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Lesson 1 Manufacturing Processes

‘Manufacturing Processes’ is a very fundamental subject since it is of interest not only
to mechanical engineers but also to those from practically every discipline of engineering. For
various products such as plant machinery required for chemical, civil, electrical, electronic or
textile industries, the manufacturing process forms a vital ingredient.

A detailed understanding of the manufacturing processes is thus essential for every
engineer.? This helps him appreciate the capabilities, advantages and also the limitations of
the process. This in turn helps in the proper design of any product required from him.
Firstly he would be able to assess the feasibility of manufacturing from his designs. He may
also find that there is more than one process available for manufacturing a particular product
and he can make a proper choice of the process which would require the lowest manufacturing
cost and would deliver the product of desired quality. He may also modify his design slightly
to suit the particular manufacturing process he chooses.?

There are a large number of processes available for manufacture to the engineer. These
processes can be broadly classified into four categories.

(a) Casting processes

(b) Forming processes

(c) Fabrication processes

(d) Material removal processes

Casting processes

These are the only processes where liquid metal is used. Casting is also the oldest
known manufacturing process. It requires preparation of a cavity usually in a refractory
material to resemble closely the final object to be made. Molten metal is poured into this
refractory mould cavity and is allowed to solidify. The object after solidification is removed
from the mould. Casing processes are universally used to manufacture a wide variety of
products. The principal process among these is sand casting where sand is used as the
refractory material. The process is equally suitable for the production of a small batch as
well as on a large scale.®

Some of the other casting processes for specialised needs are:

» shell mould casting

e precision investment casting

» plaster mould casting

e permanent mould casting

e die casting

» centrifugal casting

Forming processes

These are solid state manufacturing processes involving minimum amount of material
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wastage and faster production. In a forming process, metal may be heated to a temperature
which is slightly below the solidus temperature and then a large force is applied such that the
material flows and takes the desired shape. The desired shape is controlled by means of a set
of tools called dies which may be completely closed or partially closed during manufacture.®
These processes are normally used for large scale production rates. These are generally
economical and in many cases improve the mechanical properties too.

Some of the metal forming processes are:

e rolling

e drop forging

» press forging

e upset forging

e extrusion

e wire drawing

* sheet metal operations

Fabrication processes

These are secondary manufacturing processes where the starting raw materials are
processed by any of the previous manufacturing processes described. It essentially involves
joining pieces either permanently or temporarily so that they would perform the necessary
function. The joining can be achieved by either or both of heat and pressure and/or a joining
material. Many of the steel structural constructions we see are first rolled and then joined
together by a fabrication process.

Some of the processes of interest in this category are:

¢ gas welding

» electric arc welding

» electric resistance welding

* thermit welding

* cold welding

* brazing

* soldering

Material removal processes

These are also the secondary manufacturing processes where the additional unwanted
material is removed in the form of chips from the blank material by a harder tool so as to
obtain the final desired shape. Material removal is normally the most expensive
manufacturing process because more energy is consumed, and also a lot of waste material is
generated in the process. Still this is widely used because it delivers very good dimensional
accuracy and good surface finish. It also generates accurate contours. Material removal
processes are also called machining processes.

Various processes in this category are:

e turning
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o drilling

e shaping and planing

e milling

e grinding

e broaching

* sawing .

All these manufacturing processes have been continuously developed so as to obtain
better products at a reduced cost. Of particular interest is the development of computers and
their effect on the manufacturing processes. The advent of computers has made a remarkable
difference to most of the above manufacturing processes. They have contributed greatly to

both automation and designing the process.

