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METROLOGY

It may be defined as a science which deals with various aspects
like design, manufacturing, testing, and application of various
measuring instruments, devices and techniques. Metrology
facilitates the correct application of scientific principles to the
accurate dimensional control of manufactural components.
Metrology is not associated with the actual gauging process but
is more closely connected with the design, manufacture and testing
of various measuring instruments and gauges.
Some Important Terms Related with Metrology
1. Measurement: Measurement is a process of comparing

method of any numerical value of dimension with pre-
calibrated instrument/devices or we may say in this method
numerical value of dimensions is observed by direct
comparing with the workpiece with standard instrument/
tools.

2. Precision: This term is used to define how accurate is the
direct measured dimension is we take single or a group of
identical dimensions that confirms the accuracy of
dimension taken by single measurement.

3. Accuracy: Accuracy  may  be  defined  as  the  degree  of
closeness of the measured value of certain dimension with
the true value. The difference between these two values is
known as the error of measurement.

4. Sensitivity: It may be defined as the least count of the measured
quantity by an instrument. We can say how close dimension can
be measured by a instrument is known as its sensitivity.

Basic Method of Measurement:
1. Direct measurement method: In this method the measuring

devices directly measure dimensions without any other help.
For example steel scale, Vernier Caliper etc. These are
employed directly to measure any dimensions. These are
calibrated in mm and inches as per requirement by virtue of
which we can observe the dimensions.

2. Indirect measurement method: In this method devices are
not used for direct measurement or we may say these are
helping devices used in measuring with any other direct
measuring devices by indirect measuring method. For
example measuring by divides and callipers requires steel
scale.

System of Measurement: There are two mainly adopted measuring
system as given below.
(i) Metric system: This system was first originated in France

and is now in international use and known as metric system.
The units in this system are mm, cm, meter, and kilometer
etc.

(ii) English system: This standard was-invented by British in
which inches, yard, miles are units used, it is also known as
British standard and maintained by board of trade in United
Kingdom.

(iii) Limit system: As the name ressembles that limit is the
boundary line of variation it can be accepted to the actual
dimensions which are required to make or we can say that it
is a system in which the permissible variation in dimensional
deviation is computed in a set. The important terms used in
limit system are listed below.
1. Nominal size: Nominal size may be defined as the basic

size of any work piece, this size is used as base
dimensions in which tolerances and allowance are
added. For further designing.

2. Actual size: Actual size may be defined as the
dimensions achieved by any matching/production
process against the nominal size.

3. Basic size: It is the theoretical size which is common
to both the parts of a mating part, usually a hole and a
shaft limits of size of each of these parts are derived
from this size by assigning the predetermined
allowances and tolerance to it for obtaining the desired
fit for particular application.

4. Design size: There size are mentioned on drawing to
make any object containing permissible limits of
allowance, and tolerance etc.

TOLERANCE

The permissible variation in size or dimension is tolerance. Thus,
the word tolerance indicates that a worker is not expected to
produce the part of exact size, but definite a small size error is
permitted. The difference between the upper limit and the lower
limit of a dimension represents the margin for variation is called
tolerance zone.
UNILATERAL TOLERANCE
In this system, the dimension of a part is allowed to vary only on
one side of the basic size, i.e. tolerance lies wholly on one side of
the basic size either above or below it.
Unilateral system is preferred in interchangeable manufacture,
especially when precision fits are required, because it is easy and
simple to determine deviations,
Another advantage of this system is that Gauge ends can be
standardized as the holes of different tolerance grades have the
same lower limit and all the shafts have same upper limit, and this
form of tolerance greatly assists the operator, when machining of
mating parts. The operator machines to the upper limit of shaft
(lower limit for hole) knowing fully well that he still has some
margin left for machining before the parts are rejected.
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Bilateral Tolerance
In this system, the dimension of the part is allowed to vary on
both the sides of the basic size, i.e. the limits of tolerance lie on
either side of the basic size, but may not be necessarily equally
dispose about it. In this system, it is not possible to retain the
same fit when tolerance is varied and the basic size of one or both
of the mating parts are to be varied. This system is used in mass
production when machine setting is done for the basic size.
CLEARANCE:
Clearance may be defined as the difference given in the shaft size
against the mating bore size as shown in the figure if the size
difference is given in negative side or we may say the reduction
of size of shaft is known as clearance. Do not get confused about
clearance and tolerance because clearance is basically designed
for mating components dimensions where tolerance is the limit of
error in dimensional permissible due to error in workmanship.

Bore
size

clearence

Shaft

Bore
size Shaft

Tolerance

Fig. Clearance Fig. Tolerance
INTERFERENCE
 It is just opposite to the clearance because of its addition in size
of shaft to given size, as shown in the figure i.e. amount by which
the actual size of a shaft is larger than the actual finished size of
the mating hole is known as interference.
ALLOWANCE
Allowance may be defined as the difference between the lower
limit of size for the hole and the higher limit of size for a shaft. In
other words, we can say that it is the algebraic difference between
the design size of a hole and the design size of mating shaft.
Allowance can be positive or negative as per requirement.
FITS
Fits may be defined as the ratio between two mating parts with
respect to the degree of clearance or interference appearing on
the assembly fits may be classified as follows.
Clearance Fit
In clearance fit, an air space or clearance exists between the shaft
and hole as shown in fig. Such fits give loose joint. A clearance fit
has positive allowance, i.e. there is minimum positive clearance
between high limit of the shaft and low limit of the hole.

