenecks and better processing techniques.
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Application of inspection
1. To ensure that the part material or a component conforms to the
established standard. For dimensional control as per specification.
2. To meet the interchangeability of manufacture.
3. To control the performance of man and manufacturing process.
4. It helps in the process of quality control.
5. It protects the customers in accepting family products.
6. It helps in mass production of assembled part.
7. It helps to assemble various parts produce at different station/place.
8. It provides the means of finding out shortcoming in manufacture.

Systems of measurement
There are two main systems for measuring distances and weight, the
Imperial System of Measurement and the Metric System of
measurement. Most countries use the Metric System, which uses the
measuring units such as meters and grams and adds prefixes like kilo,
milli and centi to count orders of magnitude. In the United States, we use
the older Imperial system, where things are measured in feet, inches and
pounds. It might be confusing if you are living in the U.S for the first time
and are not used to this system. If you ask someone for directions, they
will probably tell you something is a certain number of miles away. Or
you may be told to move a few feet… But, whose feet?
The Imperial System is also called The British Imperial because it came
from the British Empire that ruled many parts of the world from the 16th
to the 19th century. After the U.S gained independence from Britain, the
new American government decided to keep this type of measurement,
even though the metric system was gaining in popularity at the time.
We are one of the few countries in the world that still use this system,
and first time visitors may find it confusing. Here are a few things to
remember that will come in handy day to day:
1 mile equals 1.6 Kilometers.
1 inch is about 25 millimeters or 2.54 centimeters
A 3-foot measurement is almost exactly 1 meter
1 Kilogram is just over 2 pounds
1 pound is about 454 grams
For British visitors, 100 pounds = 7.14 stone
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Complicated measurements, used in the sciences for example, will be in
the metric system so no need to worry if you are planning to do an
internship in engineering or chemistry.
By the way, the temperature scales are different too. We didn't want to
make things too easy for you! Though not technically part of the metric
system, Americans measure temperature in Fahrenheit, not Centigrade.
You may turn on the television and listen for the weather and hear that it
is 70 degrees outside. No, you won't pass out and be vaporized by the
sun; 70 degrees Fahrenheit is actually very pleasant, about 21 degrees
Centigrade. Centigrade has been used around the world from the mid
20th century but again, Americans held fast to the original Fahrenheit
system.
Here are some more handy conversions for temperature:
0 degrees Celsius is equal to 32 degrees Fahrenheit. (The freezing
point), 24 degrees Celsius is equal to 75 degrees Fahrenheit. (A very
pleasant day). To convert Celcius (c) to Fahrenheit, use the formula (c *
1.8) + 32. There is no reason to expect that we will change over to the
Metric System and Centigrade anytime soon. The chances that we will
make the switch during your short-term stay in the United States are
slim, so your best bet is to try to adjust as much as possible. Or, if you
have a smart phone, you can do what I do when I travel-- download a
conversion app. The company World Wide Metric has a comprehensive
and easy to use conversion webpage.

Advantages of the metric system
1. Calculations are easier. If you want half or a fourth, it is easier to
divide.
2. It’s based on a system of 10s. We have 10 toes and 10 fingers,
so counting is easier. Learning math as kids becomes easier
because its always in 10s.
3. Conversion is easier
a. 1m = 100cm = 1000mm vs. 1 mile = 1760 yards and 5280 feet
b. 1kg = 1000g vs. 1 stone is 14 pounds and 224 ounces
4. You can measure a wide range from tiniest measurement to the
largest are common and don’t need to remember much (point 5)
a. kg, g, mg, vs. lb, oz,
5. Remembering the prefix is easy.
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a. deca =10, centi=100 (like century), mili =1000 etc (ok, there are
exceptions in the metric also). kg, g, mg, ug
6. It’s not only the 10s of one unit, but the metric system is such
that everything takes water as the basis
a. water freezes at 0C (32F) and boils at 100C (212F). Which is
easier to remember? (now add 273 to convert to metric).
b. 1 litre of water has a mass of 1kg. 1 gallon of water is 8.34lb (I
think). Which is easier to remember?
7. It’s easier to have tools you can use anywhere (especially for
manufacturing) and scientific applications

Definition of Accuracy
By the term ‘accuracy’, we mean the degree of compliance with the
standard measurement, i.e. to which extent the actual measurement is
close to the standard one, i.e. bulls-eye. It measures the correctness
and closeness of the result at the same time by comparing it to the
absolute value.
Therefore, the closer the measurement, the higher is the level of
accuracy. It mainly depends on the way; data is collected. In math,
science, and engineering, accuracy refers to how close a measurement
is to the true value.
The ISO (International Organization for Standardization) applies a more
rigid definition, where accuracy refers to a measurement with both true
and consistent results. The ISO definition means an accurate
measurement has no systematic error and no random error. Essentially,
the ISO advises the term accurate be used when a measurement is both
accurate and precise.

Definition of 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 0, the standard deviation. It is used as
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an index of precision. The less the scattering more precise is the
instrument. Thus, lower, the value of 0, the more precise is the
instrument.

Examples of Accuracy and Precision:
You can think of accuracy and precision in terms of a basketball player.
If the player always makes a basket, even though he strikes different
portions of the rim, he has a high degree of accuracy. If he doesn't make
many baskets, but always strikes the same portion of the rim, he has a
high degree of precision. A player who throws free throws that always
make the basket the exact same way has a high degree of both
accuracy and precision.
Take experimental measurements for another example of precision and
accuracy. If you take the measurements of the mass of a 50.0-gram
standard sample and get values of 47.5, 47.6, 47.5, and 47.7 grams,
your scale is precise, but not very accurate. If your scale gives you
values of 49.8, 50.5, 51.0, 49.6, it is more accurate than the first
balance, but not as precise. The more precise scale would be better to
use in the lab, providing you made an adjustment for its error.

Difference Between Accuracy and Precision
Accuracy is how close a value is to its true value. An example would be
how close an arrow gets to the bulls-eye center.
Precision is how repeatable a measurement is. An example would be
how close a second arrow is to the first one (regardless of whether either
is near the mark).
Percent error is used to assess whether sufficiently accurate & precise.
You can think of accuracy and precision in terms of hitting a bulls-eye.
Accurately hitting the target means you are close to the center of the
target, even if all of the marks are on different sides of the center.
Precisely hitting a target means all the hits are closely spaced, even if
they are very far from the center of the target. Measurements which are
both precise and accurate are repeatable and very near true values.
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Accuracy and precision are two important factors to consider when
taking data measurements. Both accuracy and precision reflect how
close a measurement is to an actual value, but accuracy reflects how
close a measurement is to a known or accepted value, while precision
reflects how reproducible measurements are, even if they are far from
the accepted value.
Comparison Chart
BASIS FOR
ACCURACY
COMPARIS
ON
Meaning
Accuracy refers to the level of
agreement between the
actual measurement and the
absolute measurement.

PRECISION

Precision implies the level
of variation that lies in the
values of several
measurements of the
same factor.

Represents

How closely result agree with
the standard value?

How closely the results
agree with one another?

Degree

Degree of conformity

Degree of reproducibility

Factor

Single factor

Multiple factors

Measure of

Statistical bias

Statistical variability

Concerned
with

Systematic Error

Random Error
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Accurate and Precise

Accurate, but not Precise

Precise...but not Accurate

Neither Accurate nor Precise

Key Differences Between Accuracy and Precision
The difference between accuracy and precision can be drawn clearly on
the following grounds:
1. The level of agreement between the actual measurement and the
absolute measurement is called accuracy. The level of variation
that lies in the values of several measurements of the same factor
is called as precision
2. Accuracy represents the nearness of the measurement with the
actual measurement. On the other hand, precision shows the
nearness of an individual measurement with those of the others.
3. Accuracy is the degree if conformity, i.e. the extent to which
measurement is correct when compared to the absolute value. On
the other hand, precision is the degree of reproducibility, which
explains the consistency of the measurements.
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4. Accuracy is based on a single factor, whereas precision is based
on more than one factor.
5. Accuracy is a measure of statistical bias while precision is the
measure of statistical variability.
6. Accuracy focuses on systematic errors, i.e. the errors caused by
the problem in the instrument. As against this, precision is
concerned with random error, which occurs periodically with no
recognizable pattern.

Conclusion
So, if the actual measurement is high in accuracy and precision, the
result would be free from errors. If the actual measurement is precise but
inaccurate, then the result is in disagreement with the expected one. If
the actual result is accurate but imprecise, then there are huge
variations in the measurements. And finally, if the actual measurement is
neither accurate nor precise, then the result would lack correctness and
exactness at the same time.

Calibration.
Calibration is the process of determining and adjusting an instrument
accuracy to make sure its accuracy is within the manufacture’s
specifications.
The calibration of any measuring system is very important to get
meaningful results. In case where the sensing system and measuring
system are different, then it is imperative to calibrate the system as an
integrated whole in order to take into account the error producing
properties of each component. Calibration is usually carried out by
making adjustments such that readout device produces zero output for
zero-measurement and input, and similarly it should display an output
equivalent to the known measure and input near the full-scale input
value. It is important that any measuring system calibration should be
performed under environ-mental conditions that are as close as possible
to those conditions under which actual measurements are to be made. It
is also important that the reference measured input should be known to
a much greater degree of accuracy—usually the calibration standard for
the system should be at least one order of magnitude more accurate
than the desired measurement system accuracy, i.e. accuracy ratio of
10: 1.
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Importance of Calibration
Calibration is a comparison between a known measurement (the
standard) and the measurement using your instrument. Calibration of
measuring instruments has two objectives. It checks the accuracy of the
instrument and it determines the traceability of the measurement. In
practice, calibration also includes repair of the device if it is out of
calibration. A report is provided by the calibration expert, which shows
the error in measurements with the measuring device before and after
the calibration.
To explain how calibration is performed we can use an external
micrometer as an example. Here, accuracy of the scale is the main
parameter for calibration. In addition, these instruments are also
calibrated for zero error in the fully closed position and flatness and
parallelism of the measuring surfaces. For the calibration of the scale, a
calibrated slip gauge is used. A calibrated optical flat is used to

Why calibration is important?
The accuracy of all measuring devices degrade over time. This is
typically caused by normal wear and tear. However, changes in
accuracy can also be caused by electric or mechanical shock or a
hazardous manufacturing environment (oils, metal chips etc.).
Depending on the type of the instrument and the environment in which it
is being used, it may degrade very quickly or over a long period of time.
The bottom line is that, calibration improves the accuracy of the
measuring device. Accurate measuring devices improve product quality.

When should you calibrate your measuring device?
A measuring device should be calibrated:
According to recommendation of the manufacturer.
After any mechanical or electrical shock.
Periodically (annually, quarterly, monthly)
Hidden costs and risks associated with the un-calibrated measuring
device could be much higher than the cost of calibration. Therefore, it is
recommended that the measuring instruments are calibrated regularly by
a reputable company to ensure that errors associated with the
measurements are in the acceptable range.
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Accuracy, Precision, and Calibration
Do you think it is better to use an instrument that records accurate
measurements or one that records precise measurements? If you weigh
yourself on a scale three times and each time the number is different, yet
close to your true weight, the scale is accurate. Yet, it might be better to
use a scale that is precise, even if it is not accurate. In this case, all of
the measurements would be very close to each other and "off" from the
true value by about the same amount. This is a common issue with
scales, which often have a "tare" button to zero them.
While scales and balances may allow you to tare or make an adjustment
to make measurements both accurate and precise, many instruments
require calibration. A good example is a thermometer. Thermometers
often read more reliably within a certain range and give increasingly
inaccurate (but not necessarily imprecise) values outside of that range.
To calibrate an instrument, record how far off its measurements are from
known or true values. Keep a record of the calibration to ensure proper
readings. Many pieces of equipment require periodic calibration to
ensure accurate and precise readings.

Calibration vs. Certification
Calibration is the process of checking the dimensions.
and tolerances of a gauge, or the accuracy of a measurement
instrument by comparing it to a like instrument/gauge that has been
certified as a standard of known accuracy. Calibration is done by
detecting and adjusting any discrepancies in the instrument’s accuracy
to bring it within acceptable limits. Calibration is done over a period of
time, according to the usage of the instrument and the
materials of its parts. The dimensions and tolerances of the
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instrument/gauge are checked to determine whether it has departed from
the previously accepted certified condition. If departure is
within limits, corrections are made. If deterioration is to a point that
requirements can’t be met any more then the instrument/gauge can be
downgraded and used as a rough check, or it may be reworked and
recertified, or be scrapped. If a gauge is used frequently, it will require
more maintenance and more frequent calibration.
Certification is performed prior to use of instrument/gauge and later to
reverify if it has been reworked so that it again meets its requirements.
Certification is given by a comparison to a reference standard whose
calibration is traceable to an accepted national standard. Further such
reference standards must have been certified and calibrated as master
not more than six months prior to use.

