Capital Goods & Manufacturing
Fitter - Fitting Assembly

Related Theory for Exercise 1.6.79

Necessity of Interchangeability in engineering field

Objectives: At the end of this lesson you shall be able to

» state the advantages and disadvantages of mass production

» outline the meaning of the term,’interchangeability’

» state the necessity for the limit system

» hame the different standards of system of limits and fits.

Mass production

Mass production means productionofaunit, component or
part inlarge numbers.

Advantages of mass production

Time for the manufacture of components is reduced.
The cost of a piece is reduced.

Spare parts can be quickly made available.
Disadvantages of mass production

Special purpose machines are necessary.

Jigs andfixtures are needed.

Gauges are to be used instead of conventional precision
instruments.

Initial expenditure will be very high.
Selective assembly

The figures illustrate the difference between a selective
assembly and a non-selective assembly. Itwillbeseenin
(Fig1) that each nutfits only one bolt. Such anassembly
is slow and costly, and maintenance is difficult because
spares must be individually manufactured.
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Non-selective assembly

Any nut fits any bolt of the same size and thread type.
Such an assembly is rapid, and costs are reduced.
Maintenance issimpler because spares are easily available.

(Fig2)

Fig 2
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Non-selective assembly provides interchange-
ability between the components.

In medern engineering production, i.e. mass production,
there is no rcom for selective assembly. However, under
some special circumstances, selective assembly is still
justified.

Interchangeability: VWhen components are mass-
produced, unlesstheyare interchangeable, the purpose
of mass production is not fulfilled. By interchangeability,
we mean that identical components, manufactured by
different personnel under different environments, can be
assembled and replaced without any further rectification
during the assembly stage, without affecting the functioning
of the componentwhen assembled.

Necessity of the limit system: |f components are to be
interchangeable, they need to be manufactured to the
same size which is not possible, when they are mass-
produced. Hence, it becomes necessary to permit the
operator to deviate by a small margin from the exact size
which he is not able to maintain for all the components. At
the same time, the deviated size should not affect the
guality oftheassembly. Thissort of dimensioning is known
as limit dimensioning.

A system of limits is to be followed as a standard for the
limit dimensioning of components.

Various standard systems of limits and fits are followed by
differentcountries based onthe ISC{International Standards
Organisation) specifications.

The system of limits and fits followed in our
country is stipulated by the BIS. {(Bureau of
Indian Standards)

Other systems of limits and fits
International Standards Organisation (1ISO)
British Standard System (BSS)

German Standard (DIN)



The indian standard system of limits & fits - terminology

Objectives: At the end of this lesson you shall be able to
» state the terms under the BIS system of limits and fits
» define each term under the BIS system of limits and fits.

Size Basic size
It is a number expressed in a particular unit in the ltisthe size based onwhichthedimensional deviationsare
measurementoflength. given. (Fig1)
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Actual size Fig 2
Itisthe size of the component by actual measurementafter L e TOLEHARE
it is manufactured. It should lie between the two limits of Lere
size if the component is to be accepted.
Limits of size ZERO = = u
= N =

These arethe extreme permissible sizes withinwhichthe LNE § i A E H
operator is expected to make the component. (Fig 2) Ci®
(Maximum and minimum limits)
Maximum limit of size TOLERANCE ZONE
It is the greater of the two limit sizes. (Fig 2) (Table 1) L =neE

V W A ’ ZERO LINE b3
Minimum limit of size 3
It is the smaller of the two limits of size. (Fig 2) (Table 1) LR e B
Hole
Inthe BIS system of limits & fits, all internal features of a Fig 3

component including those which are not cylindrical are
designated as " hole'. (Fig 3)

Shaft

Inthe BIS system of limits & fits, all external features of a
component including those which are not cylindrical are
designated as shaft. (Fig3)
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Table 1 (Examples)

SL. UPPER LOWER MAX-LIMIT MIN-LIMIT
NO. SIZE OF COMPONENT DEVIATION DEVIATION OF SIZE OF SIZE
1 +.008
20 - .005 +0.008 -0.005 20.008 19.995
2 +.028
20 + .007 +0.028 +0.007 20.028 20.007
3 -.012
20-.021 -0.012 -0.021 19.988 19.979
Deviation ;
Fig4 INDICATION FOR HOLES
It is the algebraic difference between a size, to its
corresponding basic size. It may be positive, hegative or
zero. (Fig 2) /
Upper deviation \\Jr /
Itisthe algebraic difference betweenthe maximum limit of N~
size and its corresponding basic size. (Fig 2) (Table 1) 4
5
Lower deviation CAPITAL LETTERS REFER TO HOLES %
Itis the algebraic difference between the minimum limit of RN S
size and its corresponding basic size (Fig 2) (Table 1) Fig 5 ——
Upper deviation is the deviation which gives
the maximum limit of size. Lower deviation is
the deviation which gives the minimum limit of +
size.
Actual deviation . 3
ltisthe algebraic difference betweenthe actual sizeandits SMALL LETTERS REFERTO SHAFTS §
correspending basic size. (Fig 2) QR OUTSIBEIMERGIIRe . 23 ot 8
Tolerance Fig6

It is the difference between the maximum limit of size and
the minimum limit of size. It is always positive and is
expressed only as a number without a sign. (Fig 2)

Zero line

Ingraphical representation ofthe above terms, the zero line
representsthe basicsize. Thislineisalso calledas the line
of zero deviation. (Figs 1 and 2)

Fundamental deviation

There are 25 fundamental deviaticns in the BIS system
represented by letter symbols (capital letters for holesand
small lettersfor shafts), i.efor holes - ABCD. ... Z excluding
LLOQ&W. (Fig4)

Inadditiontothe above, four sets of letters JS, ZA ZB&ZC
are included. For fine mechanisms CD, EF and FG are
added. (Ref IS:919 Part 11-1979)

Forshafts, the same 25 letter symbols but in small letters
are used. (Fig 5)

The position of tolerance zone with respect tothe zeroline
is shown in Figs 6 and 7.

The fundamental deviations are for achieving

|7 d

CAPITAL LETTERS INDICATE FUNDAMENTAL DEVIATION OF HOLES

FI20N18T928

the different classes of fits. (Figs 8 and 9)
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Fig 7

SMALL LETTER INDICATE FUNDAMENTAL DEVIATION OF SHAFTS
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Fig 8

HOLE BASIS SYSTEM
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Fig 9
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SHAFT BASIS 8YSTEM

Fundamental tolerance

This is also called as 'grade of tolerance'. In the Indian
Standard System, there are 18 grades of tolerances
represented by number symbols, both for hole and shaft,
denotedas|TO1,ITO, IT1... tolT16. (Fig10) Ahighnumber
gives a large tolerance zone.

Fig 10
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The grade of tolerancerefers to theaccuracy of
manufacture.

Inastandardchart, the upperand lower deviationsforeach
combination of fundamental deviation and fundamental
tolerance are indicated for sizes ranging up to 500 mm.
(Referto 1S 919)

Toleranced size

Thisincludesthe basicsize, the fundamental deviationand
the grade of tolerance.

Example

25 H7 - toleranc size of a hole whose basic size is 25. The
fundamental deviationis represented by the letter symbol
Handthe grade oftolerance is represented by the number
symbol 7. (Fig11)

Fig 11
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25 e8 - is the toleranced size of a shaft whose basic size
is 25. The fundamental deviation is represented by the
letter symbol e and the grade of tolerance is represented
by the number 8. (Fig 12)

Fig 12
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A very wide range of selection can be made by the
combination of the 25 fundamental deviations and 18
grades of tolerances.

Example

In figure 13, aholeis shownas 25 £ 0.2 which means that
25 mm is the basic dimension and = 0.2 is the deviation.

As pointed out earlier, the permissible variation from the
basic dimensionis called'DEVIATION'.

The deviation is mostly given on the drawing with the
dimensions.

In the example 25 +0.2, +0.2 is the deviation of the hole
of 26 mmdiameter. (Fig 13) This means that the hole is of
acceptable size if its dimension is between

25 +0.2=252 mm
or 25-0.2 =248 mm.
25.2 mm is known as the maximum limit. {(Fig 14)

24 8 mm is known as the minimum limit. (Fig 135)
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Fig 13
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The difference betweenthe maximum and minimum limits
isthe TOLERANCE. Tolerance here is 0.4 mm. (Fig 16)

FI20N1B7E2E

Fig 15

E
~
=z
-]
o
i

~h

Alldimensions of the hole withinthe tolerance zone are ¢
acceptable size as in Fig 17.

Fig 16

TOLERANCE ZONE
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As per IS 696, while dimensioning the
compohents as a drawing convention, the

deviations are expressed as tolerances.