Clearance fit can be sub-classified as follows :

Loose Fit
It is used between those mating parts where no precision is
required. It provides minimum allowance and is used on loose
pulleys, agricultural machineries etc.
Running Fit
For a running fit, the dimension of shaft should be smaller enough
to maintain a film of oil for lubrication. It is used in bearing pair
etc. An allowance 0.025 mm per 25 mm of diameter of bearing may
be used.
Slide Fit or Medium Fit
It is used on those mating parts where great precision is required.
It provides medium allowance and is used in tool slides, slide
valve, automobile parts, etc.
Interference Fit
A negative difference between diameter of the hole and the shaft
is called interference. In such cases, the diameter of the shaft is
always larger than the hole diameter. Interference fit has a negative
allowance, i.e. interference exists between the high limit of hole
and low limit of the shaft.

In such a fit, the tolerance zone of the hole is always below that of
the shaft. The shaft is assembled by pressure or heat expansion.
The interference fit can be sub-classified as follows :
Shrink Fit or Heavy Force Fit
It refers to maximum negative allowance. In assembly of the hole
and the shaft, the hole is expanded by heating and then rapidly
cooled in its position. It is used in fitting of rims etc.
Medium Force Fit
These fits have medium negative allowance. Considerable pressure
is required to assemble the hole and the shaft. It is used in car
wheels, armature of dynamos etc.
Tight Fit or Press Fit
One part can be assembled into the other with a hand hammer or
by light pressure. A slight negative allowance exists between two
mating parts (more than wringing fit). It gives a semi-permanent
fit and is used on a keyed pulley and shaft, rocker arm, etc.
Transition Fit
It may result in either clearance fit or interference fit depending
on the actual value of the individual tolerances of the mating
components. Transition fits are a compromise between clearance
and interference fits. They are used for applications where
accurate location is important but either a small amount of
clearance or interference is permissible. Transition fit can be sub-
classified as follows :
Push Fit
It refers to zero allowance and a light pressure (10 cating dowels,
pins, etc.) is required in assembling the hole and the shaft. The
moving parts show least vibration with this type of fit. It is also
known as snug fit.
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Force Fit or Shrink Fit
A force fit is used when the two mating parts are to be rigidly fixed
so that one cannot move without the other. It either requires high
pressure to force the shaft into the hole or the hole to be expanded
by heating. It is used in railway wheels, etc.
Wringing Fit
A slight negative allowance exists between two mating parts in
wringing fit. It requires pressure to force the shaft into the hole
and gives a light assembly. It is used in fixing keys, pins, etc.
Different limit system: There are may limit systems developed
and some of them most widely used are given below:
(i) The Newall system: It is a bilateral hole basis system of

limit in which all parameters like tolerance on holes. Covering
all type of work divided into two main categories mainly A
and B, where A denotes for very accurate work and B
represents moderate or general type of work.

(ii) I.S.I. system (iii)   ISA system
(iv) British Standard system (v)   I.S.O. system
Standard and limit gauge: Limit and allowance depends upon
Nominal size, class of fit required and quality of fit.
(1) Standard gauge: Standard gauge may be defined as the

gauges which indicates the accuracy or in accuracy of single
dimension only. The form of these gauges are as follows:
(a) Plug gauge: As shown in the figure these gauges are

designed for measuring single dimension for example
diameter only.

f 25 + 0.00
f 25 + 0.05

Fig. Plug gauge

Fig. Ring gauge
(b) Ring gauge: This type of gauge, are designed in such

a manner that contains a single hole in center of a ring
which is used for testing the accuracy of the external
feature of a component. For example diameter of shaft
etc.

(c) Slip gauge: There are rectangular prism shape structure
made up of hardened steel and use for checking the
length of finished length. There block are known as “
Gauge blocks.”

(d) Standard screw pitch gauge: Standard screw pitch
gauge having threads of standard shape and size cut
on the plug, it  is used for checking the accuracy of
internal threads in a hole.

2. Limit gauge: Limit gauges are also known as Go Gauge and
No Go Gauge. These gauge are made up of hardened steel
not having same dimensions as required to make but these
gauge made up of size that is permissible limit of allowance
and tolerance to the basic size. These gauges are made to
check one dimensional at a time and in the same way Not-
No Go-Gauges are made.
These are made separately for inner dimensions and outer
dimensions checking.

LINEAR MEASURING INSTRUMENT
Linear measurement process dimension distance are measured
between two points either for line measurement or end
measurement leaner measuring instruments may be classified as
follows.
(i) Non-precision instruments
(ii) Precision instruments
The measuring instruments like steel scale, meter tape, and
mannual callipers etc are known as non-precision instrument. On
other hand measuring instrument like vernier callipers, micrometer,
and hight gauges etc are placed in categories of precision
instrument.
COMPARATORS
It is spindle like instrument used to determine the length of a
component by comparing this length with a known length to
which the instrument in set. Basically this instrument consists of
a spindle, whose deviation from the initial position is amplified
and indicated on a scale. Several means like mechanical chemical
or optical etc. Normally a good comparator is expected to be able
to record size variation of 0.0025 mm. Some commonly used
comparator are given below.
(i) Mechanical comparator: In this device magnification of the

reading is performed with the help of certain lever and gears
etc. for example Dial indicator, passimeter and graphostate etc.