Factors affecting of the measuring system:
The basic objective of metrology should be to provide the accuracy
required at the most economical cost. The accuracy of measuring
system includes elements such as :
(a) Calibration Standards,
(b) Workpiece being measured,
(c) Measuring Instruments
(d) Person or Inspector carrying out the measurement, and
(c) Environmental influences.
The above arrangement and analysis of the five basic Metrology
elements can be composed into the acronym SWIPE for convenient
reference : S = Standard, W = Workpiece, I = Instrument, P = Person
and E = Environment.
Higher accuracy can be achieved only if, all the sources of errors due to
the above five elements in the measuring system be analyzed and steps
taken to eliminate them. An attempt is made here to summarize the

Various factors affecting these five elements.
1. Standard.lt may be affected by ambient influences (thermal
expansion), stability with time, elastic properties, geometric compatibility,
and position of use.
2. Workpiece, itself may be affected by ambient influences, cleanliness,
surface condition, elastic properties, geometric truth, arrangement of
supporting it, provision of defining datum etc.
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3. Instrument may be affected by hysteresis, backlash, friction, zero drift
error, deformation in handling or use of heavy work pieces, inadequate
amplification, errors in amplification device, calibration errors, standard
errors, correctness of geometrical relationship of workpiece and
standard, proper functioning of contact pressure control, mechanical
parts (slides, ways, or moving elements) working efficiently, and
repeatability adequacy etc.
4. Personal errors can be many and mainly due to improper training in
use and handling skill, sense of precision and accuracy appreciation,
proper selection of instrument, attitude towards and realization of
personal accuracy achievements, etc.
5. Environment exerts a great influence. It may be affected by
temperature ; thermal expansion effects due to heat radiation from light,
heating of components by sunlight and people, temperature equalization
of work, instrument and standard ; surroundings; vibrations ; lighting;
pressure gradients (affect optical measuring systems) etc.

Sources of errors
1. Calibration error
Each measures instrument should be calibrated with a standard one at
certain time interval (may be once in a year once in every 6 months)
If the above procedure is not followed the instrument may give
erroneous result, it is called calibration errors.
2. Environmental error
These errors are due to surrounding in pressure temperature and
humidity. Internationally agree standard value of temperature pressure
are : (i) Temperature= 20 c (ii) Pressure = 760 mm of Hg + 10 mm of Hg
vapor pressure. If the ambient condition various from the above standard
valves the measured value will be erroneous.
3. Contact pressure/ stylus pressure
Errors are also introduced due to pressure exerted at stylus. It is
more prominent in case of soft work piece. Ideally the stylus should
touch the top surface of w/p. due to stylus pressure both deformation &
deflection of w/p take place. This type of errors are also induced when
the force applied on the anvils of micrometer varies.
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4. Error due to supports
The elastic deformation/ deflection of a long measuring bar due to
position of support cause error in measurement. So G.B Airy found out
the position of supports to give minimum error. Two support conditions
are: (i) for minimum deflection (fig 1.3) (ii) for zero slope at ends (fig 1.4)

5. Error due to alignment
Abbe’s alignment principle should be followed to avoid
error due to alignment. According to this principle the axis
of measurement should coincide with measuring
instruments.
If D= True dia L= Apparent length α = micrometer arivil dia
Then D= L cos θ - α sin θ, Error= L-D= L- (L cos θ - α sin θ)
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sin & cosine error both
6. Parallax error
occur when line of vision is not directly in line with measuring
scale PA= parallax error

7.Error due to dust
Presence of dust in the atmosphere change reading in the order of
fraction of micron. When high accuracy in measurement is required dust
should be cleaned by clean chamois.
8.Error due to vibration
The instrument anvil will not give consistent and repetitive reading if it is
subjected to vibration. So the measurement should be taken away from
the source of vibration.
9. Error due to location
If the datum surface is not perfectly flat or if any foreign matter such as
dirt chip etc. are present between the datum and w/p error occurs in
measurement as shown in fig 1.8.
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10. Error due to poor contact
i. The measured dimension will be greater than the actual dimension due
to poor contact as shown in fig 1.9.
ii. Error due to wear in gauges
The anvil of micrometer is subjected to wear due to repeated use and
lead to error in measurement. The lack of parallelism due to wear of
anvil can be checked by optical flat.

Basically errors are of 2 types
i) Controllable ( or systematic) error,(ii) Uncontrollable (or Random) error

Definition of Systematic Error
The constant error occurs in the experiment because of the imperfection
of the mechanical structure of the apparatus is known as the systematic
error. The systematic errors arise because of the incorrect calibration of
the device. The error is mainly categorized into three types.
1. Instrumental Error, 2. Environmental Error, 3. Observational Error
Instrumental Error – The instrumental error occurs because of the
three reasons. 1. Misuse of the apparatus. 2. Imperfection in the
mechanical structure of the apparatus. 3. The error occurs because of
the loading effect.
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Observational Error – The error occurs in the observation of the
reading is known as the observational error. For example, consider the
pointer of voltmeter rest on the surface of the scale. The observational
error occurs in the reading if the line of vision is exactly not above the
pointer.
Environmental Error – Such types of error occurs because of the
changes in the surroundings condition like humidity, pressure, magnetic
or electrostatic field, etc. The experimental errors can be reduced by
making some arrangements in the laboratory for controlling the
temperature and humidity. Also, before experimenting make ensure that
there should be no magnetic and electric field.

Definition of Random Error
The uncertain disturbances occur in the experiment is known as the
random errors. Such type of errors remains in the experiment even after
the removal of the systematic error. The magnitude of error varies from
one reading to another. The random errors are inconsistent and occur in
both the directions.

The presence of random errors is determined only when the different
readings are obtained for the measurement of the same quantity under
the same condition.
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Key Differences between the Random & Systematic Error
The following are the major differences between the systematic and
random error.
1. The random error means the unpredictable disturbance occurs in the
experiment by the unknown source. Whereas, the systematic error
occurs because of the inbuilt defect of the apparatus.
2. The random error occurs in both the direction, whereas the systematic
error occurs only in one direction. The systematic errors arise because
of the inbuilt fault of the apparatus, hence it always gives the same error.
The random error occurs because of the unknown source, thereby
occurs in any direction.
3. The magnitude of systematic error remains constant because the
defect is inbuilt inside the apparatus. Whereas, the magnitude of the
random error is variable.
4. The zero error and the incorrect calibration of apparatus cause the
systematic error. The random error is because of the parallax or by
incorrectly using the apparatus.
5. The random error reduces by taking the two or more readings of the
same experiment, whereas the systematic error reduces by carefully
designing the apparatus.
6. The random error does not have any specific types, whereas the
systematic error is categorized into three types, i.e., instrument error,
environment error and systematic error.
7. The random error is non-reproducible whereas the systematic error is
reproducible because the defect is inbuilt with the apparatus.

Conclusion
The random error happens because of any disturbances occurs in the
surrounding like the variation in temperature, pressure or because of the
observer who takes the wrong reading. The systematic error arises
because of the mechanical structure of the apparatus. The complete
elimination of both the error is impossible.
Random error
i. This error is due to error in the
position of standard & work
pressure due to displacement of
lever joint due to friction & play in

Systematic error
i. This error includes calibration
error contact pressure error
variation in atmospheric conditions
parallax misalignment zero error
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instrument linkage due to improper
estimation in Judging
fractional part of a scale division
etc.
ii. These errors are interest in
measuring system
iii. These errors are no consistent &
non repetitive
iv. These errors can’t be eliminated

etc.

ii. These error result from improper
conditions/procedure
iii. These errors are repetitive and
constant in nature
Iv Except personal error all other
errors can be reduced/eliminated
/controlled

Com paris on Cha rt
Basis For
Comparison

Random Error

Systematic Error

Definition

The random error occurs in
It is a constant error
the experiment because of the which remains same for
uncertain changes in the
all the measurements.
environment.

Causes

Environment, limitation of the
instrument, etc.

Incorrect calibration and
incorrectly using the
apparatus

Minimize

By repeatedly taking the
reading.

By improving the design
of the apparatus.

Magnitude of
Error

Vary

Constant

Direction of
Error

Occur in both the direction.

Occur only in one
direction.

Types

Do not have

Three (Instrument,
Environment and
systematic error)

Reproducible

Non-reproducible

Reproducible
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Standards of Measurement:
The international prototype meter and the international yard are
considered to be perfect or master standards. These cannot be used for
general purposes. For practical and shop floor measurements, there is
need of working standards. For Example, micrometers, verniers, rules
etc. are required for measurement in workshop.
These are calibrated from the slip gauges, and slip gauges would be
calibrated against the laser by the NPL (National Physical Laboratory).
Thus depending upon the degree of accuracy required for the work, the
standards are subdivided into following four categories or grades:
1. Primary Standards (Reference Standards).
2. Secondary Standards (Calibration Standards).
3. Tertiary Standards (Inspection Standards).
4. Working Standards (Workshop Measuring Standards).
1. Primary Standards (Master Standards):
The primary standard is also known as Master Standard,
and ispreserved under the most careful conditions. These standards are
not commonly in use. They are used only after long internals. They
solely used for comparing the secondary standards. Sometimes it is also
called Reference Standards.
2. Secondary Standards (Calibration Standards):
The secondary standard is more or less similar to the primary standard.
They are nearly close in accuracy with primary standards. The
secondary standard is compared at regular intervals with primary Stands
and records their deviation. These Standards are distributed to a number
of places where they are kept under safe custody. They are used
occasionally for comparing the territory standards.
3. Tertiary Standards (Inspection Standards):
The Tertiary standard is the first standard to be used for reference
purpose in workshops and laboratories. They are used for comparing the
working standards. These are not used as frequently and commonly as
the working standards but more frequency than secondary standards.
Tertiary standards should also be maintained as a reference for
comparison at intervals for working standards.
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4. Working Standards (Workshop Measuring Standards):
The working standard is used for actual measurement in workshop or
laboratories by the workers. These standards should also be as accurate
as possible to the tertiary standard. But sometimes, lower grades of
materials can be used for their manufacturing to reduce cost.
Sometimes, distances have to be measured between two lines
sometimes between two surfaces, or a combination of line and surface.
Depending on this, there are three standards of length measurements:
1. Line Standard. 2. End Standard 3. Wave Length Standard (Optical
Standard).

Line Standard:
When the length being measured is expressed as the distance between
two lines, this is known as, obviously, line standard. Imperial Standard
Yard and International Standard Meter are the line standards both
comes under primary standard of length measurement. Measuring scale
and tapes are also line standards and comes under working standards
of length measurement. This form of measurement is not very
convenient to use.
Examples: The scale is a good example for line standard. A scale with
divisions shown as lines is used as the measurement.
Characteristics of line standards
Accuracy is less because the thickness of the calibrated lines on the
scale is not taken into account during measure.
1. Scale is quick and easy to handle over a wide range.
2. Scales are subjected to paralyze error.
3. Scales markings are not subjected to wear.

End Standard:
When the length being measured is expressed as the distance between
two surfaces or ends, this is referred as, obviously, end standard. Slip
gauges, end bars, micrometers etc. are comes in this category. The end
faces are hardened, lapped flat and parallel to a very high degree of
accuracy. This form of measurement is very convenient to use in toolrooms, laboratories, workshops etc.
It is difficult to convert between line measuring system and end
measuring system. For Example, a line measuring device (say scale) is
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not suitable for the direct measurement of distance between two edges
or surfaces.
Similarly, an end measuring device (say slip gauges) are not suitable for
the measurement of distance between two lines. So the selection of
measuring device depends upon the each particular situation of
measurement.
Examples:- Slip gauges (gauge blocks), Cylindrical end bars, (length
bars), Micrometer anvil, Vernier Caliper etc.
Characteristics of end standards
1. High accuracy.
2. Time for measuring is high and cannot measure 2 or more length
simultaneously.
3. Subjected to wear on their faces and because of that, we are forced
to built the gauges with hard materials.
4. They are not subjected to paralyze error
Comparison Line Standard:
1. When the length being measured is expressed as the distance
between two lines, this is known as line standard.
2. A scale is quick and easy to use over a wide range of dimension.
3. Line standards are not as accurate as end standards and cannot be
used for close tolerance measurement.
4. A steel scale can be read to about ± 0.2 mm of true value.
5. The scale graduations are not subject to wear although significance
wear on leading end leads to under sizing.
6. Scales are subjected to parallax error of reading. They may be
positive or negative reading.
7. Errors due to inaccuracy of graduations engraved on the scale are
possible.
8. A scale does not provide a “built in” measuring datum.
Comparison End Standards:
1. When the length being measured is expressed as the distance
between two surfaces or ends, this is known as end standard.
2. They are time consuming to use and prove only one dimension at a
time.
3. End standards are highly accurate and well- suitable to close
tolerance measurement.
4. Close dimensional tolerance as small as 0.0005 mm can be obtained.
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5. They are subjected to wear on their measuring faces. Also wringing of
slip gauges leads to damage.
6. The parallax error is not associated with such type of measurement
because the distance is measured between two flat surfaces.
7. Such errors are not possible with end standards.
8. They have a “built in” measuring datum as their measuring faces are
flat and parallel.
Sl. Characteristic Line Standard
End Standard
No.
1
Principle
Length is expressed as the
Length is expressed as
distance between two lines
the distance between
two flat parallel faces
2
Accuracy
Limited to ± 0.2 mm for high
Highly accurate for
accuracy, scales have to be
measurement of close
used in conjunction with
tolerances up to ± 0.001
magnifying glass or
mm.
microscope
3
Ease and time Measurement is quick and
Use of end standard
&
easy
requires skill and is time
measurement
consuming.
4
Effect of wear Scale markings are not subject These are subjected to
to wear. However, significant
wear on their measuring
wear may occur on leading
surfaces.
ends. Thus it may be difficult to
assume zero
of scale as datum.
5
Alignment
Cannot be easily aligned with
Can be easily aligned
the axis of measurement.
with the axis of
measurement
6
Manufacture
Simple to manufacture at low
Manufacturing process
and cost
cost.
is complex and cost is
high.
7
Parallax effect They ate subjected to parallax They ate not subjected
error
to parallax error
8
Examples
Scale (yard, meter etc.)
Slip gauges, end bars,
V. caliper,
micrometers etc.
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Light Wave Length Standard (Optical Standard):
Because of problems of variation in length of metallic standards such as
meter and yard wave length of light has been internationally considered
which defines the primary standard. The wavelength of monochromatic
light (red radiation) from, Krypton isotope 86 is used as a unit of length.

