Forming of Metals by Removing Chips

1. The Cutting of Metal: oy

: avi aterial apart w;
The usual conception of cutting suggests cleaving tél_; r:lthis T irl:g morg"'
wedge. When we cut metal, the action is different »
a tearing than a cutting process.

. ins. Pressure of the wedging actionss
ﬁda:;aet l;o[;a‘;ia;ptgfgrna];?ﬁfg:ha; metal. ThlS causes thtea [gr:ll;; itO -‘:il
When: enough: grains- are thus fractured, a piece Ohf e day flgl,e i

- Workpiece and-passes-over the face of thetool.. T (?.p;'i_essulthe bodyof s

- in the direction of the arrow (see Fig: 3) tears the Chlpk on:uked B. In ¢
being .continuous and taking. place along the crack m .

- compressed element of the chip is sheared.

Fig. I \ Fig.z

Fig. 1: cutting with a'sha.rp edge, Fig. 2: the Pressure effect of tools o
similar to that of pressure applied

marble to marble, Fig.3: cutting m i
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lﬂzgding accuracy: 0.01 mm

Tnside micrometer. A tool
internal measUremESE, 8 SRR

| fengthening bars is used to

| measuring range. -

gieasuring range: 35-50, S 3

1450 mm

|'Reading accuracy: 0.01 mm

Dial indicator. A tool which is
clock, used to true and align
fixtures and wark; to test and in
and trueness of finished work: to
Measurements. ;
Measuring tange: 0-50 mmt
0-2 mm
Reading accuracy: 0.01 mm or
. 0.001 mm

-\M
Vernier peve] Drotractor. A to
‘[0€asure angles. The sliding bl
Connected g 5 vernier scale,

s divided up ing degrees fro
€ach way- '

gieaspring fange: 4x0-90
eading accuracy: $* (minutes
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Steel rule. Used to take measure
for scribing straight lines. oy

'I:[x square. Used to test squareness and
right angles and for scribing straight lines
perpendicular to an edge of the work.

Protractor. Used for laying out angles.

Template. The template is pressed on the
work and the outline is transferred to it by -
means of a scriber.

V-Block. Used for supporting shafts and
bushes. : :
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y'rinding wheels can throw .abrasive
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Safety in the Machine Shop PR

%achine shop safety can be divided into two areas of concern: '/
1. Protection against personal injury
2. Prevention of damage to tools, machines, and equipment
T R e e S e e e

% Personal Safety % jb 5-} Séis

@Hor, sharp metal chips produced in cutting
operations can bum and cut the worker.

\?_.L tools and workieces can catch loose

o’

" . clothing and hai

‘orkers who think (;q_t:ty

" and work safety can avoid hazards®They.

L

must dress properly, follow correct work
procedures, and work harmoniously witl
fellow wqu_ceE,_ Figure 1. P

> How to Dress Safely

IS For cyeprotectio‘




 Feeler gauge. A tool used for
\ | space between two surfaces, [

| ‘|.a set of blades having tﬁm
|'from 0,05 to 1 mm.

g:_rg,w_mmg&ég A tool nx

the pitch of internal anq ey;.-
It has a series of bladeg whic
accurately notc.hed and Nump
blade at atime is placed op, 4
until one is found that js 5 Pt

Snap-gauge. A tool used fo 1
external dimensions. Snap ga
usually made double-ended fo

two dimensions which are ref
“Go” and “Not Go”
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alled elements; such as iron or COPPET. Pure state i;:..:
@ TS

-, P . o of two O more metals or metals and nonmetas. Sif:
7 'I’{etal 3110Y§: cOmbsnath_ '~

" ! mon known alloys are: a2
"f*’b+ Coﬁer v

BrOze 2 & : 5

S lorCastiron = lon+Cabon , e

L’ : Steel: Up to 29 Carbon + Impurﬁics (manganese, silicon, Phosphflnls):}_'f

Cast iron: 210 9 5% Carbon + Impurities.

. Stainless steel: Iron +one or more of (chromium, mf,kel’ tungsten, titfﬁf‘f"
: \ o

w [ plastics: Hydrocarbons (paraﬁin."é) IMked-togempr’to form very | arg e,.mole@lg?

%;
(i Mechanical Properties of Metals and Alloys

When selecting a material, a primary concem of engineers is to assure that
properties are consistent with the operating conditions of the component. -

Material properties are classified as:
1. Mechanical properties

2. Physical properties ( weight, dgr;‘sity, electrical conductiv.

yome of the important Mechanical Prdperties are:

= —
= 79 Strength:\ The ability to resist the application of force

\\E:J e Tension »
(_/Z > o Compression *=¢
/ ““}‘5} * Torsion
LP> e Shear
\ (&) ¢ ° Bending

B T




10, When working with another person on a mach
operate the switches and controls. P 3

11. Make it a habit to StoPs look, and think 11
situations. .

12. Always try to be alert, patient, and willing to help--

13. Ask for help in-lifting and handling heavy weigh
legs, not your back. (See Figure 2) il 4

e

.