Fits and their classification as per the Indian Standard

Objectives: At the end of this lesson you shall be able to

» define 'Fit' as per the Indian Standard

* list out the terms used in limits and fits as per the Indian Standard

» state examples for each class of fit

* interpret the graphical representation of different classes of fits.

Fit
Itisthe relationshipthat exists between two mating parts,

a hole and a shaft, with respect to their dimensional
differences before assembly.

Expression of a fit

Afitis expressed by writing the basic size of the fit first,
(the basic size which is common to both the hole and the
shaft,) followed by the symbol for the hole, and by the
symbol for the shaft.

Example

H7
30 H7/g6 or 30 H7 - g6 or 30 E
Clearance

In a fit the clearance is the difference between the size of
the hole and the size of the shaft which is always positive.

Clearance fit

It is a fit which always provides clearance. Here the
tolerance zone of the hole willbe above the tolerance zone
of the shaft. (Fig 1)

Fig 1
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Example 20 H7/g6

Withthe fit given, we canfindthe deviationsfromthe chart.
For a hole 20 H7 we find in the table +21.

These numbers indicate the deviations in microns.

(1 micrometre = 0.001 mm)

The limits ofthe hole are 20+ 0.021 =20.021 mm and 20
+ 0 = 20.000mm. (Fig.2)
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For a shaft 20 g6 we find inthe table - 7
-20.
So the limits of the shaft are
20 —0.007 =19.993 mm
and 20 —0.020 =19.980mm.(Fig .3)

Fig 3
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Maximum clearance

Ina clearancefit or transitionfit, it isthe difference between
the maximum hole and minimum shaft. (Fig4)
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Minimum Clearance

Inaclearancefit, it isthe difference betweenthe minimum
hole and the maximum shaft. (Fig 3)

Fig 5
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The minimum clearance is 20.000 - 19.893 = 0.007mm.
(Fig6)
The maximumeclearance is 20.021 -19.980=0.041 mm.
(Fig7)

There is always a clearance between the hole and the
shaft. Thisis the clearance fit.

Fig6
ig § §
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Interference

Itisthe difference betweenthe size of the hole and the shaft
before assembly, and this is negative. In this case, the
shaft is always larger than the hole size.

Interference Fit

It is a fit which always provides interference. Here the
tolerance zone ofthe hole will be below the tolerance zone
of the shaft. (Fig 8)

Fig8
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Example: Fit 25 H7/p6 (Fig 9)
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The limits of hole are 25.000and 25.021 mmandthe limits
of the shaft 25.022 and 25.035 mm. The shaft is always
bigger than the hole. This is an interference fit.

Maximum interference

In an interference fit or transition fit, it is the algebraic
difference between the minimum hole and the maximum
shaft. (Fig 10)

Minimum interference

Inaninterference fit, itis the algebraic difference between
the maximum hole and the minimum shaft. (Fig 11)
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Fig 10
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Inthe example showninfigure 9

25.035 -25.000
0.035
25.022 - 25.021
0.001

The maximum interference is

The minimum interferenceis

Transitionfit

It is a fit which may sometimes provide clearance, and
sometimes interference. When this class of fit is
represented graphically, the tolerance zones of the hole
and shaft will overlap each other. (Fig 12)
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Example Fit 75 H8/7 (Fig 13)

Thelimits ofthe hole are 75.000 and 75.046 mm and those
of the shaft are 75.018 and 74.988 mm.

Maximum Clearance = 75.046 - 74.988 = 0.058 mm.

Fig 13
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If the hole is 75.000 and the shaft 75.018 mm, the shaft is
0.018 mm, biggerthanthehole. Thisresultsininterference.
This is a transition fit because it can result in a clearance
fit or an interference fit.

Hole basis system

Ina standard system of limits andfits, where the size ofthe
hole is kept constant and the size of the shaft is varied to
get the different class of fits, then it is known as the hole
basis system.

The fundamental deviation symbol "H' is chosen for the
holes, when the hole basis system is followed. This is
because the lower deviation of the hole "H' is zero. Itis
known as “basic hole'. (Fig 14)

Fig 14
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Shaftbasis system

Ina standard system of limits andfits, where the size ofthe
shaft is kept constant and the variations are given to the
hole for cbtaining different class of fits, then it is known as
shaft basis. The fundamental deviation symbol "h' is
chosenfor the shaftwhen the shaft basisis followed. This
is because the upper deviation of the shaft "h'is zero. It
is known as “basic shaft'. (Fig 15)

The hole basis system isfollowed mostly. Thisis because,
depending uponthe class of fit, it will be always easier to
alter the size of the shaft because it is external, but it is
difficultto do minor alterationsto ahole. Moreoverthe hole
can be produced by using standard tooling's.

The three classes of fits, both under hole basis and shaft
basis, are illustrated in (Fig 15).
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Fig 15
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The BIS system of limits and fits- reading the standard chart

Objective: At the end of this lesson you shall be able to

» refer to the standard limit system chart and determine the limits of sizes.

The standard chart covers sizes upto 500 mm (1.S. 919 of
1963) for both holes and shafts. Itspecifies the upper and
lower deviations for a certain range of sizes for all
combinations of the 25 fundamental deviations, and 18
fundamentaltolerances.

The upper deviation of the hole is denoted as ES and the
lower deviation of the hole is denoted as E |. The upper
deviation of the shaft is denoted as es and the lower
deviation of the shaft is denoted as ei.

“ES is expanded as ECART SUPERIEUR and
“El” as ECARTINFERIEUR.

Determining the limits from the chart

Note whetheritis aninternal measurement oranexternal
measurement.

Note the basic size.

Note the combination of the fundamental deviationandthe
grade oftolerance.

Then refer to the chart and note the upper and lower
deviations which are given in microns, with the sign.
Accordingly add or subtract from the basic size and
determine the limits of size of the components.

CG & M: Fitter (NSQF - Revised 2022) Related Theory for Exercise 1.6.79

Example
30H7 (Fig1)

ltisaninternal measurement. Sowe mustrefer tothe chart
for'holes'.

The basic size is 30 mm. So see the range 30 to 40.

Lookfor ES, and Elvalues in microns for H7 combination

Fig 1

/]

@30 H7
240 g8

FI20N167841

for 30 mm basic size.
It is given as

Therefore, the maximum limit of the hole is 30 + 0.025 =
30.025mm.

The minimum limit of the hole is 30 + 0.000 = 30.000mm.
Refer to the chart and note the values of 40 gé.

The table for tolerance zones and limits as per 1S 2709 is
attached.
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British standard limits and fits BS 4500: 1969

International Tolerance Grades (IT)

The specifictolerance fora particular IT grade is calculated T is the tolerance in micrometres [K m]
viathe following formula:

D is the geometric mean dimension in millimeters [mm]

T =102 1161 (0.45x YD +0.001xD) ITG is the IT Grade, a positive integer.
NOMINAL (BASIC) SIZES
(INCHES) INTERNATIONAL TOLERANCE GRADES OVER UP TO INCL.

OVER UP TO INCL T4 ITS ITé | IT7 IT8 IT9 IT10 | IT11 IT™2 | IT13
0 012 012 015 025 0.4 0.6 1.0 1.6 25 4 6
012 0.24 0.15 0.20 0.3 0.5 0.7 1.2 1.8 3.0 5) 7
0.24 0.40 0.15 0.25 04 06 0.9 1.4 2.2 3.5 6 9
0.40 0.71 0.2 0.3 04 0.7 1.0 16 2.8 40 7 10
0.71 1.19 0.25 04 0.5 0.8 1.2 2.0 89 5.0 8 12
1519 1487 .3 0.4 0.6 1.0 1.6 28 4.0 6 10 16
1.97 3.15 0.3 05 Gl 1.2 L5 3.0 45 7 12 18
39la 473 0.4 0.6 0.9 1.4 2.2 3.9 ) <) 14 2
473 7.09 0.5 A 1.0 1.6 2.5 40 6 10 16 25
7 09 8 858 06 0.8 1.2 1.8 2.8 45 7 2 18 28
985 12.41 0.6 0.9 1.2 2.0 30 2.0 8 12 20 30
12.41 19,75 0.7 1.0 1.4 2.2 =) 6 g 14 22 35
1549 19.69 0.8 1.0 e | 28 4 6 10 16 25 40
1969 30.09 0.9 [ 2.0 & ) 8 12 20 30 50

30.09 41.49 1.0 16 25 4 5] 10 16 25 40 60

41.49 26.19 1.2 20 & ) 8 12 20 30 20 80

56.19 76.39 16 %iE 4 6 10 16 25 40 &0 100
76.39 100.9 2.0 3 & 8 12 20 30 30 80 125
100.9 131.9 29 & 5] 10 16 25 40 &0 100 160
131.9 171.9 & ) 8 12 20 30 o0 80 125 200
171.9 200 4 5] 10 16 25 40 60 100 160 260

Tolerances in Thousandths of an Inch (0.001)
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Capital Goods & Manufacturing
Fitter - Fitting Assembly

Related Theory for Exercise 1.6.80 - 82

Metals

Objectives: At the end of this lesson you shall be able to

» name the commonly used ferrous metals and raw material used for producing pig iron
» describe the properties of pig iron and its deriving process

= explain the types and properties of cast iron, wrought iron and uses

» explain the alloys of copper, aluminium, tin lead, zinc

» state this properties and uses.

