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ME 1302 - Principles of manufacturing process (3-2-1-2)

Manufacturing Processes

Manufacturing processes are the steps through which raw materials are transformed into a final
product. The manufacturing process begins with the creation of the materials from which the design is
made. These materials are then modified through
manufacturing processes to become the required part.
Manufacturing processes can include treating (such as heat
treating or coating), machining, or reshaping the material. The

manufacturing process also includes tests and checks for

quality assurance during or after the manufacturing, and

planning the production process prior to manufacturing.

Course Topics
. Engineering materials

. introduction to entrepreneurship,
. Manufacturing processes: casting, welding, forming, working , joining processes.

. Hand work and hand tools,

1
2
3
4
5. Concept of machining processes, turning, drilling milling, and grinding.
6. Metrological concepts.

7. Industrial safety.

8

. Laboratory experiments.
Program and Course Outcomes:

To understand the principle of manufacturing engineering
To obtain important information about the iron ores and how can obtain the different types of iron and steel
To classify materials and their improvement properties

To know the different types of machining processes

o b w0 b=

To obtain an ability to identify, formulate and solve problems of machining

6. To gain important information about sand casting and different types of welding processes.
Recommended Textbook(s):
1. Fundamentals of Modern Manufacturing by Groover.

2. Manufacturing Engineering and Technology by Kalpakjian.

—
=
—



Lec-2 Extraction of metals and materials first year Dr.sattar A. Mutlag 2021

LEC-2
Extraction of metals and materials.

We study iron Extraction as example of thistitle
Iron Ores

»  Almost all industrial Iron making worldwide is based around iron
oxide ores
= |ron isthe fourth most abundant element on the Earth’s crust
= Generally require Fe content of >58 wt % for economical BF process
(The blast furnace is a reactor which produces an impure form of molten

iron).

1-Crushing and grinding of the ore : These ores occur in nature as huge
lumps. They are broken to small pieces with the help of crushers or
grinders. These pieces are then reduced to fine powder with the help of a
ball mill or stamp mill. Thisprocessis called pulverisation. (gl
2- CONCENTRATE THE ORE: Depending upon the nature of the ore, one
or more of the following steps are taken to concentrate the ore. These are
mostly physical methods of concentration. S il

A))Magnetic separation — Magnetic ores like pyrolusite ( MnO,) and
chromite ( FeO.Cr,O; )are enriched by this method by making use of the
difference in the magnetic properties of the ore and gangue particles. The
powdered ore is dropped on to leather or brass conveyer belt, which moves
over two rollers one of which is magnetic. When the ore passes over the
magnetic roller, it sticks to the belt due to the force of attraction and falls

nearer to magnetic roller. The gangue fals in a normal way under the

/o)
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FUNDAMENTALS OF METAL CASTING
Solidification Processes

https://www.youtube.com/watch?v=pwaXCko_ Tkw

Casting

castingis a process in which a liquid metal is somehow delivered into a mold that
contains a hollow cavity (i.e,, a 3-dimensional negative image) of the intended
shape. The metal and mold are then cooled, and the metal part (thecasting) is
extracted. Casting is most often used for making complex shapes that would be
difficult or uneconomical to make by other methods.

The Production Process Flow of Sand Casting

Advantages
+ (Can create complex part geometries that can not be made by any other process

. Can create both external and internal shapes
. Some casting processes are net shape; others are near net shape
. Can produce very large parts (with weight more than 100 tons), like m/c bed
. Casting can be applied to shape any metal that can melt
. Some casting methods are suited to mass production
. Can also be applied on polymers and ceramics

Disadvantages

» Different disadvantages for different casting processes:
» Limitations on mechanical properties

* Poor dimensional accuracy and surface finish for some processes; e.g., sand casting



https://en.wikipedia.org/wiki/Mold_(manufacturing)
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FUNDAMENTALS OF METAL CASTING

Solidification Processes

Die Casting: -

Die casting is a metal casting process that is characterized by forcing molten metal
under high pressure into a mold cavity. The mold cavity is created using two hardened
tool steel dies which have been machined into shape and work similarly to an injection
mold during the process. Most die castings are made from non-ferrous metals,
specifically zinc, copper, aluminum, magnesium, lead, pewter and tin-based alloys.

Depending on the type of metal being cast, a hot- or cold-chamber machine is used.

The casting equipment and the metal dies represent large capital costs and this tends to
limit the process to high-volume production. Manufacture of parts using die casting is
relatively simple, involving only four
main steps, which keeps the incremental
cost per item low. It is especially suited
for a large quantity of small- to medium-
sized castings, which is why die casting

produces more castings than any other

casting process. Die castings are characterized by a very good surface finish (by casting

standards) and dimensional consistency.
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1. Rolling: -
Introduction

Rolling is one of the most important industrial metal forming operations. Hot Rolling is
employed for breaking the ingots down into wrought products such as into blooms and billets, which
are subsequently rolled to other products like plates, sheets etc. Rolling is the plastic deformation of
materials caused by compressive force applied through a set of rolls. The cross section of the work
piece is reduced by the process. The material gets squeezed between a pair of rolls, as aresult of which
the thickness gets reduced and the length gets increased. Mostly, rolling is done at high temperature,

called hot rolling because of requirement of large deformations.

2 Rolling mills:
Rolling mill consists of rolls, bearings to support the rolls, gear box, motor, speed control devices,

hydraulic systems etc. The basic type of rolling mill is two high rolling mill. In this mill, two opposing
rolls are used. The direction of rotation of the rolls can be changed in case of reversing mills, so that
the work can be fed into the rolls from either direction..Such mills increase th@ Non

reversing mills have rolls rotating in same direction. Therefore, the work piece cannot be fed from the
other side. Typical roll diameters may be 1.4m. A three high rolling mill hasthreeralls. First rolling

in one direction takes place along one direction. Next the work i ersed in direction and fed through

Plantary
rolls

Rolling mills @ T
i Backing Roll

lypical Arrangements of Rolls for
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Forging

Forging is the term for shaping metal by using localized compressive forces. Cold forging is done at room
temperature or near room temperature. Hot forging is done at a high temperature, which makes metal easier
to shape and less likely to fracture. Warm forging is done at intermediate temperature between room
temperature and hot forging temperatures.

* Forging is the working of metal into a useful shape by hammering or pressing.

* The oldest of the metalworking arts (primitive blacksmith).

* Replacement of machinery occurred during early the Industria revolution.

* Forging machines are now capable of making parts ranging in size of abolt to aturbine rotor.

* Most forging operations are carried out hot, although certain metals may be cold-forged.

Classification of forging pr ocesses: -

By equipment or mechanism

Forging hammer_or drop hammer. It is the process that change the shape of the product by continual

hammering in severa directions to get to the final form or ship.
Press forging: It is scientific, which is done by changing the shape of the product by shedding constant

pressure on the product at afixed strain rate to get to the final form

BY Process Open die forging
1) Open - dieforging

2) Closed - dieforging

Open-Die Forging

Most forging processes begin with open die forging. Open die

forging is hot mechanical forming between flat or shaped dies in

which the metal flow is not completely restricted. The stock is laid Corbine shak

on a flat anvil while the flat face of the forging hammer is struck ﬁ
against the stock. The equipment may range from the anvil and B

hammer to giant hydraulic presses Open-Die Forging

Open-die hot forging is an important industrial process. Shapes generéted by open:die opéati onsare éimpl €

examples include shafts, disks, and rings. In some applications, the work must often be manipulated (for

[ 1)
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Metal Machining
Machining is not just one process; it is a group of processes. The common feature is the use of a

cutting tool to form a chip that is removed from the workpart. To perform the operation, relative motion is
required between the tool and work. This relative motion is achieved in most machining operations by means
of a primary motion, called the cutting speed, and a secondary motion, called the feed. The shape of the tool
and its penetration into the work surface, combined with these motions, produces the desired geometry of the
resulting work surface.

Types of Machining Operations There are many kinds of machining operations, each of which is
capable of generating a certain part geometry and surface texture, but for now it is appropriate to identify

and define the three most common types:. turning, drilling, and milling, illustrated in Figure
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Why Machining 1s Important

«  Variety of work materials can be machined
—  Most frequently applied to metals
«  Variety of part shapes and special geometry features possible. such as:
—  Secrew threads
—  Accurate round holes
—  Verv straight edges and suifaces

»  Good dimensional accuracy and surface finish

—
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Drilling and Related Operations

Drilling, Figure 1, is a machining operation used to create around hole in awork part. This contrasts
with boring, which can only be used to enlarge an existing hole. Most drilling operations are
performed using arotating cylindrical tool that has two cutting edges on its working end. Thetool is
called adrill or drill bit, the most common form of which isthe twist drill.

The rotating drill feeds into the stationary work part to form a hole whose diameter is equal to the
drill diameter. Drilling is customarily performed on adrill press, although other machine tools also
perform this operation.

Head (power)

Adjustable head ' s
" — COolumn

Spndie

Table

Figure 1: Drilling machine

Drills: Various cutting tools are available for hole making, but the twist drill is by far the most
common. It comes in diameters ranging from about 0.15 mm to aslarge as 75 mm. Twist drills are
widely used in industry to produce holes rapidly and economically. The standard twist drill
geometry isillustrated in Figure 2. The body of the drill has two spiral flutes (the spiral givesthe
twist drill its name). The angle of the spiral flutesis called the helix angle, atypical value of which
isaround 30°. While drilling, the flutes act as passageways for extraction of chips from the hole.
Although it is desirable for the flute openings to be large to provide maximum clearance for the
chips, the body of the drill must be supported over its length. This support is provided by the web,
which is the thickness of the drill between the flutes.

