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32. What does the non-linear portion of a stress-strain
diagram represent?

Plashe feqrov —
Permanerr Ao brwmatiin,

Chrarn L5 07 freer &//’(/J Shress

re. g:ﬁﬁ")}/ugw peckeA j(kﬁl): kd/-fé

[[ma mt~ d/f/-c%;‘,y/mﬂt_f
v/ ,D/zaf/‘"é /g-ﬂm

P Jreer
¥ o= f{o') 3 f[g g

s




33. What is the 0.2% offset yield stress? :
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34. What metal exhibits upper and lower yield points?
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creep and fatigue

creep
* deformation at constant stress and high temperature
« grain boundary sliding, formation of voids (failure)
fatigue
« failure in cyclic loading due to surface defects
* sensitive to surface properties (corrosion, finish)
+ endurance limit for steels (unlimited life)
35. What is the cause of creep failure? ST TR vy
— BSOSO - ?_—_W Y r Howss disfocatns
Oreepp & Aerern P e | (e C, Fe atoms 75
Ldl” Con s/l 5’6’?&5 S I /‘gg//aﬁ,a /A /Ju’/’f.’h @
— Heylibrb/e vare/ §/é7? 1:4% Z?,/,;s,fmzji S
déso/(/fé' M’/ﬁﬁ )&9.//;;" xS s Nofeble c»uce/:“"> el Vs Slost M(f‘v_—,)
o s /%My wa 7
+ (-odj - s :
Vs /chwd? etz. II.! > er” \é(;a/wo%ﬁ 5/”"6_}
/ / I|| ,61,/”.—»*1 //)Q/f'ﬂ/ [/ct.(c__f

//| '

o e ("

e N.lé‘p /I



posalts foat ===
'Z/\i’é’ﬁ’//}md A?/?&m
malec’ (/?agz_s
[2.75;” _5/;—042527-/1“4’7’-5?{5
becares mue ﬁnﬁ%)

SkeR ot Sviface md
P“fd’j:xtzj /4‘01/(.;4'0/
_SOréc{ Aeat it }u/,a

T calt rolf

: e 1 g1
B

P ] AR

|J |I ‘ N':C ces
~S$feel 45 o aw’/ﬂ? wiin e

-4/ s an et /w_/’é

gy Nole alaps S
G e by 20 e

]
1

. ¥
(‘Of{t)?_fmh ’L@Vk\cj — Q;A'J‘R'MM{_

AE: N corr . -
'-{_\ (_';vf(i ¢ C-l‘(- Shes5

C WC.LU/

‘-‘Er/: 5 24} @'(&"""’?f-/ n? /%/

" foerh
-f' ; Q// s hm <t
oo fF@ (wﬁwch) ond Vo P2

hot pé&7) eqe cF cyeley
Gt ductility, hardness, toughness o« "<z, 5 7

olis»

(e 99 quetility

j 5:' b et

* deformation without fracture (% elongation) ?
* increases with temperature, lower carbon content g

hardness

* resistance to penetration (Brinell, Rockwell tests) (coH, foo/s )
* increases with carbon content, smaller grain size . . /ﬁ/dm@

toughness
* energy absorbed before fracture (Charpy test)

H L/gntﬂz,

* area under the stress-strain curve

1% (

P

|

i
ol fmbm (T

S %hﬂﬁ

d“‘" htﬁ’.




36. Which statement regarding ductile-brittle transition
is false?

* sudden loss of ductility below a critical temperature (troe )

* loss of toughness at lower temperatures ™** 3
*

.vgi :
* carbon steels less su_EG ptlble to thls transition [/, 943 i

} — DEELArS

+vu‘,) * some pure metals (aluminum, copper, nickel) do not (}«+
(9 " exhibit this transition
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annealing 0 f; ofe

* heat and slowly cool (relieves internal stresses)

« increases ductility, lowers yield, softens the material / e
N> LSeR b we ke

cold working
* stressing past the yield point (reduces grain size)
* increases toughness, hardness, yield strength

quenching
* rapid cooling that promotes hardening
* strong but brittle matenal (low toug ess)
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37. Which statement regarding carbon steel is false?
& * a steel can be hardened without carburizing - v«

» yield strength can be increased by cold rolling — =

* ductility decreases for steels with more carbon ~ rv«

» steels with larger grain size are stronger - =<
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18. What is a peritectoid reaction?
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16. Which condition does not lead to stronger metals
and alloys?

 presence of second phase precipitates §

« presence of dispersed fibers or particles - jer”

] , e
* presence of martensite phase in steel </~

[ annealing of cold worked metal above its recrystal- I
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=~ sAMPLE PROBLEMS

K Problem 1

Why is aluminum more rust-resistant than steel?

