Safety in the Machine Shop

~ Machine shop safety can be divided into two areas of concern:
» - s>, Protection against personal injury
2. Prevention of damage to tools, machines, and equipment
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Hot, sharp metal chips produced in cutting
operations can burn and cut the worker.
= Grinding wheels _can throw™" Apfasive
- particles into uiprotected  eyes) Rotating
© —~%=_ tools and workpieces can catch loose
. clothing and hair. Workers who think safety
and work safety can avoid hazards. They
dress properly, follow correct work
procedures, and work harmoniously with
fellow workers, Figure 1.
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Figure 1: Worker in 2 machiné shop
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Evl.l For eye protection, wear clean &
_2. Wear close fitted clothing leeveg should, be close fitted. Wear a close

fitting apron or shop coat to protect clothes.
3. |Protect your feet by wearing proper shoes.)
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.
Never wear gloves while ngrating machines.
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/’. Before starting a machine, be sure that all its safety devices are in place.
; i i ! 2 —~ N -
‘///22’ Be sure that the workpiece End .S;Jhe cutting tool are mounted securely—>  ~v—=1 CF‘”"‘;J 4}_;_\“

3. Keep your hands away fror thoving mchinery and tools.

Handle materials carefully to avoid getting cut.

Avoid feeling the machined surface of the workpiece while the machine is
running.

Never leave a machine while it is running. | o, = je¢ s) &Y

Always stop the machine to erform an operation-as meaﬁ;mn.

Never use your hand to stop a machine or a moving part.

9. If you want to change speed, wait until a complete stop of moving parts.
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—10. When working with another person on a machine, agree beforehand on who will

operate the switches and controls. 5
v11. Make it a habit to stop, look, and think in unfamﬂtar or possibly dangerous
situations. B Q,_;);
12. Always try to be alerf; patient, and w1111ng to help.
13. Ask for help in lifting and handling heavy weights. Remember to lift with your
legs, not your back (Sea Fi lgure 2)

Figure 2: Liftin_g heavy objects
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1. Use the right tool for the job.
+2, Keep hands and tools wiped clean and free of dirt, oil, and grease.
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~4. Camrys harp-sdged tools with the edges or points dowa— Sy
/5. When ::::! ng 2 tool to another worker, be sure to offer its handle first.
Jancle

6. The heads of ;‘:I-°.s should be properly dressed. lisw
7. Use the right wrench for thEJOb ey o
—r cs>—'ag— Check ;C secure tool ﬂanHE v
i 9. Do not use damaged tools &2, P
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1. Always notlfy the instructor immedi iately when injured.
- 2. Always get first aid treatment for cuts promptly.
3. Always treat bumns promptly = ot
4. 1f you are concemned zbout either injury or an illness, get professional help as ] T
soon as possible. Ut ot
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Th Ith of a imunity. is measured by the v,a:i;&aniquanﬂ%(.lhaﬂi;sj ! ' ) i
ppgggs_ag&foﬂtsmaandmnsumption. All the material things we posséss are made from /| g

=/ substances, which in the first place are won from the earth, or from nature. : S kot

_ Engineers. are céntefned with the materials available to them. Consider the variety of
-materials-used in the mg_rgfacturin_g_qf an automobile: Iron, steel, glass, plastics, rubber,
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: The general classification of materials is shown below:
-~ “\ . .
‘ ‘(‘/ W . o 0> Yo ?LL 0 5 6;{7
i ! Materials | i
K

=% :
Non-metals h Y

W o, ~ sl<
&‘f"-“"b_){ﬂ = ,.4t>. o

‘45 E—"')J-D"}{ [ . - J . f‘_'b < -"" BLL-\_‘
8 gt errous ’ No ferrous Natural Materials ~ Synthetic Materials ———.c
i e e Steel v~ = copper - glass Lol ti}gmoptagii_f‘g o
= - cast iron - aluminum - rubber “ 4%~ -silicon > = &
\ 9 lf % LT S A —t

.,":P p
| / e ¢ R
Ce X

2 ¢ 0=
SN Y2 ) ' ' i =
MR ) sy P
Z ) r'\“\j, =
3




Pure metals: They are called eiements such as iron or copper. Pure state metals are not
" used very often.
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alloys: Combmaﬁon of two or more metals or mestals and rmia_l_s Some of the

g

.« Bronze = (Tm + CoBger
Steel or Cast iron =
+ Steel: Up to Z‘V __C_a@n& Impurities (mariganese 51hc0n phosphorus)

own aI!oys are:

Iron + Carbon

Cast iron: 2 10 2.5% Carbon + Impunt]es ,.__—_r_-;":;m ~’>

Stainiess steel:

ﬁ?étics: -Hydrocarbons (paraffin’s) linked together to form very large molecules.

When selecting 8 ma

. " Mechanical properties :
2. Phy;\ig:al properties ( weight, density, electrical conductivity) «—

ey e e
Some of the 1rnportam{£[echamcal Properties are:

= ,9» Strength: The ability to resist the appllcatlon of force with
Tension ——
Compression -

: The power of retuming to the original shape after deformation by force.
- o Dy
Ductility: The property of bemg deforrned plastlcal]y under load w1thout rupture.
Srittleness: The property of breaking without being plastically deformed.

ess: The resistance to indentation by harder bodies.

ness: The amount of energy a material can absorb before it fracture.

1r0n + one or more of wmo

[echanical Progertles of M Metals and Adloyj
Sl > W b
erial, a primary concem of engineers is to assure that the material
properties are consistent with the operating conditions of the component.
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\LProductmn of Iron and Steel

Iron is thie fourth most plentiful element in the earth and for centuries has been the most

meortant of the basic engineering materials.