., Figure2: Lifting

the .Qb.
d tools WIIJ)ed

L oodoun »
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_ Production of Iron and Steel

—_—

2540 |
[ron is the fourth most pg:'ltiﬁll element in the earth and for centuries has been the most
important of the basic engineering materials.

(> / 3 4
The raw materials required for the production of steel are:

" 2thonore , Y
7 11 Coke - — -;-,'-'

‘14t Limestone
3%t Air

Pig.iran is converted to steel by taking out some of
following processes: 3 e
Bessemer Process
Open Hearth Process
Electric Furnace Process
Basic Oxygen Proce
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Outside caliper. A tool used in measuring

————

| outside diameters. When the too] has been

adjusted properly, the diameter may be
read from a rule or a vernier caliper.

Inside caliper. A tool used in measuring
inside diameters. The size of the opening
is then read from a rule or a vernier caliper.

Beveled straightedge. A tool used for
testing the flatness of 2 surface. If the

then held up to the light, any
discrepancy can be detecte

rifedge s placed sgansta surface Sl
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Engineering Materials

The wealth of a community is measured by the variety and quantity of the articles it
possesses for its use and consumption. All the material things we possess are made from
substances, which in the first place are won from the earth, or from nature.

Engineers are concerned with the materials available to them. Consider the variety of
materials used in the manufacturing of an automobile: Iron, steel, glass, plastics, rubber,
and _nickei.

ﬂaTer«'a/ R L'./‘f’;.

w i (osT B

Other materals
Aluminum

The gene@.l‘classiﬁcation of materials is shown.
’ % } Al

Material.

-
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Chan

e 8€s in the tool geometry will generate heat, which may cay

DeSs and soften. If the relative motion of the tool to the wo,
Tubbing action of the tool material against the work will create e"eﬂ"h]'gh
© Process of softening and rubbing away continues until the too] f)
Of: tool failure results from the high stresses set up by the tool within g,
Within the resulting chip. The metal is said to work-harden, and as a reg,
4t needed to separate the chip from the parent metal. k

St is- defined as the length of time a tool will operate before failure o e
—===Le.Can be increased by: == %\ .

4 { 1) Proper lubrication or cooling

1/2) Sharp tools

{ 3) :Proper angles

|| 4) Careful selection of tool materials

115) Proper feeds.and speeds

[6) *“Proper setting-up of the.tool relative to the work

: Length of I
,I?uckae:.r of . [lravel
‘8yer removeg

- Sheared Chip: If less ductile

consist of separate elements o A s fandgee are machineds

.‘!Qal_d_y bonded toget_her_
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Measurement

: is the process of ¢g

uring or being measured, 1 s

e act of trhﬂeﬂsaccei t(;l;i standard. Precision measurement js
red with an

grement, th :
\easuremen ble parts and mass production consumer goods
gea

to be measu
Va}Uccing inwrcha.n

" Basic Standard measurements:

- Length

- Angle

- Weight

- Time

- Temperature

- Optical or electrical standards

(—

Commercial standards have the disadvantage that there is g limit to-
which the instrument can read. T insure accuracy, engineer must know th

measurement. They also must know how to use the common hand
Instruments, and : ' ;
. and gages

- L subdivisj
2{ L= e on on the INStrument.
3 Parallax N reading the jng
4. Elastic deformatiop of the
3585 €Mmperature o
6. Perator ski)
Types of Measuring Tool
;‘ Gmd“’fﬂ me g tools
; Checkmg too] Figure 2)
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2 fing 5 fingers
-small chisel -medium chisel

3. PROCESS OF CHIPPING

correct
inclinatfon

74

N

correct inclination of the chisel inclination too small, the chisel inclination too
gives equal chip thickness. penctrates too deep into the the chise] will

material.
Tables for Chipping
Clearance ]'_,ip'
angle o angle
10 ~40
8 ~ 55
8 =~ 60
| 8 ~70
Cast Iron, Brass 8 ~72
i Chilled Cast Iron 6 ~ 80




Sawing Tools:

Saw blades are made of plain carbon tool steel or alloy tool steel. There a .
of saw blades, the all-hard and the flexible. All hard blades are hardened ¢
Whereas only the teeth of the flexible blades are hardened.

Hacksaw blade. One s :
toothed, length 300 i
/’_‘—‘

Hacksaw blade. B oth
350 mm. w

Hacksaw blade. With

k)| pitch at the starti

various lengths and |
rnesses.