(Selected from: P N Rao, Manufacturing Technology-Foundry, Forming and Welding, China Machine Press, 2006)

Key Terms
feasibility LT, AT BB
casting s
forming IE fin T
cavity (B 1) R s, s 1k
refractory material i K A4 #t
molten metal R B LR
mould il
shell mould casting SeRIE i A
investment casting R B BERD B 1E
precision investment casting R IBE G
die casting 5% ;1545
centrifugal casting BL%EE; BOoBN
solidus [ AL, B A4k
solidus temperature [ £& 18 BE
die e
production rate R, R
mechanical property BLA 1 BB CREE)
rolling Ll
forging B |’
press forging i
extrusion B BB
wire drawing WL, hi e
raw material J okt
welding JRHE
gas welding KR
electric arc welding 221 (et
electric resistance welding F, BH R

thermit

R AR
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thermit welding B

cold welding BIERE BB
brazing R T A2 AR , B AR
soldering RETIR B R, BUR
accuracy HERR B (M) K
surface finish RHEOEIEE
turning ZEH, YIS E
drilling i H

shaping 4 3k ] )

planing Je 1A

milling BEHl

grinding P& Hil

broaching hrHl

sawing HEHI

Notes

1. A detailed understanding of the manufacturing process is thus essential for every
engineer.

4] % ,to be essential for(to)... EA“SFe e (R )R L BH (LT, LRT Ve, &
OFEHEH, FEMTERAZ I IS THE- NIRRT RAAZLEZH,

2. He may also modify his design slightly to suit the particular manufacturing process he
chooses. '

4] ¥ ,he chooses Z {98 T %k % K 19 6 FR 2 M 35 M 6], 15 4F process, 486 TiFHh . “4
T AT R S R A E B ETIEFEM R R H R T L,

3. The process is equally suitable for the production of a small batch as well as on a

large scale.

48 as well as 2 FH 5%, A THEBEBBABRFRS, EH “Foeeens ) A 3 3 RAL +eeeee izl
H ososee g B onecee b ELERD 7, B %7E& as well as #= not only. .. but also... Z & # R F] :as well

as BBV AT E RO HANAR F R A WA &, ™ not only. .. but also... A 2 EHE RS
= 2

4. The desired shape is controlled by means of a set of tools called dies which may be
completely closed or partially closed during manufacture.

&) %, it % 593 4215 called dies 4f tools #1 /5 & & 35, which 3| R 2 M £ &M 4 , 546
dies,

U5 8% gepsosimmin b MR s b R I ML 98 5, 7 48 0
], A A]H“, . . a set of tools called dies which may be completely closed or partially closed

during manufacture” A Ry “oore —HM AR FH T H, XHEFERE IR P ZE LA S
B AHE”.



Lesson 2 Engineering Properties

Manufacturing of a component is normally influenced by the mechanical and thermal
properties of the work material. Also, the mechanical properties are affected by the
manufacturing process employed.® Either way the knowledge of mechanical properties of
engineering materials is important to a manufacturing engineer. In this chapter, some of the
mechanical properties which are influential in or are influenced by the manufacturing

processes and their measurement are discussed.

Strength

The resistance offered by a material on application of external force is called strength.
Depending on the type of load applied, the strength could be tensile, compressive or shear.
By application of load, the material is elastically deformed, which is called strain.?It can be
defined as

change in dimension
original dimension

Strain=

The resistance offered by the material is also referred to as stress which can then be

defined as

applied load
area of cross section opposing the load

Stress=

The deformation caused in a material is of two types, elastic and plastic. Elastic
deformation is that part of the deformed material which when the applied load is removed,
would spring back to its normal shape. Plastic deformation is on the other hand,

permanently set in a material and cannot be regained.

Hardness

Hardness is a very important property since the manufacturing depends on it to a great
extent, Hardness is the resistance offered by a material to indentation. Moh’s scale of
hardness is based on ten standard minerals as shown in Table 2 — 1. It can generally be
measured by the indentation made by a harder material. The indentation made depends upon
the applied load, the sharpness of the indenter and the time for which the applied load is
maintained.