(ii) Electrical comparator: Basically the observations are taken
by means of mechanical arrangements (like tracer, styles or
plunger) and this observations are converted in electric
current, voltage and impulse. Then this signals may
amplified, or magnified and indicated at proper indicator.
This arrangement is faster and we can transfer or record the
final observation.
For example  : perthometer tester and electrical comparator etc.

(iii) Optical Comparator: Optical comparator is based on the
movement and condensation of electrical generated ray of
light as shown in following Fig.
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Fig. Line diagram of optical comparator
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In optical comparators, magnification is obtained with the help of
light beams which have advantage of being straight and
weightless. In this, a small displacement of the measuring plunger
is amplified first by mechanical system.
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Fig. Layout of solex pneumatic gauge
One side of the chamber is connected through a pipe to the air
supply. As this air passes through these restricted jets and passed
through a water level indicates strikes on the surface to be
measured as the size of bore varies air reflects the level of water in
water glass monometers tube which is placed in parallel to a
graduated scale.
Angular measurement: For angular measurement many types of
instruments are used the most easiest way to measure the angle
in bowl protector in which a pre-callibrated angular scale is fitted
with a metal strip. Other instruments are Sine bar, angle gauge,
callibrated level and auto callimeters etc.

Surface table

Gauze Block

Sine bar

H

L

Sine bar

Work piece

It consists of a flat bar provided with two cylindrical plugs. The
axis of these cylinders are mutually parallel to each other and
other also to the top surface of size bar. The distance between
centers of the plugs in fixed for a particular size bar and the same
is always written over the bar. As shown in figure the relation
between length (L) and (H) measured is used to calculated the
angle.

sin q = H
L

So  angle 1 Hsin
L

-q =

ANGLE GAUGES

In this method, the auto collimator used in conjunction with the
angle gauges. It compares the angle to be measured of the given
component with the angle gauges. Angles gauges are wedge
shaped block and can be used as standard for angle measurement.
They reduce the set uptime and minimize the error. These are 13
pieces, divided into three types such as degrees, minutes and
seconds.
Inclinometer or clinometer is an instrument for measuring angles
of slope (or tilt), elevation or depression of an object with respect
to gravity. It is also known as a tilt meter, tilt indicator, slope
alert, slope gauge, gradient meter, gradiometer, level gauge,
level meter, declinometer, and pitch & roll indicator. Clinometers
measure both inclines (positive slopes, as seen by an observer
looking upwards) and declines (negative slopes, as seen by an
observer looking downward) using three different units of
measure: degrees, percent, and topo. Astrolabes are inclinometers
that were used for navigation and locating astronomical objects.
In aircraft, the “ball” in turn coordinators or turn and bank
indicators is sometimes referred to as an inclinometer.
Certain highly sensitive electronic inclinometer sensors can
achieve an output resolution to 0.0001 degrees - depending on
the technology and angle range, it may be limited to 0.01°

SOME IMPORTANT MEASURING TOOLS

Scale : it is flat in shape and calibrated up to 1/6 inches in B15
system and upto half mm in metric system. It is specified by its
length. Generally available in length of 6² 12² and 24² and
1 meter. As per application, these are made up by various materials
some of them are mentioned below.

121110

3029282726254321

321

Fig. Steel scale

Fig. Flexible meter tape

S.No. Material Application
1. Steel made Very commonly used in all

measuring dimensions at
room temperature

2. Made of copper Generally used in Black
smith shop

3. Made of wood Generally used in carpentry
and tailoring etc.

4. Spring steel Generally used in long
measurement.
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5. Cloth/leather Used for measuring civil
made scale work and soil measurement etc.

6. Plastic made Commonly used in drawing
scale where transparency is

required

(a) Vernier calliper : Used in precision measurement it has
two jaws. One jaw is formed at one end of its main scale and
other jaw is formally part of Vernier Scale. Main scale is
calibrated up to half mm in metric method and up to 1/16
inches in BIS system. Vernier’s scale has some division
which are responsible for least count of vernier calliper least
count may be defined as the minimum dimensions which
can be measured by the instrument.

0 1 2 3 4 5 6

0 1 2 3 4 5 6 7 8 9 10 11 12 13

Depth
Bar

Main Scale

Clamping Screw

Inside
Jaws

Fixed
Jaw

Vernier
Scale

Movable Jaw

Find adjustment
screw

Fig. Vernier calliper
Working principle: The object to be measured is gripped
between its jaws and the reading from both scale (vernier
scale and main scale) is noted down. To make concept easier,
we just assume that main scale is calibrated in metric system
and vernier scale contains 50 equal divisions to 49 mm of

main scale division. So one division on vernier scale = 49
50

= 0.98 mm of main scale.
Or

One division of vernier scale is shorter than one division of
main scale by 1 – 0.98 = 0.02 mm. This list measuring
dimensions is called least count of vernier calliper.
Material: Generally made up of Nickel-Chromium steel.
Specification: The vernier callipers are specified by the
capacity of maximum measured length by it. Generally made
in size – 6², 12², and 24².

