L-4/T-1/MME Date: 25/03/2024
BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY, DHAKA
L-4/T-1 B. Sc. Engineering Examinations 2022-2023
Sub: MME 401 (Physical Metallurgy of Ferrous Alloys)

Full Marks: 210 Time: 3 Hours
The figures in the margin indicate full marks.
USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION-A '
There are FOUR questions in this section. Answer Question No. 1 and any other Two from the rest.

1. (a) During austenitizing, sites of austenite nuclei formation in various types of steels

depends on, their prehistory, alloy contents and microstructures. Explain. In what .

microstructural situation the austenite grain size will be the finest? (10)

(b) The target of cryogenic treatment is beyond the conversion of retained austenite to
martensite and/or bainite to optimize various service related mechanical as well as
chemical properties of any as quenched steel component-explain.

In a particular shrink ﬁtﬁﬁg operation of an AISI 1065 steel shaft of outer diameter 200
mm into a central hole (198 mm diameter) of a power transmission gear as shown in
Figure for Question No.1(b). Find out the hardening and appropriate sub-zero treatment .
temperatures. Also design the full heat treatment schedule for the fitting purposes? See

Table for Question No.l1(b) for necessary data. Assume reasonable value for any

missing data. : (25)

2. (a) Forging creates characteristic cracking in copper added steel. What is the most
important solution for this problem? Explain the underlying mechanisms. (10)
(b) With necessary sketches explain how addition of molybdenum improves the
following properties of steels: (25)

(i) hardenability, (ii) pitting corrosion resistance in chloride containing environment

(iii) elevated temperature strength and (iv) wear resistance of tool steels.

3. (a) Although the ultimate target of process annealing and stress relieving annealing of
steel products is the same, the application requirements are controlled by compietely
different and complex scenarios. Explain the statement with necessary diagrams and
sketches. | (10)
(b) The practical tempering behaviour of an AISI 1070 steel and the approximate
theoretical relationship between hardness versus carbon content of steel are shown in
Figure for Question No.3(b). Quantitatively show which austenitizing temperature .

shows better agreement with the theoretical hardness values after tempering. Explain

possible reasons related to deviation if there is any. (25)
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4. (a) High strength limits the deep drawability of steel sheet. Do you agree with this
statement? Explain with necessary crystallographic structures. ' (10)

(b) Two important limitations of plain carbon steel are: (a) high ductile brittle transition
temperature and (b) difficulty in throughout hardening of large section. What are the

practical impacts of these behaviour of plain carbon steel? Suggest suitable alloying

elements to overcome these limitations and explain their effects with neat sketches. (25)

SECTION-B
There are FOUR questions in this section. Answer Question No, 5 and any other Two questions.

5. Assume you work as the head of materials engineering and design department in ‘a
ferrous plant. The plant has some mini plants based on material type: plain low-carbon .
steel parts, high-carbon steel parts, cast iron products, and tool steel products. Your plant
yields (produces) sheet metals, plates, gears, tools, pipes, welding electrodes, and ten
more items. You work in each mini plant for three months per year. Your current job
scope for the last three years is to identify sustainable methods for product
manufacturing, In the fiscal year 2022-2023, you have identified the following issues
warranting extra attention and review. The problems are stated below. This year, you
have been asked to explain why you recognise these as the subject of product process line -
change evaluation. Propose your explanation and probable solutions (if needed). (40)
(a) A plain carbon steel part was produced by the case hardening carburizing method at
950°C. However, the dimensional accuracy is not very good. You are thinking of
changing the surface treatment process to nitriding. However, the corrosion resistance of |
the product would be low. This product's increased corrosion resistance is essential to

change the surface treatment process to nitriding.

(b) In the tool steel mill section, the fatigue behaviour of the W-grade tool steels is poor.
There are a few complaints from clients. Without changing composition, manufacturing

process modification is needed for greater fatigue strength.

(c) Martensitic stainless steel (without heat treatment) is used in one mill for regular -
valves and surgical instruments. You are thinking of changing the material to

precipitation hardenable stainless steel.