The point of the twist drill has aconica shape. A typical value for the point angleis 118°. The point
can be designed in various ways, but the most common design is a chisel edge, asin Figure 2.
Connected to the chisel edge are two cutting edges (sometimes called lips) that lead into the flutes.
The portion of each flute adjacent to the cutting edge acts as the rake face of the tool.

(1)
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TABLE 3.5 Common Rockwell hardness scales.
Rockwel Scale Hardness Smbol Indenter Lo (kg) - Typical Materals Tested

A HRA Cone W Carides, ceramics

B HRE Lommbal 100 Nonferrous metals

{ HRC Cone |30 Ferrous mefals,
tool steels

Vickers oS 48y jhy ¢alaal) 33a L343 /
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_ Fmax
TS = o
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TABLE 3.2 Yield strength and tensile strength for selected metals.

Tensile Tensile
Yield Strength Strength Yield Strength Strength
Metal MPa  Ibfin®  MPa  Ibfin® | Metal MPa  Ib/in® MPa  Ibfin®

Aluminum, annealed 28 4000 69 10,000 | Nickel annealed 130 2000 450 65,000
Aluminum, CW* 105 15000 125 18,000 | Steel, low C* 175 25000 300 45 000
Aluminum alloys* 175 25000 350 50,000 | Steel, high C* 400 60,000 600 90,000

Castiron” 275 40000 275 40000 | Steel, alloy® 500 75000 700 100,000
Copper, annealed 70 10000 205 30000 | Steel stainless® 275 40000 650 95,000
Copper alloys® 205 30000 410 60000 | Titanium, pure 350 50000 515 75,000

Magnesium alloys* 175 25000 275 40000 | Titanium alloy 800 120000 900 130,000

M odulus of Resilience (3 ¥1) 4 sa ) Jalas 4
Elastic) a5 all 2 Ja gaeall dlgal (e 423l o gaaldl 3aa 5 A 45 5 Al A8Uall Hlada (g glun g
 ABa) (385 5 g pal) 3n in Jad¥) 5 dea¥) iaie cand sl () (Limit

M odulus of Resilience = %

M odulus of Toughness ( T ) 4tiall Jalaa.5
Aalisall (5 s sl G Jaall cani Gasall JuS Jia Gasall (e asaall B2 5 (e Jsdaall Jrill (5 sl g

__ (Fy+Fmax)AL
~ 2Aolo

T
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The cutting action of the twist drill is complex. The rotation and feeding of the drill bit result in
relative motion between the cutting edges and the workpiece to form the chips. The cutting speed
along each cutting edge varies as afunction of the distance from the axis of rotation.

Chip removal can be a problem in drilling.

Rase face
Nock ~od | Poird anale 8 Cuthing odgo
| | \ g Cresei edge
Taper shark Heax Erno 7\
1 ange 3 Y .
- I - .
’ | harmed oy Web thickness
/ A
V
o Shank length —»  [4¢——— Dl DOy —— ~>1 [¢— Magn
Side view End view
(enterged)

Figure 2: Standard geometry of a twist drill

Because of chip removal and heat, atwist drill isnormally limited to a hole depth of about

four timesits diameter. Twist drills are normally made of high-speed steel.

The geometry of the drill is fabricated before heat treatment, Grinding is used to sharpen the cutting
edges and shape the drill point.

Although twist drills are the most common hole-making tools, other drill types are also available.
Straight-flute drills operate like twist drills except that the flutes for chip removal are straight along
the length of the tool rather than spiraled. The ssimpler design of the straight-flute drill permits
carbide tips to be used as the cutting edges, either as brazed or indexable inserts.

Figure 3 illustrates the straight-flute indexable-insert drill. The cemented carbide inserts allow
higher cutting speeds and greater production rates than HSS twist drills. However, the inserts limit
how small the drills can be made. Thus, the diameter range of commercially available indexable-
insert drills runs from about 16 mm to about 127 mm.
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Example: A drilling operation is performed to create a through hole on a
stecl plate that is 15 mm thick. Cutting speed = 0.5 m/s, and feed = 0.22
mnv'rev. The 20-mm diameter twist drill has a point angle of 118°. Deiermine
(a) the machining time and (b) metal remowval rate once the drill reaches full
diameter.

Solution: (a)

N=1wxlD=05(103) x(20) =T7.96 rev/s

So=Nf=T796(022)= 175 mm/s

A=0.520) tan (9 - 118/2) =6.01 mm

Tm=(t + AWi= (153 + 601175 =120 5= 0.20 min

(b)

RMR = (20)(1.75)/4 = 5498 mm'/s

OPERATIONS RELATED TODRILLING

Severa operationsrelated to drilling areillustrated in Figure 5 and described in this section. Most of the
operations follow drilling; a hole must be made first by drilling, and then the hole is modified by one of the
other operations. Centering and spot facing are exceptions to thisrule. All of the operations use rotating
tools.

Figure 5: Machining operations related to drilling: (a2) Reaming, (b) Tapping.
(¢) Counterboring, (d) Countersinking, (¢) Centering, and (d) Spot facing

(a) Reaming. Reaming is used to slightly enlarge a hole, to provide a better tolerance on its diameter, and to
improve its surface finish. The tool is called areamer, and it usually has straight flutes.

(b) Tapping. This operation is performed by atap and is used to provide internal screw threads on an
existing hole.

(c) Counterboring. Counterboring provides a stepped hole, in which alarger diameter follows a smaller

S
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diameter partially into the hole. A counterbored hole is used to seat a bolt head into a hole so the head does
not protrude above the surface.

(d) Countersinking. Thisis similar to counterboring, except that the step in the hole is cone-shaped for fl at
head screws and bolts.

(e) Centering. Also called center drilling, this operation drills a starting hole to accurately establish its
location for subsequent drilling. The tool is called a center drill.

(f) Spot facing. Spot facing issimilar to milling. It is used to provide a flat machined surface on the work
part in alocalized area.

—
=3
—
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Disadvantages of Machining

+ Wasteful of material

— Chips generated in machining are wasted material, at least in the unit

operation

* Time consuming

— A machining operation generally takes more time to shape a given part
than alternative shaping processes, such as casting, powder metallurey,

or forming

Turning and
related operations

FIGURE 21.1
Classification of material
removal processes.

Conventional Drilling and
machining related operations
Milling
Other machining
operations
Material removal Abrasive Grinding
processes processes operations
Other abrasive
processes
Mechanical energy
processes
Montraditional Electrochemical
machining machining

https://www.youtube.com/watch?v=uQPCdwegX zc& t=696s

https://www.youtube.com/watch?v=wl| OdOkseOCw

https.//www.youtube.com/watch?v=aeOaAZRwpfY

Thermal energy
processes

Chemical
machining

/o)


https://www.youtube.com/watch?v=uQPCdwegXzc&t=696s
https://www.youtube.com/watch?v=wIOdOkse0Cw
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M achining Tools

Most modern cutting tool matenals
are ceramic or composite materials
designed to be very hard.

\l. Single-Point Tools

—  Onpe cutting edge

Twrming uses single pomt tools

—  Pount 1s usually rounded to fonu a nose
radaius

\’. Multiple Cutting Edge Tools

-~ More than one cutting edge

Sig:ie point

—  Motion relative to work usually
achieved by rotating
\— Drilling and milling use rotating
multiple cutting edge tools.

Multiple point
Cutting Conditions

Relative motion is required between the tool and work to perform a machining operation.
The primary motion is accomplished at a certain cutting speed v. In addition, the tool must be
moved laterally across the work. This is a much slower motion, called the feed f. The
remaining dimension of the cut is the penetration of the

Cutting tool below the original work surface, called the depth of cut d. collectively, speed,
feed, and depth of cut are called the cutting conditions. They form the three dimensions of
the machining process, and for certain operations (e.g., most single-point tool operations)

they can be used to calculate the material removal rate for the process:

Ryr = vid

where Ry = material removal rate, morls (in/min); v = cutting speed, m/s ([U/min), which
must be converted to mm/s (in'min); f = feed, mm (in); and d = depth of cut, mm (in),  ING
CONDITIONS IN TURNING

S
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Lathe is the father of all machine tools. Lathe removes unwanted material from apiece of work to
give it the required shape and size. The workpiece is rotated at the desired speed and the tool

removes the metal in the form of chips.

Length

r Depth of oot
¥ ¥

'\HI Cutting
i‘,:-—-- s pamd

=

G

Fimsl dimmater

T i Tioul

Inrtial diameter before cuwt
Feed

mora-rtenn

The cutting tool may be fed in any direction relative to the work. If the tool moves parallel to the axis of
rotation of the work a cylindrical surface is produced. And if the tool moves in adirection perpendicular to
the axis of the lathe aflat surface is produced. Conica and curved surfaces can be produced on alathe too.
L athe operations:

Before studying the various operations, we must study the cutting speed, feed and depth of cut:
CUTTING CONDITIONSIN TURNING

Therotational speed in turning is related to the desired cutting speed at the surface of the cylindrical
workpiece by the equation

l‘_.r
s i,

M o=

Where N = rotationa speed, rev/min; v = cutting speed, m/min (ft/min); and

Do = original diameter of the part, m.

The turning operation reduces the diameter of the work from its original diameter Do to a
fina diameter Df, as determined by the depth of cut d:

Df =D.- 2d

Thefeed in turning is generally expressed in mm/rev. This feed can be converted to alinear
travel rate in mm/min by the formula

fi= Nf

[ e )
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Where fr = feed rate, mm/min; and f = feed, mm/rev.

There are three types of feed:

1- Longitudinal feed. Tool moves parallel to the axis of lathe.

2- Cross feed. Tool moves normal to the lathe axis.

3- Angular feed. Tool moves at an angle to the lathe axis.

