(QUIZIMECH340-DURATION : 1430}

ENGINEERING MATERIALS-MECH 340
QUIZ II-DEGREE FROM 100

WARNING: This is a very busy exam. Do not waste your time on irrelevancies and verbose
statements. Wherever applicable, go straight to the point (s).
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Fall 2010 Page 1



(QUIZILMECH3AD-DURATION : 1430}

Question 1- 20 Marks- 2 Marks/question

What is the main difference between @hase and acomponent in alloy systems?
Answer: See textbook

What is the MAJOR difference between aredge dislocation and ascrew dislocation?
Answer: See textbook

The maximum solubility of carbon in a-iron i6.022 wt% and it occurs at
727 °C.

The maximum solubility of carbon in a-iron at rot@mperature is 0 wt%
The maximum solubility of carbon in g-iron is 2.14 wt%

An iron-carbon alloy contains 0.4 wt% of carbone®wolute in this system
is: carbon

Which of the following statements is TRUE?

Thesolidusline in a phase diagram is:

A. The temperature below which only solid phasefg3t.

B. The phase boundary below which only solid phase(s}.
C. The temperature above which only liquid phasexst.

Which of the following statements is TRUE?

Theliquidusline in a phase diagram is:

A. The temperature below which only liquid phasefgkt.

B. The phase boundary above which liquid begins im fo
C. The temperature above which only liquid phasexst.

What is the difference between the proeutectoid feite and the eutectoid ferrite?
Answer: See textbook
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* Under what cooling condition can proeutectoid cemdite form in a FE-C alloy
containing 0.35 wt % C?

Answer: It cannot form. You must have a wt% carbon>0.76 . Onlya’ and pearlite form at
this composition.

Question 2-FE-C Phase Diagram-(20 Marks)
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From the iron-iron carbide diagram shown above:
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i. Explain why the solubility of carbon in a, ferrite (o) is so small compared to the solubility of carbon in 2

austenite (y) ”2 C‘f‘r‘-‘;}&j\ S,)T”\J(\ oD NS Rl oo on T TCC -
“n\‘l %CC c\)-,l»(\,(\u\(: WS C\L&L\ ()Cl(hﬁk N ov M‘J\&(’) & NUL\" TIOM {’0@

Lol iand o hon . Tle FCC S S @(hd , Morl ccoM = nore. CorboA

D w{l,'}:"

ii-With the aid of suitable sketches, describe thenicrostructural transformations that
occur when a Fe-C alloy containing 0.55 wt. C undgoes equilibrium cooling from
950°C to room temperature (4 Marks)
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i- Consider 10 kg of austenite containing 0.55 wt%edander equilibrium condition
from austenite phase region to just below 727°CGhisttemperature:

a- How many kilograms of each total ferrite and cemente form? (4 Marks)

b- How many kilograms each of pearlite and proeutectoi phase form? (4 Marks)
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c- How many kilograms of eutectoid ferrite form? (4 Maks)
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Question 3- 20 Marks -5 marks/quetsion

Use the Mg-Pb phase diagram below to answer th@afimig questions:
a) What phases are in equilibrium for an alloy @fwa%Pb at a temperature of 400°C?

b) Is it possible to have a hypo-eutectic Mg-Pbyailith a mass fraction of the @b phase of
40% at 400°C? If so, what is the composition ofaley? If not, why not?

c) At a temperature just below the eutectic tempeeathe mass fraction of ALPHA-phase is
15%. What is the proeutectic phase?

d) Of the solid phases on the phase diagram, witelses are capable of being precipitation
hardened and why?
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Compaosition {at% Pb)
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Solution:

3a) For the alloy of 20 wi%Pb at a temperature of 400 degrees C the point (a) is in a single phase region, so that the only stable phase is ALPHA.

b) At 400 C, the compositions that are in equilibrium are shown by the isotherm (b) as ALPHA of about 3 1w%Pb, and the intermetallic Mg2Pb of about 81w% Pb.
fraction of Mg2Pb:

[ -

p—— [(Myeezm )
M Sy % (m o - |+c
MgZzFh - alla Mz )l “Mezm ~Cn) TV
BN Cppamy % ¥ ¢ g
1oy = (D003 ~031) $031 =051 = Stvept,

c) Again we can use the lever rule to determine the overall composition of the alloy that gives 15% mass fraction of ALPHA -phase just below the eutectic temperatur

_ CMgzPb ~ Calloy
Cpgzph ~
C 10y = 081~ (D.15)(081 - 0.40) = D.75 = T5wiEF.

