Capital Goods & Manufacturing
Fitter - Drilling

Related Theory for Exercise 1.5.61

Drills

Objectives: At the end of this lesson you shall be able to
» state drilling and drill material

» state the necessity of drilling

* name the types of drills used

» list the parts of a twist drill.

Drilling: Drilling is the production of cylindrical holes of
definite diameters in workpieces by using a multi-point
cutting tool called a ‘drill’. It is the first operation done
internally for any further operation. The fluted part (or) body
of a drill is made of either high carbon steel (or) High speed
steel.

Types of drills and their specific uses

Flat drill (Fig 1) : The earliest form of drill was the flat drill
which is easy to operate, besides being inexpensive to
produce. The chip removal is poor and its operating
efficiency is very low.

Fig 1
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Twist drill : Almost all drilling operation is done using a
twist drill. It is called a twist drill as it has two or more
spiral or helical flutes formed along its length. The two
basic types of twist drills are, parallel shank and taper
shank. Parallel shank twist drills are available below 13mm
size (Fig 2).
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Parts of a twist drill : Drills are made out of high speed
steel. The spiral flutes are machined at an angle of
27 1/2° to its axis.
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The flutes provide a correct cutting angle which provides
an escape path for the chips. It carries the coolant to the
cutting edge during drilling. (Fig 3)
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The portions left between the flutes are called ‘lands’. The
size of a drill is determined and governed by the diameter
overthe lands.

The point angle is the cutting angle, and for general purpose
work, it is 118°. The clearance serves the purpose of
clearing the back of the lip from fouling with the work. Itis
mostly 8°.

Deep hole drills

Deep hole drilling is done by using a type of drill known as
‘D’ bit (Fig 4)

Drills are made of high speed steel.

Drills are manufactured with varying helix angles for drilling
different materials. General purpose drills have a standard
helix angle of 27 1/2°. They are used on mild steel and
cast iron. (Fig 5a)
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A slow helix drill is used on materials like brass, gun metal,
phosphor-bronze and plastics. (Fig 5b)

Aquick helix drill is used for copper, aluminium and other
soft metals (Fig 5¢)

A quick helix drill should never be used on brass
as it will ‘dig in’ and the workpiece may be
thrown from the machine table.

Drill (Parts and functions)

Fig 5
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Objectives: At the end of this lesson you shall be able to
* state the functions of drills

» identify the parts of a drill

» state the functions of each part of a drill.

Drilling is a process of making holes onworkpieces. The
tool used is a drill. For drilling, the drill is rotated with a
downward pressure causing the tool to penetrate into the
material. (Fig1)
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Parts of a Drill (Fig 2)
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The various parts of a drill can be identified from figure 2.
Point

The cone shaped end which does the cutting is called the
point. It consists of a dead centre, lips or cutting edges,
anda heel.

Shank

This is the driving end of the drill which is fitted on to the
machine. Shanks are of two types.

Taper shank, used for larger diameter drills, and straight
shank, used for smaller diameter drills. (Fig 3)
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This is a part of the taper shank drill which fits into the slot
of the drilling machine spindle.
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Body

The portion between the point and the shank is called the
body of a drill.

The parts of the body are flute, land/margin, body clearance
andweb.

Flutes (Fig 3)

Flutes are the spiral grooves which run to the length of the
drill. The flutes help

- Toformthe cutting edges

- Tocurl the chips and allow these to come out
- The coolant to flow to the cutting edge.
Land/Margin (Fig 3)

The land/margin is the narrow strip which extends to the
entire length of the flutes.

The diameter of the drill is measured across the land/
margin.

Body clearance (Fig 3)

Body clearance is the part of the body which is reduced in
diameter to cut down the friction between the drill and the
hole being drilled.

Web (Fig 4)

Fig 4
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Web is the metal column which separates the flutes. It
gradually increases in thickness towards the shank.
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Capital Goods & Manufacturing
Fitter - Drilling

Related Theory for Exercise: 1.5.62

Drill angles

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

» list the various angles of a twist drill

» state the functions of each angle

* list the types of helix for drills as per ISI

» distinguish the features of different types of drills
» designate drills as per ISl recommendations.

Like all cutting tools the drills are provided with certain
angles for efficiency in drilling.

Drill angles

They are different angles for different purposes. They are
listed below.

Point angle, helix angle, rake angle, clearance angle and
chisel edge angle.

Point angle/ cutting angle (Fig 1)

Fig 1
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The point angle of a general purpose (standard) drill is
118°. This is the angle between the cutting edges (lips).
The angle varies according to the hardness of the material
to be drilled. (Fig 1)

Helix angle (Figs 2,3 and 4)
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Twist drills are made with different helix angles. The helix
angle determines the rake angle at the cutting edge of the
twist drill.

The helix angles vary according to the material being drilled.
According to indian standards, three types of drills are
used for drilling various materials.

+ Type N - For normal low carbon steel.
» TypeH - For hard and tenacious materials.

+ Types S - For soft and tough materials.

The type of drill used for general purpose drilling work is

type N.
{RAKE ANGLE)
HELIX ANGLE
AT PERIPHERY
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Rake angle (Fig 5)
I

Fig 3
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Rake angle is the angle of flute (helix angle).

Clearance angle (Fig 6)
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The clearance angle is meant to prevent the friction of the
tool behind the cutting edge. This will helpinthe penetration
of the cutting edges into the material. If the clearance
angle is too much, the cutting edges will be weak, and if it
is too small, the drill will not cut.

Fig 4
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Chisel edge angle/web angle (Fig 7)

Fig 5
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This is the angle between the chisel edge and the cutting
lip.
Designation of drills

Twist drills are designated by the

+ Diameter
+ Tool type
+  Material

Example

A twist drill of 9.50 mm dia. of tool type ‘H’ for right hand
cutting and made from HSS is designated as:

Twist drill 9.50-H - 185101 - HS
where H = tool type

[$5101 = IS Number

HS = tool material

9.5 = diameter of the drill.

If the toel type is not indicated in the designation, it should
be taken as type ‘N’ tool.

DRILLSFORDIFFERENT MATERIALS

Recommended drills

Material to be Point Helix angle Material to be Point Helix angle
drilled angle d=3.2-5 510 10- drilled angle d=3.5-5 5.
Steel and cast steel Copper (Up to 30 mm |
up to 70 kgf/mm? drill diameter)
strength {\@ N Al-alloys, forming
Gray cast iron \/ ; g curly chips
Malleable castiron P - I Celluloid
Brass
German silver, nickel.
Brass, CuZn 40 1:\ l T~ Austenitic steels

\/ - Magnesium alloys

12 13° 13

Steel and cast steel
70...120 Kgffmm?

Moulded plastics
(with thickness s>d)

Stainless steel;
Copper (drill diameter =z | =% | &
more than 30 mm)
Al-alloy, forming

short broken chips

Moulded plastics,
with thickness s<d
Laminated plastics,
hard rubber (ebonite)
marble, slate, coal

Zine alloys
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Capital Goods & Manufacturing Related Theory for Exercise 1.5.63-65
Fitter - Dnlling

Drilling - Cutting speed, feed and r.p.m , drill holding devices

Objectives: Atthe end of this [esson wou shall be able to
+ define cutting speed

+ state the factors for determining the cutting speed
+ determine rp.m/spindle speed.

Cutting speed is the speed at which the cutting edge Cutting speed calculation
passes overthe matedal while cutting, and is expressed

in metres per minute. Cutting speed (V] nx dx h

Cutting speedis also sormetimes stated as surface speed \ 3% 1000
or peripheral speed. rp.min) =
The selection ofthe recorm mended cutting speed for drilling i
depends on the materials to be drilled, and the tool M- rprm.
raterial.
Wo-  Cutting speed in mdmin.

Tool manufacturers usually provide & table of cutting
speeds required for different materals.

The recommended cutting speeds for different rmaterials = 374

- diameterof the drillinmrm.

are given in the Table 1. Based on the cutting speed Exaitiges

recommended, the rp.m, atwhich a dril has to be driven

Is determined. Calculate the r.p.m for a high speed steel drill @ 24 to cut
TABLE 1 mild steel.

Recomm ended cutting speeds

Materials being drilled (HSS Tool) The cutting speed for mild steel is taken as 30 mnin from
the table.
Alurniniurm F0-100
Brass 35 - 50 R X0 o oM
34 x24
Bronzeiphosphor) 20 - 35
: It is always preferatle to set the spindle speed to the
Cast iron (grey] 23 -40 nearest avalable lower range.
Copsl A0 The rp m_will differ accarding to the diameter ofthe drills.
ategl (medium carbondmild steel) 20-30 The cutting speed being the same, larger diameter drills
Steel (alloy, high tensile) 5_ 8 w_lll have lesser rp.m and smaller diam eter drills will have
Righerr.prm.
Thermaosetting plastic (low speed : :
L t0 arasive properties) 5030 ;;i;e;i;nergfnneﬁd cutting speeds are achigved only by

Feed in drilling

Objectives: Atthe end of this lesson you shall be akle to
+ state what is meant by feed
+ statethefactors that contribute to an efficient feed rate

Feed is the distance a drill advances into thew ark in one
complete rotation. (Fig 1) Fig1 b

Feed is expressed in hundredths of & millirmeter, D
Example- 0.040mmS rey
The rate of feed is dependent up on a number of factors.

The finish required

Type of drill (drill materal) A “r
haterial to be drilled = L ;
i E
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Factors like rigidity of the machine, holding of the work-
piece and the drill, will also have to be considered while
determining the feed rate. If these are not to the required
standard, the feed rate will have to be decreased.

It is not possible to suggest a particular feed rate taking
all the factors into account.

The table gives the feed rate which is based on the average
feed values suggested by the different manufacturers of
drills. (Table 1)

Too coarse a feed may result in damage to the cutting
edges or breakage of the drill.

Too slow a rate of feed will not bring improvement in surface
finish but may cause excessive wear of the tool point, and
lead to chattering of the drill.

For optimum results in the feed rate while
drilling, itis necessary to ensure the drill cutting
edges are sharp. Use the correct type of cutting
fluid.

TABLE 1

Drill diameter Rate of feed

(mm)H.S.S (mm/rev)
10-25 0.040 - 0.060
26-45 0.050 - 0.100
46-60 0. 075 - 0150
6.1-90 0.100 - 0.200
91-12.0 0.150 - 0.250
12.1-150 0.200 - 0.300
15.1-18.0 0.230 - 0.330
18.1-21.0 0.260 - 0.360
211-250 0.280 - 0.380

Cutting Tool Mild Steel Carbon steel Aluminium Brass Castiron | Stainless steel
HSS 100 80 25010 350 175 100 8010 100
Carbide 300 200 750101000 500 250 20010 250
Drill-holding devices
Objectives: At the end of this lesson you shall be able to
» name the different types of drill-holding devices
* state the features of drill chucks
» state the functions of drill sleeves
» state the function of drift.
For drilling holes on materials, the drills are to be held -
accurately and rigidly on the machines. Fig 1
Thecommondrill-holding devices are drillchucks, sleeves o e AR RS
and sockets.
Drill chucks: Straight shankdrills are held indrill chucks. MORSE TAPER TO FIT
INTO THE CHUCK BODY

(Fig 1A) For fixing and removing drills, the chucks are
provided either with a pinion and key ora knurled ring.

The drill chucks are held onthe machine spindle by means
of an arbor (Fig 1B) fitted on the drill chuck.

Taper sleeves and sockets (Fig 2): Taper shank drills
have a Morse taper.

Sleeves and sockets are made with the same taperso that
the taper shankofthe drill, whenengaged, will give a good
wedgingaction. Duetothisreason Morsetapersare called
self-holdingtapers.

The drills are provided with five different sizes of Morse
tapers, and are numbered from MT 1 to MT &.

In order to make up the difference in sizes between the
shanks of the drills and the bore of machine spindles,
sleeves of different sizes are used. VWhen the drill taper

JAWS

FI20N 158321

(A) DRILL CHUECK

shank is bigger than the machine spindle, taper sockets
are used. (Fig 2)
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Fig 2
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While fixing the drill ina socket or sleeve, the tang portion
shouldaligninthe slot. Thiswill facilitate the removal of the
drill or sleeve fromthe machine spindle.

