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Safety in the Machine Shop

Machine shop safety can be divided into two areas of concern:
§

1. ' Protection against personal injury, — A
2. Prevention of damage o tools mshints oot oie .+
w, 0| T T ) < 908 2O
55" 5 s~
Personal Safety = A o ey e
5 ny,;ﬁ;)ﬁ& o) = gl /_25/(*5/0
Hot, sharp metal chips produced in Cutting
@ operations can’Burn and cut the worker. |
.~ Grinding wheels can throw abrasive? |
\ yparticles into unprotected eyes. Rotating;ﬂ]cggh
/¥ tools amd workpieces can catch loose ~
- clothing and hair. Workers who think safety-
and work safety can avoid ds. They i
_ must dress properly, follow ‘correct work )h,
\ { procedures, and work harmoniously with /

el kers, Fi : AN S
Y ellow workers igure 1 9\\(/ /> ‘ /

T

PRSI

Figure 1: Worker in a machine shop

4

How to Dress Safely

- ;
(&/ ' 1. For eye protection, wear clean proper goggles: ~ (\é ; . _
- ar close fitted clothing. Long sleeves should:be close fitted. Wear a close:
d 2 € fitting-apron or shop coat to protect clothes.
| 3. Protect your feet by wearing proper shoes. ;

3 .
4. Always remove all jewelry before working with tools and equipment;

| 5. Confine long hair under a close fitting cap or tie it back securely!

| 6. ‘Never wear gloves while operating machines.

‘Safe Work Practices 6/ s
1. 'Before starting a machine, be sure that all its safety devices are in p iaf’ 5}
2. Be sure that the workpiece and the cutting tool are mounted securely.’

/3. Keep your hands away from moving machinery and tools.

terials carefully to avoid getting cut. : . o
l/g. iijﬁ?cie EZI?ng the machined surface of the workpiece while the machine is

Iunlling. . - . - -
L—6. {Never Jeaye a machine while it is running. i
7, f]AJWays stop the machine to perform an operation as measuring.
LB, Never use your hand to Stop am._achm'fl: ora mc;v;ngtpart,f L2
7. | hange speed, wait until a complete stop of' moving parts:
/9. Ifyou want to change sp ;

: 1
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peforehand©nwho W

on a machine, agre®

unfamiliar or possibly-dangerg,

10. ' When working with another person

Is.
operate the switches and contro B
11. Make it a habit to stop, look, and  think 11

- I g 3¢ A
willing OREP.  emember tolift With yo

situations. .
12. Always try to be alert, patient, and
13. Ask for help in‘lifting and handling heavy

legs, not your back (Sec Flgure 2)

F1gure2 Llﬁmghea;ry objects
Safety with Hand Tool w \
afety wi nd Tools (‘ A2,
e

L~1. WUse the right tool for the jOb
2. Keep hands and tools wiped clean and free of dirt, oil, and grease.

3. Keep tools sharp.
Camry sharp-edged tools with the edges or points down

4.
B2

6. The heads of chisels should be properly d:essed

7. Use the right wrench for the job. g
8. Check for secure tool handle.
9. Do not use damaged tools

First Aid "L

N

. Always notify the 1 i 1ately when injured.
. Always get first aid treatm I cuts promptly.

ko~

U N e
-
$
&
wv
=
£
o
=
=
tn

. If you are co ither i an illness, get fpéﬂfessiona], help #

I
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Engineering Materials /
- l e CJ'—) s ; J?
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 nickel.

Plastics/ Glass

Fluids/ i

col
lubricants Pt Other materals
Aluminum

Copper

Powder r;;eta = --.._/ AT :Hﬂg':;:mm e
cath .\Tﬂi‘ dnc die \
X : castings \ \

Iron u‘ad ::iil’; strength

Stainless steel .\.
Aubber

The general classification of materials is shown below:

pnll’
Materials' )
'y
A
Metals Non-metals
Ferrous Norn ferrous Natural L/Iaterials Synthetic Materials
- steel - copper - glass - thermoplastic
\~\cast iron | - aluminum - rubber - silicon
by \“J
_ i)

[\ b2 | 1
. __ﬂ —
A AL Lr—\$

—

STUDENTS-HUB.com Uploaded By: ano3nymous



VA2

NPure metals: They are calle
used very often.

/u te metals are not
d elements, such as iron of copper. Puresta

sand nonmetals. Some of the

Metal 'ﬁ‘fgy's: Combination of two or more metals or metal
common known alloys are:

Bronze = Tin + Copper

Steel or Cast iron = Iron + Carbon s
Steel: Up to 2% Carbon + Impurities (manganese, silicon,
Cast iron: 2 to 2.5% Carbon + Impurities.
Stainless steel: Iron + one or more of (chromium,

D

phosphorus).

Vo

nickel, tungsten, titanium)

¥

- Plastics: Hydrocarbons (paraffin’s) E%‘?E‘:??M@ﬂajggmlscules-

Mechanical Properties of Metals and Alloys

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

are classified as:
1. "Mechanical properties-

2. '_Ph;'fsi@_?ropertics weight, density, electrical conductivi

Some of the important Mechanical Pro-perties are:

_ . ‘Strength: The ability to resist the application of force without rupture (Nlmz)
ﬁ - ,..-—-"_._H_ —— - - .

J.~—— e Tension
i _*y ¢ e Compression

, (/.> e Torsion IR S
o Shear
,)f/" e Bending
/;ﬁ { Elasticity: The power of returning to the original shape after deformation by force
./ Ductility: The property of being deformed plastically under load without ruptu
re.

. " Brittleness: The property of breaking without being plastically deformed

/ () Hardness: The resistance to indentation by harder bodies.
)
Toughness: The amount of energy a material can absorh before it fracty

RS AN P,

(.__If'

../' i \ \ J _{‘ y J

] -
o
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Production of Iron and Steel

.Iron is the fourth mqst pler}tiful element in the earth and for centuries has been the most
important of the basic engineering materials.

The raw materials required for the e production of steel are:

\_b 2t [ron ore
5 9;5 5 1t Coke Blast L gﬁ;;;/-‘f*-”
\_,.1\3‘ \ oD Y2 t Limestone Fumace | — > o, ,)\
\ 5 Di3%t Alr OB Q" w7
5 Naeibi W~ 63

A g % /"}
Iron Ores as: Fe;O4 (Magnetite), and Fe;0; (Hematite)

\now ¢ Pig iron is converted to steel)3y taking out some of its unpunues through one of the
\_.______\\_
following processes: ot O\A) : _,D c

W Bessemer Process
/a—:sub‘-“*w - | Open Hearth Process

; Electric Furnace Process
}gz'p < Basic Oxygen Process

oA

Uéi\d} /\993 ) )‘\5\429 Heat Treatment of Steel:

s a variety of heating. and.cooling-operations by which the charactenstlcs

Heat treatment is a variety ol hea
of metals are changed. Some of these operations are:
) o ey Fra LU T dgriis
Ifff Annealing:  To soften the steel for better machinability
? To relieve mtemal stresses
N\ p) 19 sl 2\ ain

-

]: Normalizing: To refine the structure after forging, welding, casting, cold

7 working.

5 57
ardeni t wear.
IEIﬂfdt‘:nin » - To harden the steel to resis
2 To enable the steel to cut other materials.
' o h;,b;;

i i ness.
Tempering:  To reduce brittleness and increase tough

Case hardening: To harden the outer surface.

0/

/ e
/L/ 5
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¢
) A Measurement

—

o B ; s of comparing
Meas‘——’n"ﬁ‘;ement, the act of measuring or being measured, is the ;;iifne s iekesAlo
value to be measured with an accepted Standm;]d‘- \ rec’smtz.s;nnfer good : 59

~ - d mass production €O
producing interchangeable parts and mass p P U)w

Basic Standard measurements:
- Length
- Angle
- Weight
-  Time
- Temperature
- Optical or electrical standards
: : o .
Commercial standards have the disadvantagqxthat there is a limit to: the a(;_c_L._Ll_‘,a_c-‘.thlth
which the instrument can read) To insure accuracygengineer must know the pﬁrmmpﬁlgs__‘ 0
5 @ measurement,)(They also bmust know how to use the common hand tools, measuri

(5 bstuments, and gagesyyF ) (| (\0,35,3155L RS

(}gglas_u_r;r;g_:m_gdu_r@l%a;g checked and calibrated periodically to ensure their accuracy.
/.0 e
The ai':c{tracy of measurements depends on: o2 9 |
] Q_j\&
Least count of the subdivision on the instrument.
Line matching.
Parallax in reading the instrument.
Elastic deformation of the instrument and workpiece.
Temperature effect. -
Operator skill

\ \ b
OV B W

S 5
o AU - e
Types of Measuring Tools: ﬁ\zj'L‘ )-‘A e e e N
7 e MA)JlL '

1. " Gradual measuring tools (Fj;me D) a0 = 3
2. Checking tools (Figure 2). behbj\'g,{ )%’ \‘3*‘“@‘3_3[
5
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Figure 1: Graduated Measuring Tools, \ W
\/V-""p S Ol)\{l\ dj'/ —-é’aus

Steel-tape rule; A flexible rule that when
extended will support itself, but may also
be used to measure curved or irregular
surfaces.
“Neasuring range: 2000 mm [_J
Reading accuracy: 1 mm /,}

Steel rule. A flexible rule used for faking

linear meamre;ugn;s_,_
| Measuring range: 150, 300, 500, 1000 mm

Reading accuracy: 0.5 mm o

mn___erwhpi,__gcasuung_tml.ﬂar

utside measurements.
The vernier cah’ger gives an end 3
‘measurement. S2)\25 o =
Measuring range: 100, 125, 150, 200,
...... 2000 mm

Reading accuracy: 0, 1, 0.05, 0.02 mm

/| Mernie de th gauge. A too

measure the depth of blind holes, grooves,
slots, and similar dimensigns.