(b) Vernier hight gauge: It is a instrument used for precision
measurement and marking of any object placed on true
machined and levelled surface, i.e. on surface plate etc.
working principle is same as vernier calliper.
Material: Generally made of Nickel-Chromium steel.
Specification: It is specified by the maximum height that
can be measured by it and generally available 6² to 24².

(c) Vernier depth gauge: The working and measuring principle
in same as vernier calliper. It is used take precission
measurement of blind holes. Slots and Grooves etc.
Material: Generally made of Nickel-Chromium steel.
Specification: It is specified by the maximum depth which
can be measured by it.

(d) Vernier level protector: It is used for measuring angles
more precisely. The working principle and method of
calculation is almost same as vernier calliper.
Material: Generally made of Nickel-Chromium steel.
Specification: Specified by the length of blade, generally
available 6² to 12².

(e) Dial test indicator: It is used to check surface truness of
any round or flat surface.
Working principle: It works on the principle of magnifying
leverage on rack and pinion. A plunger is mounted on the
lower end of vertical hollow shaft containing rack on rest of
its body. This rack is matched with penions and one needle
is mounted on the pinion. When hollow shaft containing
plunger lift upward. The pinion mashed with the teeth of
rack rotate and the needle (pointer) will also rotate. One
graduated circular scale is placed under needle by which
we can take reading. The least count will depend upon the
number of teeth of rack and pinion.
These are available in mm and inches both. In mm commonly
calibrated upto 100 divisions for one mm. Movement of
plunger is in vertical direction. Calculation is made as follows:
For having 100 division on circular scale.

No. of evolutions = 
Driver 50 75

=
Driven 10 15

´
´

 = 25

On moving 50 teeth of rack = 25 revolutions of needle

Q One moving 1 teeth of rack = 25 1= 250
 revolutions

Q 1
2  revolution is calibrated for 1

2  mm on circular scale

of dial gauge.

It means 1
2

 mm lifting of plunger in vertical direction is

equal to half circular movement of needle on circular scale
of dial gauge. If dial gauge is divided in 100 division, its

least count will be 1
100

 = 0.01 mm.

(f) Out-side Micrometer: It is used for making precision
measurement for external dimensions of workpiece.
Working principle: It works upon the principle of screw
thread’s lead and pitch. It consists of one jaw or anivil fixed
at one end of frame, another movable jaw in the shape of
round bar called spindle and its half position (which contains
threads) housed in sleeve. This sleeve is mounted on the

other end of frame and housed in thimble containing 1
2

mm graduation/calibration over sleeve in horizontal position.
Thimble contains 50 divisions in circular position
perpendicular to spindle when two full revolutions are made
by thimble over spindle, it covers one mm distance in

horizontal direction. So its least count is 1
100

 = 0.01 mm.

There are available in mm and inches.
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Construction Material

1. Frame Generally made by cast steel.
2. Spindle Made by Chromium steel having

tungeston carbide tip at one end.
3. Sleeve Chromium steel
4. Anvil Chromium steel having tungsten

carbide tip at one end.
5. Thimble Chromium steel
6. Ratchet stop Chromium steel

and Lock Nut

Specification: It is specified by minimum and maximum
measurement that can be measured by this measuring tool.
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Fig. Outside micrometer
(g) Inside micrometer: This micrometer is same as outside

micrometer except that it has no frame. So its spindle is able
to take measurement from inside holes etc. Rest working
principle is same as outside micrometer.

(h) Depth gauge or depth micrometer: It is used to measure
depth of any hole or lower section like blind hole it is quite
similar as inside micrometer, but having additional base
which is used to support the micrometer over the depth of
job like one fixed jaw. Rest of working principle is same as
inside micrometer.

(i) Screw thread micrometer: It is used to measure pitch
diameter of any screw threads. It is quite same as outside
micrometer gauge except of its anvil of V-shaped 55°angle
and its spindle have conical shape at 60° angle. Rest of its
construction and working principle is same as outside
micrometer.
It can be used to measured the following dimensions
(a)Pitch diameter
(b)Outside micrometer
(c)Core diameter
(d)Effective diameter

(j) Combination set: It is a combination tools used for
measuring linear dimensions, angular dimensions and sprit
level etc.
Specification: It is speciful by the length of its rule or blade
which is generally upon 300 mm.

Rule/Blade

Square
head

Center head

Protector
Head

Fig. Combination set

(k) Filler gauge: It is made up of thin metal in various thickness
of sheet and its strip is marked with its thickness. It is
normally made 0.0015 inch to 0.200 inch thick. It is used to
measure and checking bearing clearance, adjusting tappets,
spark plug gap, jig and fixture parts and for many other
purpose where a specified clearance is supposed to be
maintained. It is also known as thickness gauge.

