Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 6, Problem 1
Why are cast metal sheet ingots het-rolled fisst instead of being cold-rolled?

Chapter 6, Solution 1

Hot rolling is applied first because it is more efficient in reducing ingot sheet thickness than cotd working.

Chapter 6, Problem 2

What type of heat treatment is given to the rolled metal sheet after hot and “warm” rolling? What is its
purpose?

Chapter 6, Solution 2

In most cases, the rolled metal slabs are reheated to a relatively high temperature which allows for further
hot rolling without excessive oxidadon of the metal. ®nce all hot and “warm” rolling is complete, the
metal is reheated or annealed to remove cold-work induced through the hot-working.

Chapter 6, Problem 3

(a) How are metal alloys made by the casting process? (b) Distinguish between wrought alloy products and
cast alloy products.

Chapter 6, Solution 3

Alloying elements are added to the molten (basic) metal and allowed to melt. The molten metal is
subsequently mixed to achieve uniformity and then cast into solid ingots or castings. (b) Wrought alloy
products are produced using a working process such as rolling, extruding or forging.

Chapter 6, Problem 4

Describe the wire-drawing process. Why is it necessary to make sure the surface of the incoming wire is
clean and lubricated?

Chapter 6, Solution 4

In the wire drawing process a starting rod or wire is drawn through one or more tapered dies to reduce the
cross section of the wire. It is important to have the wire surface clean so that defects are not introduced
into the wire. Lubrication is also necessary to prevent tearing of the metal being drawn through the die and
to reduce friction.
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Chapter 6, Problem 5

Describe and illustrate the following types of extrusion processes: (a) direct extrusion and (b) indirect
extrusion. What is an advantage of each process?

Chapter 6, Solution 5

The direct and indirect extrusion processes are shown below in Fig. (@) and (b) respectively.
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(a) In direct extrusion, the billet is forced directly through the die of the extrusion press by a solid ram.

(b) Whereas, in an indirect extrusion process, a hollow ram holds the die and forces it against the billet.
Higher loads can be applied with the direct process while advantages associated with the indirect
process include lower frictional forces and lower power requirements.

Chapter 6, Problem 6
Describe the forging process. What is the difference between hammer and press forging?

Chapter 6, Solution 6

In the forging process metal is hammered or pressed into the desired shape. In hammer forging a hammer
repeatedly strikes the work piece to shape it. In press forging, a slow compressive force is used to shape
the metal.

Chapter 6, Problem 7

What is the difference between open-die and closed-die forging? Illustrate. Give an example of a metal
product produced by each process.

Chapter 6, Solution 7

Open die forging is carried out with two flat dies or with two dies of simple shapes. Closed die forging is
accomplished with a single or multiple impression set of dies with the shaped metal being entrely
surrounded by the die. Examples of these die types are shown below schematically.
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Closed forging dies used to
produce an automobile
conxecting rod.

Examples of dies for open-die forging.

An example of a forging made by the open-die process is a long shaft for turbomachinery applications such
as a turbine. An automobile connecting rod is an example of a closed die forging.

Chapter 6, Problem 8
Distinguish between elastic and plastic deformation (use schematics).

Chapter 6, Solution 8

Elastic deformation of metal takes place when the metal is able to retum to its original dimensions once the
deforming force is removed. Plastic deformation takes place if the metal does not fully recover its original
dimensions after the defortning force is removed.

Chapter 6, Problem 9

Define (a) engineering stress and strain, and (b) true stress and strain. (c) What are the U.S. customary and
ST units for stress and strain? (d) Distinguish between tensile/compressive stress (also called normal stress)
and shear stress. (€) Distinguish between tensile/compressive strain (also called #ormal strain) and shear
strain.

Chapter 6, Solution 9
(a) Engineering stress = s = applied normal (uniaxial) force / original cross-sectional area

Engineering strain = e = change in gage length/original gage length (If — lo)/lo
(b) True stress = s,= applied normal (uniaxial) force / instantaneous cross-secional area
True strain = e, = In ( instantaneous length / original length )
(c) where the units are expressed as:
Stress (both normal and shear): Ib/in® or psi U. S. Customary
N/m®  (newtons per square meter) Si

Noimalstrain: dimensionless (1/in, m/in, etc...)
Shear strain: radians
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(d) sisdesignated as “normal” stress produced as a result of the application of a force that is
perpendicular to a lmown surface. Ifthe applied force is in tension, the normal stresses
produced will also be in tension. If the applied force is in compression, the normal stresses
produced will be in compression. The shearing stresses, t, on the other hand are produced as a
result of the application of a force that is parallel to a lnown surface (shear force). Thus s and
t must be treated differently (are not additive).

(e) Normal stresses produce normal strains. Tensile normal stresses produce tensile normal
strains and compressive stresses produce compressive normal strains. Normal strains
represent a change in length. On the other hand, shearing stresses produce shearing strains.
Shearing strains represent the distortional changes or the changes in the angles with respect to
the onginal. Thus normal and shearing strains must also be treated differently.

Chapter 6, Problem 10

(a) Define the hardness of a metal. (b) How is the hardness of a material determined by a hardness testing
machine?

Chapter 6, Solution 10

(a) Hardness is a measure of the resistance of a metal to permanent deformation. (b) Hardness is measured
by forcing an indenter into the metal surface. The hardness measurement is made either from the depth of
penetration of the indenter or by the size of the indentation.

Chapter 6, Problem 11
What are the load used in (a) Rockwell B hardness test, and (b) Rockwell C hardness test?

Chapter 6, Solution 11

(a) The load of Rockwell B hardness test is 100 kg.
(a) The load of Rockwell C hardness test is 150 kg.

Chapter 6, Problem 12
What is the difference between Vickers and Knoop hardness tests?

Chapter 6, Solution 12

The difference between the Vickers and the Knoop hardness tests is simply the shape of the diamond pryamid
indenter. The Vickers test uses a square pyramidal indenter. The Knoop test using a rhombic-based pyramidal
indenter was developed which produces longer but shallower indentations.

Chapter 6, Problem 13 -
Describe the slip mechanism that enables a metal to be plastically deformed without fracture.

Chapter 6, Solution 13

In the metal slip mechanism, dislocaons move through the metal crystals like wave fronts, allowing
metallic atoms to slide over each other under low shear stress. The metal can thus deform without fracture.
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Chapter 6, Problem 14

(a) Why does slip in metals usually take place on the densest-packed planes?
(b) Why does slip in metals usually take place in the closest-packed directions?

Chapter 6, Solution 14

(a) Slip usually takes place on the most densely packed planes because the atoms on these planes are in
close proximity and hence require less shear energy for displacement.

(b) Slip typically occurs along the closest-packed directions because minimal energy is required to force the
atoms to change posittons.

Chapter 6, Problem 15

(a) What are the principal slip planes and slip directions for FCC metals? (b) What are the principal slip
planes and slip directions for BCC metals? (c) What are the principal slip planes and slip directions for
HCP metals?

Chapter 6, Solution 15
(a) The principal slip planes and slip directions for FCC metals are {1 1 l} and <l T 0> , respectively. (b)

The principal slip planes and stip directions for BCC metals are { 11 0} and <T 1 1> , respectively. (c) The

principal slip planes and directions for HCP metals are (000 1) and (1 12 0>.

Chapter 6, Problem 16
Describe the deformation twinning process that-occurs in some metals when they are plastically deformed.

Chapter 6, Solution 16

In the deformation twinning process, a part of the atomic lattice is deformed such that it forms a mirror
image of the adjacent undeforined lattice.

Chapter 6, Problem 17
What is the difference between the slip and twinning mechanisms of plastic deformation o f metals?

Chapter 6, Solution 17

The slip mechanism causes all atormns on one side of the slip plane to move equal distances, such that a
series of slip steps are formed. Whereas in twinning, atoms only move distances that are proportional to
their respective distances from the twinning plane, and thus produce a well defined region of deformation.

