Chapter 6, Problem 1

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

Chapter 6, Solution 1

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 2

Why are cast metal sheet ingots hot-rolled first instead of being cold-rolled?

Chapter 6, Solution 2

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

Chapter 6, Problem 3

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

Chapter 6, Solution 3

In most cases, the rolled metal slabs are reheated to a relatively high temperature which allows for further hot rolling without excessive oxidation of the metal.  Once 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 4

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 4

The direct and indirect extrusion processes are shown below in Fig. (a) and (b) respectively.


[image: image399.bmp]
(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 5

Describe the forging process. What is the difference between hammer and press forging?

Chapter 6, Solution 5

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 6

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 6

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 entirely surrounded by the die.  Examples of these die types are shown below schematically.
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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 7

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 7

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.

Chapter 6, Problem 8

Distinguish between elastic and plastic deformation.

Chapter 6, Solution 8

Elastic deformation of metal takes place when the metal is able to return 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 deforming 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 SI units for stress and strain? (d) Distinguish between tensile/compressive stress (also called normal stress) and shear stress. (e) Distinguish between tensile/compressive strain (also called normal 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 (lf – lo)/lo

(b) True stress = st = applied normal (uniaxial) force / instantaneous cross-sectional area 

True strain = et =  ln ( instantaneous length / original length )

(c) where the units are expressed as:

Stress (both normal and shear):    lb/in2 or psi        U. S. Customary

                                                 N/m2     (newtons per square meter)  SI

Normal strain: dimensionless (in/in, m/m, etc…)

Shear strain:  radians

(d) s is designated as “normal” stress produced as a result of the application of a force that is perpendicular to a known surface.  If the 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 known 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 original. 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 types of indenters are used in (a) the Brinell hardness test, (b) Rockwell C hardness, and (c) Rockwell B hardness?

Chapter 6, Solution 11

(a) The Brinell test uses a 10 mm sphere of steel or tungsten carbide for its indenter.

(b) The Rockwell C test uses a diamond cone type indenter.

(c) The Rockwell B test uses a 1/16 in. stainless steel sphere indenter.

Chapter 6, Problem 12
What are slipbands and slip lines? What causes the formation of slipbands on a metal surface?

Chapter 6, Solution 12

Slipbands are visible step markings on a metal surface which are caused by the shear deformation, or slip, of metal atoms on slip planes.  While slipbands are separated by approximately 10,000 atom diameters, clusters of microscopic “slip lines” exist between slipbands.  These finer steps, approximately 50 to 500 atoms apart, also occur on slip planes.

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, dislocations 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.

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 positions.

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 
[image: image4.wmf]{
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111and 110,

 respectively. (b) The principal slip planes and slip directions for BCC metals are 
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110and 111,

 respectively. (c) The principal slip planes and directions for HCP metals are 
[image: image6.wmf](0001) and 1120.


Chapter 6, Problem 16

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

Chapter 6, Solution 16

The prism planes, 
[image: image7.wmf]{

}

10101120

, and the pyramidal planes, 
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10111120

, are also important planes having low c/a ratios.

Chapter 6, Problem 17

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 17

The critical resolved shear stress, τc , 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 18

Describe the deformation twinning process that occurs in some metals when they are plastically deformed.

Chapter 6, Solution 18

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

Chapter 6, Problem 19

What is the difference between the slip and twinning mechanisms of plastic deformation of metals?

Chapter 6, Solution 19

The slip mechanism causes all atoms 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 20

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

Chapter 6, Solution 20

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

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

What experimental evidence shows that grain boundaries arrest slip in polycrystalline metals?

Chapter 6, Solution 22

Slip bands in polycrystalline metals are observed to be parallel within a grain but discontinuous at grain boundaries.

Chapter 6, Problem 23

(a) Describe the grain shape changes that occur when a sheet of alloyed 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 23

(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.

 (b)  [image: image9.png]For unalloyed copper, as plastic deformation is increased to
30%, dislocation density increases and dislocations begin to tangle and form network of
dislocations resulting in a cellular structure 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 24

How is the ductility of a metal normally affected by cold working? Why?

Chapter 6, Solution 24

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

Chapter 6, Problem 25

(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 25

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

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

(b) Two important factors that affect solid-solution 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 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

Describe the microstructure of a heavily cold-worked metal of an Al-0.8% Mg alloy as observerd with an optical microscope at 100( (see Fig. 6.46a). Describe the microstructure of the same material at 20,000( (see Fig. 6.47a).

[image: image10.jpg]



Figure 6.46(a)
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Figure 6.47(a)

Chapter 6, Solution 27
At 100×, 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. 

Chapter 6, Problem 28

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

Chapter 6, Solution 28

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 29

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

Chapter 6, Solution 29

(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.

Chapter 6, Problem 30

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

Chapter 6, Solution 30

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

Chapter 6, Problem 31

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

Chapter 6, Solution 31

(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 32

Describe two principal mechanisms whereby primary recrystallization can occur.

Chapter 6, Solution 32

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.

Chapter 6, Problem 33

What are five important factors that affect the recrystallization process in metals?