Use a drift to remove drills and sockets from the machine
spindle. (Fig 3)

While removing the drill from the sockets/sleeves don't
allow it to fall on the table or jobs.

Drill chucks are made from special alloy steel

Drill sleeves are made from case hardened
steel

Figa
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Capital Goods & Manufacturing
Fitter - Drilling

Related Theory for Exercise 1.5.66

Counter sinking

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

+ Whatis countersinking
¢ listthe purposes of countersinking

 state the angles of countersinking for the different applications

* name the different types of countersinks

* distinguish between Type A and Type B counter sink holes.

Whatis countersinking?

Countersinking is an operation of beveling the end of a
drilled hole. The tool used is called a countersink.
Countersinking is carried out for the following purposes:

- Toprovide arecessforthe head of a countersink screw,
so that it is flush with the surface after fixing (Fig 1)

Fig 1
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- Todeburra hole after drilling

- Foraccommodating countersink rivet heads

- Tochamferthe ends of holes forthreadcuttingand other
machining processes.

Anglesfor countersinking

Countersinks are available indifferent angles for different
uses.

75%  countersinkriveting
80° countersink self tapping screws
90® countersink head screws and deburring

120° chamfering ends of holes to be threaded or other
machining processes.

Countersinks: Countersinks of differenttypesareavailable.

The commonly used countersinks have multiple cutting
edges andare available intaper shank and straight shank.
(Fig2)

For countersinking small diameter holes special
countersinks with two or one flute are available. This will
reduce the vibrationwhile cutting.

Countersinks with Pilot (Fig 3)

For precision countersinking, needed for machine tool
assembling and after machining process, countersinks
with pilots are used.
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They are particularly useful for heavy duty work.

The pilotis provided at the endfor guiding the countersink
concentric to the hole.

Countersinkswith pilots are available withinterchangeable
and solid pilots.

Countersink holesizes: The countersink holes according
to Indian Standard |S 3406 (Part 1) 1986 are of four types:
Type A, Type B, Type Cand Type E.



Type A is suitable for slotted countersink head screws,
crossrecessedandslotted raised countersink head screws.

These screws are availableintwo gradesie. mediumand
fine.

The dimensions of various features of the Type 'A’
countersink holes, and the method of designation aregiven
in Table 1. (Fig 4 & 5)

Type 'B' countersink holes are suitable for countersink
head screws with hexagon socket.

The dimensions ofthe variousfeaturesandthe method of
designationare givenin Table ll. (Fig 6)

Type 'C' countersink holes are suitable for slotted raised
countersink (oval) head tapping screws and for slotted
countersink (flat) head tapping screws.

The dimension of the various features and the methed of
designationare givenin Table lll. (Fig 7)

Type 'E' countersinks are used for slotted countersink
bolts used for steel structures.

The dimensions ofthe variousfeatures and the method of
designation are givenin Table IV. (Fig 8)

Table |

Dimensions and designation of countersink - Type A according to IS 3406 (Part 1) 1986

FIG 4 80°£1° Fig 5 20+
2 o
s - U
. i
* |
E Bt §
MEDHUM {m) 5 FINE E
Table |
For Nominal Size 1 12 |(14) (1.6 ((1.8) | 2 25 |3 35 | 4 (4.5)
Medium d1H13 12 |14 |16 (18 [21 |24 |29 |34 (39 |45 5
Series d2 H13 24 | 289 SSRE5 Bl | 46 | 5765 (76 | 86 95
(m) t1° 06 (07 |08 |09 |1 11 | 14 <6 (1.9 ]2 258
Fine d1H12 (1 (130 R 22 127 152 (37 |43 48
Series dzH12 2 25 |28 |33 |38 [A43005 6 7 8 9
() fi 07 (08 |09 |1 L2 g TSl R || 2.2 2.4
Bt O 02 (FOEE B0 S (06 A IIBRETSSEEs | ([ SalE 3 = INEE 0.3
0
For Nominal Size 5 6 8 10 12 (14) 16 {18) 20
Medium d1H13 55 6.6 9 11 135 | 155 175 20 ZE
Series d2H13 104 | 124 | 164 | 204 239 | 269 31.9 36.4 40 .4
(m) e 25 2.9 3.7 47 5.2 57 7.2 82 9.2
Fine d1H12 5 6.4 8.4 10.5 18 15 17 19 21
Series daH12 10 145745 19 23 26 30 34 Cift
(f) t1 2 26 e 4 5 5.7 6.2 7.7 87 9.7
t2+ 0.1 0.2 045| 07 0.7 0.7 0.7 1.2 12 17
0
Note 1 : Size shown in brackets are of second preference.
Note 2 : Clearance hole d1 according to medium and fine series of IS : 1821 ' Dimensions for
clearance holes for bolts and screws {second revision)’
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Designation : A countersink Type A with clearance hole of fine (f) series and having nominal size 10 shall be designated
as — Countersink Af10 - 1S : 3406.

Table I
Dimensions and designation of countersink - Type B according to IS 34086 (Part 1) 1986

Fig 6 o
o3
‘ - N
?
i
2Zd1 =
8
FINE () g
For Nominal Size 3 4 5 6 8 10 12 {14) | 16 {18) | 20 22 24
Fine a1 =2 32 W43 (05364 (84 M a5 13 15 17 19 21 7505
Series d2H12 B3NS SR 12 4 6.5 | 205 25 28 31 34 37 48 252
(f) Hil i/ M| g 35 A4 55 | a5 || F e [ S0 NS T4
t2+0.1 0.2 EE) 0.4 0.5 1

Note 1: Sizes shown in brackets are of second preference.
Note 2: Clearance hole d1 according to medium and fine series of IS : 1821- 1982.

Designation : A countersink Type A with clearance hole of fine (f) series and having nominal size 10 shall be designated
as —Countersink Af 10 - 1S : 34086,

Table lli
Dimensions and designation of countersink - Type C according to IS 3406 (Part 1) 1986

Fig 7 80° +1°

2d2

2d1

FI20N156817

ForScrewSizeNo.(0) | (1) | 2 | @® 4 |G |6 | @ |8 10 | (12| 14 | (18)

d1H12 16 | 2 24 1 28 | 31 35| 37| 42 | 45| 51 9.8 6.7 ] 84
d2H12 31 | 38| 46 | 52 | b9 | 66 | 72| 81 87| 101 | 11.4| 132| 166
1] 09 | 11 183 | 18 |17 | 1.9 | 21 ag || Els | & 34 | 39 | 49

Note : Sizes given in brackets are of second preference.

Designation : A countersink Type C for screw size 2 shall be designated as — Countersink C 2 - 1S : 3406.
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Table IV

Fig 8

oid2

@di
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Dimension and designation of countersink - Type E according to IS 3406 (Part 1) 1986

For Nominal No. 10 12 16 20 22 24
d1H12 105 13 17 21 23 55
dz2 H12 19 24 31 34 37 40
t12 86 7 9 115 1 13
o1 75° 60°

Note: Clearance hole d1 according to fine series of IS : 1821 - 1982

Designation : A countersink Type E for nominal size 10 shall be designated as — Countersink E 10 - IS : 3406.

Methods of representing countersink holes indrawings

Countersink hole sizes are identified by code designation

or using dimension.(Fig 9 - 12)

Fig9 Am10-is:3406

} Y

FRON158818

Use of code designation

Fig 10

/—Am10-IS:3406

FI20N15861A

Use of dimension

The dimension of the countersink can be expressed by the

diameter of the countersink
countersink.

and

the depth of the

Fig 11 a0°x1°
0%
asH2 .
= | o
| > | &
| N T NN
N i o~ N i \|
@4.5 H13 #4.3 H13 a
WHEN INDICATING THE DEPTH OF COUNTERSINK g
(o
Fig 12 BO°+1° 90°+1°
\ | 8.6H13 feeH12 ct':
I~ [ =
DA
@4.5H13 94.3H13

WHEN INDICATING THE DIAMETER OF COUNTERSINK

90°11°
28.6H12

IN THE CASE OF COMPONENTS WITH: 8 <t1

FI20M15861C
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Counterboring and spot facing

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

« differentiate counterboring and spot facing

* state the types of counterbores and their uses

» determine the correct counterbore sizes for different holes.

Counterboring Fig 3
Counterbaoringis an operationofenlargingahole toa given
depth, to house heads of socket heads or cap screws with
the help of a counterbore tool. (Fig 1)
Fig 1
COLINTER BCRING
8
g
Spot facing
E Spot facing is a machining operation for producing a flat
% seat for bolt head, washer or nut atthe openingof a drilled
£ hole. Thetoolis called a spot facer or a spot facing tool.
Spot facing is similar to counterboring, except that it is
shallower. Tools that are used for counterboring can be
Fig 2

used for spot facing as well. (Fig 4)

Fig 4

SPOT FACING

FI20N155624

Spot facing is also done by fly cutters by end-cutting
action. Thecutter blade isinserted inthe slot ofthe holder,
which can be mounted onto the spindle. (Fig 5)

d2 Fig 5

-Iﬂ'%’ ,L

FI20N156622

o’ FIXING
1 WEDGE

Counterbore(Tool} |

The tool used for counterboring is called a counterbore.
(Fig 2) Counterbores will have two or more cutting edges. [

At the cutting end, a pilot is provided to guide the tool ? ===
concentric to the previously drilled hole. The pilot also / I '
REPLACEABLE

helps to avoid chattering while countertoring. (Fig 3)

Counterbores are available with solid pilots or with GUTTER ELLOT
interchangeable pilots. The interchangeable pilct provides
flexibility of counterboring on different diameters of holes.

FE2ON156825
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Counterbore sizes and specification

Counterbore sizes are standardised for each diameter of
screws as per BIS.

There are two main types of counterbores. Type H and
Type K.

The type H counterbores are used for assemblies with
slotted cheese head, slotted pan head andcross recessed
pan head screws. The type K counterbores are used in
assemblies with hexagonal socket head capscrews.

For fitting different types of washers the counterbore
standards are different in Type Hand Type K.

The clearance hole d1 are of two different grades i.e.

medium (m) and fine (f) and are finished to H13 and H12
dimensions.

The table given below is a portion from 1S 3406 (Part 2)
1986. This gives dimensions for Type H and Type K
counterbores.

Counterbore and Clearance Hole Sizes for Different Sizes
of Screws

Dimensions for H and K Type counter bores

While representing counterbores indrawings, counterbores
can be indicated either by code designation or using the
dimensions.

Fig 6 od2
ad3
8
%
Table -1
For
Nominal size |1 [1.2 1.4 16 1.8 |2 [25 |3 (35 |4 |5 |6 [8 |10 |[12|14) |16 |18 |20 |22 |24 |27 |30 [33 | 36
Medium (m) (1.2 |14 1.6 [1.8 [21 2.4 |29 B.4|39 #5 b5(66 |9 [11 13515517520 |22 |24 |26 [30 (33 [36 | 39
H13
d1
fine (f) 1113 1.5 1.7 |2 p2 (27 B2|37 #.3 p3|6.4 [3.4{105(13 |15 |17 [19 21 (23 |25 |- | | -
H12
d2 H13 22125 8 B3 PREP3|5 (6|65 |8 [Ho|11 |15 18 |20|24 (26 |30 |33 |36 |40 M3 (48 [53 | 57
d3 - - e e e - - - - hesTsl95 |22 |24 |26 |28 |33 |36 (39 | 42
Type H 08109 |1 211516 |2 P4|29 B2 |4 |47|6| 7 |8 |9 [05115025(35145]|- | |- -
t1
Type K - |- feps]- p3[29p4|l - n6 p7|68 |9 |11 |13]|15 [7.519.5p1.523.5P55(285(32 |35 | 38
+0.1 +0.2 +0.4 +0.6
Tolerances 0 0 0 0
Note : Sizes given in brackets are of second preference. For details refer IS : 3406 {Part2) 1986.
Using code designation (Fig 7) Using dimensions (Fig 8)
Fig 7 Fig 8 218 H13
£ 1
I Se
[
Hm 10-15:3408 }
| |
: i 8
/ b @11 H13 E
V/J L % 5 g
[ &
” . i
CG & M: Fitter (NSQF - Revised 2022) Related Theory for Exercise 1.5.66 205



Capital Goods & Manufacturing
Fitter - Drilling

Related Theory for Exercise 1.5.67

Reamers

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

» state the use of reamers
» state the advantages of reaming
» distinguish between hand and machine reaming

* hame the elements of a reamer and state their functions.