Powerhacksaw blade. L

20-315mm -

AR P Band saw blade. Ma

& “W various | and thic
| e engths j

- b A
" .".'\“ et P2 ‘,_;d"‘,:: 1 ;
. " .‘;’:"'-".“‘-f.l"""

" — - %:‘!&_

3 o S o W ¥ \_.,?M.‘.l_. o




Filing

+ Definition:
Filing is the process of removing a layer of metal from the surface ofa
means of a file.

Principles of Filing:
A file is a piece of high-carbon tool steel having teeth cut upon its body.

A single-cut file\has a single series of cuts across its face. §_ingl_e-cut files
for taking cuts as. wide as the length of the file cut.

Single-cut file Angle of cut

pr

They are used in filing soft metals which offer little resistance to cutting
babbitt, lead, aluminum, bronze, copper, etc.).. These files are also usedin
of saws as well as in working on 'wood or cork. o

Single-cut files have their cuts made at an angle off 70°-80° }with respect to th

dauble-cut ﬁle two courses of cuts crossing each other. The second I

ing-edges made by the first cut into many small cutting ed
them removing only a small chip.

ST ! U B.com
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Safety Rules in Chipping:

1) Never use a chisel with a “mushroom head”. Always grind the end back of the
head so that the mushroom disappears. ¢

2) When chipping, always wear goggles. If there are other men close by see that they
wear goggles or that a shield is attached to your vise to protect them from flying
chips. Fos

3) Use a hammer that is heavy enough for the job. Make sure that the hammex handle
is tight. Keep the hammer and the head of the chisel clean and free from grease or
oil to prevent the hammer from slipping.

4) If the work is held in a vise, always chip toward the solid jaw of the vise. Never
chip toward the movable jaw. Where possible, avoid chipping parallel with the

jaws.

f 5// ‘/
i
i ' !
el J

1 = correctly ground chisel head, 2= mushroom head, 3 = hamm ._
hammer head in proper working condition, 4 = very dangerous halt
practice of fastening hammer hqads.

STUDENTS-HUB.com Uploaded By: anonymous



3, SHEAR CHISEL is used for shearing
thin sheet metal. =

P———:l-_—-= Zi

4. HALF-ROUND CHISEL is used for

forming flutes and oil channels in bearings

or pulley bushes. Also used for “drawing” :
a hole into correct position when it has
been set out inaccurately in drilling.

e ———

5. FILLET CHISEL (backing-out chisel) is
used for cutting out predrilled slots.

6. PNEUMATIC HAMMER is operated
by'compressed air, supplied at a pressure
of 5 atm.

1 = starting trigger, 2= compressed air
inlet, 3 = chisel.

7. ELECTRIC HAMMER is operated by,
clectric current.
| = hammer case with switch box,
9 = hammer, 3 = chisel
1000 to 5000 blows per minute.

ENTS-HUB.comi



bles for Sawing:

thin walled objects

= . to 32 teeth per 25
o d made with a different number of teeth, from 14 to p
Hacksaw blades are
mi. .
The harder the material, the finer the tooth-pitch.
teeth/25 pitch
mm ;
1 ] arse
Soft materials aluminum, 16 co {
copper; plastics W
Medium hard materials 22 medium |
: : T AM‘/VJ
Hard materials tool steel, 32 e W

Safety Rules in Sawing:

i
20

Secure the saw blades firmly and properly.
Secure the work in a vice, or with clamps.
3. Never use a hacksaw with cracked handle or one without handle.
4. At the end of a cut reduce the pressure on the hacksaw and

cut off so as not to allow it to fall on your feet.

5. Don’t blow out the chips of the cut. They may get into your eye

STUDENTS-HUB.com
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R e Temoving process used for
L. 10, Inate.nals by cutting a narro
w
EIDOVG by means of a saw.

)ei‘ les of Sawing:

A saw blade is provided with many teeth, each of them being like the cutting ed;
. | chisel. When cutting, every tooth removes a chip, which is kept in the space
. a thbteeth until the end of the cut.

If the cut is long, or the material to be cut is soft, a large chip cy:anhty
removed. To avoid clogging of the space between the teeth, the pitch of the sa
must be large enough.

i_

Small pitch

Hacksaw, p = pitch

The angles _qf a saw-blade tooth, used for cutting metals, are:

ACe



CHIPPING

(CHISELING)

THE PURPOSE OF CHIPPING IS TO SHEAR OFF WORK

I. FLAT CHISEL is used for cutting sheet
and Platt_: m_gtenal_and for surfacmg work

——— i A

i

soft steel plats
Cutting on a flat plate

2. CROSS-CUT CHIS. cape chisel) i

for cuttin ays, slots and groove: . The
cutting edge is slightly wider than the bodﬁ
this is to ensure that the chige] does not bind

in the cut,

18

E'—L~—— o :‘:Tm

g
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4. Build-up Edge Chip: The high heat generated during cutting :

the tool. As the weld builds up, the welded chip growsmaig Eﬁ;ﬁﬂémp 2
from the tool. A built-up edge is useful in (@, as the cutting edge is haway
less and its wear is reduced. For finishing operations a built-up ed B
undesirable, since it distorts the shape of the cutting edge and effects poor sugri‘a 2
finish. Another result of welded chips is cratering in the face of the tool Eaz;
time the chip breaks away from the face of the tool, it takes a very small ;xmount
of material off the face of the tool. The accumulated effect of many such actions
is a crater in the face of the tool.