The time to machine from one end of a cylindrical work part to the other is

givenby T,=L/;

Where Tm = machining time, min; and L = length of the cylindrical workpart, mm. A more direct

computation of the machining time is provided by the following equation:

_ab.L
L] in"

Where Do = work diameter, mm ; L =work part length, mm ; f = feed, mm/rev ; and v = cutting speed,

mm/min . As a practical matter, a small distance is usually added to the work part length at the beginning
and end of the piece to allow for approach and overtravel of the tool. Thus, the duration of the feed motion
past the work will be longer than Tm. The volumetric rate of material removal can be most conveniently

determined by the following equation:
MRR=vfd

Where MRR = materia removal rate, mm3/min . In using this equation, the units for f are expressed ssimply
as mm, in effect neglecting the rotational character of turning. Also, care must be exercised to ensure that the
units for speed are consistent with those for f and d. Example: A turning operation is performed on a
cylindrical work part whose diameter = 120 mm and length = 450 mm. Cutting speed = 2.0 m/s, feed =0.25

mm/rev, and depth of cut =2.2 mm. Determine (@) cutting time and (b) material removal rate.

L a1 200 450)

= _ e
™ u i (0.25)( 20600 5.65 min

b) MRR=vfd =20000025)(22)= 1100 mm*/s

—
(6,
—
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Example: A cylinder of 155 mm diameier is 0 be reduced to 150mm

diameter in one turning cut with a feed of 0.1 5mm/rev and a cutting speed of

150m/min.Find the spindle speed, feed rate and metal remowval rate.

_ 1554150
2

o

= 152 5Smm

The cutting speed, Vis obtained as

=D _N :
— A min
L]

Its gives spindle speed, M as

y _ 150*1000
T T a*1s25

= 313 rpm
The feed rate, f is obtained as

=™ M
_ OLIS®=313

S = (LTEHZS mun's

The depith of cut, d is expressed as

155 — kS0
il = ——————— = P 5 §mre

The metal removal rate can be obtained as

Pr il R L T | =
== ITRENY S

g IS*3III*ISZ S*25

—= - E
= =0 QIT.Z2 mun S5

OPERATIONSRELATED TO TURNING

A variety of other machining operations can be performed on alathe in addition to turning; these include the

following, illustrated in Figure :

(a) Facing. Thetool isfed radially into the rotating work on one end to create a flat surface on the end.

=

a b

c

(b) Taper turning. Instead of feeding the tool parallel to the axis of rotation of the work, the tool isfed at an

angle, thus creating atapered cylinder or conical shape.

(6 )
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(c) Contour turning. Instead of feeding the tool along a straight line parallel to the

axis of rotation asin turning, the tool follows a contour that is other than straight,

thus creating a contoured form in the turned part.
(d) Formturning. In this operation, sometimes called forming, the tool has a shape that isimparted to the
work by plunging the tool radially into the work.

(e) Chamfering. The cutting edge of the tool is used to cut an angle on the corner of the cylinder, forming a
“chamfer.”

(f) Cutoff. Thetool isfed radially into the rotating work at some location along its length to cut off the end of
the part. This operation is sometimes referred to as parting.

(g) Threading. A pointed tool isfed linearly across the outside surface of the rotating work part in a direction
parallel to the axis of rotation at alarge effective feed rate, thus creating threads in the cylinder.

(h) Boring. A single-point tool isfed linearly, parallel to the axis of rotation, on the inside diameter of an
existing hole in the part.

(1) Drilling. Drilling can be performed on alathe by feeding the drill into the rotating work along its axis.

Reaming can be performed in asimilar way.

Foog

() Knurling. Thisis not amachining operation because it does not involve cutting of material. Instead, it isa
metal forming operation used to produce aregular cross-hatched pattern in the work surface.

Taper Turning

« Taper - Uniform change in diameter along the length of work piece

L7 )
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» Taper turning - Operation of producing conical surface on cylindrical work piece

» Taper specified by conicity (K) — ratio of difference in diameters of taper to its length:

K=(D-d)/L

Taper Turning - Methods

* Form tool method

» Tail stock method

» Compound rest method

* Taper turning attachment method

Conicity: D — Large diameter of taper, d — Small diameter of taper, L — Length of taper a - Half taper angle

221 A eylmdneal workpart 200 m

Curting speed = 2,30 m/'s, fear
tume, and (b) metal removal

Solution: (2) N =vi@D)=(2. . _p-a o/
fo=Nf=6.366(.3)=1.17 mm L e
Tu=Lifi=T001.17= 598 5 = |

Alterative cakulation using

(b} Rz = v = (230 mis ) 100
22.2  Ina production tuming operat

the evlindrical workpiece in 3

feed = 0030 mmv'rev and a dep
machining time requirement?

Solution: Starting with Eq. (2
Rearanging to determine cutl
v =m0 500300 1078

—
00
—
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A cylindrical work bar with 4.5 in diameter and 52 in length is chucked in an engme lathe and
supported at the opposite end using a live center. A 46.0 m portion of the length 15 to be furned to a
diameter of 4.25 m one pass at a speed of 430 f/mm. The metal removal rate should be 6.75
in/min. Determune (a) the required depth of cut, (b) the required feed, and (¢) the cutting time.

Solution: (2) depth @ = (4.30-4.25)2=0.125in
(b) By = vl /= Rin/(12ve) = 6. 7512 x 450 0.125) = 0.010 m
F=0.010 in'rev

() N=1nD=450x% 12/4.57= 382 rev/min
1r=382(0.010)= 3.82 in/min
I =46/3.82=12.04 min

Milling process

Milling is a machining operation in which awork part isfed past a rotating cylindrical tool with multiple
cutting edges, (In rare cases, atool with one cutting edge, called afly-cutter, isused). The axis of rotation of
the cutting tool is perpendicular to the direction of feed.

This orientation between the tool axis and the feed direction is one of the features that distinguishes milling
from drilling. In drilling, the cutting tool isfed in adirection parallel to its axis of rotation.

The cutting tool in milling is called a milling cutter and the cutting edges are called teeth. The conventional
machine tool that performs this operation is a milling machine. The geometric form created by millingisa
plane surface. Other work geometries can be created either by means of the cutter path or the cutter shape.
Owing to the variety of shapes possible and its high production rates, milling is one of the most versatile and
widely used machining operations.

Figure 1: Two basic types of milling operations: a) peripheral or plain milling, b)
face milling

L9 )
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Milling is an interrupted cutting operation; the teeth of the milling cutter enter and exit the work
during each revolution. Thisinterrupted cutting action subjects the teeth to a cycle of impact force
and thermal shock on every rotation. The tool material and cutter geometry must be designed to
withstand these conditions.

TYPES OF MILLING OPERATIONS

There are two basic types of milling operations, shown in Figure 1: (a) peripheral milling and (b)
face milling. Most milling operations create geometry by generating the shape.

Peripheral Milling In peripheral milling, also called plain milling, the axis of the tool is parallel to
the surface being machined, and the operation is performed by cutting edges on the outside
periphery of the cutter. Several types of peripheral milling are shown in Figure 2:

(a) slab milling, the basic form of peripheral milling in which.

() (@)
Figure 2: peripheral milling :a) slab milling, b) slotting, ¢) side milling, d) straddle
milling, and e) form milling.

Cutor rotation dirgecth on Cuttar rotation dirgction

Figure 3: Two forms of peripheral milling operation with 20 tooth cutter: a) up
milling, b) down milling
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The cutter width extends beyond the workpiece on both sides; (b) slotting, also called slot milling, in
which the width of the cutter is less than the workpiece width, creating a slot in the work—when the
cutter is very thin, this operation can be used to mill narrow slots or cut a work part in two, called
saw milling; (c) side milling, in which the cutter machines the side of the workpiece; (d) straddle
milling, the same as side milling, only cutting takes place on both sides of the work; and (€) form
milling, in which the milling teeth have a special profi le that determines the shape of the dlot that is
cut in the work.

In peripheral milling, the direction of cutter rotation distinguishes two forms of milling: up milling
and down milling, illustrated in Figure 3. In up milling, also caled conventional milling, the
direction of motion of the cutter teeth is opposite the feed direction when the teeth cut into the work.
It is milling “against the feed.” In down milling, aso called climb milling, the direction of cutter
motion is the same as the feed direction when the teeth cut the work.

It is milling “with the feed.” The relative geometries of these two forms of milling result in
differencesin their cutting actions. In up milling, the chip formed by each cutter tooth starts out very
thin and increases in thickness during the sweep of the cutter. In down milling, each chip starts out
thick and reduces in thickness throughout the cut. The length of a chip in down milling is less than
in up milling (the difference is exaggerated in the figure).

This means that the cutter is engaged in the work for less time per volume of material cut, and this
tends to increase tool life in down milling. The cutting force direction is tangential to the periphery
of the cutter for the teeth that are engaged in the work. In up milling, this has a
tendency to lift the work part as the cutter teeth exit the material. In down milling, this cutter force
direction is downward, tending to hold the work against the milling machine table.
Face Milling In face milling, the axis of the cutter is perpendicular to the surface being milled, and
machining is performed by cutting edges on both the end and outside periphery of the cutter. Asin
peripheral milling, various forms of face milling exist, severa of which are shown in Figure 4: (a)
conventional face milling, in which the diameter of the cutter is greater than the work part width,
so the cutter overhangs the work on both sides; (b) partial face milling, where the cutter overhangs
the work on only one side; (c) end milling, in which the cutter diameter is less than the work width,
so adot iscut into the part; (d) profile milling, aform of end milling in which the outside periphery

of aflat part is cut; (e) pocket milling, another form of end milling used

[ 1)
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Wirs

Figure 4: Face milling : a) conventional face milling, b) partial face milling, ¢) end
milling, d) profile milling, e) pocket milling, I surface contouring.