Chapter 6, Problem 18

What other types of slip planes are important other than the basal planes for HCP metals with low ¢/a
ratios?

Chapter 6, Solution 18

The prism planes, {1 01 0} (I 12 0) , and the pyramidal planes, {l 01 I} < 112 0> , are also important

planes having low ¢/a ratios.
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Chapter 6, Problem 19

What important role does twinning play in the plastic deforination of metals with regard to deformation of
metals by slip?

Chapter 6, Solution 19

During twining deformation, the lattice orientations change in such a manner that new slip systems may
become favorable for further slip.

Chapter 6, Problem 20

Define the critical resolved shear stress for a pure metal single crystal? What happens to the metal from the
macroscale point of view and behavior point of view once critical resolved shear stress is exceeded?

Chapter 6, Solution 20

The critical resolved shear stress, 7., for a single crystal is the minimum shear stress required to initiate the
slip process. This minima is essentially the yield stress of a single crystal. Once the critical stress level is .
reached on a specific plane, the top half plane will slip on the bottom half plane in the direction of slip
direction vector. Excessive slip will eventually result in fracture along the slip plane.

Chapter 6, Problem 21
By what mechanism do grain boundaries strengthen metals?

Chapter 6, Solution 21
Grain boundaries strengthen metals by acting as barriers to dislocation movement.

Chapter 6, Problem 22

(a) What is solid-solution strengthening? Describe the two main types. (b) What are two important factors
that affect solid-solution hardening?

Chapter 6, Solution 22

(a) Solid-solution strengthening is a method of increasing a metal’s strength. By adding one or more
elements, dislocatton movement is impeded due to lattice distortions and the introduction of different
bonding structures.

The two primary types of solid-solutton strengthening are substitutional and interstitial.

(b) Two important factors that affect solid-sofution hardening are: the relative size of the atoms of the
elements in the solid solution and; short-range ordering of the atoms of different atoms into clusters.

Chapter 6, Problem 23
What experimental evidence shows that grain boundaries atrest slip in polycrystalline metals?

Chapter 6, Solution 23

Slip bands in polycrystalline metals are observed to be parallel within a grain but discontinuous at grain
boundaries.
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Chapter 6, Problem 24

(a) Describe the grain shape changes that occur when a sheet of alioyed copper with an original equiaxed
grain structure is cold-rolled with 30 and 50 percent cold reductions. (b) What happens to the dislocation
substructure?

Chapter 6, Solution 24
(a) When an alloyed sheet of copper with an equiaxed grain structure is cold rolled to 30-50 percent
reduction, the grains are elongated in the direction of rolling.

For unatloyed copper, as plastic deformation is increased to
30%. dislocation density increases and disfocations begin to tangle and form network of
dislocations resulting in a cellular structare in which high density dislocation tangles
form the walls of the cell. As plastic deformation is increased to 50%, the cell size
decreases and the cell structure becomes denser. {see Figure 6.44)

Chapter 6, Problem 25
How is the ductility of a metal nornally affected by cold working? Why?

Chapter 6, Solution 25

Cold rolling normally decreases the ductility of metals because the dislocation density of the metal is
increased and thus further slip by dislocatior movement is inhibited.

Chapter 6, Problem 26

What are the three main metallurgical stages that a sheet of cold-worked metal such as aluminum or copper
goes through as it is heated from room temperature to an elevated temperature just below its melting point?

Chapter 6, Solution 26
The three main stages are recovery, recrystallization and grain growth.

Chapter 6, Problem 27

When a cold-worked metal is heated into the temperature range where recrystallization takes place, how are
the following affected: (a) intemnal residual stresses, () strength, (¢) ductility, and (d) hardness?

Chapter 6, Solution 27

(a) Any internal stresses are relieved.

(b) The metal tensile strength is significantly reduced.
(c) The ductility of the metal is greatly increased.

(d) The hardness of the metal is substantially reduced.

Chapter 6, Problem 28

When a cold-worked metal is heated into the temperature range where recovery takes place, how are the
following affected: (a) internal residual stresses, (&) strength, (¢) ductility, and (¢) hardness?

Chapter 6, Solution 28

(a) Internal stresses are greatly reduced.

(b) The metal strength is only slightly reduced.

(c) The metal ductility is usually significantly increased.
(d) The hardness of the metal is slightly reduced.
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Chapter 6, Problem 29

Describe the microstructure of a heavily cold-worked metal of an Al-0.8% Mg alloy as observerd with an

optical microscope at 100x (see Fig. 6.46a). Describe the microstructure of the same material at 20,000x
(see Fig. 6.47a).
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Figure 6.47(a) (a)

Chapter 6, Solution 29

At 100x, one observes a highly elongated grain structure. Whereas at 20,000, dislocation tangles and
banded cells or subgrains, produced by extensive cold work, are evident within the microstructure.
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Chapter 6, Problem 30

Describe what occurs microscopically when a cold-worked sheet of metal such as aluminum undergoes a
recovery heat weatment.

Chapter 6, Solution 30

When a cold-worked sheet of metal such as aluminum is subjected to a recovery heat treatment, many
dislocations are destroyed or move into lower energy configurations through the polygonization process. In
this process, low-angle grain boundaries are formed and the metal ductility is significantly increased while
the strength is only slightly reduced.

Chapter 6, Problem 31

Describe what occurs microscopically when a cold-worked sheet of metal such as aluminum undergoes a
recrystallization heat treatment.

Chapter 6, Solution 31

During a rectystallization heat treatment, new strain-free grains are nucleated, and after sufficient time,
grow until the grain structure is completely recrystallized.

Chapter 6, Problem 32

What generalizations can be made about the recrystallization temperature with respect to (a) the degree of
deformation, (b) the temperature, (c) the time of heating at temperature, (d) the final grain size, and (e) the
puzity of the metal?

Chapter 6, Solution 32

(a) In order for recrystallization to occur, the metal must possess a mimmum degree of deformation. The
greater the extent of deformation above this required minima, the lower the temperature required for
recrystallization.

(b) Increasing the temperature decreases the time required for complete recrystallization.

(c) Increasing the rate of heating raises the recrystallization temperature.

(d) The fmal grain size depends primarily upon the original extent of deformation; the greater the degree
of deformation, the lower the annealing temperature required for recrystallization.

(e) With decreasing metal purity, the recrystallization temperature rises. Thus, solid-solution alloying
additions increase the recrystallization temperature.

Chapter 6, Problem 33
Describe two principal mechanisms whereby primary recrystallizetion can occur.

Chapter 6, Solution 33

The two principal mechanisms of primary recrystallization are: the expansion of an isolated nucleus with a
deformed grain; the migration of a high-angle grain boundary into a more highly deformed region of the
metal.
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Chapter 6, Problem 34
What are five important factors that affect the recrystallization process itx metals?

Chapter 6, Solution 34
Five important factors affecting the metal recrystallization process are:

the extent of deformation of the metal prior to recrystallization;
the temperature used for the recrystallization process;

the length of time of the recrysmallization process;

the initial grain size of the metal;

the composition of the metal, in terms of metal purity.

e b

Chapter 6, Problem 35

Define superplasticity and list the conditions under which superplasticity can be achieved. Why is this an
important behavior?

Chapter 6, Solution 35

Superplasticity is the ability of a material to sustain plastic deformation levels exceeding 1000% without
fracture. This occurs in certain metals at specific elevated temperatures and under controlled and slow
loading rates. This is an important behavior because we can take advantage of it to produce complex shapes
that require heavy deformation out of metals. Ifwe can produce heavy plastic deformation without fracture
of metal we can produce complex shapes with a small number of operations and more economically.

Chapter 6, Problem 36
Discuss the major deformation mechanism that results in extensive plastic deformation in superplasticity.

Chapter 6, Solution 36

The deformation mechanism in superplasticity is not predominantly dislocations and their movements but
rather mostly grain boundary sliding (grains slide on top of each other along the boundary) and grain
boundary diffusion in which atoms from one grain diffuse across the grain boundary to the surrounding
grains (see Figure 6.53).