; ”rw'.!
:*ﬂfe l:.)ul]t-up edge may be reduced bycl?c[gasing the rake angle, : high quality
- grinding of the tool, "By employing a suitable cutting fluid and by Thcreasing the

cutting-speed. S

Built-up edge: a = material
b = growing of welded mate
away of particles, welded on chi
d = growing of welded material. =

Built-up edge

4. Cutting Fluids and Coolants:

From the above discussion it can be seen that the friction must be kept
to reduce the heat generated. Using lubricants that form an oily film on the
metal and thus make the shearing of the metal easier can reduce heat.
purpose of a lubricant. It may be a fatty oil, mineral oil, or sulfurized

Its secondary effect is to remove heat generated during the

|
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uble-cut files ars v i :
?Oonsidcrable i :if:dcultr‘lthfghng TOf bal'z thrjletals (steel, cast iron) which offer
: . 0 work these metals with single-cut fil
require much force, therefore double-cut files are used which removegshort CMZSS.WOUld

e I N

Dou‘rilja-_cu_[_ files have their first cut made at an angle oflSO" and their second cut at an

% 'gﬁae of 70°

The:h D ﬁc fhrst cut and the second cut is made different to avoid having the file
tecth one be e other in direction of the file axis. Such a row of teeth would
scratch deep grooves on the work surface.

et
i
7 T

Spacing Equal spacing ~ Different spacing

also called vixen file, has large cutting edges made by milling. The cutting
edge is usually curved and is provided with a rake angle. Chip breaking flutes separate
the cutting edge into smaller parts. The chisel teeth give a smoother finish than the
pointed teeth of a double-cut file.

A A

Mill file Chip breaking flutes “Enlarged view

Mill file are much us

ed for drawfiling, and the bastard cut is fairly efficien
brass and bronze. _ L

(A rasp fild has :colated projections and recesses which fo

Liwidely—spaced teeth shaped like pyramids. !

o

ST
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| H;&};’-}’Eed steeh contains tungsten, chromium and vanadium. The most commmon type

has 18% tungsten, 4% chromium, and 1% vanadium, Other alloying elements are cobalt
ond molybdenum. The main property of high-speed steel is its “red hardness”, i.e. its

sbility to retain its cutting properties without decreasing the tool life when heated even to
600°C as a result of high cutting speeds.

ﬁ Cemented carbides} are manufactured in the form of tips from a mixture of tungsten and
fitaniurn carbides with cc_vbalt Tungsten and titanium carbides have a very high hardness

and heat resistance.

Cemented-carbide tips are brazed to the tool shank and are the cutting element of the tool.
The main advantages of cemented carbides are their excellent resistance to wear from the
chip and the retention of their cutting qualities at temperatures of 900° to 1000°C. Due to
these properties, tools tipped with cemented carbides are suitable for machining the very
hardest metals and nonmetallic materials, such as glass, porcelain, and plastics, at speeds
from 4 to 6 times higher than possible with high-speed steel tools.

The disadvantage of cemented carbides is their brittleness.
eramic fool @@-ﬂmely aluminim oxide or silicon carbide, are mixed with a

glass binder. This mixture is hard and brittle and will withstand temperatures of 1200°C
without losing hardpess or strength.

Industrial diamonds: have limited use in present-day machining of metals. They may be
us iminum, plastics, hard rubber, and, if used with very fine feeds and
high spindle speeds, for fine finishing of bored holes in steel. They are expensive and gl
difficult to shape into desired forms. Diamonds will withstand temperatures of 1600°Cto
1800°C without losing hardness or strength. g

a = cutting tool made entirely of tool steel or high-speed steel, b = high-sp
welded to a shaft of structural steel, ¢ = tip made of high-speed steel, weld:
cemented carbide, brazed, d = diamond tip with holder ( a = diam
holder, d = seal), f = cutting edges of a tool tip made of ceramic !
are clamped in holders similar to those used for diamonds). ;

STUDENTS-HUB.com
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The teeth are “get” so as to make a cut wider than the saw blade and so prevent

binding Or sticking of the blade in the cut or kerf.

The set 1§ obtained by having alternate teeth bent slightly outward, or by the blade
being curved to a wavy form near the cutting edge.

Free space

Alternate set

a set is obtained either by alternate setting or by grinding the

For circular saw blades
teeth to a tapered shape.