What is a reamer?

Areamer is a multipoint cutting tool used for enlarging by
finishing previously drilled holesto accurate sizes. (Fig 1)

Fig 1

gwnn

FL20N 156711

Advantages of ‘reaming’

Reaming produces

+ Highquality surface finish

+ Dimensional accuracy to close limits.

+ Also small holes which cannot be finished by other
processes can be finished.

Classification of reamers

Reamers are classified as hand reamers and machine
reamers. (Figs 2a and 2b)

Fig 2 Fig 3

ﬁ
N

MACHINE REAMER

HAND REAMER
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Reaming by using hand reamers is done manually for
which great skill is needed.

Machine reamers are fitted on spindles of machine tools
androtatedforreaming.

Machine reamers are providedwith morestapershanksfor
holding cn machine spindles.

Hand reamers have straight shanks with ‘square’ at the
end, for holding with tap wrenches. (Figs 2 (a) and (b)

Parts of a hand reamer

The parts of a hand reamer are listed hereunder. Refer to
Fig 3.

Fig 3
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Axis: The longitudinal centre line of the reamer.

Body: The portion of the reamer extending from the
entering end of the reamer to the commencement of the
shank.

Recess: The portion of the body which is reduced in
diameter below the cutting edges, pilotor guide diameters.

Shank: The portionofthe reamerwhich is held and driven.
It can be parallel or taper.

Circular land: The cylindrically ground surface adjacent
to the cutting edge on the leading edge of the land.

Bevel lead: The bevel lead cutting portion atthe entering
end of the reamer cutting its way into the hole. It is not
provided with a circular land.



Taperlead: The tapered cutting portion atthe enteringend
to facilitate cutting and finishing of the hole. It is not
provided with a circular land.

Bevel lead angle: The angle formed by the cuttingedges
of the bevel lead and the reamer axis.

Taper lead angle: The angle formed by the cutting edges
of the taper and the reamer axis.

Terms relating to cutting geometry

Flutes: The grooves in the body of the reamer to provide
cutting edges, to permit the removal of chips, and to allow
the cutting fluid to reach the cutting edges. (Fig 4)

Heel: The edge formed by the intersection of the surface
left by the provision of a secondary clearance and the flute.

(Fig4)
Cutting edge: The edge formed by the intersectionof the

face andthe circular land or the surface left by the provision
of primary clearance. (Fig 4)

Face: The portion of the flute surface adjacent to the
cutting edge on which the chip impinges as it is cut from
the work. (Fig 4)

Fig 4 MARGIN——
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Rake angles: The angles ina diametric plane formed by
the face and a radial line from the cutting edge. (Fig 5)

Hand reamers

Flg 5
PRIMARY
CLEARANCE ANGLE

SECONDARY
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Clearance angle: The angles formed by the primary or
secondary clearancesandthetangenttothe periphery ofthe
reamer at the cutting edge. They are called primary
clearance angleand secondary clearanceangle respectively.

(Fig6)

Fig6
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Helix angle: The angle betweenthe edge andthe reamer
axis. (Fig 7)

Fig7
= i .

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

» state the general features of hand reamers
* identify the types of hand reamers

» distinguish between the uses of straight fluted and helical fluted reamers
* name the materials from which reamers are made and specify reamers.

General features of hand reamers (Fig 1)

Hand reamers are used to reamholes manually usingtap
wrenches.

These reamers have a longtaper lead. (Fig 2) Thisallowsto
start the reamer straight and in alignment with the hole
being reamed.

Most hand reamers are for right hand cutting.

Helical fluted hand reamers have left hand helix. The left
hand helix will produce smooth cutting action and finish.

Most reamers, machine or hand, have uneven spacing of
teeth. This feature of reamers helps to reduce chattering
while reaming. (Fig3)

Types, features and functions: Hand reamers with
differentfeatures are available formeetingdifferent reaming
conditions. The commonly used types are listed here
under:
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Parallel hand reamer with parallel shank (Fig 4a)

Areamerwhichhasvirtually parallel cutting edges withtaper
and bevel lead. The body of the reamer is integral with a
shank. The shank has the nominal diameter of the cutting
edges. One end of the shank is square shaped for tuning it
with a tap wrench. Parallel reamers are available with
straight and helical flutes. This is the commonly used hand
reamer for reaming holes with parallel sides.

Reamers commonly used inworkshop produce H7 holes.
Hand reamer with pilot (Fig 4b)

Forthistype of reamer, a portion ofthe body is cylindrically
groundtoforma pilot at the entering end. The pilot keeps
the reamer concentric with the hole being reamed.

Fig4 @ (b)

FI20N156724

Socket reamer with parallel shank (Figs 5a and 5b)

Thisreamer has tapered cuttingedges to suit metric morse
tapers. The shankis integral withthe body, and is square
shapedfor driving. Theflutes are either straight or helical.

The socket reamer is used for reaming internal morse
taperedholes.

Taper pin hand reamer (Fig 5c)

This reamer has tapered cutting edges for reaming taper
holes to suit taper pins. Ataper pin reamer is made with a
taper of 1in50. These reamers are available with straight
or helical flutes.

Fig5 (c)

(@) (b)
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Use of straight and helical fluted reamers (Fig 6)

Straightfluted reamersare useful for general reamingwork.
Helical fluted reamers are particularly suitable for reaming
holes with keyway grooves or special lines cut into them.
The helicalflutes will bridge the gapandreduce bindingand
chattering.
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Fig 6
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Drill size for reaming

Material of hand reamers

When the reamers are made as a one-piece
construction, high speed steel is used. When
they are made as two-piece construction then
the cutting portion is made of high speed steel
while the shank portion is made of carbon
steel. They are butt-welded together before
manufacturing.

Specifications of a reamer: To specify a reamer the
following data is to be given.

« Type

s Flute

« Shankend

+ Size

Example | Hand reamer, Straight flute, Parallel shank of
@ 20 mm.

Objective: At the end of this lesson you shall be able to
» determine the hole size for reaming.

For reaming with a hand or a machine reamer, the hole
drilled should be smaller than the reamer size.

The drilled hole should have sufficient metal for finishing
with the reamer. Excessive metal will impose a strainon
the cutting edge of the reamer and damage it.

Calculating drill size for reamer: A method generally
practisedinworkshopis by applying the following formula.

Drill size = Reamed size — (Undersize + Oversize)
Finished size: Finishedsize isthe diameterofthe reamer.

Undersize: Undersize is the recommended reduction in
size for different ranges of drill diameter. (Table 1)

Table 1
Undersizes for reaming

(Finished size) = 10 mm

Undersize as per

table = 0.2 mm

Oversize = 0.05 mm

Drill size = 10 mm -- 0.25 mm
= 9.75 mm

Determine the drill hole sizes forthe following reamers:
i 15 mm

i 4 mm

i 40 mm

¥ 19 mm

Answer

[

Diameter of Undersize of i
ready reamed rough bored ii
hole {(mm) hole (mm) v
under5 01,02 Note: If thereamed holeis undersize, the cause
is that the reamer is worn out.
8200 B2 403
2150 5% M0 Always inspect the condition of the reamer before
oversl 05 1 commencing reaming.

Oversize: |t is generally considered that a twist drill will
make a hole larger than its diameter. The oversize for
calculation purposesis takenas 0.05 mm-forall diameters
of drills.

For light metals the undersize will be chosen 50% larger.

Example: A hole is to be reamed on mild steel witha 10
mmreamer. Whatwill be the diameter of the drill for drilling
the hole before reaming?

Drill size = Reamed size — (Undersize + Oversize)

Forobtaining good surface finish

Use a coolant while reaming. Remove metal
chips from the reamer frequently. Advance the
reamer slowly into the work.

Defects in reaming - Causes and Remedies
+ Reamed hole undersize

- If a worn out reamer is used, it may result in the
reamed hole bearing undersize. Do not use such
reamers.
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- Always inspect the conditicn of the reamer before

i - While reaming apply a steady and slow feed-rate.
. Surfacefinish rough - Ensure a continuous supply of the coolant.
- The causes may be any one of the following or a - Do notturnthe reamer in the reverse direction.
combinations thereof. Determining the drill size for reaming
- Incorrect application Use the formula,
. Swarfaccumulatedin reamer flutes drill diameter = reamed hole size. (undersize + oversize)
- Inadequate flow of coolant Refer to the Table 1 for the recommended undersizes in

* Ecedratetos fast Related Theory on DRILLSIZESFOR REAMING.

Reaming

Objective : At the end of this lesson you shall be able to
» state the procedure for hand reaming and machine reaming.

Reaming: Reaming is the operation of finishing and sizing
a hole which has been previously drilled, bored, casteed Fig 3 -
holes. The tool used is called a reamer, which has multiple @
cutting edges. Manually it is held in a tap wrench and =
reamed. Machine reamer are used indrilling machine using
sleeves (or) socket. Normally the speed for reaming will
be 1/3" speed of drilling.

Hand Reaming

Drill holes for reaming as per the sizes determined.

FI20M158733

Place the work on parallels while setting on
the machine vice. (Fig 1)

Do not turn in reverse direction it will scratch the reamed
hole. (Fig 4)

Ream the hole through, ensure that the taper lead length
of the reamer comes out well and clear from the bottom of

Fig 4

- p
| X

CORRECT WRONG

120N 158731

F

Chamfer the hole ends slightly. This removes burrs and
will also help to align the reamer vertically. (Fig 2) Fix the
work in the bench vice. Use vice clamps to protect the
finished surfaces. Ensure that the jobis horizontal. (Fig 2)

FI20N 156734

the work. Do not allow the end of the reamer to strike on
the vice.

Fig 2

Remove the reamer with an upward pull until the reamer is
clear of the hole. (Fig 5)

Clean the hole. Check the accuracy with the cylindrical
pins supplied.

I
|
| Remove the burrs from the bottom of the reamed hole.
|

FIRON156732

Fig 5

Fix the tap wrench on the square end and place the reamer
vertically in the hole. Check the alignment with a try square.
Make corrections, If necessary. Turn the tap wrenchin a
clockwise direction applying a slight downward pressure

at the same time. (Fig 3) Apply pressure evenly at both
ends of the tap wrench.

Apply cutting force: Turn the tap wrench steadily and
slowly, maintaining the downward pressure.
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Capital Goods & Manufacturing
Fitter - Drilling

Related Theory for Exercise 1.5.68-69

Screw thread and elements

Objectives: At the end of this lesson you shall be able to
+ state the terminology of screw threads
+ state the types of screw threads.

Screw thread terminology

Parts of screw thread (Fig 1)

Fig 1
FLANK
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ROOT
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Crest: The top surface joining the two sides of a thread.

Root: The bottomsurface joining the two sides of adjacent
threads.

Flank: The surface joining the crest and the root.

Thread angle: The included angle between the flanks of
adjacentthreads.

Depth: The perpendiculardistance betweenthe rootsand
crest of the thread.

Major Diameter: In the case of external threads it is the
diameter of the blank onwhichthethreadsare cutandin
the case of internal threads it is the largest diameter after
the threads are cut that are known as the major diameter.

(Fig2)

Fig 2
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This is the diameter by which the sizes of screws are
stated.

Minor Diameter: Forexternal threads, the minor diameter
isthe smallest diameter after cutting the full thread. Inthe
case of internal threads, itis the diameter ofthe hole drilled
for forming the thread which is the minor diameter.

Pitch Diameter (effective diameter): The diameter of
the thread at whichthe thread thickness is equalto one half
of the pitch.

Pitch: It is the distance from a point on one thread to a
correspond ing point on the adjacent thread measured
parallel to the axis.