To mill shallow pocketsinto flat parts; and (f) surface contouring, in which a ball-nose cutter (rather
than square-end cutter) is fed back and forth across the work along a curvilinear path at close
intervalsto create a three-dimensional surface form. The same basic cutter control is required to
machine the contours of mold and die cavities, in which case the operation is called die sinking.
CUTTING CONDITIONSIN MILLING

The cutting speed is determined at the outside diameter of amilling cutter. This can be converted to
spindle rotation speed using aformulathat should now be familiar:

Thefeed f in milling is usualy given as a feed per cutter tooth; called the chip load, it represents the
size of the chip formed by each cutting edge. This can be converted to feed rate by taking into
account the spindle speed and the number of teeth on the cutter as follows:

fr =Nt (2)

Where fr= feed rate, mm/min; N = spindle speed, rev/min; nt= number of teeth on the cutter; and f =
chip load in mm/tooth.

Material removal rate in milling is determined using the product of the cross sectional area of the cut
and the feed rate. Accordingly, if a slab-milling operation is cutting a workpiece with width w at a
depth d, the material removal rateis

MRR=WATr ... 3)

This neglects the initial entry of the cutter before full engagement. Equation (3) can be applied to
end milling, side milling, face milling, and other milling operations, making the proper adjustments
in the computation of crosssectional area of cut.

o)
[y
N

~—
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Cutter position at end of cut Cutter pasition al start of cut
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Figure5: Slab (peripheral) milling showing entry of cutter into the workpiece

The time required to mill aworkpiece of length L must account for the approach distance required to
fully engage the cutter. First, consider the case of slab milling, Figure 5. To determine the time to
perform a slab milling operation, the approach distance A to reach full cutter depth is given by

Where d = depth of cut, mm; and D = diameter of the milling cutter, mm.
The time Tmin which the cutter is engaged milling the workpieceis

Torm (LA, (5)
For face milling, consider the two possible cases pictured in Figure 6. The first case is when the
cutter is centered over arectangular workpiece asin Figure 6(a).

The cutter feeds from right to left across the workpiece. In order for the cutter to reach the full width
of the work, it must travel an approach distance given by

A=05D VD ZoW) oot (6)

Where D = cutter diameter, mm and w = width of the workpiece, mm. If D = w, then Equation (6)
reducesto A= 0.5D. And if D <w, thenadlot is cut into the work and A = 0.5D.

The second case is when the cutter is offset to one side of the work, asin Figure 6 (b). In this case,
the approach distance is given by

Where w = width of the cut, mm. In either case, the machining timeis given by

B (o o L (8)

It should be emphasized in all of these milling scenarios that Tm represents the time the cutter teeth
are engaged in the work, making chips. Overtravel distances are usually added at the beginning and

end of each cut to allow access to the work for loading and unloading. Thus the actual duration of
the cutter feed motion islikely to be greater than Tm.

[ 3]
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Figure 6: Face milling showing approach and overtravel distance for two cases: (a)
when cutter is centered over the workpiece, and (b)) when cutter is offset to one side
over the work.

Example: A peripheral milling operation is performed on a rectangular workpiece that is 320 mm
long by 60 mm wide by 56 mm thick. The 65-mmdiameter milling cutter has 4 teeth, is 80 mm long,
and overhangs the work on either side by 10 mm. The operation reduces the thickness of the pieceto
50 mm. Cutting speed = 0.50 m/s and chip load = 0.24 mm/tooth. Determine (a) machining time and
(b) metal removal rate once the cutter reaches full depth.

Solution: (a)

M oo FR = O S00 1OF W r (GS) = T a5 revs
=N = 24504024 = 2.35 mm's
Drepth of cut & = 56 -« 50 — & mm

A= {6065 - 617 = 188 mm
T = {320 4+ 1B.BWI2I IS5 = 144 .2 5 = Z. 4} omin
(k)

AFRK = wod o= GG (2.35) — B4 mme i

MILLING MACHINES

Milling machines must provide arotating spindle for the cutter and a table for fastening, positioning,
and feeding the work part. Various machine tool designs satisfy these requirements. To begin with,
milling machines can be classified as horizontal or vertical. A horizontal milling machine has a
horizontal spindle, and this design is well suited for performing periphera milling (e.g., slab
milling, slotting, side and straddle milling) on work parts that are roughly cube shaped. A vertical
milling machine has a vertical spindle, and this orientation is appropriate for face milling, end
milling, surface contouring, and die-sinking on relatively flat work parts. Other than spindle
orientation, milling machines can be classified into the following types: (1) knee-and-column, (2)
bed type, (3) planer type, (4) tracer mills, and (5) CNC milling machines.

CNC milling machines are milling machines in which the cutter path is controlled by
aphanumerical data rather than a physical template. They are especialy suited to profile milling,
pocket milling, surface contouring, and die sinking operations, in which two or three axes of the
worktable must be simultaneously controlled to achieve the required cutter path. An operator is
normally required to change cutters as well as load and unload work parts.

[ 14 )
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example, rotating in steps) to effect the desired shape change. Open-die forging process is shown in the
following Figure.

The skill of the human operator is a factor in the success of these operations. An example of open-die
forging in the stedl industry is the shaping of alarge, square cast ingot into a round cross section. Open-die
forging operations produce rough forms, and subsequent operations are required to refine the parts to final

geometry and dimensions

Advantages and Limitations

Advantages

1-Simplest type of forging

2-Dies are inexpensive

3-Wide range of part sizes, ranging from 30-1000Ibs

4-Good strength qualities

top die Closed die forging

5-Generaly good for small quantities
flash
Limitations

1-Simple shapes only

2-difficult to hold close tolerances
3-machining necessary

4-low production rate

5-poor utilization of material
6-high skill required

companent
flash land

Impression or Close Die Forging
In impression-die forging, soOmetimes called
closed die forging, the die surfaces contain a Impression die forging
shape or impression that is imparted to the

work during compression, thus

constraining metal flow to a significant degree as shown in following Figure. In this type of operation, a

portion of the work metal flows beyond the die impression to form flash and must be trimmed off later. The
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process is shown in the following Figure as a three step sequence. The raw work piece is shown as a

cylindrical part similar to that used in the previous open-die operation.

Advantages and Limitations

Advantages
1-Good utilization of material
2-Better properties than Open Die Forgings
3-Dies can be made of several pieces and inserts to create more advanced parts
4-Presses can go up to 50,000 ton capacities
5-Good dimensional accuracy
6-High production rates
7-Good reproducibility
Limitations
1-High die cost
2-Machining is often necessary

3-Economical for large quantities, but not for small quantities

EXTRUSION:-

Extrusion is a process that forces metal or plastic to flow through a shaped opening die. The material is
plasticaly deformed under the compression in the die cavity. The process can be carried out hot or cold
depending on the ductility of the material.

The tooling cost and setup is expensive for the extrusion process, but the actual manufactured part cost is
inexpensive when produced in significant quantities.

Materials that can be extrudes are aluminum, copper, steel, magnesium, and plastics. Aluminum, copper

and plastics are most suitable for extrusion.

Classification of extrusion processes: -

There are severa waysto classify metal extrusion processes

1- By direction * Direct / Indirect extrusion

—
w
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2- By operating temperature « Hot / cold extrusion
3- By equipment ¢ Horizontal and vertical extrusion
4- Hydrostatic Extrusion: Pressure is applied by a piston through incompressible fluid medium

surrounding the billet

Direct Extrusion: In this extrusion process, the heated billet is placed in the container. A ram towards the
die pushes it. The meta is subjected to plastic deformation, slides along the walls of the container and is
forced to flow through the

Die opening. At the end of the Container liner

_ Container
extruding operation, a small piece Bille_ 8
of metal, called Butt-end scrap, e 8

Pressang stem

remains in the container and cannot Die backer __
be extruded. Direct extrusion
Process is shown in the following

\
Dummy block

Figure

™ Eatrusion

Indirect Extrusion: For the production of solid part, the die is mounted on the end of a hollow ram and
enters the container as shown in the following Figure, the outer end of container being closed by a closure
plate. As the ram travels, the die applies pressure on the billet and the deformed metal flows through the die
opening in the direction opposite to the ram motions and the product is extruded through the hollow ram. In

indirect extrusion, there is practically no slip of billet with respect to the container walls.

Billet

Cold extrusion / Dummy block
Cold extrusion is the process done at Container liner |
room temperature or slightly elevated '
temperatures. This process can be

used for most materials-subject to

designing robust lool stem -~ “Backing disc
enough tooling that can withstand the i
stresses created by extrusion. .

~Lontainer

Extrusion Die

—
=3
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Advantages

* No oxidation takes place.

» Good mechanical properties due to severe cold working as long as the temperatures created are below the
recrystallization temperature.

* Good surface finish with the use of proper [ubricants.

Hot extrusion

Hot extrusion is done at fairly high temperatures, approximately 50 to 75 % of the melting point of the
metal. The pressures can range from 35-700 MPa (5076 - 101,525 psi). * The most commonly used extrusion
process is the hot direct process. The cross-sectional shape of the extrusion is defined by the shape of the die.
* Due to the high temperatures and pressures and its detrimental effect on the die life as well as other
components, good lubrication is necessary. Oil and graphite work at lower temperatures, whereas at higher
temperatures glass powder is used.

Horizontal extrusion presses

(15- 50 MN capacity or up to 140 MN)

* Used for most commercial extrusion of bars and shapes
Vertical extrusion presses

(3- 20 MN capacity)

Chiefly used in the production of thin-wall tubing.

Drawing of rods, wires and tubes:-
| ntroduction
* Drawing operations involve pulling metal through a die by means of atensile force applied to the exit side

of the die.
* The plastic flow is caused by compression force, arising from the reaction of the metal with the die.