Circular saw blade Tapered shape Concave shape

Sawing is used for cutting blanks to rough length, for making thin cuts preparatb

other chipping, filing or machining operations, and for cutting slots and grooves.

as hand sawing and power sawing. In hand sawing the

Sawing may be classified
the backward stroke being an idle stroke.

a reciprocating movement,

Kksaw is operated with a reciprocating mov T

In power sawing, the power hac
A circular saw performs a circular motion and a band saw a straight line¢

both of them yielding a continuous cutting operation.

direct
ection [ los
of cut ) _I

Power hacksaw

NTS-HUB.com |



' o — ~ . -—-—_—_—_____—_____—__

Tables for Filing:

The terms rough, coarse, bastard, second cut, smooth and dead smooth refer to the
art of the parallel cuts on files and the Nos. 00, 0, 1, 253545 5,6, 7 and 8

distance ap _
refer tO the same things, No. 00 being the coarsest. These terms are relative and
depend on the length of the file.
i

Term Number Cuts per cm

Rough 00 Tk

Coarse 0 s&- 10

Bastard 1 12- - 18

Second cut 2 20 - 40

Smooth 3 42 - 60

Deg.d smooth 4 65 - 80
| super finish 5-10 100 - 120
Surface Quality Finish Marks:

LV Tool marks can be seen with the naked eye

T4

Tool marks can merely be seen with the naked eye

7
T

37% T Tool marks cannot be seen with the naked eye
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and also make it more difficult to
to produce a flat surface every part of th i

= p € stroke would have to be perfectly straight.
The safe edge of a flat file is the one on which no teeth

h
teeth have been ground off). This edge kee ave been cut (or where the

ps one side of a piece of work safe while
Ct a sharper corner may be obtained with

fling an adjacent surface. As a matter of fa
Such a ﬁ}e-

Flat file. Used by machinists,
machinery builders, ship an?e:ngine
builders, repair men, and
toolmakers, when a fast-cutting file
is needed.

Half-round file. Used for filing
concave surfaces as well as flat
surfaces. The half-round file is one
of the most useful files.

Three-square file. Used for
finishing surfaces that meet at less
than a right angle, for clearing out
square corners, for filing taps,
cutters in backing off. Three-
square files are also used for
sharpening saws, either by hand or
held in a machine. 3

Square file. Used for filing small

finishing the bottom of narrow
slots. etc. 4

square or rectangular holes, for paia



3. The Cutting Edge:

Fundamentally, all cutting tools are provided with a cutting edge. A cutting tool may
have a single cutting edge, as a chisel or a lathe tool; two cutting edges as a twist drill; or

several, as a reamer or a milling cutter.

Chisel Lathe tool Twistdrill ~ Reamer Milling cutter

The @Me cutting edge are shown below.

RSN &

a ‘CUTT!NG DIRECTICH

L7
s

—‘ 1
The clearance angle avoids rubbing of the tool on the work surface. 2) u-" VI 2>
Lip angl - > :
The harderthe material to be cut the more the cutting edge must be supported.
Rakeangldy:) — %

The rake angle helps that the tool peals off the chip instead of pushing it off.

The operation of a cutting tool, whether it is on a lathe, on a milling machine or any other
machine tool, is based upon theory, which is the same for all processes.

Tool failure may result from the wearing away of the tool’s cutting edge, which changes g
the geometry of the tool. This geomefric change may be in the nature of a dull edge,
roughness, or a shift in the clearance angles.

SEJDENTS-HUB.com




mough,ﬂ; cuttlng OPQQUOD 1S severe and the lubricant cannot remove the-:

!  ater fhe . 2X® Water-soluble oils used. When mixed with a high co
. Th '.m' iemm Q}Flg'eﬁ'ect is greatly increased with some lubricating proper
o i T 't.l,ﬁ;ndﬁ corrode the steel parts with which they come Into contact

Thus, lubricating oils are used chiefly to reduce friction and water-soluble oj
chiefly as dbbla'.‘lifs 1] :

FigRN
b o

i 19 et of Cutting Fluids for Various Types of Lathe Work

o e :
SEE A ; ; . . ..Material to be.machined
T I - alloy steel. grey cast iron
i rcarbon steel alloy g o
| Soluble oil, | .Sulphurised -Dry, soluble oil,
*| sulphurised oil - |.soluble oil, kerosene
G B gu]phuﬁscd oil,
: mixed oils - :
Soluble oil, Soluble oil, mixed | Dry, rape oil
sulphurised oil, oils, linseed oil
rape oil
Drilling and Soluble oil Soluble oil, mixed | Dry, soluble oil,
| enlarging holes oils, linseed oil kerosene
Reaming Soluble oil, Soluble oil; mixed | Dry, rape oil
sulphurised oil, oils, linseed oil
vegetable oils
Cutting thread Soluble oil, Sulphurised and Dry, kerosene ‘
sulphurised oil. plain soluble oil. | (rape on for brass) |
vegetable and rape or linseed oil
& mixed oils

| 5. Tool Bit Materials: /_\A

- The materials used for tool bits mus
| t possess the following properties:
1) hardness; 2) strength, 3) toughness, 4) heat rcsistant.g i