Measuring range: 100, 125, 150, 200,
...... 500 mm

Reading accuracy: 0, 1, 0.05, 0.02 mm

wﬁ\gdg\ﬁ\)tﬁjm(z\g—ﬂ—%—)c\sr

E
SF

Micrometer caliper. A tool for

i Mﬁw The micrometer
" - | gives an end measurement.
£ ) : Measuring range: 0-25, 25-50, 50-75,
...... 500-600 mm _
' Reading accuracy: 0.01 mm
g Y s L/‘-_J.B
: /aji‘—Q)L‘D
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=
Depth micrometer. W
MMMS
and similar dimensions.
Ffeasuring range: 0-75, O- 150

mm
Readmg accuracy 0.01 mm

a)u\).-_os\.o)\ 5> ged | A9

Inside micrometer. AmaLuscstﬂ_LLmng

internal me emal measurements: A 'set of

- .| lengthening bars is used to increase the
| measuring range. .
-'| Measuring range: 35-50, 50-75 ... . 50-

1450 mm

.}'Reading accuracy: 0.01 mm

oyl

RN

Dial indicator. A tool which is like a smal

--'—"I_"———'--.—-q__.-..____
clock, used e and align machine tool
fixtiires and work: to tpc:f and i Insnect ':I‘IF'

e p——— T

and trueness o f finis _ed work to compare
measurements.

Measuring range: 0-50 mm to
- 0-2 mm

Reading accuracy: 0.01 mm or
0.001 mm

Vemnier bevel protractor. A "_tggj_usg 0

.| measure angles. The sliding blade s

_connected o) a verrucr sca.le the mam sce

re

Measunng range: 4x0-90
Reading accuracy; §° (minutes)

L)‘/'/J\ u—\-,@
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Figure 2: Checking Tools:

Qutside caliper. Mﬂ_mmw
 autside diameters. When the tool has been

adjusted properly, the diameter. may be

read from a rule or a vernier caliper. i

S\ NG|

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

;*\ PRIV

Beveled straightedge. ‘A toolused for
testing the flatness of a surface. If the

knife-edge is placed against a  surface and
then held up to the light, any small
discrepancy can be detected by the
appearance of light. A gap of 0,003 to

0,005.mm-can be seen. e o
; ?_b_,)l
___.&__TW square. Actool used for testing

areness. ; When using the square care 1
shouid be taken to ensure that its blade 1s
held :perpendicular to the surface being

tested. ; p
gﬂ s |

Radius gauge. A tool used for testing
concave and convex comers. It consists of

a set of steel blades that are shaped to
curved surfaces of definite size. The size
of the radius of'the curve is stamped on

each bladﬂ _49\ ofw—ub\))l/\@t
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s_gr_qw;gh_ch_gﬁﬂgﬁ- ,‘001}1}9@&&‘&@

W : L1

itch of internal and ext
%%E’sla_sﬁéi of blades which ar:i 3
accurately notched and number:m.-eadr;e
blade at atime is placed on the

until one is found that is a perfect match,

s Wl b ?))J)&\
: ]

=

Feeler gaug ing the
Feeler gauge. A_!QQI_W
?-;g_ace--between two surfaces. It consists of
| a set of blades having thickness ranging
from 0,05 to 1 mm.

vy L) W—*"_". \

Snap-gauge.. A tool used for testing
external dimensions. Snap gauges are
usually made double-ended for checking
two dimensions which are referred to as
“Go” and “Not Go".

> i
/&\.A-DJE\ )‘\.:&)\6‘)\#&9‘ ; \

i

=

Plug gauge. A

g gaug 1 used for testing the
accuracy of holes. Plug gauges are uuall
made double-ended for checking two
dimensions which are referred to as “Go"
and “Not Go”. The “Go” end is made
longer than the “Not Go”.

2y DI\ &S5 ls \
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Marking Out
Definition: . -
. \ 4’_‘:’_/—6)
)}lﬁ‘) Marking out (laying out) is the process of scribing lines on blanks which indicate the
Y, position of finished surfaces or center points. (¢ é\:) wilow W)\ ps

=
/

Marking out with steel rule Marking out with surface gauge

Principles of Marking Out:

/7~ =

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 0.25 to 0.5 mm. The process of marking out is only
employed in single piece production. It is much used in drill-press work. For large
b e s ot swould b washs of time and expense. In suc_hﬁcasesd_if,gg} 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.

IS

Drilling according to layout

STUDENTS-HUB.com Uploaded By: anonymbus



Equipment used for Marking Out: W \p/’%‘)\ (}S"QP—D

Jate made of cast iron g Lo,

,.r&ﬂ

ate

Surbce = g considersbly flat: Usedasy
rest the WO ges,

hto
base upor iz g out.

_ﬂt—% pomts, used to scribe lines o1 metal
2y surfac L_(l},ﬁ}b,l,\"éuh_{

rface gauge. Used for scribin
honzontal hnesﬁeﬁmte dlstance

_i:rlggl_glgworkmgsurtacm

i te.

== C;_&_'g“(,\',p}aé\ auug _

2o at sl e GWOIN
.04

\ Height gauge. Used for scribing honzonnl
nes.

) e Sl =

s V20 Loy

Divider. Used for scri
off dzsﬁggﬁ%ﬂfm

e
SLJL»Lab__\K(

Hermaphrodite caliper.
e o e e
scnbmgp - r
A | (el tjgt_bﬂﬁs
o s Dylo o‘-J\_S ;\
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Steel rule. 'Used to take measurements and
for scnbmg straight lines.

) B S L G o
okl j,e.(\“év\««fﬁ

Try square. Used to test squareness and
right angles and-for scribing straight lines
perpendicular to an edge of the work.

S Sl s ..\o,ap w\d—gp

Protractor. Used for laying out angles.

- —

L (I e

Template. ' The template is pressed on the
~work and the outline is transferred ta it by -

means of a scriber.
i e cz-\\_auz_upw
\M‘M}M\QS\S—
Llesi ns o)

V-Block. Used for supportmg shafts and
bushes.
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art with a2 thin knife,
ap in the nature,

1. The Cutting of Metal:
utting sugggsts cleavin

e usual conception of ¢ pests cl
\thedge. When we cut metal, the action 18 different

tearing than a cutting process. :
ot action of the cutting to

. in
Metal is made up of many grains. Pressure of the We'ilglai%1 + 4 lip an d finally breg
passes from grain to grain of th etal. This causes the gr

e d from
: : chip, is separated 1rC
When- enough: grains are thus fractured; a-piece of metal, ::3 | 0f.=51  tool on the chip atj

| - . ' The pressu
workpiece and-passes:over the face of thetool.. Tht‘:. I £ the metal, the te
in tll-ﬁp direction ofthe arrow (see Fig. 3) tears the chip from tllcl:d b%dyI?l et wordatl
being .continuous and taking. place along ‘the crack mar b

compresséd element of the chip is sheared.

S\ Y

Fig. 1 Fig. 2 Fig3

Fig. 1: cutting with a sharp edge, Fig. 2: the pressure effect of tools on metal grains|
similar to that of pressure applied to one marble in a group - it is transmitted fiof
marble to marble, Fig. 3 : cutting metal with a tool.
""-____"""‘""_'—___—‘—__— L ™ e
Sing le. cutng —> cutting In eve eng Ic -

The tearing of th pfi (t?”% k \j Y

e tearing of the chip from the work naturally leaves the work surface ; an
ro.ugb.condition.. It is a.t_this point that the extreme tip of the tool d:csmiti s?rkb
trimming off the irregularities and leaving the surface in a fairly smooth condition

been cutting for a Jong ' |
chip. by the severe rubbing of U
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, | Rake angle v:

2. Thé Cutting Edge: 7(

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 Twist drill Reamer Milling cutter

e g ALRReE

_.—-—-—'_'_.-.-’_._.__.._

——

The anglés.at the cutting edge are shown below.

—1 iR \ e C)\ 3».]7
/) o~ CUTTING DIRECTION I_S'_)

| \ Gt et
?}/’\M . J

B

The clearance angle avoids rubbing of the tool on the work surface.

73 Lip angle :

The harder the material to be _cuf\:- tlle nlore the cutting edge must‘lrne supported. Sk ZNGS
g\ b (qs)a&apls\ S35 \WS (08l\ 2e5 0k |
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.

eV s
Tool failure may result from the wearing away of the tool’s cutting edge, which changes ¥
the geometry of the tool, This geometric change may be in the nature of a dull edge,

roughness, or a shift in the clearance angles.