Chapter 6, Solution 33

Five important factors affecting the metal recrystallization process are:

1. the extent of deformation of the metal prior to recrystallization;

2. the temperature used for the recrystallization process;

3. the length of time of the recrystallization process;

4. the initial grain size of the metal;

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

Chapter 6, Problem 34

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 purity of the metal?

Chapter 6, Solution 34

(a) In order for recrystallization to occur, the metal must possess a minimum 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 final 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 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. If we 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 dislocation 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.

Chapter 6, Problem 38

A 70% Cu-30% Zn brass sheet is 0.0955 cm thick and is cold-rolled with a 30 percent reduction in thickness. What must be the final thickness of the sheet?

Chapter 6, Solution 38
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Chapter 6, Problem 39

A sheet of aluminum alloy is cold-rolled 30 percent to a thickness of 0.080 in. If the sheet is then cold-rolled to a final thickness of 0.064 in., what is the total percent cold work done?

Chapter 6, Solution 39
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The total cold work is therefore,
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Chapter 6, Problem 40

Calculate the percent cold reduction when an aluminum wire is cold-drawn from a diameter of 5.25 mm to a diameter of 2.30 mm.

Chapter 6, Solution 40
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Chapter 6, Problem 41

A brass wire is cold-drawn 25 percent to a diameter of 1.10 mm. It is then further cold-drawn to 0.900 mm. What is the total percent cold reduction?

Chapter 6, Solution 41
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Chapter 6, Problem 42

What is the relationship between engineering strain and percent elongation?

Chapter 6, Solution 42

Engineering strain and percent elongation are related as,
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Chapter 6, Problem 43

A tensile specimen of cartridge brass sheet has a cross section of 0.320 in. × 0.120 in. and a gage length of 2.00 in. Calculate the engineering strain that occurred during a test if the distance between gage markings is 2.35 in. after the test.

Chapter 6, Solution 43
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Chapter 6, Problem 44

A 0.505-in.-diameter rod of an aluminum alloy is pulled to failure in a tension test. If the final diameter of the rod at the fractured surface is 0.440 in., what is the percent reduction in area of the sample due to the test?

Chapter 6, Solution 44
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Chapter 6, Problem 45

The following engineering stress-strain data were obtained for a 0.2% C plain-carbon steel. (a) Plot the engineering stress-strain curve. (b) Determine the ultimate tensile strength of the alloy. (c) Determine the percent elongation at fracture.

	Engineering

Stress

(in./in.)
	Engineering

stress

(ksi)
	Engineering

strain

(ksi)
	Engineering

strain

(in. /in.)

	0
	0
	76
	0.08

	30
	0.001
	75
	0.10

	55
	0.002
	73
	0.12

	60
	0.005
	69
	0.14

	68
	0.01
	65
	0.16

	72
	0.02
	56
	0.18

	74
	0.04
	51
	(Fracture) 0.19

	75
	0.06
	
	


Chapter 6, Solution 45
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	Engineering 

Stress

(ksi)
	Engineering Strain

(in./in.)
	Engineering 

Stress

(ksi)
	Engineering Strain
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	 0

30

55
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68
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75 
	0
	76
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73

69
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51
	0.08

	
	0.001
	
	0.10

	
	0.002
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	0.010
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	0.18

	
	0.040
	
	0.19 

	
	0.060
	
	(Fracture)


(a) See stress-strain plot above.

(b) The ultimate tensile strength, based on the stress-strain curve, is 76 ksi.

(c) 
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Chapter 6, Problem 46

Plot the data of Prob. 6.51 as engineering stress (MPa) versus engineering strain (mm/mm) and determine the ultimate strength of the steel.

Chapter 6, Solution 46
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	Engineering Stress

(MPa)
	Engineering Strain

(mm/mm)
	Engineering Stress

(MPa)
	Engineering Strain

(mm/mm)             

	0

206.7

379.0

413.4

468.5

496.1

509.9

516.8
	0
	523.6

516.8

503.0

475.4

447.9

385.8

351.4
	0.08

	
	0.001
	
	0.10

	
	0.002
	
	0.12

	
	0.005
	
	0.14

	
	0.010
	
	0.16

	
	0.020
	
	0.18

	
	0.040
	
	0.19 

	
	0.060
	
	(Fracture)


The ultimate tensile strength, based on the engineering stress-strain curve, is 524 MPa.

Chapter 6, Problem 47

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

	Engineering

stress

(in./in.)
	Engineering

stress

(ksi)
	Engineering

strain

(ksi)
	Engineering

strain

(in. /in.)

	0
	0
	60
	0.0035

	15
	0.0005
	66
	0.004

	30
	0.001
	70
	0.006

	40
	0.0015
	72
	0.008

	50
	0.0020
	
	


Chapter 6, Solution 47

(a)

	Engineering 

Stress

(ksi)
	Engineering Strain

(in./in.)
	Engineering 

Stress

(ksi)
	Engineering Strain

(in./in.)             

	 0

15

30

40

50
	0
	60

66

70

72
	0.0035

	
	0.0005
	
	0.0040

	
	0.0010
	
	0.0060

	
	0.0015
	
	0.0080

	
	0.0020
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(b) The 0.02 % offset yield stress was found graphically as 66 ksi.