=carbon tool steel: tools are u r ‘:

e 00 Steel: tools are used for small i : d
mach@g soft materials such as free cuumé—&é%myb rzsrsodu;:upn_of wod.
operational _tgglﬁle'ratures be kept below 200° to 250°C. This .lype’ls) ;I;I;

hardne: ; gbml 18 temperature. For this reason coolants should be used freely. .

Uploaded By anony?



ost commonly used are twist drills. The two main cutting edges of a twist

The dIlllS m
drill remove the chips, which are carried out of the hole by two flutes.
As on other cutting tools, there are clearance, rake and lip angles on twist drills.
o = Clearance angle
B = Lipangle
y = Rake angle
£ = Point angle
a = Cutting lip
¢ = Clearance surface

Drill holes are usually oversized. The enlargement depends on the drill diameter and

is between 0.1 and 0.3 mm.

The surface quality of a drill hole is not very high. Drilling is a roughing Process.

les in all types of work. Holes are drilled for joining
s; for making holes which have

than by chipping

Drilling is used for originating ho
parts by means of bolts, screws, rivets or other fastener
to be threaded; for removing excess material in a more efficient way

or filing; for performing repair and assembly work.

Drilling may be classified as drilling with hand tools and drilling with power tools
(machine tools, drilling machines).

Drilling Tools:

Drilling tools are the drill and the drilling machine. The drills most commonly used
are twist drills. Twist drills are made of plain carbon tool steel or alloy tool steel.
(HSS = High Speed Steel). For drilling of very hard materials drills with cemented
carbide tips are used. The shank of a drill may be either straight or tapered.

'
T b — -Gy length
Over-clf length -- i




Equipment used for Marking Out:

Surface Plate. A plate magq
granite, being considerably g
base upon which to rest ¢k
and other tools when mark;

Scriber. A slender stee| roq

- points, used to scribe lines onm

Surface gauge. Used for scrib;
honizontal lines having a definit

from the working surface of the
plate. '

Korizsntar * fiey bl el

Height cauge. Used for scribin
n

Divider. Used fo
Oﬁdfsggg_ggs_' ST

erma‘ hrodité caliper. Used tc;
APProximate centers of work or for
scribing Paralle] lipes. 1
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Mill file. Used fo

l :'::."‘.__‘:_;_"_-_"-:—".‘."'-'*-- """""'-'"qff;"-gr .(‘, materials. _'..
2 Rasp file. Used for s
: finishing wood.

(3) Safety Rules in Filing: _

L Don’t use a file with a broken handle or
without any handle. :

2, See that the bench is stable.

3. When filing objects with sharp edges.
don’t hold the fingers of the left hand under
the file during the return stroke.

4. Never brush chipsoff with your hands or
blow them off.

_3—Always clamp the work securely in the vice.
6. Take care when fixing = handle on the file tz




Steel-tape rule. A flexible rule that when
extended will support itself, but may also
_be used to measure curved or u-regul g |

surfaces




ST

' e accuracy of metal filing ranges from 0.1 mm to 0.01 mm. thn;ﬁ
§ parts together there are occasions when a slight reduction in size is ret

%"& with a sharp chisel either by hand or machine methods. Other methods &

! tempered. The file should be provided with a suitable handie properly fitted

T;f"-' 830"1‘:’37 of file teeth depends on the method of production. File
chisel are different from those being milled by means of a milling cutter

X, “‘ !

017,
&wor ieca

rrerere¥r oy oy

scraping milled file

A cut ‘file “tooth'scrapes; the lip angle is:large:and cut ﬁ]es.are.thg;'égm';.
" ‘hard :materials. * A" milled ‘file tooth cuts, " the lip-angle is smaller .
. therefore used forfiling soft materials or for finishing work ‘

: ‘K"‘C‘kip*escapei‘is;nbtained- either by “inclining “the" ‘cutting edge or by
cutting edge, | ]

|

== 3 1

YYD LB
LB ST N T
"

3

4

T

q

= A ”

B

No chip escape Inclined cutting edge

=  blee

Process Accuracy:

use of a machine tool is impracticable. In such cases the file is most us

X many classes of work such as diemaking, experimental work, and model work
e must be finished and parts fashioned by ﬁ.ﬁng Flhng may be c!assi_ﬁedas ‘ har
and machine filing. 3