Lead: Lead is the distance of a threaded component
moves alongthe matching component during che complete
revolution. Fora single startthread the leadis equal to the
pitch.

Helix Angle: The angle of inclination of the thread to the
imaginary perpendicularline.

Hand: The direction in which the thread is turned to
advance. A right hand thread is turned clockwise to
advance, while alefthandthreadis turnedanticlockwise. (
Fig 3)
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Screw threads - types of V threads and their uses

Objectives: At the end of this lesson you shall be able to
* state the different standards of V threads

* indicate the angle and the relation between the pitch with the other elements of the thread

» state the uses of the different standards of V threads.

The different standards of V threads are:

-  BSWthread: British Standard Whitworth thread
- BSF thread: British Standard fine thread

- BSPthread: British Standard pipe thread

- B.Athread: British Association thread

- |.S.OMetricthread: International Standard Crganisation
metric thread

- ANS: American National or sellers’ thread

- BIS Metric thread: Bureau of Indian Standard metric
thread.

BSW thread (Fig 1): It has an included angle of 55° and

Fig 1

WHITWORTH THREAD {BSW)

FI20N158821

the depth of the thread is 0.6403 x P. The crest and root
are rounded off to a definite radius . The Fig 1 shows the
relaticnship between the pitch and the other elements of
thethread.

BSWthread is represented inadrawing by giving the major
diameter. For example : 1/2" BSW, 1/4" BSW. The table
indicatesthe standard number of TPIfor different diameters.
BSWthreadis usedfor general purpose fastening threads.

BSF thread: This thread is similarto BSW thread except
the number of TPI fora particular diameter. The number of
threads per inch is more than that for the BSW thread for
a particulardiameter. For Example, 1" BSW has 8 TPland
1 “BSF has 10 TPI. The table indicates the standard
number of TP for different dia. of BSF threads. Itis usedin
automobile industries.

BSP thread: This thread is recommended for pipe and
pipefittings. The table showsthe pitchfor differentdiameters.
ltisalsosimilarto BSWthread. Thethreadiscutexternally
with a small taper for the threaded length. This avoids the
leakage inthe assembly and provides forfurtheradjustment
when slackness is felt.

BA thread (Fig 2): Thisthread hasanincluded angle of 47
1/2°. Depthand other elementsare asshowninthe figure.
It is used in small screws of electrical appliances, watch
screws, screws of scientific apparatus.

Unified thread (Fig 3): For both the metric and inch
series, ISOhas developedthisthread. Itsangleis60°. The
crest and root are flat and the other dimensions are as
shown inthe Fig3. Thisthread is usedfor generalfastening
pUrposes.

Fig2

n
0.23H
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Fig 3

ISC METRIC THREALD, UNIFIED INCH SERIES THREAD

FI20N156823

This thread of metric standard is represented in adrawing
by the letter ‘M’ followed by the major diameter for the
coarse series.

Ex : M14, M12 etc.

For the fine series, the letter ‘M’ is followed by the major
diameter and pitch.

Ex: M14x15
M24 x 2

American National Thread (Fig 4): These threads are
alsocalledasseller'sthreads. It was more commonly used
prior to the introduction of the ISO unified thread.

AMERICAN NATIONAL THREAL,SI & DIN METRIC THREADS

FI20M 156824
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Screw pitch gauge

Objectives: At the end of this lesson you shall be able to
» state the purpose of a screw pitch gauge
» state the features of a screw pitch gauge.

Purpose

A screw pitch gauge is used to determine the pitch of a
thread.

It is also used to compare the profile of threads.
Constructionalfeatures

Pitch gauges are available with a number of blades
assembled as a set. Each blade is meant for checking a
particular standard thread pitch. The blades are made of
thin spring steel sheets, and are hardened.

Some screw pitchgauge sets will have blades providedfor
checking British Standardthreads (BSW, BSFetc.) atone
end and the metric standard at the other end.

Taps

The thread profile oneach blade is cut forabout 25 mmto
30 mm. The pitch of the blade is stamped oneach blade.
The standard and range of the pitches are marked on the
case. (Fig1)

Fig 1

Fl20N156831

Objectives: At the end of this lesson you shall be able to
» state the uses of hand taps

» state the features of hand taps

» distinguish between the different taps in a set.

Use of hand taps: Hand taps are used for internal
threading of components.

Features (Fig1): They are made from high speed steel.

The threads are cut on the periphery and are accurately
finished.

To formthe cutting edges, flutes are cutacross the thread.

The end of the shankofthetapis made of square shapefor
the purpose of holding and turning the taps.

Theendofthe taps are chamfered (taperlead) forassisting,
aligning and starting of the thread.

Fig 1
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The size of the taps, the thread standard, the pitch of the
thread, the dia. of the tapping hole are usually marked on
the shank.

Marking on the shank are also made to indicate the type
of tapi.e. first, second and plug.

Foridentifying the type of taps quickly - the taps are either
numbered 1,2 and 3 or rings are marked on the shank.

The taper tap has cne ring, the intermediate tap has two
and the bottoming tap has three rings. (Fig 2)

Types of taps in a set : Hand taps for a particular thread 2

are available as a set consisting of three pieces. (Fig 2)

These are:

— Firsttap or taper tap

— Second tap orintermediate tap

— Plug or bottoming tap.

These taps are identical in all features except in the

taplead.

Thetapertapisto startthe thread. It is possible toformfull

threads by the taper tap in through holes which are not

deep. §

The bottoming tap (plug) is used to finish the threads of a E

blind hole to the correct depth.

Table for tap drill size
B.S.W. (55°) B.S.F. (55%)
Tap size Threads per Tap drill Tap size Threads per Tap drill
(inch) inch size (mm) (inch) inch size (mm)
3/16 24 3.7mm 3/16 32 3.97mm
7132 24 4.5mm 7132 28 4.6mm
1/4 20 5. 1mm /4 26 5.3mm
516 18 &.5mm 516 22 6.75mm
3/8 16 7.94mm 3/8 20 8.2mm
7116 14 9.3mm 716 18 9.7mm
1/2 12 10.5mm 1/2 16 11.11mm
9/16 12 12 1mm 9116 16 12.7mm
5/8 11 13.5mm /8 14 14mm
11/16 1 15mm 11/16 14 15.5mm
3/4 10 16.257mm 3/4 12 16.75mm
718 g 19.25mm 718 11 19.84mm
17 8 29mm 17 10 22 75mm
NPT National pipe thread

Tap size Threads per Tap drill Tap size Threads per Tap drill size

{inch) inch size inch (inch) inch inch
1/8 27 11/32 1 11172 15/32
1/4 18 716 11/4 111/4 1172
3/8 18 19132 11/2 11172 123/32
1/2 14 23/32 2 11172 22316
3/4 14 15116 212 8 25/8
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Tap drill sizes I1SO Inch {Unified) thread

NC National coarse NF National Fine
Tap size Threads per Tap drill Tap size Threads per Tap drill size
(inch} inch size inch (inch) inch inch
1/4 20 13/64 1/4 28 7132
516 18 17/64 516 24 17/64
3/8 16 5/16 3/8 24 21/64
7116 14 3/8 7116 20 25/64
112 13 27164 1/2 20 29764
9116 12 31/64 9116 18 33/64
5/8 11 17132 5/8 18 37/64
3/4 10 21/32 3/4 16 11116
718 9 49/64 718 14 13/16
1" 8 7/8 1" 14 15/16
11/8 7 63/64 11/8 12 13/6
11/4 7 17/64 11/4 12 111/6
13/8 6 17/32 13/8 12 119/64
1172 6 111432 11/2 12 127/64
13/4 B 19116
2 41/2 125/32
Machine taps
Objectives: At the end of this lesson you shall be able to
» state the characteristics of machine taps
» name the different types of machine taps
» state the features and uses of different types of machine taps.
Machinetaps: Machinetapsofdifferenttypes are available.
The two important features of machine taps are Fig 2
— Ability to withstand the torque needed for threading
holes
— Provisionforeliminating chip jamming.
Types of machine taps
Gun tap (Spiral pointed tap) (Fig 1)
Fig 1 »f‘re
R & i :
These taps are especially useful for machine tapping of i §

through holes. In the case of blind hole tapping, there
should be sufficient space below to accommodate the
chips. While tapping, the chips are forced outahead of the
tap. (Fig 2)

This prevents the clogging of the chips and thus reduces
the chances of tap breakage. These taps are stronger
since the flutesare shallow. Theflutes ofthese taps do not
convey chips.

Flute-less spiral pointed tap (Stub flute taps) (Fig 3)

Thesetapshave shortangularflutesground onthe chamfered
end, and the rest of the body is left solid. These taps are
stronger than guntaps.

Flute-less taps are used for tapping through holes on
materials which are not thicker than the diameter cf the
holes. Flutes spiral point taps are best suited for tapping
soft materials or thin metal sections.
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Helical fluted taps/spiral fluted taps: These taps have
spiral flutes which bring out the chips from the hole being
tapped. (Fig4)

Fig 3
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Fig 4

FI20N 156854

These are useful for tapping holes with slots. The helical
land of the tap will bridge the interruption of the surface
beingthreaded. The helicalflutes ofthetap provide ashear
cutting action, and are mostly used to tap holes in ductile
materials like aluminium, brass, copper etc.

Spiral fluted taps are also available with fast spiral. (Fig3)
These taps are best suited for tapping deepholesasthese
can clear the chips faster fromthe hole. (Fig 6)

Thread forming taps (Fluteless taps)

These taps form threads in the hole by displacing the
material and not by cutting action. (Fig 7)

Fig5
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General informative points on taps
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These taps have projecting lobes which actually help in
forming the thread. (Fig 8) Since there are no chips in the
process, it is very valuable in places where chip removal
poses problems. These taps are excellent for tapping
copper, brass, aluminium, lead etc. The thread finish is
also comparatively better than in the fluted taps.

Fig 8

THREAD FORMING
TAP IN OPERATION

FL20N 156858

Objectives: Atthe end of this lesson you shall be able to
» differentiate between hand tap and machine tap

+ identify the parts of a machine tap

» state the constructional features of a machine tap.

Unlike tapping with the three piece set of hand taps, the
machine tap cutsthe entire threaded profileinone operation.
The machine tap is normally made of tool steel and
consists of the shank (2) and the cutting section (1) as
shown in (Fig 1). The cutting section itself is subdivided
into two areas. The start (3), which serves forcutting, and
the guiding section (4) for the feeding motion andsmoothing
of the newly cut thread. (Fig 1)

NI

The numberofflutes (5), may beevenor odd. Withaneven
number of flutes, measuring of the diameter (7) is easier.
(Figs 2a and 2b)

! ,
FI20N156982

Straight andspiral groove machinetaps are available. The
diameterofthe shankandthe shape of its endvary between
the various standards. The shank diameter may be
smaller, equal to or larger than the thread diameter. The
shank ends are available in straight design, with square
ends as shown in (6) or with driving shoulders.

Chipremoval (flow) takes place atthe start of thetap. The
rake angle must be adaptedto the materialto be machined.
Hard and brittle materials require a small rake angle and
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soft materials need a larger rake angle.
Accordingly three types of taps are available.

Type normal (Fig 3b ) with a rake angle of approximately
122

Type soft (Fig 3c¢) with a rake angle of approximately 20°.
Type hard (Fig 3a) with a rake angle of approximately 3°.

The normal type of rake angle taps can be used in most
cases. The start must be ground symmetrical. Before
using the tap, it is necessary to check that the cutting
edges are not chipped, and all the edges are sharp.

Fig 3 (a) (b) ()

Fl20N156083

Pipe Threads and Pipe Taps

The ‘hard’ type tap is used for tapping brittle materials like
castiron. Incase a ‘normal’ type tap is used on castiron,
thetap cutting edges get blunt soon andthe tap cannot be
used again on ductile materials like mild steel. The fine
castironsplinters wearthe external diameter of the cutting
edges ofthe tap causing themto tend to become blunt, and
when the same tap is used on steel which is more flexible
it is elastically pressed away (8) at the cutting point.
Behindthe cutting edge the material returnsto the machined
diameter. The depth ofthe grocve also causes jamming of
the guiding section of the tap. (Fig 4)

Fig 4

Fl20M 156884

Objectives: At the end of this lesson you shall be able to
+ state parallel and taper pipes threads

* determine the wall thickness and threads per inch (TPI) of BSP threads

» state the method of sealing pipe joints

» determine blank sizes for threading as per B.S 21 - 1973 and |.S. 2643 - 1964.