(d) In the cast iron mill section, one pipe product has many carbides (the material is .

nodular cast iron). You need to reduce the number of carbides by hear treatment.
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6. (a) In cast irons, rank the following alloying elements in terms of their importance in -

microstructural changes: Mo, P, Mn, S, and Si. Evaluate the reasons for your ranking

choice, : (16)

(b) The austenitic stainless steels usually present excellent corrosion resistance, ductility, -
toughness and weldability. Still, we must carry out the heat treatment process for
improved mechanical properties. Design a heat treatment (annealing) cycle for AISI 316

grade austenitic stainless steel. How do precipitates play a crucial role in selecting the

annealing temperature? | (16 % ).

7. (a) Draw a plot showing the effects of tempering temperature on the hardness of
quenched four different classes of tool steels. Constitute reasonings for modification of -
tempering schedules based on carbide content for tool steels. (16)

(b) Why do high-speed steels have higher carbon equivalent values? Explain the

softening and hardening tendency of high-speed steel during tempering. Draw necessary

diagrams, (16 % )

8. (a) Generate an induction hardening process design for making symmetrical parts, such
as gears, shafts, axles, cam lobes, stampings, and spindles. Emphasise process |
parameters. (16)
(b) Both pack carburizing and gas carburizing are simple processes that are popular in
many industries. If the product is plain carbon steel, which process would you choose and

why? Include process diagrams, carbon depth calculation, and microstructural changes

that occurred. (16 % )
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Full Marks: 210 Time: 3 Hours
The figures in the margin indicate full marks.
USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION-A
There are FOUR questions in this section. Answer any THREE.

1. (a) Surface degradation by corrosion is a slow process. Select a practicable laboratory
corrosion test which best resembles the long-term real service condition. Name two
standard tests and explain how they are pérformed in laboratory to evaluate a
component's real service life. (15)
(b) Draw the force equilibrium diagram for a body on an inclined plane and deduce the
equation for expression of static co-efficient of friction. , (7)
(c) Analyse the salient feature of coefficient of friction as a function of temperature for

cobalt sliding on stainless steel at a normal load of 5 Newton and sliding velocity of 25

mmy/s. | (13)

2. (a) Suggest appropriate coatings and state why they are the best suited for the following
applications. | (15)
i) Food cans

ii) Electrical contacts for switch

iii) Motor car exhaust pipe

(b) Quantify the ploughing component of the coefficient of friction for a spherical
shaped wear particle is sliding in contact with a softer material surface. Draw |

schematic diagrams and use conventional notations. How can the ploughing component

of friction be decreased? (20)

3.  (a) How does rest time affect static friction? What is its importance on industrial
applications? (10)
(b) Bismuth is a low melting point (271°C) metal and copper oxidizes readily. Select
the qualitative sliding velocity of bismuth and copper in order to reduce friction. Show
with clear diagram and give reasoning to your selection. (13)
(c) 'Wear resistance of pure metals is proportional to their hardness but is more |

complex for alloys'. — Justify with necessary diagram and examples. - (12)
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4. (a) What is metallurgical compatibility? How do metallurgical compatibility and grain .
boundary affect wear rate of materials? (10)
(b) Flat face of a brass annulus having an outside diameter of 20 mm and an inside
diameter of 10 mm is placed on a flat C steel plate under a normal load of 20 Newton
and rotates about its axis at 100 rpm for 48 hours. As a result of wear during the test, |
the mass losses of the brass and steel are 30 mg and 2 mg, respectively. Calculate wear

coefficients and wear depths for the brass and the steel. (Hardness of steel = 2.5 GPa,

psieet = 7800 kg/m?, hardness of brass = 0.8 GPa, Perass = 8500 kg/m?). 12

(¢) Figure 1 shows schematics of wear by fracture. Mention and explain the wear

mechanism, conditions under which this type of wear occurs. (13)

SRR SRR |
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. ... Figure1.for question 4. (c) i
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SECTION-B
There are FOUR questions in this section. Answer any THREE.