(l) Screw pitch gauge: It is a measuring tool made up of think metal
steels. It is used to check or measure the pitch of threads. It is
made in number of leaves containing various thread pitch gauge.

(m) Angle protector: It is also known as bevel protector. It is an
angle measuring tool having calibrated angle from 0 – 180°.
A steel strip is attached with it which can adjusted at any
desired angle. So that angle can be measured.

0

0.
00

2

0.14

0.015

No-109

Fig. Thickness gauge

S.No. Part Name Material Application
1. Rule or blade Hardened  and tempered alloy Used for linear measurement

or high carbon steel
2. Square head Cast steel Used for angular measurement in two angle

90° and 45° and trueness of any surface
3. Protector head Cast steel For angular measurement from 0° to 180°
4. Center head Cast steel Used for making center of any circular object.
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Fig. Angle protector

INDIRECT MEASURING TOOLS

These tools are those which do not give direct measuring
dimensions without help of any direct measurement tool. These
may be further subclassified as given below:
(a) Callipers: There are indirect measuring tool used to measure

or transfer, linear and radial dimensions. For example length,
width, height and diameter etc.
Material: Generally made up of case hardened mildsteel or
hardened and tempered low carbon steel.
Working principle: Both legs are opened to desired
dimensions, whether outside or inside, and measured with
the help of scale and transfered the same to another desired
place.
Specification: These are specified by the length of legs,
from one point to another point of leg joint these are generally
available in size 3² to 16².

Divider Inside calliper Outside calliper

Fig. For joint calliper
Classification:

(a) According to the applications, these are divided in
following types.

(i) Outside callipers: used for outside measurement
(ii) Inside callipers: used for inside measurement
(iii) Hermophrodite callipers: Generally used for marking

centre of circular object.
(b) According to the joints, these are also classified into

following types.
(i) Firm joint callipers: Both legs at one end overlap

each other and make a friction joint by riviting.
(ii) Spring joint callipers: Both legs at one end are housed

in a flat spring and mounted on a pivot in middle of
legs a screw is provided to open and close the legs.

(b) Divider: It is basically similar to the caliper except of its legs
which are kept straight pointed at measuring legs. It is used
for dividing any linear dimensions. For making arc/circle on
a flat surface, and for transfering the required dimensions
from one point to another.

Material: Case hardened mild steel or hardened and
tempered low carbon steel etc.
Specification: Specified by length from pivot to measuring
edge in inches or mm. Generally available from 3² to 16².
Classification:
(i) Firm joint divider
(ii) Spring joint divider

(c) Trammel: A trammel may be called as beam compass, it
consists two a justable legs clamped on a cylindrical rod in
right angle position.

Clamping
screw

Cylindrical
Rod

Fine
adjusting

screw

Extra leg
for inside
trammed

Detachable pointer

Fig. Trammel
An adjustable screw is attached with one leg of trammel
which is used for fine adjustment of leg and rough adjustment
of legs is carried out with the help of clamping screw.
Trammel consists both types of legs inside and outside
dimensions it is specified by length of its bar.

(d) Try square: It may be defined as a measuring and marking
tool for 90°angle, it has true machined stock and blade jointed
together at true 90° angle it is used through indirect method.
It is made up of hardened and tampered low/high carbon
steel, it is specified by the length of blade and generally
available from 2² to 24². Try square may be classified in
following types.
1. Fixed try square: Both stock and blade are jointed

together by reviting at 90° to each other at one end.
2. Adjustable try square: It is also known as level edge

try square. At one end stock is joined with blade with
the help of pivot and blade contains slot parallel to
pivot in stock on which the blade can swivel at different
desired angle.

Classification of Try Square on Basis of Calibration
(i) Calibrated try square: These are calibrated in inches

and mm on blade, and normally used in carpentry work
or pattern making.

(ii) Ungraduated try square: No graduation is callibrated
on both stock and blade. Normally these type of try
square used in fitting work, Die making and tool room.

Engineer’s try square: In these stocks, comparatively
thickness is more than 5 times then the blade’s thickness
and are generally available in size of 6² to 12².
Manson/Tailor’s try square: In these type of try square,
both stock and blades are equally thick and having equal
length etc. generally available in size 19² – 24².
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Blade

90°

90°

Stock

Fig. Calibrated try square

Stock

adjustable
Blade

Fig. Adjustable try square
(e) Telescoping gauge: As shown in Fig. it is a “ T ”  shaped

measuring tool. It consists two legs positioned at 90° angle
to handle. One of its leg is telescoped into another leg.
These legs can be adjusted at various dimensions by turning
N nurled screw provided at the end of handle and it can be
locked at desired dimensions. It is used to measure inner
diameter.

Small
leg

Long
leg

handle

N nurled
screw

Fig. Telescoping gauge
(f) Radius gauge: It is a device used to measure or locate any

internal and outer radius on work pieces. It is made up of
thin metal sheet in various sizes. It is also known as filler
gauge.

MARKING

Marking is necessary to achieve desired dimensions before doing
any operations. It works as a basic reference during various
operations with work piece.

Classification of Marking:
(a) Temporary marking: In this type, marking is done over

any marking media and generally useful when one or two
operations  are  to  be  carried  out  on  job.  It  is  carried  out
simply with the help of scriber over making media.