Filing Tools:
: ,2 ~ Files are’ made of plain carbon tool steel or alloy tool steel. The teeth ona fi

grinding or broaching. After cutting of the teeth, the file is hardened

Tile: 1 = tip, 2 = edge, 3 =face, 4 ==cutting edge, 5 = tang, 6=

m



Drilling

Definition:

Drilling is the process of originating a circular hole by removing chips.
—_—

|

A

Through hole

Drilling on the drill press Blind hole

Principles of Drilling:

Drilling is the result of two motions, the rotary cﬁtting motion and ihe
motion of the drill. The cutting speed is the speed of a point on

| circumference and is measured in fn/min) The feed is the distance that the
the work at each revolution of the drill, measured in mm/revy %

BTk, ; 4 = cuitin i
g into full material = feed rfolgzhon
A n

ST



Mark'mg Out

Definition:

'aql_p 4 /23
Marking out (laying out) is the process of scribing lines on blanks which indicate the
\Eosition of finished surfaces or center points. e

s =

Marking out with steel rule Marking out with surface gauge

Principles of Marking Out:

Marking out includes scribing of center points, circles, arcs or straight lines upon metal
surfaces. The layout must be exactly like the drawing. These lines assist the machinist in
setting up the work in his machine, and indicate to him the limit to which he may allow

the cutting to proceed.

~Marking out accuracy ranges from Q_.g?_{gg._s_mm. The process of marking out is only
\_employed in single piece productiony It is much used in drill-press work. For large

quantities, marking out would be waste of time and expense. In such cases jigs or
fixtures are used, which locate the work in the correct position for machining and provide

some means for guiding the tool in the proper path.

SEUDENTS-HUB@



s_en_s:_tMUsed

holes up to 25 mm diameter.

-|‘Heavy-duty drlling machine. Use
drilling holes up to 40 mm diamete;

ot -Grlne_machine. Used
(S oles ; s
| securely. s mlthc work Wln




be
0] mm can
uracy of 0
f the lathe operator. [n most cases 8o acc
1qities O |
zgﬁlsidered as a good result. i i pmdum;g
atile and useful of all machine r:i i e 2
s o ﬁilse parts having circular cross-sections: win, gur
great variety quac i
:haw some furning Processes.
[
r'/f-&-

LR
e S

Longitudinai turning

Facing

Taper turning

Profile turning

Thread cuttip o

NTS-HUB.com
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Tool Holding Devices:
Qome tools may be

e of the drill press carries the cutting tool.
ket, or a drill chuck.

The revolving spindl
indle hole; others may be held in a taper SOC

held directly in the sp

hank are held in the taper hole

e in the spindle of the mac
hole. If the socke 4
de in all necessary

Cutting tools with taper s

too small t0 fit the taper ho
hole in a socket; the shank of which fits the spindle
an extension, a sleeve may be used. Sockets and sleeves are ma

the spindle hole

Cutting tools
provided with a taper
made in various sizes
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TheEathe:

Usually in turning the work revolves and the tool is fed either parallel to the work axis

(turning) or perpendicular to the work axis (facing).

i1

] | 1034

Turning Facing

So the requirements a lathe has to meet are:

Chuck

1) to hold the work and rotate it.
2) to hold the tool and move it either parallel or perpendicul

ar to the work axis
S‘pin:dl: - Headstpek .
ape
selector s
? @ Spindle
BN Ways
BN
> Toal past Cross slide
i D Carri
e NS arigetadd

-7 %)/ Cenl
— o Titeck ou

N o Tailstock
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~

¢ The tool post is fastened on top of the compound slide.

Tke apron fastens to the saddle and hangs over the front .of the bed. It
contains the gears, clutches, and levers for operating the carriage by hanfi or
with power. The apron handwheel is rotated to move the. (.;axnaget
longitudinally (back and forth). This hand-wheel is attached to a pinion tha
meshes with a rack under the front of the bed.

il ¢)

The Main Drive:

Y The power for tuning is provided by an electric motor. On belt-driven Iath.e.sc'[,l dxr%:lt;
\ drive:power is delivered through belts to a step pulley that tums the spindle.
spindle speed is changed by moving the belt to different positions. -

In modern lathes, the functions are performed by the speed gearbox, Whlf:h consists
of gears, shafts and other parts arranged inside the cast-iron headstock houm.ng.

The rotation of motor (1) is transmitted by a belt to pulley (2). Pulley (2) gives power
to the gearbox.