There are a number of indentation tests to measure the hardness of a material normally.
These usually involve a ball, a cone or a pyramid of a harder material which is indented into
the material under test with a specified load. The permanent indentation thus made is

measured to give an indication of the hardness on the given scale for the tests.
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Table 2 - 1 Moh’s scale of hardness

Mineral Moh's hardness Mineral Moh'’s hardness
Tale 1 Orthoclase 6

Gypsum 2 Quartz 7

Calcite 3 Topaz 8

Fluorite 4 Corundum 9

Apatite 5 Diamond 10

Ductility

It is the measure of the amount of plastic deformation a material can undergo under
tensile forces without fracture. In quantitative terms it is normally measured as the ratio of
elongation of the material at fracture during the tensile test to the original length, expressed
as a percentage.”’ The final value of elongation obtained during the tensile test immediately
after the fracture could be taken as the ductility. Since the elongation is dependent upon the
gauge length chosen for the tensile test, the length needs to be specified along with the
elongation values.? Alternatively, it may also be expressed as the ratio of reduction in cross-
sectional area in the fractured specimen to the original cross-section area. This is independent
of the gauge length and hence is a more convenient measure for ductility. It is also termed as
the ability of a material to be drawn into wires since only ductile materials can be drawn into
continuous wires without breaking in-between.” Typical values of ductilities are given in
Table 2 - 2 for engineering materials.

Brittleness is the property opposite to that of ductility.

Table 2 — 2 Ductility values

Material Ductility, % reduction in area
Cast iron 0
Structural steel 70~40
Stainless steel 75~65
Aluminium alloys 35~39
Copper annealed 73
Monel, Ni-Cu alloy 75

Toughness

This is the property which signifies the amount of energy absorbed by a material at the
time of fracture under impact loading. In short it is the capacity to take impact load.® It can
be considered as the total area under the stress strain curve since it is an indication of the
amount of work done on the material without causing fracture. Thus toughness can be

considered as a parameter consisting of both strength and ductility.
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(Selected from: P N Rao, Manufacturing Technology-Foundry, Forming and Welding, China Machine Press, 2006)

Key Terms
tensile strength ALY
compressive strength P 5
shear strength YUY 5R FE , BY ) 9 BE
strain AR
stress |yl
elastic deformation S AR T
plastic deformation WY
hardness i B2
Moh'’s scale of hardness LA R
(Moh’s hardness)
indentation JEIR , 2R
indenter B BE R 3k, [RJR 48
ductility JIE R
tensile force i h
elongation SE fif 32
tensile test $i H1 (B P I 5
cross-section B T
cross-sectional area #m AR
specimen FEAR (it S 3R (1)
gauge length PR (R B
brittleness i
toughness Pt
loading 7K, 2 Ay

Notes

1. Also, the mechanical properties are affected by the manufacturing process employed.
&) %, it £ 414 employed % )& & & & , % 4% manufacturing process,

U585 0% g oy v o 2 s 0 R 25 3 77 0P8 A SR /R B 1, 2 30
AL, XK E N FF A DUE ST B, a0 SRk sl A A A ) R R R BB B E (A Y the
manufacturing process employed) , T K 32 515 % 0 £ 38 , MK ROk 9 R 1B F N EIE, KA
PER BT R R 1 T 2 S ma bR AR

2. By application of load, the material is elastically deformed, which is called strain.

& %, 8 which 3] ey RE BT ERE ARBLATNEEAN G FHHEL,

gﬁ‘gag%:ﬂ&%%qﬂﬁﬁﬁ}ﬂfgiﬂm%myEI]“?%ZT?ZVJVFE)‘(H@Ziﬂ+of+ziﬁ(+{%"ffﬁ
7 LR B AL A AR B B . BHIZEET, Al 254 v B 3R 7R SV B I 4 18] 3 3 Dl oA
M. ARIETEY O e AN R AT , AR R AR AR TR X MO AR . BT L, AR G H
application of load H1#] application H 2% "% 1% 8 T 3hiA .