5. (a) Compare between old and modern techniques of coating. (3)
(b) Evaluate the role of polarization in electrodeposition. (15)
(c) A work is to be coated with Zn thickness of 20 um. The dimension of the work
dipped in the bath is 250 cm x 25 cm x 2.0 cm. The current is supplied in the tank with
90% current efficiency for 10 min. Calculate the current required for the Zn deposition

on the work. 15)

Contd............ P/3 -
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6. (a) Select and explain a method for producing adherent, insoluble and protective |
coating on metallic alloy. (12)
(b) A metallic component requires good corrosion and wear resistance. How will you
medify the surface of the component? - (13)
(c) You can deposit a coating using both the PVD and CVD techniques. Which one

will you choose for your industry? Justify your answer. (10)

7. (a) Propose a method for depositing a plastic coating on sheet/foil and also justify your
choice. (15)
(b) Compare different types of plating techniques. 5

(c) In plating a continuous strip 100 cm wide with Sn from an acid solution (valence
change 2), the desired strip speed 1000 cm/sec, current efficiency 95% and the
thickness of Sn is to be 0.5 um (each side) at a current density 4500 A/m’. How long

must the plate be, assuming that the strip passes straight through the tank with no
return bends? (ps = 7.31 g/ce, Asn = 118.7) (15)

- 8. (a) You need to modify the surface of a product with heat resistance refractory materials.

Critically explain the steps to be followed to modify the surface. ' (15)
(b) Analyse the role of static potentials in the electrodeposition of alloys. (15)

(c) How does rate of surface adsorption vary with the concentration of absorbent? (3)
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION - A
There are FOUR questions in this section. Answer any THREE questions.

(Important physical constants have been provided at the end.
Assume reasonable value for any missing data)

1. (a) An oxide thin film is subject to a biaxial tensile stress in the xy plane (i.e. o, = 0)

which leads to a strain such that ey = e,y = 0.01. The material has cubic symmetry with
i = 3x10" ¥m?, ¢12 = 1x10"" J/m?®, and B, = 3x10° J/m’. What magnetoelastic anisotropy

does this produce? Necessary equations are provided at the end.

(b) Consider a case where you have a Li-garnet that contains predominantly oxygen
vacancies at low Pg; and oxygen interstitials at high Pos. In the intermediate region, the
oxide is stoichiometric and may have anti-Frenkel disorder. If you are asked to design a

Li-ion battery using this oxide, precisely explain which Py region you would operate in.

and why.

2. A device called a MRAM (magnetic random-access memory) is made of a small structure
as shown below. Each structure stores one bit of information. Wires are connected to the
structure so a current can be passed through it perpendicular to the layers. The second.
wire passes over the structure but is not connected to it. The NiFe and Co layers both

have easy axes in plane along the direction marked by the arrow.

i Stwﬂd )
N ¢ /Awirc passing over the structure
wire : _
connceted to
top and NiFe layer

botiom 7 MO laver

layers of /—.._. Co layer
structure / IrMn layer
| TR e TaTTERNT |

i

(a) Explain precisely how the structure could store one bit of information, and how it
could be read out. How could you write a data bit? '

(b) What role does the MgO play, and what thickness should it have? What is the purpose
of the IrMn layer?

(c) One of your classmates suggested that a hard magnet could be used instead of IrMn.

Explain briefly whether you think this is a good or bad idea.

(20)

13)

(15)

(15)

6)
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3. (a) We want to make a magnetic recording tape made up of small particles of barium

ferrite with K, = 5x10° J/m>. What is the minimum diameter of the particles you can use?
Explain what assumptions are needed for this calculation.

(b} With the help of a sketch, explain the dependence of coercivity vs. particle size and
label its various regimes of behavior. Also draw the M-H loops for the various regimes.
(c) The switching field of small particles is usually much less than the predictions of the

Stoner-Wohlfarth model. Briefly explain why.

. (a) Single phase Zirconia is not known to have good fracture toughness. Explain with the
help of sketches and phase diagrams how you can design zirconia ceramics with
enhanced fracture toughness.