15
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heat, which may cause the 100l to o

. Changes 10 tool geometry will generate of the tool to the work is too great,

\hardness and softe

f the relative motion

inst the work will create even higher temperaturg
in

i i 1 a ; | fails. Another cay
\/1 ?;;bglriggszogfz?i{c]:ntiz; and rubb::]g ay conﬁﬂu;s El: iot(]:rvtﬂ?&in the workpiece ay
2 of tool failure results from the high stresses™setup bY  and as a result greater for

Tool life is defined as the length of time a tool will operate

within\the resulting chip. The metal is said to WOT. 1
are needed to separate the chip from the parent metal.

before failure OCCUrS:.

? )0\ /9& ~ Tool life can be increased by:

o
Y

1) Proper lubrication or cooling v | /95'_!;)\
2) - Sharp tools ”wl_bz.:bd\ y i
3) Properangles —S© \P _.)_/ AT __,)\-_-' :
4) Careful selection of tool n;lagenals “"-"_)“ﬁ‘ _>_\ )J- ~s22)
5) Proper feedsand speedé?v"b\sf:ﬂ 90t L an ) _

| 6) - Proper setting-up of the.tool relative to the work

o 6 12}‘5‘(}/9"{) Laspl
0'.§)AI/\ 3. Chip formation: g s 3 1
6&\’?‘2 Chip formation is a function of thetool bit,and the nature of the material being cut.

1.

74
ik

: Length of toor _
Ihickness of . ~rravel
.-‘2‘5‘&"'.“8.’.‘;'3?3;7 —— E

Continuous Chip: When ductile metals, such as lead, tin,
aluminum, etc., are € separate elements of
together and form an uninterrupted chip that curls into a

copper, soft ste
the chip are bonded fim®
coil. ¥ e

Sheared Chip: If less ductile metals sy . ined, ip "
p etals such as hard steel are machined the chip ¥

consist of separate elex weakly bonded together.

Discontinuous Chip: If the metal to be machined is br <o ¢
bronze, the eleme the chip will break off an"lg_a"?ﬂ@% such as cast 1r<:»r;E
other. j_ﬁ)ﬁr&_tq\@om ¢
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4. yBuildip Bdge Chip:. The high heat generated during cutting welds a small chip to |
the tool. As the weld builds up, the welded chip grows and finally breaks away
from the tool. A built-up edge is useful in roughing, as the cutting edge is heated
less and its wear is reduced. For finishing operations a built-up edge is

desirable, since it distorts the shape of the cutting edge and effects poor surface
finish. Another result of welded chips is cratering in the face of the tool. Each
time the chip breaks away from the face of the tool, it takes a very small amount
of material off the face of the tool. The accumulated effect of many such actions
is a crater in the face of the tool.

Mw;\;a;b, % (;\.9_3\(,9
-up edge may be reduced by inc e rake angle) by(high quality’ ~% b
th tool) y employing a suitable cuttmg fluid and iy ‘_in‘gnt’he_

)y/\"—’ i—_‘?;t)f'\"" "’

Sheared chip
"’/
,u,l “' e
i 2D o7 e

Built-up edge: a = material welded on tool,
b = growing of welded material, c =breaking
away of particles, welded on chip and work,
d = growing of welded material.

Built-up edge

4. Cutting Fluids and Coolants. \ },..,L h J—‘"
)A\ ‘-‘/_/-‘L\c}-’«-l—ﬁm L.) S@*

From the above discussion it can be seen that the friction must be kept as low as possible ( A—T-‘—!'
to reduce the heat generated Using lubricants that form an oily film on the surface of the 2 o

netal and thus make the shearing of the metal easier can reduce heat. This is the primary, (-2~

purpose of a lubricant. It may be a fatty OI%nlneral oxh o-(sulfunzed mnneraD } S ORY g\)[
o= 2 imm)
Its secondary effect is to remove heat generated during tl:ne cutting operation. 05;1:’ /6 c;d.»-p
t\?_,l.)\ G| B s k) &S A ZWICH WS ka
17
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/(Vhere the cutting operati

water, the cooling effect is greatly

as coolants

on is severe and the lu
/ enough, there are water-soluble oils used.

ese mixtures do not corrode the steel parts

, lubricating oils are used chie

‘When
increase

fly'to reduce friction

bricant canno
d with somé lubricat
with which they co

water-soluble oils are y

t removyg the heat rajy

igh concentratig ,
properties retaing,
into contact.

, ; ork
Selection of Cutting Fluids for Vartou ypes of Lathe !

S Z\ . .Maferial to be.machined rE——
SN 3 etas] prey cast iron numay
/Type of lathe-work \-caxbon steel & ?"i steel.. gT;Ynd brass its a]loyi_
iGNNI oiL “Sdiphurised | D1y, soluble oil, Dry, kerosene

surfaces . .| sulphhgisedoil . J/soluble oil, kerosene
- /- |- sulphurised oil,
: / mixed oils ; , i
Boring Soluble oil, Soluble oil, mixed | Dry, rape oil Turpentine wi
sulphurised oil, oils, linseed oil kerosene (1)
rape oi
Drilling and Soluple oil oluble oil, mixed | Dry, soluble oil, Dry, solubleol
enlarging holes otlg, linseed oil kerosene rape oil, mix
: with kerosemx
Reaming /Soluble oil, Soluble\qil; mixed | Dry, rape oil Turpentine vi
/ sulphurised oil, | oils, linse2q oil kerosene,
vegetable oils =
Cutting threa Soluble oil, Sulphurised Dry, kerosene Dry, keroser,
sulphurised oil. plain soluble oil. \| (rap¢ on for brass) | rape oil
vegetable and rape or linseed oil |\
= mixed oils

J

STUDENTS-HUB.com

5. Tool Bit Mat?rials: SNMEC \@; O o) \
The materials used for tool bits must possess the following properti
rties:
__Dbardness, 2)strength, 3) toughness, 4) {lyt resistant. %
o EAC D, 4] 5,5

Hi bon tool steel:" tools are used for small i

. | -quantity producti
machining soff-materials such as free cutting steels and brgss ﬁ:19n‘0f - E:haﬁf:5
operational temperatures (be kept below 200° . 1S important

; to 250°C) s 5 :
hardness above this temperature, For this easoﬁ&%}%g&fdz’zi;a?:tinal los®
ely.

\ P oM T2 (45) 2y 1aph)
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cannot removg the heat rapq

i concentraﬁmt'
properties retaing
into contact.

Jubricant
and the D ved with a.h

ere the cutting operation is severe

enough, there are water-soluble oils used. Wh'th e ubricat

B % ed wi
water, the cooling effect is greatly increasec | : o
ese mixtures do not corrode the steel parts with which they

: st -soluble oils are
, lubricating oils are used chiefly'to reduce friction water-S I

as coolants

= Maﬁnﬂlmbﬁmﬂcm —
V of lathe-w >ﬁ - cabonsteel | - ra/l}pf-.ste'cl‘ | peycastiron | aluminung
ype O. \ ; o its 31101’__
‘ Turning external - | Soluble oil, g phu_ri_sed -Dry, soluble oil, Dry, kerosene
surfaces | sulphhgisedoil . jf/soluble oil, kerosene
/ ~sulphurised oil, : _
mixed oils 2 - —
Boring Soluble oil, Soluble oil, mixed | Dry, rape oil Turpentine wij
sulphurised oil, oils, linseed oil kerosene (4:)
rape oi
Drilling and Solupfe oil luble oil, mixed | Dry, soluble oil, Dry, solubled
enlarging holes /b‘ otls, linseed oil kerosene rape oil, mixd
. with kerosenx
Reaming /Soluble oil, Soluble\qil; mixed | Dry, rape oil Turpentine v
sulphurised oil, oils, li oil kerosene, rap!
vegetable oils :
Cutting threa Soluble oil, Sulphurised Dry, kerosene Dry, kerosex,
sulphurised oil. plain soluble oil. \} (rap¢ on for brass) | rape oil
vegetable and rape or linseed oil |\
5 . mixed oils i

. . = - )
5. Tool Bit Mat_erlals. SN \gelp O ) \

The materials used for tool bits must possess the following properties:
1) hardness, 2)strength, 3) toughness, 4) heat resistant. é

Ao R EAL DL, 4] 59,5
1

High-carbon tool steel: tools are used for small-quantj i
ﬁﬁm%mﬂ ysuch as free cutting st lieniy production”of'wood pa

. eels and s
operational temperatures(be kept below 200° to TR important 49

VO~ to 250°C)\ Thi :
hardness above this temperature. For this\easo H*___H\ This type of material los®

n coolants should be used freely.
\(//\JM PRIVAPYIN d.ss\ y\lepls)
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o, \Qls SNy
tiigh_%ﬂ.mg& Contains tungsten, chromium and vanadium. The most common type
has 18% tungsten; 4% chromium,} and(1% vanaditim} Other alloying elements are cobalt
and molybdenum.  The main property of high-speed steel isfits “red hardness™, i.e. its

O retain its cutting properties without decreasing the tooT Tife-wien heated even to
600°C gs a result of high cutting speeds.