Metals which contain iron as a major content are called
ferrous metals. Ferrous metals of different properties are
usedforvarious purposes.

The ferrous metals and alloys used commonly are:
- Pig-iron

- Castiron

- Wroughtiron

- Steels and alloy steels.

Different processes are usedto produce iron and steel.

Pig-iron is obtained by the chemical reduction of iron ore.
This process of reduction ofthe iron ore to pig-ironis known
asSMELTING.

The main raw materials required for producing pig-
iron are:

- lronore

- Coke

- Flux.

Iron ore

The types of iron ores
- Magnetite

- Hematite

- Limonite

- Carbonate.

These ores contain iron in different proportions and are
‘naturally' available.

Coke

Coke is the fuel used to give the necessary heat to carry
on the reducing action. The carbon from the coke in the
form of carbon monoxide combines with the iron ore to
reduce it to iron.

Flux

This is the mineral substance charged into a blast furnace
to lower the melting point of the ore, and it combines with
the non-metallic porticn of the ore to form a molten slag.

Limestone is the most commonly used flux in the blast
furnace.
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Blast furnace (Fig 1)

Thefurnace usedforsmeltingircnoreisthe blastfurnace.
The productobtained fromsmeltinginthe blastfurnaceis
pig-iron. The main parts of the blast furnace are:

- Throat

- Stack

- Bosh

- Hearth

- Double bell charging mechanism
- Tuyeres.

Smelting in a blast furnace

The raw materials are charged in alternate layers of iron
ore, coke and flux inthe furnace by means of a double bell
mechanism. (Figs 1 & 2)
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The hot blast is forced into the furnace through a number
of nozzles (Fig1) called tuyeres.

The temperature ofthe furnace just above the level of the
tuyeres (meltingzone) is between 1000° Cto 1700° Cwhen
all the substances start melting.

The limestoneg, which serves as aflux, combineswith the
non-metalic substances in the ore to form a molten slag
which floats on the top of the molten iron. The slag is
tapped off through the slag hole.

The molten iron is tapped at intervals through a separate
tappinghole.

The molten iron may be cast in pig beds or used in other
processing plants for steel making.

Properties and use of pig-iron: Pig-ironabsorbs varying
amounts of carbon, silicon, sulphur, phosphorus and
manganese during the smelting process. A highamount
of carbon makes the pig-iron very hard and brittle, and
unsuitable for making any useful article.

Pig-iron is, therefore, refined and remeitted and used to
produce other varieties of ironand steel.

Castiron (types): Cast ironis an alloy of iron, carbon and
silicon. The carbon content ranges from 2 to 4%.
Types of castiron

The following are the types of cast iron.

- Greycastiron

- White cast iron

Malleable castiron

MNodular castiron

Grey castiron

This is widely used for the casting of machinery parts and
can be machined easily.

Machine bases, tables, slide ways are made of cast iron
because it is dimensionally stable after a period of aging.

Because of its graphite content, cast iron provides an
excellent bearing and sliding surface.

The melting point is lower thanthat of steelandas grey cast
iron possesses good fluidity, intricate casting can be
made.

Grey cast iron is widely used for machine tools because
of its ability to reduce vibration and minimize tool chatter.

Grey cast iron, when not alloyed, is quite brittle and has
relatively low tensile strength. Due to this reason it is not
used for making components subjected to high stress or
impact loads.

Grey cast iron is often alloyed with nickel, chromium,
vanadium or copper to make it tough.

Grey castiron is weldable but the base metal needs pre-
heating.

White cast iron: This is very hard and is very difficult to
machine, and for this reason, it is used in components
whichshould be abrasion-resistant.

White cast ironis produced by loweringthe silicon content
and by rapid cooling. When cooled in this manner, it is
called chilled castiron.

White cast iron cannct be welded.

Malleable cast iron: Malleable cast iron has increased

ductility, tensile strength and toughness when compared
with grey castiron.

CG & M: Fitter (NSQF - Revised 2022) Related Theory for Exercise 1.6.80 - 82 255



Malleable cast iron is produced from white cast iron by a
prolonged heat-treatment process lasting for about 30
hours.

Nodular cast iron: This is very similar to malleable cast
iron. But this is produced without any heat treatment.
Nodular cast iron is also known as:

MNodular iron - ductile iron - sphercidal graphite iron

This has good machinability, castability, resistance to
wear, low melting point and hardness.

Malleable and nodular castings are usedfor machine parts
where there is a highertensile stress and moderate impact
lcading. These castings are less expensive and are an
alternative to steel casting.

Wrought iron and plain carbon steels: \Wrought iron is
the purest form of iron. The analysis of wrought iron shows
as much as 99.9% of iron. (Fig 3)
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THREADS J_,J,\-r? ~')'_{L2—~/L.:_;‘ >

\V L3 it ‘

MICROSTRUCTURE OF WROUGHT IRON

FI2CN188013

Whenheated, wroughtiron does notmelt, but only becomes
pasty and in this form it can be forged to any shape.

Modern methods used to produce wrought iron in large
guantities are the:

- Puddling process

- Aston or Byers process.

Puddling process

Wroughtiron is manufactured by refining pig-iron.

By refining pig-iron siliconis removed completely, agreater
amountof phosphorus isremoved, andgraphite isconverted
to combined carbon.

The above process is carried out ina puddling furnace.

Fig 4
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Puddling furnace
This furnace is a coal-fired reverberator furnace. (Fig 4)

The term reverberator isapplied becausethe chargeis not
in actual contact with the fire, but receives its heat by
reflection from the dome shaped furnace roof.

The product obtained is taken out from the furnace in the
form of balls (or blooms) having a mass of about 50 kgs.
The hot metalisthen passedthrough grooved rollers which
convertbloomsinto barscalled Muckbars or Puddle bars.
These bars are cutinto short lengths, fastenedtogetherin
piles, reheated to welding temperatures and again rolled
into bars.

Aston process: Inthis process molten pig-iron and steel
scrap are refined ina Bessemer converter.

The refined molten metal is poured into an open hearth
furnace inthe iron silicate stage. This removes most of
thecarbon.

The slag cools the molten metal to a pasty mass which is
later squeezed ina hydraulic press to remove most of the
slag. Rectangular blocks known as blooms are formed
from this mass.

The hot bloom is immediately passed through rolling mills
to produce products of wroughtiron of different shapes and
sizes.

COMPOSITION OF WROUGHT IRON

Carbon - 0.02t0 0.03%
Silicon - 011t002%
Manganese - 0.02t0 0.1%
Sulphur - 0.02 to 0.04%
Phosphorous - 0.05t00.2%

Iron forms of the rest of the content.

256 CG & M: Fitter (NSQF - Revised 2022) Related Theory for Exercise 1.6.80 - 82



Properties and uses of Wrought Iron

Properties

Uses

Malleable and ductile.
It can neither be hardened nor tempered.

Architectural works.

Tough, shock-resistant fibrous structure; easy for
forge welding. Ultimate tensile strength of about
350 newtons per sg. mm.

Crane hooks, chain links, bolts and nuts &
railway couplings.

Mo effect in salt water.

Marine works.

Will not retain the magnetism.

Temporary magnets.
Core of dynamos.

Corrosionresistant.

Agriculturalequipment.

Easy to forge - wide temperature range
850°Cto1350°C.

Pipes, flanges etc.

Steel (plain carbon steel)

Steelis fundamentally analloy ofironand carbon, withthe
carbon contentvarying upto1.5%. The carbon presentis
ina combined state.

Plaincarbon steels are classified according to theircarbon
content.

Classificationand content of Plain Carbon Steelisgivenin
Table1.

Table 1
Classification and content of Plain Carbon Steel

Name of the plain Percentage of Carbon

carbon steel

Properties and uses

Deadmild 01t0 0125 % Highly ductile. Used for making wire steel rods, thin
sheets & solid drawn tubes.
Mild steel 0.15t0 0.3% Relatively soft and ductile. Used for general

waorkshop purposes, boiler plates, bridge work,
structural sections and drop forgings.