Jrive
clufch

age gear

Il P guadrant

Feed cha

Bflt-dri ve headstock with back gear
3 step pulley, 2 = main spindle, 3 = face gear Speed gearbox of lathe
4 = back gear, 5 = back gear, 6 = pear

7 = driving pin, 8 = back gear shafi
9 = electric motor

STUBENTS-HUB.com Upload
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rg,c Definition:

urnin, 1 i | ed on a3
ing is a chip removing process perform. |
zmctioi of the lathe is, primarily, the production of cy

ating motion of the work (cutting motion). e 1
tool traveling either longitudinal or cross to the work-axis (fe
€ tool is set to the desired depth of cut (adjusting motion).

d | = 5 ¥ e




\/ Drilling Machines:

The common mechanical 1%'::111111‘;i c;lf 1:?1 1

consists of revolving spu.ldle, wi cthe S5
‘non-revolving sleeve, wh{ch @e;ﬂ ipw 4
slides in its bearing in a direction paralie

a = revolving spindle

b = ring nut

. ¢ =non-revolving sleeve
d = ball bearing

e = feed lever

f= gear

g = tooth rack

\

d Ll lxn-r'ua

: afwoluab spival le

Drilling machines are usually driven by an el
i The various cutting speeds (or numbers of rev

1 feeds may be obtained through cone pulleys or gears
3’ a = gears for main drive ¥
l b = control lever for main drive . o
I ¢ = main drive and feed drive connected by a
: worm gear

d = gear drive for various feeds
¢= worm and worm gear for power feed

USIIEN
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G
)COU'NTERBOR[NG. SPORT FACING. COUNTERSINKIN__
"_‘__.-ﬂ-l-—-__

RV
3
3

g the diameter of a hole for a f

UNTE RING is the process of increasin . e
: fe?tam dlsgc?e down for the head of a screw or bolt, which should not proJ

above the surface of the work.

i surfa ound a hole, 10
2 SPOT FACING is the process of facing 2 rmigh ce ar
: provide a flat seating for a washer, bolt head, or nut.

VR
\\é\ \s

3. COWTEMWMG is
head of screws Or rivets an

B it

\ ll RN

N ‘(‘:‘fif"""":”_ \\}’ >
i /& -l:,,‘/é/ Z
S 3 ,4’222%

n.l:
2N

the process of tapering a hole a certain distance for the
d for taking away the burr of a hole.

e )

\\
N

AN
N
AN

The tools used in core drilling, boring, counterboring, countersinking ang spot facing
are made from alloy tool steel (HSS). acin,
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\ General Rules for Drilling:

Always examine a drill for size and sharpness before u5inlg it.
2. Have the shank of the drill and socket, or of the chuck; clean,
in the spindle. (B o o
3. Be sure the setup isfarrangcd so that thildnﬂ W}gec caLES
the work, and not cut into the parallels table, or VIce. = &
4. A drill will follow a hole already made. A pilot hole will keepa.
from running. i ‘
5. When the drill “breaks through” at the end of the cut, 1t 1::
“dig in”. Especially when hand feed is used, care must be 1
drill will result. '
6. A .squeak..indicates. undue -friction. ..The cause should be
- - immediately and the fault corrected. L EE

—
-

fUEiti  machine: P

| @ Never attempt to hold work under the drill by hand. Always clam
table. 3

3. Run drill at proper speed; forcing or feeding too fast may result
splintered drills and serious injuries. _

‘4. Change belt for speed regulation only when power is “Off* and
has come to a dead stop. :

5. If work should slip from clamp, never attemp
X the machine and make adjustments.
(6)) If drill stops in work, shut off the motor and start dr;
’ File or scrape all burrs from drilled holes. e hm-ld'
8. Do not reach around or in back of a revolving drill

(9) Keep your head back and we]] away from any i ofﬂ_l- )

t to stop it with your hane

| HUB.com



1 t
The lathe bed is the base, made of csst o, 07 10P
of which are the ways, both V and ﬂflfe ilstock i
are rails that support the carriage and

7 - ing, where
The headstock consists of the hfaadstotfk djzs;];:geds it
mechanism for obtaining the various Spi2 o

tailstock for taper turning. A hollow spindle (3) moves in an  out
by turning the tailstock wheel (9). This spindle has a taper on
the dead center (5) fits.

The carriage has five parts:

a) The saddle is an H-shaped casting that

fits over the bed and slides along - the
ways.

b) The cross slide is mounted to the saddle.

A handle js tumed to move the Cross
lide transyersely (crosswise) from the

dn top of the cross
860-degree circle
. It, 100, has »
- pait of the

out with the

Carriage: a: saddle, b: crost
C- compeund slide, d: tool post, €

13
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‘Hand drnll. Used for drilling holes up to
10 mm diameter.

1 = spindle .
2 = bevel gear
3 = bevel gear
4 = gear

5 = breast plate
6 = shaft ‘
7 = handle ;

- 4 Portable electric drill. Used for drilling
@f holes up to about 15 mm diameter. .

)
b 1= _spindle
2 = switch
3 = handle
4 = breast plate
5 = aluminum housing
6 = drill

Bench drill press. - Used for drilling holes -:
up to 10 mm diameter. TR o
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