S
S Chmented carbides: are manufactured in the form of tips from a mixture of tungsten and

titanium carbides with cobalt. Tungsten and titanium carbides have a very@h hardnesa

@nd heat re.sxstance) ' UM

)- \Swzslze

Cemgz_l;ed -carbide tips are brazed to the tool shank and are the cutting element of the tool.
The mdin advantages of cemented carbides are their excellent resistar from the
chip and the retention of their cutting qualities at temperatureg 0£900° to 1000°C:| Due fo
these properties, tools tipped with cemented carbides are suitable for machiningthe 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 theirbriffleiess; 2 "A%,)\ P WCPSWs )

Ceramic tool materials: namely aluminum 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 hardness or strength. e

0
D
»
D
o~

Industrial diamonds: have limited use in present-day machining of metals. They may be
“used to machine aluminum, 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
difficult to shape into desired forms. Diamonds will withstand temperatur

1800°C without losing hardness or strength.

00°C ta

s Y e

QN1 o q

a = cutting tool made entirely of tool steel or high-s gel, b = high-speed cutting tool
welded to a shaft of structural steel, ¢ = ti € of high-speed steel, wglded, or made of

cemented carbide, brazed, d =di tip with holder ( a = diamdad, b = support, ¢ =
holder, d = seal), f = cu ges of a tool tip made of ceramic too aterial (these tips

are clamped in h similar to those used for diamonds). :
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CHIPPING

(CHISELING)

GIS
THE PURPOSE OF CHIPPIN ESSIVE MATERIAL

OR TO ROUGHLY REMOVE EXC

- /7 1. "THE MAIN TYPES OF CHISELS

NG 2 {
% 1. FLAT CHISEL is used for cutting sheet
and plate material and for surfacing work.

M bos 310l 1)

M
|

oft steal plata

Cutting on a flat plate
s
Wl Jas |
o .\ 2 CROSS-C : isel) is us
5\edly 'Zé’ ol | ;EJ for cutting keyways, slots and grooves, The

25\ g feutting edge is slightly wider than the body) O | g
MEM chisel does not 'bi_n__g : .

Shearing-off in a W

cut,

[ s )

i, " v el ] n

iy H R Chipping grov"

e e e o,
e Y |
. - AR el
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o8\ )
3. SHi i \a0)| 589
IR a:;%\ S sal\
- : )

= e FERTERES = . \
Shearing-off a strip of sheet metal
s\ Joi|

4. HALF-ROUND CHISEL isusedfor = H\0q po!’ 0
“Forming flutes and oil chanm@o ?_9.3‘)'9 “JL : i,
or pulley bushes.. Also used for “drawing’? ; W—-E ()pl\ f
al_h_olg into correct position when it has tf)u STl %“’JJ Dt
been set out inaccurately in drilling. "‘Je"“Pﬁ." Luie daol| I"_'__:lﬁ—

-

=
I o3 sl

<
e

 f— 1

s —. ere Chipping an oil groove

@Y\ 5. FILLET CHISEL (backing-out chisel) is
or cutting out predrilled slots.
o sill o FR g (s

"'L}:.»AD

Z\,bb.abfa:‘a./—‘e_o
O;G)?i PNEUMATIC HAMMER  is operated
s) M@Iﬁed at a pressure
20,2:0 of 5 atm. _
] = starting trigger, 2= compressed air -
i[llet, 3= chiSCl. /A ‘» ':EE':'::::‘ = f_‘

/‘“-; \o D23, 00
7. ELECTRIC HAMMER s operated by
elezc Gument, 2= Yo\ M| o
1 = hammer case with switch box,
2 =hammer, 3 = chisel
1000 to 5000 blows per minute.

ISTUDENTS-HUB.com
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2. HOLDING

2 fingers
small chisel

THE CHISEL : Depending

[, its size the chisel is held wig,

2
f
55
/ll

7 5
.- ""

.5 fingers
-medium chisel

=\

whole hay
large chis

3. PROCESS OF\CHIPPING
7 :
/'/ corract
-9? ' i _J-inclinatfon
'
7 i 5
0T\
correct inclination of the chisel inclinatiyn too small, the chisel inclination too great,
gives equal chip thickness. penetratestoo deep into the the chisel will slide off
material. the work piece.
Tables for Chipping
Mat7('ial Clearance L\ Rake
angle o angl angle
- ¥
Mild Stegl 8 ~55 \ 57
St 33 to/St 50 8 SN s
'St 70 and more 8 ~70 N
Cast z,fon, Brass 8 ~72 \ 0
Chilled Cast Iron 6 ~ 80 \ 7

STUDENrI:tHUB.com
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zj&al s J\icly3 74
afety Rules in Chipping: : e
S te=bs Ty

1) Never u chisel with a “mushroom head”. Adways grind the end back of the
head so that the mushto isappears. ..

s \”s| 2) When chipping, always wear goggles. If there are other men close by see that they
v/ wear goggles or that a shield is attached to your vise to protect them from flying

chips. &) 55 o el e,
3) Use a hammer that i o e job. Make sure that the hammer handle
NV *Wﬁmmﬁw&mﬁé@ 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.

L/

: 1 = correctly ground chisel head, 2 = mushroom head, 3 =hammer handle and
| hammer head in proper working condition, 4 = very dangerous hammer, 5= poor
practice of fastening hammer heads.
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efinition: ‘ g
¢ COMIG) TufunblnsSN\ U\
deo0\ &h‘i’ ,\8/)9 Sawing is a chip removing ;_;rocessl‘use or.
by aup separating materials by cutting a narrow
' .- groove by means of a saw.

/Ml
,.—ﬁé-“ T3\ - Sawing with hacksaw
~ Principles of Sawing:
V )\fu:l.u ; : -
A saw blade is provided with many teeth, each of them being like the cutting edge of;

J 32»:? A ‘j\ _chisel. When cutting, every tooth removes a chip, which is kept in the space betwes
the teeth until the end of the cut.

If the cut is long, or #he material to be cut is soft, a large chip quantity will k
removed. To avoidclogging of the space between the teeth, the pitch of the saw blad

must be large€nough.
i
Ell pitch
A

Hacksaw, p =pitch ~ : DT

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

& ;C_llcarance angle o =30°,
\Ly) s\ | Lipangle _ B=60°
7o\ e | Cultingangle  §=090°
)W Rakeangle  y= 0°

to make the space between’

teeth large enough for the chips. By addingrauch rake the tooth would become

weak for cutting metals,
Saw blades used for cut

0od and cire
pitch, Clearance an teular saw blades are provided with a 12

sare from 5° tg 15 9 1gles from 5° to 250

STUDENTS-HUB.com | , 'Uploaded By: anonyfnquls



The teeth are “set” so as to make a cut wider than the saw blade and so
binding on\sticking of the blade in the cut or kerf.

The set is obtained by having alternate teeth bent slightly outward,
being curved to\a wavy form near the cutting edge.

ee gpace

Alternate set

For circular saw blades a set is obtaipéd either by alternate setting or by grinding the
teeth to a tapered shape. /

]

7

P

Circular saw blade Tapered shape Concave shape

Sawing is used for cutting blanks to rough length, ft _' g thixy cuts preparatory to
other chipping, filing or machining operatiops;-and for cutting slots and grooves.

i i ing. In hand\sawing there is
] lassifie d sawing and power sawing
S e the backward stroke being an idle stroke.

a reciprocating m ent, 1 P
c}%\ )LL‘ET’ azx25a%p
0 hacksaw is operated with a reciprocating movement t0o.
Alcircular saw |performs a circular_motion and aa straight lined motion,
~1di ' ¢ operation.
both of them yielding a contl _1.1'61575 cufting op

/—

In power sawing, the power

| Circular saw

. Band saw

Uploaded By: anozr;ymous



Sawing Tools:
m—— X
Saw blades are made of plain carbon tool steel

of saw blades, the all-hard and the-fléxible. All hard

whereas only the teeth-of the flexible blades are hardened.

| ) L] ) U_‘))
\ :
Wt s

it 1. There are tw,
67 alloy tool stee€ 0
i Elades are hardened thl'OughOu

; - Tacksaviblade Both sides
-.n:a-hmr.m:‘:-——"-'-_i .._ — f  othe eng-th 300 = and
BITAIME D )3 350 mm.
‘-"—‘..‘,.":.‘."_-__"""‘_""'-'J"!""-"' £

- | Hacksaw blade: With fine
\| pitch at the end,
length 300 mm.

Piercing saw blade, Madeto
various lengths and thick-

NESSES.

Powerhacksaw blade. Length
1 | 300-710 mm.

Thickness 0.8 - 2.5 mm.

et

ircular saw blade. Diamete!
20-315mm. — e

> )‘_uu Thickness 2-6 mm.
Skl
<
Q JJ\.Q\
- - __-—-/
- Band saw blade. Made to
= various lengths and thick-
3 N ‘ : ’ Nnesses,
e i, - A
T, e, et ’%l 1
, M S
L el
STUDENTS-HUB.com ‘Uploaded By: anonymous
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Tables for Sawing:

Hacksaw blades are made with a different number of teeth, from 14 to 32 teeth per 25
mm.

The harder the material, the finer the tooth-pitch.

teeth/25 pich |/
: LI mm 7] &
Soft materials aluminum, 155 coar ;
copper, plastics 4 F {




gl
Filing

Definitio ]—- :
{/elm n: \'e ’):b,mboc-b"u Vmgg;a)jléom em‘ff?oeofaworkpwceb’

Filing is the process of removing a layer o
means of a file.