I
(ﬂ The raw materlals required for the production of steel are:
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Heat treatment is a variety of heatmg and cooling operatlons by which the characteristics I
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‘ Measurement ‘

being measured, is the process.o
dard Precision measuremen
duction consumer goods

producing intercl

Commercial standards hav
which the instrument can read, T
measurement. They also must know

Basic S.t_gndard measurements: <

Temperature
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Optical or electrical standards
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e the disadvantage that there is a

o insure accuracy, engineer mus

how to use the common

limit to the accuracy with
t know the principles of
hand tools, measuring

instruments, and gages.

e theil r
e their accuracy.

Measuring instru

The accuracy of measurements depends on:
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ments are checked and calibrated periodically to ens

Least count of the subdivision on
Line matching.
Parallax in reading the insin
Elastic deformation of the ins
Temperature eff

Operator skill

L

yment and workpiece.
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Measuring To

Gradual measuring tools (Figure 1).
Checking tools (Figure 2)i’
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Figure 1:”Graduated Measuring Tools

A 2 D

Sl sl 2l 2, vé”f::,/)Jlx_u

Steel-tape rule. A flexible rule that when

e —————

extended will support itself, but may 50
be used to measur of irregular
surfaces.

Measuring range: 2000 mm
Reading accuracy: . 1mm

Steel nule. A flexible rule used for taking '

\HIP@neasurements. :
1 Measuring range: 150, 300, 500, 1000 mm
. ; :
= > Reading accuracy: 0.5-mm
, Vernier caliper. A measuring tool for
. c?‘; takjn and@;@measurements‘
. B a4 The vernier calipergives an end
o 3)\ measurement.
s g 1 Measuring range: 100, 125, 151_03 200,
Y 2 T e L 2000 mm |
T A AN Reading accuracy: 0, 1, 0.05, 0.02 mm

Vemnier depth gauge. A tool used to
measure the of blind holes, grooves,
slots, and similar dimensions.
Measuring range: 100, 125, 150, 200,
...... 500 mm

Reading accuracy: 0, 1, 0.05, 0.02 mm

Micrometer caliper. A tool for taking

6 3 measurements. The micrometer
gives an end measurement.

Measuring range: 0-25, 25-50, 50-75,
...... 500-600 mm

Reading accuracy: 0.01 mm

\S




Depth micrometer. A tool used to measure
the depth of blind holes, grooves, slots,

and similar dimensions.

Measuring range: 0-75, 0-150, ... 0-300 |
it :

Reading accuracy: 0.01 mm

Inside micrometer. A tool used for taking
internal measurements. A set of
lengthening bars is used to increase the
measuring range. :

Measuring range: 35-50, 50-75 ..., 30-
1450 mm

Reading accuracy: 0.01 mm

Dial indicator. A tool which is like a small
clock, used to true and align machine tools,
Extures and worl; to test and inspect size
and trueness of finished work; to compare
measurements. ,
Measuring range:  0-50 mmto

0-2 mm
Reading accuracy: 0.0 mmor .

0.001 mm

Vernier bevel protractor. & tool used 10
measure angles. The sliding blade is
connected to a vernier scale, the main scale
. is divided up into degrees from 0 to 90

| each way. . :

| Measuring range: 4x0-90

Reading accuracy: 5’ (minutes)
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OQutside caliper. A tool used in measuring
| outside diameters. When the tool has been

( adjusted properly, the diameter may be

read from a rule or a vernier caliper. !

s ey

Inside caliper. A tool used in measuring
inside diameters. The size of the opening
,ﬁ is they/read from a rule or a vernier caliper.
I e =¥l
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Beveled straichtedge. A tool used for
testing the flatness of a surface. If the
knife-edge is placed against a surface and

2 then held up to the light, any small
discrepancy can be detected by the
N pancy ]
5 b appearance of light. A gap'of 0,003 to
3'\../))\ 9

0,005 mm can be seen.

Trv square. A tool used for testing -
: | squareness. When using the square care
F ( should be taken to ensure that its blade is

held perpendicular to the surface being
tested.

Radius gauge. A tool used for testing
concave and convex corners. 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 blade.




Screw-pitch gauge. A tool used for testing

| the pitch of internal and external threads.

It has 4 series of blades which are
accurately notched and numbered. One -
blade at a time is placed on‘the threads
until one is found that is a perfect match.

Feeler gauge. A tool used for testing the
space between two surfaces. ‘It consists of
a set of blades having thickness ranging
from 0,05 to 1 mm.
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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”.

o N i b

Plug gauge. A tool used for testing the
accuracy of holes. Plug gauges are usually

| made double-ended for checking two

dimensions which are referred to as “Go”
and “Not Go”. The “Go” end 1s made

longer than the “Not Go”.
|
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. Definition: L st (a“’:s W2 ,\;-—-?

Marking out (laying out) is the pmwss,ofs/’c:ﬂbj:lg_limis on blanks which indicate the
Sosition of finished surfaces or center points. __EQA

i = vt

Marking out with‘steei rule) Marking out with{surface gaug%

pu
H
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" ‘-“2) Marking out includes scribing of center points, circles, acs or straight lines upon metal

- surfaces. The layout must be exactly like the drawing. These lines assist the machinist in
setting up thé 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___Z_é_ 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
"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.

Drilling according to layout
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Surface Plate. A plate made of cast iron or
granite, being considerably flat. Used as a

| base upon which to rest the work, gauges,

and other tools when marking out.

Scriber. A slender steel rod with hardened
points, used to scribe lines on metal
surfaces.