(c) The modulus of elasticity is found from the slope of the 0.2% offset curve as:
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Chapter 6, Problem 48

Plot the data of Problem 6.53 as engineering stress (MPa) versus engineering strain (mm/mm) and determine the 0.2 percent offset yield stress of the steel.

Chapter 6, Solution 48

	Engineering 

Stress

(MPa)
	Engineering Strain

(mm/mm)
	Engineering 

Stress

 (MPa)
	Engineering Strain

(mm/mm)             

	0

103.4

206.7

275.6

344.5
	0
	413.4

454.7

482.3

496.1
	0.0035

	
	0.0005
	
	0.0040

	
	0.0010
	
	0.0060

	
	0.0015
	
	0.0080

	
	0.0020
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(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:
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Chapter 6, Problem 49

A 0.505-in.-diameter aluminum alloy test bar is subjected to a load of 25,000 lb. If the diameter of the bar is 0.490 in. at this load, determine (a) the engineering stress and strain and (b) the true stress and strain.

Chapter 6, Solution 49
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Assuming no volume change during extension, 
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Chapter 6, Problem 50

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 (b) the true stress and strain at this load.

Chapter 6, Solution 50
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Assuming 
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Chapter 6, Problem 51

A stress of 75 MPa is applied in the 
[image: image33.wmf][001]

 direction on an FCC single crystal. Calculate (a) the resolved shear stress acting on the (111) 
[image: image34.wmf][101]

 slip system and, (b) the resolved shear stress acting on the (111) 
[image: image35.wmf][110]

slip system.

Chapter 6, Solution 51

The resolved shear stress is calculated as: 
[image: image36.wmf]coscos75coscos
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. We must therefore determine the values of the angles for 
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(a) The slip plane and direction of the (111) 
[image: image38.wmf][101]

slip system are shown on the next page in Figures (a) through (c).  Specifically, Fig. (a) illustrates the (111 ) slip plane, λ, the angle between the 
[image: image39.wmf][101]

slip direction and the applied axial stress direction, 
[image: image40.wmf][001]

.  Referring to Fig. (b), the (001) plane is bisected by line AE and thus, 
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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 
[image: image42.wmf][111].

  Referring to Fig. (c), rectangle ABCD shows 
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 between the 
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normal and the applied axial stress direction, 
[image: image45.wmf][001]

.  By geometry,
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(b) Referring to Fig. (d), the slip plane and direction of the (111) 
[image: image47.wmf][110]

slip system are shown.  As depicted by this sketch, the direction indices of the direction normal to the (111) plane are 
[image: image48.wmf][111],

 and the angle λ is 90º.  The angle 
[image: image49.wmf]f

is shown below in Fig. (e) to lie between the axial 
[image: image50.wmf][001]

 direction and the normal to the slip plane, 
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 From rectangle ABCD, this angle is calculated as:  
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Chapter 6, Problem 52

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) 
[image: image55.wmf][111]

system and (b) the resolved shear stress acting on the (110) 
[image: image56.wmf][111]

system.

Chapter 6, Solution 52

(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 λ, between the applied stress direction 
[image: image57.wmf][001]

 and the 
[image: image58.wmf][111]

slip direction, is dictated by the geometry of rectangle ABCD: 
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  Finally, the angle 
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lies between the 
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stress direction and the [101] normal and is thus equal to 45º.  Substituting into 

Eq. (5.15), 
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(b) The direction normal to the (110) slip plane, 
[image: image64.wmf][110]

, and the 
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 slip direction are shown below in Fig. (d).  From Fig. (e), the value of angle λ is calculated as:  
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  Finally, the angle 
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lies between the 
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 stress direction and the 
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 normal, and is thus equal to 90º.  Substituting into Eq. (5.15), 
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Chapter 6, Problem 53
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A stress of 4.75 MPa is applied in the 
[image: image72.wmf][001]

direction of a unit cell of an FCC copper single crystal.  Calculate the resolved shear stress on the 
[image: image73.wmf](111)

plane in the following directions:  (a)  
[image: image74.wmf][101],

  (b)  
[image: image75.wmf][011],

  (c)  
[image: image76.wmf][110].


Chapter 6, Solution 53

(a) For slip system 
[image: image77.wmf](111)



EMBED Equation.DSMT4[image: image78.wmf][101],
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 can be calculated based upon the geometry depicted within rectangle ABCD of Fig. (b):  
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  From the (001) plane indicated in Fig. (c) as square ADEF, λ is equal to 45º.  Thus, the resolved shear stress is:  
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(b) For slip system 
[image: image84.wmf](111)



EMBED Equation.DSMT4[image: image85.wmf][011],
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 can be calculated based on the geometry depicted below in Fig. (e):  
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  Referring to Fig. (f), by geometry λ is equal to 45º.  Thus, 
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(c) For slip system 
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EMBED Equation.DSMT4[image: image91.wmf][110],
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 can be calculated based on the geometry depicted below in Fig. (h):  
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  Referring to Fig. (i), by geometry λ is equal to 90º.  Thus, 
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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) (011)
[image: image96.wmf][111]

, (b) (110)
[image: image97.wmf][111]

, and (c) 
[image: image98.wmf](011)

[111].