Pipe threads

The standard pipe fittings are threadedto British Standard
pipe (BSP). The internal pipethreads have parallel threads
whereasthe external pipes have taperedthreadsas shown
inFig 1.

Flg 1 PARALLEL INTERNAL THREAD

by A\

VIR Y
/TYAPER EXTERNAL THREAD

N
[

25

ELBOW

\ PIPE

FI2DN158871

N N

B.S.P. threads

Galvinized iron pipes are available in sizes ranging from
1/2” to 6" in several different wall thickness. The table 1
shows outside diameters and threads per inch from
1/2"to 4", (Fig 2)

Fig 2
P SN A G \

=
>

FL20N156872

<]

The next two threads have fully formed bottoms but that
tops. (B)

The last four threads have flat tops and bottoms. (C)
Sealing pipe joint

Fig 3 shows thatthe pipe has several fully formed threads
atthe end. (A)

Fig3 2 1 c

Z

FI20N158873

The pipe joint shown in Fig 4 consists of the following:
1 Parallelfemalethread
2 Taperedmalethread

3 Hemppacking
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The hemp packing issued to ensure that any small space
between two metal threads (male and female threads) is
sealedto prevent any leakage.

Pipe taps

Internal pipe threads are usually cut with standard taper
pipe taps. (Fig 5)

Fig 5
:rlzi SQUARED SHANK
8
Table 1
BSP - Pipe sizes Threads Outside diameter/
or DIN 2999 inch mm of the pipe (A)
(inside)(B)
1427 14 20.955 mm TAPER THREAD E
3147 14 26.441 ' E
1" 11 33.249
Fig 6

11/4” 11 41.910
11/2” 11 47.803
2" 11 59.614
212 8 75.184
3" 8 87.884
4” 8 113.030
NOTCH

FIZON156878
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Capital Goods & Manufacturing
Fitter - Drilling

Related Theory for Exercise 1.5.70

Tap wrenches, removal of broken tap, studs

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

» name the different types of tap wrenches
» state the uses of the different types of wrenches.

Tapwrenches: Tapwrenchesare usedtoalignanddrive
the hand taps correctly into the hole to be threaded.

Tapwrenches are of different types, such as double-ended
adjustable wrench, T- handle tap wrench, solid type tap
wrench etc.

Double - ended adjustable tap wrench or bar type tap
wrench (Fig 1)

..... T T
P C K K
BRESREIREASY 2

FI20N157011

This is the most commonly used type of tap wrench. It is
availableinvarioussizes- 175, 250,350mmlong. Thesetap
wrenches are more suitable for large diameter taps, and
can be used in open places where there is no obstruction
to turn the tap.

It is important to select the correct size of wrench.
T- handle tap wrench (Fig 2)

These are small, adjustable chucks with two jaws and a
handle to turn the wrench.

This tapwrench is useful to work in restricted places, and
is turned with one hand only. Most suitable for smaller
sizes of taps.

Removing broken taps

Solid type tap wrench (Fig 3)

These wrenches are notadjustable.

They can take only certain sizes of taps. This eliminates
the use of wrong length of the tap wrenches, and thus
prevents damage to the taps.

Tap Material: Made froma single piece of solid Cast iron
(or) steel. Cast iron and steel are used because of strong,
durable and unlikely to deform under pressure.

Fig2

FI20N157C12

Fig 3

FI2EN15STO13

Objectives: At the end of this lesson you shall be able to
* nhame the different methods of removing broken taps

» state the methods of removing broken taps.

A tap broken above the surface of the workpiece can be
removed using gripping tools like pliers.

Taps broken belowthe surface pose a problemfor removing.
Any one of the several methods given below can be used.

Use of tap extractor (Fig 1)
Thisisa very delicate tool and need very careful handling.

This extractor has fingers which can be inserted on the
flutes of the broken tap. The sliding collar is then brought
to the surface of the work and the extractor turned
anticlockwise to take out the broken tap.

A light blow on the broken tap with a punch will help to
relieve the tap if it is jammed inside the hole.

Use of punch (Fig 2)

In this method the point of the punch is placed in the flute
ofthe brokentapinaninclination and struckwitha hammer

Fig 1

SQUARED FOR TAP

PUSH DOWN OR COLLAR

COLLAR

FINGERS

@/ BROKEN TAP

FI20N157021
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the positioning of the punch should be suchthatthe broken
tap is rotated anticlockwise when struck.

Fig 2

BROKEN TAP IN HOLE

FI2ON157022

Annealing and drilling the tap

This is a method adopted when other method fail. In the
process the broken tap is heated by flame or by other
methods for annealing. A hole is then drilled on the
annealedtap. The remaining piece can be removedeither
by using a drift or using an EZY - OUT (extractor). This
method is not suitable for workpieces with low melting
temperatures such as aluminium, copper etc. (Fig 3)

Fig 3 ,:,;,:,:s:e:

BROKENTAP

FI20N 157023

Removing broken stud

Use of arc welding

This isa suitable methodwhen asmalltap is broken at the
bottom of materials like copper, aluminium ete. In this
methodthe electrode is brought in contact withthe broken
tapandstucksothat itis attachedwiththe brokentap. The
tap may be removed by rotating the electrode.

Use of nitric acid

In this method nitric acid is diluted in a proportion of about
one part acid to five parts of water is injected inside. The
action of the acid loosens the tap and then it is removed
with an extractororwitha nose plier. The workpiece should
be thoroughly cleaned for preventing further action of the
acid.

While diluting acid mix acid to water.

Use of spark erosion

Forsalvaging certain precision compohnents damaged due
to breakage of taps, spark erosion can be used. In this
process, the metal (brokentap ) is removed by means of
repetitive spark discharges. The electrical discharge occurs
betweenanelectrode andthe electro - conductive workpiece
(tap) and the minute particles are eroded both from the
electrode and the workpiece. In many cases it may not be
necessary to remove the brokentap completely. { Aftera
small portion has been ercded, a screw- driver or punch
canbe usedtoremovethe remaining portionofthetap.) The
shape ofthe electrode also heed not be round. It can be for
assisting the tools for routing the broken tap.

Objectives: At the end of this lesson you shall be able to
» state the reasons for breakage of stud
» state different methods for removing broken stud.

The studis usedin place of a bolt, whenthere is insufficient
spacetoaccommodate the bolthead orto avoid use ofan
unnecessarily long bolt. Studs are generally used to fix up
cover plates or to connect cylinder covers to engine
cylinders.

Reasons for breakage of stud/bolt.

Excessive torque is applied while screwing the stud into
the hole.

Corrosive attack onthe thread.
Matching threads are not of proper formation.

Threads are seized.

Methods of removing broken studs
Prick punch method

If the stud is broken very near to the surface, drive itinan
anticlockwise direction, using a prick punch and hammer
to remove it. (Fig1)

Filing square form

When the stud is broken a little above the surface forma
square onthe projecting portiontosuita standardspanner.
Then turn it anticlockwise using a spanner to remove it.

(Fig2)
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Fig 1

FI2DN157D31

Fig 4
HOLD IN TAP WRENCH
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Fig 2
FILE FLAT ON STUDS

FI20M157032

Using square taper punch

Broken stud can also be removed by drilling a blind hole
(hole diameterequals to half of stud diameter) and driving
a square taper punchinto the hole as showninFig3. Turn
the punch using a suitable spannerinananti - clock- wise
direction to unscrew the stud.

Fig3 TURN WITH TAP WRENCH OR SPANNER

HOLE DIAMETER
= 1/2 STUD DIAMETER

FI20N157033

EZY - out method (Fig 4)

Ezy - out or a stud extractor is a hand tool, somewhat
similartotheformofataper reamerbut has left hand spiral.
Itis available in a set of 5 pieces. The recommended drill
size is punched on each ezy - out .

After drilling the hole recommended ezy - out is seton it
andturnedinan anti - clockwise directionby atapwrench.
Asitis rotated it penetrates into the hole increasingits grip
and in the process the broken stud gets unscrewed.

(Fig4)

Making drill hole: Correctly find out the centre of the
broken stud and drill hole nearly equal to the core diameter
ofthe stud downthe centre sothatthethreads only remain.
Remove the thread porticn by the point of a scriber inthe
form of broken chips. Re - tap the drill the hole to clear the
threads. (Fig 5)

If all other method fail, drill 2 hole equal to the size of the
stud size or a little over and tap the hole with an oversize
tap. Now a special over size stud as shown in Fig 6 is to
be made and fitted in position.

Fig 5

FI2ON157035

Fig 6

VYV YV YV VY

QOVERSIZE SPECIAL STUD TO SUIT THE TAPPED HOLE

FI2ON157038

CG & M: Fitter (NSQF - Revised 2022) Related Theory for Exercise 1.5.70 291



Capital Goods & Manufacturing
Fitter - Drilling

Related Theory for Exercise: 1.5.71

Dies and die stock

Objectives: Atthe end of this lesson you shall be able to
* list the different types of dies

» state the features of each type of die

» state the use of each type of die

* name the type of diestock for each type of die.

Uses of dies

Threadingdies are usedto cut external threadson cylindrical
workpieces. (Fig 1)

Fig 1

FIRON157111

Types of dies

The following are the different types of dies.
- Circular splitdie (Button die)

- Halfdie

- Adjustable screw plate die

Circular split die/button die (Fig 2)

Fig 2

FI2CN157112

This has a slot cut to permit slight variation in size.

Dies are made of high speed steel

When held in the diestock, variation in the size can be
made by using the adjusting screws. This permits increasing
ordecreasingofthe depth of cut. Whenthe side screws are
tightenedthe die willclose slightly. (Fig 3) For adjusting the
depth of the cut, the centre screw is advanced and locked
inthe groove. T his type ordie stockis called button pattern
stock

222

Fig 3 CENTRE SCREW

BUTTCN PATTERN STOCK

FI2ON157113

Half die (Fig 4)

Fig 4

FI2ON157114

Half dies are stronger in construction.

Adjustments can be made easily to increase or decrease
the depth of cut.

These dies are available in matching pairs and should be
usedtogether.

By adjusting the screw of the diestock, the die pieces can
be brought closer together or can be moved apart.

They need a special die holder.

Adjustable screw plate die (Fig )

Thisis another type of a two piece die similarto the half die.
This provides greater adjustment than the split die.

The two die halves are held securely in a collar by means
of athreaded plate (guide plate) which alsc acts as a guide
whilethreading.

When the guide plate is tightened after placing the die
piecesinthe collar, the die pieces arecorrectly located and
rigidly held.

Thedie pieces canbeadjusted, usingthe adjustingscrews
onthecollar. This type of die stock usedis called quick cut
diestock (Fig 6)



Fig5

0

GUIDE PLATE

LEADING SIDES

FI20N157115

The bottom of the die halvesistaperedto provide the lead
for starting the thread. On one side of each die head, the
serial number is stamped.

Both pieces should have the same serial numbers.
Die Nut (Sclid Die) (Fig 7)

Blank size for external threading

Fig 6

FI20N157116

Fig7

FI20N15T117

The die nut is used for chasing or reconditioning the
damagedthreads.

Die nuts are not to be used for cutting new
threads.

The die nuts are available for different standards and sizes
ofthreads.

The die nut is turned with a spanner.

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

+ determine the diameter of blank size for external thread cutting.

Why should the blank size be less?

It has been observed from practice that the threaded
diameters of steel blanks show a slight increase in
diameter. suchincreaseinthe diameterwill make assembly
of externalandinternal threadedcomponents very difficult.
To overcome this, the diameter of the blank is slightly
reduced before commencingthethreading.

What should be the blank size?

The diameter of the blank should be less by 1/10th of the
pitch of the thread.