Chapter 6, Problem 37
Why are nanocrystalline materials stronger? Answer based on dislocason activity.

Chapter 6, Solution 37

As grain size decreases, grain boundary density increases which can prevents slip and the ability of the
metal to resist movement of dislocations increases. Any produced dislocations will quickly pile up at the
boundaries and create dislocation entanglement resulting in increased strength of the metal.
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Chapter 6, Problem 38

A 70% Cu-38% Zn brass sheet is 0.12 cm thick and is cold-rolled with a 20 percent reduction in
thickness. What must be the final thickness of the sheet?

Chapter 6, Solution 38

z
% cold reduction =[ Dz A ]xlOO%
[

0.12 cm—1,
0.20= x100% ty= 0.096 cm
0.12 cm

Chapter 6, Problem 39

A 12.8-mm-diameter rod of an aluminum alloy is pulled to failure in a tension test. If the final diameter of
the rod atthe fractured surface is 10.8 mm, what is the percent reduction in area of the sample due to the
test?

Chapter 6, Solution 39

' initial area - final area
% cold reduction = x 100%
initial area

| 4)(12.8 mm)* — (7/4)(10.8 mm)?
e (Hax )y - (WX ) x 100% =28.8%

(y4)(12.8 mm)*

Chapter 6, Problem 40

Calculate the percent cold reduction when an aluminum wire is cold-drawn from a diameter of 6.50 mm to
a diameter of 4.25 mm.

Chapter 6, Solution 40

initial area - final area

% cold reduction ={ :|x 100%

initial area

; 2 4 2
={(m4)(6.50 n?m) — (7 4)(?-25 mm) }100% =57.2%
(7/4)(6.50 mm)

Chapter 6, Problem 41

What 1s the relationship between engineering strain and percent elongason?

Chapter 6, Solution 41
Engineering strain and percent elongation are related as,

% engineering strain = engineering strain x 100% = % elongation
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Chapter 6, Problem 42

A sheet of aluminum alloy is cold-rolled 25 percent to a thickness of 0.2 cm. If the sheet is then
cold-rolled to a final thickness of 0.16 cm, what is the total percent cold work done?

Chapter 6, Solution 42

f t
% cold reduction = [O—i] x100%
Iy

~02
0.25= [Q—]ﬂ 00% 1, =0267 cm
0

The total cold work is therefore,

0.267cm —0.16 cm
0.267 cm

total % cold work = [ }x 100% =40.1%

Chapter 6, Problem 43

A tensile specimen of carwidge brass sheet has a cross section of 10.0 mm x 40 mm and a gage length of 51
mm. Calculate the engineering strain that occurred during a test if the distance between gage markings is 63
mm after the test.

Chapter 6, Solution 43

I-10_63mm—51mm

engmeering strain & = =0.235

b 51 mm

Chapter 6, Problem 44

A brass wire is cold-drawn 30 percent to a diameter of 0.90 mm. It is then further cold-drawn to 0.70 mm.
What is the total percent cold reduction?

Chapter 6, Solution 44

. [Ag-4,
% cold reduction =| ——= |x100%
L 0

[ n
“d,*-%(0.90 g
4 ° 4( mm)

Initial reduction 30.0 = x100% dy, =1.076 mm

%(do)z

-

% (1.076 mm)? = Z(0.70 mm)>
4 4 1 0% = 57.7%

total % cold reduction =

%(1 076 mm)?
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Chapter 6, Problem 45

The following engineering stress-strain data were obtained for a metal. () Plot the engineering stress-strain
curve. (b) Detennine the ultimate tensile strength of the alloy. {c¢) Deternine the percent elongation at

fracture.

Engineering Engineering Engineering

stress strain stress
(MPa) (mm/mm) (MPa)
0 0 76
30 0.001 75
55 0.002 73
60 0.005 69
68 0.01 65
72 0.02 56
74 0.04 51
75 0.06

Chapter 6, Solution 45

Prob. 6.45: Stress vs. Strain

o

Stress (MPa)
w &
o

0.05

0.10
Strain (mm/mm)

0.15 0.20

(a) See stress-strain plot above.

Engineering
strain
(mm/mm)

0.08

0.10

0.12

0.14

0.16

0.18
(Fracture) 0.19

Engineering -I_Engineering ‘ Engineering | Engineering

Stress Strain | Stress Strain
(MPa) (mm/mm) (MPa) (mnvmm)
0 0 76 0.08
30 0.001 75 0.10
55 0.002 73 0.12
60 0.005 69 0.14
68 0.010 65 - 0.16
72 0.020 56 0.18
74 0.040 51 0.19

75 0.060 (Fracture)

(b) The ultimate tensile strength, based on the stress-strain curve, is 76 MPa
(c) % elongaton = engineenng strain x 100% = 0.19x100% = 19% .
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Chapter 6, Problem 46
From the data of Prob. 6.45, estimate the yield strength of the metal.

Chapter 6, Solution 46

The yield strength is about 65 MPa.
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Chapter 6, Problem 47

The following engineering stess-strain data were obtained at the beginning of a tensile test for a metal. («)
Plot the engineering stress-stain curve for these data.(d) Determine the 0.2 percent offset yield stess for this
steel. (¢) Deternine the tensile elastic modulus of this steel. (Note that these data only give the beginning part
of the swess-stain curve.)

Engineering Engineering Engineering Engineering |

stress strain stress strain
(MPa) (mm/mm) (MPa) (mm/mm)
0 0 60 0.0035
15 - 0.0005 66 ~ 0.004
30 0.001 70 0.006
40 0.0015 72 0.008
0 0.0020
Chapter 6, Solution 47
(a)
Engineering  Engineering  Engineering | Engineering |
Prob. 6.47(a): Stress vs. Strain Stress Strain Stress Strain
80 (MPa) (mm/mm) (MPa) (mm/mm)
70 [
0 0 60 0.0035
_en 15 0.0005 66 0.0040
& 50 30 0.0010 70 0.0060
s 40 0.0015 2 0.0080
ﬁ 40 50 0.0020 | ‘
5’ 30
20
10
0 T i Fo L o
0.000 0.004 0.008 0.012
Strain (mm/mm)
(b) The 0.02 % offset yield stress was found graphically as 66 MPa.
(c) The modulus of elasticity is found from the slope of the 0.2% offset curve as:
o 50-12
E=—= =253 GPa
£ 0.002-0.0005
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Chapter 6, Problem 48

The following engineering stress-strain data were obtained at the beginning of a tensile test for a 0.2% C plain
carbon steel. («) Plot the engineering stress-strain curve for these data. () Determine the 0.2 percent offset
yield stress for this steel. (¢) Deternine the tensile elastic modulus of this steel. (Note that these data only give
the beginning pa:t of the stress-strain curve.)

Chapter 6, Solution 48
. . . . . . . —
. Engineering | Engineering . Engineering | Engineering
Prob. 6.48: Stress vs. Strain Stress Strain Stress | Strain
(MPa) (mmymm) | (MPa) (mm/mm)
i
0 0 4134 0.0035
T 103.4 0.0005 454.7 0.0040
% 206.7 0.0010 4823 0.0060
= 275.6 0.0015 496.1 0.0080
a 3445 0.0020
£ |
(05 e —

0.000 0.004 0.008 0.012
Strain (mm/mm)

(b) The 0.02 % offset yield stress was found graphically as approximately 450 MPa.
(c) The modulus of elasticity is found from the slope of the 0.2% offset curve as:

o _ (450x10°)-(0.0)
£ 0.0025-0.0

E= =180,000 MPa=180GPa

Chapter 6, Problem 49

A tensile specimen of aluminum alloy is tested to fracture. At the fracture point, it has an engineering stress
180 MPa and engineering strain 34%. Calculate («) the wue stress at fracture, and (b) the true strain at fracture.