(A) The reaction rate with atmospheric oxygen is
higher for steel.

(B) The reaction rate with atmospheric oxygen is
higher for aluminum.

(C) Iron atoms are larger than aluminum atoms,
and thus, the interstitial spaces are larger.

(D) Iron has greater magnetic properties than alu-
minum.

Solution

Oxygen reacts faster with aluminum. In fact, it reacts
so fast that it creates a film of aluminum oxide that acts
as a protective coating.

Answer is B.

Problem 2

Which of the following metals do not have a face-centered
cubic erystalline structure?

I.  aluminum
II. gamma-iron
ITI. delta-iron
IV. lead

(A) IIT only

(B) II and III
(C) HI and IV
(D) LIL and IV

Solution

Aluminum, lead, and gamma-iron all have face-centered
cubic structures. Delta-iron has a body-centered cubic
structure.

Answer is A.

Problem 3

Which of the following will affect the hardenability of
steel?

I.  composition of austenite
II. composition of cementite
[I1. austenite grain size

IV. quenching medium

V. carbon content

(A) II only

(B) Tand V

(C) Il and V

(D) I, 1L, IIL and V

s ———————— Metallorgy  42-9

Solution
Carbon content and grain size are the primary factors
affecting hardenability.

Answer is C.

FE-STYLE EXAM PROBLEMS

1. Which of the following characterize a hot-worked
steel part in comparison with a cold-worked part?

I.  higher yield strength
II. better surface finish
III. greater hardness

IV. greater toughness

V. less ductility

) land V

) 1I only

) III and IV

) none of the above k
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2. The region enclosed by points DEF can be described
as which of the following?

(A) a mixture of solid # component and liquid a
component
(B) a mixture of solid and liquid 3 component
}) a peritectic composition
a mixture of solid 7 component and the eutec-
tic material

Metallurgy
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Thicnh 13 N R 9
Py 3. Which line(s) is (are) the liquidus’

(A) CBDFG
CDE
(C) ABC and EFG
(D) CBFE

4. How much solid (as a percentage by weight) exists
when the mixture is 30% a and 70% (3 and the temper-

ature is 800°C?
Vse frmua

(A) 0%
(B) 19%
(B) sy = VOVella o ﬁ.oel
50% osm
D&-" hich of the following characteristics describes mar-

tensite?

I.  high duectility
II. formed by quenching austenite
ITI. high hardness

(A) 1only
(B) Tand II
(C) II and II1
(D) T and III

For the following problems use the NCEES Hand-
book as your only reference.

6. The activation energy, ), for aluminum in a copper
solvent at 575°C is 1.6 x 10® J/kmol. What is the dif-
fusion coeflicient, D, if the constant of proportionality,
Dy, is 7 x 107% m?/s?

(A) 4.04 x 107% m?/s
(B) 2.04 x 1072 m?/s
(C) 9.75 x 10~ m?/s
(D) 2.31 x 107° m?/s

e i S gt

7. An iron alloy contains 2.5% carbon by weight. In
what phase is the alloy at 900°C?
(A) liquid
(B) v + liquid
(C) & + carbide
_9( D) ~ austenite and carbide

——

8. A mixture of ice and water is held at a constant
temperature of 0°C. How many degrees of freedom does

the mixture have?
PeE=C+2

(D) 2

8

2 0=

1
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9. A brass alloy is 40% zinc and 60% copper by weight.
What is the approximate mole fraction of zine?

(A) 5%

(B) 26%
(C) 39%
(D) 50%

10. The crystalline structure of metals can be modj.
fied by several processes. Plastic deformation of the
crystalline structure resulting in misalignment of atoms,
dislocations, and large stresses and strains in small re-
gions are characteristic of which process?

(A) te i
cold forming
Pwitining

(D) isostatic pressing

11. Which of the following figures is a cooling curve of

a pure metal? P.,r‘ M-Gfid
E:D \dlwt Vead Wsion
‘efer

temperature
e
Sokid
I I
A | I
liquid |
| |
I | o
| !SOIId
time
(B)
temperature
|
|
oot
IIQLIId | quuid
: and |
| solid [solid
time
(C)
temperature

and

(P)T) soli soli -
I+)=2+ 0O

|
|
|
|
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