(b) You are given a substrate of Gd;GasO;; with orientation (110) that has a lattice
parameter of 12.376 A. With the help of the lattice parameters and the strain data in table

provided below, design a rare earth (RE) iron garnet thin film that is the most likely to-

have out-of-plane magnetic anisotropy.

—— i a -- J—

RE Lattice Ao @ A @
Element | parameterl 300K, 10°| 300K, 10° !
A |

Y 12.376 | -1.25 -2.73
Sm 12.530 | +21 -8.5
Eu 12.498 +21 +1.8 ‘
Gd 12.470 | +0.2 -2.9 |
Tb 12.436 | -3.3 +12 I}
Dy 12.405 | -125 5.9 .& ;
Ho 12.375 -4.0 3.4 T
Er 12.349 | +2 -4.9
Tm 12.325 +1.4 -5.2

| vb 12.302 +1.4 -4.5

1 Lu 12.283

————— __

(15)

1s)

)

(15)

(20)
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SECTION-B
There are FOUR questions in this section. Answer any THREE questions.

5. (a) Differentiate between the conditions for different growth modes for epitaxial film

formation.

(b) lluminate the dependence of epitaxial film formation on substrate temperature and.

deposition rate.

(c) Schematically show the emitted fluxes for types of sources during evaporation.
|
!

|
5 f
6. (a) Interpret the powder characteristics for manufacturing advance ceramics.
P
(b) Mention two important applications of piezoelectric Si0O, and pyroelectric LaTiOs.
(c) Explain the effect of temperature and frequency of applied electric field on the

dielectric constant of a material.

7. (a) Which parameters control the dielectric constant of BaTiO3? Also describe the effect
of grain size ion the dielectric properties of BaTiOs.
(b) Calculaite'I the %:quilibrium number of vacancies formed in MgO at 1000 K for which
the enthalpy for defect formation is 2 eV. The vibrational frequencies of normal atoms

and vacancies are 1.6x10"° Hz and 0.6x10"° Hz respectively. In that case, the

coordination | number of vacancies is four (4). Given that leV = 1.6x10™" J and’

|
Boltzmann’s:

constant (k) = 1.38x107 J/K.

8. (a) Write the defect reactions for following events:
(1) Dissolution of MgO in AL O3
(ii) DO}Ling BaO with BiFeO;
(b) ‘Meissne:r effect is responsible for magnetic levitation’- Explain the assertion by
taking magnétic levitated train as an example.
(c) “BCS itheory of superconductivity is not applicable for high-temperature

superconductors” — explain the statement,

(15)

(10)
(10)

(12)
(10)

(13)

(18)

(17)

(12)

(11)

(12)
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. Physical Constants, Conversions,

and Usefuleombinations .

" Physical Co'nsftantfs

Avogadro constant .
Boltzmann constant
Elementary charge

_ Plarick constant | '

Speed of light o
: Permmmty (free space)

Electron mass |
Coglomb constant
Atomic mass unit
Permeability of Epace
Useful Combinations
Thermal energy (300 K)
Photon energy

Coulomb constant
Permittivity (Si) |
Permittivity (t‘reeI space)

> :e-z

H || i ll ‘:-II Il ﬂ II

C
&

m
Tk

i

= 6022 X102 particles/miole
8.617 x 107%eV/K = 1.38 x 10~2 J/K
1.602 x 10" coulomb

4.136 X 10"5 eV -5

+6.626 .10~ joule - §

2.998 x 10' cm/s

8.85 X 10~ ' farad/cm

9,1095 x 10~ kg

8.988 x 10° newton-m?2/(coulomb)?
1.6606 X 10~ kg

Ho =41 107 Henry/m - .