This was an important advancement in which, a unique meter or yard is
replaced by a natural atomic standard of light.
It was a sensible movement that made easy accessibility of primary unit
to anywhere and in any laboratory without the risk of error.
According to this optical standard, other units of length can be
redlined as:

Advantages of Light (Optical) Standard:
1. It is more reliable than metallic standards.
2. It could be access and adopted at any time in all countries without the
risk of being error.
3. It reduces the uncertainty by a factor 50-55.
4. It does not change length and hence provides more accuracy.
5. It provides higher accuracy than material standards for comparative
measurement.
6. It can be kept in all standard rooms and physical laboratories by
“identical copies”.
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Repeatability
Repeatability is the most important factory in any measuring system
as it is the characteristics of the measuring system whereby
repeated trials of identical inputs of measured value produce the
same indicated output from the system. It is defined as the ability of
a measuring system to reproduce output readings when the same
measure and value is applied to it consecutively, under the same
conditions, and in the same direction. It could be expressed either
as the maximum difference between output readings,
Repeatability is the only characteristic error which cannot be
calibrated out of the measuring system. Thus repeatability becomes
the limiting factor in the calibration process, thereby limiting
the overall measurement accuracy. In effect, repeatability is the
minimum uncertainty in the comparison between measurement and
reference.

Uncertainty.
It is the range about the measured value within which the true value
of the measured quantity is likely to lie at the stated level of
confidence. It can be calculated when the trade or population
standard deviation is known or it can be estimated from the
standard deviation calculated from finite number of observation
having normal distribution.

Classification of Methods of Measurements
In precision measurements various methods of measurement are
followed depending upon the accuracy required and the amount of
permissible error. There are numerous ways in which a quantity can be
measured. Any method of measurement should be defined in such a
detail and followed by such a standard practice that there is little scope
for uncertainty. The nature of the procedure in some of the most
common measurements is described below. Actual measurements may
employ one or more combinations of the following.
(i) Direct method of measurement.
In this method the value of a quantity is obtained directly by comparing
the unknown with the standard. It involves, no mathematical calculations
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to arrive at the results, for example, measurement of length by a
graduated scale. The method is not very accurate because it depends
on human insensitiveness in making judgment.
(ii) Indirect method of measurement.
In this method several parameters (to which the quantity to be measured
is linked with) are measured directly and then the value is determined by
mathematical relationship. For example, measurement of density by
measuring mass and geometrical dimensions.
(iii) Fundamental method of measurement.
Also known as the absolute method of measurement, it is based on the
measurement of the base quantities used to define the quantity. For
example measuring a quantity directly in accordance with the definition
of that quantity, or measuring a quantity indirectly by direct measurement
of the quantities linked with the definition of the quantity to be measured.
(iv) Comparison method of measurement.
This method involves comparison with either a known value of the same
quantity or another quantity which is function of the quantity to be
measured.
(v) Substitution method of measurement.
In this method, the quantity to be measured is measured by direct
comparison on an indicating device by replacing the measuring quantity
with some other known quantity which produces same effect on the
indicating device. For example: determination of mass by Borda method.
(vi) Transposition method of measurement.
This is a method of measurement by direct comparison in which the
value of the quantity to be measured is first balanced by an initial known
value A of the same quantity ; next the value of the quantity to be
measured is put in the place of that known value and is balanced again
by a second known value B. When the balance indicating device gives
the same indication in both cases, the value of the quantity to be
measured is VAB. For example: determination of a mass by means of a
balance and known weights, using the Gauss double weighing method.
(vii) Differential or comparison method of measurement.
This method involves measuring the difference between the given
quantity and a known master of near about the same value. For
example, determination of diameter with master cylinder on a
comparator.
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(viii) Coincidence method of measurement.
In this differential method of measurement the very small difference
between the given quantity and the reference is determined by the
observation of the coincidence of scale marks. For example,
measurement on vernier caliper.
(ix) Null method of measurement.
In this method the quantity to be measured is compared with a known
source and the difference between these two is made zero.
(x) Deflection method of measurement.
In this method, the value of the quantity is directly indicated by deflection
of a pointer on a calibrated scale.
xi) Interpolation method of measurement.
In this method, the given quantity is compared with two or more known
value of near about same value ensuring at least one smaller and one
bigger than the quantity to be measured and the readings interpolated.
(xii) Extrapolation method of measurement.
In this method, the given quantity is compared with two or more known
smaller values and extrapolating the reading.
(xiii) Complimentary method of measurement.
This is the method of measurement by comparison in which the value of
the quantity to be measured is combined with a known value of the
same quantity so adjusted that the sum of these two values is equal to
predetermined comparison value. For example, determination of the
volume of a solid by liquid displacement.
(xiv) Composite method of measurement.
It involves the comparison of the actual contour of a component to be
checked with its contours in maximum and minimum tolerable limits. This
method provides for the checking of the cumulative errors of the
interconnected elements of the component which are controlled through
a combined tolerance. This method is most reliable to ensure interchangeability and is usually effected through the use of composite “Go”
gauges, for example, checking of the thread of a nut with a screw plug
“GO” gauge.
(xv) Element method.
In this method, the several related dimensions are gauged individually,
i.e. each component element is checked separately. For example, in the
case of thread, the pitch diameter, pitch, and flank angle are checked
separately and then the virtual pitch diameter is calculated. It may be
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noted that value of virtual pitch diameter depends on the deviations of
the above thread elements. The functioning of thread depends on virtual
pitch diameter lying within the specified tolerable limits. In case of
composite method, all the three elements need not be checked
separately and is thus useful for checking the product parts. Element
method is used for checking tools and for detecting the causes of rejects
in the product.
(xvi) Contact and contactless methods of measurements.
In contact methods of measurements, the measuring tip of the
instrument actually touches the surface to be measured. In such cases,
arrangements for constant contact pressure should be provided in order
to prevent errors due to excess contact pressure. In contactless method
of measurements, no contact is required. Such instruments include toolmaker’s microscope and projection comparator, etc.
For every method of measurement a detailed definition of the equipment
to be used, a sequential list of operations to be performed, the
surrounding environmental conditions and descriptions of all factors
influencing accuracy of measurement at the required level must be
prepared and followed.

Elements of Measurements:
There are three main measuring elements required to measure for a
given component:
1. Linear Dimensions (Linear Measurements):
The measurements of linear dimensions are necessary and important in
engineering work. For Example, measurement of length with the help of
linear measuring instruments.
Some linear (length) measuring instruments are:
(i) Steel rule
(ii) Vernier caliper
(iii) Micrometer
(iv) Depth Gauge
(v) Vernier height gauge
(vi) Dial gauge
(vii) Slip gauges
(viii) Limit gauges, and
(ix) Comparators, etc.
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2. Angular Dimensions (Angular Measurements):
The measurements of angular dimensions are frequently necessary in
engineering work. For example, measurement of angle, taper,
inclination, etc., with the help of angular measuring instruments.
Some angular (angle) measuring instruments are:
(i) Protector
(ii) Bevel protector
(iii) Combination set
(iv) Sine bar
(v) Angle gauges
(vi) Dividing head, etc.
(vii) Taper plug and ring gauges, and
(viii) Precision balls and rollers.
Units of Angular Measurement:
The basic unit of angular measurement is the right angle, and it is
defined as “The angle between two lines which intersect so as to make
the adjacent angle equal.”
The sub-division of the right angle into 90 degree (°), each degree into
60 minutes (‘), and each minute into 60 seconds (“), are defined. These
divisions referred to as the sexagesimal system.
Another unit of angular measurement is based on the relationship
between the radius and arc of a circle. The unit is called a radian and is
defined as being the angle subtended by an arc of a circle of length
equal to the radius. The definition is clear by figure 1.6.

3. Non-Linear Functions:
The measurement of non-linear functions includes concentricity,
flatness, roundness and surface texture etc. These functions are
sometime very necessary to measure for proper functioning of a
machine component say shaft, pully, bearings etc.
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linear (length) measuring instruments
SCALE ( Steel Rule):

It is also known as scale. It is a line measuring device. It is the simplest
and most common measuring instrument used in inspection. It works on
the basic measuring technique of comparing an unknown length to the
one previously calibrated. It consists of a strip of hardened steel having
line graduations etched or engraved at interval of fraction of a standard
unit of length. Depending upon the interval at which the graduations are
made, the scale can be manufactured in different sizes and styles.
Various possible combinations of scales are found depending upon
whether the scale is graduated either on both sides and both edges or
on edges of only one side. The scale can be either 150 mm long or 300
mm or 600 mm or 1000 mm long. The scale need not be graduated
uniformly throughout its length. In some part e.g. it may have 10
divisions of centimeter, in some portion 20 divisions, so that it can be
used for all types of work and the particular range chosen depending
upon the accuracy required. Certain scales have got some attachments
and special features with them to make their use more versatile e.g.,
very small scales may be provided with a handle to use it easily. They
may be made in folded form so that these can be kept in pocket also.
Certain scales take into account the shrinkage of materials after cooling
and are called shrink rules. These are used in foundry and pattern
making shops. Scales can also be attached with an adjustable shoulder
to make them suitable for depth measurement.
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CALIPERS
A caliper is a device used to measure the distance between two
opposite sides of an object. Many types of calipers permit reading out a
measurement on a ruled scale, a dial, or a digital display. But a caliper
can be as simple as a compass with inward or outward-facing points.
The tips of the caliper are adjusted to fit across the points to be
measured and then the caliper is then removed and the distance read by
measuring between the tips with a measuring tool, such as a ruler.
It is used in many fields such as mechanical engineering, metalworking,
forestry, woodworking, science and medicine.
Types of calipers:
1- Inside caliper: are used to measure the internal size of an object.
2- Outside caliper: are used to measure the external size of an object.
3- Divider caliper: are used in the process of marking out suitable work
pieces.
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Vernier caliper
The vernier scale was invented by French mathematician Pierre Vernier
in 1631. A vernier caliper is a measuring device used to precisely
measure linear dimensions. It is a very useful tool to use.
when measuring the diameter of a round objects like cylinders because
the measuring jaws can be secured on either side of the circumference.
Vernier calipers have both a fixed main scale and a moving vernier
scale. The main scale is graduated in either millimeters or tenths of an
inch.
The vernier scale allows much more precise readings to be taken
(usually to the nearest 0.02mm or 0.001 inch) in comparison to a
standard ruler (which only measures to th nearest 1mm or 0.25 inch).
As part of the vernier caliper, it is used together with the main scale, and
helps to provide very precise measurements.
Vernier calipers usually show either imperial or metric measurements,
but some measure in both.