Chapter 6, Solution 54

(a) For slip system (011) 
[image: image99.wmf][111],

  λ can be calculated based upon the geometry depicted within rectangle ABCD of Fig. (b):  
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  From the geometry depicted in Fig. (c) as square ABFE, 
[image: image102.wmf]f

 is equal to 45º.  Thus, the resolved shear stress is:  
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(b) For slip system (110) 
[image: image104.wmf][111],

  λ is calculated based on the geometry of rectangle EFGH in Fig. (e):  
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  From the geometry of square ABCD in Fig. (f), 
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 equals 90º.  Thus, 
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(c) For slip system 
[image: image109.wmf](011)[111],

  λ is calculated based on the geometry of rectangle ABCD in Fig. (h):  
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 From the geometry of square AEFD in Fig. (i), 
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equals 45º.  Thus, 
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Chapter 6, Problem 55

Compare the strength of a copper specimen with an average grain diameter of 0.8 µm with another copper specimen with an average grain diameter of 80 nm using the Hall-Petch equation.
Chapter 6, Solution 55

σy = σ0  + [image: image115.png]



(Problem refers to “Yield” strength)

σγ (0.8μm) =25 Mpa + [image: image117.png]1
0.11 Mpa. m?

J0.8X10m




σγ (0.8μm) = 147.9 Mpa

σγ (80nm) =25 Mpa + [image: image119.png]1
0.11 Mpa. m?

J/80X10°m




σγ (80nm) = 414 Mpa
Chapter 6, Problem 56

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 56

 σy = σ0  + [image: image121.png]



 (Problem refers to “Yield” strength)

140 MPa  = 80 Mpa + [image: image123.png]1
0.4Mpa.m2





⇒ [image: image125.png]


  

⇒ [image: image127.png]d=4.4X10"°



m = 0.0044 cm
Chapter 6, Problem 57

The average grain diameter of an aluminum alloy is 14 µm with a strength of 185 MPa. The same alloy with an average grain diameter of 50 µm has a strength of 140 MPa. (a) Determine the constants for the Hall-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 57

      σy = σ0  + [image: image129.png]



      (Problem refers to “Yield” strength)

1) [image: image302.wmf]f

185 Mpa  = σ0  + [image: image131.png]/14X106m



                  Two Equations

                                                                                   and

2) 140 Mpa  = σ0  + [image: image133.png]/50X10-6m



                  Two Unknowns

From equation 1,  σ0  = 185 Mpa  -  [image: image135.png]/14X106m



     ( substitute in 2)

⇒140  = 185 Mpa  -  [image: image137.png]/14X106m



 + [image: image139.png]/50X10-6m




a) ⇒  45 = 126 k                 ⇒     k = 0.36

⇒  185 Mpa  = σ0  + [image: image141.png]


   ⇒  σ0  = 89 Mpa

b)      220Mpa  = 89 Mpa + [image: image143.png]1
0.36Mpa.m2





⇒  [image: image145.png]1

5 0-36 Mpa.m?
Ve = T3 Mpa




   ⇒ d = (0.0027)2
⇒ [image: image147.png]d=7.5X10"%



m = 0.0075 mm

Chapter 6, Problem 58

An oxygen-free copper rod must have a tensile strength of 50.0 ksi and a final diameter of 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?
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Figure 6.43

Chapter 6, Solution 58

(a) From Fig. 6.45, to attain a tensile strength of 50.0 ksi, the amount of cold work must be 40 percent.

(b) The initial diameter, based on 40 percent cold work is:
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Chapter 6, Problem 59

A 70% Cu–30% Zn brass sheet is to be cold-rolled from 0.070 to 0.040 in. (a) Calculate the percent cold work, and (b) estimate the tensile strength, yield strength, and elongation from Fig. 6.44.
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Figure 6.44

Chapter 6, Solution 59

(a)  
[image: image151.wmf]0.70 in.0.40 in.
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(b)  From Fig. 6.46, for percent cold work of approximately 43%, read:

Ultimate Tensile Strength ≈ 80 ksi; Yield Strength ≈ 64 ksi; and Elongation ≈ 5 %.

Chapter 6, Problem 60

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. (b) Estimate the wire’s tensile and yield strengths and elongation from Fig. 6.44.
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Figure 6.44

Chapter 6, Solution 60

(a) To calculate the total percent cold work, the initial wire diameter must be determined:
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The total cold work is thus,
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(b) From Fig. 6.46, for percent cold work of approximately 39%, read:

Ultimate Tensile Strength ≈ 75 ksi; Yield Strength ≈ 62 ksi; and Elongation ≈ 5 %.

Chapter 6, Problem 61

If it takes 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 61

Assuming an Arrhenius-type rate behavior, 
[image: image155.wmf]/
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Dividing these equations, term by term,
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Chapter 6, Problem 62

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 Arrhenius-type rate behavior.