Chapter 6, Solution 49

(a) True stress o7,

0, =0 (1+&)=180(1+0.34) = 241.2 MPa
(b) True stress ¢,

&= In(1+¢&) =In(1+0.34)=0.293 =29.3%
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Chapter 6, Problem 50
A stress of 55 MPa is applied in the [001] direction of a BCC single crystal. Calculate (a) the resolved

shear stress acting on the (101) [ 11 1] system and (b) the resolved shear stress acting on the (110)
[T11] system.

Chapter 6, Solution 50
(a) First, the direction normal to the (101) plane is shown below in Fig. (a) to be the {101] direction.
From Fig. (b), the value of angle ), between the applied stress direction [0 0 1] and the [I 11]slip
direction, is dictated by the geometry of rectangle ABCD:

COSA =cos a /[\/ga] =0.5774, A =54.7°. Finally, the angle @ lies between the
[ 0 01]stress direction and the [101} normal and is thus equal to 45°. Substituting into
Eq. (5.15), 7, = (55 MPa)(cos54.7°)(cos45°) =22.5 MPa

(a) (b) [001] =
i [T1E)
A B

) 280 h = Ce@' A = @ BN XN
z A )
1raé haCe AT _ 0o RABM KIR]

: !

(&
>y @ [101) [001)
A\
A E
X
(101) B §—45°
Slip Plane
Dl @ P
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Problems and Solutions to Smith/Hashemi
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(b) The direction normal to the (110) slip plane, [1 1 0], and the [T 11] slip direction are
shown below in Fig. (d). From Fig. (e), the value of angle Ais calculated as:

cosA =cos a/ I:\/ia:l =0.5774, A =54.7°. Finally, the angle @ lies between the
[001] stress direction and the [1 1 0] normal, and is thus equal to 90°. Substituting into

Eq. (5.15), 7, = (55 MPa)(cos 54.7°)(cos 90°) = 0.

4 [001}
(d) z A [111] Slip Direction ()
[001] -
B a {111]
A B
" - i
: \ (110) . \
) c Slip Plane NEY
i |
De— 2, —>»C
x D
[110] Normal
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Problems and Solutions to Smith/Hashemi
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Chapter 6, Problem 51
A stress of 4.75 MPa is applied in the {0 0 i] direction of a unit cell of an FCC copper single crystal.

Calculate the resolved shear stress on the (11 I) plane in the following directions: (a) [I 01 ], (b)
[011], () [110}.

Chapter 6, Solution 51
(@) Forslipsystem (11 T) [T 01 ], @ canbe calculated based upon the geometry depicted within
rectangle ABCD of Fig. (b): cos¢ =cos a/ [\/ga] =0.5774, ¢ =54.7°. From the (00I)

plane indicated in Fig. (c) as square ADEF, \is equal to 45°. Thus, the resolved shear stress is:
7, =0 cosAcosg = (4.75 MPa)(cos45°)(cos 54.7°) =1.94 MPa

(a) (®) [001]
—_— A
[101] B
Slip Direction ¥ \ _ L (I1D)
D7, Slip Plane
F
N ok
' % (c)
y Y =
XF = [T01] [001)
x Y.
[001] 1 11] F Ay
Normal T
a A =45°
Ele—— a e D
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Problems and Solutions to Smith/Hashemi
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(b) Forslip system (11 T) [0 1 T], @ can be calculated based on the geometry depicted below in Fig.
(e): cos@g=cos a /[\/ga] =0.5774, ¢ =54.7°. Referring to Fig. (f), by geometry N is equal
to 45°. Thus, 7, = 0 cos A cos¢ = (4.75 MPa)(cos45°)(cos54.7°) =1.94 MPa.

(c) Forslipsystem (11 T) [T 10], @ can be calculated based on the geometry depicted below in Fig.
(h): cos¢g=cos a /[\lia] =0.5774, ¢ =54.7°. Referring to Fig. (i), by geometry \ is equal
to 90°. Thus, 7, =0 cos A cos¢g = (4.75 MPa)(cos 90" )(cos54.7°) = 0.

(d) (e
(011}
17 z A Slip Direction
Slip Plane 4 F/

D 53 > y
(Y (0
(AN v
I \ i
PN [001]
1 C

x v
[001] [111]
Normal
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Chapter 6, Problem 52

A 20-cm-long rod with a diameter of 0.250 cm is loaded with a 5000 N weight, If the diameter decreases to
0.210 cm, determine (a) the engineering stress and strain at this load and (&) the true stress and strain at this

load.

Chapter 6, Solution 52

2
/4

Area at start 4, = ’%10 = 2(0.25 cm)? = 0.04909 cm? = 4.909x107° m?

2
Area under load 4, = ZZ"— = %(0.21 cm)? =0.03464 cm” =3.464x10™° m’

Assuming Ay = Al; o1, /lg = Ayl 4,

A Engineering stress = il = 00N =1019x10° Pa=1019MPa

Ay 4.909x107% m?2

_ -6 2
B Engineering strain =8=-1—" 1-0-:&-1—4'909)(10 B 1=1.417-1=0417

Iy, A 3.464x107° m?
True stress =or = Ll = il I_j > =1443x 10° Pa =1443 MPa
A4 3464x10° m

2
4 1n[0'04909 cm

True strain =g, =In L =In—= ~ |=1n(1.418) = 0.349
0.03462 cm

b 4
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Chapter 6, Problem 53
A stress of 75 MPa is applied in the {0 01] direction on an FCC single crystal. Calculate (a) the resolved

shear stress acting on the (111) [f 0 1] slip system, and (b) the resolved shear stress acting on the (111)

[ 110 ] slip system.

Chapter 6, Solution 53

The resolved shear stress is calculated as: 7, =0 cosA cos@ = 75cos A cos¢g . We must therefore

determine the values of the angles for A and ¢.

(a) Theslip plane and direction of the (111) [T 01] slip system are shown on the next page in Figures (a)
through (c). Specifically, Fig. (a) illustrates the (111 ) slip plane, A, the angle between the [T 01}]slip
direction and the applied axial stress direction, [0 01]. Referring to Fig. (b), the (001) plane is
bisected by line AE andthus, A =[] EAD =45°.

Since we are concerned with the cubic crystal system, the direction normal to the slip plane is simply
the Miller indices of that plane. For the present case, the direction normal to the (111 ) is thus

[T11]. Referring to Fig. (c), rectangle ABCD shows ¢ between the [111] normal and the applied
axial stress direction, [0 01]. By geometry,

cos¢=—a——=—1—
Via 3

7, =(75 MPa)(cos45°)(cos54.7°) =30.6 MPa

=0.5774, ¢=54.7
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Foundations of Materials Science and Engineering S/e

[101] Slip Direction
[111] Normal

/ to Slip Plane

(111)
Slip Plane A

F
24
s
\
E
x ¢ [001]
A
(a) Slip System |4 B
a =
l ¢ V’r3ﬂ
D [4— 2a —p C

(c) ¢ on(110) Plane

[001]
‘LR

45°
a

l]
E ¢&—— a _>1D

(b) Aon (001) Plane

[111]
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(b) Referring to Fig. (d), the slip plane and direction of the (111) [T 1 0] slip system are shown. As
depicted by this sketch, the direction indices of the direction normal to the (111) plane are [111],
and the angle A is 90°. Theangle ¢ is shown below in Fig. (e) to lie between the axial [0 01]
direction and the normal to the slip plane, {ll(}md(llg, Fromrectangle ABCD, this angle is calculated as:

cosd=a /[x/ia] =1//3=0.5774,
[T10] Thus, 7, =(75 MPa)(cos90°)(cos 54.7°)= 0.