A
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Surface gauge. Used for scribing.
horizontal lines having a definite distance
from the working surface of the surface
plate. '

Height cauge. Used for scribing horizontal
lines.

. = o vy e - B
Divider. Used for scribing circles or laying

off distances.
LD > o

Hermaphrodite caliper. Used to locate
approximate centers of work or for
scribing parallel lines.

—_—
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Steel rule. Used to take measurements and
for scribing straight lines.

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

q:: (Ev)‘f_!)..u

Protractor. Used for laying out angles.

Z]:_'

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

means of a scriber. 2

V-Block. Used for supporting shafts and
bushes.

Plas, (0.1 e
(&) o5
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MMetals by Removing Chi%
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The usual conception of cutting suggests cleaving the material apart with a thin knife or
wedge. When we cut metal, the action is different from this, being more in the nature of
a tearing than a cutting process. - -

Metal is made.np of many grains. Pressure of the wedging action of the cutting tool
passes from grain (o grain of ihe metal. This causes the grains to slip and finally break.
When enoug}'ijf grains are thus fractured, a piece of metal, a chip, is separated from the
workpiece and passes over the face of the tool. The:pressure of the tool on'the chip at A
in the direction of the arrow (see Fig. 3) tears the chip from the body of the metal, the tear
being continuous and taking place along the track marked B. In other words, the
compressed element of the chip is sheared.

¥ 503 le cu,év:“wj [

Fig. 1 Fig.3

Fig. 1: cutting with a sharp edge, Fig. 2: thefpressure effect of tools on metal grains is °
similar to that of pressure applied to one marble in a group - it is transmitted from -

marble to marble, Fig. 3 : cutting metal with a tool.
L ] :

The tearing of the chip from the work naturally leaves the work surface in a torn and

rough condition. It is at this point that the extreme tip of the tool does its work by
trimming off the irregularities and leaving the surface in a fairly smooth condition.

A small cavity may be observed at point A of a tool that has been cutting for a long time
without having been reground. The hard tool has been wormn by the severe rubbing of the

chip.
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Fundamentally, all cutting tools are provided with a cufting edge. A cutting tool may frfsz-
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.

L}
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Twist drill Reamer Milling cutter
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A Clearance angle a: i A
The clearance angle avoids rubbing of the tool on the work surface.—
M

A Lipangle B: TR - :
Fie harder the material to be cut the more the cutting edge must be supported. .ol Vols sl

[
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The rake angle helps that the tool peals off the chip instead of pushing it g - =)< === 0Jdd
—— — -
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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. cadzl x
o o ‘ g 2% Lol
el Tool failure may|result from the wearing away of the tool’s cutting edge, which changes Y
_ the geometry of the tool. This geometric change may be in the nature of a dull_edge, f
et roughness, or a shift in the clearance angles. Gy /
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"' Changes in the tool geometry will ‘generate heat, which may cause the tool to lose .

hardness and soften. If the relative motion of the tool to the work is too great, the ~

) rubbing actien.of the tool material against the work will create even higher temperatures.

X The process of softening and rubbing away continues until the tool fails. Arother cause
of tool failure results from the high stresses set up by: the tool within the workpiece and
within the resulting chip. The metal is said to work-harden, and as a result greater forces
are neede:i/}_og separate the chip from the parent metal.

f . e
5 & Tool life is defined as the length of time a tool will operate before failure occurs.

¢~ Toollife can'be increased by: f{: ) f_;’/ — _Js — (L=l
g b < ’-na N < ] K" . . y g ,
. 53\e ol s | e = i
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{ —w 1) Proper fubrication or coolin
_w?) . Sharptools —— s
— 3) Proper anglés"— — S ) LSl ;
4) Careful selection of tool materials ——— Sl s D
:;5) Proper feeds and speeds — Tl G
s 6) Proper setting-up of the tool relative to the work
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<~ - /3. Chip formation:
‘/“ e —
IR Chip formation.is a function of the tool bit and the nature of the material being cut.

Chi es:

-~ \ce & j : . ’
P g 1. Continu hip: When ductile p‘}etals__ such as lead, tin, cOpper, soft. steel,
Afuminum, etc.) are machined, the separate elements of the chip are bonded firmly
- Pf, together and form an uninterrupted chip that curls into a coil. B
N D e o %
2. Sheared Chip: If less ductile metals such as hard steel are machined, the chip will
. consist of separate elements weakly bonded together. ,

[} K\'
\ 7 f 3. Discontinuous Chip: If the metal to be machined is brittle such as cast iron or
;/\)f” "1/ B bronze, the elements of the chip will break off and will be separate from each
other. 3

16




4. Build-up Edge 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

-undesirable, 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.

. | : The built-up edge may be reduced by increasing the rake angfe, by high quality
" “grinding of the tool, by employing a suitable cutting fluid and by-increasing the
cutting-speed.

S ; iy
Built-up edge: a = material welded on tool,)
b = growing of welded material, c =breakin

away of particles, welded on chip and worlg,

d = growing of welded material.
- growing of welded materi

Built-up edge

= BN ‘ e
4. Cutting Fluids and Coolants: /;9 & AvssTLUS Y et ==
— r e

From the above discussion it can be seei that the friction must be kep(/ as low as possible }
to reduce the heat generated. UsingQubricantg)that form an oily film on the surface of the
mf:fc_a.lr and thus make the snea:iqg of the metal easier can reduce heat. This is the primary
purpose of a lubricant. It may be a fatty oil, mineral oil, or sulfurized mineral.

1]
Its secondary effect is to remove heat generated guring the cutting o%?ration.