Chapter 6, Solution 62

Since all three cases pertain to 50 percent recrystallization, the case data can be used to assess the time required for 100ºC.  First, Q must be calculated for the given data:
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Dividing,
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Q may now be used to determine the time required at 100ºC (373 K):
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Chapter 6, Problem 63

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

Chapter 6, Solution 63

Assuming Arrhenius-type behavior,
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Dividing,
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Chapter 6, Problem 64 

How would you manufacture large propellers for large ships? What factors would influence the selection of material for this application?

Chapter 6, Solution 64

a) Casting would be a good approach for objects that are large and have a complex contour.

b) The material should be able to handle marine environment (salt water) and show resistance to corrosion. Also should have good fatigue failure resistance and high strength. Surface quality and hardness is also important to avoid wear.
Chapter 6, Problem 65

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?

Chapter 6, Solution 65

The main issue in production of coins from precious metals is to minimize material waste. Even if a minute amount of material is wasted, if a large number of coins are produced, this could have considerable financial loss. The steps in manufacturing precious metal coins are:

1. Casting to form a bar.

2. Bar is rolled to correct thickness.

3. Round discs are produced using the blanking process.

4. The surface is polished.

5. The polished discs are compressed between two dies (called “coining”) with the desired pattern in many strokes.

Important point: To avoid material waste, after each coin is struck, the dies are cleaned to remove and retain precious metal residue.

Thus, the production process is much slower than the conventional coining process in the mint.
Chapter 6, Problem 66

If you were to make only two units of a certain component with a complicated geometry, what manufacturing process would you use?
Chapter 6, Solution 66
Generally speaking, for specialized applications or limited number of components with complex geometry, casting would be an appropriate process. (Figure 6.2)
Forging cannot always be used to create complex parts economically. Complex and expensive dies must be produced.

Machining would be very expensive as well.
Chapter 6, Problem 67

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?

Chapter 6, Solution 67

For robotic arm applications, to avoid elastic deformation of the arm, a material with very high stiffness (modulus of elasticity) must be used. Low density would also be imported to keep the weight low.

If weight is not considered as a criterion, the best metal in figure 6.23 would be SAE 1340 steel (Q & T) since it has the highest modulus of elasticity (note that the linear range has the steepest slope).
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 solidify they shrink and compress the inner layers, what would be the advantage of developed compressive stresses?

Chapter 6, Solution 68
[image: image303.wmf][101]


Inner core solidifies and shrinks slightly. As each layer solidifies and shrinks, compressive residual stresses are produced. For instance, consider point A under compressive tangential stresses:

[image: image304.wmf][001]








σ0 (compressive)

If internal loading creates a tensile stress of 60,

[image: image305.wmf]45º
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[image: image165.png]



The total stress at the inner core at point A will be zero.

[image: image306.wmf][111]




-σ0 + σ0 = 0

The original compressive stress protects the cylinder against tension.

Chapter 6, Problem 69

Consider casting a cube and a sphere on the same volume from the same metal. Which one would solidify faster? Why?

Chapter 6, Solution 69
For a cube and a sphere of the same volume (4π/3R3=a3)
[image: image307.wmf][101]
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R = 0.62 a  
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side of the cube

Surface area of the sphere = 4πR2 = 4.82a2
Surface area of the cube = 6a2
Since the cube (of the same volume as the sphere) has a larger surface area, it will lose heat more rapidly and will cool faster. 

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.

Chapter 6, Solution 70
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Rolling can produce an “H” cross-section at high temperatures (hot rolling).

[image: image310.wmf][001]




Front View





Side View

You may also use hot extrusion

[image: image311.wmf][001]
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Chapter 6, Problem 71

In the rolling process, the selection of the roll material is critical. Based on your knowledge of both hot and cold rolling, what properties should the roller material have?

Chapter 6, Solution 71

The roll material must have a very high modulus of elasticity to avoid excessive elastic deformation it must have very high yield strength for not undergoing plastic deformation. High toughness is required so that the rolls won’t fracture.

For hot rolling, the material must have high temperature strength and must be creep resistant. Tool steel would be a good candidate for roll material.

Chapter 6, Problem 72

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

Chapter 6, Solution 72

a) During metal forming processes such as cold rolling or forging, the grains stretch in the direction of flow (figure 6.41). As a result, the component becomes stronger in this direction (direction of elongation of grains). In a direction transverse to the direction of flow, the material will be less strong. This is an example on anisotropic (direction –dependent) behavior. Similar changes occur in hardness, yield strength and ductility.

b) During hot forming processes, as grains are elongated, the high temperature will cause continuous recrystallization and grain growth. As a result, the grains become more equiaxed. Directional changes in properties do not occur.

Chapter 6, Problem 73
(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?

Chapter 6, Solution 73
a) The assumption is that the volume of the gage-length remains constant. Thus, as the length of cylindrical section increases, the diameter decreases.


l  >  l0
⇒
A < A0

(tension)


l  <  l0
⇒
A > A0

(compression)

Thus, l0A0 = lA

b) The assumption of constancy of volume is valid until the necking of the specimen is initiated. Once the specimen forms a neck, this assumption is no longer valid (l0A0 ≠ lA) and equation 6.14 cannot be used.
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A0l0 = Al
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(after a neck is formed)




A0l0 ≠ Al

Chapter 6, Problem 74
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. (a) Schematically, show what happens if you load the specimen just below its yield point and then unload to zero. (b) Will the specimen behave differently if you load it again? Explain.