[0 01} Axial
Stress Direction
’ 1
: ¢ =90° e [111]
amy Ve A B
Slip Plane
RN
=N

[001] stip

Direction

L
Ole— & —»
<

«— J2, —>» C

5 4
N (¢) ¢ on (110) Plane
C
X
(d) Slip System
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Chapter 6, Problem 54
A stress of 85 MPa is applied in the [001)] direction of a unit cell of a BCC iron single crystal. Calculate the

resolved shear stress for the following slip systems: (a) (01 1)[1 Tl] , (1 10)[T1 1] ,and (¢)
(OT1) 111,

Chapter 6, Solution 54
(a) For slip system (011) [1 -f 1}, Acanbe calculated based upon the geometry depicted within
rectangle ABCD of Fig. (b): cosA =cos a/ [\Ea] =0.5774, A =54.7°. From the geometry

depicted in Fig. (c) as square ABFE, ¢ is equal to 45°. Thus, the resolved shear stress is:
7, =0 cos Acos¢ = (85 MPa)(cos54.7°)(cos 45°) = 34.7 MPa

b _
(a) (b) 171) [O?ll]
D
[001) (011] ™ &
T = Nonnal T
E "A i x/ia A
01w D71 4 C —»|B

N — 2a

f 7 y (c) [001] [011)
45 A
e A/'
Cle=” 011) A -
I'd Slip Plane _T_
a | 9=45°
Fle— a _3|B

(b) For slip system (110) [T 11], Ais calculated based on the geometry of rectangle EFGH in Fig. (e):
[ 0O 1 1 ] =0.5774, A =54.7°. Fromthe geometry of square ABCD in Fig. (f),
¢ equals 90°. Thus, 7, = o cos A cos¢ = (85 MPa)(cos 54.7°)(cos90°) = 0.
(c) For slip system (0 1 1)[111], X\is calculated based on the geometry of rectangle ABCD in Fig. (h):
cos A =cos a /[\/ga] =0.5774, A =54.7°. From the geometry of square AEFD in Fig. (i),

¢ equals 45°. Thus, [ 1 11)]
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(8) (h) (011)
01y [001]
Normal ¢
V4
A
(1) 071 [oTo 1]
D \ A E
i
(011) a ¢ =45°
Slip Plane l
D Iq— a —p|F
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Chapter 6, Problem 55

The average grain diameter of an aluminum alloy is 14 pm with a strength of 185 MPa. The same alloy
with an average grain diameter of S0 um has a strength of 140 MPa. (a) Determine the constants for the
Hail-Petch equation for this alloy. (b) How much more should you reduce the grain size if you desired a
strength of 220 MPa?

Chapter 6, Solution 55

6 =6+ 5 Poblem repers to
r ( “‘(f'ﬁb}c’!‘s%mnf] %)

@ 125 prq = 5: -+ IC-
14 %15 O Tweo cﬂuﬂ"\'avz.s
. and

Twe unknowns

@ 140 Mbx =65 ¢

-6
VSoxim

Frowmn eaV/Qﬁon 1, O = 185 — Rl (saL i Z.)

(//fmm"é

- K
+
Y 14xi6 (Soxic®

N
¥
o
1

85 -

a) = 45~ |ask => k=036

> 35- o + 2326 3 65 =89 MPa

(lexig6

l,l
b) 220 MPa = 89 Mp, 4 036 MPx-cn)

Vd
’/ A
d = 036 MAMZ s, . 0.0027

131 1w

—~6
= d = ?-SXI'O m = 00075 mn1
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Chapter 6, Problem 56

An oxygen-free copper rod must have a tensile strength of 345 MPa (50 ksi) and a final diameter of 6.35 mm
(0.250 in.) (a) What amount of cold work must the rod undergo (see Fig. 6.43)? (b) What must the initial
diameter of the rod be?

60 L
. (414)
S — | -
= (343) Tensile strength /
5 40 ’Cf/ -
8 (276) / /Aie]d strength
3 30 » 60 =
> o) -\/ 4
= o
] .
§ 2 w0
§ (138) §'
=) )
S \Elungalion =
= 10 ¢ AN —|20 @
=
& (69) \

T —

0
0 10 20 30 40 50 60

Percent cold work

Figure 6.43

Chapter 6, Solution 56

(a) From Fig. 6.43, to attain a tensile strength of 345 MPa (50 ksi), the amount of cold work must be 40
percent.

(b) The initial diameter, based on 40 percent cold work is:

Z df - L2 (6.35 mm)’
0.40=

T
e
d? —0.40d} =40.3225 mm?,  d, =8.20 mm
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Chapter 6, Problem 57
A specimen of commercially pure titanium has a strength of 140 MPa. Estimate its average grain diameter

using the Hall-Petch equation.

Chapter 6, Solution 57

- o
Oy= o + i = Problew refers
) a ( vypield” \sf“rmjﬂ’)

/
C40 Mpbn.m 2

V d
|
> (d = 040 N%‘/'MIL: 0-0066 '

601\4/75\

-5
= d = 44510 m = 00044 cx

O MPx = 830 MPs +
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Chapter 6, Problem 58
Compare the strength of a copper specimen with an average grain diameter of 0.8 pm with another copper
specimen with an average grain diameter of 80 nm using the Hall-Petch equation.

Chapter 6, Solution 58

k /Y.
6-,_{43 Of—)) = O-;) 1 /d) A W (Pmble” r_df,grg +o
= 26 Mpa 4+ O-f) MPa.m “yied” shenst)

-

Y{oTaw)

\/ 0% 41078 m

G - AP MR

Y83 0a)

o

ol Mbam ™

=~ AS MPa +
Y (80 nn) rso T

31

O = M4 MPa
Y[Cbnwb

30
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Chapter 6, Probiem 59

Ifittakes 115 h to 50 percent recrystallize an 1100-H18 aluminum alloy sheet at 250°C and 10 h at 285°C,
calculate the activation energy in kilojoules per mole for this process. Assume an Arrhenius-type rate
behavior,

Chapter 6, Solution 59

Assuming an Arrhenius-type rate behavior, t = Ce2'R , a system of two equations can be used to find the
actuation energy:

t, = Ce?"" where f, =115 h = 6900 min; 7, = 250°C = 523 K
t, = Ce?’*: where ¢, =10 h=600 min; T, = 285°C = 558 K

Dividing these equations, term by term,

@00 min _ 0 1
600min 718314 J/mol.K| 523K 558 K

11.5= exp{(1443x10~*)0)}

In(11.5)

m = 169,255 J/mol =169.3 kJ/mol
. x

0=

Chapter 6, Problem 60

If it takes 12.0 min to 50 percent recrystallize a piece of high-purity copper sheet at 140°C and 200 min at
88°C, how many minutes are required to recrystallize the sheet 50 percent at 100°C? Assume an Arrhem'us-
type rate behavior.

Chapter 6, Solution 60

Since all thiree cases pertain to 50 percent recrystallization, the case data can be used to assess the time
required for 100°C. First, O must be calculated for the given data:

= 12 min = CeQ/R7i — CeQ/[(413 K)R)

t; =200 min = Ce2/RT: — ,0/1G61 K)R)

Dividing,
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12 min 0 1 1

—_—=eX —_
200 min . 8.314J/mol- K| 413K 361K

In(0.06) =[ (~4.195x107)Q |

Q= 2813 = 67,056 J/mol

" _4.195%107 mol/J

Q may now be used to determine the time required at 100°C (373 K):

12 min - 67,056 J/mol 11
t, 8.314 J/mol-K | 413K 373K
= -lez_ZT;?- =97.4 min
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Chapter 6, Problem 61

A 70% Cu-30% Zn brass wire is cold-drawn 20 percent to a diameter of 2.80 mm. The wire is then further
cold-drawn to a diameter of 2.45 mm. (a} Calculate the total percent cold work that the wire undergoes. (6)
Estimate the wire’s tensile and yield strengths and elongation from Fig. 6.44.