1 ug (Bohr magneton) = 9.27 10-2¢ Am?
kT = 0.0258 eV = | eV/40
E=124evVatk =1 um

k.e? = 1.44 eV - nm

€ = €€ = 1.05 x 102 farad/cm

€ = 55.3¢/V - pm




13|
R

L T b e e Prmm s e e - _ﬁ._..m....-.,.-__,,4},.‘3_62‘;;____
Periodic Table; viith the OQuter Electran Configurations ¢of Neutrat |
Lls _ Atomns in Their Ground States _ ~ I L
Lt pBe' | qhe notation nsed to describe the electronic configuration of atoms A LS o* F No® } ]
wird {ons is discussed in all texthooks of introductory atomic physies, | R :
) The letters 5. p. d. . . . signify clectrons baviag arbital angular§ i ok i ‘
12 #'_2"’_ J momentum 0, |, 2, . . . in units §i; the number to the Teft of the | 290 § 2827 FAP A 09,300 22 0 220
Nai § mge | letter denotes the principal goantum mmber of ane orbil, and the § ppa g fpis fow foper fars §
| superscript to the right denates the number of electrons in the orbit ' .
3 o | ae3p f3vayracyiaca vy aetspf
i i ket > e ks g - - - !
K [ecan | se | 7 [ v foet Tmn= fre= | cort | N | Cum | 20" [ Ga™ JGe® [As™ se fare ke ! ;
3d | adt | 3 §3dd | 3 fade | ad” Faa 3§ e : ‘ ! 5
d4s Jd {42 | 42 Ja2 fas f4@ fas?r las f st Jds | 4 I $adp fstipt [ o qp laedp 4o ps)
gy o SN S _4& —y i“'__, i _‘ﬁ“ i e *rgi e "
ALY [ S § y» -} 2r® § Nb' | Mo | Te® { Ru* | Ak™ | Pd* } Ag” | C4™ | tn™ (Sn* [Sb* {Te® I Xedt
éd biad? | adr |aas Jads fad: faar 1 4av | K { g 1
539 |5 |52 |58 |5 5 S IS5 |5 - }5s la® |J55p S°5pr§5e'5p* 3¢'5p*
if Ce® [ Bat | La* | HIF | Ta” J Wt [ Re™ JOs™ [ b7 | Pt™ ] Au™ ] Hg* [ TI* |PDT [BI® §Po™
4 1 | | |
¢ ‘ Sd ] Sd* | 5d* | 5d' | 5d* §5d¢ fSd° | 5d* §5d™ | 54 . !
6s J68 65" § 62 fJOF |G JOF |6 - fis | Gs fis® g_s’ﬁp G5°6p*§6576)*] 6s'6p"|6s*Gp*§ 6+ '
| GEN OS] S | — o, U
Ce* | Pre | Nd™ | Pm¢' | Sm* | Eu™ | Gd* | To= | DY | Ho® | Er¥ [¥me [yo® § Lu?t :
| Gd 142 J45 140 §48°7 {4 J47 45 [45° |45 L4 14 a4 |4 § o *
‘ o ‘ i . i /1
72§17 | _ | 154 }sd A 5d |
N6 Joe Jor Jo6st fos e (60 J6 Jo¢ fo Jor joe |6 Jee :
‘ - - _‘i_ ‘7 . _--“hi_ L N ’ . 1
- Th™ | Pa® JUT I Np*% | Pu* | Am® | Cm™} Bk* | Cf™ | Es™ | Fm'™f Md™" | No"*? | Lyt \
= s o | |or |57 | |
6d* | 6d | 6d ‘ G '
7@ 172 L e e e |7




L-4/T-1/MME Date: 28/04/2024

BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY, DHAKA
L-4/T-1 B. Sc. Engineering Examinations 2022-2023

Sub: HUM 405 (Economics of Development and Planning)
Full Marks: 210 Time: 3 Hours

The figures in the margin indicate full marks.
USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION - A
There are FOUR questions in this section. Answer any THREE.

1.  (a) What do you mean by economic development? Can you give hypothetical or real

examples of situations in which a country may be developing economically but may

still be underdeveloped?

(b) Explain and justify the development of Bangladesh economy showing the trends of

'Gross Domestic Product (GDP) growth rate" and 'poverty rate’ over the last 15 years.

2. (a) Explain how New Human Development Index (NHDI) is calculated. If you are
asked to design the HDI, what might you do differently, and why?
{b) Compare the trends of economic variables 'Gross Domestic Product (GDP) per

capita income' and 'inflation rate' with any two South Asian Countries.