Example

For cutting the thread of M12 with 1.75mm pitch the
diameter of the blank is 11.80.

Formula, D=d - p/10

=12mm-0.175mm
=11.825 0r 11.8 mm.
d = diameter of bolt

D = the blank diameter

p = pitch of thread
Calculate the blank size for preparing a bolt of M16 x1.57

Answer
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External threading using dies

Objective: At the end of this lesson you shall be able to
» cut external threads using dies.

Check blank size.
Blank size = Threads size -0.1 x pitch of thread

Procedure: Fix the die in the diestock and place the
leading side of the die opposite to the step of the diestock.
(Figs 1a & 1b)

Use false jaws for ensuring a good grip in the
vice.

Project the blank above the vice - just the
required thread length only.

Fig 1

DIESTOCK
-

o TAPER LEAD

FIR2ON157121

Placethe leading side of the die onthe chamfer of the work
(Fig2)

Fig 2

T —

5

20N157122

Fig 4 KEEP THE DIE SQUARE
WITH THE ROD

FRON1ST124

Make surethat the dieis fully open by tighteningthe centre
screw of the diestock. (Fig 3)

CENTRE SCREW FOR

Fig3 OPENING THE DIE

SIDE SCREWS FOR
CLOSING THE DIE

FI20N157123

Start the die, square to the bolt centre line. (Fig 4)

Apply pressure onthe diestock evenly and turn clockwise
direction to advance the die on the bolt blank. (Fig &)

Cutslowly and reversethe diefora short distance in order
to break the chips

Use a cutting lubricant.

Increase the depth of the cut gradually by adjusting the
outer screws.

Check the thread with a matching nut.

Repeat the cutting until the nut matches.

Too much depth of cut at one time will spoil the
threads. It can also spoil the die.

Clean the die frequently to prevent the chips
from clogging and spoiling the thread.

Fig 5

FI20N157125
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Capital Goods & Manufacturing
Fitter - Drilling

Related Theory for Exercise 1.5.72 & 73

Drill troubles - Causes and remedy, drill kinds

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

» list the common drilling defects
+ explain the causes of drilling defects

The common defects in drilling are listed below.
« Oversized holes

« Overheateddrills

* Roughholes

+ Unequal and interrupted flow of chips

«  Split webs or broken drills

Oversized holes

Oversized holes can be due to:

« The unegual length of the cutting edges (Fig 1)

Fig 1

UNEQUAL LIP LENGTH

FRCN157211

Fig 3
Ii B
UNEQUAL POINT THINNING E

Fig4

N

DRILL POINT NOT IN THE CENTRE OF THE JOB

FR2ON157214

« The unequal angle of the cutting edges (Fig 2)

Fig 2
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UNEQUAL ANGLE UNEQUAL ANGLE AND LENGTH

FI20N157212

+ The unequal thinning of the point (Fig 3)
« Thespindle running out of centre

+ Thedrill point not being in centre. (Fig 4)

Overheated drills

The drills may get overheated if the:

Cutting speed is toco high
Feed rate is too high
Clearance angle is incorrect
Cooling is ineffective

Point angle is incorrect

Drill is not sharp.

Rough holes

Rough holes are caused if the:

Feed rate is too much
Drill cutting edges are not sharp

Coolingisineffective.
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Unequal flow of chips (Fig5)

Unequal flow of chipsis causedif the cuttingedges are
not equal and the point angle is not in the centre of the
drill.

Fig5s

7 7

FRRON157215

Letter and number drills

Broken drill or split web
Broken drill or split web occeurs when the:

« Cutting speed is too high
+ Feed rate is too high

« Work is not held rigidly

+ Drill is not held correctly
« Drillis not sharp

+ Point angle is incorrect

« Coolingisinsufficient

+ Flutes are clogged with chips.

Objectives: Atthe end of this lesson you shall be able to

* state the range of drill sizes in number and letter drill series
» determine the number and letter drills for given diameters referring to the chart.

Generally drills are manufactured to standard sizes inthe
metric system. These drills, are available in specified
steps. The drills, which are not covered under the above
category, are manufactured in number and letter drills.

These drills are used where odd sizes of holes are to be
drilled.

Letter drills: The letter drill series consists of drill sizes
from‘A’to 'Z'. The letter ‘A’ drill is the smallest with 5.944
mmdiameter, and the letter 2’ is the largest, with a 10.490
mmdiameter. (Table 1)

Table 1
Letter drill sizes
Diameter
Letter Inches mm
A 234 5944
B 238 6.045
C 242 6.147
D 246 6.248
E 250 6.35
E 257 6.528
& 261 6.629
H 266 6.756
I 272 6.209
J 277 7.036
K 281 ez
L 290 7.366

Diameter
Letter Inches mm
H 266 6.756
I 272 6.909
J 277 7.036
K 281 7137
L 290 7.366
M 295 7.493
N 302 7.671
O 316 8.026
P 323 8.204
Q 332 8.433
R 339 8.611
S 348 8.839
T 358 9.093
U .368 9.347
\% 377 9.576
W 386 9.804
X 397 10.084
Y 404 10.262
Fi 413 10.490

In the number drill and the letter drill series, the correct
diameter ofthe drillis gaugedwith the help of the respective
drillgauges. Adrill gaugeisa rectangular orsquare shaped
metal piece containing a number of different diameter
holes. The size of the hole is stamped againsteach hole.

(Fig1)
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Fig 1
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FI20N157221

Number drills:

The number drill series consists of drills numbered from 1
to 80. The No.1drillis the largest, with 5.791 mm diameter,
andthe No.80drill is the smallest, with 0.35 mmdiameter.
(Table 2). Thereis no uniformvariation inthe drill diameters
from number to number. Tofind the correctdiameterof a
number drill, refer to a drill Size Chart or a Hand-book.
Number drill series are also known as ‘wire gauge’ series.

Diameter

Table 2
Number drill sizes

No. InChesDia\meter —
1 228 5.791
2 221 5613
3 213 5410
4 209 5.309
5 2055 5.220
6 204 5182
7 20 5105
8 199 5.055
9 196 4978
10 1935 4915
11 191 4.851
12 189 4.801
13 185 4.699
14 182 4623
15 180 4572
16 A77 4.496

No. Inches mm

17 T3 4394
18 1695 4305
19 166 4216
20 161 4089
21 159 4039
22 57 3.988
23 154 3.912
24 52 3.861
25 1495 3.797
26 47 3.734
2 44 3.658
28 1405 3.569
29 136 3.454
30 Y286 3.264
31 120 3.048
32 16 2946
33 13 2870
34 il | 2819
35 A10 2794
36 1065 2705
37 104 2642
38 1015 2578
39 0995 2527
40 .098 2489
41 096 2438
42 0935 2379
43 .089 2261
44 .086 2184
45 082 2083
45 081 2057
47 0785 1.804
48 076 1.930
49 073 1.854
50 070 1.£78
5 067 1.702
52 0635 1.613
53 0595 1.511
54 055 1.385

CG & M: Fitter (NSQF - Revised 2022) Related Theory for Exercise 1.5.728 73

227



No. Diameter
Inches mm
55 052 1.321
56 0465 1.181
57 043 1.092
58 042 1.067
59 0.41 1.041
60 040 1.016
51 0.0390 1.00
62 0.0380 0.98
63 0.0370 0.95
64 0.0360 0.92
65 0.0350 0.90
66 0.033 0.85
67 0.032 0.82

No. Diameter
Inches mm

68 0.031 0.79
69 0.0292 075
70 0.0280 070
71 0.0260 0.65
72 0.0240 065
73 0.0240 0.60
74 0.0225 0.58
75 0.0210 0.52
76 0.0200 0.50
77 0.0180 0.45
78 0.0160 0.40
79 0.0145 0.38
80 00135 0.35
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Fraction & Metric sizes of drills conversion table

Inches and millimeteres

(a) Inches to millimteres

Basic: 1 inch = 25.4 millimetres

Inch 0 116 1/8 3/16 1/4 516 378 716
0 1.59 3.18 4.76 6.35 7.94 853 11.11
1 25.40 26.98 2558 30.16 31.75 33.34 34.93 36.51
2 50.80 52.39 53.97 55.56 57.15 58.74 60.33 61.91
3 76.20 7779 79.38 80.96 82.55 84.14 85.73 87.31
4 101.60 102149 104.78 106.36 107.95 109.54 111.13 112.71
5 127.00 128.59 130.18 131.76 133.35 134.94 136.53 138.11
6 152.40 153.99 155.58 157.16 158.75 160.34 161.93 163.51
7 177.80 175248 180.98 182.56 184.15 185.74 187.33 188.91
8 203.20 204.79 206.38 207 .96 209.55 211.14 212.73 214.31
) 228.60 23019 231.78 233.36 234.95 236.54 238.13 239.71
10 254.00 25559 257 .18 258.76 260.35 261.94 263.53 265.11
Inch 1/2 9116 5/8 1MH6 3/4 13/16 718 15186
0 12.70 14.29 15.88 17.46 19.05 20.64 22.23 23.81
1 38.10 39.69 41.28 42.86 44 .45 46.04 47 B3 49.21
2 63.50 65.09 66.68 68.26 69.85 71.44 73.03 74.61
3 88.90 90.49 92.08 93.66 895.25 96.84 98.43 100.01
4 114.30 115.89 117.48 119.06 120.65 122.24 123.83 125.41
5 139.70 141.29 142.88 144 .46 146.05 147.64 145.23 150.81
6 165.10 166.69 168.28 169.86 171.45 173.04 174.63 176.21
7 190.50 192.09 193.68 195.26 196.85 198.44 200.03 201.61
8 215.90 217.49 219.08 220.66 222.25 223.84 22543 227.01
9 241.30 242.89 244 .48 246.06 24765 249.24 250.83 252.41
10 266.70 268.29 269.88 271.46 273.05 274.64 276.23 277.81
Example: 253/4" =| 20 =(10 x2"'=10x508 =) 508.0C = 654 05 mm
534" = 146.05
(b) Millimteres to Inches Basic: 1 Millimetre = 0.039369 inch
nm 0 1 2 3 4 5 6 i 8 )
0 0.039 0.079 0.118 0.157 0.197 0.236 0.276 0.315 0.354
10 0.394 0.433 0.472 0.512 0.551 0.591 0.630 0.669 0.700 0.748
20 0.787 0.827 0.866 0.905 0.945 0.984 1.024 1.063 1.102 1.142
30 1.181 1.220 heasic] 4299 1.338 1.378 1.417 1.457 1.496 {8535
40 575 1.614 1.653 1.693 1.732 1.772 1.811 1.850 1.850 1.929
50 1.968 2.007 2.047 20.87 2126 2.165 2.205 2.244 2268 2528
60 2.362 2.401 2.441 2.480 2.520 2.559 2.598 2.638 2677 2.716
70 2.756 2.795 2.835 2.874 2913 2.953 2.992 3.031 3.074 3.110
80 3.149 3.189 3.228 3.268 3.307 3.346 3.386 3.425 3.464 3.504
90 3.543 3.583 3.622 3.661 3.701 3.740 3.779 3.819 3.858 3.897
nm 0 100 200 300 400 500 600 700 800 900
0 3.94 7.87 11.81 15.75 19.68 23.62 27.56 31.49 35.43
1000 3927 43.30 47.24 51.18 55.12 59.05 (52 2 66.93 70.86 74.80
2000 78.74 82.67 86.61 90.55 94.48 98.42 102.36 106.30 110.23 114 .17
3000 118.11 122.04 125.98 129.92 133.85 137.79 141.73 145.66 145.60 153.54
4000 157.47 161.41 165.35 169.20 173.22 177.16 181.10 185.03 188.97 19254
5000 196.84 204.71 242:59 220.38 228.34 236.21 244 .09 251.96 25983 267.71
2200 mm = 86.61°
=88.814"

Example: 2256 mm ={

56 mm = 2.204"
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Capital Goods & Manufacturing

Fitter - Drill

ing

Related Theory for Exercise 1.5.74 & 76

Standard marking system for grinding wheels

Objectives: At the end of this lesson you shall be able to
» interpret the marking on a grinding wheel
» specify a grinding wheel.

