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CHAPTER 1 MATERIALS AND HOT WORK

Lesson 1 Basic Concepts in Mechanics

Work is defined as force multiplied by the distance over which the force acts. Work is measured in
metre-kilograms. A metre-kilogram equals the work done by a force of one kilogram acting through a
distance of one metre. For example, if a work task involves lifting a 300-kilogram machine two and one-
half metres into a truck, then 750 metre-kilograms of work is required. Since no humans can lift 300
kilograms directly, a device must be employed to modify the required effort into something manageable.
One common device is an inclined plane—in this case, a loading ramp that slopes from the ground to the
truck, If the ramp were 10 metres long and friction forces were negligibly small, then 75 kilograms of force
would be required to roll the machine up the ramp.™ The total work is still 750 metre-kilograms (10
metres multiplied by 75 kilograms), but the effort has been modified so that the maximum force required is
only 75 kilograms.

A device that decreases the necessary applied force while increasing the distance over which the
smaller force acts is called a force multiplier. ) Machines can also multiply speed and distance. A broom
is an example of a speed and distance multiplier because it converts input force and distance at the handle
into a lower force and larger distance at the sweeping end. ) Since the larger distance at the sweeping end
is covered in the same time as the input distance, then the speed is also increased. In addition to modifying
forces and distances, machines can also change the direction of motion.

Efficiency and mechanical advantage are used to gauge the performance of mechanical machines.
Efficiency is defined as the useful mechanical output work, expressed as a percentage of the input work.
Efficiency is always less than 100 percent because of friction between moving parts. If someone actually
wheeled the machine of the initial example up the ramp, they might discover that it required 84 kilograms.
The nine-kilograms difference is the force required to overcome the resistance of the wheels and bearings.
Under these conditions the machine would have an efficiency of 89 percent. If they slid the refrigerator up
the ramp without wheels, the required force could be 215 kilograms or more, which corresponds to an
efficiency of less than 35 percent. Ideal mechanical advantage neglects friction and is equal to the distance
the input force travels divided by the useful distance the load travels. For force-multiplying machines, the
input distance is greater than the load distance and the ideal mechanical advantage is greater than 1. In the
loading ramp example, the ideal mechanical advantage is 4,since the input distance is 10 metres (the length
of the ramp) and the useful load distance is two and one-half metres (the vertical distance the load
travels). An inclined plane is always a force-multiplying machine. For speed-multiplying machines the input
distance is less than the load distance and the ideal mechanical advantage is less thanl. Machines that
simply change the direction of motion have an ideal mechanical advantage equal to 1. The actual mechanical
advantage includes friction and is equal to the actual output force divided by the actual input force. The

actual mechanical advantage in the loading ramp example is about 3. 6 with wheels and about 1. 4 without

wheels.




Words and phrases

mechanics 2. J1% broom n. H&
modify v. B¥,@M.ZH convert v. #A[{k]
manageable a. W H{FEIN handle ». F#0E]
incline . (f#) A sweep v. AW W
ramp n. $HR, &3 [E ] efficiency n. &R
slope v. () #} gauge wut. W[ 1E R
friction n. E# bearing n. &K
roll v. B3l ideal mechanical advantage ¥E48 8981 %% 2§
multiplier #. BK3, R neglect wvt. 2B
Notes

[1] One common device is an inclined plane—in this. . . would be required to roll the machine up the
ramp. HJH that slops. ..the truck & — E1& M H], 51 the loading ramp;if. . .ramp HKHEBERER. &4
R CEENEER-ANHE—EXNFP R MAMERTE AR EZ E G REHR, R RE
10m <, BRKEE 7 B 0% , B A LB B 75kg M0 DLES IR B4RV

{2] A device that ... is called a force multiplier. A& B545# 5 A device is called a force multiplier, 3
&1 that decrease ... the smaller force acts J§ that 3| RIS EMNF M A device, EXNTFIENTRLE
T —/ 1 which 3| 3 #) 18 N4, B4 the distance, AT FE R . “F T TR /EM DB, FEHEX DB DE
ERDFTE S BE B, XN R B A AR,

- [3] A broom ... larger distance at the sweeping end. FH convert ... into ... TR veee AR

------ Yo ARNHARRRE- T ERNERRRENAT BAECLEEFHRLELGANOANEEERTNRE
BEERB DI ANEROER.”