* Starting materials: hot rolled stock

Rod drawing

(ferrous) and extruded (nonferrous).

* Material should have high ductility [JEEEEETelseRe T RN e Y =Rl T
produced an drawbenches.

and good tensile strength.

*Bar wire and tube drawing are A
usually carried out a room Machine capacity -
= 1 MK drawbench
temperature, except for large * 30 m of runout
) ) = 150-1500 mm.s"' draw speed
deformation, which leads to : S

considerable rise in temperature

during drawing.

» The metal usually has acircular symmetry (but not always, depending on requirements).
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Rod and wire drawing:-

* Reducing the diameter through plastic deformation while the volume remains the same.

« Same principals for drawing bars, rods, and wire but equipment is different in sizes depending on products.

Wiredrawing die
Conical drawing die
« Shape of the bell causes hydrostatic

pressure to increase and promotes )
the flow of lubricant into the die. Drawing die

Approach angle

Stegl casing

+ The approach angle - where the
actual reduction in diameter occurs,
giving the half die angle a.

+ The bearing region produces a
frictional drag on the wire and also
remove surface damage due to die
wear, without changing dimensions.

H.t.'-.;ar-ng J/
+ The back relief allows the metal to / Corbide it
expand slightly as the wire leaves the Back reliet

die and also minimises abrasion if the
drawing stops or the die is out of
alignment.
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Drawing
Sheet metal forming to make cup-shaped, box-shaped, or other complex-curved, hollow-shaped parts

Products. beverage cans, ammunition shells, automobile body panels

NN NSO
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Fig. Rolling mills

the next pair of roll. This improves the productivity. Rolling power is directly proportional to roll
diameter. Smaller diarolls can therefore reduce power input. Strength of small diameter rolls are poor.

Therefore, rolls may bend. As a result, largerdia backup rolls are used for supporting the smaller rolls.

Four high rolling mill is one such mill <Chin sections . diameter rolls. Cluster

mill and Sendzimir mill are used for rolling thin strips of high strenath materials and foils [0.0025 mm

thick]. The work roll in these mills may be as w_dmmﬂer — made of tungsten carbide.
e——

~Severalralling mills arranged in succession so as to increase productivity is caled rolling stand. In
such arrangement, anuncoiler and windup reels are used. They help in exerting back tension and front
tension.

\ types of rolling processes.- )
1. Contlnuous rolling

* Use a series of rolling mill and each set is called a stand.

* The strip will be moving at different velocities at each stage in the mill

(DO 00 0E
&T& SO0 (9

Stand 1 Stand 2 Stond 3 Stond 4

Uncoiler Windup reel

The speed of each 's synchronised so that the input speed of each stand is equal to the

output speed of preceding stand.

The uncoiler and windup reel not only feed the stock into the rolls and coiling up the final product

but also provide back tension and front tension to the strip.

ﬁ
\ Shaped rolling or section rolling:- }
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* A special type of cold rolling in which flat slap is progressively! benBinto complex shapes by passing

it through a series of driven rolls.

* No appreciable change\{l the thi cknﬁ of the metal during this process.
o q

* Suitable for producing moulded sections such as irregular shaped channels and trim.
e

S

Hot-rolling

* The first hot-working operation for most steel products is done on the primary roughing mill

(bloopning, slabbiRg or cogging mills),~ 7

* These mills are normally two-high reversing mills with 0.6-1.4 m diameter rolls (designated by size).

Rollers (<mocth)
- Plate rolling = -\
(o)
- O

-—
CE——
D l -— N —
L
N s Water Coolin
www.msm.cam.ac.u 2

* The objective is to breakdown thor slabs for subsequent finishing intdbars,
@ofea) 76 Q

+ In hot-rolling steel, the slabS\are heated initialy at 1100 -1300 °C. The temperature in the last
ﬂ

finishing stand varies from 700 - 900 °C, but should be above the upper critical temperature to produce

uniform equiaxed ferrite grains.
H

Cold-raolling:-

* Cold rolling is carried out under recrystallisation temperature

introduces work hardening.

. The starting material for cold-rolled steel sheet is pickled hot-r

continuous hot-strip mill. — NSNS INNAN
» Cold rolling provide products with superior surface finish (due to low temperature - no Qxide scales)

* Better dimensional tolerances compared with hot-rolled products due to less thermal expansion.

own coil from the
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» Cold-rolled nonferrous sheet may be produced from hot-rolled strip, or in the case of certainfcopper

e —— l
< aIIolBit is fold-rolled directly from the cast state.
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Advantages of die casting:

« Excellent dimensional accuracy (dependent on casting material, but typically 0.1 mm for
the first 2.5 cm (0.005 inch for the first inch) and 0.02 mm for each additional centimeter
(0.002 inch for each additional inch).

« Smooth cast surfaces (Ra 1-2.5 micrometres or 0.04—0.10 thou rms).

« Thinner walls can be cast as compared to sand and permanent mold casting (approximately

0.75 mm or 0.030 in).

w
« Inserts can be cast-in (such as t_hr__ey.ed.msgts heating elements, and hlgh strengt
surfaces).
« Reduces or eliminates secondary machining operations. “
» Rapid production rates. \ \ )

o Casting tensjle strength as high as 415 megapascals (60 ksi). “,<

e

« Casting of low fluidity metals.

Centrifugal Casting:
S =

g

¢ As the name implies, the centrifugal-casting process utilizes the inertial forces caused
by rotation to distribute the molten metal into the mold cavities.
+¢ First suggested in the early 1800s.

———

% There are three typesofcentrifugal casting: True centrifugal, semi-centrifugal, and

centrifuging casting.

PRy
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holien mealal

A. True centrifugal Casting

u
<> I}E true ce@' gal casting, hofow

bushings, bearing rings, and streetlamp
O—

¢ In this technique the molten metal is poured into a rotating mold. The axis of rotation is

usually horizontal but can be vertical for short work-pieces.

¢ Molds are made or graphite, and may be coated with a refractory lining to
| — —— —— et
increase mold life. e - ‘
| W

< The mold surfaces can be shaped so that pipes with various external designs can be cast.

R

¢ Cylindrical parts ranging from 13 mm to 3 m in diameter and 16 m long can be cast

T ey

centrifugally, with wall thicknesses ranging from 6 mm to 125 mm.

% Castings with good quality, dimensional accuracy, and external surface detail are
—_— _

obtained by this process.

METAL FORMING: -
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Metal forming includes a large group of manufacturing processes in which plastic deformation

is used fo_change the shape of metal (work pieces/Deformation results from these of a tool,

usually called a die in metal forming, which applies stresses that exceed thelyield strength |of

the metal. The metal therefore deforms to take a shape determined by the geomet

Metal forming dominates the elass-efshaping-operations. —I—
Metal Forming:-

Metal forming preegsses can be classified into two basic categoriesT bulk deforima
processes and sheet ing processes.. Each category includes several major classes of

shaping operations as indicated in Figure ( 2)

Large group of manufacturing processes in which plastic deformation is used to change
J—_

\-the shape of metal work pieces

—— . al

\ *The tool, usually called a die, applies stresses that exceed yield strength of metal
W —
*The metal takes a shape determined by the geometry

——

of the die

——

ProLEi T

== Bl Farging
deformaton bl

Erirumion
PICCEssEs

Metal Torming |— WLme

FIGURE Classification operabions

of metal forming operations e s
metakwarking drawing

Prosesses

_| Miscellanegus
processes
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Classification of Metal forming

1- Bulk Deformation Process
1) Rolling
2) Forging—
3) Extrusion

4) Drawing

2- Sheet metal formlng

1) Bending R
2) Drawin

3) Shearin

4) Stamping

—
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Temperature in Metal Forming:-

*Any deformation operation can be accomplished with lower forces and power at

S —————

elevated temperature

*Three temperature ranges in metal forming:
\1 - Cold working —

\2- Warm working

\3- Hot working

o

Cold Working

Cold working (also known as cold forming) is metal forming performed
E——————"

at room temperature or slightly above Slgniﬁcan‘advantagea of cold forming compar

e Performed at room temperature or slightly above

*Many cold forming processes are important mass production operationsx_/

*Minimum or no machining usually required

e These operations are near net shape or net shape processes

e
Advantages of Cold Forming )s.ﬁot Working >

< S S s —

*Better gcuracy, closer tolerances — —%

*Better surface finish

*Strain hardening i

. “Grain flow during deformation can cause desirable directional properties in product

*No heating of work required

Disadvantages of Cold Forming
\Higher forces and power required

Surfaces of starting workpiece must be free of scale and dirt

e ——

*Ductility and strain hardening limip_hg amount of forming that can be done
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A- In some operations, metal must be annealed to allow further deformation

B- In other cases, metal is simply not (il,lc_tilengkto be cold worked

Warm Working

Performed at temperatures above room temperature but below/relyst
*Dividing line between cold working and warm working often expressed in terms of melting
point:

- 0.3Tm, where Tm = melting point (absolute temperature) for metal

Advantages of Warm Working

*Lower forces and power than in cold working
*More intricate work geometries possible

*Need for annealing may be reduced or eliminated

Hot Working

*Deformation at temperatures above recrystallization temperature

*Recrystallization temperature = about one-half of melting point on absolute scale
A- In practice, hot working usually performed somewhat above 0.5Tm
B- Metal continues to soften as temperature increases above 0.5Tm, enhancing advantage

of hot working above this level .