Introduction

Standard wheel - markings specify all the importantwheel
characteristics. The marking system comprises of seven
symbols which are arranged in the following order. (Fig 1)

Example (Marking system)
51-A46

Specification of grinding wheels

Fig1 A grinding wheel is specified by the standard wheel
markings like diameter of th
/ 51-AMMBHSVE \ ewheel, borediameterof the wheel, thickness of the wheel
/ \ type (Shape) of the wheel.
Example
32 A 46 H8V
200X20X32- Table 1 shows the relative position measuring of the marking system
Straightwheel Table 1
Position Position Position Position Position Position Position
0 1 2 3 4 5 6
Manufac- Typeof Grain Grade Structure Type of Manufac-
turer's abra- size (Optional) bond turers
symbol sive ownmark
for grit size (Opticnal)
abrasive
(Optional)
5 A 45 H 5 V 8

230




Chart illustrating the standard marking system is : 551-1966 (Table - 2)

Table 2
ORDER OF MARKING
3 1 2 3 4 5 6
Nature of Typeof Grain Grade Structure Typeof Manufacturer's
Whee| Abrasive Size bond Reference
a1 A 36 L @ V 23
Manufacturer's Manufacturer's
symbol indicating own identification
the exact nature of markfor the
Abrasive (optional) wheel| (optional)

ALUMINIUM OXIDE  -A
SILICON CARBIDES-C

V. — VITRIFIED

S - SILICATE

R - RUBBER

RF — RUBBER REINFORCED

B — RESINOID (SYNTHETIC RESINS)
BF — RESINOID REINFORCED

E - SHELLAC

Mg — MAGNESIA

COARSE MEDluy FINE VERYFINE

10 30 220
i 36 80 240
14 46 280
16 54 100 320
20 60 120 400 SPACINGFROMTHE CLOSEST
24 150 500 TOTHE MOST OPEN
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Construction of the grinding wheel

Objectives: At the end of this lesson you shall be able to
» state the different types of abrasives and their uses
» state the different grain sizes and their uses

» state the different grades of grinding wheels

» state the structure of a grinding wheel

* name the bonding materials used for grinding wheels.

In order to suit the grinding wheel for different work
situations, the features such as abrasive, grainsize, grade,
structure and bonding materials can be varied.

A grinding wheel consists of the abrasive that does the
cutting, and the bond that holds the abrasive particles
together.

Abrasives

There are two types of abrasives.

« Naturalabrasive

- Artificialabrasive

The natural abrasives are emery and corrundum, These are
impure forms of aluminium oxide.

Artificial abrasives are silicon carbide and aluminium
oxide.

The abrasives are selected depending upon the material
beingground.

‘Brown' aluminium oxide is used for general purpose
grinding of tough materials.

‘White aluminium oxide is used for grinding ferrous and
ferrous alloys.

‘Green’ siliconcarbide is used for very hard materials with
low tensile strength such as cemented carbides.

Grain size (Grit size): The number indicating the size of
the grit representsthe number of openings inthe sieve used
to size the grain. The larger the grit size number, the finer
the grit.

Grade: Grade indicates the strength of the bond and,
therefore, the ‘hardness’ of the wheel. Ina hard wheel the
bond is strong, and securely anchorsthe gritin placeand,
therefore, reducestherate of wear. Inasoftwheel, the bond
is weak and the grit is easily detached resulting in a high
rate of wear.

Wheel inspection and wheel mounting

Structure: This indicates the amount of bond present
between theindividual abrasive grains andthe closeness
of the individual grains to each other. An open structure
wheelwillcut morefreely. Thatis, itwill remove more metal
in a given time and produce less heat. It will not produce
such a good finish as a closely structured wheel.

Bond: The bondis the substance which, when mixedwith
abrasive grains, holdthemtogether, enabling the mixture
to be shaped to the form of the wheel, and after suitale
treatment to take on the necessary mechanical strength
forits work. Thedegree of hardness possessed by the bond
is called the ‘grade’ of the wheel, and indicates the ability
ofthe bond to holdthe abrasive grainsinthe wheel. There
are several types of bonding materials used for making
wheels.

Vitrified bond: This is the most widely used bond. It has
high porosity and strength which makes this ty pe of wheel
suitable for high rate of stock removal. It is not adversely
affected by water, acid, oils or ordinary temperature
conditions.

Silicate bond: Silicate wheels have a milder action and
cut with less harshness than vitrified wheels. For this
reasontheyare suitable for grinding fine edge tools, cutters
etc.

Shellac bond: This is used for heavy duty, large diameter
wheels where a fine finish is required. For example, the
grinding of mill rolls.

Rubber bond: This is used where a small degree of
flexibility is required on the wheel as in the cutting off
wheels.

Retinoid bond: This is used for speed wheels. Such
wheelsare usedinfoundries for dressing castings. Retinoid
bondwheels are also used for cutting off. They are strong
enough to withstand considerable abuse.

Objectives: At the end of this lesson you shall be able to
» brief steps involved in grinding wheel inspection

* state the procedure for mounting of grinding wheel.

Wheel inspection: The wheel selected may have been
damaged during transport or storage and must be carefully
inspected before use.

Visual inspection (Fig 1)
Look for

— Broken or chipped edges.

— Cracks

- Damaged mounting bushing
~  Damaged paper washers

Fig 1

CHECK FOR FAULTS

FI20N157421
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Testing for cracks (Fig 2)

Fig 2

SUSPENDON
STRING

LISTEN FOR

TAP GENTLY WITH WOODEN HANDLE AT SEVERAL POINTS

Fl20N157422

Test a wheel for cracks by the following method

- Suspend the wheel on a piece of string or support it
with one finger through the bushing.

- Allow the wheelto hang free.

- Tap the wheel with a non-metallic object such as a
small wooden mallet or tool handle.

- A clear ringing sound indicates that the wheel is not
cracked.

- A dull sound means that the wheel is cracked and must
not be used.

Warning

Discard any wheel that:
- Shows any sign of damage.
- Does not ring clearly when struck.

If you are in doubt, do not use the wheel.
Clearly mark it and seek advice from your
supervisor. (Fig 3)

Mounting the grinding wheel (Fig 4): For correct and
safe operation of a grinding machine it is essential to mount
the grinding wheel correctly on the spindle.

Before fitting a new wheel, make sure that the spindle is
completely clean and free from surface irregularities.

The spindle of the grinding machine includes an inner
flange, an outer flange and a nut threaded on the spindle
to hold the grinding wheel in position.

The inner flange must be fixed to rotate with the spindle.

Each flange has a dished face towards the surface of the
wheel and has a true bearing surface at its area of contact.

Suitable paper discs are normally fitted to the wheel by
the manufacturer.

Fig 3
8
1]
z
]
w
L GUARD
WHEEL A
OUTER FLANGE
BUSHING
\ SPINDLE NUT
INNER FLANGE —___ |
SPINDLE —§
CLEARANCE
FLANGE BEARING
PAPER WASHER
¥
’ DUST EXHALST

FI20N157424

GRINDING WHEEL CORRECTLY MOUNTED

Mounting procedure (Fig 5)

Mount the wheel on the spindle of the grinding machine
as follows:

Check that the spindle surface is clean and free of
irregularities. Clean with a dry cloth, if necessary.

Check that the inner flange is fixed to the spindle and that
its bearing surface is clean and true.

Check that the wheel bush surface is clean and that it can
fits easily, but not loosely, onto the spindle. Clean the
bush before fitting the wheel onthe spindle, if necessary.

Check that each side of the grinding wheel is fitted with a
soft paper disc of slightly larger diameter than the spindle
flanges.

Check that the diameter of each spindle flange is at least
one third the diameter of the grinding wheel.

Fit the grinding wheel to the spindle and place the outer
spindle flange in position.
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Fig5

CHECK THAT SPINDLE IS CLEAN AND
REAR FLANGE IS FIXED TO SPINDLE

CHECK THAT BUSHING IS GLEAN AND PAPER DISCS ARE
IN POSITION AND LARGER THAN THE FLANGE DIAMETER

WHEEL DiA
FLANGE DIA

CHECK SIZE OF FLANGES, AT LEAST 1/3OF
GRINDING WHEEL DHAMETER

TIGHTEN NUT FIRMLY BUT NCT EXCESSIVELY
MOUNTING A GRINDING WHEEL ON A GRINDING MACHINE SPINDLE

- Runthe wheel at its recommended speed in the grinding
machine for at least a minute. Do not use the wheel
during this period.

Pcints to note

Study these illustrations carefully and note the points to
watch when mounting grinding wheels. (Fig 6)

Washer of compressible material such as card board,
leather, rubber etc, not more than 1.5mm thick should be
fitted between the wheel and flanges. This prevents any
unevenness of the wheel surface is balanced and the tight
joint is obtained.

FI20N157425

Tighten the spindle nut against the outer spindle flange

with a spanner of the correct size.

Replace the wheel guard correctly

Caution

The nut should only be tightened sufficiently
to hold the wheel firmly. If it is tightened
excessively, the wheel may break.

The nut is threaded onto the spindle in a
direction opposite to the direction of rotation
of the spindle.

Fig 8

y/
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i FLANGE NOT
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FLANGE RECESSED ONE FLANGE
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DIA THAN GTHER
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METHODS OF MOUNTING WHEELS HAVING SMALL HOLES

NO BOLTER
/— BOLTER /_
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NECESSARY FOR
CLEARANCE

X

RN =R

\— ONE FLANGE
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ON FLANGE DIA THAN CTHER
SHOULDERS

CORREGT INCORRECT

METHODS OF MOUNTING WHEELS HAVING LARGE HOLES

=

INCORRECT

FI20N157428

RESULT WHEN SPINDLE END NUT IS EXCESSNELY TIGHTENED
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Grinding wheel dressing

Objectives : At the end of this lesson you shall be able to
» differentiate between loading and glazing

+ state the effects of loading and glazing

» differentiate between dressing and truing.

Grinding wheels become inefficient due to two main causes
known as loading and glazing.

Loading: When soft materials such as aluminium, copper,
lead etc. are ground, the metal particles get clogged in
the pores of the wheel. This condition is called loading.

(Fig 1)

Fig 1

FRON157431

Grinding wheel dressers

Glazing: When a surface of the wheel develops a smooth
and shining appearance, it is said to be glazed. This
indicates that the wheel is blunt, i.e. the abrasive grains
are not sharp.

When such grinding wheels are used, there is a tendency
to exert extra pressure in order to make the wheels cut.
Excessive pressure on the grinding wheel will lead to the
fracture of the wheel, excessive heating of the wheel,
weakening of bonding of the wheel and bursting of the
wheel.

Dressing: The purpose of dressing is to restore the correct
cutting action of the wheel. Dressing removes the clogs
on the surface of the wheel and the blunt grains of the
abrasive, exposing the new sharp abrasive grains of the
wheel which can be cut and brought to shape efficiently.

Truing: Truing refers to the shaping of the wheel to make
it run concentric with the axis. When a new grinding
wheel is mounted, it must be trued before use. The cutting
surface of a new wheel may run out slightly due to the
clearance between the bore and the machine spindle.
Grinding wheels, which are in use, also can run out of
true, due to uneven loading while grinding.

Dressing and truing are done at the same time.

Objectives: At the end of this lesson you shall be able to
+ name the common types of wheel dressers
» state the uses of each type of wheel dressers.

The wheel dressers used for off-hand grinders are star
wheel dressers (Fig 1) (Huntington type wheel dresser)
and diamond dressers.

Fig 1

FI2CN157441

The star wheel dresser consists of a number of hardened
star-shaped wheels mounted on a spindle at one end and
a handle at the other end.
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While dressing, the star wheel is pressed against the face
of the revolving grinding wheel. The star wheel revolves
and digs into the surface of the grinding wheel. This
releases the wheel loading and dull grains, exposing sharp
new abrasive grains.

Star wheels are useful for pedestal grinders in which a
precision finish is not expected.

Star wheel dressers should be used only on
wheels which are large enough to take the
load.