— \
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Where the cutting ope
enough, there are wate
ng effect is great

These mixtures do not corrode

water, the cooli

ration is severe and the lubricant cannot remove the heat rapidly
r-soluble oils used. When mixed with a high concentration of
ly increased with some. lubricating properties retained.
the steel parts with which they ceme into contact.

~ Thus, lubricating oils are used chiefly to reduce friction and water-soluble oils are used
/chiefly as coolants

Selection of Cutting Fluids for Various Types of Lathe Work

: “Material to be machined
Tvpe of lathe work carbon steel - alloy steel grey cast iron aluminum and
s -and brass its alloys
Turmning external Soluble oil, Sulphurised ‘Dry, soluble ail, Dry, kerosene
surfaces sulphurised oil soluble oil, kerosene
sulphurised oil,
mixed oils "
Boring Soluble oil. Soluble oil, mixed | Dry, rape oil Turpentine with -
| sulphurised oil, oils, linseed oil kerosene (4:3)
rape oil
Drilling and Soluble oil Soluble oil, mixed | Dry, soluble oil, Dry, soluble oil,
enlarging holes oils, linseed oil kerosene rape oil, mixed
: with kerosene
Reaming Soluble oil, Soluble oil; mixed | Dry, rape oil .Turpentine with
sulphurised oil, oils, linseed oil kerosene, rape oil
) vegetable oils ' :
Cutting thread Soluble oil, Sulphurised and | Dry, kerosene Dry, kerosene,
- sulphurised oil. L plain soluble oil. | (rape on for brass) | rape oil
vegetable and ”, rape of linseed oil
mixed oils

(@bﬂ’a’ivr zﬁ‘ .\.:)._\ = }v-j‘L~\9 @ "V’ 5-)/‘] J—_/ o

ey Eiac.l.._(x@! )

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

/:f{z‘gh-carbon)tao! steel: tools are|used for small-quantity production of wood parts or
“nachining soft materials such as free cutting steels and brass.| It is important that the
0] ;erationall temperatures be kept below 200° to 250°C. | This type of material loses its
hardness above this temperature. For this reason coolants should be used freely.

18
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has 18% tungsten, 4% chrorium, and 1% vanadium. Other alloying elements are cobalt
and molybdenum. The main property of high-speed steel is its “red hggggggg”,' ie. its

ability to retain its cuttin sut decreasing the tool life when heated even to

600°C as a result of high cutting speeds.
gi—

! Cemented 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 high hardness
" and heat resistance. <% ':/?j-‘LL_Ll

@(Hr’gh-speed‘stee!: contains tungsten, chromium and vanadium. The most common type

Cemented'icféirbide tips are brazed to the tool shank and are the cutting element of the tool. & & W
“The main advantages of cemented carbides are their excellent resistance to-wear fromthe o, _},?/';’Lm-j 3
chip and the retention of their cutting qualities at temperatures of 900 to 1000°C. Dueto ¢ gy
these properties, tools tipped with cemented carbides are suitable for machining the very g ¥
hardest metals and nonmetallic materials, such as glass, porcelain, and plastics, at speeds \??" (gt +
from 4 to 6 times higher than possible with high-speed steel tools. -

—

The disadvantage of cemented carbides is their brittleness.

Ceramic tool materials: namely aluminum oxide or silicon carbide, are mixed with a ° Cfg‘:{—f”&’—lr
glass binder. This mixture is hard and brittle and will withstand temperatures of 1200°C &_{,” + @
without losing hardness or strength. | : bfttf@'ﬂ (ﬁ" o :/'Q‘

C’j 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 oy '! )
high spindle speeds, for fine finishing of bored holes in steel. They are expensive and - '

difficult to shape into desired forms. Diarionds will withstand temperatures of 1600°C 10 &p s 4
1800°C without losing hardness or strength. Lyc_; o= e e '
. [_66(’) - {gﬂbj & r.;,fg /

a = cutting tool made entirely of tool steel or high-speed steel, b= high-speed cutting tool
i welded to a shaft of structural steel, ¢ = tip made of high-speed steel, welded, or made of
/( cemented carbide, brazed, d = diamond tip with holder ( a = diamond, b = support, ¢ =
holder, d = seal), f = cutting edges of a tool tip made of ceramic tool material (these tips

are clamped in holders similar t0 those used for diamonds).
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CHIPPING

(CHISELING)

"THE PURPOSE OF CHIPPING IS TO SHEAR OFF WORK PIECES
OR TO ROUGHLY REMOVE EXCESSIVE MATERIAL

_l_,_;,li««) " 7 ,ti)%\ :" \s"‘ 5’V sl eyl ?_{ID_J |

B

1\ 4

¢ 1. THE MAIN TYPES OF CHISELS j

P R i -
1. @LA islused for cutting sheet d
and plate material an: 1
—F—T 1 = -
< e

soft stael plate
Cutting on a flat plate Shearing-off in a vice

2. 'CROSS-CUT CHISEL (cape chisel) s used
for cutting keyways, slots and grooves. The

cutting edge is slightly wider than the body;
this is to ensure that the chisel does not bind
in the cut.

: : 5 : 3 T
 m— 15}

e




A

’
v f v -
N h\i—:‘) dag

~ P

- 5

ZACVANL)

]

e |

e — .
v \ -

L !“}E; e

\- ) jJ :

3 g,uéedfor_,éh,g@,r_m&
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4. F-ROUND CHISEL) is used for
y, - .—-—-—'—-__.-E--_.
fonmng tes and oil channels in bearings

a hole into c

of pulley bushes} Alsofused for “drawing7z>
bwaamdmdﬂﬂlﬂ@

e——
7

5.( FILLET CHISEL acking-out chisel) is

or Cutting out predrilled slots. |

by compressed air, supplied at a pressure
Df 5 atm.