Parts of Vernier Caliper
1. Outside large jaws: used to measure external diameter or width
of an object
2. Inside small jaws: used to measure internal diameter of an object
3. Depth probe/rod: used to measure depths of an object or a hole
4. Main scale (Metric): scale marked every mm
5. Main scale (Imperial): scale marked in inches and fractions
6. Vernier scale (Metric) gives interpolated measurements to
0.1 mm or better
7. Vernier scale (Imperial) gives interpolated measurements in
fractions of an inch
8. Retainer: used to block movable part to allow the easy transferring
of a measurement
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The calipers in the diagram show a primary reading on the metric scale
of about 2.475 cm (2.4 cm read from the main scale plus about 0.075 cm
from the Vernier scale). Calipers often have a "zero point error", which is
when the calipers do not read 0.000 cm when the jaws are closed. The
zero point error must always be subtracted from the primary reading. Let
us assume these calipers have a zero point error of 0.013 cm. This
would give us a length reading of 2.462 cm. For any measurement,
reporting the error on the measurement is also important. Both the
primary reading and the zero point reading are bounded by
plus/minus half the length corresponding to the width of the smallest
interval on the Vernier scale (0.0025 cm). These are "absolute" errors
and absolute errors add, so the length reading is then bounded by
plus/minus the length corresponding to the full width of the smallest
interval on the Vernier scale (0.005 cm). Assuming no systematic affect
the measurement (the instrument works perfectly), a complete
measurement would then read 2.462 cm ± 0.005 cm.
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Principle of vernier:
The principle of vernier is based on the difference between two
scales or division which are nearly, but not quite alike for obtaining
small difference.
Least count of vernier instruments:
The difference between the value of main scale division and vernier
scale division is known as the least count. Thus, least count of a
vernier instrument = (value of the smallest division on the main scale)(the value of the smallest division on the vernier scale)
For example, 49 main scale division are divided into 50 vernier scale
divisions. Value of 1 VSD = 49/50mm
Least count = 1 MSD – 1 VSD
=1-49/50 =1/50 = 0.02mm
Reading calculation procedure:
The statement for reading the measured value of vernier caliper is
given as followings:
The n’ th number of MSD that the zero of the vernier scale has crossed
+ the n’ th number of VSD coinciding with the MSD X (the least count
of the instrument)
Example:- The zero of vernier crossed 34 division in main scales so
main scale reading is 34 and 31 no line is coincide with main scale
that’s why vernier scale reading is
31X0.02=0.62. so total reading is 34.62mm.
Uses: Vernier caliper is employed for depth, internal and external
measurements. It is generally used by closing the jaws on to the work
surface.
Ranges: 0-125mm, 0-200mm, 0-250mm, 0-300mm etc…
Material: Stain less steel / invar steel and the measuring faces are
harden to 650HV
Mechanism: Sliding mechanism
Measuring Techniques: a) Placing vernier caliper on test part
b) Locking vernier slide in position
Precautions:
Ensure the line of measurement coincide with the line of scale. Ensure
the vernier is held straight and view it perpendicularly.
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Vernier height gauge
Vernier height gauge is similar to vernier caliper 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.
4. An auxiliary head which is also attached to the beam above 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

Use.
1. The vernier height gauge is designed for accurate measurements and
marking of vertical heights above a surface plate datum.
2. It can also be used to measure differences in heights by taking the
vernier scale readings at each height and determining the difference
by subtraction.
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3. It can be used for a number of applications in the tool room and
inspection department. The important features of vernier height gauge
are:
- All the parts are made of good quality steel or stainless steel.
- The beam should be sufficiently rigid square with the base.
- The measuring jaw should have a clear projection from the edge of the
beam at least equal to the projection of the base' from the beam.
- The upper and lower gauging surfaces of the measuring jaw shall be
flat and parallel to the base.
- The scriber should also be of the same nominal depth as the
measuring jaw so that it may be reversed.
- The projection of the jaw should be at least 25 mm.
- 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 of
vernier.
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 its case.
- It should be tested for straightness, squareness and parallelism of the
working faces of the beam, measuring jaw and scriber.
- The springing of the measuring jaw should always be avoided.
Vernier Depth Gauge
Vernier depth gauge is used to measure the depths of holes, slots and
recesses, to locate centre distances etc. It consists of
1. A sliding head having flat and true base free from curves and
waviness.
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 clamping screw.
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- The beam is perpendicular to the base in both directions and its ends
square and flat.
- 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 is held firmly on the reference surface and
lowers the beam into the hole until it contacts the bottom surface of the
hole.
- 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 caliper. While using the instrument it should be
ensured that the reference surface op which the depth gauge
base is rested is satisfactorily true, flat arid square.
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Micrometer
A micrometer is a measuring instrument that can make extraordinarily
precise measurements. Most micrometers are designed to measure
within one one-thousandth of an inch! That’s a close fit. Exact
measurements like this are necessary when even the smallest of space
between objects can cause problems or difficulties.
There are several types of micrometers that are designed to measure
different types of objects or spaces. Most micrometers are available in
sets to accommodate measurements of varying size.
Least count of Micrometer: Least count is the minimum distance
which can be measured accurately by the instrument. The micrometer
has a screw of 0.5 m pitch. With a thimble graduated in 50 divisions to
provided a direct reading of (pitch/n) = 0.50 / 50 = 0.01 mm. Thus, least
count of micrometer= pitch of the spindle screw / no. of division on the
spindle.
Outside Micrometer: It is used to measure the outside diameter and
length of small parts to an accuracy of 0.01 mm. the main parts of an
outside micrometer are- U-shaped steel frame:- The outside micrometer
has, U, shaped or C shaped frame. It holds the micrometer parts
together.
Frame is generally made of steel, malleable Cast iron or light alloy.
The gap of the frame permits the maximum diameter of the job to be
measured.

38

Anvil and spindle: - The micrometer has a fixed anvil protruding 3mm
from the left hand anvil is provided on the front of the spindle. These
are also available with tungsten carbide faces. The spindle engages
with the nut. It should run freely and smoothly. These should be no
backlash between the spindle screw and nut.
Lock nut: A lock nut is provided on the micrometer spindle to lock it
when the micrometer is at its correct reading.
Sleeve or Barrel: The sleeve is accurately divided and clearly marked
in 0.5 mm division along its length which serves as a main scale. It is
chrome plated and adjustable for zero setting.
Thimble: The thimble can be moved over the barrel. It has 50
equal divisions around its circumference. Each division having a
value of 0.01 mm.

How to read Micrometer?
In order to measure an object, the object is placed between the jaws and
the thimble is rotated using the ratchet until the object is secured. Note
that the ratchet knob must be used to secure the object firmly between
the jaws, otherwise the instrument could be damaged or give an
inconsistent reading. The manufacturer recommends 3 clicks of
the ratchet before taking the reading. The lock may be used to ensure
that the thimble does not rotate while you take the reading.
Example:
The reading is 7.38 mm.
In figure shown the last graduation visible to the left of the thimble is 7
mm and the thimble lines up with the main scale at 38 hundredths of
amillimeter (0.38 mm); therefore the reading is 7.38 mm.
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Inside micrometer
Inside Micrometer: While the outside micrometer is used for measuring
the outer diameter of an object, the inside micrometer is used to
measure the inside, or inside diameter (ID). These look more like a pen,
but with a thimble in the middle that turns. As the thimble turns, the
micrometer expands like a curtain rod would. This then extends until
each end of the tool is touching the inside of the pipe. When this
happens, you use the numbering system on the thimble to find your
measurement. The least count of the instrument is of 0.01 mm.,
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Depth Micrometer
Depth Micrometers: While inside and outside micrometers are both used
to measure the diameter of an object or hole, a depth micrometer is for
measuring the depth of a hole, recess or slot. Depth micrometers have a
base that aligns with the top of the recess that needs to be measured.
The thimble is on a shaft that sticks up from the base. As the thimble
turns, a measurement rod comes down from the shaft. You continue to
turn until the rod hits the bottom surface of the hole being measured.
When this happens you use the numbering system on the thimble to find
your measurement.
This type of micrometer is read exactly opposite to the method used to
read an outside micrometer. The zero is located toward the closed end
of the thimble. The measurement is read in reverse and increases in
depth amount as the thimble moves toward the base of the instrument.

It consists of a flat base attached to the barrel (sleeve) of a micrometer
head. It has a range of 0 to 25 mm, depending on the length of the
extension rod used. The hollow micrometer screw (the threads on which
the thimble rotates) has a range of 25mm. The flat base is 100mm. and
six extension rods are supplied with this gage.
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To make an actual measurement:
First choose the measurement rod suitable for the depth to be
measured. Clean the mounting surfaces of the measurement rod and
the rod-receiving shaft. Insert and rotate the measurement rod into the
rod-receiving shaft to seat it completely. Turn the thimble
counterclockwise so that when the base is flush on the top (reference)
surface, the measurement rod does not touch the surface to be
measured. Holding the base firmly on the reference surface, rotate the
thimble ratchet clockwise until it “clicks” three times (as the
measurement rod stops on the measurement surface). Read the depth
measurement. No need to go into detail on how to actually read the
scales – that instruction can be found in the outside micrometer section.
When Would I Use a Micrometer?
You would use a micrometer when a very precise measurement is
needed. There are several different designs, depending on what needs
to be measured. This could be the size of a pipe, tool or object from the
outside. This could be the inside width of a pipe, bearing or another
hollow object. Or this could be the depth of a hole or recess.
These are the tools you will reach for when accuracy is the most
important factor. This is frequently true for machines with moving parts.
Parts that move in and out of each other, like a piston, for example, need
to remain in a steady, straight line. If these parts have even the smallest
bit of sway, they can begin to fail. This is also true in other applications,
such as the use of bearings. Other applications that require the most
exact measurement are pipe fittings—especially if the pipe will be
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moving gases with very small and light molecules, like helium.
Micrometers are also the preferred tool when measuring the thickness of
items like sheet metals.
How Do I Read a Micrometer?
It is important to check if the micrometer is English or metric before using
it for measurements. Make sure you are using a tool that has the same
unit of measure as whatever you are already working with.
Once the micrometer is rotated into the proper measurement, the
measurement can be taken. This requires adding together numbers
found on the spindle and thimble which will give you the accurate
measure. How to find the numbers you want will vary depending on the
type and design of the micrometer. Instructions on how to read your
micrometer will come from the manufacturer with your tool.

Bore Gauge
A tool to accurately measure the size of any hole is known as bore
gauge, It can be a scale, dial or digital type instrument.

Dial Bore Gauge
A dial bore gauge is a special tool, calibrated in 0.01 mm. or 0.001 mm.
which is used to accurately measure the inside diameter of a hole,
cylinder or pipe. In conjunction with a micrometer, a bore gauge will give
you the exact reading of a bore size. A typical bore gauge is comprised
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of a shaft with a dial indicator at the top and a measuring sled at the
base. The measuring sled consists of three guides and an actuating
plunger. Dial bore gauges give you quick and accurate readings on the
size, less than perfect roundness or wear.
Here's how to use a dial bore gauge:
1. Zero the gauge. This is accomplished by measuring across the
gauge with an outside micrometer set to the precise bore size.
When the zero aligns with the needle you're ready.
2. Insert the gauge into the bore to the depth you need. Rock it back
and forth until it's properly inserted in the pipe.
3. Look at the reading. This is the lowest reading, which is taken
when the gauge is square on the bore, and the indicator needle
reverses its direction. It can be either more or less than the zero
mark, and will indicate an oversize or undersize bore.

Dial Test Indicator
A dial indicator is used to measure shaft run out, shaft thrust, gear
backlash, flywheel face run out, flywheel housing concentricity, and
valve seat concentricity. You can mount a dial indicator on a test stand
or, with clamps and a magnetic base, directly on the equipment to be
measured. Figure shows a typical dial indicator with mounting
accessories, Most dial indicators have components such as a bezel,
indicator pointer, tool post and clamp, magnetic tool holder, and sensor
button that are used in taking measurements.
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Test indicators are the ones that look like the face of a watch with a
needle out one side. These indicators are extremely versatile and
flexible. The dial is adjustable, the needle is adjustable, and some have
a mounting shank that can also be adjusted. Together with a magnetic
base or height stand, you can inspect almost anything in a modern
machine shop.
It is necessary to have a flat, calibrated granite surface plate to ensure
accurate readings with any dial indicator. The surface gauge must also
be free from chirping, or making vibration sounds when moved across
the surface plate.
Typical uses for the dial indicator
 To align workpieces in a machine, such as a lathe, milling machine,
EDM, or surface grinder
 Check spindle runout in any machine tool.
 Align workpieces in a spin fixture, such as a Harig or Hardinge spinner
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Inspect workpieces in a grinding machine, such as a Ded-tru, or
cylindrical grinder
Compare heights of various components on a granite surface plate
Mounting in a magnetic dial indicator base to check work on a surface
grinder
Mounting in a fixture to inspect work in a Bridgeport milling machine,
or any other vertical machining center, 5 axis milling machine or high
speed machining center.
Analyze surface roughness
Analyze EDM pit depth
Compare injection mold parting line details










Slip Gauges:
What is a slip gauge?
Slip gauges are very precisely manufactured for measuring , setting up
of sizes and also to calibrate precision measuring instruments or
inspection gauges.
Slip gauges are made in sets to accuracy range of 0.1,0.01,0.001 mm in
metric measurement standards are made out of wear resistant, super
finished surface quality in stabilized steel as blocks.
Normally dimensions are built up with these blocks to the required
dimensional accuracy upto three decimal accuracy. The act of building to
size is referred as wringing of slip gauges.
 Slip gauges are rectangular in shape made up of high-grade
steels with very close tolerances.
 The Working faces of any slip gauge will be made truly flat and
parallel.
 The slip gauges will undergo Hardening to resist wear and tear.
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They will be further heated and cooled down successively to
remove the hardening stresses induced during the
hardening Process.
The Slip Gauges can be made up of Tungsten Carbide because of
it is extremely capable of hard and wear resistance.
The size of the slip gauges is permanently marked on any of the
measuring faces of individual slip gauge.

