0 ' 7 The University of Jordan

School of Engineering _
Materials Sciei Midterm Exam (30 Marks) Time: 50 Minutes

Student Name .—v\‘),}_.)j\c))\) @1 - - L.D. number: a134\3¢
Q1: Explain why metals are good conductors of electricity while materials such as sodium chloride are

considered as electrical insulators? (2 M.u-(ks) _)
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Q2: Determine the carburizing time necessary to achieve a carbon concentration of 0.30
~minvinto an iron-carbon alloy that initially contains 0.10 wt% C. The surface concentration is to be
mamtamed at 0.90 wt% C, and the treatment is to be conducted at C. Use the diffusion data for y-Fe (4

Marks)
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/77 ‘ R— 1
vhb{nfﬂlfﬁum Data

Table 5 2 ATn /

o i i AT s
i e J?‘E‘f"’L.-.M_‘L‘”“’.___”1",_,,’1'.’“’?‘_'. (.73 071
Fe wFe 28500 | 2 ¥ R i ‘ .‘,., | il
B B et .80 1741
o Bt M 3l W (.83 (.70
LAY ORI T R L
r ufe B2l 8 iisi B 1T f.Go 0.7970
. e o, 0505
vl 23l 13 153 ] se® . v
o syel L0 (18427
%= Co | e[ X ) @ p
= _Ngwo
\ Ial - 3% € X(P _—
il B 3\)0\00*??3)
2J0¢
6 Lq —_— O bl _ l ‘

% . B.34qeg o

71.(?.(
-3
L¥\e - c.2(3% «'S 67%

p—T so o FT

TR qu\%-?yg 2 = c/@'\S?

Scanned by CamScanner



i’.’l
(AN

c
2,

d‘
(}__ K Ci\\z QJ{F
o= a A

Q3) Choose the correct answer-show the calculatlon/work when required. .
4 |5.16 |7 121131415 ]64}/7 18 9
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- along the [010] *z

1. The distance between the centers of adjacent atoms ? 0
/% direction in the shown crvstal struerure. where R is the atomic radius:
4R /N3 d. R\/"r B
b, 2R e. 2RV2 _d (e
c. 4R f. RS2 o = \G
Y
/(“ 2. The linear density of the [111] direction in the shown crystal strucrure,
where R 1s the atomic racdius:
a. 1/R\96 d  1/RVG 1
2= —
b, /3/4R e. 1/4R L o 2)1
— — X
c. 1/R\Z4 @ vz/ar &
o el
_v_
= e da L
/Q' 3. The planar density of the (110) plane in the shown crystal structure.
where R is the atomic radius:
(@) 3/16Rr? d  3/8RZ? i S
L. 1/4R? e. 3/V128 R2 - 1&)"
® ¢ 3/V3ZRZ f.  1/2J2R?

a. 311 . -g 1,13
o - 1,
b. 133 M’@ §l 1
e c. glo £ {131} y

< 5.  The crystal structure for a metal with laftice parameter, a = 0.3302 nm and atomic diamerer =
0.286 nm 1s:

a. sunple cubic bady centered cubic (BCC) 1T Jv \/<
L. hexagonal close packed e. FCC or BCC qQ
¢. face centered cubic (FCC) ' oA 1none — ¥

3

6. Gold (Au) forms a substitutional solid solution with silver (Ag). If a new Aun-Ag alloyv having
ﬁ/ a density of 11.55 g'cm3 is deswed tor a novel application, the required concentraton of Au
(m wi%) 15!

a. 10 d 80 Dt -0 S

b. 20 20
c. 30 GO
i}
\i 7. An allov conasts of 73 -3'41'";1‘111 lead (P and 130 zram tin ¢ S, the concentiation of Pb m ary
15!
' @ 3G S0 ‘ : D 6341 (3w
b 208 e 7ilo
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structy . S Crystal structyyes has the fewest s/ directions and ther r wi i
\J iy BCCre are genera:y More C(i:ifﬁcm't to deform at room temperatuFl)'e? Fiore the metals with hs
o . : c. HCp d. all of them
9. A\::rft_g’e il?lﬂlc Cnergy Sll(ello ¥1ern1af excitation isﬂtj)l"order
e (kT c. (k, T)® d. (k, T)?
~5 10, The IMperfection i the crystal structure of'(mtlzjtal)rs called (D
s 1. Foll _V:l(':ancy _ b'. c!eayage ¢ fracture d. slip
\C‘ — 0 OWing is not 2-dimensiong] Imperfection
/ 12 The;: Twin bOl.'ﬂdarM b. Dislocation ¢. Surface 1Ccf;(;rain boundary
- . modynalmcally stable defects
. a. Point defects b. Line defects c. Surface defects @ Volume defects
‘/? 13. Interna| dislocations of a materia] is, generally, examined by *
a. naked eye optical microscope &, TEM d. SEM
— 14. Fine grain size, usually, cannot he obtained during the following process
a. Slow cooling b, increasing nucleation rate  c. retarding grain growth -fast cooling
«— 15, Plastic deformation results from the following
a. Slip b. Twinning (&)Both d. None
\ S 16. Typical density of dislocations in a solid
A 8 10 2 8 10 -2 8 10 2 8 10 .2
a.10-10 um b. 10 -10 mm €. 10-10 cm d.10-10 m
17. Burger’s vector changes with
- a. Kind of dislocation b. Length of dislocation ©)Both kind and length of dislocation d. None