3. (a) Explain different stages of project evaluation. Mention four benefit-cost criteria

used to evaluate a project. Which criterion of project evaluation is the best and why?

(b) Define Net Present Value (NPV), Benefits to Cost Ratio (BCR) and Internal Rate

of Return (IRR). How do you interpret the following values of NPV, BCR, and IRR of

a Development project?
NPV (Lakh taka): 1092,651.30
BCR: 1.893
IRR: 23.38%

4.  (a) Derive the fundamental equation of Solow Model with population growth.

(b) Consider the production function, ¥ = K" ¥ where Y denotes output, X capital -

and L labor. The parameters of the model are given by s = 0.3 (savings rate) and &= 0.06
(depreciation rate). Let "k" denote capital per worker; "y" output per worker; "¢"

(11

consumption per worker; "i" investment per worker. Rewrite production function in

per-worker terms and find the steady-state level of the capital stock.

(15)

(20)

(15)

- (20)

(13)

(20)

(15)

(20)
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SECTION - B
There are FOUR questions in this section. Answer any THREE.

5. (a) Explain the prospects of industrialization in Bangladesh. What are the challenges of.
industrialization in Bangladesh? -~ (19)
(b) What are the differences between 'theory of balanced growth, 'theory of unbalanced
growth' and 'big push theory' in the context of Bangladesh economy? : (20)

6.  (a) Bangladesh is set to graduate out of the group of least developed countries (LDCs)
on November 24, 2026, about 50 years after it first became a member of this cohort of

developing countries in December 1975. Explain the current status of Bangladesh'

based on the criteria to graduate out of the group of LDCs. (15)

(b) What is planning? Explain different steps of planning with a real life example. (20)

7. (a) Do you believe that Bangladesh will be able to attain the Sustainable Development
Goals (SDGs) as a result of the construction of the "Metro Rail" and the "Padma

Bridge"? If so, what are the goals and how will they be achieved? Explain. (15)
(b) What kinds of dependence do developing countries have on developed nations?

Which ways does the opposite hold true? 20

8. (a)Using a Lorenz curve and a Gini coefficient, how can inequality be measured?.
Take into consideration that Bangladesh's economy has a more equitable distribution

of income than that of the United States (US). For the economies of Bangladesh and
the US, draw and compare the Lorenz curves. (15)

(b) The majority of countries have gradually switched from grants to loans and from

untied to tied grants and loans. What are the main drawbacks of tied aid, particularly

when it takes the form of interest-bearing loans? (20)
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION-A
There are FOUR questions in this section. Answer any THREE.

1. (a) What is government? Make a difference between state and government. (15)
(b) How do you define constitution? Discuss the qualities of a good constitution. (20)
2. (a) Define democracy. Critically discuss the limitations of democratic system. s
(b) What is e-governance? Explain the legal and ethical issues of e-governance. (20)

3. (a) What is leadership? Describe the role of leadership in good governance and

- development of a country. : (15)

(b) Define local governance. Analyze the problems and challenges of local governance. (20)

4. (a) Write an analytical note on e-governance and public service delivery. (15)

* (b) What is citizen engagement? Discuss the ways of citizen engagement in e-governance. (20)
SECTION -B

There are FOUR questions in this section. Answer any THREE.

5. (a) What is governance? Discuss good governance indicators endorsed by the UNDP

(United Nations Development Programme) in 1997. (15)
(b) Who are bureaucrats? Analyze the role of bureaucrats in ensuring good governance. (20)
6. (a) What are the different kinds of executive? Discuss the functions of executive in a state. (15)
(b) Define corporate governance. Discuss the principles of corporate governance. (20)
7.- (a) Make a discussion on the legal rights of a citizen in a state. (15)

(b) What are the actors of e-governance? Discuss briefly the e-governance

implementation factors. ' (20)

8.- (a) What is the E-Governance Development Index (EGDI)? Describe various components
of EGDI index. (15)

(b) Discuss the challenges of implementing ICT policy and e-governance in Bangladesh. 20)
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