Filing

Principles of Filing:

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

\ 550U ayosdegnll b maols AU A—
A single-cut file hasa si?:gle series of cuts across its face. Smgle—qut ﬁlfs can be use
~for taking cuts as wide as the Iength of the file cut. :

et il dshb3) g cpsa gl Sulas

i Lo
Single-cut file Angle of cut Enlarged view
S)zn.l!a.o_gh.od GG el b\ Ysn IS0
They are used in gsoﬁ metals which offer little resistance to cutting (brass, 2

V babbitt, . lead, aluminum, um, bronze, copper; etc.).. These files are also used in sharpens
of saws as well as in working on'wood or cork.(»\s ===

Lsigicue s
Smgle-cut files|have their cuts made at ‘an angle of 70°-80° with respect to the file &

A double-cut file has two courses of cuts crossing each other. The second cut divi
the long cutting edges made by the first cut into many small cutting edges, each!
them removing oniy a small chip. S

oo Gapatiyh i WodS

e

Double-cut fle - “Angle of o
g YT " A Enlarged view
0P GEBAL gl a0l | -
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D)) 5599159 935 G Fubeo)) s \at Vi
Q_OE]?le-cut ﬁles'__a:e used in. filing of hard metals (steel, cast iron) wh
cons'lderable resistance to cutting. To work these metals with single-cyt files would
require much force, therefore double-cut files are used which remove short chips.

The spacing of the first cut and the second cut is made gifferent to avoid having the file
teeth one behind the other in direction of the file/axis. Sucha row of f&sh would
scratch deep grooves on the work surface.

Different spacing

Spacing
e
(A mill @Ie) also called

H d has large cutting edges made by milling. The cutting

And is provided with a rake angle. Chip breaking flutes separate
The chisel teeth give a smoother finish than the

l

Mill file Chip breaking flutes nlarged view

Mill file are much used for drawfiling, and the bastp(d cut is fairly efficient for filing

brass and bronze.

A rasp file has isolated project@ons-and regt
widely-spaced teeth shaped like pyramids.

E‘;E.E:::.

Rasp file Enlarged view
Such fles are péed in filing of babbitt, lead, zng, leather, wood, rubber, etc. Soft

, : i d stop further cutting action.
STUDEMN: ald-eleg up the teeth of single cut files an P
MaFHalslbHBEGPH Uploaded By: anghymous
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fgd/uctiOH- File teeth cut it

File geometry: -
the method Pﬁ

depends on e,
T:i:elg:roemﬁrzﬁfg;gﬁtse l1?)eing milled by me&ns of a milling
c

..... il
scraping
e K e £1es are therefore used for fili
A cut ‘filefooth scrapes, the lipangleds:large and cut fil e iled i

wtecials. - A milled ‘file tooth-cuts,  the lip angle s sm
therefore used for filing soft materials or for- finishing work :
b)) 25\ W =

! ‘cutting edge or by:milling a curyg

Chip "ﬁcgt'tis-eﬁbtained: either by inclining ‘the"

Curved cutting edge

M Inclined cutting edge
e — '____..-—-'

Process Accuracy:

The accuracy of metal filing ranges{from 0.1 mm to 0.01 mmJ) When fitting machi
parts together there are occasions reduction in size i_s_required, and t
use of a machine tool is impracticable. In such cases the file is most useful. Further,!
many classes of work such as diemaking, experimental work, and model work, surfac
must be finished and parts fashioned by filing. Filing may be classified as hand fili
and machine filing,

Filing Tools:

1 7, Files are’ made of plain carbon tool steel ;

o f , : ! or alloy tool steel. T @
< “ﬁ\) - w1-th a sharp chlse! either by hand or machine methods Otg:rteethhon aﬁielﬁjﬁf‘
S >d;’ grinding or broaching. After cutting of the teeth the.ﬁle is haT;t Ogs alc-lethetﬁ:

tempered, The file should be pravided with a suitable o i PI‘Operlyeg:t : ;n ;

y“ ‘4 N 6\7_&\—‘

fites 1 = 4p, 2= edge, 3 = face, 4 = cutting ed randle
y =:han ‘

g8, & = {ar = f
STUDENTSHUBGom ————————  UploAded By 5nd




reasons for this. If when filing a broad surface all were in contact, it would
require too much pressure to make it cut; thiswould mean practically double work %

to produce a flat surface eve
This is impossible.

of the stroke would have to be perfectly straight.

of a flat file is the one on which no teeth have been cut (or where tpe
ve been ground off). This edge keeps one side of a piece of work safe while

ing an adjacent surface. As a matter of fact a sharper corner may be obtained with
such a file.

J i\ s f Y

e e Flat file. Used by machinists,

A S machinery builders, ship and engine
‘builders, repair men, and

to ers, (when a fast-cutting file
is needed. &bﬂ IR0 2

Half-round file. Used for filing
concave surfaces as well as flat
surfaces: The half-round file is one
of the{ most us@ﬁ]es.

B o\ Ad)

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. =~ .

Square file. Used for filing small

“square or rectangular holes, for
finishing the bottom of narrow
slots. etc. f;‘/Ln.._QJ) s\ o

skl | Zel!

Round file. Used for enlarging
round holes, for rounding irregular
holes, and for finishing fillets.

3 2 o) €2 50| ASS

- \ —

PYVINA TS RET Pey-T)

%/5‘.}2-15\ P \V;é
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<harp comers of many kinds of
slots iﬂ% g giiu‘lss\p!,
Lkstly e Ve

—-——'-'-'_—-.‘--——-—-_—-__ -
- Rhombic fi r filin  the
_ | sharp corners of many kinds of
slots and grooves. This file is al

called “feather edge file”.

“| Crossing file. Useiin_vpalﬁe_roff@
| half-round file.: Each side of the
GTe has a different curve which

feature frequently is of great
| convenience.

e et mse g

Needle file. Used in fine die work

___ | -and finishing.
4 — — — —_—
Mill file. Used for filing soft
mitart s L 1T e A f mﬂ.tel'iﬂ.ls. )\J—L\ ‘&R._D
I aﬂlﬁw B ‘U-F;ﬁ‘ (B =)

: Rasp file. Used for shaping and
T finishing wood. o Yo VWY
MDA 9

e L] = =i wtwlt Ca)
AT Eh vl by : : E = (o
o oo b bl 0 e oy L SRt A ek (S G W .
< T IR L S T e e S Oxehat o )

Safetv Rules in Filing:

j 3,7 1 Don’t use a file with a broken handle or
\/)97 without any handle. .

2. See that the bench is stable. yeuus a3, |

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. \ = AT '
5. Always clamp the work securely in the vi Sree—
6. Take care when fixing & ha.\ldle on the | I

bW g file tang,
_._,__._.._..-_E;am;\———-—w*?"‘_'_'_ [4 L’ N . \B : . - . {

: A 17 By &S Foor practice of fixing
& file handle on the tang

STUDENTS-HUB.com Uploaded By: anonymous
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Tables for Filing:

The terms rough, coarse, bastard, secong’ cut, smooth and dead smooth refer to the
distance apart of the parallel cuts on filés and the Nos. 00,0, 1,2,3,4,5,6, 7 and 8
refer to the same things, No. 00 bging the coarsest. These terms are relative and
depend on the length of the file.

Humber Cuts per cm /9
95"

Rough 00 AT =3185
Coarse 0 51 =480
Bastard 1 12 - 18
Second cut 2 20 - 40
Smooth 42 - 60
Dead smooth 4 65 - 80
Super finish 5-10 100 - 120

Surface Oualithish Marks: Or*/"
/i oW

: Tool marks can be seen with the naked eye -
ALY A
£4Y) T Tool marks can merely be seen with the naked eye
N,

ﬁ%—///% Tool marks cannot be seen with the naked eye
STUDENTS-HUB.com Uploaded By” anpnymous
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Drilling on the drill press Blind hole

Pr'mcigles of Drilling: 5 \3",3\ aSP Cé))QU(())Ta_S,: |

;9\{ illing is the result of two motions,(the rotary cutting moti the (axial [N?

7\ / RA motion of the drill. The Eutting speed )is the speed of a point on the Arill’
P circumference and is measured in m/min. The feed is the distance that 'the,_)dﬁn -
“the work at each revolution of the drill, measured in o e |

Drilling into full material

STUDENTS-HUB.com




The drills most commonly used are twist drills. The two main cutting edges of a twist
drill remove the chips, which are carried out of the hole by two flutes.

As on other cuti{ng tools, there are clearance, rake and lip angles #n twist drills.

Clearange angle

(=
% apgle
?" 5= Rlp angle
LAA‘ & £ = Point angle
o Z

Cuttmg lip , :
= (learance surface

Dnll }:{t‘ioles are usually oversized. The\enlafgement depends on the drill diameter and
is between 0.1 and 0.3 mm.

The surface quality of a drill hole ig/hot very high. Drilling is a roughing process.

‘Drilling is used for originating/holes in all types of work. Holes are drilled for joining
parts by means of bolts, scrgfs, rivets or other fastenerd; for making holes which have
to be threaded; for remoyig excess material in a more efficient way than by chipping
or filing; for performing repair and assembly work.