Need of Slip Gauges:
For tool-room and other precision work, the ordinary methods of
measurement are not always accurate. Micrometer and verniers calliper
can be used to check tolerance fine within 0.002 to 0.02 mm, but for fine
tolerance they are not effective. Thus there is a need of instrument
which can measure fine tolerance limit.The means to do so are ‘slip
gauges’. They can be used to measure tolerances in the range of 0.001
to 0.0005 mm very accurately.
Grades of Accuracy of Slip Gauges:
Slip gauges are made in five grades of accuracy. Calibration grade,
grade 00, grade 0, grade I, and grade II, in the decreasing order of
accuracy.
Making up a dimension With Slip Gauges
The Slip gauges come in a number of sizes. The sizes will be marked on
the measuring faces. See the Slip gauges Box
These slip gauges will be Wrung together to make a dimension.
Wrung meaning is nothing, But joining by sliding truely flat faces
one on another to remove liquid on their faces.
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Wringing of Slip Gauges
1. Before using slip gauges the faces should be cleaned
2. Slide the one slip gauge over the other(With 90° as shown in the
Fig: Pos2) with lite pressure. This way we can expel the air
between the slip gauges faces.
3. Once placed the one gauge 90° to another gauge by using lite
pressure, then rotate it by clockwise to make them in line as
shown in below figure. (fourth position)

4. This wringing will helps to achieve a dimension by summation of
the individual size of slip gauge. the need of clamping is
also avoided.
To make any dimension with slip gauges, we will Wring set of slip
gauges to achieve the true dimension. See the following Example.
Major Requirements for Slip Gauges
The essential purpose of slip gauges is to
make available end standards of specific lengths by temporarily
combining several individual elements—each representing a standard
dimension—into a single gauge bar. The combination of single blocks
must result in a bar of reasonable cohesion, whose actual dimension
truly represents, within specific limits, the nominal dimension sought for
a particular application. This objective is accomplished by making slip
gauges in dimensions (arithmetically determined sizes) needed to
achieve any combination of sizes within the designed range and
graduation of the set ; ensuring the accuracy of individual blocks to be
within accepted tolerance limits ; attaching the individual blocks so
closely to each other that the resulting bar will have a length equal to the
added sizes of the individual blocks ; further the attachment of the
elements to each other should be firm enough to permit a reasonable
amount of handling as a unit, and yet when taken apart, the individual
pieces should be reusable without any harm to their original size or
other essential properties. Slip gauges are used to provide end
standards of specific length by temporarily combining several individual
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elements—each representing a standard dimension—into a single
gauge bar. The success of system depends on formation of a bar of
reasonable cohesion between individual elements and its actual
dimension truly representing within specific limits, the desired nominal
dimension. For achieving this, the individual gauges must be available in
dimensions needed to achieve any combination with minimum number of
gauges. The accuracy of individual blocks must be within accepted
tolerance limits. The individual blocks must be attached so closely to
each other that length of built-up combination is equal to the added size
of the individual blocks of the assembly. This is achieved by wringing the
slip gauges. Further the attachment of individual gauges must be
firm enough to permit a reasonable amount of handling as a unit. It
should be possible to detach all individual elements so that these are reusable without any harm to their original size or other essential
properties. For this purpose, control of geometry of form, i.e., flatness
and parallelism of faces, squareness of the gauging surfaces ; surface
condition, appearance, homogeneity of gauging surfaces, etc. is very
essential. The accuracy of gauges can be affected by the dimensional
instability of material, or by wear in use, or damage during storage and
handling. These can be taken care of by periodic calibration.
The health of slip gauges can be very easily checked by checking its
wringing quality by wringing the gauge to be tested with an optical flat
and inspecting the wrung surface for colouration (which indicates an air
gap and its area should not be more than 5 per cent of the entire wrung
surface).
The normal set is made up of the following blocks :
Range

Step

(All dimensions in mm)
Pieces

1.001 to 1.009

0.001

9

1.01 to 10.9

0.01

9

0.1

9

1 to 9

1

9

10 to 90

10

9
Total 45
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The special set is made of the following blocks :
Range

Step

Pieces

1.001 to 1.009

0.001

9

1.01 to 1.49

0.01
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0.5 to 9.5

0.5

19

10 to 90

10

9

1.0005

—

1
Total 85

The most commonly used dimensions of the slip gauges which are
always rectangular in cross-section, i.e. apex angles of these rectangles
or angles of lateral faces are right angles correct to within (± 10 minutes
of arc) are :
Normal Cross-sectional area
Size (w x d) in mm (Refer Fig. 2.157)
Upto 30+ 00 x 9″005
10 mm d0-0.3 * 9-0.3
Above 35+00 x 9″005
10 mm 35- 0.3 X 9- 0.3
The measuring faces are finished to high quality (only insignificant
scratches not affecting the wringing properties and not influencing the
conditions of interferometric measurements are permitted). The edges
and the angles of the measuring faces are rounded over a breadth not
exceeding 0.3 mm, or chamfered (the chamfer being merged with the
measuring face by a gentle rounding) such that both the chamfer and
rounding do not exceed a breadth of 0.3 mm.
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Uses Of Slip Gauge
1. Setting up a comparator to a specific dimension
2. Direct Precise measuring purpose.
3. To inspect the Vernier Caliper, Micrometers and some other linear
measuring instruments.
4. Conjunction with sine bar to measure the angle of the workpiece.
5.Used to Check the distance between the parallel faces.
Cylindrical End Bars:
When dealing with accurate dimensions that are larger than can be
conveniently assembled using slip gauges, length bars are used. In the
other words, a length bar has a similar function to gauge blocks but on a
larger scale. The length bars are available in different grades of
accuracy and in different sizes, ranging from 20 to 30 mm dia and up to
1 m length.

ANGLE PLATE
An angle plate is a work holding device used as a fixture in metalworking
and Inspection. The angle plate is made from high quality material
(generally spheroidal cast iron) that has been stabilized to prevent
further movement or distortion.

Adjustable angle plate
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Angle plate Construction:
It has two working surfaces. Two of the surfaces are truly perpendicular
to each other. These are made of closed grained of cast iron. These are
made from casting. After being casted, go to rough machining, and then
heat treated to relieve internal stress. Then after finished by scrapping.
Availability:
Angle plates are available in two grades base on the accuracy
Grade I: all external and internal faces and edges will be finished by
either grinding or hand scrapping
Grade II: all external and internal faces will be finished by planning or
milling operating.

Flat plate
Black granite is used primarily for its load-bearing capabilities. A granite
surface plate is a precision piece of equipment, and must be properly
installed and maintained.
Quartz-bearing granite (usually pink, white, or grey) is often made
thicker than black granite to provide equal load-bearing capabilities of
the types of material used for surface plates as it is not as stiff as black
granite.The flat plate is a precision flat surface used to measure the
flatness of an object when it is kept over the flat plate.

V-Block
V-Blocks are precision metal working jigs typically used to hold round
metal rods or pipes for performing drilling or milling operations and
Inspection. They consist of a rectangular steel or cast iron block with a
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90-degree channel rotated 45-degrees from the sides, forming a Vshaped channel in the top.

These blocks are made of Cast iron, So we should prevent V-Block
from rusting. The accuracy should be checked periodically for basic
accuracy
a. This is a Cast Iron structure, all faces are truly machined (Truly
machined means that the flatness and the Parallelism of any two
faces and the angles between any two faces are true values. no
deviations occurred because it is a precession instrument).

V-block with U-clamp
Magnetic V-Block
b. The angle between the V faces(Grooves) is 90 °. and 120° angled Vblocks are also available.
c. They can be available in different Grooved shapes.
d. To hold the workpiece in place, U-Clamps are provided with a Clamp
Screw.
e. The U-clamp will engage with the V-block by the rectangular slots
provided on the Side faces. as you can observe in the shown picture.
f. Magnetic V-blocks are also available so that there is no need for this
U clamp. There is a control button to control the magnetic forces for
clamping.
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g. Based on the accuracy in flatness these V-Blocks are classified into
two grades Grade-A and Grade-B.
Uses of V-Block
1. Used to Hold the Cylindrical Objects in place for marking centerlines
with the Surface gauge.
2. To Hold down the rectangular job piece at 45° angle to the
vertical direction.
3. Used as supports while holding long Cylindrical bars parallelly (They
can be two of them or multiple V-Blocks based on the length of the
cylindrical object.)
4. Can also be used to check the roundness of the cylindrical objects.
SPRIT LEVEL
A spirit level or bubble level or simply a Level is an instrument designed
to indicate whether a surface is level on the horizontal or vertical planes,
and there are a variety of sizes and designs for every project.
It consists of a plastic, wood, or metal frame containing a glass tube of
liquid with an air bubble in it.

Different types of spirit levels may be
used carpenters, stonemasons, bricklayers, other building trades
workers, surveyors, millwrights and other metalworkers and in
some photographic or video graphic work.
Liquid is in a level
The most common form of liquid in a level tool will be ethanol. This will
be an extremely diluted amount of alcohol. An incomplete measure
of ethanol will be put into the glass capsule so that a bubble is created.
This bubble will be used as the marker for measuring level lines.
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How to Check a Spirit Level for Accuracy
1. Place the level on a flat surface.
2. Make one mark at the end of the level.
3. Make another mark along the side of the level, under the vial in the
center.
4. Take a reading of the bubble's position.
5. Rotate the level 180° end-to-end and align the level with your marks.

Ruler and Straitedge
Ruler and straightedge refers to tools or instruments which are used to
measure length or check if a surface is flat and draw a straight line.
Though the word “ruler” has other meanings, and “straight edge” was
one of the hardcore punk groups, herein, we will discuss a ruler which is
an instrument used to measure length and a straightedge which is used
to draw straight lines.

Ruler
A ruler is a kind of straightedge which has measurement gradients. The
measurement could be centimeters, millimeters, or inches, or all
measurements together in one ruler. These measurements are marked
on both parallel sides of the ruler and are used to measure length. It is
used specifically as a measuring instrument or tool. It is also called a
scale. They could be triangular or flat.
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Straightedge
A straightedge is a wooden or plastic instrument used to draw straight
lines. It is used to serve as a guide to check if the surface is flat. They
are used in industries like the automotive industry and machining
service. They are used to check the flatness of machine surfaces. It
could be the side of a ruler, book, or a piece of paper. This can only be
used to make straight lines but not to measure with. It has no gradations
or markings which can help measure the length of a line. It does not
have two parallel lines; it is just a straight line or edge.

Summary:
A ruler can be used as a straightedge, but a straightedge cannot be
used as a ruler.
A ruler is a type of straightedge which has measurement gradients and
is used to measure length. A straightedge is used only to make or draw
a straight line but not to measure the length as it does not have
measurement gradients.
A ruler has two parallel lines or edges which have centimeters and
millimeters on one side and inches on the other. A straightedge is used
only to check if a surface is flat or making straight line. It is a single line
not two parallel lines.
A ruler is usually used to draw different geometrical figures as the
measurements are specified for drawing it; whereas, a straightedge is
not used to draw geometrical figures except for lines that are without a
specific measurement.
Rulers can be flat or triangular.
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INTRODUCTION TO ANGLE MEASURMENT:
The angle is defined as the opening between two lines which meet at
a point. If one line is moved around a point in an arc, a complete circle
can be formed and the total angle of circle is 360º. So angle is such
a thing which be just generated very easily requiring no absolute
standard and it is the precision with which circle can be divided to get
the correct measurement of angles. Only because of perfect/precise
angular measurement that ships & aero plane can navigate confidently
without the help of sight of land. Physically to measure the angles
different precision instruments are normally used in the
manufacturing industry which are discussed in the following content.
The example of fixed type angle checking instrument is Try Squire.

Angle Protractor
Measurement of angles is required in some circumstances, such as
when the angle between adjoining faces on a component must be
checked. The main instruments used are protractors and a form of angle
measuring spirit level.
A simple protractor of the sort used in school for geometry exercises can
be used. This consists of two straight edges, one of which is able to
rotate with respect to the other the graduated circular scale A attached
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to the straight edge C rotates inside a fixed circular housing attached to
the other straight edge B. The relative angle between the two straight
edges in contact with the component being measured is determined by
the position of the moving scale with respect to a reference mark on the
fixed housing B. With this type of instrument, measurement inaccuracy is
at least 1%. An alternative form, the bevel protractor, is similar to this
form of angle protractor, but it has a vernier scale on the fixed housing.
This allows the inaccuracy level to be reduced to 10 minutes of arc.

The spirit level shown in Figure is an alternative angle-measuring
instrument. It consists of a standard spirit level attached to a rotatable
circular scale that is mounted inside an accurately machined square
frame. When placed on the sloping surfaces of components, rotation of
the scale to centralize the bubble in the spirit level allows the angle of
slope to be measured. Again, measuring inaccuracies down to š10
minutes of arc are possible if a vernier scale is incorporated in the
instrument.
VERNIER BEVEL PROTRACTOR
A circle can be divided into 360 equal angles. Each angle is called
degree. So a circle is 360 degrees (360o). For calculation a degree is
divided into 60 parts called minutes and a minute is sub-divided into 60
parts called seconds.
The bevel protractor is used to establish and test angles to very close
tolerances. It reads to 5 minutes or 1/20o and can be used completely
through 360o.
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The bevel protractor consists of a beam, graduated dial and blade which
is connected to swivel plate (with Vernier scale) by thumb nut and clamp.
When the edges of the beam and blade are parallel, a small line on the
swivel plate coincides with the zero line on the graduated dial, and when
any measurement of an angle between the beam and the blade of 90
degrees or under is desired, the reading may be obtained direct from the
position of the line on the swivel plate with regard to the graduation
numbers on the dial. But remember this: To obtain the measurement of
the angle between the beam and the blade of over 90 degrees subtract
the number of degrees as indicated on the dial from 180 degrees. This is
because, the dial is graduated from opposite zero marks to 90 degrees
each way.