[image: image314.wmf][111]

Chapter 6, Solution 74
a) If the specimen is loaded below the yield point, removal of load will cause the specimen to regain its original shape and dimensions. The unloading path is identical to the loading path.
b) Loading of the specimen, again, will not produce a different σ-ε curve. The material is essentially unchanged. At the atomic level:

[image: image315.wmf][001]


Chapter 6, Problem 75

(a) 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 again? Explain.

Chapter 6, Solution 75
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a) If the specimen is unloaded after the yield point has been passes, the unloading path will be parallel to the linear region. The curve will not return to zero and a significant portion of strain will remain in the form of plastic deformation. It is important to note that some strain will be recovered during unloading (elastic strain). The strain just before unloading = εp + εe = εtotal. After unloading εe is recovered and only εp remains. The permanent strain is due to breaking of bonds between atoms during the slip process.

b) If the unloaded specimen is loaded again, the σ-ε curve will be different as follows:
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1 – The yield strength will be higher

2 – The ultimate strength will be slightly larger

3 – The fracture strain will be lower.

Thus, as a result of the original loading and unloading, the material becomes stronger (strain hardens) and more brittle. This is due to dislocation formation.

Important point: the modulus of elasticity remains unchanged. Stiffness is not affected significantly by formation of dislocations.

Chapter 6, Problem 76

(a) Derive the relationship between true strain and engineering strain. (Hint: Start with expression for engineering strain.) (b) Derive a relationship between true stress and true strain. (Hint: Start with st _ F/Ai _ (F/Ao)(Ao/Ai).)

Chapter 6, Solution 76 
a) [image: image170.png]
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b) [image: image176.png]
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⇒ [image: image180.png]
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Chapter 6, Problem 77

The engineering yield strength of a copper alloy is 23.9 Ksi and the modulus of elasticity is 16 _ 106 psi. (a) Estimate the engineering strain just before yield. (b) What is the corresponding true strain? Are you surprised? Explain.

Chapter 6, Solution 77

a) Just before yield, the specimen is in the elastic range. Linear relationship status applies:

σ = E[image: image188.png]


 
 ⇒  [image: image190.png]o _ 23900 psi
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b) [image: image192.png]


 = ln(1.001) [image: image194.png]


0.001

The engineering and true strains are very close. This is not surprising because the specimen is still in the elastic range and any reduction in area is not significant. Refer to figure 6.2.4 and note that the true and the engineering stress-strain curves are identical in the elastic region.

Chapter 6, Problem 78

For the alloy in problem 6.77, the engineering ultimate tensile strength is 38.8 Ksi 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 (b) the true strain just before fracture.

Chapter 6, Solution 78
σ[image: image316.wmf][110] Normal
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Chapter 6, Problem 79

The material for a rod of cross-sectional area 2.70 in2 and length 75.0 inches must be selected such that under an axial load of 120,000.0 lb, it will not yield and the elongation in the bar will remain below 0.105 inches. (a) Provide a list of at least three 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.

Chapter 6, Solution 79

a) Since the rod is to remain elastic, Hooke’s law applies:
σ = E[image: image206.png]


 
 ⇒  [image: image208.png]
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⇒  [image: image212.png]o _ 44400
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The modulus if elasticity must be at least 31.7 MPa. However, this requirement is easily met as metals have significantly higher moduli of elasticity in the GPa range. (Refer to appendix 1)

Any steel, aluminum, copper,... alloy would be suitable.
b) Low carbon steel alloys, Alloy 1006, 1020 are inexpensive. Aluminum and Copper alloys are more expensive.

c) Aluminum alloys are resistant to corrosion.

Chapter 6, Problem 80

What do E, G, n, tell you about a material (explain the physical significance of each to a non-engineer)?

Chapter 6, Solution 80

E is the modulus of elasticity of a material and it conveys information about the general stiffness/rigidity of the material regardless of its size (a material property). It is a measure of resistance of a material to elastic strain, . Materials with high E will resist elastic strain (elongation/contraction) more readily than materials with low E.

G is the shear modulus of rigidity of a material and it conveys information about shear stiffness and rigidity of the material. It is a measure of a materials resistance to elastic shear strain, . Materials with high G will resist distortion due to shear strain more readily than materials with low G.

The poisson’s ratio,  conveys the level of elastic strain (tensile or compressive) in a transverse direction when the material is loaded/strained in its longitudinal direction. The poisson’s ratio is always positive in isotropic materials and always less than one (the longitudinal direction where the force is applied will always elongate/contract more than the transverse direction).

Chapter 6, Problem 81

A cylindrical component is loaded in tension until the cross-sectional area is reduced by 25% (the specimen does not neck or fracture). (a) Determine the true strain for the specimen at this loading level. (b) If you were to calculate the uniaxial stress in the specimen under the given conditions, would you use the true stress or the engineering stress? Support your answer by showing the difference?