18. How many atoms or molecules are there in a mole of a substance?
) 6.023x 10" 6)6.023 x 102 €)6.32x 10" d)6.023 x 10-°

19. What type(s) of electron subshell(s) does an Z shel] ™ shell) contain?
< a.d b

! GN T d.s s and p
20. An element with the electron configuration 1522522;763323;76 has how many electrons?--
@)18 b) 16 )11 d)s f12

21. Which of the following materials may form crystalline solids?
a) Polymers b) metals @ ceramics d) all of them €) none of the them

Q4) The figure below shows an x-ray diffraction pattern for a-iron taken using a diffractometer f

and monochromatic X-radiation having a wavelength of 0.154 nm; each diffraction peak on the
pattern has been indexed. Find the following:

; 4 I\

m a)The interplanar spacing for (110) plane (2 Marks) @ = /S%— }
b) The lattice parameter of Fe ——— (2 Marks) G- Yo q A g ?)
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Q1: choose the correct answer and summanze your answer in the following table. (12 Marks)
i Hili |iv , | vi L vii viii Lix X xi xii

o e “d df"f’b A | | = T [al | =<

: 7
i.  Cleavage fracture appears @;’/_'
i d) None

a. @) Bright b) Dull c) Difficult to identify
ii.  Usually materials with following crystal structure fail in ductile mode -
a. @FCC b) BCC c) HCP | d) None
iii. Br]ttle fracture is more dangerous than ductile fracture because .
a. a)No warning sign b) Crack propagates at very high speeds
b. ¢) No need for extra stress during crack propagation d) All
iv.  Fracture stress (cf) is proportional to )2

V2
a. a)crack length b) l/crack length c) (crack length):.” @) (crack length) - -
v.  Fracture toughness, KIC, decreases with
a. a) increasing temperature  (b) increasing strain rate c) increase in yield strength d) increase in
grain size
vi.  If the surface crack causing fracture in a brittle material is made twice as deep, the fracture strength will
a. (a)decrease by a factor of V2 b) decrease by a factor of 2 ¢) decrease by a factor of 22  d) No

change
85 vii. Which hardness method can be used to measure hardness of a single grain ?
a. a)Rockwell b) Knoop ¢) Vickers d) Shore
viii.  In a tensile'test, necking starts at y
a. a) lower yield stress b) upper yield stress €) ultimate tensile stress d) just

before fracture
ix.  The property of a material due to which it breaks with little permanent distortion, is called

a. @brittleness b) ductility ¢) malleability d) plasticity
K. Most often machine components fail by
a. &) Buckling b ) Creep ¢) Fatigue d) All
fo \S~xi.  Which hardness method can be used to measure hardness of a single grain ? -
a. a)Rockwell b) Knoop c) Vickers d) Shore
¢ xii. In secondary creep the (select two options)

a. recovery rate is greater than the work hardening rate
b. recovery rate is equal to the work hardening rate

% ¢, creep strain € is given by £ = Kt where K is constant and t is the time
d. creep strain is given by e =Ki*

e. creep rate is independent of temperarure ‘
Q2: Answer the following with either True or False. (8 Marks)
4N » ) :
a i 7 i ii 7 v v i~ | viii —
[ . [ A S s ., A N 0 B A~

i) The material crystal structure plays an important role in the brittle to ductile transition phenomenon. T
rfo@: 'ZB8T)) Rough fracture surface is an indication of a brittle fracture #~ )
T iii) Cup-and-cone fracture is a term refers to brittle fracture where an angle of 45° with tensile axes takes place. T
T iv) Corrosive environment enhances the materials fatigue resistance. T
f \§ V) A material creep resistance becomes an important factor for designers when the designed component operates

in an environmental temperature exceed 0.4 of the material melting temperature.
? 5 E vi) Rough fracture surface is an indication of a brittle fracture .
£ vii)  Surface grains orientation has no effect on the material fatigue resistance
Cviii)  Materials resistance to creep decreases with larger grain sizes.
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Q3: Mention the factors that affect fatigue life and discuss how they affect fatigue strength. (3 Marks)
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Q4: The following diagram shows the stress-strain curve for some material. Use the curve to find a numericai
value for: . (7 Marks) i B

a. yield stress LA b. ultimate tensile stres‘s/ﬂ‘m c. fracture stress }Qa/up A
d.elastic deformation region e=cev5 [ €. plastic deformation region e.056= .37

f) modulus of resilience. |, w_ X(a E g) proportional limit QE}A?A 7
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