Mediumearbon 0.31t0 0.5%

Used for making axles, drop forgings,
high tensile tubes, wires and agricultural tools.

-do- 05t00.7%

Harder, tougher and less ductile.

Used for making springs, locometive

tyres, large forging dies, wire ropes, hammers
and snaps for riveters.

High carbon steel 0.710 0.9%

Harder less ductile and slightly less tough.
Used for making springs, small forging dies,
shear blades and wood chisels,

-do- 091t01.1%

Used for making cold chisels, press dies,
punches, wood-working tools, axes,etc.

-do- 1.1%to01.4%

Used for making hand files, drills, gauges,
metal-cutting tools & razors.

Non-ferrous metals - copper: Metals without iron are
called non-ferrous metals. Eg. Copper, Aluminium, Zinc,
Lead and Tin.

Copper: This is extracted from its ores MALACHITE which
contains about 55% copper and ‘PYRITES' which contains
about 32% copper.

Properties: Reddish in colour. Copper is easily
distinguishable because of its colour.
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The structure when fractured is granular, but when forged
or rolled it is fibrous.

It is very malleable and ductile and can be made into sheets
orwires.

Itis a conductor of electricity. Copper is extensively used
as electrical cables and parts of electrical apparatus which
conduct electric current. (Fig 5)
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Copper is a good conductor of heat and also highly
resistant to corrosion. For this reason it is used for boiler
fire boxes, water heating apparatus, water pipes and
vessels in brewery and chemical plants. Also used for
making soldering iron.

The melting temperature of copper is 1083° C.

The tensile strength of copper can be increased by
hammering or rolling. (Fig 6)

Fig 5

FI20N168015

Copper alloys
Brass

It is an alloy of copper and zinc. For certain types of
brass small quantities of tinor lead are added. The colour
of brass depends on the percentage of the alloying
elements. The colour is yellow or light yellow, or nearly
white. It can be easily machined. Brass isalso corrosion-
resistant.

Brass is widely used for making motor car radiater core
and water tapsetc. Itis also used in gas welding for hard
soldering/brazing. The melting point of brass ranges from

Fig 6

FI2CN168C18

88010 930°C.

Brasses of different composition are made for various ap-
plications. The following Table-2 gives the commonly used
brass alloy compositions and their application.

Bronze

Bronze is basically an alloy of copperand tin. Sometimes
zinc is also added for achieving certain special properties.
Its colour ranges from red to yellow. The melting point of
bronze is about 1005°C. Itis harder than brass. Itcan be
easily machined with sharp tools. The chip produced is
granular. Special bronze alloys are used as brazing rods.
Bronze of different compositions are available for various
applications. Table-3 gives the type compositions and
applications of different bronzes.

Table 2 - Composition of different types of Brass

Composition (%)
Name
Copper | Zinc Other Applications
elements

Cartridge brass 70 30 - Most ductile of the copper/zinc alloys. Widely used in sheet
metal pressing for severe deep drawing operations. Originally
developed for making cartridge cases, hence its hame.

Standard brass 65 39 - Cheaper than cartridge brass and less ductile. Suitable for
most engineering processes,

Basic brass 63 3% - The cheapest of the cold working brasses. It lacks ductility
and is only capable of withstanding simple forming operations.

Muntz metal 60 40 - Not suitable for cold working, but suitable for hot-working.
Relatively cheap due to its high zinc content. It is widely used
for extrusion and hot-stamping processes.

Free-cutting o8 84 3% lead | Not suitable for cold working but excellent for hot working and

brass high speed machining of low strength components.

Admirality brass 70 29 1% tin This is virtually cartridge brass plus a little tin to prevent
corrosion in the presence of salt water.

MNaval brass 62 37 1% tin This is virtually Muntz metal plus a little tin to prevent corrosion
in the presence of salt water.

Gilding metal 85 ) - Used for jewellery.
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Table 3 - Composition of different types of bronze

Composition (%)

Name Copper | Zinc Phosphorus| Tin Applications

Low tin 96 - 0.1 39 This alloy can be severely cold-worked to harden

bronze to to it so that it can be used for springs where good

0.23 &S elastic properties must be combined with corro-

sion resistance, fatigue-resistance and electrical
conductivity. Eg.Contact blades

Drawn 94 - 0.1 59 This alloy is used for turned components requiring

phosphor/ to to strength and corrosion resistance, such as valve

bronze 05 50 spindles.

Cast 8975 0.03 10 Usually cast into rods and tubes for making bear-

phosphor/ to to ing bushes and worm wheels. It has excellent

bronze 89.97 0.25 anti-friction properties.

Admirality 88 2 - 10 This alloy is suitable for sand casting where fine-

gun-metal grained, pressure-tight components such as pump
and valve bodies are required.

Leaded 85 @ - &) Also known as ‘red brass’ this alloy is used for the

gun-metal (5%lead) same purposes as standard, admiralty gun-metal.

(free cutting) Itis rather less strong but has improved toughness
and machining properties.

Leaded 74 (24%lead) - 2 This alloy is used for lightly loaded bearings where

(plastic) alignment is difficult. Due to its softhess, bearings

bronze made from this alloy “bed in” easily.

Lead Lead Alloys
Leadis a very commonly used non-ferrous metal and has Babbit metal

a variety of industrial applications.

Lead is produced from its ore ‘GALENA'. Lead is a heavy
metal that is silvery in colour when molten. It is soft and
malleable and has good resistance to corrosion. It is a
goed insulator against nuclear radiation. Lead is resistant
to many acids like sulphuric acid and hydrochloric acid.

It is used in car batteries, in the preparation of solders
etc. Itis also used in the preparation of paints. (Fig 7)

Fig7

FI20M188017
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Babbit metal is an alloy of lead, tin, copper and antimony.
It is a soft, anti-friction alloy, often used as bearings.

An alloy of lead and tin is used as ‘soft solder. (Fig 8)

Fig8

FI20N188018

Zinc

Zinc is a commonly used metal for coating on steel to
prevent corrosion. Examples are steel buckets, galvanized
roofing sheets, etc.

Zinc is obtained from the ore-calamine or blende.

Its melting point is 420° C.
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It is brittle and softens on heating; it is also corrosion-
resistant. Due to this reason it is used for battery
containers and is coated on roofing sheets etc.

Galvanized iron sheets are coated with zinc.

Tin: Tin is produced from cassiterite or tinstone. It issilvery
white in appearance, and the melting point is231°C. ltis
soft and highly corrosion-resistant.

It is mainly used as a coating on steel sheets for the
production of food containers. |t is also used with other
metals, to form alloys.

Example: Tin with copper to form bronze. Tinwith lead to

Aluminium. Aluminium is a non-ferrous metal which is

extracted from ‘BAUXITE’. Aluminium is white or whitish
grey in colour. It has a melting point of 660° C. Aluminium
has high electrical and thermal conductivity. Itis softand
ductile, and has low tensile strength. Aluminium is very
widely used in aircraft industry and fabrication work because
of its lightness. Its application inthe electrical industry is
also on the increase. It is also very much in use in
household heating appliances. Socme typical aluminium
alloys, their composition and applications are given inthe

table that follows. (Table 4)

ALUMINIUMALLOYS - COMPOSITION - USES

Composition(%) (Only the percentage of alloying elements is
shown. The remaining is aluminium.) Category Applications
Copper | Silicon |lron |Manganese|Magnesium| Other
elements

01 0155, (087 0.1 - - Wrought. Fabricated assemblies, Electri-

max. max. | max. max. Not heat cal conductors. Food and brew
treatable. ing, processing plants.

Architectural decorations.

015 06 075 1.0 4510 05 Wrought. High strength ship building and

max. max. | max. max. 9.9 Chromium |Not heat engineering products. Good
treatable. corrosion resistance.

1.6 10.0 - - - - Cast, not General purpose alloy for mode-
heat rately stressed pressure die-
treatable. castings.

- 10.0to | - - - - Cast, not One of the most widely used

13.0 heat treatable| alloys. Suitable for sand, gravity
and pressure die castings.
Excellent foundry characteristics
Used for large marine,
automotive and general
engineering castings.

42 07 07 07 07 03 Wrought. Traditional Duralumin’. General

Titanium | Heat machining alloy. Widely used for
(option) [treatable. stressed components in aircraft.

- 815 - - 06 - Wrought. Corrosion-resistant alloy for
Heat lightly stressed components
treatable. such as glazing bars, window

sections and automotive body
components.