M = Canpy = “mgapy _(Mm)(CMgZP‘D _cm)

The vertical blue line shows the alloy composition. For this composition, above the eutectic temperature the alloy will be in the Liquid + Mg2Pb phase, so the pro-eutectic phase wil be Mg2Ph.

d) Both the ALPHA and the BETA phases are capable of being precipitation hardened. This is because both exhibit a decrease in the solubility of the second element as the composition is reduced.
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Question 4 (20 Marks)

a. Give two limitations of phase equilibrium diagrans-(5 Marks)

1-No info about time required to transform (2) theoccurrence of phase changes or
transformations at temperatures other than those pedicted by phase boundary lines on the
phase diagram, and (3) the existence at room tempure of non-equilibrium phases that

do not appear on the phase diagram

b. What is phase transformation? Mention two stagesf phase transformations. (5 Marks)

Answer: see textbook

c. Figure 2 shows a schematic representation dbtineation of pearlite from austenité/hy
does the pearlite nucleate preferentially at austete grain boundary as shown is this
diagram? (5 Marks)

Answer:
Austenite grain

boundary
{

See textbook. k

Austenite
{y)

Austenite
()

Cementite

(FesC) ST

Growth direction
of pearlite

Carbon diffusion
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d-Which is stronger, fine parlite or coarse pearlie? Give reason for your answer (5 Marks)

Answer: Fine pearlite. It has more grain boundariesserving as dislocations barriers.

Question 5 (20 Marks).

(a) A steel alloy was fractured under a tensile stcds250 MPa when a surface crack length is
10 mm. The yield strength of the steel is 850 M&sume a geometric factor of 1.2.

0] Calculate the fracture toughness of the steel (&sha

(i) Calculate the fracture strength of the steel dubegresence of a central crack of 12
mm long. (3 Marks)

(i)  If a tensile stress of 500 MPa is applied to thedemas, what is the maximum

allowable length of cracks for the steel withouittler fracture? (3 Marks)

(iv)  Calculate the maximum crack size required for tteelsto yield rather than brittle
fracture. (3 Marks)

(b) A laboratory creep test was conducted at 1100 °Cawonalloy under constant stress
conditions. A steady-state creep rageof 1 x 10%% /h was produced. The activation energy
for the creep is 100 kJ/mole. A component of 100 mri@ength is made of the alloy and to
be operated at a temperature of 700 °C. The maxitangth change for the component is 1

mm. Calculate how many hours the component can be tgokrior, assuming the
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component is to operate under the same constassstondition as in the laboratory steady

state creep test (6 Marks). (Gas constant R =3r8al-K).

Answer:

Part 1-

SOLUTION:

(@

Given: applied stress = 250 Mpa
surface crack length @ = 10 mm
Y=12.

Required:  Calculate the fracture toughness (K,) of the steel.

Solution: Formula: K, =YJCJE
K. =12x250xz x10x10™ = 53.1 MPa m”

(i)

Given: K. = 53.1 MPavm , Y=1.2, and central crack length 2a = 12 mm
a=6mm

Required:  Calculate o

Solution: Formula: K, =Y O'CJE
0. = K. /(Y Vma)=322 MPa

Required: Calculate a .

Solution: 53.1>1.2x500x/7a

2 2
<( 53.1 ] =>a<l( 3.1 ) =0.00249m =2.49 mm
1.2 x 500 r\1.2x500

(i.e. surface crack).
For surface crack, it would be 2.49 mm, for internal crack, it would be 5 mm for the component to
have brittle fracture. Thus the maximum crack length is less 2.49 mm in order to avoid brittle fracture.
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(iv)
Given: K. =53.1 MPam ,Y=1.2, yield stress= 850MPa

Required: calculate the minimum crack length for the steel to yield first, that means the yield stress
should be smaller than the critical stress to cause rapid crack extension (brittle fracture).

Solution:
= K. /(Y \m) > yield stress = 850 MPa

531 Y 1( 531 Y
Then mg < | ——— — =0. =(0.86 mm
[1.2x350} Zes :r[l.2x850] 0.00086m

For the surface crack, the crack length should be smaller than 0.86 mm, for the internal crack, the crack
length should be smaller than 1.72 mm in order for the steel to yield rather than brittle fracture. The
maximum crack length should be 0.866 mm in order to for the steel to yield rather than brittle fracture.

Part II- Answer

n 9 g_.(_- 1 ; E-C_
Thew .,(L;E )lfm:kzg M{ (- /l; )._9/&16- - &34’/"&@(?( )
we ]qo’ {9)(; ;z,,,, \53}. QKF RT AT, )

(¢s ]
: o,
ox ,[___ Tixiwet 21320 13K
- @3)7”& ”out. ( ( L) Ty = 72040 2 9K

—> (£,)m0°c = (&, e X €xp {Q/R(1/1373-1/973)} = 0.0001 x exp(-3.6) = 0.00000273

Then the life time: t= &/ £ = 0.01/0.00000273 = 3663 hrs
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Formula and diagrams sheet:
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Temperatare (7C)

Fall 2010

Compasition (at% Pb)
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Formulas:
. n 0
e =K,0"exp| - ==
g 2 P{ RT

K, = YO'CJE

coling

y(0.76 wt% C) @ (0,022 wt% C) + Fe,C (6.7 wt% C)

heating

Ficure 10.33 A
portion of the Fe-Fe;C
phase diagram used in
computations for
relative amounts of
proeutectoid and
pearlite
microconstituents for
hypoeutectoid

(Cq) and hypereutectoid
(C1) compositions.
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Hypoeutectoid alloys:

Hypereutectoid alloys:
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Example to determine Lever rule:

1300
=
=
=
o
[
=
=
1200
20

S G- G
We=%75 WL_CH—CL
R
W“_R+S
_G-G
C.—C;

Fall 2010 Page 16