Diamond Dressers (Fig 2)

Bench type off-hand grinders used for sharpening cutting
tools are usually fitted with smaller and rather delicate
wheels.

These wheels are dressed and trued with diamond
dressers.

Diamond dressers consist of a small diamond mounted
on a holder which can be held rigidly on the work-rest.
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FI2ON157442

How to use a wheel dresser (Fig 3)

For dressing and truing, the dresser is slowly brought in
to contact with the wheel face and moved across.

The finish obtained depends on the rate at which the
dresser is moved across the face.

For roughing, the dresser is moved faster.
Forfine finish, the dresser is moved slowly.

Roughing will be efficient with a dresser that has a sharp
point, while, for fine finishing, a blunt diamond dresser is
more suitable.

Figa

FIRON157443

Abrasive stick: When only a light dressing is required,
abrasive sticks can also be used. There are abrasive
materials made in the form of sticks for the convenience
of handling.

Diamond dressers, if moved too slowly, can
glaze the wheel.

Off-hand grinding with bench and pedestal grinders

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

» state the purposes of off-hand grinding

» name the machines with which off-hand grinding is done

» state the features of bench and pedestal grinders.

Off-hand grinding is the operation of removing material
which does not require great accuracy in size or shape.
This is carried out by pressing the workpiece by hand
against a rotating grinding wheel.

Off-handgrindingis performedforroughgrinding ofjobsand
resharpening of scribers, punches, chisels, twist drills,
single point cutting tools etc.

Off-hand grinders are fitted to a bench and pedestal
(Figs 1 and 2)

Fig 1

BENCH GRINDER

FI2ON157451

Bench grinders: Bench grinders are fitted cn a bench or
table, and are useful for light duty work.

Pedestal grinders: Pedestal grinders are mounted cna
base (pedestal), which is fastened to the floor. They are
used for heavy duty work.

Fig 2

PEDESTAL GRINDER

FI20N157452

These grinders consist of an electric motorandthe spindle
for mounting the grindingwheels. On one endofthe spindle
a coarse-grained wheel is fitted, and on the otherend, a
fine-grainedwheel. For safety while working, wheelguards
are provided.
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Acoolantcontainer (Fig 3) is providedfor frequent cooling

of the work.

Adjustable work-rests are provided for both the wheels to

supportthe work while grinding. Thesework-rests must be

Fig 8

- oJ

CONTAINER

set very close to the wheels. (Fig 4)

eyes. (Fig4)

WHEEL GUARDS Extraeye shieldsare also providedforthe protectionofthe

Fig 4

EYE SHIELD

B COARSE TOOL REST

FI2ON157453

FI20N157454
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Capital Goods & Manufacturing
Fitter - Drilling

Related Theory for Exercise 1.5.77 & 78

Gauges and types of gauges

Objectives: At the end of this lesson you shall be able to
» define template with its uses and advantages
» define gauges their necessity and types.

Gauge: Gauge is an inspection tool used to check
product dimension with reference to its maximum and
minimum acceptable limits. It is, generally, used to
segregate acceptable and non-acceptable products in
mass production, without the exact dimensions. It is
made of tool steel and is heat treated.

Advantages of gauging

Faster checking of the product is within the specified
limits.

Less dependence onoperator skill and getting affected by
operatorjudgement.

Gauges are economical when compared to measuring
instruments.

Instrument used for gauging
Snapand ringgauge
Combinedgauge
Pluggauge

Screw pitch gauge

Template andformgauge

O G A W N

Tapergauge

Types of cylindrical plug gauges
Double-ended plug gauge (Fig 1 and 2)
Progressive plug gauge (Fig 3)

Plain cylindrical gauges are used for checking the inside
diameter of a straight hole. The ‘Go’ gauge checks the
lower limit of the hole and the ‘No- Go’ gauge checks the
upper limit. The plugs are ground and lapped. (Fig 3)

Fig 1

FI20N157714

DOUBLE ENDED PLUG GAUGE
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FI20N157T13

PROGRESSIVE PLUG GAUGE

Plain ring gauge (Fig 4)

Fig4

FR2ON1S7T14

Plain ring gauges are used to check the outside diameter
of pieces. Separate gauges are used for checking ‘Go’
and ‘No- Go’ sizes. A "No-Go’ gauge is identified by an
annular groove on the knurled surface.

Taper plug gauges (Fig 5)

These gauges made with standard or special tapers are
used to check the size of the hole and the accuracy of
the taper. The gauge must slide into the hole for a
prescribed depth and fit perfectly. An incorrect taper is
evidenced by a wobble between the plug gauge and the
hole.



Fig5
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Taper ring gauges (Fig 6)

FI2ON157715

Fig 6

END OF GOMPONENT MUST
LIE BETWEEN THESE LIMITS

FI2CN157716

They are used to check both the accuracy and the outside
diameter of a taper. Ring gauges often have scribed lines
or a step ground on the small end to indicate the 'Go’ and
‘No-Go’ dimensions.

Thread plug gauges (Figs 7 and 8)

Fig7

FI20N157717

Fig 8

WORKPIECE

FI2DN157718

Internal threads are checked with thread plug gauges of
‘Go’ and "No-Go’ variety which employ the same principle
as cylindrical plug gauges.

Thread ring gauges (Fig 9)

Fig 9

FI2DN157718

These gauges are used to check the accuracy of an
external thread. They have a threaded hole in the centre
with three radial slots and a set screw to permit small
adjustments.

Snap gauges (Figs 10, 11,12 and 13)

&0
B
g
090N

PLAIN SNAP GALIGE

Fig 10

FI20N157T1A

Fig 12

ADJUSTABLE
ANVILS

FIZON15771B

ADJUSTABLE SNAP GAUGE

Snap gauges are a gquick means of checking diameters
and threads to within certain limits by comparing the
part’s size to the present dimension of the snap
gauge.

Snap gauges are generally C-shaped and are adjustable
to the maximum and minimum limits of the part being
checked. When in use, the work should slide into the
‘Go’ gauge but notinto the ‘No-Go’ gauging end.
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Fig 12

THREAD SNAP GAUGE

FI20N167T1E

SCREW PITCH GAUGE

FI20M15T71C

Fig 13

‘GO’ END
ROLLERS

ROLLERS

Fig15

FI20N157TT1F

THREAD SNAP GAUGE
RCLLERS TYPE

FI2ON157T10

Screw pitch gauge
Purpose

A screw pitch gauge is used to determine the pitch of a
thread.

It is also used to compare the profile of threads.
Constructionalfeatures

Pitch gauges are available with a number of blades
assembled as a set. Each blade is meantfor checking a
particular standard thread pitch. The blades are made of
thin spring steel sheets, and are hardened.

Some screw pitch gauge sets will have blades provided for
checking British Standards threads (BSW, BSF etc.) at
one end and the metric standard at the other end.

Thethread profile oneach blade is cut forabout 25 mmto
30mm. The pitch ofthe blade is stamped on each blade.
The standard and range of the pitches are marked on the
case. (Fig14)

Forobtainingaccurate results while usingthe screw pitch
gauge, the full length of the blade should be placed onthe
threads. (Fig 15)

Simple and standard workshop gauges

Radius and fillet gauges: Components are machined to
have curvedformation onthe edges oratthe junction of two
steps. Accordingly they are called radius and fillets. The
size of the radius and radius is normally provided on a
drawing. The gauges usedto check the radius formed on
the edges of diameters are fillet and the gauges used to
check the fillets are called fillets gauges.

They are made of hardened sheet metal eachto a precise
radius. They are used to checkthe radii by comparing the
radius on a part with the radius of the gauges.

Fig 16 shows the application of radius gauge to checkthe
radius formedexternally. Fig 17 shows the application ofa
fillet gaugetocheckthe fillet formed onaturmmed component.
The other typical applications are:

Some sets have provisions to checkthe radius andfilleton
each blade. (Fig18)

Andsome sets have separate sets of blades to check the
radius and fillet. (Fig 19)

Each blade can be swung outofthe holder separately, and
has its size engraved on it. (Fig 20)
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Fillet gauges are available in sets to check the radii and
fillets from:

110 7 mm in steps of 0.5 mm
7.5to 15 mm in steps of 0.5 mm
15.5 to 25 mm in steps 0.5 mm.

Individual gauges are also available. They usually have
internal and external radiioneach gauge and are made in
sizes from 1 to 100 mm in steps of 1 mm. (Fig 21)

Fig 21

FI2ONH5TTIL
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Before using the radius gauge, check that it is clean and
undamaged.

Remove burrs fromthe workpiece.

Select the leaf of the gauge from the setcorrespondingto
the radius to be checked.

Fig 22 shows that the radius of the fillet and that of the

Fig19

INTERNAL RADII EXTERNAL RADII

FI2ON15771J

Fig 20
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FIRON1STTIK

Fig 22

external radius are smaller than the gauge.

FI2ON1ET7AM

Feeler gauge and uses

Features: Afeelergauge consists ofa numberof hardened
andtemperedsteel blades of various thicknesses mounted
in a steel case. (Fig 23)

Fig 23

f = “\
FI2DN1STTIN

CG & M: Fitter (NSQF - Revised 2022) Related Theory for Exercise 1.5.77 8 78 24

il



The thickness of individual leaves is marked on it
(Fig23)

B.1.S. Set: The Indian Standard establishes four sets of
feelergauges Nos.1 2 3 and 4which differ by the number
of blades ineachand by the range of thickness (minimum
i$0.03 mmto 1 mm in steps of 0.01 mm). The length of
the blade is usually 100 mm.

Example

Set No.4 of Indian Standard consist of 13 blades of
different thicknesses.

0.03,0.04, 0.05, 0.06, 0.07,0.08, 0.09, 0.10, 0.15, 0.20,
0.30, 0.40, 0.50.

The sizes of the feeler gauges in a set are carefully
chosen in order that a maximum number of dimensions
can be formed by building up from a minimum number of
leaves.

The dimension being tested is judged to be equal to the
thickness of the leaves used, when a slight pull is felt
while withdrawing them. Accuracy in using these gauge
requires a good sense of feel.

Feelergaugesare used:
— Tocheckthe gap between the mating parts
— Tocheck and set the spark plug gaps

— To set the clearance between the fixture (setting
block) and the cutter/tool for machining the jobs

— Tocheckand measurethe bearing clearance, andfor
many other purposes where a specified clearance
must be maintained. (Fig 24)

Fig 24

FI20M157710

Drill gauge: A drill gauge is a rectangular or square
shaped metal piece containing a number of different
diameter holes. The size of the hole is stamped against
each hole. (Fig 25)

Inthe numberdrill and letter drill series, the diameter of the
drill is gauged with the help of the respective drill gauge.

Standard Wire Gauge (SWG): It is usedto measure the
size of a wire and thickness of sheet shown in Fig.26

Fig 25
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WIRE BEING CHECKED:
STANDARD WIRE GAUGE

FR2ON1ST71Q

The standard wire gauge is a circular metal disc with
varying hole and slot size onits circumference. Each slot
size correspondsto a gauge number which is written just
below the hole.

The gauge numbers specify the size of a round wire in
terms of its diameter.

As the gauge number increase from 0 to 36, the dia size
decrease.

The thickness of sheet metal and the diameter of wires
confirm to various gauging numbers and the following
Table 1 give the decimal equivalents ofthe different gauge
numbers for the diameter of wires, and the thickness of
sheets.
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Table 1

Standard wire gauge number and equivalent value in mm
as per 1S 5049-1969

Wire No. according
to SWG

Wire Dia according
to 1S:280-1962 in mm

Wire No. according Wire Dia according
to SWG to 1S:280-1962 in mm
0 8.00
2 710
3 6.30
4 6.00
& 560
5] 5.00
7 450
8 400
9 356
10 315
g 2.80
12 250
13 224
14 2.00
15 1.80
16 1.60
17 1.40
18 1525
- 112

19
20
21
2
23
24
25
26
27
2
30
32
33
34
36
37
38
39
40

1.00

0.90

0.80

0.710
0.630
0.560
0.500
0.450
0.400
0.355
0.315
0.280
0.250
0.224
0.200
0.180
0.160
0.140
0.125
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