Chapter 6, Solution 81

a) Cross-sectional area is reduced by 25%.

Thus,
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⇒ [image: image218.png]



Since necking of the specimen has not occurred, 
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b) 28% strain is a large amount of strain. Refer to figure 6.3 and note that many metals fail below 24% strain. In our case, we know that the specimen has not failed but since the strain is large, it is better to use the true stress instead of the engineering stress. Also, 25% reduction in area is large and will cause a large difference between σ and σt.

Chapter 6, Problem 82

Referring to Figs. 6.20 and 6.21 (read the figure captions for details), determine (a) the change in length of the aluminum specimen (gage length) when the engineering stress reaches 85 ksi. (b) If at this point the specimen is slowly unloaded to zero load, what will the length of the specimen be in the unloaded state? (Show the unloading curve schematically).

Chapter 6, Solution 82
a) At the stress of 85ksi, the corresponding strain (using figure 6.20) is 0.04 (4%). The gage length is 2”.

[image: image225.png]



b) [image: image317.wmf][111] Slip Direction

Draw a line from the unloading point parallel to the linear region. Note that the permanent strain in the specimen [image: image227.png]


 0.034.


This means that 0.006 was recovered.
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The specimen becomes shorter after unloading due to elastic recovery.

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 ratio for isotropic materials. (b) What would it mean for a material to have a negative Poisson’s ratio?

Chapter 6, Solution 83
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If ν is negative, then both [image: image232.png]


 must be positive since the equation has a negative sign to begin with. For both [image: image234.png]


 to be positive would mean that under tension in the Z-direction, the specimen becomes longer ([image: image236.png]


 > 0) and thicker ([image: image238.png]


 > 0). This is not possible (some anisotropic fiber reinforced composite materials may have a negative ν but not isotropic materials).

Chapter 6, Problem 84

A one-inch cube of tempered stainless steel (alloy 316) is loaded along its z direction under a tensile stress of 60.00 ksi. (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 I for relevant data.

Chapter 6, Solution 84

[image: image319.wmf][001]


a) At 60ksi of uniaxial stress, the component will not yield (σy = 74ksi; appendix I). The component is elastic and Hooke’s law applies:
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Length in the z direction after loading will be 
[image: image243.png]Aliz = 1,0z ¢z

1")(0.0026) = 0.0026




lz = 1.0026

The dimensions in the X and Y directions will reduce due to poisson effect.
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   (Compressive strain)

⇒ [image: image248.png]1+1(
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a) The yield strength of Al 2024 is 50ksi. The applied stress of 60ksi exceeds the yield strength under uniaxial loading condition. Thus, the component has yielded. As a result, the Hooke’s law does not apply and is not valid. We can estimate the strain at 60ksi for Al 2024-T81 from figure 6.23 to be approximately 0.008. Note that the cube will be permanently deformed. ([image: image252.png]=0.008; €, = €,~(0.3)0.008 =0.00024




)

Similar to part a, [image: image254.png]0.99976





(Please note that these measurements are highly approximated)
Chapter 6, Problem 85

A one-inch cube tempered stainless steel (alloy 316) is loaded on the same face with a shear stress of 60.00 ksi. Draw a schematic of the cube before and after loading showing any changes in the shape. (G_ 11.01 _ 106 psi; use Fig. 6.17c)

Chapter 6, Solution 85
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For the elastic region, [image: image257.png]


.

At a stress level of 30ksi, the material is elastic. Hooke’s law for shear can be applied.
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Note that shear stress causes angular distortions or shear strains. In contrast normal stress causes length changes or normal strain.

Chapter 6, Problem 86

Three different metal alloys are tested for their hardness using the Rockwell scale. Metal 1 was rated at 60 RB, metal 2 at 60 RC, and metal 3 at 60 RF. 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 60Rc.

Chapter 6, Solution 86
a) The metal with 60 RC hardness is the hardest followed by 60RB followed by 60 Rf. It is important to know the relative position of these scales to each other.

b) The hardness 60 RC is very high. Cutting tools (drill bits) are usually made of steels with such high hardness. The high hardness protects the tool from surface wear and damage.

Chapter 6, Problem 87

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

Chapter 6, Solution 87

No, it is impossible to answer this question. One must know the composition of the alloy, heat treatment condition, and cold work status to be able to answer the question accurately. (range: 140 GPa – 710 GPa)

Chapter 6, Problem 88

A fellow student asks you “What is the modulus of elasticity of plain carbon steel?” Can you answer this question? Explain.

Chapter 6, Solution 88

Yes, we can answer that question. There are only minor variations in the modulus of elasticity within each alloy system due to composition. For instance, most steels regardless of composition have a modulus of elasticity of 200 – 205 GPa. Stainless steels are a little lower at 195 GPa. Aluminum alloys are between 69 and 73 GPa. So, generally speaking that question can be answered in a range that is acceptable.

Chapter 6, Problem 89

A fellow student asks you “What is the hardness of aluminum?” Can you answer this question? Explain.