'1 = sta:;im tr: 3 L_co:_npressed ﬁ\

elect ric current.
\ 1= hammer case with . smtcﬁ box
/2= hammet, |3 =chisel’
000 to 5000 blows per minute.

=

Shearing-off a strip of sheet metal

1
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= 2. HOLDING THE CHISEL} Depending on its size the chisel is held with:
. = E

™ = . ==

2 fingers 5 fingers . whole hand
small chisel medium chisel large chisel

F

7( 3. PROCESS OF CHIPPING

correct
inclination

o 7 77
i .
{ correct inclination of the chisel inclination too small, the chisel inclination too great,
S gives equal chip thickness. penetrates too deep into the the chisel will slide off
material. the work piece.
g
X Tables for Chipping
ik Material Clearance " Lip Rake
angle o angle B angle y
Aluminum 10 ~ 40 40
Mild Steel 8 ~ 55 &7
St 33 to St 50 8 ~60 22
St 70 and more 8 ~ 70 12
Cast Iron, Brass 8 ~72 10
Chilled Cast Iron 6 ~ 80 4




Safety Rules in Chipping: =N =

.~ 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. Qe[ Pe DT S

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

4) If the work is held in a vise, always chip toward the solid jaw of the vise. MNever
chip toward the movable jaw. Where possible, avoid chipping parallel with the
jaws.

e shrwona

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.




Definition:...-- -

i s a chip removing process used for
s> separatirig materials by cutting a narrow
/ groove by means of a saw.

‘ Sawing with hacksaw
Principles of Sawing:

g LI -

(It A saw blade is provided with many tactﬁ, each of them being like the cutting edge of a {\

chisel. When cutting, every tooth removes a chip, which is kept in the space between |
the teeth until the end of the cut. e

If the cut is long, or the material to be cut is soft, a large chip quantity will be
removed. To avoid clogging of the space between the teeth, the pitch of the saw blade

must be large enough. Pl (IDLSU
( MGL_“D b);su"t —s— . T P
e /-"“ { .

ez ol R et ¥ e . [ s
f

\5‘ : Small pitch ::d'.:gi Dite:
£ b ;_..'.‘:‘_s_ :’__-_-.—___'_
i v‘/‘}/‘ /J
> — \ | p — J
Hacksaw, p = pitch ' - | R

[1. :
| ~ The angles of a saw-blade tooth, used for cutting metals, are:

| Clearance angle o = 30°
Lip angle B =60°
Cutting angle & =90°
Rake angle y= 0°

TTTTe——

The comparatively large clearancd angle ais necessary to make the space between the
teeth large enough for the chips. By adding much rake the tooth would become too
weak for cutting metals. '

Saw blades used for cutting wood and circular saw blades are provided with a larger
pitch. Clearance angles are from 5° to 15°, rake angles from 5° to 25°.

— m— — L mm—




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

Free space free gpace

_ ARHITRTRTTEE
i
Alternate set Wavy set

; For circular saw blades a set is obtained either by alternate setting or by grinding the
- teeth to a tapered shape.

Circular saw blade Tapered shape Concave shape

Sawing is used for cutting blanks to rough Iengih, for making thin cuts preparatory to
_other chipping, filing or machining operations, and for cutting slots and grooves.

Saiving may be classified as hand sawing and power sawing. In hand sawing there is
a reciprocating movement, the backward stroke being an idle stroke.

In power sawing, the power hacksaw is operated with a reciprocating movement too.
A circular saw performs a circular motion and a band saw a straight lined motion,
both of them yielding a continuous cutting operation. , -

A

f__,_

| 5

]
direction !
of cut 3

Power hacksaw
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- Hacksaw blade. With fine
{ £ : i ‘ ) pitch at the starting end,
\C/—)______m_ __-J L /| length 300 mm.
o—ilne — -—medium —

Piercing saw blade. Made to
J M\Cs 1__,. ¢4 e J‘ SRS = . | various lengths and thick-
g Nesses.

i RE : N l i | Powerhacksaw blade. Length
) ) ,% 300-710 mm.
“-\ ““—’ {{ | Thickness 0.8 - 2.5 mm.

‘=\ "J;-\E’/-‘/n/ ,;Bt . 1‘1

— .

Sawing Tools:

Saw blades are made of plain carbon tool steel or alloy tool steel. There are two types
of saw blades, the all-hard and the flexible. All hard blades are hardened throughout,
whereas only the teeth of the flexible blades are hardened..

i i ; Hacksaw blade. One side
: - . JE) toothed, length 300 mm. -
¢ e P I Yy ry Ty g o
o

Jrmmeme Ll

> f@ ________ TN T Hacksaw blade. Both sides
{V . o .
(3
j-—'--) }ﬁ

toothed, length 300 mm and-
350 mm. s

Circular saw blade. Diameter
20-315 mm.
Thickness 2-6 mm.