(b) Permanent marking: When we have to carry out two or
more than two dimensions on a same job. Then we need
permanent marking, it is done making impression over
temporary marking with the help of center/dot/prick punch
and hammer etc.

Marking Media:
Any suitable colourful coating material used for marking is called
marking media.

Classification:
(a)  Ordinary blackboard chalk: Paste of ordinary chalk with

water is used as marking media.
(b) Blue vitrol: It is a solution of copper sulphate water and

sulphuric acid.
(c) Layout dye: It is a readymade colourful dye (type of chemical)

used as marking media.
(d) White coating: It is a paste of chalk, water with alcohol

used as marking media.
Types of Marking: The most common types of marking are as
follows:
1. Datum line marking: In this method, first we make two

adjacent side perpendicular to each other and then carry out
rest of marking on the basis of these reference sides.

2. Center line marking: This method employed where marking
is to be carried out on equal surface. In this method, a centre
line is marked in centre by assuming and carry out rest of the
marking on the basis of this centre line.

3. Marking by templates: It is used in mass production work.
In this method, templates are prepared as per the desired
dimensions of marking by thin sheet metal, wooden or any
suitable material and with the help of template, marking will
be traced over job with help of scribes/punch. Some other
methods are also employed for marking rest of above. For
example, marking by centre head (combination set) universal
surface gauge, odd legs, calipers and bell punch method, etc.

Marking Tools
Scriber: Made up of hardened and tempered carbon steel. Tip of
scriber is grinded at 12 to 15°angle and is generally available in
125 – 250 mm. It is used for temporary marking.
Classification
single end scriber: This type of scriber contains one sharpened
tip in straight. So it is used to mark outer dimensions. It is made
by hardened and tempered high carbon steel.
Double ended scriber: It contains two sharpened tips out of which
one is straight and another is bented at right angle. This bend tip
is used to mark dimensions inside any hollow work pieces or
drilled hole etc. it is also made from hardened and tempered high
carbon steel.
Carbide point scriber: It is a precision marking tool having carbide
point. Mostly it is used on hard metals or in precision marking.

Double Ended
scriber

Single Ended
scriber

Fig. Scriber

PUNCH

Used for permanent marking and it is made up of hardened and
tempered high carbon steel it is specified by its length and dia. for



9

Buy books : http://www.dishapublication.com/entrance-exams-books/ssc-exams.html?limit=24

example 125 ´ 12.5 mm it consists a cylindrical N nurled body
which is plane upto some height at top of it. This plain part of its
body is used for applying impact load like hammer blow. At the
other end of its N nurled body, it consists a grinded point with
different angle of grinding.

90° 60° 30°

Center Punch Dot Punch Prick Punch

Fig. Punch
Classification of Punch:
1. Drift Punch: It is a long nose punch having grinded pointed

tip at 10° angle. It is used for loosening straight pins, taper
pins, revits and other small parts being dismantled. The
gradual uniform taper end provides strength needed to
withstand the powerful impact of punch against the pins or
parts being loosened it is specified by its total length.

2. Prick Punch: It is a pen shaped pointed cylindrical tool
made up of high carbon steel and used to make permanent
marking on comperatively harder material its tip is pointed
at angle of 60°.

3. Dot Punch: It is very much similar to prick punch except of
its tip is sharpened at an angle of 90°. It is made by high
carbon steel and specified by which its total length. It is a
general purpose permanent marking is almost for all metals
having hardness below than high carbon steel.

4. Drive Pin Punch: It is very much similar to drift punch
except that it consists a parallel nose of diameter below
their normal diameter. It is used to loosen the small pin and
drive fit parts from assemblees. These punches normally
come in form of set of different diameter and it is specified
by the diameter of nose.

5. Automotion Punch: It is used to make permanent marking
of desired depth of indent without using hammer. Its upper
knurled cap is pushed down to provide force to the tip of
make an indent. When used with a spacing attachment, this
tool can layout uniformly spacing dimensions rapidly.

6. Surface Gauge: It consists a scriber mounted on a fixed
stand fitted on a casted base at 90° to each other. It is used
for temporary making and for job centering process in
machine shop it has following two parts
(a) Base: Lowest part of the body, it acts as base for all
bodies made by casting of cast iron.
(b) Piller: Generally made up of case hardened mild steel.
(c) Scriber: Made up of high carbon steel, hardened and
tempered at tips.
Universal Surface Gauge: It is quite similar to surface gauge
except of its adjustable column its column can be adjusted
at various angle by an adjustable screw. It can easily be
used as well as for centering process on lathe machines and
in various marking processes.