120
% (828) 70% Cu-30% Zn
S 100
-z (690)
= Tensile strength
S 80 '
5 (552),
3 60 "’/;.- — 1 60 =
; (414) ield strengt §
= ¢ =
S 40 0 §
5 (276) s
P= =
A K
& 20 Elongation 20 A
é (138) / :
s —— il
0
0 10 20 30 40 50 60
Percent cold work
Figure 6.44
Chapter 6, Solution 61
(a) To calculate the total percent cotd work, the initial wire diameter must be determined:
T /4
—dl- 7280 mm)*
020=4—=
_d12
4
d? -020d? =7.84 mm®, d,=3.13mm
The total cold work is thus,
.13mm)* - (2.45 mm)’ 9.797-6.003 ,
total % cold work = $13mm) ~ @45 mm)” o, 9797 -6.003 550,
(3.13 mm) 9.797
=38.7%

b) FromFig, 6.44, for percent cold work of approximately 39%, read:
( 8 p pp y

Ultimate Tensile Strength ~518 MPa; Yield Strength =428 MPa; and Elongation =5 %.
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Chapter 6, Problem 62
A 70% Cu—30% Zn brass sheet is to be cold-rolled from 1.78 to 1.02 mm. (a) Calculate the
percent cold work,and (b) estimate the tensile strength,yield strength,and elongation from Fig. 6.44.

Chapter 6, Solution 62
1.78 mm - 1.02 mm

1.78 mm
(b) FromFig. 6.44, for percent cold work of approximately 43%, read:

x100% =42.9%

(a) % cold work =

Ultimate Tensile Strength =551 MPa (80 ksi); Yield Sirength =441 MPa (64 ksi); and Elongation =5 %.
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 6, Problem 63

If it takes 80 h to cormpletely recrystallize an aluminum sheet at 250°C and 6 h at 300°C, calculate the
acwvation energy in kilojoules per mole for this process. Assume an Arrhenius-type rate behavior.

Chapter 6, Solution 63
Assuming Arrhenius-type behavior,

t, =80 h = Ce2/RT: _ @523 KIR]
t,=6h= Ce2' R’z — CeQ/IGT3KIR]

Dividing,
80 h 0 1 1
6h 8.314 I/mol- K| 523K 573K
In(13.33) = {(2.007 x 10‘5)Q}

2.59

- =129,048 J/mol=129 kJ/mol
2.007x10 mol/J

0=
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 6, Problem 64

If you were to make only two units of & certain component with a complicated
geometry, what manufactuiring process would you use?

6 bt

Generally syaalcu'-/tjj gor spe clalized applicatyong,
or limited # o f tdn’)paneﬂ’(‘ s HA complex 5came"fry}
Casf‘iwj would be an approp"‘l'qlﬁ process . C#;wc 6-2)

F”'J;"Zj can not &/Wuy_q be veed fo crmé camPlpx
PMtS ecnnom:‘(.d/ly. Camplex ewmd expevsive  dres

WIV,S*- LC [ )’Dr_]vc.cd .

Mac.(ntniﬁ uauld be Very cxpenlive oS well.
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 6, Problem 65

If you were to select a material for the construction of a robotic arm which would
result in the smallest amount of elastic deformation (important for positional
accuracy of the arm) and weight were not a critical criterion, which one of the
metals given in Fig. 6.23 would you select? Why?

£-65
for rvloa"('l'c arm App\m‘cq‘h‘mﬂ, o aveid elache

dqoma‘{'\‘an of He arm, a o te read with
very high _stitness ( modules of e butrcity)
Mv&‘]" be vsed . Low dens/ wovld q(so

foe /.»'],oofi-arrf Jo keep Hie M/c—l‘gh‘f (6] -

s ot éonS/L/erecl as & U’it’?n'an ’ e

would Le sA€ 1840

hr'cyhc.c'{_ modulus
has

Ie ousrgh'f'
bt metad i plgre 623

steel (64T) since it has the
% elusticity (rote that Yhe lacar P50

e sfeepest=slope )
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 6, Problem 66
How would you manufacture large propellers for large ships? What factors would

influence the selection of material for this application?

6-66
G) CCLS'&U oud(/]d é)d a 500C’ aPPFOale\ )wr‘ Oejcc"{’s %q‘f‘

are |d"3c' anc‘ have A C.O""IP(CX con‘{':u/v‘- b) The

mocteyiol chevld be able o handle wmarine
Cnv:'rar\menf"Cs’an-wukr) and sho sesistance

o wmrosion. PAlso  shadd have 900@’ fa‘hﬁ ve pu"urr.

rsistance and high J’Y’CMJH/L Swf-ace qt,a'fLY

and hard ness 1s  also l\"’ipof tant ‘o awvoid

Wear
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 6, Problem 67

If you were to make a large number of components from gold, silver, or other
precious metals, what metal forming process would use and why?

£-67
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 6, Problem 68

Consider the casting of a thick cylindrical shell made of cast iron. If the casting
process is controlled such that solidification takes place from the inner walls of the
tube outward, as the outer layers solidif'y they shrink and compress the inner
layers, what would be the advantage of developed compressive stresses?

A S

Tuner care SD/(O’;}CI‘C}' and shrink S"ﬁhH‘] As
cach (aqcr Go/f‘o’t‘ffej and S‘lnn'nlcrj @mprcgvf
V'C’Sf‘JvnQ shessee are proéuccd. For |'m§fan66/
considey point A under compressive hnjmhaQ
S}TeSJc.C )
g, (tompressive )
.-—-p-l—_-‘ <—
A
Ir ddmal laaAivj (reakes atonsile shreet of 6o
N
4 \
( NV g \
/é \l I
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 6, Problem 69
Consider casting a cube and a sphere on the same volume from the same metal.
Which one would solidif'y faster? Why?

661

For a cbe and a s.plnerc O £ e sgame VO,VM("}
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 6, Problem 70

Design a process that produces long bars with an “H” cross-section from steel
(indicate hot or cold if applicable). Draw schematics to show your procedure.

6-70

N )
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 6, Problem 71

(@) Draw a generic engineering stress-strain diagram for a ductile metal and
highlight the key strength points (yield, ultimate, and fracture strength) on the
curve. Schematically, show what happens if you load the specimen just below its
ultimate tensile strength point and then unload to zero. (b) Will the specimen
behave differently if you load it agam? Explain.

: G Jﬂ“’”—"':‘j poiat
- { [ o
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£ total shaiy
pamﬂ@n Vccoueve&
5’7‘&“1 or c\q__g-{—.'c_

5‘{1‘0«:14.
JTC ‘Hhe S‘pccfmcn B3 u')lamleci A{W the ‘f"e/‘l
point  las been pa}:cd/ the wn /an(‘nj P“%
will be PaFDJJ Yo the linear veq ion., The
curve ill net  veturm O zero and.
SISnu‘{.icmF portiven 04 shain Wil yematn 1A
the form oy p!w{vt depquﬁdﬂ- It *\%
l'mparl*em'f “0 nm‘t %d+ Some 5*!@!(‘-/\ w:ll
be vecovered dun‘vg unfoaét'-:, édw fic s%afw)o

44

PROPRIETARY MATERIAL (c) 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be
displayed, reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond
the limited distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student

using this Manual, you are using it without permission.



Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

£ cont:
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 6, Problem 72

6 . q- 2 (a) State the assumption behind the development of Eq. 6.14. (b) Is Eq. 6.14 (or its
underlying assumption) valid throughout the engineering stress-strain curve?
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 6, Problem 73

Draw a generic engineering stress-strain diagram for a ductile metal and
highlight the key strength points (yield, ultimate, and fracture strength) on the
curve. (@) Schematically, show what happens if you load the specimen just
below its yield point and then unload to zero. (5) Wilt the specimen behave
differently if you load it again? Explain.
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 6, Problem 74

In the rolling process, the selection of the roil material is critical. Based on your knowledge
of both hot and cold rolling, what properties should the roller material have?
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 6, Problem 75

When manufacturing complex shapes using cold forging or shape rolling operations,
the mechanical properties such as yield strength, tensile strength, and ductitity measure
differently dependent on the location and direction on the manufactured patt. (¢) How
do you explain this from a micro point of view? {(5) Will this happen during hot

forging or rolling? Explain your answer.