T ‘ Band saw blade. Made to

___._.3-"‘_":5':",?&':.':.1-.‘... 54..,.&.,;...5!:.,..:5‘.3'-‘;‘*;.::-,_‘% vanous igngths and thick-
T I )3
T U W nesses.
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[ Tables for Sawin,c;;"\‘-'

\I;Iéi:-ksaw 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 pitch
v Soft materials aluminum, 16 coarse
: | copper, plastics . e
| § e
L1111V
Medium hard materials 2 medium
| steel
',/4/4/5./1/_‘/?/!/‘/
Hard materials tool steel, | . 32 fine
thin walled objects i j
y | ':
) bt isistrins
i Safety Rules in Sawing: oo 7‘, :
- .._J_-AJ - i 7
: 1. Secure the saw blades firmly and properly. . o i AD =
2. Secure the work in a vice, or with clamps.— ° S e
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 support the piece being’ -
cut off so as not to allow it to fall on your feet. .. . o
5. Don’t blow out the chips of the cut. They may get into your eyes.
he s
= Xyl \
S0 A i
2
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~ Filing
\ o ————
Definition: . -

Filing is the process of removing a layer of metal from the surface of a workpiece by
means of a file. = G

)
el A
o

Principles of Filing:

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

ol
A Ging!e—cut ﬁl% has ?@W Single-cut files can be used
for taking cuts as wide as the lengg of the file cut.

Single-cut file Angleof cut Enlarged view

—_—

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

Single-cut files have their cuts made at an angle of 70°-80° with respect to the file axis.

A @auble—cut ﬁIe)has&wo courses of cuts crossing each other) The second cut divides
the” long cutting edges made by the first cut into many small cutting edges, each of
them removing only a small chip.

0

Double-cut file Angle of cut Enlarged view

23




Double-cut files are used in filing of hard metals (steel, cast iron) which offer.
considerable resistance to cutting. To work these metals with single-cut files would
require much force, therefore douB[e—,c;ut files are _used which remove short chips..

D‘oiﬁl.\:ﬁws have theid first cut made at an angle of 50%/and thei@cutatan
e of 70°. '

angle

The spacing of the first cut and the second cut is made different to avoid having the file

. teeth one behind the other in direction of the file axis. Such a row of teeth would

scratch deep grooves on the work surface.

. o \\ﬂﬁﬁrx.i
s i

. r‘y/{ﬁf" s /f 52844 .
: 590.0900990049999 A\
/] VSSEEEAASEA\\ ]

Y Y Y Y YR

A Enill ﬁle)- 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.

TLELIEFFEELIETELIT]
O
T L T T T e
7 [

Milfle . ~ Chip breaking futes Enlarged view

Mill file are much useﬂ for drawfiling, and the bastard cut is fairly efficient for filing
brass and bronze. :

A(rasp ﬁlé, has isolated projections and recesses which form relativeiy coarse and
widely-spaced teeth shaped like pyramids.

—

—

N g A . \—“‘.—ﬁ x}' 1 \\T)-\‘:&‘:““N_\v’] Lk et
Such files .are used in filing of babbimt, lead, znc, Eatner, vood, rabber, eic. Soft

materials would clog up the teeth of single cut files and stop further cutting action.
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F\]e geometrv:

The geometry of file teeth depends on the method of production. File teeth cut with a
chisel are different from those being milled by means of a milling cutter.

& &
Eo'r'kpie ce
scraping milled file cutting

‘A'cut file tooth scrapes, the lip angle is large.and cut files are therefore used for filing
“hard matenals A milled file tooth cuts, the lip angle is smaller and milled files are
therefore used for filing soft materials or for finishing work

Chip escapq is obtained either by inclining the cutting edge or by milling a curved

cutfing
|
i®)
U,
P
S . BT
e E’-l AR 2 TR
- No chip escape @ utting edge Curved cutting edge -
v s e — T ————

=
Process Accuracyv: ‘_J:

The accuracy of metal filing ng ranges fre t.mm When fitting machine

parts together there are occasions when a sight reduction in size is required, and the
use of a machine tool is impracticable. In such cases the file is most useful. Further, in
many classes of work such as diemaking, experimental work, and model work, surfaces

must be finished and parts fashioned by filing. Filing may be classified as hand filing -

and machine filing.

Filing Tools:

Files are’ made of plain carbon tool steel or alloy tool steel. The teeth on a file are cut
with a sharp chisel either by hand or machine methods. Other methods are milling,
grinding or broaching. After cutting of the teeth, the file is hardened and the tang
tempered The file should be provided with a suitable handle properly fitted.

File: 1= tip, 2 =edge, 3 =face, 4= cutting edge, 5 =tang, 6= ferrule, 7 = handle..

e ; — ——
/ e £ !
4 L 7 Y
o\ = v i A = TR
v o0
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Most files are-made with one or two faces slightly convex lengthwise. There are good
ceasons for this. If when filing a broad surface all the teeth were in contact, it would

‘require too much pressure to make it cut; this would mean practically double work

and also make it more difficult to control the file. If the face of the file were straight,
to produce a flat surface every part of the stroke would have to be perfectly straight.

This is impossible.

The sa%cl edge of a flat file is the one on which no teeth have been cut (or where the

teeth have been ground o
filing an adjacent surface.

suchafile. =

f). This edge keeps one side of 2 piece of work safe while
As a matter of fact a sharper corner may bigggg_i_xlgd.«uéi.

e

Flat file. Used by machinists,
machinery builders, ship and engine

builders. repair men, and
toolmakers, when a fast-curting file
is needed,

S ;m';"_n'.“

e N . 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. L

Square file. Used for filing small -
square or rectangular holes, for
finishing the bottom of narrow
slots. etc.

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




Knife file. Used for finishing the
sharp corners of many kinds of
slots and grooves.

Rhombic file. Used for filing the
sharp corners of many kinds of
slots and grooves. This file is also
called “feather edge file”.

Crossing file. Used in place of the

half-round file. Each side of the
file has a different curve which
feature frequently is of great
convenience.