1.8 25 1.40) - 02 855 fts) Cast. Suitable for sand and gravity die

Titanium | Heat casting. High rigidity with moder-
1.2 treatable. ate strength and shock resis-
Nickel tance. A general purpose alloy
- - - - 105 02 Cast. A strong, ductile and highly corro-
Titanium | Heat sion-resistant alloy used for air
treatable. craft and marine castings, both
large and small.
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Capital Goods & Manufacturing
Fitter - Fitting Assembly

Related Theory for Exercise: 1.6.83-85

Simple scrapers and scraping

Objectives: At the end of this lesson you shall be able to

+ state the necessity of scraping surfaces

state what is high spots

state what is bearing surface

list the types of scrapers used, material and size
hold the scraper at correct angle/position.

Necessity of scraping surface: Scrapers are used to
correct slight errors onallflat or curved surfacesthat must
be finished more decorate.

Scraping is used to produce a high degree of fit between
two flat or two curved surfaces particularly where the
surfaces can rub together in use.

After a surface is filed or machined as accurately as
possible, it can be further improved by rough scraping after
whichfinishscrapingis employed. Finishscrapingis used
to remove minute amount of material.

High spots and bearing surfaces: Onthe surface plate
apply the coating of Prussian blue or red lead mixed with
oil or apply used carbon. Placing the job to be scraped,
move the job under light downward pressure keeping all
edges of the jobwithinthe limits of surface. Carefully lift off
the jobina perpendicular direction.

Study the patches of marking compound before youbegin

scraping.

— Firsttest having 3 shiny patches. Only patch 3 would
be scraped (high spots) (Fig1)

Fig 1
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— Second test having even distribution of marking
compound. (High spots) (Fig 2)

Fig 2

D ‘O
o “o

FI20N168312

— Types of bearing contact obtained (Fig 3)

Fig 3
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1 HARD CONTACTPOINTS [
2 NORMAL CONTACT POINTS N
3 NON-CONTACT POINTS

1 Metal contact with the surface plate. The points have
beenrubbedshiny.

2 They have been conduct with the marking compound
and coloured by it. This portionis called normal contact
point.

3 Non-contact point, have not been in contact with the
marking compound.

— After third scraping completed and testing the shining
shows the shiny spots are more than those coloured
with marking compound. The patches are greater in
number in size more evenly distributed. (High spots)
(Fig4)

Fig 4
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— Theenlarged view of the pattern of scraping marks on
the small patches shown in Fig 5.

Fig 5

FI20N168315

— Further testing, scraping would produce a more even
distribution of larger number of smaller sized patches
(bearing spots). (Fig6)

Fig 6

FI20N188316

In 25 mm SQ = 25 bearing parts.
Types and uses of scraper: For scraping flat surfaces

— Flat scrapers with rectangular blades. (Fig 7)

Fig7
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Usedforscrapinglargeflatsurfaces. Theworkingedgeis
not thicker than 3 mm.
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— Hook scrapers with rectangular blades. (Fig 8)

Fig 8
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Hook scrapers are used for scraping the center portion of
large flat surface where it is not convenient to use of flat
scraper.

Forscraping curved surfaces

— Halfroundscraperis curved slightly towards the curved
surfaces. (Fig 9)

Fig 9
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It is used to scrape bearing blocks or brasses, pressure is
applied inradial directionand cutting edge moved at right
angles to its length. So that scraping marks are
circumferential.

— Three square ortriangular scraper

Eachofthethree facesare hallow ground Fig10. Itis used
for scraping small diameter holes and deburring edges of
accurate holes. The cutting edge is moved at right angles
to its length.

Fig 10

FI20N16831A
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— Bull-nose scraper is forged to a disc like end. (Fig 11)
Itis usedfor scraping large bearings. ltcanbeusedtwo
ways eitherwiththe circumferential movement of aflat
scraper orwith the longitudinal movement cfflatscraper.

Ly B

Scraper material: High grade tool steel or special alloy
steel and tungsten carbide tipped tool.

Fig 11

Fl20N168318

Specification: The overall length of blade and handle may
range from 150 to about 500 mm.

Holding position of flat scraper: The handle of the
scraper is held and pushed by right hand. Hold the right
elbow out of fromthe body when beginning forward cutting
stroke. As you finish the short cutting stroke bring the
elbow into the body.

The blade is guided and pressed down by the left hand.
Grasp the blade with the roct of the little finger above the
blade and about 40 mm toc 50 mm from the cutting edge.
(Fig12)

Curl the little finger and second finger lightly around the
blade. The first finger lies loosely around the blade and
thumb lies on top of the blade and at right angle to it.

Fig 12

FI2ZON16831C

Forworkofaverage hardness blade of scraperis heldatan
angle about 30° to surface. Forvery hardwork the angle
may be greater, while for softer metals this angle may be
decreased toabout 20°. (Fig 13)

Fig 13

ABOUT 20° METAL OF MEDIUM
/ HARDNESS

FI20N186831D

After scraping in one general direction and testing in the
surface plate. Change the general direction of scraping by
about 90°. (Fig 14)

Fig 14

A FIRST COURSE
B SECCND COURSE

GENERAL DIRECTIONS FOR SCRAPING

FI20N18831E

Care and maintenance of scrapers

+ Scrapers must be sharp and kept with good condition
to handle.

+ Coverthe cutting edge with rubber or leather sheath.
+ Afteruseapply grease oncuttingedgetoavoidcorroding.
« Scraper should not fall down from the bench.

«  Don’t mix with other toal.
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Testing true flat surfaces by three-plate method (Whitworth principle)

Objective: At the end of this lesson you shall be able to

» originate flat scraped surfaces by the three-plate method.

How does one obtain a flat surface?

Itis easy to say that it is scraped but how does one know
where to take off the high points.

If three plates are compared with one another

in alternate pairs, they will only mate perfectly
in all positions when they are absolutely flat.

(Fig 1)

Fig 1

FI20N168321

File and ensure thatallthe three plates arefinished to size
andsquare. (Fig2)

Wy v

Check the level with the knife edge/straight
edge

FI2ON188322

Stamp the plates XY and Z with a letter punch.

Apply a very thin uniform coating of Prussion blue on the
feces of plates X and Y which are to be scrapped. (Fig 3)

Fig 3
THIN UNIFORM COATING OF PRUSSICN BLUE

A
4

T
Keepboththe piecestogetherandrubthe plates backand
forth against each other. (Fig 4)

Observe the high spots onthe plates Xand Y remove by
scraping. (Fig 9)
Clean the faces with knitted cotton cloth.

Rubwith anoilstone gently to remove the burrs and again
clean with knitted cotton cloth.

Repeat the same procedure till both the faces are mating
with good bearing surfaces.

X

FI20N168323

Fig 4

FI20N 168324

Fig5

F o
4
4

’n

Apply a very thin uniform coating or Prussion blue on the
face of the plate Z which is to be scraped.

o]
4

\
¢ ’ ¢

IRREGULAR HIGH SPOTS

FI20N 188325

Keepthe faces of the plates X and Z together and rub the
plates back and forth against each other.

Observe the high spots on the plate Z and remove by
scraping (Figs 6 and 7)

Fig & r—
~&
‘ /
(g '
2 |
IRREGULAR HIGH SPOTS E
Fig 7

FI2ON 188327
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Do not scrape plate X. This is taken as a
reference surface.

Repeatthe same proceduretill boththe faces of the plates
Xand Z are mating with good

Repeat the procedure till the faces of plates Y and Z are
mating with good bearing surfaces.

Now one cycle of operation is completed.

Note: Plate X will mate with plates Y and Z but
Y and Z will not mate. All the three plates mate
only when all the three are flat.

Repeat the cycle a number of times till interchangeable,
flat, good bearing surfaces are achieved.

Clean all the plates with kerosene.
Use knitted cotton cloth for cleaning.

Agood bearing surface is achievedwhen5to 10 points are
visible and uniformy distribuited percm? on the workpiece
surfacesafterfinishing. (Fig8)

Scraping curved surfaces

Fig 8
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FINISHED SURFACE

Three trainees will work in a group for this
exercise.

Each trainee will be given one plate for
scraping.

Each trainee will compare his plate with those
ofthe othertrainees as pertheabove procedure
and generate flat surfaces by the three-plate
method.

Objective: At the end of this lesson you shall be able to
» scrape and test curved surfaces.

A half round scraper is the most suitable scraper for
scraping curvedsurfaces. This method of scrapping differs
from that of flat scraping.

Method

Forscraping curved surfaces the handle is held by handin
such a way as to facilitate the movement of the scraperin
the required direction.(Fig 1)

Fig 1

FRON168331

Pressure is exerted with other hand on the shank for
cutting.

Rough scraping will need excessive pressure with longer
strokes.

For fine scraping, pressure is reduced and the stroke
length also becomes shorter.

Cutting action takes place both on forward and return
strokes. (Fig 2)

Fig 2

—

FL20N188332

Duringthe forward movement one cuttingedge acts, andon
the return stroke, the other cutting edge acts.