£35
A) D"n‘nj metod forming  procecses sich al cofd
rz:”{vcj 0r f""ﬁmﬂ y Yhe grains sthre te
i Yhe diree hin a/t f"o'ﬂ C;C,‘?ur‘e 6'4")- As
arevit , He component becomes s{b“dnjtr—
n s dfyccT/‘l‘dn Ufyca'f'fw\ o4 e(o./\:) aFrom of
dm“«})- I» a dicetion Horsuerse o

Hhe Jin:c"f-.‘on of fldudj Hhe mmlrn‘aj m/;”

be  lees Mrﬁ This s an tocamP((’ oL
OMI'SO"TOP,‘C @_irec'h'an_.ée()en Aen'{"} \o«:hﬁuidt’.

5;m£’ar chanaes occvr , in Neardness jeld
6 J P, Y

5}7?“39”\ an d dvchi 1.1‘7'

PROPRIETARY MATERIAL (c) 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be 51

displayed, reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond
the limited distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student

using this Manual, you are using it without permission.



Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e
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Problems and Solutions to Smith/Hashemi

Foundations of Materials Science and Engineering S/e

Chapter 6, Problem 76*

(a) Derive the relanonship between true strain and engineering strain. (Hint: Start
with expression for engineering strain.) () Derive a relationship between true

stress and true strain. (Hint: Start with ot = F/Ai= (F/Ac)(Ad/Ai).)
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 6, Problem 77

The engineering yield strength of a copper alloy is 165 MPa and the modulus of elasticity is 110 GPa. (a)

Estimate the engineering strain just before yield. (b) What is the corresponding true strain? Are you
surprised? Explain.
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 6, Problem 78

Forthe alloy in problem 6.77, the engineering ultimate tensile strength is 267 MPa where the corresponding
engineering strain 0.18. The reduction in area just before fracture is measured to be 34%. Determine (a) the
true stress corresponding to the engineering ultimate tensile strength, and (») the true strain

just before fracture.

Gu=R6TFTMPa  Eu= 0.3
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Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

Chapter 6, Problem 79

The material for a rod of cross-sectional area 1742 mm? and length 1905 mm must be selected such that
under an axial load of 533,333 N, it will not yield and the elongation in the bar will remain below 2.67
mm. (a) Provide alistof at leastthree different metals that would satisfy these conditions. (b) Narrow the
list down if cost is an issue. (c) Narrow the list down if corrosion is an issue. Use Appendix I for properties
and cost of common alloys only.

61

OL) Since the rod s +o remain e!as+iL/Hookc/$[wu
applies

5
6= €EE = E= =
e

533333N
1742 mm=

|

= 306 MPe,

é = 2.6 7mm
1905 mm

2 = T . 306 MPa _
- a T 218.6 GPa

TRe moduls of efaf'(t'cf"Ly muct be otl least 218.6 GPe..
Héwevey +his req(/ireme:’)"f 'S tasl'/ mef as
metals have 5.‘7n¢‘]€f‘cgn'f{7 l’\\‘jher moduli’ o
f(l«Uh‘cﬂy m ‘the GPa r—p\nﬁc. (reper {0 Aopendix 1)

= O-OO/Q'

- CLnur s‘\‘eer} azouminwn, opper—, -- - a(/oxj wil | 'Oe_
svitable .

C0ﬂ+
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639 cont

_l:) low carbon She< ﬂ“oxfsl Ally 1006, D20 are

Inexpensive. ) and  Copper allogys are move expEensive

5) Al a((dys ave pesistant o corrosion.

e Jwensl'an; ) e ﬁanij dl'ncﬁ'dﬂs N,‘(/ chVcc
dve fo /)0/‘5!00 ef:fcc’f‘.

Aﬂx= Aﬁy = ’p“xéx "=/p°767
éxm:[j ==Y €z = - (6-272)(-0026) = - - 6007

((ar)prtx} tve

ehnain)
~/QX = ,Qy = 25.39mm
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L) 2%% shtain is a [“'SC ament of
S*ra‘w\. Pcfer +‘O F:(jvm -3 ar\d no+¢

Hat many me tale 3cai\ below 224%
5)“0"6\{r\ - In our (e, we know ‘that
%C Spfc'lmcr\ has not ‘Ca}(ec] bu‘lL

gince te shain s large it i< bet{er

0 We the tre shess imckead o
the ant'neen'nj ShresS .

Ao, 25°% cedichon in area 1 ’a»ﬁﬁ and.
will  cagse & large difercnce  pefeveen 6

¢ ot .
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Chapter 6, Problem 83

(a) Show, using the definition of the Poisson’s ratio, that it would be impossible to have a negative Poisson’s
rati o for isotropic materials. (b)) What would it mean for a material to have a negative Poisson’s ratio?

6.33 ¥
veo & F

éz- “—/
J

If YV is  negative, ‘then botHn  £x

|

§¢s must be Posiﬁ\/& since the
equuﬁc)n has o ncgcﬁive gign o l’cﬂi”
with. Ry both &4 and €z te be
positive would wean Hak  under
tencion 1A the zdirechom , ‘the
Spccfmc"\ be comes Icmjty- (ﬁ;>o> cmi

’TﬁﬂcLer Céx7a) . T(;n'g LS no'1 pas:ilg{e.

(Somn am‘SO'*val‘c_ étbct’ ﬂf{\fﬂ"teé COMIOOSH‘Q
moﬁcr t‘aL% may have a ncgq*kue v lad'f‘
not \‘sowpu‘c mdjrer.“ojs> )
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b The yrreld shrength of AP 2024 s 345 MPq .
The applied s}rcc: af Y14 ppey exceeds  the
Yield s'}mr\j‘H/\ under uniaxial [,,,,\J;3 waddion.
Thvs the  cemponent hyo Yiefc‘ecj- Ps o result,

the Howokess (aw does not app\7and s nat valid.

e can esﬁ‘ma'{-e_ He shain at 44 mpey, F97

ph 2024 —T3| rom Figure G-23 Yo be qumxfmaltb
0-0065% ., Nobke that the cobe will be pc»zmanrrl‘f‘tj

dc{d.’mfd 5 (62 = O-00 g/ Ex = éy {'_\___03 @‘0033 ~ UOOOZ"f
SRM\'\Af 4—0 PMV—+ d/ ./P-Z— = |- 008
/P¥=/e1".-‘—' -99976

(Pfcaua nd‘h— Hwﬂl ‘Me_re MCaJ(/rCMerff_ arc 14:9/1 ’7
approx (maded 3
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Chapter 6, Problem 84

A 25.4 mm cube of tempered stainless steel (alloy 316) is loaded along its zdirection under a tensile stress of
413 MPa. (a) Draw a schematic of the cube before and after loading showing the changes in dimension. (b)
Repeat the problem assuming the cube is made of tempered aluminum (alloy 2024). Use Fig. 6.15b and

Appendix | for relevant data.

L
Y

i

-

Begore /Mc/"y
AL 413 e of uniakief ctress, the compone " w |
nof yreld (0}=50‘1.‘i MPe (4tesi);Rppendiy I), The component

'S elastic and Hodke’'s CLaw apelies.
f;. S-O‘Lq MPO\ =0. 0026

weFl > et T Tpdsta

L&an ‘n the 2 direetion afﬂ’/’ /Oatc[t'it) will be
A“pz = 'eg £a =254-mm @-0026) - 0.06F mm
£z - 25967 mm
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Chapter 6, Problem 85

A 25.4-mm cube tempered stainless steel (alloy 316) is loaded on the same face with a shear stress of 413
MPa. Draw a schematic of the cube before and after loading showing any changes in the shape. (G=75.86
GPa; use Fig. 6.17c)

T T= 5 = 206.5MpP,

(f.,;_/A :
far‘ elastic req [oNn T-61%.