NesdlE €. Used in fine die work |
and finishing.

Mill file. Used for filing soft
materials.

Rasp file. Used for shaping and

|, 5 ,.-;..3?; 3 & finishing wood.
¢
o . . I Sl P v omt &‘\“-\.‘_‘
Safetv Rules in Filing: > aalad -
B2 s Fa
7 Don’t use a file with a broken handle or “" b
without any handle. ) ':\A-_\: el . \\‘ég P
See that the bench is stable. =~ g
When filing objects with sharp edges. )
— don't hold the fingers of the left hand under \

the file during the return stroke.
ever brush chips off with your hands or
blow them off.
5. Always clamp the work sécurely in the vice.
6"\ Take care when fixing a handle on the file tang.
- 2 4

| =

\ \
—

s i L T
< ] \
F S Joremb -

Poor bractice of fixing a
‘file handle on the tang

32



Tables for Filing:

The terms-rough, coarse, bastard, second cut, smooth and dead smoo er to the
distance apartof the parallel cuts on files and the Nos. 00,0, 1,2,3;4,5,6,7and 8
refer to the same-things, No. 00°being the coarsest. terms are relative and

4 - 5
5 - 10
~N12 18
40

65 - 80
100 - 120

Surface Ouality Finish Marks:

—

W : Tool marks
r/ /ll:/‘

w7 ) :
W, ) Tool marks can merely bew
ﬁ/ //é/ /;,é Tool marks cannot be seen with the naked eye

e seen with the naked eye

e
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 Drilling / L

Definition: s, R
-, %S )J > & _.7_):‘_;_‘. (-_)\Q—-ﬂ . 5 ; " .
Drilling is the process of originating a circular hole by removing chips.

Drilling on the drill press Blind hole

Principles of Drilling:
> o o

Drilling is the result of two motions, the rotary cutting motion and the axial feed
motion of the drill. The cutting speed 1is the speed of a point on the dnll’s

~ _circumference and is measured in(m/min,) 1he feed is the distance that the drill enters .
" the work at each revolution of the drill, measured in mm/rev.

cu tt t"j

@? speeol

FedlL

a = cutting motion
Drilling into full material b = feed motion J Enlarging a predrilled hole

L
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N

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.

Ason 0£hcr cutting tools, there are clearance, rake and lip angles on twist drills.

g = Clearance angle

B = Lip angle
7 = 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.

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

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

Drilling Tools: i

—_—

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.

el SRy ey i 4 Feedm s
Axis’ E . .L____.F’m p) ; -
= 2 X engitt
Shat b — - Zody lenglh
P Over-off [sepi -~
Alargm— A
‘;\f r_/_,’:_\ob\m#:r

\_g) Parts of a twist drilL . Straight shank and taper shank
EETE e k@.@) as—; B A




Drilling Machines:

r

Th/e common mechanical feature of all drilling machines
consxsts of ;z{olvmg indle, whlch ‘holds the drills and a
nmzr—revolwng sleeve,/which ¢ the spindle. The sleeve
. slides in its ‘bearing ina directi pa_rallel tof itS axis!

- [9Y

revolving spmdle < o

nng nut - Y 5o/
c*hon-revolvmg sleeve g o s
d= baJlbca.nng ( NS W) o VY
e—feedlever =
; gear
g = tooth rack

Drilling machines are usually driven by an electric motor.
The various cutting speeds (or numbers of revolutions) and
feeds may be obtained through cone pulleys or gears.

a=ge main drive
b = control lev: main drive
¢ = mai ve and feed drive connected by a worm and a

4?N}pm/gear S :
' _~d = gear drive for various feeds

e = worm and worm gear for power feed

36




Hand drll. 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

Portable electric drill. Used for drilling
holes up to about 15 mm diameter.

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. '




//
A~

Sensitive drill press. Used for drilling

holes up to 25 mm diameter.

Heavy-duty_dnilling miackhine, Used for
drilling holes up to 40 mm diameter.

Radial dnlling . machine. Used for drilling
several holes in the work which is fastened |

securely.




Tool Holding Devices:

_ The revolving spindle of The-drill- press carries the cutting tool. Some tools may be
\ held directly in the spindle hole; others may be held in a taper socket, or-a drill chuck.

Chutting tools with taper shank are-held in the taper hole of the spindle. Tools that are
too ‘small to fit the taper hole in the spindle of the machine 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 sleeve may be used. Sockets and sleeves are made in all necessary

sizes.

Holding the dill in Removing a drill Socket (above) and
the spindle hole with a\drill dnift a set of sleeves

Cutting tools with straight shank are held in drill chucks. - ,The drill chuck itself is
provided with a taper shank, which fits the\taper hole in the spindle. Drill chucks are

made in various sizes.

)

4

Two-jaw chuck Two-jaw chuck being Th_relg—jaw chuck in
removed by a drill drift closeq position

Work Holding Devices: \

Work is held on the drill press by means of clamps, vises and jigs\\ Clamping with
claaps, bolts and perallels is very slow and nct very accurate. Also, a vise does not
accurately locate work under the drll. \




General Rules for Drilling:

Always examine a drill for size and sharpness before using it.

9.  Have the shank of the drill and socket, or of the chuck, clean, dry, and tight
in the spindle. s &

3. Be sure the setup is arranged so that the drill will clear as it goes through
the work, and not cut into'the parallels table, or vice.

4. A drill will follow a hol€ alfeady made. A pilot hole will keep a larger drill
from running. '

5 When the drill “breaks through” at the end of the cut, it has a tendency to

“dig in”. Especially when hand feed is used, care must be taken or a broken

drill will result. £

—

6. A squeak indicates undue friction. The cause should be looked for
imumediately and the fault corrected.
\r'-s‘;.‘_!:s
Safety Rules in Drilling: g

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

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

table.