After each pass, change the direction of cutting. This
ensures a uniform surface. (Figs 3 & 4)

Fig 3

<
<

FI20M168333
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Fig 4
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<

FI20N 188334

Apply a thin coating of Prussian blue onthe master barto

locate the high spots.

Use a master bar to check the correctness of the surface

being scraped.(Figd)
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Capital Goods & Manufacturing
Fitter - Fitting Assembly

Related Theory for Exercise: 1.6.86-88

Vernier micrometer, screw thread micrometer, graduation & Neasuring

process

Objectives: At the end of this lesson you shall be able to
+ state the graduations of a vernier micrometer {metric)

+ read a vernier micrometer

Vernier micrometer

Ordinary metric micrormeters can measure only to an
accuracy of £01 mm.

For taking more accurate measurements, v ernier micro-
meters are useful. Yerniermicrometerscan measureto an
accuracy of £.001 mm.

Construction and graduation

Yernier micrometers are verysimilarto ardinary micrometers
inconstruction. The differenceisinthe graduation. These
micrometershave additional equally spaced graduations
(wernier graduations) given above the datumline. There are
tensuchverniergraduationlines marked parallel abovethe
daturn line. (Fig 17 The space between these 10 lines is
equalto 9 divisionsin the thimble. (Fig 1)

Fig1 -
\\I-HLE\II_LIEI'FE m THAELE
iz——fg
0 ,',,?,,,.lg U
L.Emw |.I ||||||||||||||I||: 45
[ =1 =
/ LMH.IH. =
ﬂ'::ﬂ
| Wl P L RETRER E:%
EACH THIMALE DIVERDN E—E
ECLALS 0.2 =

Thevalueof 10vernierdivisionsis

O1mmxa
=09 mim.

Thevalueofavernierdivision

w= 00%9mm
10

The least count =1 thimhble division =1 %erier division
= 001 -=0009mm =001 mm

Readingaverniermicrometer (Fig2)
Example

After measuring, read the full mm divisions visible anthe
barrel.
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ﬁ
full divisions in mrm. 9 rrim

Mote the half divisions, if any, visible onthe barrel.

1 halfdivision

Feadthethimble divisions belowthe daturm line. (Fig 2)

A5 divisiohs

Motethevernierdivision coinciding with the thimble division.

3rd division

Add up allthe readingstogether
Calcuation

The range of micrometeris 0to 25 mm
A Fullmrm division

visible before

the thimble edge =1.00x2 =900 mm
B Half mmdivision

yvisible after the full mm

divsion onbarrel. =05 x1 = 0.80 mm

Z Thimble division below

the index line =4d6¥ 0 =046 mm

D “ernier division coinsiding
with thimble division  =3X 0001 =0.003 mm

FReading =9 963 mm

VYernier micrometers are made of invar steel.
(Fig 3)

Care and maintenance

= Clean the circumference of the spindle and both
measuring faces with dry linen cloth regularly befare
use,

= Clean and apply thin layer of oil on the spindle and
measurring faces afterthe use.



+ Care should be taken while handling the micrometer
and not to drop onfloor.

« Recalibrate the vernier micrometer if it is accidently
dropped.

+ Storevernier micrometerin a ventilated place with low
humidity and ideally at room temperature.

« Ensure thatthere is a gap between measuring faces,
when it is not in use.

Fig 3

VERNIER SCALE

SCALE CONSISTS OF 10 DIVISIONS
THAT RUN PARALLEL TO INDEX LINE

VERNIER MICROMETER (METRIC)

A

RATCHET STOP

THIMBLE

EACH DIVISION ON VERNIER
SCALE HAS A VALUE OF 0.001mm

FIR2CN163813

Calibration of measuring instrument

Objectives: At the end of this lesson you shall be able to

» state the importance of calibration
» state calibration and its procedure.

Why calibration is important ?

The accuracy of allmeasuring devices degrade overtime.
Thisistypically caused by normal wear andtear. However,
changes in accuracy can also be caused by electric or
mechanical shock or a hazardous manufacturing
environmentinwhich it is being used, it may degrade very
quickly or overalong period oftime. The bottomline is that,
calibrationimprovestheaccuracy ofthe 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).

Whatis calibration: Calibration is defined as a scientific
and systematic method of identifyingdeviations (error) ina
instrument by comparing with a master, having higher
accuracy and rational traceability.

Itis also referred as checking theintegrity of aninstrument,
alternately ascertainingwhetherthe instrument isfitenough
to be used for measurement.

The instrumentcalibrationis carried outas per (ISS) Indian
Standard Specification published by the Bureau of Indian
standards (BIS), which also gives the permissible error,
that can be allowed in the relavant standard for each
instrument.

Calibration is mandatory in most of the global quality
standards and is covered under a special clause called
measuring systemanalysis (MSA) for automobile industry
standard ISO/TS 16949, Calibrationshould be carried out
by an accredited laboratory or by following relevant
documents ofthe certifying agency, NABL India (National
Accreditation Boardfor calibration testing laboratories, the
accrediting body in our country.

Apartfromfollowingthe standard specificationforcalibration
of aninstrument, the environmental condition of the labis
critical with respect to temperature, humidity, vibrations
proper lighting, magnetic interference etc., which are
specified in 1S:199 or the NABL document, essential
criteria for the calibration lab, which should adopt the
guality system standard (QSS) as per ISO/IEC/ 70235 -
2015. The vital factor in calibration of aninstrument is the
frequency of calibration, whichis determined based onthe
importance & criticality of the measurement process.

A good calibrated instrument will maintain both precision
& accuracy, the essential requirement of any measuring
system

Calibration of your measuring instruments has two
objectives. It checks the accuracy of the instrument and it
determinesthetraceability of the measurement. Inpractice,
calibration also includes repair of the device if it is out of
calibration. A report is provided by the calibration expert,
which showsthe errorinmeasurements withthe measuring
device before and afterthe calibration.
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To explain how calibration is performed we can use an
externalmicrometer as anexample. Here, accuracy ofthe
scale is the main parameter for calibration. In addition,

these instruments are also calibrated for zero error inthe
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 check the flatness and parallelism.

Mechanical fasteners

Fig 1
OUTPUT
COMPARISON

* ‘— INPUT

COMPARISCN

e

TEST INSTURUMENT MASTER

CALIBRATCR - SCHEMATICALLY EXPLAINED
INPUT = SAME-BOTH TO TMI & MASTER
OUTPUT = DEVIATICN CF ERROR

FL20N1886821

Objectives: At the end of this lesson you shall be able to
+ define mechanical fasteners
» classification offasteners

» state the application of various fasteners & their uses.

Definition
A mechanical fastener is a device that mechanically joins
two (or) more components together easily and alsocanbe

dismantled without damaging any components using hand
tools (or) powertools.

Classification

According to the need and usage they are classified into
three categories.

- Temporary (or) removable fasteners
- Semipermanentfasteners

- Permanentfasteners

Temporary (or) removable fasteners

- The fasteners like bolts, nuts, screws, studs etc.,
enable us to jointwo (or) more components easily and
alsocan be dismantled withoutdamaging any component
using hand tools (or) power tools.

- The most common types of male fasteners used in
industry are hexagonal head, square head, flat (or)
counters sunk head, round head, socket head (or)allen
head, button head and socket set screws etc.

- The most common types of female fasteners (ie nuts)
used inindustry are regular hexagonal nut, square nut,
round nut and nylon ring elastic stop nuts etc.

Uses: These types of fasteners are used for assembiling
two (or) more components together to make a sub-
assembly (or) to make a full assembly.

Semi permanentfasteners: Thefastenerslikerivets are
usedto hold the plates (or) steel sectionsfirmly. The rivets

are placedthrough the pre drilled appropriate holesin parts
to be joined (oryassembled. By using rivet sets, the tail part
of the shank is formed into the head closing the hole.

The plates are held betweenthe heads oncooling. Rivetis
a cylindrical rod either carbon steel {or) wrought iron (or)
non-ferrous metal. It consists of a head and shanktapering
at the end facilitating easy placement in the rivet holes.
During dismantling the rivets may be drilled tc remove the
plates already joined together without spoilingthem. This
process is a permanent as well as a semi-permanent in
nature. According to the head type the rivets are called
shap head, pan head, countersunk head, flat head etc.

Uses

Rivets are used in ship building, bridge girders, structural
towers, goods wagons, boilers and heavy pressurevessels
industry and also for small scale applications too.

Permanent fasteners

Arc welding, gas welding and brazing are the operations
usedinindustry during permanent fasteningof components
and structures. Once the arc welding, gas welding and
brazings has been done, the components (orithe structures
cannot be separated without damage, hence these type of
fastening is called permanent fastening.