Since the spaces, both on the main scale and the vernier scale, are
numbered both to the right and to the left from zero, any angle can be
measured. The readings can be taken either to the right or to the left,
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according to the direction in which the zero on the main scale is moved.
Picture below illustrates a variety of uses of the bevel protractor.

Reading the bevel protractor vernier scale:
The bevel protractor vernier scale indicates every five minutes or 1/20 of
a degree. Each space on the vernier scale is 5 minutes less than two
spaces on the main scale. Twenty four spaces on the vernier scale
equal in extreme length twenty three double degrees. Thus, the
difference between the space occupied by two degrees on a main scale
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and the space of the vernier scale is equal to one twenty fourth of two
degrees or one twelfth of one degree (or five minutes).
Read off directly from the main scale the number of whole degrees
between 0 on this scale and the 0 of the vernier scale. Then count, in the
same direction, the number of spaces from the zero on the vernier scale
to a line that coincides with a line on the main scale; multiply this number
by 5 and the product will be the number of minutes to be added to the
whole number of degrees.

For example: Zero on the vernier scale has moved 28 whole degrees to
the right of the 0 on the main scale and the 3th line on the vernier scale
coincides with a line upon the main scale as indicated. Multiplying 3 by
5, the product, 15, is the number of minutes to be added to the whole
number of degrees, thus indicating a setting of 28 degrees and 15
minutes.
CARE OF INSTRUMENTS:

1.
2.
3.
4.
5.

Handle the instrument very carefully.
Don’t allow the instrument to fall.
Use light oil for cleaning the instrument.
Keep the bevel protractor in its proper place.
Avoid blunting of bevel edge of the blades.

COMBINATION SET
The combination set consists of scale, squaring-head, protractor and
centre-head. It consists of a heavy scale, which is grooved all along its
length. It is on this groove that sliding squaring head is fitted. One
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surface of the squaring head is always perpendicular to the scale and it
can be adjusted at any place by a locking bolt and nut. The squaring
head also contains a spirit level which is used to test the surfaces for
parallelism. For laying out dovetails an included angle is also mounted
on the scale. It can also slide to any position and be locked there. A
scribing point is also inserted into the rear of the base for scribing
purposes. The squaring head and scale can be used for height and
depth measurements, inside and outside squaring operations. The
centre head attachment is used with the scale to locate the centre of bar
stock. For locating the centre, the part to be centered is held beneath the
scale and against the sides of the centre head. Three lines are drawn

along the scale by centre head. Three lines are drawn along the scale by
rotating the part every time. Thus three lines given three points of
intersection. The middle point of the triangle is the centre of part.The
protractor is also capable of sliding along the scale. It contains a semicircular disc graduated from 0 to 90° on either side of centre. For the
purpose of leveling a surface or checking an inclined plane the protactor
head also contains a spirit level. With the help of protractor, the correct
angle of the work can be set on it and deviation of work from this angle
can be checked by inserting a feeler gauge between the blade and the
part to be inspected.
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Sine bar
Sine bar is an instrument which is used for measuring smaller taper
angles. Here taper means slant(inclined). So, the smaller angles are
determined accurately by using Sine bar.
While using a Sine bar for finding the taper angles, some other
intermediate equipment are required. Those are Surface plate, Slip
gauges and a Dial indicator. By using all these tools a proper
arrangement is made to find the taper angle value.

Methodology:
First we should clean the surface plate by using oil or grease to remove
dust particles on the plate. Now, take the Sine bare and clean it too and
place it on the surface plate. The cleaning of the tools is very important
to confirm the accuracy in the measurement. Take the tapered object
whose angle is to be measured and place it on the sine bar. Now, take
the dial indicator and place it on the surface plate. Arrange the plunger
of the dial indicator on the taper object where the smallest height of the
taper surface takes place. While arranging the plunger at this end, apply
some initial pressure to the plunger. After that make the indicator on the
dial pad to coincide with zero by rotating the bezel of the dial indicator.
When you rotate the bezel, the dial pad also rotates. Now move the
indicator on the taper object from initial end to final end and observe the
reading on the dial indicator. This reading gives you the height of the
slant of the tapered surface. What ever the value we get on the dial
indicator according to that we need to select the number of slip gauges
to that value. The thickness of the slip guage would be given its surface.
By observing its thickness select the slip guages by joining which we get
the same value as we observed on the dial indicator.
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Now, take those slip gauges and arrange them below one of the rollers
of the sine bar where the smallest height of the taper object is taking
place. When you do this the taper surface of the object becomes parallel
to the surface plat. To confirm the accuracy of the parallelism once again
move the dial indicator over the tapered surface. If any fluctuations are
there in dial indicator in clockwise or anti clockwise, we should add or
remove the gauges for confirming the parallelism of the taper surface
with the surface. Once there is no fluctuation the dial indicator while
moving over the taper surface from one end to another end, then we can
confirm the parallelism. The total arrangement is given in the figure
below provided.
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The distance between the rollers is in between a range of 100 mm to
150 mm.
Now, we need to apply the sine rule by constructing a right angle triangle
with the help of height of the slip gauges and distance between the
rollers of the sine bar as shown in figure below. Then we can find the
what is the theta value which is only the required value.

Angle Gauges
The first set of combination of angle gauges was devised by Dr.
Tomlinson of N.P.L. With thirteen separate gauges used in conjunction
with one square block and one parallel straight-edge, it is possible to set
up any angle to the nearest 3” In the same way, as slip gauges are built
up to give a linear dimension, the angle gauges can be build up to give
a required angle.
- Angle gauges PIVOT are made of hardened steel and seasoned
carefully to ensure permanence of angular accuracy, and the measuring
faces are lapped and polished to a high degree of accuracy and flatness
like slip gauges. These gauges are about 3 inch (76.2 mm) long, 5/8
inch (15.87 mm) wide with their faces lapped to within 0.0002 mm and
angle between the two ends to ±2 seconds.
- The secret of this system in having any angle in step of 3'’ is the
adoption of a mathematical series of the values of the angles of various
gauges of the set.
- The thirteen gauges can be divided into three series; degrees, minutes
and fractions of a minute. The gauges available in first series are of
angle 10, 30, 90, 270, and 410. Second series comprises 1', 3', 9’and
27’angle gauges and this series has 0.05’, 0.1', 0.3’and 0.5’
(or 3”, 6”, 18” and 30”) angle gauges.
- All these angle gauges in combination can be added or subtracted,
thus, making a large number of combinations possible. There are two
sets of gauges available, designated as A and B. The standard A
contains all the above 13 gauges. Standard B contains only 12
gauges and does not have, the 0.05' angle gauge.
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Uses of Angle Gauges
- Direct use of angle gauges to measure the angle in the die insert:
- To test the accuracy of the angle in the die insert, the insert is placed
against an illuminated glass surface plate or in front of an inspection light
box. The combination of angle gauges is so adjusted and the built-up
combination, of angle gauges carefully inserted in position so that no
white light can be seen between the gauge faces and die faces. It may
be noted that when all the engraved Vs on the angle gauges are in the
same line, all angles are added up. In case some engraved Vs on angle
gauges are on other side, those angles are subtracted.

Feeler gauge
A feeler gauge is a hand-held measuring tool. It has a number of folding
metal strips (also known as blades, or leaves) which are machined to
specified thickness levels. Measurements are given in millimeters or
inches and can be found in a central location on each individual strip.
A feeler gauge fits into small gaps, often less than 5.08mm (0.200").
The gauge gives you an idea of how wide a gap is by physically filling
the space with metal strips which have a known thickness value.
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Feeler gauges can take measurements as small as 0.02mm (0.0008")
and as large as 5.08mm (0.200").
A feeler gauge is different from many other measuring devices as it
provides you with a visual clue of how wide the gap you are measuring
is by physically filling the gap with metal strips.
Feeler gauges are ideal for use in spaces where other measuring
devices, such as a tape measure or caliper could not fit.

Feeler gauge

Wire Gauge

American Wire Gauge
American Wire Gauge (AWG) is a U.S. standard set of non-ferrous wire
conductor sizes. The "gauge" means the diameter. Non-ferrous includes
copper and also aluminum and other materials, but is most frequently
applied to copper household electrical wiring and telephone wiring.
Typical household wiring is AWG number 12 or 14. Telephone wire is
usually 22, 24, or 26. The higher the gauge number, the smaller the
diameter and the thinner the wire. Since thicker wire carries more current
because it has less electrical resistance over a given length, thicker wire
is better for longer distances. For this reason, where extended distance
is critical, a company installing a network might prefer telephone wire
with the lower-gauge, thicker wire of AWG 24 to AWG 26.
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Plug Gauge
What is the use of plug gauge?
Plain plug gages are used in a variety of roles. Their primary application
is the measurement of diameters of various components. Inspection of
the size of the hole is crucial in end-user industries such as aerospace,
automotive and transportation and medical devices.
A go-no gauge (or go/no-go) refers to an inspection tool used to check a
workpiece against its allowed tolerances. Its name is derived from two
tests: the check involves the workpiece having to pass one test (go) and
fail the other (no-go).
Taper Gauge. This wedge style Taper Gauge is a very useful tool
especially for bearing work and for gagging slots. Although a bit
expensive, this tool can and has been used as a precision shim.
The gage is made of quality tool steel and accurately tapered throughout
its entire length.

A go/no-go gauge is an integral part of the quality process that is
used in the manufacturing industry to ensure interchangeability of
parts between processes or even between different
manufacturers. It does not return a size or actual measurement in
the conventional sense, but instead returns a state, which is
either acceptable (the part is within tolerance and may be used)
or unacceptable (the part must be rejected).
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They are well suited for use in the production area of the factory
as they require little skill or interpretation to use effectively and
have few, if any, moving parts to be damaged in the often hostile
production environment.
These gauges are referred to as plug gauges; they are used in
the manner of a plug. They are generally assembled from
standard parts, where the gauge portion is interchangeable with
other gauge pieces (obtained from a set of pin type and a body
that uses the collet principle to hold the gauges firmly. To use this
style of gauge, one end is inserted into the part first, and
depending on the result of that test, the other end is tried.

In the right image, the top gauge is a thread gauge that is
screwed into the part to be tested, the "GO" end should fully enter
the part; the "NOT GO" end should not. The lower image is a
plain plug gauge used to check the size of a hole; the green end
is the go, and the red end is the no-go. The tolerance of the part
that this gauge checks is 0.30 mm, where the lower size of the
hole is 12.60 mm and the upper size is 12.90 mm, every size
outside this range is out of tolerance. This may be initially
expressed on the parts drawing in a number of styles; three
possibilities may be
12.75 (±0.15 mm), 12.60 (+0.30−0.00 mm), 12.90 (+0.00−0.30 mm)
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Snap gauges
Snap gauges are often used when a large quantity of work pieces
must be inspected. The snap gauge has four anvils or jaws, the
first one or pair (outermost) are set using the upper limit
(tolerance) of the part and the inner set adjusted to the lower limit
of the part. A correctly machined part will pass the first set of jaws
and stop at the second—end of test. In this manner, a part may
be checked in one action, unlike the plug gauge that needs to be
used twice and flipped to access the second gauge.
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Use of Plug Gauges and Snap Gauges

Plug gages:
(a) Plug gage for checking size or diameter of internally threaded part.
(b) Plug gage for checking taper of internally threaded part.
(c) Ring gage for checking size or diameter of externally threaded part.

Ring gages
(a) The Metric Trapezoidal Ring Gage.
(b) American Standard Adjustable Ring Gage.

Ring Gage

Snap gage

- Snap gage gages diameters, lengths, and thickness.
- The adjustable limit snap gage is used to check outside diameter.
- There are a various types of snap gages:
→ adjustable snap gage.
→ adjustable roll snap gage.
→ dial indicator snap gage.
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Hole Basis system and Shaft Basis System
Hole Basis system: If the system of assembly of shaft and hole is
consisting of basic hole, then that type of system is known as Hole Basis
System. It means for the system of assembly of shaft and hole, the zero
line will be lying on the minimum diameter of the hole as shown figure.
For this system the lower limit size of hole is equal to basic size.

Hole basis system
Shaft Basis system: If the system of assembly of shaft and hole
consisting of basic shaft, then that type of system is known as Shaft
Basis System. It means for the assembly of shaft and hole, the zero line
will be lying on the maximum size of the shaft as shown. For this system
the Upper Limit Size of shaft is equal to the Basic Size.

Shaft Basis System

Basic Hole and Basic Shaft
Basic Hole: If the lower limit size or minimum size of hole is equal to the
basic size then that type of hole is known as basic hole for a given
assembly of hole and shaft.
For the basic hole the zero line will be lying on minimum size of the hole.
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For the Basic Hole the lower deviation is zero because the difference
between the Lower Limit Size and Basic Size is zero.