Why Hot Working
Capability for substantial plastrcdeformation of the metal - far more than possible with cold

working or warm working

*Why?
1- Strength coefficient is substantially less than at room temperature
2- Strain hardening exponent is zero (theoretically)

3- Ductility is significantly increased

—
N
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Advantages of Hot Working vs. Cold Working

1-
2-
3-
4-
5-

Workpart shape can be significantly altered

Lower forces and power required

Metals that usually fracture in cold working can be hot formed
Strength properties of product are generally isotropic

No strengthening of part occurs from work hardening

Advantageous in cases when part is to be subsequently processed by cold forming

Disadvantages of Hot Working

*Lower dimensional accuracy
*Higher total energy required (due to the thermal energy to heat the workpiece)
*Work surface oxidation (scale), poorer surface finish

*Shorter tool life
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» Sdafety hazards to workers due to hot molten metals

* Environmental problems

Applications

(i) Thismethod is suitable for small and medium sized casting such as carburetor bodies, oil pump bodies,
connecting rods, pistons etc.

(i) 1t iswidely suitable for non-ferrous casting.

Casing types: -
There are many types of casting divided by equipment or die materials used in it and the most important of
these are:

1. Sand Casting

2. DieCasting

3. Centrifugal Casting

Casting isusually performed in afoundry. The Foundry in the factory equipped for

. making molds
. melting and handling molten metal
. performing the casting process

. cleaning the finished casting

Workers who perform casting are called foundry men
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| Expendatde-mold Sand casting

casiing
— Casting of metats Othar casting

Farmaneni-mold
castirg

Salidification

Glasswarking

Extruzion and
ralatsd processes

—  Ingactian molding

|| Processing of Cithar mciding
poiymers and PRCE processas

Spacial processes
for PMCs

FIGURE Classification of solidification processes.

Flask: A metal or wood frame, without fixed top or bottom, in which
the mould is formed. Flask used in three piece moulding. Pattern

1-Pattern: It isthe replica of the final object to be made. The mot\J/IId

cavity is made with the help of pattern. oulding

2-Parting line: Thisisthe dividing line between the two moulding
flasks that makes up the mould.
3-Moulding sand: Sand, which binds strongly without losing its permeability to air or gases. It is a mixture

of silicasand, clay, and moisture in appropriate proportions.

s~ Pauring cup

Cast metal n cavity

Cops
Parsng lins

—
w
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Facing sand: The small amount of carbonaceous material sprinkled on the inner surface of the

mould cavity to give a better surface finish to the castings

Core: A separate part of the mould, made of sand and generally baked, which is used to
create openings and various shaped cavities in the castings.

Pouring basin: A small funnel shaped cavity at the top of the mould into which the molten
metal is poured.

Sprue: The passage through which the molten metal, from the pouring basin, reaches the
mould cavity. In many cases it controls the flow of metal into the mould.

Runner: The channel through which the molten metal is carried from the sprue to the gate.

Riser: A column of molten metal placed in the mould to feed the castings as it shrinks and
solidifies. Also known as “feed head”.

Vent: Small opening in the mould to facilitate escape of air and gases.

T
4 1 ' <
T — M AV h @/ VAN T
A : oy Lo ) 3 .
- . . o X s@" "Q)
Ore fat of e paten Flask placad ove O hal of he movd rrAnEAeTS = ,/ LS
: e, ;
13 Tl param o4 Work smird’ domtug o part 1] g pwsnn s
el W q
- - oo
L7/ y PV Foin =it S
2 G ) 3 o r?\ W
o ' R N Tk 4 R
= 3] Core Mk paried igedey \ %\
el
A 2 - e [~ tdadxd NG Other hat of e maoek
Onorhad ol he panem :‘u-:::a)x, N Oher hall of e maouidd comdy o e Copr s ywwning Dog 10t b el
155 38000 Dy |oreg) i bt b v g

hy

pobern. pewe, ond e
g
O
N T "
. \ ' ’ K %
. | = X /
~ : w Duag o romm ing pesers  Dheng whh poee ot ba place &
/ i 31

) Copr d Qg oimadbd sl St ol bt Soiid

]
—-= o ooy Par ot g i
: . @;’ Y]
ASBrEDEd MOy Casing 1o Ire The solathag Cistry)

gk dysdem (c-lq-':\; Sy

Cortng o ramnd

SSSENSSS

ﬂh

—
B
—



Lec-3-Casting  principle of manufacturing processes first year Dr.sattar A. Mutlag 2021

Steps in making sand castings

The six basic steps in making sand
castings are,

—Cast metal in cavity
(i) Pattern making, e / r~Core

(ii) Core making,

(iii) the Gating System Downsprue —

(iv) Méelting and pouring,

Runner -
(v) Cleaning Flask

Step-1. Pattern making - e

...........................

plastic, or other material and has the shape of the part to be cast.

*The cavity isformed by packing sand around the pattern, about half each in the cope and drag, so that when
the pattern is removed, the remaining void has the desired shape of the cast part.

*The pattern is usually made oversized to allow for shrinkage of the metal asit solidifies and cools. The sand
for the mold is moist and contains a binder to maintain its shape.

Step-2. Coremaking

Cores are placed into a mould cavity to form the interior surfaces of castings. Thus the void space isfilled
with molten metal and eventually becomes the casting.

Step-3. Set Up the Gating System

Most casting processes involve the use of a gating system, and sand casting is no exception. Consisting of a
pouring cup and tunnels or “gates” to the mold, it’s used to funnel the molten mold into the mold cavity. The
mould cavity contains the liquid metal and it acts as a negative of the desired product.

Step-4. Melting and Pouring The preparation of molten metal for casting is referred to simply as melting.
The molten metal istransferred to the pouring area where the moulds are filled.

Step-5. Cleaning : involves removal of sand, scale, and excess metal from the casting. Burned-on sand and
scale are removed to improved the surface appearance of the casting. Excess metal, in the form of fins,
wires, parting line fins, and gates, is removed. Inspection of the casting for defects and general quality

is performed.
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Making a simple sand mould

1)The drag flask is placed on the board

2)Dry facing sand is sprinkled over the board

3)Drag half of the pattern islocated on the mould board. Dry facing sand will provide anon-sticky layer.
4)Molding sand is then poured in to cover the pattern with the fingers and then the drag is filled completely

5)Sand is then tightly packed in the drag by means of hand rammers. Peen hammers (used first close to drag
pattern) and butt hammers (used for surface ramming) are used.

6) The ramming must be proper i.e. it must neither be too hard or soft. Too soft ramming will generate weak
mould and imprint of the pattern will not be good. Too hard ramming will not allow gases/air to escape and
hence bubbles are created in casting resulting in defects called ‘blows’. Moreover, the making of runners
and gates will be difficult.

7) After the ramming is finished, the excess sand is leveled/removed with a straight bar known as strike rod.

https.//www.youtube.com/watchv=Gly-vI50Sv0& t=63s

Solidification of Metals:-

It is the transformation of molten metal back into solid state
» Solidification differs depending on whether the metal is
= A pure element or
= Analloy
= A Eutectic dloy
» Ref cooling curve:
- Puremeta solidifies at a constant temperature equal to its freezing point (same as melting point).
- Locadl freezing time= Time from freezing begins and compl eted

- Total freezing time= Time from pouring to freezing completed

—
()]
—
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After freezing is completed, the solid continues to cool at a rate indicated by downward slope of

curve

When metal is poured into the mould,

Pouring Temperatwre ~——> the temperature will be as high as its

mversion temperature.

! = cooling rate

Equilibrium

Freezmng
Temperature

_ _Thermal_Arvest _ /

Local Soliddication time
l( -

Total Sobdification time

Temperature

|' Superheat 'I

N

Time —
It gets cooled when poured into the
mould and molten metal in the liquid
form will solidify. This time is called
local solidification time

ey

The solidified metal in the mould (
called casting) gets cooled in the mould
to the temperature of the surroundings

e Because of the chilling action of the mold wall, athin skin of solid metal isinitially formed at interface

immediately after pouring.

e The skin formed initially has equi-axed, fine grained and
randomly oriented structure. Thisis because of rapid cooling.

e As freezing proceeds, the grains grow inwardly, away from heat
flow direction, as needles or spine of solid metal.

On further growth of spine, lateral branches are formed, and as these
branches grow further branches are formed at right angle to the
first branches. Thistype of growth is called dendritic growth.

The dendritic grains are coarse, columnar and aligned towards the

center of casting

e Most alloys freeze at range of temperature rather than at a single temperature.

e Freezing begins from liquid us temperature and completes at solidus temperature.
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as freezing proceeds.

e The dendrites begin to form with freezing. However, due to
large temperature spread between solidus and liquidus, the
earlier portion of dendritic grains extract higher % of elements "

from liquid solution than the portion of grain formed | ater.

e As a result, the molten metal in the center of mold cavity

depletes from the elements and hence forms a different structure (see Fig).

Shrinkage in Solidification and Cooling

Shrinkage occursin 3 steps:

a. while cooling of metal in liquid form (liquid contraction);

b. during phase transformation from liquid to solid (solidification shrinkage);

c. while solidified meta is cooled down to room temperature (solid thermal contraction).

Stanting level Reduction in

.ma :;g 10‘:6 level due to
g \ liquid contraction
after pouring \

‘ i

Initial
solidification

Molten metal at mold wall

(0) (1)

(2) reduction in height and formation of shrinkage cavity caused by solidification shrinkage; (3)
further reduction in height and diameter due to thermal contraction during cooling of solid metal

(dimensional reductions are exaggerated for clarity).

Why cavity forms at top, why not at bottom?

/o)
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Solidification Shrinkage (Liquid —Solid transfor mation)

= QOccursin nearly al metals because the solid phase has a higher density than the liquid phase

» Thus, solidification causes a reduction in volume per unit mass of metal
= Exception: cast iron with high C content
= Graphitization during final stages of freezing causes expansion that counteracts volumetric
decrease associated with phase change
Why solidification shrinkage is negligible in Cast Irons??