Uses

To hold steel plates (or) structures together like goods
wagon building, ship building, bridge structures assembling
etc. Sometimes before doing welding the components (or)
the parts holdtogetherwith temporary fasteners like bolts,
nuts, screws, rivets etc.
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Screw thread micrometer - Thread measurement (effective diameter) using

screw thread micrometer

Objectives: At the end of this lesson you shall be able to

» state the features of a screw thread micrometer

» state the features of the three-wire system of measurement with the help of tables
» select the best wire with the help of tables for using in the three-wire method.

The Screw thread micrometer: This micrometer (Fig 1)
is used to measure the effective diameter of the screw
threads. This dimension is important, because the area
of the thread flanks in the vicinity of the pitch line is where
the greatest transmissicn offorce occurs between mating
threads.

Fig1

FI20N 1685831

Thisis very similartothe ordinary micrometerinconstruction
but has facilities to change the anvils.

The anvils are replaceable and are changed according to
the profile and pitch of the different systems of threads.
(Figs 2 & 3)

" a3 o
2 < o g

SPINDLE AND ANVIL OF MBICROMETER AT ZERO SETTING

FE20N1886833

The three-wire method: This method uses three wires of
the same diameter for checking the effective diameterand
the flankform. The wiresare finished with a high degree of
accuracy.

The size of the wires used depends on the pitch of the
threadto be measured.

For measuring the effective diameter, three wires are
suitable placed between the threads. (Fig 4)

Fig 4

J PITCH LINE
IRE f

Mr

| | l\wcnoMETER

FI2ON188634

SPINDLE

The measuring wires are fitted in wire-holders which are
suppliedin pairs. One holder has provisions tofix one wire
and the other for two wires. (Fig 5)

Figs

I

FI20N1B885835

While measuringthe screwthread, the holderwiththe one
wire is placed on the spindle of the micrometer and the
other holder with two wires is fixed on the anvil. (Fig 6)

Selection of ‘hest wire’ (Fig7): The best wire is the one
which, when placed inthe thread groove, will make contact
atthe nearest to the effective diameter. The selection of
the wire is based on the type of thread and pitch to be
measured. Theselection ofthewire canbe calculatedand
determined but readymade charts are available fromwhich
the selection can be made.
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Fig &

Fig7

BEST SIZE WIRE

CONTACT AT PITCH LINE

FI2ON168837

FRON 168636

Table 1

Measurement with measuring wires. Metric threads with coarse pitch (M)

Thread Pitch Basic measure- Measuring Dimension
designation ment mean wire dia. over wire
P (mm) d,(mm) W, (mm) M, (mm)
M1 0.25 0.838 0.15 1.072
M 1.2 0.25 1.038 0.15 1.272
M 1.4 0.3 1.205 017 1.456
M 1.6 g5 1.873 0.2 1.671
M 1.8 0.35 1.573 0.2 1.870
M 2 0.4 1.740 g2z 2.055
M 22 0.45 1.908 025 2.270
M 25 0.45 2.208 25 2.569
M3 0.5 2.675 03 3.143
M 3.5 06 310 0.35 3.642
M 4 0.7 3.545 0.4 4.140
M 4.5 0.75 4.013 0.45 a2
M5 0.8 4.480 0.45 51189
M6 1 5.350 06 6.285
M8 1.25 7.188 0.7 8.207
M 10 i 9.026 0.85 10.279
M 12 1. 10.863 1.0 12.350
M 14 2 12.701 1.15 14.421
M 16 2 14.701 116 16.420
M 18 2.5 16.376 a5 18.464
M 20 25 18.376 1.45 20.563
M 22 25 20.376 1.45 22.563
M 24 5 22.051 145 24.706
M 27 3 25.051 175 27.705
M 30 35 27.727 2.05 30.848
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Table 2

Measurement with measuring wires. Metric threads with fine pitch (M)

Thread designation Basic measurement Measuring wire dia.mean Dimension over wire
d,(mm) W, (mm) M, (mm)
M1x0.2 0.870 012 1.057
M1.2x0.2 1.070 0.12 1.257
M1.6x0.2 1.470 0.12 1 597
M2x0.25 1.838 0.15 2072
M25x035 2075 0.2 Ziazl
M3x0.35 2773 0.2 3.070
M4x05 3.675 0.3 4142
M5x05 4675 0.3 5142
M6 x0.75 5513 0.45 6.214
M8 x1 7. 350 0.6 8.285
M10x1.25 9.188 0.7 10.207
M12x1.25 11.188 0.7 12.206
M14x15 13.026 0.85 14.278
M16x1.5 15.026 0.85 16.278
M18x1.5 17.026 0.85 18.277
M20x15 19.026 0.85 20277
M22x15 21.026 0.85 Dow
M24x2 22701 1.15 24.420
M 27 x 2 25.701 145 27.420
M30x2 28701 ik 30.419
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Capital Goods & Manufacturing Related Theory for Exercise: 1.6.89
Fitter - Fitting Assembly

Dial test indicator, comparators, digital dial indicator

Objectives: At the end of this lesson you shall be able to
» state the principle of a dial test indicator

identify the parts of a dial test indicator

state the important features of a dial test indicator
state the functions of a dial test indicator

identify the different types of stands.

Dial test indicators are instruments of high precision, used Plunger type (Fig 3)
for comparing and determining the variation in the sizes
of a component. (Fig 1) These instruments cannot give
the direct reading of the sizes like micrometers and vernier
calipers. Adialtest indicator magnifies small variations in

sizes by means of a pointer on a graduated dial. This ’E‘
direct reading of the deviations gives an accurate picture

of the conditions of the parts being tested.

Lever type (Fig 4)

Fig 4

Fig 1 4

DIAL TEST
INDICATOR

{oooo oooof>

COMPONENT
e STYLUS MOVEMENT

LEVER TYPE DIAL TEST INDICATOR

Fl20N188914

The Plunger Type dial test indicator

The external parts and features of a dial test indicator are
as shown in Fig 3.

Dial test indicators are made out of Inver steel
material

Fi20N188811

Pointer

Principle of working: The magnification of the small
movement of the plunger or stylus is converted into a rotary
motion of the pointer on a circular scale. (Fig 2)

Rotatable bezel
Bezel clamp
Types: Two types of dial test indicators are in use Back lug

Transparent dial cover

Stemn
Plunger

Anvil

1
2
2
4
according to the method of magnification. They are -
6
7
8
9

Revolution counter

For converting the linear motion of the plunger, arack and
C pinion mechanism is used. (Fig 2)

The lever type dial test indicator (Fig 4)

In the case of this type of dial test indicators, the
magnification of the movement is obtained by the
mechanism of the lever and scroll. (Fig 5)

PLUNGER TYPE

FI20N188813

It has a stylus with a ball- type contact, operating in the

horizontal plane.
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FI20N168815

This can be conveniently mounted on a surface gauge
stand, and can be used in places where the plungertype
dial test indicater application is difficult. (Fig 6)
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WORKPIECE WITH RECESS
INACCESSIBLE TO PLUNGER TYPE
DIAL TEST INDICATOR

STYLUS MUST BE AT
80° TO WORK FACE

SPINDLE OF SURFACE GAUGE

é}___________

FI20N168916
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Important features of dial test indicators

An important feature of the dial test indicator is that the
scale can be rotated by a ring bezel, enabling it to be set
readily to zero.

Many dial test indicators read plus in clockwise direction
from zero, and minus in the anti-clockwise direction so
as to give plus and minus indications.

Uses (Figure 7 shows few applications)

Flg 7

CHECKING FOR PARALLELISM

TESTING BUSH FOR CONCENTRICITY

CONSTANT DIAMETER FIGURES WHICH WOULD APPEAR
TO BE ROUND IF MEASURED ACROSS DIAMETERS

FRON1BEMT

To compare the dimensions of a workpiece against a known
standard, eg.slip gauges.

To check plane surfaces for parallelism and flatness.
To check parallelism of shafts and bars.
To check concentricity of holes and shafts.

Indicator stands (Fig 8)

Fig 8

STOP COLLAR
e E
E
TEST BAR SLIDING
FIT IN HOLE
PLUNGER IN CONTACT
WITH FACE |~

TESTING SQUARENESS OF FACE G
WITH AXIS EF OF CENTRE HOLE

CONCENTRICITY TESTON
ENLARGED PORTION OF SHAFT

SHOULDER ON BARTC
PREVENT END MOVEMENT

TEST BAR ARRANGED TO
CARRY INDICATCR

SWING CVER TC
THIS POSITION

TESTING SQUARENESS OF
BORE AXES AB AND CD

DIAL TEST INDICATCR

TESTING FOR ROUNDNESS

FI2ON168318
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Dial test indicators are used in conjunction with stands for
holding them so that the stand itself may be placed on a
datum surface of machine tools.