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

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

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

If drill stops in work, shut off the motor and start drill by hand.

File or scrape all burrs from drilled holes. '

Do not reach around or in back of a revolving drill.

@ Keep your head back and well away from any moving part of the drill press.
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COUNTERBORING, SPORT FACING, COUNTERSINKING

( COUNTERBORIN@:S the process of increasing the diameter of a hole for 2

certain rtain distance down for the head of a screw-er-bolt, which should not pmJect
above the surface of the work.

B e wyer

1

- - Lf//. N

s

1

il

2. CS‘POT FAC‘ING} is the process of facing a rough surface around a hole, to
provide a flat seating for a washer, bolt head, or nut.

.
|

|
T\:\@_’E\\f\\i\\‘
N\ N
NN

3. ( COUNTERSINKING } is the process of tapering a hole a certain distance for the
head of screws or rivets and for taking away the burr of a hole
Tools:

The toels-used inr|core drilling {borln,,rcountcrboringj":countersm@@nd spot 7f‘acing,}
= made from glloy tool steel (HS = ’
e —

o mm—
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Definition: - 7 : £f =

Turning is a chip removing process performed on a machine tool called lathe. The

finction of the lathe is, primarily, the production of cylindrical surfaces.

Work

Speed change dstock Work pi
Controls g /—Hea stoc orkpiece Chip
Feed reverse L :
Tool holder rest
Tailstnc'll_: é.
Leadscrew - g
N
Tuming

Feed-thread |
change handle Traverse

. —Spindle rod -

Rapid

traverse Chip pan
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Principles of Turning:
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Turning is the result of three motions:
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1. The rotating motion of the work (cutting motion).
2. The tool traveling either longitudinal or cross to the work-axis (feed motion).

3. The tool is set to the desired depth of cut (adjusting motion).
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Motions in turning
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The single-point tools used in turning are ground differently for the different cuttihg
operations. But all of them are subject to the same geometry of cutting edges. The
accuracy obtained in turning depends on the condition of the lathe as well as on the



abilities of the lathe operator. In most cases an accuracy of 0.01 mm can be
considered as a good result.

The lathe is the most versatile and useful of all machine tools and is used in producing
a great variety of machine parts having circular cross-sections. The following figures

show some turning processes.

_ Longitudinal turning

o ———

Taper turning
R

Profile turning
-

Thread cutting
_—-—'—_—-
_-_____-————__ L

y ¢
\‘/‘;_Jf S/

-—




X

Carbon tool steels and high-speed steels, cemented carbides and ceramic materials are

Turning Tools:

used in manufacturing single-point turning tools.

Tool holders are specially made for clamping /\éﬁ SHRE B
of small tool bits. They are manufactured - -
of cheap structural steel and save expenditure L G {
on tool steel. : P W= i

Tool holder (a) with tool bit (b)

Various shapes of turning tools: For special turning operations there -are turning
tools with appropriately shaped cutting edges. Each'type of turning tool is so shaped
that with it only a certain turning process can be done econemically and accurately.
The following figures show some of these tools.
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r The Lathé:

Usually in turning the work révelves and the tool is fed either parallel to the work axis
(turning) or perpendicular to the work axis (facing).
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So the requirements a lathe has to meet are:

1) to hold the work and rotate it.
2) to hold the tool and move it either parallel or perpendicular to the work axis.
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The lathe bed is the base,

on top

of which are the ways, both V and flat. These ways

—

are rails that support the carriage and the tailstock.
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~ The headstock consists of the headstock casting, where the gpindle, the jgili and the:

mechanism for obtaining the various spindle speeds are Iocatéd‘.j
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Headstock Tailstock

The tailstock can be moved along the bed and locked in any positior. It has two
castings (1) and (2). The lower one rests on the ways, and the upper one is fastened to
it. The upper casting can be moved toward or away from the operator to offset the
tailstock for taper turning. A hollow spindle (3) moves in and out of the upper casting
by turning the tailstock wheel (9). This spindle has a taper on the inner end, in which
the dead center (5) fits.

The carriage has five parts:

o

a) w 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 Fandle is turned to move the cross
slide transversely (crosswise) from the
operator.

¢) The compound slide on top of the cross

slide can be turned in a 360-degree circle :
and locked in any position. It, too, has a
slide in which the upper part of the
casting can be moved in and out with the
compound-slide handle.

Carriage: a: saddle, b:cross slid,
c: compound slide, d: tool post, : apron
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d) The tool g'ost is fastened on top of ?ﬁg@g@pdjﬂ:&de.
e) The apron fastens 10 the saddle and hangs over the front of the bed. It
-t r-s g contains the gears, clutches, and levers for operating the carriage by hand or
= ;8 with power. The apron handwheel is rotated to move the carriage
—p longitudinally (back and forth). This hand-wheel is attached to a pinion that
,_,,_'.\A |, meshes with a rack under the front of the bed.
The Main Drive:

 In modern lathes,) the functions

Thé;;ﬁbwe); for turning is provided by an electric motor. On belt-driven lathes, direct-
drive'pdwe\r is delivered through belts to a step pulley that turns the spindle. The
spindle speed i changed by moving the belt to different posifions.

are performed by the speed gearbox, wiich consists
of gears, shafts and other parts arranged inside the cast-iron headstock Housing.
The rotation of motor(1) is transmitted by a belt to pulley (2). Pulley (2) gives power

to the gearbox. %
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