V-Block: It is used to provide support for round object during
marking and machining etc. It is true machined at 90° at every
edge. It is made up of Grey cast iron or high carbon steel. It is
specified by its side length such as 2² to 4² etc.
Surface Plate: It consists flat rectangular true machined surface. It is
made up of cast iron casting. It is generally used for checking surface
flatness of any job and also used for temporary marking etc.
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1. In order to have an interference fit, it is essential that the
lower limit of the shaft should be
(a) Greater than the upper limit of the hole
(b) lesser than the upper limit of the hole
(c) greater than the lower limit of the hole
(d) lesser than the lower limit of the hole

2. A ring gauge is used to measure
(a) outside diameter but not roundness
(b) roundness but not outside diameter
(c) both outside diameter and roundness
(d) only external threads

3. A hole is specified as 0.050
0.00040  mm. The mating shaft has

a clearance fit with minimum clearance of 0.01mm. The
tolerance on the shaft is 0.04 mm. The maximum clearance
in mm between the hole and the shaft is
(a) 0.04 (b) 0.05
(c) 0.10 (d) 0.11

4. What are the upper and lower limits of the shaft
represented by 60f8. Using the following data: Diameter
60 lies in the diameter step of 50 – 80 mm. Fundamental
tolerance unit i in 30.45m Dm = + 0.001 D, where D is the
representive size in mm. tolerance value for IT8 = 25i.
Fundamental deviation for f shaft = – 5.5D0.41.

(a) Lower limit = 59.924 mm, upper limit = 59.970 mm
(b) Lower limit = 59.954 mm, upper limit = 60.000 mm
(c) Lower limit = 59.970 mm, upper limit = 60.016 mm
(d) Lower limit = 60.000 mm, upper limit = 60.046 mm

5. A shaft has a dimension, 0.009
0.02535-f . The respective

values of fundamental deviation and tolerance are
(a) 0.025, ± 0.008 (b) 0.025, 0.016
(c) 0.009, ± 0.008 (d) 0.009, 0.016

6. A metric thread of pitch 2 mm and thread angle 60º is
inspected for its pitch diameter using 3 – wire method.
The diameter of the best size wire in mm is
(a) 0.866 (b) 1.000
(c) 1.154 (d) 2.000

7. Which one of the following instruments is widely used to
check and calibrate geometric features of machine tools
during their assembly?
(a) Ultrasonic probe
(b) Coordinate Measuring Machine (CMM)
(c) Laser interferometer
(d) Vernier calipers

8. For the given assembly: 25 H7/g8, match Group A with Group B

P. H I. Shaft Type
Q. IT8 II. Hole Type
R. IT7 III. Hole Tolerance Grade
S. g IV. Shaft Tolerance Grade

Group A Group B

(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

9. The flatness of a machine bed can be measured using
(a) Vernier calipers (b) Auto collimator
(c) Height gauge (d) Tool maker’s microscope

10. The quality of a measuring instrument which characteristics
the ability to respond to small change of the quantity
measured is called
(a) accuracy
(b) discrimination of measuring instrument
(c) repeatability
(d) response of a measuring instrument

11. Combination set is used to measure
(a) drawn arc and circle (b) scribed lines
(c) angular surface (d) all of these

12. Constant measuring pressure in micrometer screw gauge is
ensured by
(a) locknut (b) spindle
(c) thimble (d) ratchat

13. Sensitivity and range of measuring instrument have
(a) direct relationship (b) inverse relationship
(c) no relationship (d) linear relationship

14. Millimeter scale in a micrometer is marked on
(a) Thimble (b) Spindle
(c) Sleeve (d) Anvil

15. Paraistic error is caused due to
(a) wrong design of instrument
(b) change in ambient conditions
(c) error in compution
(d) deflection of stylus

16. The most accurate instrument in following is
(a) optical projector (b) Vernier callipers
(c) mechanical comparators (d) slip gauge

17. An error that always follows the same definite mathematical
or physical law is known as
(a) mathematical error (b) detectable error
(c) systematic error (d) cumulative error

18. Meter accuracy is determined by
(a) Half scale deflection
(b) least possible reading on scale
(c) full scale deflection
(d) measuring method

19. Which of the following standard can be used for defining
length?
(a) Bar standard (b) Light wave standard
(c) End standard (d) Any of these

20. Which of the following transducer is preferred for
measurements involving sound?
(a) Voltax (b) Piezoelectric pickup
(c) Thermocouple (d) Photoemissive cell
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21. A fathometer works on the principle of
(a) Reflection of gamma rays
(b) Reflection of radio rays
(c) Reflection of sound rays
(d) Reflection of magnetic waves

22. Surface plate is usually made of Grey Cast Iron because it
provides
(a) Good hardened surface
(b) Easy to cast
(c) Good wearing resistance
(d) Lubrication due to graphite flakes

23. Response is defined as the measure of a system is fidelity
to purpose. The response of measuring instrument may be
considered to the following cases.
(a) Phase response (b) frequency response
(c) amplitude response (d) all of these

24. The degree of perfection used in instruments the method
and the observations, is known as
(a) least count (b) efficiency
(c) precision (d) all of these

25. A digital thermometer has 1
23  digit display. The 1°C range

can be read upto
(a) 0.999°C (b) 1.999°C
(c) 1.000°C (d) 1.001°C

26. All the thread characteristics can be measured precisely with
(a) thread gauge
(b) tool room microscope
(c) screw pitch gauge
(d) thread measuring machine

27. A 0 – 100°C thermometer has accuracy of +2.5%, its accuracy
while reading 50 mA will be
(a) ± 2.5% (b) ± 5%
(c) ± 1.25% (d) ± 10%