Chapter 6, Solution 89

This is an ill-posed question. The hardness of a metal depends on many factors including composition, %CW, grain size, and heat treatment (we will study this in Chapter 9). Thus the question must be posed with the type of aluminum alloy, and all relevant information given. Only then an accurate hardness can be determined.

Chapter 6, Problem 90

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

Chapter 6, Solution 90

Examination of Table 6.4 shows that indeed BCC metals have in general a higher τC than both FCC and HCP metals. Recall from chapter 3 that although both FCC and HCP metals have close-packed planes, BCC metals do not. This causes the slip process to be more demanding and thus higher τC.

Chapter 6, Problem 91

Determine the tensile stress that must be applied to the axis of a high-purity copper single crystal to cause slip on the system. The resolved shear stress for the crystal is 0.85 MPa.

Chapter 6, Solution 91

Referring to Fig. (a) below, the angle λ between the 
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 stress application and the 
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Chapter 6, Problem 92

In the loading of a single crystal, (a) determine the angles f and l for which the maximum resolved shear stress occurs. (b) What will resolved shear stress be at this position (in terms of s)?

Chapter 6, Solution 92

(a) Geometrically, the maximum resolved stress will occur when  = = 45o. (b) Based on Schmid’s law, this results in  = (0.5) .

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? (b) What is the physical significance of this, i.e., under these conditions, what happens to the crystal as s increases?

Chapter 6, Solution 93
a) If the loading axis is perpendicular to the slip plane φ = 0°, or λ = 90°. Alternatively, if the loading axis is parallel to the slip plane, φ = 90°, or λ = 0°. Under the above conditions, τ will be zero.

b) Under these conditions slip will not occur. As σ0 increases and reaches a critical level, the crystal ruptures or fractures without slip.

Chapter 6, Problem 94

Starting with a 2-inch diameter rod of brass, we would like to process 0.2-inch diameter rods that possess minimum yield strength of 40 ksi and a minimum elongation to fracture of 40%, (see Fig. 6.44). Design a process that achieves that. Hint: Reduction of the diameter directly from 2 inches to 0.2 inches is not possible, why?

Chapter 6, Solution 94

According to the figure 6.44, to achieve yield strength of 40 ksi and % elongation to fracture of 40%, the workpiece must be extruded or drawn to no more than 12% CW.

However, the problem requires that we reduce the diameter from 2” to 0.2”.
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      99%CW.

Clearly, it is not possible to achieve 99%CW in one pass, as the metal becomes very brittle around 50 to 60 % CW (see figure 6.44).

We must reduce the diameter by 30 to 40%, anneal to soften the metal, and then reduce again (repeat). The final pass in reduction of the diameter should be such that we achieve [image: image271.png]


 12% CW.
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Chapter 6, Problem 95

Why is it difficult to improve both strength and ductility simultaneously?

Chapter 6, Solution 95

One can improve strength by i) applying higher %CW, ii)introducing impurities, iii)reducing grain size, iv)applying heat treatment procedures. However, all of the above approaches will result in a reduction of dislocation motion either due to interaction/interference with existing dislocations, grain boundaries, impurity elements in the solvent matrix, and or harder second phase. The ensued reduction in dislocation motion will strengthen the material but at the same time reduces the amount of plastic/permanent deformation in the materials, resulting in brittle fracture behavior upon continued loading.

Chapter 6, Problem 96

For a given application, a rod of copper of one-inch diameter is to be used. You have copper rods of various cross-sections available to you; however, all the bars are fully annealed with a yield strength of 10.0 Ksi. The material must have a yield strength of at least 30.0 Ksi and an elongation ability of at least 20.0%. Design a process that would achieve the expected goals. Use Fig. 6.43 for your solution.

Chapter 6, Solution 96
To achieve a yield strength of 30 Ksi, at least 12% CW must be applied (see Figure 6.44). To achieve an elongation before fracture of 20%, no more than 15% CW can be applied. Thus one must pick a copper sample of specific diameter such that a 12%-15% CW will produce a 1-inch diameter bar.

0.12 = (d2-12)/d2   ; 0.88d2 =1 ; d=1.06 in

0.15 = (d2-12)/d2   ; 0.85d2 =1 ; d=1.08 in

One must pick a rod of diameter 1.06 to 1.08 inches and draw down to 1 inch. This will produce the desired combinations of strength and ductility.

Chapter 6, Problem 97

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.

Chapter 6, Solution 97
The melt temperature of nickel is 1452°C and that of zinc is 419°C. This means the strength of the bond between Ni atoms is significantly higher than zinc atoms. Thus, it will be harder to break Ni bonds. As a result, the alloy that contains Ni will be stronger. (recall from chapter 2 that Ni forms a mixture of metallic and covalent bonds).

Chapter 6, Problem 98

The cupro-nickel substitutional solid solution alloys Cu- 40 wt% Ni and Ni- 10 wt% Cu have similar tensile strengths. For a given application that only tensile strength is important, which one would you select?
Chapter 6, Solution 98

If the two alloys have similar strengths and strength is the main criteria, one would want to minimize cost. Because Ni is significantly more expensive than Cu, one should select the alloy with less Ni.

Closed forging dies used to produce an automobile connecting rod.





Examples of dies for open-die forging.
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