Lesson 2 Basic Assumption in Plasticity Theory

The purpose applying plasticity theory in metal forming is to investigate the mechanics of plastic
deformation in metal forming processes. Such investigation allows the analysis and prediction of (a) metal
flow (velocities, strain rates and strains), (b) temperatures and heat transfer, (c) local variation in
material strength or flow stress and (d) stresses, forming load, pressure and energy. Thus, the mechanics
of deformation provides the means for determining how the metal flows, how the desired geometry can be
obtained by plastic forming and what are the expected mechanical properties of the part produced by
forming. 3

In order to arrive at a “manageable” mathematical description of metal deformation, several
simplifying (but reasonable) assumptions are made:

1) Elastic deformations are neglected. However, when necessary, elastic recovery (for example, in
the case of springback in bending) and elastic deflection of tooling (in the case of precision forming to very
close tolerances) must be considered.

2) The deforming material is considered to be a continuum (metallurgical aspects such as grains, grain
boundaries and dislocations are not considered).

3) Uniaxial tensile or compression test data are correlated with flow stress in multiaxial deformation
conditions.

4) Anisotropy and Bauschinger effects are neglected.

5) Volume remains constant.

6) Friction is expressed by a simplified expression such as Coulomb’s law or by a constant shear
stress. This will be discussed later.

The behaviour of metal under compressive stress is more complex. This can be seen from an analysis
of what happens when a cylindrical sample is compressed between two platens. Plastic deformation
commences when the stress on the workpiece attains the yield stress of the metal. As the height of the
sample decreases it spreads outwardswith an increase of cross-sectional area. This movement takes place
against a frictional force between the ends of the workpiece and the platens. 2 The deforming metal is
subject to the complex stress system .

The stress system has altered from single, uniaxial to three-dimensional or triaxial. There is one
applied stress from the platens and two are induced by the friction reaction. If there was no friction
between the platens and the workpiece, then yielding would occur under a uniaxial compressive stress
exactly as in the case of tensile loading. 7 The yield stress in compression would then coincide exactly
with the yield stress in tension. The presence of friction, however, alters the situation and a higher stress
is required to cause yielding. Many attempts have been made to find a mathematical relationship between
the tensile yield stress and the values of stresses in a triaxial system just at the point of yielding.! No
single relationship has been found which covers all cases of plastic yielding under all cases of triaxial
loading for all metals. A number of theories of plastic yielding have been suggested, each of which has
validity in a limited field. Before these can be considered, it is necessary to study the triaxial stress system
and to develop methods of solving problems using both mathematical and graphical techniques.

The most convenient technique available is Mchr’s Circle for three-dimensional stress and when this

3




can be manipulated with ease the intricate aspects of plastic yielding can be studied.

Words and phrases

assumption n. BE bending n. TWHE,IFE

plasticity »n. ¥ precision forming ¥§% A% &
investigate v. W ,HHE tolerance n. A%

deformation »n. AFJE continuum n. % (4K)

metal forming process €BEB T Z[F#E] metallurgical a. 84 (W

strain (rate) n. B2 GEXR) grain n. fgHL

strength n. 3 dislocation n. {i#f

stress n. W] (uni-, tri-, multi-)axial «. (B . =.8)H(EK
yield stress JHAR R B anisotropy n. &8 R2H

flow stress W Bh I H cylindrical a. B#EAK

tensile stress FL ()R N cross-section n. AR
compressive stress & (45) W platen »n. (TR . EiR

shear stress B (DR H coincide with —Z(, H#F

geometry n. JLEFEAR validity »n. ERER,. &%

elastic a. HMHH with ease B (M & (FE)H,BREHH
springback . [ #

Notes

{1] Thus, the mechanics of deformation ... produced by forming. M4 9 how ..., how ... and
what ... 5|59 33 5] {83 4 7] determining #) 518 ;418 4 1% produced by forming & the part HEE
EiE, 2ATEN B, BRAERET HELSR MMM S0 %, BHHE T 8RR RS REN LAY
RoOURARBFREF=HNEBHEAE 2NN,