Shrinkage Allowance

= Patternmakers account for solidification shrinkage and thermal contraction by making mold cavity
oversized

= Amount by which mold is made larger relative to fina casting size is called pattern shrinkage

allowance
. Casting dimensions are expressed linearly, so allowances are applied accordingly.
Reduction in
height due to .
solidification Solid thermal_’
shrinkage contraction r‘

Shrinkage
cavity

— Molten metal

Solid metal

(2) (3)
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influence of gravity. The magnetic ore and gangue thus form two separate

heaps. Following figure shows the magnetic separation method

Powdered ore —

i |

A Moving belt
Non magnete — ! l — Magnetic

Mognelic Sepaotion

T

B))PELLETIZATION: Iron ore pellets are spheres of typically 6-16 mm to
be used as raw material for blast furnaces. They typically contain 67%-72%
Fe and various additional material adjusting the chemical composition and
the metallurgic properties of the pellets.[1] Typically limestone, dolostone
and olivineis added and Bentoniteis used as binder.

/o)
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» Three thermodynamically stable species of Iron oxides:
» Hematite: Fe,0;
= Magnetite: Fe;0,

Two different process routes are available for the production of stee
products, namely the blast furnace with oxygen steelmaking and the
electric arc steelmaking route. The routes differ with respect to the type of
products that can be made, as well as the raw materials used. The blast
furnace-oxygen steelmaking route mainly produces flat products, while
electric arc steelmaking is more focused on long products. The former uses
coke and coal as the main reductant sources and sinter, pellets and lump ore
as the iron—-bearing component, while the latter uses electric energy to melt
scrap. The current trend is for electric arc furnaces to be capable of also
producing flat products. Nevertheless, the blast furnace—-oxygen steelmaking
route remains the primary source for worldwide steel production, as shown
in Figure

Resources Processes Finished Products

Iron Ore: Flat:
Sinter, pellet, lump Oxygen Construction

1500 min ton steelmaking
Blast Furnaces produce (66 %) Automotive,

940 million ton hot metal Pad{aglng

Long:

Scrap :
e » EAF (32 %) * Construction,

Wire, Automaotive
Other* {1 %) /

* = Corex, open hearth, et

/o)
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Blast furnace

A blast furnaceis a type of metallurgical furnaceused for smeltingto produce

industrial metals and itsalloys, generally iron,

In a blast furnace fud (coke), ores,
fuel (coke), ores,
and flux (limestone) are continuously supplied and f )

through the top of the furnace, while a hot blast (limestone), flue

of air (sometimes with oxygen enrichment) is gases

exiting
blown into the lower section of the furnace

through a series of pipes. so that the chemical
reactionstake place throughout the furnace as
the material falls downward. The end products
are usually molten metal and slag phases tapped

from the bottom, and flue gases exiting from the

air (sometimes

top of the furnace. with oxygen

= _|_enrichment)

-

Iron ore, limestone(CaCOs) and coke are

delivered to the top of the blast furnace,

where the temperature is around 800C.

Xl The lime stone burns at 800C yielding calcium oxide(CaO) ad Carbon
Dioxide(CO2).

CaCO3 — CaO + CO2

which are present with the ore to fall as a
precipitate near to the bottom producing a

layer of “slag”.

—
B
—


https://en.wikipedia.org/wiki/Metallurgy
https://en.wikipedia.org/wiki/Furnace
https://en.wikipedia.org/wiki/Smelting
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Coke_(fuel)
https://en.wikipedia.org/wiki/Ores
https://en.wikipedia.org/wiki/Air
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Blast_furnace#Process_engineering_and_chemistry
https://en.wikipedia.org/wiki/Blast_furnace#Process_engineering_and_chemistry
https://en.wikipedia.org/wiki/Flue_gas
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Extracting iron from its ore

Chemical reduction with carbon

Load if iron
ore, coke and
limestone

Gas outlet

The blast
furnace

1000°C

Blasts of hot
air

Molten iron

Blasts of hot
air

=)

Molten slag
(impurities)

Qutlet for
molten
iron

1. Raw materials (iron ore, coke and
limestone) are added at the top of the furnace.

2. Blasts of hot air (which give the furnace its
name) are blown in near the bottom of the
furnace.

3. Oxygen in the blasts of air reacts with coke
(carbon) to form carbon monoxide.

2C+0, & 2C0O

This reaction is very exothermic and the
temperature in the furnace reached 2000°C.

4. As the carbon monoxide rises up the
furnace, it reacts with the iron ore (iron(lI1)
oxide to form iron.

Fe,0, + 3CO > 2Fe + 3CO,

5. Molten iron runs to the bottom of
the furnace. It is tapped off from
time to time.

6. The molten iron is used to make
steel or poured into moulds to
solidify. The large chunks of iron
formed are called ‘pigs’ so this
metal is called ‘pig iron’.

o0 Each Carbon monoxide molecule is capable of binding a single oxygen so 3
are used to completely remove all oxygen from the iron oxide.

0 Fe,0; +3 CO — 2Fe(s) + 3 CO,

O The molten iron sinks to the bottom lowest level of the furnace, where it can

be tapped off.

O The iron produced by this process is called pig iron and is 95% pure

O Production of iron from it’s ore uses Carbon monoxide to reduce Iron oxide to

iron atoms.

1.Lime burns

CaCO;3; - Ca0 + CO,

2. CO2 reduced by coke to CO
CO,+C—-> 2CO

3. Iron oxide reduced by CO
Fe,0; + 3CO - 2Fe + 3CO,

—
(0]
—



C + H0O - CO + H,
CaC0; = G0 + (O,
3CO + Fey0y = 2F + 3C0,
3H, + Fey0; = 2Fe + 3H,0
C + CO, =» 2C0
Ca0 + §i0, - CaSi0,(l)
6Ca0 + P,0,; = 2Cay(POy, (1)
MO + C = Mn + CO
80, + 2C = & + 2€0
PO, + 10C - 4P + 10C0
2C + 0, = 2C0

Key:
; Formation of reducing agents Molten iron
— Reduction of iron oxide
Slag formation 15 BN
— [mpurity source

Copyright © 2005 Pearson Prentice Hal, Inc.
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What is manufacturing?
Manufacturing is a blend of art, science, and
economics with very broad social implications.

Three Pillars of Manufacturing

»  Scientific Sense

» Engineering (Practical) Sense
»  Economic Sense

Process: a series of actions that vou take in order to achieve
A result.

Goal: The course aims to impart the basic knowledge about
the fundamental manufacturing technigques employed o

convert a raw material into final |11'1r1.ir.|u'[.

Why do you need to take this cour se?

= A knowledge of the basic manufacturing processes is essential for a successful engineer in today’s
global marketplace

= A company must produce products in an optimal way to compete in today’s global marketplace

Types or steps of Manufacturing Processes
1- Extraction of metals and materials.

2- casting.

3- deformation.

4- machining.

5- welding and joining.

6- heat treatment.

7- surface finishing.

Automation

= Meaning: Automation (of Greek origin)
Auto —— Self
Matos —— Acting/moving

= Definition: Automation is a form of manufacturing in
which production, movement, and
inspection are performed by self-operating
machine without human intervention. The
skill of a human operator is essentially
transfered to a specialized machine.

/o)
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» Mechanization implies an
operation being performed
by a mechanical system
(not by hand). I

« Itis generally based on open- | M
loop (no feedback) control
strategy,

« Ex: Use of a cam mechanism

to move the cross-slide of a
lathe.

Manufacturing Engineering

Application of science, engineering, technology, and
economics to manufacture products of a quality, quantity,
and cost compeatitivenass in the market place,

Manufacturing Engineers ]

4

Material ; Quuality
Process Taal Standarts - Facility
[Iinnlnun [Enulm (lmlnun] [;."';:ﬂﬂ] [Enuinur- [E“':“H"m,,

Manufacturing Processes

1. Primary Forming: Casting, powder rmetallurgy

2. Deforming: Metal forming processes (bulk and sheet
forming)

3. Separating: Machining

= Canvantional machinirg (furming, milling, grinding, i, )
=  Mon-traditional machining (ECM, ECM, EBM, LBM, etc.)

4, Joining: welding, brazing, riveting, etc.
S, Coating: Painting, electroplating, etc,
6. Changing Material Properties: Heat treatments,

MANUFACTURING DEFINED

As a field of study in the modern context, manufacturing can be defined two ways, one technologic
and the other economic. Technologically, manufacturing is the application of physical and chemical
processes to alter the geometry, properties, and/or appearance of a given starting material to make
parts or products; manufacturing also includes assembly of multiple parts to make products. The
processes to accomplish manufacturing involve a combination of machinery, tools, power, and labor,
as depicted in Figure 1.1(a).

(3 )
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Manufacturing - Technological Manufacturing — Economic
= Applecanon of physical and chemucal processes

to alter the geometry, propertes, and/or
appearance of a E.tar’r_ulg matenal to make pﬂ.rts

Transtormaten of matenals into items of greater
value by one or more processing and/ or assembly

operations
or products
I.l:n.l'u.lmg
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o A ‘Fﬁg \:a""5 Veiin
'.:u-.:n:lﬁ
Sariing T 11 ¢ Frooossad ] =8
malsm parn
o
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i Eal g et ] part
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Economically, manufacturing is the transformation of materialsinto items of greater value by means of one or
more processing and/or assembly operations, as depicted in Figure 1.1(b). The key point is that manufacturing

adds value to the material by changing its shape or properties, or by combining it with other materials that have

been similarly altered.

Most engineering materials can be classified into one of three basic categories:

(1) metals, (2) ceramics, and (3) polymers.

Their chemistries are different, their mechanical and physical properties are different, and these differences
affect the manufacturing processes that can be used to produce products from them. In addition to the three
basic categories, there are (4) composites—nonhomogeneous mixtures of the other three basic types rather than
aunigue category. The classification of the four groupsis pictured in Figure below.