Basic Shaft: If the upper limit size or maximum size of the shaft is equal
to the basic size then that type of hole is known as Basic Shaft for a
given shaft and hole assembly.
For the basic shaft the zero line will be lying on the maximum size of the
shaft. For the basic shaft upper deviation will be zero because the
difference between Upper Limit Size and Basic Size is zero.
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Fits and its types
Fit is defined as a degree of tightness or looseness between two
mating parts to perform definite function when they are assembled
together.
A fit may result either in a movable joint or a fixed joint. For example, a
shaft running in a bearing can move in relation to it and thus forms a
movable joint, where as, a pulley mounted on the shaft forms a fixed
joint.
A fit may result either in a movable joint or a fixed joint. For example, a
shaft running in a bearing can move in relation to it and thus forms a
movable joint, where as, a pulley mounted on the shaft forms a fixed
joint. Types of Fits: There are 3 types of fits. They are
i) Clearance fit,
ii) Transition fit, iii) Interference fit
Clearance fit: In this type of fit the shaft diameter is always less than the
hole diameter. For any given shaft and hole assembly clearance fit can
be decided by the statement as according to the limits if the upper limit
size of the shaft is less than the lower limit size of the hole then that type
of fit is known as clearance fit. So that the shaft can slide or rotate
through different degree of freedom according to the purpose of the
mating parts.
Maximum clearance: It is the difference between the maximum size of
the hole and minimum size of the shaft.
Minimum clearance: It is the difference between the minimum size of the
hole and maximum size of the shaft.
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Clearance Fit
Interference fit: In this type of fit the minimum diameter of the shaft is
always greater than the maximum size of the hole. This type of fit
between the shaft and hole will give the permanent type of fit and can be
used as a solid component.
Elastic strains developed on the mating surfaces during the process of
assembly prevent relative movement of the mating parts.

Interference fit
Transition fit: This type of fit lies mid way between clearance fit and
interference fit. In this type size limits on the mating parts so selected
may give clearance fit or interference fit depending on the actual sizes of
the parts.
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Limits and Fits
In manufacturing process after manufacturing the product we need to
check the dimensions of the product.
But any manufacturing process is not perfect to produce the product with
exact dimensions means higher accuracy. It means we shall be getting
the errors on the dimensions of the product. Some time we shall be
getting the dimensions more than the required dimensions and some
time we shall be getting dimensions less than the required dimensions.
So, no manufacturing process is perfect to get perfect dimensions for a
required product.
After manufacturing process even if you are getting the errors in the
dimensions of the product, those errors can be acceptable up to certain
limit. These limits are decided during the designing process. Here the
limits means during the designing process certain maximum and
minimum dimensional values will be given to compensate the errors that
we are getting on the dimensions of the product. If the final dimensions
of the product is lying in between that limit values, then the product can
be useful for the required assembly. So, permissible variations are
allowed on the dimensions of any product.
The permissible variation that can be allowed on the dimensions of the
product is known as Tolerance. The tolerance is designated by IT. The
tolerance is given to the dimension of the product in terms of Upper Limit
and Lower Limit. From these limits we can have the maximum size and
minimum size of any product.
The limits and fits are explained by taking the assembly of shaft and
hole assembly for easy understanding purpose. There is special
terminology is there to understand limits and fits by a simple shaft and
hole assembly.
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Basic terminology for understanding the limits by conventional
diagram
There are various terms are there to understand the limits given to
certain objects. These terms are explained by using simple shaft and
hole assembly. The following are the terms related to limits.
Basic size: It is a standard size of hole or shaft which is decided during
the designing process with which limits are to be decided.
Actual size: It is a final dimension of hole or shaft which is measured
after manufacturing process.
Zero line: It is straight line which is drawn to represent the basic size. All
limits and fits are explained with the reference of the zero line.
Tolerance: It is defined as permissible variation that are to be given onto
the dimensions of the product.
It can be also defined as difference between the maximum size of the
object and minimum size of the object.

Generally the tolerance is given in terms of Upper limit and Lower limit in
between which final dimension of the object should be.
Upper limit: It is a limit which is given to the dimension of any object to
determine the upper limit size or maximum size of that object.
Lower limit: It is a limit which is given to the dimension of any object to
determine the lower limit size or minimum size of that object.
Tolerance zone: It defined as an area formed by the difference between
maximum dimension and minimum dimension of the object.
Deviation: It is defined as the algebraic difference between limit of shaft
or hole and basic size of the shaft or hole.
There are two types of deviations. They are i) Upper deviation ii) Lower
deviation
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Upper deviation: It is defined as the difference between upper limit size
and the corresponding basic size. It is represented by ES for hole and es
for shaft. It is positive when the upper limit size is greater than the basic
size. It is negative when the upper limit size is less than the basic size.
Upper deviation = Upper limit size - Basic size
Lower deviation: It is defined as the difference between lower limit size
and the corresponding basic size. It is represented by EI for hole and ei
for shaft. It is positive when the lower limit size is greater than the basic
size. It is negative when the lower limit size is less than the basic size.
Lower deviation = Lower limit size - Basic size
The tolerance is also defined in terms of upper deviation and lower
deviation. It is given as
For shaft
IT = es - ei ( upper deviation - lower deviation)
For hole
IT = ES - EI

Fundamental deviation: It is a deviation either upper deviation or lower
deviation which is closer to the zero line either for shaft or hole.
Basic shaft: A shaft is called as basic shaft when its upper limit size
becomes equal to the basic size. It can be also defined as when upper
deviation becomes equal to zero then that shaft is known as basic shaft.
Basic hole: A hole is called as basic hole when its lower limit size
becomes equal to the basic size. It can also be defined as when lower
deviation becomes equal to zero then that hole is known as basic hole

78

Tolerance zone: It is the zone formed by the two limits of size of the
part in the graphical representation of tolerance.
Tolerance grade: The tolerance grade is an indication of the degree of
accuracy of manufacture and it is designated by the letters IT followed
by a number, where "IT stands for International Tolerance grade".
Ex: IT01, IT0, IT1
Standard tolerance unit: It is a unit which is a function of basic size and it
is used to find the tolerance value by different tolerance grades. It is
denoted by 'i' and expressed in microns.
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Toolmakers Microscopes
Toolmakers microscopes are available with several different
stage sizes. The toolmakers microscopes include either manual
micrometer measuring heads or digimatic micrometer
measuring heads. The digimatic heads can switch back and
forth between measuring in mm and inches. Toolmakers
microscopes are used for inspection and measurement of
machined parts and are often used in manufacturing quality
control processes
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.
Precision measuring microscopes with digimatic indicators allow for use
in shops and labs responsible for research and development, quality
control, and inspection. Measuring microscopes are used for making
non-contact measurements of a specimen's X-Y axis or any planar
dimension in the microscope field. Microscope World features measuring
microscopes with either binocular or trinocular options. Optional
digimatic indicators for X or Y, Z and an optional mounting bracket, and
mount adaptors are also available from Microscope World.
SCREW THREAD MEASUREMENT

Introduction
Threads are of prime importance, they are used as fasteners. It is a
helical groove, used to transmit force and motion. In plain shaft, the
whole assembly, the object of dimensional control is to ensure a certain
consistency of fit.
In case of thread work, the object is to ensure mechanical strength of the
screw thread, being governed by the amount of flank contact rather than
by fit in a threaded hole.
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The performance of screw threads during their assembly with nut
depends upon a number of parameters such as the condition of the
machine tool used for screw cutting, work material and tool.
The inspection of the screw threads reveals the nature of defects
present the geometric aspects of screw threads are relatively complex
with respect to the interrelationship of pitch diameter, variation in lead,
helix and flank angle.
The gauging of screw threads is the process of determining the extent to
which screw thread conform dimensionally to the prescribed limits of
size.
Screw Thread Terminology

Lead: The axial distance advanced by the screw in one revolution is the
lead.
Pitch: It is the distance measured parallel to the screw threads axis
between the corresponding points on two adjacent threads in the same
axial plane. The basic pitch is equal to the lead divided by the number of
thread starts.
Minor diameter: It is the diameter of an imaginary co-axial cylinder
which touches the roots of external threads.
Major diameter: It is the diameter of an imaginary co-axial cylinder
which touches the crests of an external thread and the root of an internal
thread.
Pitch diameter: It is the diameter at which the thread space and width
are equal to half of the screw thread
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Helix angle: It is the angle made by the helix of the thread at the pitch
line with the axis.The angle is measured in an axial plane.
Flank angle: It is the angle between the flank and a line normal to the
maxis passing through the apex of the thread.
Height of thread: It is the distance measured radially between the major
and minor diameters respectively
Depth of thread: It is the distance from the tip of thread to the root of the
thread measured perpendicular to the longitudinal axis.
Form of thread: This is the shape of the contour of one complete thread
as seen in axial section.
External thread: A thread formed on the outside of a work piece is
called external thread.
Internal thread: A thread formed on the inside of a work piece is called
internal thread.
Axis of the thread: An imaginary line running longitudinally through the
center of the screw is called axis of the thread.
Angle of the thread: It is the angle between the flanks or slope of the
thread measured in an axial plane.
Thread Form
The form of the thread groove is a distinctive feature by means of which
screw threads may be grouped into two types.
1. V threads are used for fastening purposes. Typical forms are B.S.W,
B.A, unified, metric etc.
2. Transmission threads, used to cause displacements in a mechanism.
The common examples may be lead screw of lathe; the typical forms are
square and acme type of threads.
**It has an included angle of 55° between the flanks and equal radii at
crest and root. These are intended for use as standard nuts, bolts and
pipe work. It is defined in a plane which contains the axis of the thread.
**The B.A. thread was introduced by British Association. In metric
threads, there is angle and clearance at crest and root so that contact
between mating threads takes place only on the flanks.
**The acme thread has an included angle of 29° and is used for lead 84
screws and feeds on machine tools. It has flat crests and roots. A screw
and nut may be located on major or minor diameter.
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V-Thread

BA-Thread

Whithworth Thread
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Unified Thread
Screw thread measuring instruments
There are various instruments to measure the dimensions of thread as
per below.
1.Screw thread micrometer, 2. Screw pitch gauge, 3. Three wire method
1. Screw thread micrometer
It is used for accurate measurement of pitch diameter of screw threads.
The micrometer has a pointed spindle and a double V-anvil, both
correctly shaped to contact the screw thread of the work being gauged.
It directly reads in terms of pitch diameter as the zero reading of the
micrometer corresponds to the closed position of anvil and spindle when
both are in perfect match with each other.

The angle of the V-anvil and the conical point at the end of the spindle
corresponds to the included angle of the profile of the thread.
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The V-anvil is allowed to swivel in the micrometer frame so that it can
accommodate itself to the helix angle of the thread. The extreme point of
cone is rounded so that it will not bear on the root diameter at the bottom
of the thread, and similarly clearance is provided at the bottom of the
groove in the V -anvil so that it will not bear on the thread crest.
The spindle point of such a micrometer can be applied to the thread of
any pitch provided the form or included angle is always the same.
The V-anvil is however limited in its capacity; a number of different
blocks being required to cover a full range.
Screw Pitch gauge
- According to IS: 4211-1967, the gauges which help to identify the
thread pitch of IS
Metric screw threads in the pitch range 0.25 to 6.0 mm are made in the
form of 24 blades (made of suitable tool steel sheet and 0.5 mm thick),
23 for checking the pitches and one having an ISO profile of 60°.
All these blades are assembled in a protective sheath. All the blades are
suitably hardened and tempered to a hardness of 540 HV and properly
finished and sharp edges removed. These are suitably hinged in the
sheath with screw and nut arrangement, and can be easily removed and
rotated about.

\
Screw Pitch Gauge

Three wire method
In this method three Wires of equal ad precise diameter are placed in
the thread groves at opposite sides of the screw and measuring the
distance M over the outer surfaces of the wires with the micrometer
- Out of the three wires in the set two wires are placed on one side and
the third on the other side.
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- The wires are either held in hand or secured in the grooves by applying
grease in the threads or by sticking the ends of the wires Vaseline.
These wires may also be hung through threads on a stand. Any such
method, however, must ensure freedom to the wires to adjust
themselves under the micrometer pressure.