28. The static error band of an instrument does not include
(a) Electrical draft (b) Non-linearity
(c) Both (a) and (b) (d) None of these

29. Rosette strain gauge are used for measurement of strain in
(a) Vertical direction only (b) Horizontal direction
(c) Complex parts (d) None of these

30. A flapper nozzles is used in
(a) Hydraulic controller (b) Pheumatic controller
(c) Electronic controller (d) All of these

31. Which of the following could be the source of random
error in an instrument?
(a) Frictional error (b) Backlash
(c) Mechanical error (d) Any of these

32. The minimum change in the measured variable which
produces in effective response of the instrument is known as
(a) Hysteresis (b) Accuracy
(c) Resolution sensitivity (d) Precision

33. The accuracy of a 0–10 mV meter is ± 10%. A full scale
reading of 10 mV may be due to a voltage of
(a) 9 mV (b) 11 mV
(c) either 9 mV or 11 mV (d) None of these

34. The diameter of very large bore can be measured accurately by
(a) steel tape
(b) swing a pin gauge in the bore
(c) kelpart
(d) cylinderial gauge

35. In a digital instrument “ over ranging”  means
(a) Half digits is switched on
(b) Half digit is switched off
(c) Only three digits are switched on
(d) All reading shows reading of “ 8”

36. Measuring mechanism whose mobile component attains its
equilibrium position without oscillation around new position
is called
(a) a periodic measuring mechanism
(b) precise measuring mechanism
(c) Both (a) and (b)
(d) analogue measuring mechanism

37. A master gauge is
(a) The most accurate and precision gauge
(b) Standard gauge for checking accuracy of gauges used

on shop floor
(c) A gauge used for experience person only
(d) An international reference gauge

38. Electronic level contains
(a) clinometer (b) micrometer
(c) a pendulum (d) none of these

39. Error of measuring equipment is
(a) the closeness with which a measurement can be read

directly from measuring instrument.
(b) the difference between measured value and actual value
(c) the smallest change in measurement that can be measured
(d) none of these

40. A comparator for its working depends on
(a) comparison with standard such as slip gauge
(b) accurate micrometer gauge
(c) accurately calibrated gauge
(d) determining zero error of scale correctly

41. Grating are used in connection with
(a) surface texture measurement
(b) roundness measurement
(c) linear displacement measurement
(d) flatness measurement

42. Inside and outside diameters of a thin tube are to be
measured. Only one of the following tool is to be selected.
Which one would you choose
(a) inside callipers (b) vernier callipers
(c) terminal (d) none of these

43. An optical gauge works on the principle of
(a) polarisation of light rays
(b) refraction of light rays
(c) interference of light rays
(d) Diffraction of light rays

44. Involute function of a gear is defined as
(a) (sin a – a) radians (b) (tan a – a) radians
(c) (cos a – a) radians (d) (cot a – a) radians

45. Find the wrong statement among the following
(a) Accuracy of an instrument is closeness to the true

dimensions
(b) Precision represents the degree of repetitiveness
(c) An the sensitivity of an instrument increase, its range

of measurement also increases.
(d) None of these
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46. Scale sensitivity is defined as
(a) ratio of a change in scale reading to corresponding

change in pointer deflection
(b) least reading range of scale
(c) least count of scale
(d) any of these

47. Which of the following is the correct way of designating
fit?
(a) 50 H8 / H0 H9 (b) 50 H8 / 50 H7

(c) g7 / H8 (d) 50 H8 / g7

48. A photoelectric device in which the resistance of the metal
changes, directly proportional to the light striking on it is
known as
(a) photo-emission cell (b) photo conductive cell
(c) photo-voltaic cell (d) photo cell

49. A plug gauge is used for measuring
(a) cylinder (b) cylinderical bore
(c) spherical hole (d) none of these

50. Flow of water in a pipe of 250 cm diameter can be measured
by
(a) Rotameter (b) Venturimeter
(c) Pilot tube (d) None of these

1 (a) 6 (c) 11 (c) 16 (a) 21 (c) 26 (b) 31 (b) 36 (a) 41 (c) 46 (a)
2 (a) 7 (c) 12 (d) 17 (c) 22 (d) 27 (b) 32 (c) 37 (b) 42 (b) 47 (d)
3 (c) 8 (d) 13 (b) 18 (c) 23 (d) 28 (a) 33 (c) 38 (c) 43 (c) 48 (b)
4 (a) 9 (b) 14 (c) 19 (d) 24 (c) 29 (c) 34 (b) 39 (b) 44 (b) 49 (b)
5 (d) 10 (b) 15 (c) 20 (b) 25 (b) 30 (b) 35 (a) 40 (a) 45 (c) 50 (c)

ANSWER KEY

4. (a) Hint: Now, Firstly calculate, mean dia. (D) = 50 80 63.3mm´ = and then, calculate to tolerance

i = 30.45 0.001D D+
Diviation 1 d = –5.5 × D0.41 and then calculate,
UCL and LCL.

6. (c) The optimum wire size is, d = 0.57135 × P
where, P = Pitch diameter

HINTS & SOLUTIONS