A’f— A 5'}7?35 /CV€/€ O.f ,'206'5,\/\(>a\) Y-L\( ma('(‘CVI'O.[
is elastic. Hogkels luw for shear can pe
apelied -

5:@__ 2065MPA_ _ 50027  yad

G" - %Zg&PGL <N O\|§°)

Nafc %a’f sl«edr' J"}hsf Cavses ang viar

dl‘.c*O/'h‘r/ﬂS ox S}\egu/ Sl‘faiy\j . In CGM(YD'_C'?-
ywrmp.f sh’esr CavSc (evg‘HA ¢WV\503 or ndrmm-g

d&‘rair\.
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Chapter 6, Problem 86*

Three different metal alloys are tested for their hardness using the Rockwell scale. Metal 1 was rated at 60 R,
metal 2 at 60 Rg, and metal 3 at 60 Rr. What do these ratings tell about these metals? Give an example of a
component that is made of a metal that has a hardness of around §0Re.

6-86

(1) e ma[n./ a/iﬂa 60 E(_ harclncss 'S %c harclt_?"-
:f—OIlowed l’] 60 25 {_allowei L;n] 60 R,.F_ I.{'” |S
jmpotunt do lkenow tHe wlative positian of
‘HM?K’ Scales +o cach  otter.

b) The hardness 60 € IS very /4:‘911. Steel

CdH('wj '('Dd/S or ¢ t/SvaNj maclc of Si%e/S
w/ HA Sveh t’\l‘qh "\OU/JV\(SS- T[‘)f. lm‘al/\

ho\/Jnccﬁ proﬁcﬁ Yhe {w( from\  surface

wear ond damge.
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Chapter 6, Problem 87
A fellow student asks you “What is the modulus of elasticity of plain carbon steel?”” Can you answer this

guestion? Explain.

6-87

———

\/CS, we can anSwey— ‘Hfa'/' er(/e,c’/'-'an. TZ'-erc are

O”"j Wiihor Van‘q‘h'ﬁz_{ | MoJu/oS 04
CfaS’I‘t\CI‘\Ly wh‘/n'n cacl, QNOV g\,;f'w’l CJVE
1—0 CHMPOSI'F{-I.OY\. (‘-'wlf' fs’,ay]ce MO§+ 9+E€(S
mﬂard‘wﬁ o+ campas;’h’on \/Mvc a.

WdelVS Of C(M+¢t}{~x7 O_'[ 200 -2085 GFPr-
Skinlss cheels ave a [ifle Jower— at 196 GH¥a.

Plumi num alfokjs are belween

50, 3enem“—, deq'ﬂlij ‘Hﬂo('FCfvoS‘h'dm Can

be. antwered n a range Ut is Mcep*que.
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Chapter 6, Problem 88

A fellow student asks you “ What is the yield strength of titanium?” Can you answer this question? Explain.

6-53
—— No, t‘+ (s t‘wpass}l:(t‘ Yo angwer Yhic

7ve5’ f‘n‘on. One m».ﬂl ]d—(/\Ou// Uhe com poSl.(ﬁm
Of Ve al(aq/ L\cqf_’l'\’@ﬂ{-mm—f’ canc’i(?'an/
and cold Jar ke shafus Yo be aL(e o arSwer—

\the qveS‘h'a’n QCCUVDI”“-(‘Y- (fav}j(.f 190 6-Pu — 1064
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Chapter 6, Problem 90

Why do BCC metals in general require a higher value oftethan FCC metals when they both have the same
number of slip systems?

Examination of Table €G shws Hat [ ndeed

Bcc wmefeds  have i Jrnernf a /u9/u°r Te

Han Loty FCC cnd HCP metuls, Recal|

from Chapter 3 that oJH/ijlq both FcC

and HCP,. have Close—packed planes, Bcc
el

mM

S
metals do nv’/‘- This (atges the 5’(@
process Yo be  more c’@manoﬁyj and Yhes
f/\\‘j\'mf T .
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Chapter 6, Problem 93
(a) In loading of a single crystal, how would you orient the crystal with respect to the loading axis to cause a
resolved shear stress of zero? () What is the physical significance of this, i.e., under these conditions, what

happens to the crystal as o increases?

693

a) IF Yae ldﬂﬁlfj axls 1s perpenclfcular to
He slip plane, $= 0"/ oy A= 90.

plternalively , e VYhe (oading axis 1S
Pam[/f;/ ']LO %C— 6“P Piand/ cp:qaj N=0.

Uﬂc]ér the alove (ﬁ/)c//"{fdng T il be &es0,

b) \/nder ‘H\cSe oané(?h‘.(/ng S(fdo u/f", no]L occur as
&  inoveases and veaches & critical /fve,(/ Yhe

crysfd ruptvves or practures soithovt <lip.
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Chapter 6, Problem 94

Starting with a 51-mm (2”") diameter rod of brass,we would like to process 5.1-mm (0.2”) diameter rods that
possess minimum yield strength of276 MPa (40 ksi) and a minimum elongation to fracture of 40%, (see Fig.
6.44). Design aprocess that achieves that. Hint:Reduction ofthe diameter directly from 51 mm(2”)to 5.1 mm
(0.2”) is not possible, why?

M{c’inj “+o Fgure €44 , to achieve g yield S}‘rcr@}%

Of 236mPey (o Esi) and % e{O@a'/‘fan %efm”""@ L
40%/ Hie @d//cp:‘ece muwst  be e}é‘/'rvc/ec‘ or
drawn o po more VYhan 2% cud.

Hochuer/ H«e prob/em FCq(/f'VeS qu‘,‘ e VCCI(/CG

6"\8 Jl'&{mé’{ttf '&rdﬂﬂ 5[mm62//) +o Simm@.57).

0 s1P— s -
w = = 0. qq A ¢ W.
7 C = 91

Clearly, it is not possiﬁo,t’ +o  achieve Fa”o Cw
ln one pass , 4s the metad becrmes very
LriHle wvound s0+060% Cu ((see igure 6 ¢4

We mvst redyce Ve diameTer 57 30 to 9‘0%/ aneqf

o 30{—1{'5’/) the mc{bdf/ and te reduce a4 «iﬂ-(“f"““)

The ]&r'naf PALS iy redve ion op Ve drameter
Slﬂau/d be such that we achieve. ~ 2% Cu.

cont-

PROPRIETARY MATERIAL (c) 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be 68
displayed, reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond

the limited distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student

using this Manual, you are using it without permission.



Problems and Solutions to Smith/Hashemi
Foundations of Materials Science and Engineering S/e

£-9% cont-

o
¥
]
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|

2
2> 04>d"=d*z —sp or 0.3%34 =26.0I

4%= '26,!;2’ = 29.56

= d £ 5.4%mm (J(a:mc“‘er Le,carc ‘e
I(&Sf— r!dv(fhbn)
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Chapter 6, Problem 97

The cupro-nicket substitutional solid solutyon alloys Cu-40 wt% Ni and N3-10 wt% Cu have similar tensile
strengths. For a given application that only tensile strength 1s important, which one would you select?

6-97
I{_ the two “f(°7$ b\ave sfmflar 5"‘7‘6#’4\)%5 anc!
34’7‘0«5% & Ythe main crk‘l‘ofim, one. wovld
want 1o minimize cocT: Becauvse N

i ss‘Sm‘Qcaonj mere expenlive than (u,

one shevld celecT Ve alloy with less M.
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Chapter 6, Problem 98

Without referring to tensile strength data or tables, which of the following substitutional solid solutions would
you select if higher tensile strength was the selection criterion: Cu-30 wt% Zinc or Cu-30 wt% Ni? Hint:
Compare melt temperatures of Cu, Ni, and Zn.

6-9%

——

The melt tempactvre oL nickel s jes2°C and
Hal e 2inc is 418C . Ths wmeans Vhe
Sﬁ-enﬁ‘f'}”\ of Hie bLonds betfween W, atome (s
Sl'ﬁniet‘caﬂ"tlj \m‘cj\ner Han Zie atome. TE\,S/
i+ will be harder to break NI bonds.
Ac arestx/'b Hie a!(o7 Haal contaiq Mi will

be Sb“dﬂécf‘ ' Crcca// = c//tap‘h'v’ 2 that
Mo foms - a mixtre of metdlic and cava/m‘f 19°f‘43>-
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