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

(HSS = High Specd Steel). For dollimprof—~e
carbide tips are usedFheshank of a drill may be either straigh

Axis’ R :M
—— .Skt ~— | = =gody onglh
————— Over-o/l Iongth --

Margin;
;B / oiamerer

s -ﬂ? -—---;';“ . R T,
Cutting s Lo odhdiied 172 g e d
il Lond '
Parts of a twist drill Straight shank and taper shank
STUDENTS-HUB.com Uploaded By: anonymous
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Drilling Machines:

n mechamc?l featur® the deille .
o 'comn;c::evolving spindle, Wl,]wh hold:s dle drills g
43 / AT eeve, which carries the spindle. The g,

H Sl 5 . .
~n1c.:§;rse;fno %t‘;u‘tlaiaring in a direction parallel to 1ts axis.
sli

a = revolving spindle

b = ring nut Vi

¢ = non-revolving sleeve _

d = ball bearing ¢ \_C \
e = feed lever S ,——D ,.5
f= gear.

g = tooth rack

Drilling machines are usually driven by an electric m
The various cutting speeds{or numbers of revoiutions)
feeds may be obtaiped through cone pulleys or gears.

a = gears f6r main drive
trol lever for main drive

< maindsiye and feed drive connected by a.worm a
worm gear

d = gear drive for varpus feeds
' g—_. €= worm and worm geax for power feed

STUDENTS-HUB.com Uploaded By: anonymous



Sl AR

€

(and gl Used for drling s ip
10 mm diameter. a7
TS0 AL,

1 = spindle

2 = bevel gear
3 =bevel gear
4 = gear

5 = breast plate
6 = shaft

7 = handle

Portable electric drig.) Used for drilling
Toles up to about I5 mm diameter. .

= spindle

2 = switch QL SO,
3 = handle yrs Sy D :

4 = breast plate
5 = aluminum housing
6 = drill

( ill press. )Used for drilling holes

up to 10 mm diameter.

SEDI

Sﬁ'UDENTS-HUB.com Uploaded By: anonymous
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P __m
e Al press) Wsed for driliy

holes up to 25 mm GBI,
U_x_}))‘pﬁ\ S

STUDEN

/_\ gl
({ Radial drilling machine. JUsed for drilliz

several holes in the work which ﬁwﬂd
'| sécurely.
i g’ I

yeb\ayy
c <\ |

—
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Tool\Holding Devices:

The reXolving spindle of the drill press carries the cutting tool. §ome tools may be
held dirextly in the spindle hole; others may be held in a taper 00 et, or a drill chuck.

Cutting tools with taper shank are held in.the taper hole of thé spindle. Tools that are
too small to fi¢ the taper hole in the spindle of the mac ing are held in a small taper
hole in a socket\the shank of which fits the spindle hole. If the socket makes too long
an extension, a shseve may be used. Sockets and sleeyes are made in all necessary
SiZes.

%

TR, }ax

Z

7

7
4
%

7
G

Holding the drill in Removinga drill Socket (above) and
the spindle hole with a/drll\{rift a set of sleeves

Cutting tools with straight shank /are held Yp drill chucks. The drill chuck itself is
provided with a taper shank, which fits the tager hole in the spindle. Drill chucks are
made in various sizes. :

Two-jaw ghuck Two-jaw chuck being Three-jaw chuck in
removed by a drill drift closed p@sition

Work Holding Devices:

Work is held on the drill press by means of clamps, vises and jigs. ¢lamping with
clamps, bolts and parallels is very slow and not very accurate, Also a vise does not
acgurately locate work under the drill,
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~.General Rules for Drilling:

1. Alwaysexamine a drill for size and sharpn
2.. Have the shank-ef the drill and socket, oI O
in the spindle. g ik
3. Be sure the setup is amanget-sQ thtthf]; 1 ilr‘:q}ce.
the work, and not cut 1nto the paralle}ga o e G e et

ess before ifg it. ;
£ the chuck, clean, dry, and tight

as it goes through

4. A drill will follow a hole alreadyT ade.

from running. X%
5. When the drill “breaksfirough” at the end of th
“dig in”. Especially'when hand feed is used, care m
drill will res
6. A .squeak«indicates undue: friction. ..The. cause .should Ds
. immediefely and.the fault corrected.

ut, it has a tendency to
be taken or a broken

: looked for

.. Safety Rules in Drilling:

1. Chuck wrenches must be removed from drill chucks before starting the
machine.

2. Never attempt to hold work under the drill by hand. Always clamp work to
table.

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

4. Change belt for speed regulation only when power is “Off” and the machine
has come to a dead stop.

5. If work should slip from clamp, never attempt to stop it with your hands. Stop
the machine and make adjustments. :

6. WMMW

7. File or scrape all burrs from drilled holes;D 3™ a5, 50 OV s gl y
8. Do not reach around orin b olving drill. :
9. Keep your head back and well away from any moving part of the dril] press
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COUNTERBORING, SPORT FACING COUNTERSINK;_[NG/’

1.\ COUNTERBORING is the process of increasing the diametér of a hole for a
certain distance down for the head of a screw or bolt, whicil should not project
above the surface of the work. S

W

, ‘2l

5 /,{u.

0(5_
A

o S
G e

e N
\

ﬁ;im;n .l |

2. SPOT FACING \is the process of facing a rough surface around a hole, to
provide a flat seating for a washer, bolf head, or nut.

1 i S

.~ / i Sper-

Y IR Face.i Ry

B2
L.k 272

Tools:

The

Aare

ols used in core drilling, boring, counterboring, count inking and spot facing
ade frcm alloy tool steel (HSS).

F |
{I’UDENTS-HUB.com Uploaded By: anonymous
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 gTurning;

2,5l

finition: Losae ) el
/_D/@_e_l,li_ﬁ_ﬂ_ .6\3\:9) 20))) = hine tool called lathe}

;i d on a mac
ﬁ" urning i & chip removing PSS o of cylindrical surfaces.

ction of the lathe is, primarily, the production

Speed change Headstock Workpiece
Compound
rtstl

Tool holder
Tailstock

,- Leadscrew

change handle

Rapid

traverse Chip pan

Lathe
/Princinles of Turning: oV a'es
B ~
Turning is the result of three motions: ff‘g

Jhbsaas (&@“aérb)@ma%

(&] 2y ﬁS(_,Eﬁu'J 2> 1.The rotatin ion of the work (cutting motion). -

N [P’""”’ a—7. The tool traveling either longjtudinal or cross to the work-axis (feed motion).
s8> leip o3 The tool is set to the desired depthiof cut (adjusting motion).- o

(‘E} L\'ﬁ““;"’)qﬂﬂ\ (22| ~noas

Motions in turning

The single-poi ols used in turning ar

\ : und diffe . : tC iﬁ
5/ “operations. But all of them are subj | ficrently for the differe®™ =
/LD _Pperalions 1 are subject to the same geometry of cutting edges:

accuracy obtained i i 3
Y In turning depeids on the condition of the lathe as well 2 %)
o lal! ¢ - i
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abilities of the lathe operator. In most cases ar accuracy of 0.01 mm can be

considered as a good result.
The lathe is the most versatile oful of all machine tools and is used in producing
a great variety of machin

show some turning px




- tools :with appropriately shapeq cutting
--.that -with itionly:a-certain: turnng: processc

N

STUDENTS-H

Turning Tools: . . #bs and ceramic materig),
d high-speed steels, cemented card) |
Carbon tool steels & le-point turning t0O1S:

used in manufacturing sing

vol holders are specially made for clamping

small tool bits. They are rnal:n.l’fac’mI‘dimIe
of kheap structural steel and save eXpen

on tdol steel.

o i

' 1]

!

— '

. '-,--‘ A -._-.-- :I
i

Tool holder (a) with tool bit ()

: . g2 dl A jal turning operations thel'e_ are tum
 Various shopes of :turning fools: Epr cslzzgl e M turning tool is 50 i
s:can-be-done: economically:and accura

The following figures show some of these tools.

Internal side tool.

Rectangular bent undercut
tool.

et

Internal thread cutting took

\ Center dnill.

I N 8y "’/
0‘@%&)% Uploaded By: anonymous




boring leel” l

g 11}
; % o 1%
7 ‘: - bz
£ Y EL f‘:: 1 7
RN L T L T
TheEathe:
Usually in turning the work revolveés and the tool is fed either parallel to the work axis
(turning) or perpeNdicular to the york axis (facing).
———l ;
=
3 .
ey
Q _ r |
24 N
Turning Facing
So the requirements/a lathe has to theet are: ;
1) to hold the work and rotate it. i o
2; to hold the tobl and move it either pa allel or perpendicular to the work axis.
., . - Headstock e
Spindl ~
' ” rhﬁ‘@ * N Spindle
[~ @ ‘ @ Ways
e Tool post. CrosSylide
T, £
i \t'~ Carriage Isaddle)
!r\ﬂ i "" s /:E'L‘ T Tuilstock quill
i ch”E: \4}-\ f/ : ‘Q" \
mn it NXES \
éﬁm ouml
lllm.{:inlu
B <
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Ib‘f the bed is the base, mad
of :v:laiCh are the Ways, both V and flat Tl‘nese

are rails that support the carriage

ists of the
The headstock const ariotis

mechanism for obtaining the V

Headstock : Tailstock

The tailstock can be moved along the bed and locked in any position. It has tw
castings (1) and (2). The lower one rests on the ways, and the upper one is fastened!