Duas 8 ua a2l ) fundamentals-of-
modern-manufacturing-4th-edition-by-

Engineering Materials

mikell-p-grooveg
Lo v arwothqr.sl Compothos
Ferrous | | |Nonferrous] |Thermoplastics [Th;mosets E&mrsl Oxides Reinforced
: ‘ | - I - ] Nitrides plastics |
| Amorphous Acrylics Epoxies Rubbers Carbides g:::::;:; e
g ABS Phenolics  Siicones ~ Oasses Tl
Nylons Polyimides  Polyurethanes GlassFetamlcs (Chapter 9)
Steels Aluminum Polyethylenes  Others (Chapter 7) (;raphnz
Stainless steeis Copper PVC (Chapter 7) ik P
Nanomatenals
Tool and Titanum Others .
die steeis Tungsten (Chapter 7) (Chapter 8)
Castirons Others

(Chapter 5) (Chapter 8)

—
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METALS

Metals used in manufacturing are usually alloys, Metals and alloys can be divided into two basic groups:
(1) ferrous and (2) nonferrous.

Ferrous metals are based on iron; the group includes steel and cast iron. when alloyed with carbon,
iron has more uses and greater commercial value than any other metal.
Alloys of iron and carbon form steel and cast iron. Steel can be defined as an iron-carbon alloy containing
0.02%to 2.11% carbon. Applications of steel include construction (bridges, I-beams, and nails),
transportation (trucks, rails, and rolling stock for railroads), and consumer products automobiles and
appliances). Cast iron is an alloy of iron and carbon (2% to 4%) used in casting (primarily sand casting).
CERAMICS

A ceramic is defined as a compound containing metallic (or semimetallic) and nonmetallic elements.
Typical nonmetallic elements are oxygen, nitrogen, and carbon.

POLYMERS

A polymer is a compound formed of repeating structural units called mers, whose atoms share electrons
to form very large molecules. COMPOSITES

COMPOSITES

they are mixtures of the other three types. A composite is a material consisting of two or more phases
that are processed separately and then bonded together to achieve properties superior to those of its
constituents. Properties of a composite depend on its components, Some composites combine high
strength with light weight and are suited to applications such as aircraft components, car bodies.
MANUFACTURING PROCESSES
A manufacturing process is a designed procedure that results in physical and/or chemical changes to a
starting work material with the intention of increasing the value of that material.
A manufacturing process is usually carried out as a unit operation , which means that it is a single step in
the sequence of steps required to transform the starting material into a final product.

Manufacturing operations can be divided into two basic types: (1) processing operations and (2)
assembly operations. It adds value by changing the geometry, properties, or appearance of the starting
material. In general, processing operations are performed on discrete workparts, (e.g., painting a spot-
welded car body).
An assembly operation joins two or more components to create a new entity, called an assembly,
subassembly, to the joining process (e.g., a welded assembly is called a weldment). A classification of

manufacturing processes is presented in Figure blew.

5
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Solidification
processes
Farticulats
_ rocessin
= Shaping P g
e Creformation
processes
Material
] = ing | | rermoval
ations
el 0] Froperty Heat
enhancing processes treatment
Cleanimg and
BETTT g surface treatments
atio
i Coating amnd
Manufaciuring L} depaosition processes
processes
Welding
L Permanent Brazing and
joining processes soldering
Adhesive
|| Assembly || banding
operations =
Threaded
Mecharnical oies
5] fastening
Fermanent

fasiening methods

Shaping Processes Most shape processing operations apply heat, mechanical force, or a combination
of these to effect a change in geometry of the work material. There are four categories:
(1) solidification processes, in which the starting material is a heated liquid solidifies to form the part

geometry;
FIGURE 1.5 Casting ;
and molding processes B r:;::ﬂnng

start with a work material
heated to a fluid or

= Molten metal
semifluid state. The :

process consists of: -

{1) pouring the fluid into a  Downsprue —— = = i Parting

mold cavity and (2) line

allowing the fluid to A

solidify, after which the 5 +_ Makd

solid part is removed 2 L= = (sand)
Py E I

from the mold.

Sprue and runner
{to be trimmed)

—— Solid casting

—
()]
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(2) particulate processing, in which the starting material is a powder, and the powders are formed and
heated into the desired geometry;

lF\?lco
- Upper
punch
5
r t
- e Warkpart
dwing
. silertog
(N I Lawer 31
puroh
A
Foron

=

(3) deformation processes, in which the starting material is a ductile solid (commonly metal) that is
deformed to shape the part; and

FIGURE 1.7 Some Extruded
common deformation Chamber —.

CcToss secton
processes: (a) forging, in \
which two halves of a die

squeeze the workpart,

Forging

causing it to assume the e

shape of the die cavity; -—— Flash {to

and {b) extrusion, in be rimmed)

which a billet is forced to

flow through a die orifice, +— Dia

thus taking the cross- :‘f_ o
sectional shape of the e e 7 Sitariing bl
arifice. (&) L=}

(4) material removal processes, in which the starting material is a solid (ductile or brittle), from
which material is removed so that the resulting part has the desired geometry.

The most important processes in this category are machining operations such as turning, drilling, and
milling, shown in Figure below. These cutting operations are most commonly applied to solid metals,
performed using cutting tools that are harder and stronger than the work metal. Grinding is another
common process in this category. Other material removal processes are known as nontraditional
processes because they use lasers, electron beams, chemical erosion, electric discharges, and
electrochemical energy to remove material rather than cutting or grinding tools.

Starting Diameter :
Workpiece diameter Chip after turning CI’URotatlon

Milling Rotation

Rotation Material

‘_removed

Singte point
cutting tool

(@) (b) (c)

Feed tool

FIGURE 1.8 Common machining operations: (a) turning, in which a single-point cutting tool removes metal from a
rotating workpiece to reduce its diameter; (b) drilling, in which a rotating drill bit is fed into the work to create a round
hole; and (c) milling, in which a workpart is fed past a rotating cutter with multiple edges.

7
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5) Surface Processing Surface processing operationsinclude (1) cleaning, (2) surface treatments, and

(3) coating and thin film deposition processes.

ASSEMBLY OPERATIONS

The second basic type of manufacturing operation is assembly, in which two or more separate parts are joined
to form a new entity. Components of the new entity are connected either permanently or semi permanently.
Permanent joining processes include welding, brazing, soldering, and adhesive bonding. They form a
joint between components that cannot be easily disconnected. Certain mechanical assembly methods are
available to fasten two (or more) parts together in ajoint that can be conveniently disassembled. The use of

screws, bolts, and other threaded fasteners are important traditional methods in this category.

PRODUCTION MACHINES AND TOOLING

Manufacturing operations are accomplished using machinery and tooling (and people). Machine tools are
among the most versatile of all production machines, the machine tool is the mother of all machinery.

Other production machines include presses for stamping operations, forge hammers for forging, rolling mills
for rolling sheet metal, welding machines for welding, and insertion machines for inserting electronic
components into printed circuit boards. The name of the equipment usually follows from the name of the
process.

Production machinery usually requires tooling that customizes the equipment for the particular part or product.

TABLE 1.3 Production equipment and tooling used for various

manufacturing processas.
Prircess Equipment Special Tooling {Function
Casting T Modd [cavity for molten metal)
Molding Molding machine Mold (cavity [or hot polymer )
Rolling Holling mall Eoll {reduce work thuckness)
Forging Forge hammer or press Bie (squeeze work to shape)
Extrusion Priss Extrozion die (reduce cross-section )
Slamping Pross D {shearing, forming sheel metal)
Machinming Machineg foal Cutting tool {material removal)
Fixture (hold workpart)
hg [hold part and mniide bl )
Lirinding Ginnding machime Cmnding wheel {materal removal )
Welding Welding machine Electrods {fusion of work metal)

Fixture (hold paris during welding)

“Warenls iypes of casting sctups and equiprment (L hapter 11)
PRODUCTION FACILITIES
Different types of facilities are required for each of the three ranges of annual production quantities.

—
00
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Low-Quantity Production In the low-quantity range (1-100 units/year), the term job shop is often used to
describe the type of production facility. This type of layout is referred to as a fixed-position layout, shown in
Figure 1.9(a). The individual components of these large products are often made in factories in which the
equipment is arranged according to function or type. This arrangement is called a process layout. The lathes

are in one department, the milling machines are in another department, and so on, asin Figure 1.9(b).

Medium Quantity Production In the medium-quantity range (100-10,000 units annually), two different types of
facility are distinguished, depending on product variety. When product variety is hard, the usual approach is
batch production, in which a batch of one product ismade. that is, the cell specializes in the production of a
given set of similar parts, according to the principles of group technology . The layout is called a cellular layout,
depicted in Figure 1.9(c).

High Production The high-quantity range (10,000 to millions of units per year) is referred to as mass
production. The situation is characterized by a high demand rate for the product, and the manufacturing system
is dedicated to the production of that single item. Two categories of mass production can be distinguished:
guantity production and flow line production. Quantity production involves the mass production of single parts
on single pieces of equipment.

MANUFACTURING SUPPORT SYSTEMS: To operate its facilities efficiently, a company must organize
itself to design the processes and equipment, plan and control the production orders, and satisfy product quality
requirements. Manufacturing support functions are often carried out in t the following:

Manufacturing engineering. This department is also involved in designing and ordering the machine tools
and other equipment used by the operating departments to accomplish processing and assembly.

Production planning and control. This department is responsible for solving the logistics problem in
manufacturing ordering materials and purchased parts, scheduling production, and making sure that the
operating departments have the necessary capacity to meet the production schedules.

Quiality control. Producing high-quality products should be a top priority of any manufacturing firm in today’s

competitive environment.

—
(o]
—