The different types of stands are (Fig 9)
- Magnetic stand with universal clamp
- Magnetic stand with flexible post
- General purpose holder with cast iron base.
The arrows indicate the provisions in the
clamps for insertion of the dial test indicator.
Care and maintenance of dial test indicator.

- Keep the dial test indicator spindle and point clean
using a soft cloth.

- Store the dial test indicator in a safe, dry place and
cover them to keep the dust and moisture out.

- Do the dial test indicator under gaging conditions at
intervals during the operating day.

Comparators

Fig 9
FOR FIXING THE DIAL
TEST INDICATCR
MAGNETIC STAND
UNIVERSAL CLAMP
MAGNETIC STAND WITH

FLEXIBLE POST

GENERAL PURPOSE HOLDER
WITH CAST IRON BASE

FI20N188818

Objectives: At the end of this lesson you shall be able to
» state the principle of working of comparator gauges

» state the essential features of a good comparator gauge

+ state the purpose of a comparator gauge.

» explain the parts and method of measurements o n bore dial gauge.

Purpose of a comparator gauge

The purpose of all comparatoer gauges is to indicate the
difference in the size between the standard (slip gauge
orringgauge) and the work being measured by means
of some form of pointer on a scale at a magnification
which is sufficient to read to the accuracy required.
Almost every possible principle known to the Science of
Physics for providing magnification has been used for
the construction of these comparator gauges.

Essential features of a good comparator gauge
- Should be compact.

- Maximum rigidity.

- Maximum compensation for temperature effects.

- No backlash inthe movement of the plunger and
recording mechanism.

- Straight line characteristics of the scale readings.
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- Most suitable measuring pressure which remains
uniform throughout the scale.

- Indicator should be consistent in its return to zero.

- Method of indication should be clear and the pointer
‘dead beat’ (ie. free from oscillations).

- Should be able to withstand reasonable wrong usage.
- Should have a wide range of operations.
Principles of working

The following principles are employed inthe commonly
used comparator gauges.

- Mechanical

- Electronics

- Pneumatic

- Optical

Mechanical comparators

These are widely used and the familiar cnes are the dial
indicator fitted to the comparator stand, microcator, sigma
comparator and red comparator.

Dial indicator fitted to the comparator stand.

Here, the plunger type dial indicator is used. The
magnification is achieved by a suitable combination of
gears, rackand pinion, steel band and levers. Generally
the magnification range is between 100 or 1000 (least
count 10 micron or 1 micron).

Microcator (Fig 1)

Fig 1
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FI20N168921

This is a simple and ingenious design, giving a very high
maghnification up to 25000 times (0.02 pie. 0.00002 mm.
least count) Itis compact, robustand free from friction
and backlash.

When the plunger moves up, the bell crank lever is tilted
and the twisting strip elongates. The helix angle in the
twisted strip reduces and this causes the pointer, which
is fixed along t

he helix of the strip, to move to one side. This movement
is then read onthe scale fitted behind it. When the

plunger moves down, the entire process of movement is
reversed and the pointer moves to the opposite side and
this reading is read against the scale.

Bore dial gauge

This is a precision measuring instrument used for
measuring the internal dimensions. The bore dial gauge is
normally available as a two-point, self-cantering type

Dial bore gauge {Fig 2)

Fig2 DIAL

PLUNGER

CENTERING SHOES

FI20N 168922

FIXED ANVIL INSERT

Stem: This holds all the components together and contains
the mechanism for transmitting the plunger motion to the
dial.

Fixed anvil/inserts

These anvils are interchangeable. The selection of the anvil
is made depending on the diameter of the bore to be
measured. For certain types of bore dial gauges, extension
rings/washers are provided for extending the range of
measurement.

Sliding plunger: This actuates the movement of the dial
for reading the measurement.
Centering shoes/spherical supports

Certain types of bore dial gauges are provided with a pair
of ground discs. (Fig 3)

Fig 3

L~

FI20N188823

This maintains the alignment of the measuring faces in
the centre of the bore. For some types, two spherical
supports which are spring-loaded are provided.
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Dial Indicator (Fig 4)

FI20N 168924

This has graduations marked onthe dial. The graduations

has marked in clockwise and anticlockwise directions.

Bore dial gauges are available in various sizes with different
measuring ranges. These are interchangeable measuring
rods (external rods or combination washers) for measuring
different sizes. (Fig 9)

Fig 5

FI20N 168325

The accuracy of the instrument depends on the type of
graduations on the dial. The most frequently used
instruments have accuracies of 0.001 mmand 0.01 mm.

The dial gauge should be set to zero before
taking measurement. Setting rings are
available for zero setting. (Fig 6)

Fig &

FI20N188926

While taking measurements press the spring-loaded end
(plunger) as it enters into the setting device or in the bore
being measured. Slightly rock and steady the device for
keeping the measuring faces in position. (Fig 7)

Slip gauges fixed in a setting fixture can also be used for
zero setting. (Fig 8)
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Reading the dial indicator (Fig 9)

Fig ¢ 40.00mm

Fl20N188828

When taking the reading, first check the measuring range
and the subdivisions of the scale. The indicator in the figure
has a range of 0.8 mm and is graduated 0-40 in both
directions. Thus the value of each division is 0.01 mm.
The indicator shows positive deviations in the clockwise
direction and negative deviations in the anticlockwise
direction.
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Classroomassighment

Basic measurement Value measured

30.0 mm 29.97 -29.98
30.02-30.03
30.03 -30.04
30.04-30.05
23.0mm 22.92-22.93
22.93-22.94
22.94-22.95
22.96-22.97
47.8 mm 47.86-47.87
47.88 -47.89

47.92-47.93
47.96-47.97

O toon oood

Digital dial indicator

53.0 mm 52.92-52.93
52.93-52.94
53.96-53.97

53.97 - 53.98

65.0 mm 64.75-64.76
64.79-64.80

64.83 - 64.84

0o oo

Objectives: At the end of this lesson you shall be able to
» define digital dial indicator.

Digital dial indicator: With the advent of electronics,
the clock face (dial) in some indicators are now a days
replaced with digital displace (usually LCD’s) and the dial
readings are also replaced by linear encoders.

Digital indicators have some advantages over their analog
predecessors, many models of digital indicator can record
and transmit the data electronically through a computer,
through an interface such as RS 232 or USB, this
facilitates statistical process control (SPC), because a
computer can record the measurement results in a tabular
dataset (such as database table or spread sheet) and
interpret them (by performing statistical analysis on them).
This obviates manual recordings of long columns of
numbers, which not only reduce the risk of the operator
by avoiding errors (such as digit transpositions) but also
really improves the productivity of the process by freeing
the human efforts from time - consuming data recording
and copying tasks.

Another advantages is that they can be switched between
metric and british units by the press of a button, thus
avoids the provision of separate unit conversion system.

Therefore the digital dial indicator is having more advantage
over the ordinary dial indicator.

Fig 1 DIGITAL DIAL INDICATOR
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The digital dial indicator accuracy is 0.001mm in metric
and 0.0001 inch in british.

Measurement of quality in cylindrical bore using three point internal

micrometer

Objectives: This shall help you to
» state the uses of a three-point internal micrometer

* identify the parts of a three-point internal micrometer

» state the features of the three-point internal micrometer.

The three-point internal micrometers (Fig 1) are useful for:

- Measuring the diameters of through and blind holes.

- Checking cylindricity and roundness of bores.

The commonly used three-point internal micrometers have
a least count of 0.005 mm.
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Fig 1
RATCHET STOP
THIMBLE
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Parts
- Measuring head consisting of three measuring anvils
- Ratchet stop
- Thimble
- Barrel

This micrometer has a cone spindle which advances when
the thimble is rotated clockwise. The movement of the
cone spindle makes the measuring anvils to move forward
and backward uniformly. The three measuring anvils
facilitate self-alignment of the instrument within the bore.

Three-point internal micrometers are available in different
sizes permitting measurement within a range.

The ratchet stop permits uniform pressure between the
anvils and the work-surface being measured.

These micrometers are provided with one or more zero
setting rings. (Fig 2)

Fig 2

FL20N188942

Before taking measurement, the zero setting has to be
checked using setting ring. (Fig 3)

The position of the anvils can be reset by loosening the
barrel using a screwdriver provided for this purpose.

Fig 3

FI2ON188843

Depending con the depth of the bore the length of the
micrometer cab be varied using an extension rod. (Fig 4)

Fig 4

FI20N 168844

A spanner is provided for changing the extension rods.
(Fig 5)

Figs

FI20N1B88345

These instruments are available invarious sizes for different
uses.

They are also available in analogue or digital read-outs.
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