A ﬁmg —an be moved toward or away from the operator to offset
“ailstock for taper turning. A hollow spindle (3) moves in and out of the upper cast
by turning the tailstock wheel (9). This spindle has a taper on the inner end, in whit
a0, 0)\ )2

e A e b p Sthe
Ways. A9 1)\ Jlo(1e Ay

_-—-"'"'-‘-’,..-—
/ b) The cross slide is mounted to the saddle. &N‘ &

A handle is turned to move the G

0 _handle _Imove CIOSS o

. 25/ slide transversely (crosswise) from =
P~ operator. ——
- A S

) The compound slide on top of the cross
slide can be tumed in a 360-degree circle
and Jocked in-any position, It, too, has a
shd? in which the upper part of the
casting can be moved in and out with the

'{
#

| compound-slide handle, e
STUDENTS-HUB.com Carriage: a: saddle, b: cross slid
' ‘ : cow*#@f@@dﬁd BYoR JRSy B8



-y
; oL ge =4S 250 ans )
ﬂ) The tool post is fastened on top of the compound slide.

Mé) The apron fastens to the saddle and hangs over the front of It

contains the gears, clutches, and levers for operating the carriage by hand or

with power. TM@M@MJS ve the carriage

longitudina]ly (back and forth). This hand-wheel is attached to 2 pinion that
meshes with a rack under the front of the bed.

The Main Drive:

en lathes, direct-

The:power for turning is provided by a\electric motor. On belt-dry !
the spindle. The

drive  power is delivered through belts t a step pulley ﬂZ-LE!:t i
spindle speed is changed by moving the beltXo different positions.

In modern lathes, the functions are performed\py the speed ‘gearbox, w]:u'f:h consists
of gears, shafts and other parts arranged inside thg cast-iron eadstock housing.
The rotation of motor (1) is transmitted by a belt t§ pulley'(2). Pulley (2) gives power

to the gearbox.

LB 1

= E == f ¥ Jrive

= b L) = (T clirtch
Al ;" ‘ﬁh:‘ﬁl . r?l
:// I' 1 To A —F.;F
Bl ; )
_L-\"' _":' i
D 5 fﬁ

i3 I

e 4

.!“.
AN
|
l
|
ge gear

. Feed chan

3
l

Belt-drive headstock pvith back gear Speed gearbox) of lathe
] = step pulley, 2 = npain spindle, 3 = face gear

4 = back gear, 5 = hack gear, 6 = gear

7 = driving pin, 8 = back gear shaft

9 = electric motor
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: Pt
y Milling Machine Operafio

The Milling Machine:

. I
- Amj -macmcemploysoneormo T L e,

. revol\ing cutters to shape the workpiece

(Fig. 1))

Milling cutters are usually multiple 'toothed

and are driven by the machine .spindle to

which they ate securely fastened. - The
- . workpiece:is ¢udpally. sheld »1n 2. VIS€-OL
- fixture:attached to: ﬂﬁavableitablc;-éﬁu@g;_;f :
- takes - place " by " fegding ' the ~workpiece . IS AN

- _-against the revolving gutter. On some Very - s
.+ large .- machines,:howeyer; .the:. ravplvmg IR\ N

~-cutter is-fed past the statiopa workpiece.

Fig. 1: Milling a casting with sex
cutters mounted on the &
of a horizontal milling rmach

Milling Operations:

The variety of milling operationy, \which may be performed on a given mil
machine, depends on the type of shachipe, the type of cutter used, and the access
or attachments available for us¢ with the machine. Milling machines are used
machining flat surfaces, including horizontal, vertical, and angular surfaces. They
used for machining many kigds of shoulfers and grooves, including keyways,
T-slots. They are used to mgchine formed or irregular surfaces with the use of
types of formed-tooth cutterg.

— — Roun®
.

Milling machines equippgd with a dividing. .
head may be used for /machining: equally: -
spaced flat surfaces, Straight groove, or
spiral grooves on-pagts with a cylindrical
shape. This type of machining is involved
in making gears, /taps, reamers, drills
milling cutters, and/splines on shafts. ;

Mill_ing machin'e, particularly those of the
vertical type (Fig, 2), may be used for all
of the commoy hole-machining operations

which normally are erformed i
Wik P ed on a drill

Fig. 2t Fixed head ve;‘tical il
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Introduction

« Addition to producing various external or internal round “&' s/ & fnses el
profiles,cutting operations can produce many other parts with more
complex shapes s S JIKah a1 a¥l Go saall £ 1] kil ollaal (Ko

{e)

(d) {e)

Fig: Typical parts and shapes produced with the machining process
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Milling Operation

. . - : Glalanl) ¢la) Jads
« Highly versatile machining operation

« Multitooth tool that produces a number of chips in one revolution

(a) Slab milling (b) Face milling (¢) End milling

Arbor
J

Cutter H,'"'/‘\ Spindle
ﬂ‘@f )
4/

/f

Shank

End mill

Fig:Some of the basic type milling cutters and milling operations.
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Example of a part produces in a CNC
milling machine

Drilled and
tapped holes o e

Fig : A typical part that can be produced on a milling machine equipped with computer controls.Such
parts can be made efficiently and respectively on computer numerical control (CNC) machines,
without the need for refixturing or reclamping the part
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Slab Milling

» Slab milling also called as peripheral milling

 Cutters have straight or helical teeth resulting in
orthogonal or oblique cutting action

(a) (b) (c)

Cutter

, Cutter

Workplece
Conventlonal Climb
milling milling

Fig : (a) Conventional milling and climb milling (b) Slab milling operation, showing depth of
cut, d, feed per tooth, £, chip depth of cut, zc, and workpiece speed, v. (c) cutter travel

distance /c to reach full depth of cut.
STUDENTS-HUB.com Uploaded By: anonymous



Face Milling

* The cutter 1s mounted on a spindle having an axis of rotation perpendicular
to the workpiece surface.

(a) (b)

Insert

Band 3 %.-‘ E . P~
£z = F f 3
Fig:A face milling cutter with indexable inserts.

Fig : Face milling operation showing (a) action of an insert in face
milling; (b) climb milling; (c) conventional milling d)dimensions in
face milling. The width of cut, w, is not necessarily the same as

(d)

' Machined surface

the cutter ra@"ljéDENTS—HUB.com Uploaded By: anonymous



Face milling cutter

End cutting edge angle

Peripheral relief (radial relief)

3
\\ Radial
T ra'ke.
o
%1 f
Axial rake, +

|
End rellef
(axial relief)

Fig:Terminology for a face milling cutter
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Cutters for different tvpes of Millin

(a) Swraddle milling (b) Form milling

() Slotting (d) Slitting

Fig : Cutters for (a) Straddle Milling, (b) form milling, (c) slotting, and (d) slitting with a milling cutter.
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Other Millino Operations and Cutters

s | Flrst cut
— .
Sl (@ / (sotting "

Second cut

Fig : (a) T-slot cutting |
with a milling You
cutter. (b) A shell T-slot Workplece
mill.
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Shank with
taper

Arbor
nut

Milling cutter”

Arbor bearing surface for Drive key
outhoard support

Fig : Mounting a milling cutter on an arbor for use on a horizontal milling machine.
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Horizontal and Vertical Spindle Column
and Knee type Milling Machines

L verakin

Fig : Schematic illustration of a horizontal-spindle
column-and-knee type milling machine.

-

Arbor Work table

Column - ‘ Y‘ ] .

Workpiece ( i ].L\.A.u\).“

' Saiklle - wl
T-slots”
Knes Head
Work
hlll‘

Column

Workpiece
Saddle

)

Toslots ™ i Knee

Fig : Schematic illustration of a vertical-spindle
column-and-knee type milling machine. Rase
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Bed Type Milling Machine

e — Cross-rail

-

.= Spindle

Spindle carrier

carrier—

/
Workpicce
Table

Fig : Schematic illustration of a bed-type milling machine. Note the single vertical-spindle cutter
and two horizontal-spindle cutters.
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Jeel yas, steelJl ;e £ 1500

Steps in making steel —

iron + carbonJ! ;e Sasis

Courtesy of METROSTEEL
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e Step 1 — The iron making process

* Asiron is the main component of steel it firstly
needs to be made. Iron ore, lime, and coke are
placed into a blast furnace and melted. The
resulting liguid known as molten iron is then
formed. As molten iron still contains around
4% — 4.5% impurities such as carbon which in
turn make the metal brittle, they need to be
eradicated. Step 2 does exactly this
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e Step 2 — Primary steel making

* There are two main methods for making steel and
these are Basic Oxygen Steel making (BOS) and
Electric Ark Furnaces (EAF). BOS methods for
example involve adding scrap (recycled) steel to
the molten iron when in the furnace. Oxygen is
then forced through the liquid (the Bessemer
process) to cut the impurities in the molten metal
down to 0.5% -1.5%.
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i )0 4 JSi,

* Step 3 — Secondary steel making

* Next the newly formed molten steel needs to
be adjusted to make the perfect steel
composition. This is done by either
manipulating the temperature and/or
removing certain elements. This may include
processes such as degassing, stirring, ladle
injection, or argon bubbling

STUDENTS-HUB.com Uploaded By: anonymous



* Step 4 — casting

* Now we have the bones of our steel the next
step is to pour it into cooled moulds. This
causes the the metal to cool quickly. Once
cooled the metal is then cut into desired
lengths depending upon the application eg,
slabs for plates, blooms for sections such as

beams, and billets for longer products such as
wiring or thin pipes.
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e Step 5 - First forming

* Also known as primary forming, the initial
shapes of slabs, blooms, and billets are
formed into their various shapes usually by
hot rolling. Products that are hot rolled are
then divided into flat products, long products,
seamless tubes, and speciality products for
one last stage of processing.
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e Step 6 — The manufacturing, fabrication and finishing
process

Finally a variety of secondary forming techniques including
shaping, machining, jointing and coating give the products
their tell-tale shapes and properties.