(2] This movement take placc against ... the platens. 3 This movement # 3 #5477 against
BB BN REERTRE DT RN CTEMR T A4 5 5% 1 5 48 47 18] 40 BE SR BE oo A B A
E.”

[3] If there was no friction ..., then yielding would occur .... &4 N BEHIES a5 2| 8K HBIRE
R— -4 WE 4], W K as the yielding occur in the case of ..., BAEN . “BHEIKE THERBEE, THERE
BEENAFRERR, EREZIR BEFHHEEL—H.”

[4] Many attempts have been made to find . .. the point of yielding. a[ B X . “AH T HRINMBERNH
SZABARETFEERESYNAEZANERELE CEMTRE SR,




Lesson 3 Optimization for Finite Element Applications

As engineers work with increasingly complex structures, they need rational, reliable, fast, and
economical design tools. Over the past two decades, finite element analysis has proven to be the most
frequently used method of identifying and solving the problems associated with these complicated designs.

Because most of the design tasks in engineering are quantifiable, computers have revolutionized the
highly iterative design process, particularly the procedures for quickly finding alternative designs. But
even now, many engineers still follow a manual trial-and-error approach. Such an approach makes
designing-even for seemingly simple tasks more difficult because it usually takes longer, requires extensive
human-machine interaction, and tends to be biased by the design group’s experience.

Design optimization, which is based on a rational mathematical approach to modifying designs too
complex for the engineer to modify, automates the design cycle. ™! If automated optimization can be done
on a desktop platform, it can save a lot of time and money.

The goal of optimization is to minimize or maximize an objective, such as weight or fundamental
frequency that is subject to constraints on response and design parameters. '*J The size and/or shape of the
design determine the optimization approach.

Locking at optimization as part of the design process makes it easier to understand. The first step
includes preprocessing, analysis, and postprocessing, just as in customary finite element analysis (FEA)
and computer-aided design (CAD) program applications (the difference in CAD lies in building the
problem’s geometry in terms of the design parameters). In the second step, the optimization objective and
response constraints are defined. And in the last step, The repetitive task of design adjustment is
automated. Optimization programs should allow engineers to monitor the progress of the design, stop it if
necessary, change the design conditions, and restart. The power of an optimization program depends on
the available preprocessing and analysis capabilities. Applications for 2-D and 3-D need both automatic and
parametric meshing capabilities. Error estimate and adaptive control must be included because the
problem’s geometry and mesh might change during the optimization loops. &

Revising, remeshing, and reevaluating models to achieve specific design goals start with preliminary
design data input. Next comes the specification of acceptable tolerances and posed constraints to achieve an
optimum, or at least improve, solution. To optimize products ranging from simple skeletal structures to
complicated three-dimensional solid models, designers need access to a wide variety of design objectives
and behavior constraints. Additional capabilities will also be needed for easy definition and usc of the
following: weights, volumes, displacements, stresses, strains, frequencies., buckling safety factors,
temperatures, temperature gradients, and heat fluxes as constraints and objective functions.