Three Wire Method of Measuring Effective Diameter

This method ensures the alignment of micrometer anvil faces parallel to
the thread axis. Therefore, this method of measuring effective diameter
is more accurate. The effective diameter can now be calculated with
following known elements:
The reading of the micrometer (this is the distance across the top of
wires say (M)
M = E + Q, where E = effective diameter and Q is the constant
depending upon the wire diameter and flank angle.
The wire diameter (W), the thread angle θ, and P= Pitch of the Thread
Q=W(1+Cosθ) – P/2 Cot θ
So, the effective diameter E= M – Q = M – {W(1+Cosθ) – P/2 Cot θ}
We can measure the value of M practically and then compare with the
theoretical values with the help of formulae derived above. After finding
correct value of M and knowing W, E can be found out.
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Engineering Metrology
Question Answer
1. Holes of diameter 25.0+0.040 +0.020mm, 25.0+0.020+0.040 mm are assembled
interchangeably with the pins of diameter 25.0+0.005 −0.008mm 25.00.008+0.005 mm . The minimum clearance in the assembly will be
(A)
(B)
(C)
(D)

0.048 mm
0.015 mm
0.005 mm
0.008 mm

Answer : (B) 0.015 mm

2. For the given assembly: 25 H7/g8, match Group A with Group B
Group A
Group B
P. H
I. Shaft Type
Q. IT8
II. Hole Type
R. IT7
III. Hole Tolerance Grade
S. g
IV. Shaft Tolerance Grade
A. P-I, Q-III, R-IV, S-II
B. P-I, Q-IV, R-III, S-II
C. P-II, Q-III, R-IV, S-I
D. P-II, Q-IV, R-III, S-I Answer : (D) P-II, Q-IV, R-III, S-I
3. In an interchangeable assembly, shafts of size 25.000+0.040−0.010 mm mate
with holes of size 25.000+0.030+0.020mm, The maximum interference (in microns)
in the assembly is
a. 40
b. 30
c. 20
d. 10
Answer : (c) 20
4. A hole is dimension ϕ9+0.015+0 mm. The corresponding shaft is of
dimension ϕ9+0.010+0.001 mm. The resulting assembly has
A. loose running fit
B. close running fit
C. transition fit
D. interference fit
Answer : (C) transition fit
10. Which type of tolerance provided in drilling mostly?
a) Bilateral
b) Unilateral
c) Trilateral
d) Compound
Answer: b Explanation: Mostly unilateral tolerance is provided in drilling as
dimension is allowed to vary in one direction only. Hole is always oversize, not
undersize.
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11. What is mean clearance?
a) Maximum size of hole minus maximum size of shaft
b) Minimum size of hole minus minimum size of shaft
c) Mean size of hole minus mean size of shaft
d) Average of both size of shaft and hole
Answer: c Explanation: Statistical approach allows wider tolerances compared to
complete interchangeability approach. Methods used by statistical approach are
usually permits cheaper production. Mean clearance is equal to (mean size of hole –
mean size of shaft).
12. Which of the following is incorrect about tolerances?
a) Too loose tolerance results in less cost
b) Tolerance is a compromise between accuracy and ability
c) Too tight tolerance may result in excessive cost
d) Fit between mating components is decided by functional requirements
Answer: a Explanation: Loose tolerance results in increase in cost, assembly
problems and poor performance of the product. Tight tolerance results in
unnecessary machining and inspection time.
13. Quality control charts doesn’t depend on which factor?
a) Normal distribution
b) Random sampling
c) Independence between samples
d) Binomial distribution
Answer: d Explanation: In establishing of realistic specifications, control charts are
considered as a good guide for the design office. Quality control charts are based on
the assumptions of random sampling and normal distribution.
14. Which of the following option is incorrect about interchangeability?
a) Increase output
b) Increase cost of production
c) Useful in mass production
d) Assembly time increases
Answer: d Explanation: An interchangeable part is one that can be replaced with a
similar part manufactured to the same drawing. It can be used in mass production
with an economic oriented approach. Assembly time decreases as mating parts are
interchangeable.
15. What are the main considerations for deciding the limits of a particular part?
a) Functional requirement
b) Economics and interchangeability
c) Interchangeability and functional requirement
d) Interchangeability, functional requirement and economics
Answer: d Explanation: Functional requirements are related to the function of a
component that is what is required to do. Interchangeability is for ease of
replacement of part. Economics is related to the minimum cost and time.
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16. For full interchangeability, what is the relation between the process capability of a
machine and manufacturing tolerance of the part?
a) Process capability = Manufacturing tolerance
b) Process capability ≥ Manufacturing tolerance
c) Process capability > Manufacturing tolerance
d) Process capability ≤ Manufacturing tolerance
Answer: d Explanation: For full interchangeability, only such machines are selected
for manufacturing whose process capability ≤ manufacturing tolerance. If this
condition is satisfied, then the component will meet the desired tolerance and
capable of mating with other.
17. Which of the following option is correct in given statements about
interchangeability?
Statement 1: Standardization is not so much of importance for interchangeability.
Statement 2: Interchangeability follows ‘normal distribution’.
a) F, T
b) T, T
c) F, F
d) T, F
Answer: a Explanation: Standardization is important in interchangeability. It is
essential to follow a common standard by all, only then interchangeability is possible.
All standards used by the manufacturing unit are traceable to international
standards.
18. Which of the following option is not correct for ‘full interchangeability’?
a) This type of interchangeability is not feasible sometimes
b) Requires machine which can maintain low process capability
c) Machines with very high accuracy are necessary
d) For interchangeable production, this type of interchangeability is not
must
Answer: b Explanation: Full interchangeability is also known as universal
interchangeability. Many times, universal interchangeability is not feasible because it
requires machine capable of maintaining very high accuracy and high process
capability.
19. What is the main use of automatic gauge in selective assembly?
a) Check accuracy of parts
b) Check parallelism of parts
c) Divide group of parts with some tolerance in smaller groups
d) Use to check errors in parts
Answer: c Explanation: If parts to be assembled have normal tolerance of 0.01 mm
then a gauge can be divided them into 10 different groups of 0.001 mm, this gauge is
known as automatic gauge. It is for selective assembly of different parts.
20. What is the correct formula to find no. of groups in selective assembly?
a) Process capability / Tolerance desired
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b) Tolerance desired / Process capability
c) Tolerance desired * Process capability
d) Tolerance desired + Process capability
Answer: a Explanation: No. of groups segregated in selective assembly depends
upon desired tolerance and process capability of machine. Conditions like high
quality and low cost can be achieved by selective assembly technique.
21. What is a limit system?
a) Series of tolerances
b) Series of fits
c) Series of clearances
d) Series of limits
Answer: a Explanation: Limit system is a series of tolerances arranged to suit a
specific range of size. By this, limits of size are selected and given to mating parts to
ensure specific classes of fit.
22. Which of the following is correct for selective assembly?
a) Not suitable for industrial purposes
b) Cost increases due to automatic gauging
c) Wastage is high due to selective selection
d) This method is followed in ball and roller bearing units
Answer: d Explanation: Selective assembly technique is widely used in industries. It
is followed in automobile, air craft industries and in ball and roller bearing units.
Tolerances desired in these industries are very narrow.
23. What does ‘50’ represents in 50H8/g7?
a) Basic size
b) Actual size
c) Maximum limit of size
d) Minimum limit of size
Answer: a Explanation: 50 represent the basic size of the hole and shaft. H and g
are the positions of tolerance zone with respect to zero line for hole and shaft
respectively. 8 and 7 are the tolerance size.
24. What is ‘Go limit’?
a) Lower limit of shaft and upper limit of hole
b) Lower limit of shaft and hole
c) Upper limit of shaft and lower limit of a hole
d) Upper limit of shaft and hole
Answer: c Explanation: ‘Go limit’ deals with upper limit of shaft and lower limit of
hole and refers to the maximum material condition. ‘No-go’ limits deals with lower
limit of shaft and upper limit of hole and refers to the minimum material condition.
25. Which of the following is incorrect regarding terminology?
a) Grades of tolerances decides manufacture’s accuracy
b) For any basic size there are 20 different shafts
c) Line of zero deviation is known as zero line
91

d) Tolerance has no sign
Answer: b Explanation: For any basic size, there are 25 different shafts. These are
designated by small letters from a to zc. Each shaft has 20 tolerance grades.
Tolerance is the algebraic difference between lower and upper deviation.
26. What is the actual deviation?
a) Algebraic sum between actual size and corresponding basic size
b) Algebraic difference between actual and corresponding basic size
c) Average of actual and basic size
d) Algebraic difference between upper and lower deviation
Answer: b Explanation: Algebraic difference between a size and a corresponding
basic size is called deviation. Limit deviations are upper and lower deviations.
Algebraic difference of actual size with basic size is called actual deviation.
27. What is the condition for a positive upper deviation?
a) Maximum limit of size > basic size
b) Maximum limit of size is < basic size
c) Minimum limit of size > basic size
d) Maximum limit of size < basic size
Answer: a Explanation: Upper deviation is positive when maximum limit of size > its
basic size and negative when maximum limits size < basic size. For lowers
deviations, it is a positive quantity when minimum limit size is more than its
corresponding basic size.
28. How many holes are there for any basic size?
a) 22
b) 24
c) 26
d) 28
Answer: d Explanation: There are 28 different holes for any basic size. These are
designated by capital letters. A, B, CD, C, D, E, EF, F, FG, G, H, JS, J, K, M, N, P,
R, S, T, U, V, X, Y, Z, ZA, ZB, ZC these are the 28 holes.
29. What does ES represent in terminology as per IS: 919?
a) Lower deviation of hole
b) Upper deviation of shaft
c) Lower deviation of shaft
d) Upper deviation of hole
Answer: d Explanation: ‘ES’ and ‘es’ represents upper deviation for hole and shaft
respectively. ‘EI’ and ‘ei’ represents lower deviation for hole and shaft respectively.
30. What is ‘IT01’?
a) Basic size of hole
b) Basic size of shaft
c) Tolerance grade
d) Standard tolerance factor
Answer: c Explanation: ‘IT’ refers to the standard tolerance which belongs to any
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standard grade of tolerance. Tolerance grades are designated by ‘IT’ letters followed
by a number. For example, IT01 is a tolerance grade.
31. For tolerance grades 5 to 16, what is the formula for standard tolerance factor?
(D=mean diameter in mm)
a) 0.45 (D)1/3 + 0.001D
b) 10*D
c) 0.45 (D)3 + 0.001 D
d) 20*D
Answer: a Explanation: For tolerance grades 5 to 16 the value of tolerance
magnitude is in terms of standard tolerance factor, i = 0.45 (D) 1/3 + 0.001 D. For
grade IT6, tolerance is 10i. Above it, at each 5th step the tolerance magnitude is
multiplied by 10.
32. What is the hole size which is covered by IT05?
a) 500 mm
b) 600 mm
c) 700 mm
d) 800 mm
Answer: a Explanation: There are 7 finest tolerance grades from 1T01 to IT05. It
covers sizes up to 500 mm. There are 11 coarsest grades which cover sizes up to
3150 mm. Tolerance grades depend upon shaft or hole size.
33. Which of the following is not true for hole and shaft basis systems?
a) Hole basis system is generally preferred over shaft basis system
b) Shaft basis system can be used when products are made from bright drawn bars
c) Choice of the system depends upon nature of the product
d) In hole basis system, allowances are applied to the hole
Answer: d Explanation: Hole basis system is preferred because it is easy to
produce a shaft with specified tolerances than hole. In hole basis system, all
tolerances are applied to shaft and hole size is taken as basic size.
34. Which of the following grade of a hole is mostly used for non-circular fits?
a) H5
b) H6
c) H7
d) H9
Answer: d Explanation: H9, H5, H6, H7 these all are the grades of a hole. H9 can
be obtained by reaming and boring. It is used for non-circular fits. H5 can be
obtained by honing or internal grinding. H7 can be produced by broaching and
grinding.
35. Which of the following option is incorrect for clearance fits?
a) Shaft ‘a’ gives a large clearance
b) Shaft ‘n’ is used for clearance fits
c) Shaft ‘d’ can be used for loose pulleys
d) Shaft ‘g’ is expensive to manufacture
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Answer: b Explanation: Shaft ‘n’ gives transition fit. It gives clearance to only
extreme sizes. It is recommended for tight fits. Grades 5, 6 and 7 are available.
Shafts a, b and c gives clearance fit. They all gives large clearance so they are not
widely used.
36. What is the range of shafts which produce transition fits?
a) Shaft ‘a’ to ‘h’
b) Shaft ‘e’ to ‘n’
c) Shaft ‘d’ to ‘h’
d) Shaft ‘j’ to ‘n’
Answer: d Explanation: ‘a’ to ‘h’ shafts produces clearance fits with H7 basic hole. ‘j’
to ‘n’ produce transition fit with H7 basic size. Transition fits may result in either
interference or clearance fit. It will depend upon the actual size of tolerance of mating
component.
37. Which grades are available in shaft ’j’ assembly?
a) 1 to 5
b) 2 to 6
c) 3 to 7
d) 5 to 11
Answer: d Explanation: Shaft ‘j’ is a transition fit and available in grades 5 to 11. It
is good for location fits which require less clearance than ‘h’ and also where a slight
interference is permitted. It can be used in gear rings clamped to steel hubs.
38. Which of the following grade is never used for fits?
a) H10
b) H11
c) H8
d) H9
Answer: b Explanation: H5, H6, H7, H8, H9, H10, H11 these are the hole grades.
H10 is not used for diameter fits. It can be used for milled widths. H11 is never used
for fits because this grade is very coarse. H11 is useful only for coarse punched
holes or drilled holes.
39. Which of the option is correct about the preference of shaft and holes in machine
tool industries?
a) ‘A11’ is of first preference in shafts
b) ‘B9’ is of first preference in holes
c) ‘c2’ is of first preference in shafts
d) ‘b11’ is of second preference in holes
Answer: c Explanation: a11, c2, d9, d11, e8 etc. are the first preference for shafts
and b9, b11, c8, c11, d8 etc. are the second preferences for shafts. First preference
of holes are A11, D11, E11, F7, F8 etc. and B9, B11, C9, C11, D9 etc. are the
second preferences for holes.
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