So there you have it, the entire steel making process in 6
steps! If you’re in need of a particular metal part then why not
contact Metro Steel. We have the skills and the experience to
construct just about anything you want. Contact us on 07 3204
1000 for a competitive quote. Alternatively if you're in the
Deception Bay area of Brisbane, why not pop into our Kabi
Circuit premises and talk to us first hand.
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stress vs strain

cost

quality safety

Properties are the way the material responds to the
environment and external forces.
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Stress vs strain curve

Strain m':"
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A counterbore

A counterbore (symbol: u)
is a cylindrical
flat-bottomed hole that
enlarges another coaxial
hole, or the tool used to
create that feature. A
counterbore hole is
typically used when a
fastener, such as a socket
head cap screw, is required
to sit flush with or below
the level of a workpiece's
surface.

STUDENTS-HUB.com
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A spotface

A spotface or spot face is a machined
feature in which a certain region of the
workpiece (a spot) is faced, providing a
smooth, flat, accurately located
surface. This is especially relevant on
workpieces cast or forged, where the
spotface's smooth, flat, accurately
located surface stands in distinction to
the surrounding surface whose
roughness, flatness, and location are
subject to wider tolerances and thus
not assured with a machining level of
precision. The most common

o iy e 8 e

NN
NN

NN

STUDENTS-HUB.com Uploaded By: anonymous



countersink by

countersink (symbol: v) is a conical
hole cut into a manufactured object, or
the cutter used to cut such a hole. A

'
countersunk bolt or screw, when
placed in the hole, to sit flush with or
below the surface of the surrounding
material (by comparison, a
counterbore makes a flat-bottomed
hole that might be used with a
socket-head capscrew).
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Parts of Twist Drill

Neck
35 mm_,qll ‘.,53.)_9.;_9.0 ¢) jal Caad
BAdizall g\.h (U

t._smnk ;.l J k — ‘Body _ —‘

i O
Body

Chisel edge Chisel Edge Land Clearance

angle

/
/Zf:>\\?y
Clearance

diameter
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BIRZEIT UNIVERSITY
MECHNICAL ENGINEERING DEPARTMENT
WORKSHOP-ENME 120

Quiz 1

1)An alloy is ametal that have a combination of:
a) Ferrous material and nonferrous materials

b) Nonferrous materials and none metals material
c)ferrous material and carbon

d)all of the above

2)The resistance to indentation by harder bodies is:
a)Elasticty

b)Brittleness

c)Strength

d) toughness

e)hardeness

3)Raw materials used to charge the blast furnace:
a)cool

b)Magnetite

c)Ferrite

d)Ferrous
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4)A process that is used to enable the steel to cut other materials is called:
a)Annealing

b)Normalizing

c)Hardening

d)tempering

5)Tool life can be increased by:
a)small rake angle

b)large angles

c)proper feed

d)All of the above

6)a tool used for testing external dimension
a)snap gauge

c)feeler gauge

c) inside micrometer

d) plug gauge

7)used as a support when marking out shafts:
a)Try square

b)template

c)Scriber

d)V-block
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BIRZEIT UNIVERSITY
MECHANICAL ENGINEERING DEPARTMENT
WORKSHOP - ENME 120
Quiz 2

Student Name: Student Number: Section:

Question 1: Place an X in the space provided if the statement is false.

The shank of a drill may be either straight or tapered. Lf/ \
For saw blades, the softer the material to be cut the finer the tooth pitch. Q‘ )

Lubricating oils are used mainly for cooling and water-soluble oils are used Q( )
mainly to reduce friction.

Saws teeth are set to allow chip to escape. L \( ) |
Arbors, collets, and adapters are milling machines accessories. ( ’ )
Pneumatic hammer is operated by air pressure. QL/ )
The lead screw of a lathe is mainly used for automatic feed. L)( J
| A single cut file‘has only one cutting edge. C X J
()

| Rasp files are used in filing soft material.

| The tail stock is used for machining thin cuts. ( X J
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Put an X if the statement is not correct.

—~" 1. The amount of carbon in cast iron is between 2 to 7 595, X

A AL h hP ! '

e - Open hearth Process 1s used to convert iron ore intg steel.

3. Normalizing is a process that is used to harden the o ter surfaces. X

.:-7} ~ 4. Radius gauges are used for measuring the thickness of a concave surface.
~~ 5. Snap-gauge is used for measuring the dimensions of 2xternal surfaces.
- 6. Hardness s the power of returning to the original shape after indentation. X
~—— /. Coke and iron ore are two component of the Blast Furnace charge.
" 8. Gradual measuring tools are more accurate than th> checking tools,

9. Toughness is the amount of energy a material can absorb before it fracture.

10. Rubber is a synthetic material. X
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BIRZEIT UNIVERSITY
' MECHANICAL ENGINEERING DEPARTMENT
WORKSHOP - ENME 120

— ——

| MR-

Student Name: A 50'01M Pu.mrno\dsuldent Number:\W 2V 30 2 Section: Me

Question 1 Place an X in the space provided if the statement is false.

& Milling machines equipped with a dividing head may be used for machining
equally spaced flat surfaces

&J Cemented carbide tools loses its hardness at temperature of 250°C.
L] Pneumatic hammers are operated by compressed air,

X1 Formed cutters are used for the production of flat surfaces.

U] Metal is cut when its grains slip over each other.
C] Discontinuous chip is produced when machining ductile r
A A portable electric drill 1s mounted on a special able.

(] The power s transmitted to the lathe spindle through the gear l '
motion from pulley and belt attached to motor. T

[X Chisels can be made from ceramic tool mater als.
(] When saw ing soft material the pitch o s
i P f ']

ﬂi.. '
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MECHANICAL ENGINEERING DEPARTMENT
- . WORKSHOP ENME 120
Instructor: Dr.Ibrahim Hammad

Name. S W2..... 5 e ot LTRED =Ry \O 111511

wasws
-

BIRZEIT UNIVERSITY l

1

1) Give three examples on the following: -

veovpt o\l Jewelely

QQ @ﬁmff &‘_,-

aylo‘w to dress safely?
| wen\ C-Ioc (es *@ ?{(“ TL"_‘C“' ({SOL‘){\ Cj(f
Wl sheds  to et o L4 A ided]
f'TIB ng'f"ﬂs oot {- ) {0‘0'\(' " [@@U(fs o{f‘;t’"\-f t
b) Safe work practices? 4 coct-o¢ e Rran o ?{\d* &
] e e ey Cotiedr ,UJ;C[T?@\.. o Ul cle thes .
s\ C Ve L eave g machin .. T Yo
7/ﬁ V | a mac hi ne CU(\O,,@ any TE&’/\C[
3 ¥ neyey *‘C)’ to St f‘t(‘f\qchr'nc- By fﬂs Houl hands

¢) Safety with handtools?

A use Cshd wenc RIS =R PN pauree 'S
A e Lighirosls @oiEke Tob

3 - "/3 '\-‘?"\35:" }’OU‘ 114‘{[ cL§, {pg_’ksf 1 { O w Q (e © Q’ =y l (:{rif(:.aﬂ J
2) draw stress strain diagram. ' Vabs
L{ l‘é\‘L coin H
e = .
5(\” P&t ﬂ+

’\)\ag{-\'c {‘e}j (o0
elastic (E?L' o

4

=5
3) Differentiate between hardening and_,ease hardenin -

’\'ha + -&S L,k(&é(‘/ ;’MQ"PGW {./ ?r -‘
' ’/ A DPI:%""W o5 ﬂ.ﬁﬂ:’nh’l ;t

/

Nel dening o Yo make

5

to ha(dev qwt‘?l (e mekfc i+ a8 _ca \

Caseha (&Nl 3y \adep
6§ teol , rok

]
]
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ENMLE 120 (]Ui'.{ Monday 11:2% am

student's name  yideg,  Aba Nlow, L\i‘ R Vo enents Bl 2 T9lE
; ”

&
F. /l
,'/ !
1) explain four types of material used in manufacturing the tool bits?
b ﬁ L
ey

o :I: :.I.lfrf'-r

) \ﬁlﬁ ‘)q%ﬂd {tetk

?/} 1‘1\4.15%1‘\& cl mna’\s
2) ?QB&R,LW“E?W‘@S

2) define tool life? And mention four factors that increase the t

oo Ufe 15 debined ¢ ﬁﬂh& \euﬂﬁk & e th ol ¥ .Hl
andn dwilure oceupps /
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