Moreover, engineers should be able to combine constraints from different types of analyses in
multidisciplinary optimization. For example, designers can perform thermal analysis and transfer
temperatures as thermal loads for stress analysis, put constraints over maximum temperature, maximum
stress, and deflection, and then specify a range for the desired fundamental frequency. The objective
function can represent the whole model or only parts of it. Even more important, it should reflect the

importance of the different portions of the model by specifying weight or cost factors.




optimization n. R4k, 41k ()

finite element HMWRIT

iterative a. REK,ERH

alternative n. a. X (), THEFEH
manual a. FEFHK, ALK
trial-and-error KB

bias wvt. n. (FE)RE[E.2]

a desktop platform (HEIEEFE S
constrain(t) v. n. BH,HK
response n. R[WJN,REE
parameter n. S

parametric . ¥

preprocess vt. M (FE) ML, KiabH

Words and phrases

mesh n. v. M, %4

1 capability #. 8877, ¥ fE. AR

locop n. 3, E B, 55

pose v 3, B e BA
model n. BE ¥ &
displacement a2 (VB .3 &, &%
buckling ». 2 [ il , H2 BF
factor n. HE

gradient n. (BB, B K

flux » [ .B. B . E]EE,HE
multidisciplinary a. Z%¥BH
deflection =. RE[%,% ], 4

Notes
(1] Design optimization, which ... the design cycle. A" too ... to ... B EERBERR K
- &N : -TLERIE ”,$’ﬂﬁTi¥ﬁ:“ﬁﬂ:iﬁif%ﬂﬂiﬁﬂ%ﬂgf&ﬁﬁiﬂi,&ﬁfﬂ&ﬁ:}:lﬁmﬂeﬁﬂ:fzﬁﬁﬂg

wit, RIS R 5504k,

[2] The goal of ... and design parameters. % “{t 4k B FMERERMRBRAHB /MM, B, &
BREFAXLEERBAR T BETEZAROTSR,”

[3] Error estimate and adaptive control must .. . might change during the optimization loops. % .“H

AERALRT, FEHILTEAARBESBE, FURCBR O AL SEREHAAENES.”




Lesson 4 Metals

Why does man use metals still so much today when there are other materials, especially plastics,
which are available? A material is generally used because it offers the required strength, and other
properties, at minimum cost. Appearance is also an important factor. The main advantage of metals is
their strength and toughness. Concrete may be cheaper and is often used in building, but even concrete
depends on its core of steel for strength.

Plastics are lighter and more corrosion-resistant, but they are not usually as strong. Another problem
with plastics is what to do with them after use. Metal objects can often be broken down and the metals
recycled; plastics can only be dumped or burned.

It is known that metals are very important in our life. Metals have the greatest importance for
industry. All machines and other engineering constructions have metal parts, some of them consist only of
metal parts.

About two thirds of all elements found in the earth are metals, but not all metals may be used in
industry. " Those metals, which are used in industry, are called engineering metals. The most important
engineering metal is iron (Fe), which in the form of alloys with carbon (c) and other elements, finds
greater use than any other metal. Metals consisting of iron combined with some other elements are known
as ferrous metals;{?] all the other metals are called nonferrous metals. The most important nonferrous
metals are copper (Cu), aluminum (Al), lead (Pb), zinc (Zn), tin (Sn), but all these metals are used
much less than ferrous metals, because the ferrous metals are much cheaper.

Not all metals are strong, however. Copper and aluminum, for example, are both fairly weak—but if
they are mixed together, the result is an alloy called aluminum bronze, which is much stronger than either
pure copper or pure aluminum. Alloying is an important method of obtaining whatever special properties
are required: strength, toughness, resistance to wear, magnetic properties, high electrical resistance or
corrosion-resistance, [

Different metals are produced in different ways, but almost all the metal are found in the form of
metal ore (iron ore, copper ore, etc. ). The ore is a mineral consisting of a metal combined with some
impurities. In order to produce a metal from some metal ore, we must separate these impurities from the
metal,that is done by metallurgy.

Methods of e.xtracting, producing and treating metals are being developed all the time to meet
engineering requirements. This means that there are an enormous variety of metals and metallic materials
available from which to choose.

Words and phrases

toughness n. ¥ bronze ». %4 (%)

corrosion n. ik alloy n. 64

dump v. i ff, HE K wear v, Bl

recycle . RE[1%3F J# B metallic a. ()& & $)H Y

copper n. §f specification n. #EME, HARER - E
aluminum »n. 48 extract vt. B HE, X H




