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

Tabl1 of modified Bessel function snpplied.

(a) A single pass full penetration weld is made on 5-mm-thick 6061 aluminum
(TL = 652 DC) plate in tl1e T6 condition by GTAW process using 18 V and 120 A at a
welding speed of 125 mbvmin.

(i) Calculate the t~mperature of a point (50,15) mm with respect to the arc as
I .

origin. I (10)

(5)

(5)

(5)
(5)

(ii) Calculate the width of HAZ (Softening of base metal occurs due to 8'

reversion at tempemture aboveJOO CD). (5)
Given:
Heat source efficiency = 0.65

Density of aluminium =2!7 x 103 kg I m3

Thermal conductivity of Jluminum = 273 WI (m. DC)
Specific heat of aluminu~ = 905 J/(kg DC).

Thermal diffusivity of alJminum = 9.7 x 10-5m2/s.
I

Ambient temperature = 2(i)DC.

(b) Bead-on-plate weldink of a wide thick steel plate is carried out by SAW process
using 34 V and 1100 A atla welding speed of8 mmls. Calculate:

(i) The cooling rate ht the rear boundary of the weld.

(ii~ ~he cooling ratel at a distance 200 mm along the weld axis from the source as

ongm. \
(iii) The cooling rate at 550 DCalong the weld axis.

I
(iv) The cooling rate at 550 DCalong the weld axis if the plate is preheated to

250 DC.

Given:
Heat source efficiency = 0.99
Thermal conductivity steel\= 64 WI (m. DC)
Melting point of steel = 1500 DC.

Ambient temperature = 20 bC ..

2. (a) Fig. I shows the effect of welding speed on the columnar gain structure
of gas-tungsten are welds ~fhigh-purity (99.96%) aluminum. At the welding speed of
1000 mmlmin straight colJmnar grains point toward the centerline (Fig. la), while at
250 mmlmin curved colum~ar grains point in the welding direction (Fig. 1b). Explain

the formation of these struclures.
Contd P12
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(b) Explain the variatio1n of growth mode from fusion boundary to the weld centerline
due to the variation o£ temperature gradient, G and growth rate, R along weld pool

boundary. (10)

3.

4.

(c) Discuss the problems associated with the partially melted zone in welding. How can
Ithese problems be overcome?
I .

(a) Fig. 2 shows the effect of heat input per unit length of weld on HAZ hardness in a

work-hardened 5356 albminium alloy. Explain the loss of strength (hardness) in the

HAZ with the help of tJermal cycles during welding.

(b) "Welding of highe~ carbon steels is more difficult than welding lower carbon

steels." - Why?

(c) "Weld decay in austenitic stainless steels does not occur immediately next to the
fusion boundary, wher~ the peak temperature is highest during welding. Instead, it

occurs at a short distanfe away from it, where the peak temperature is much lower."

Explain with the help 0:6 thermal cycles during welding.

(aJHow does residual sLs;es develop in weldment?
(b) What are porositieJ? How do they form in the weld metal? How can these be

avoided?

(15)

(10)

(10)

(15)

(15)

(10)
(c) Discuss the effect of sulfur on solidification cracking of carbon steel weld metal.

How can this effect be rbduced? (10)

5.

6.

SECTION-B
There are EIGHT questions in this section. Answer any SIX questions.

Digital Electronics, ln~. produces different types of printed circuit hoard such as
through-hole, surface mount, mixed technology, single- and double-sided, and leaded
and lead-free RoHS-con1pliant printed circuit board (PCB). The company hired you for

designing the soldering Jrocedure of PCB. You were asked to select the followings:

(i) Soldering proce~s suitable for PCB
(ii) Low cost and h~gh creep strength solders
(iii) Suitable non-cbrrosive flux

Explain the reasons behiAd the selection.

(a) What are the important characteristics of a brazing flux? How do the brazing fluxes

differ from soldering fluJes?

Contd P/3
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(b) Briefly discuss the brazing process where the heat for brazing is mainly generated

in the electrodes and fldws into the work by conduction. (7.5)

7. (a) Differentiate between straight polarity and reverse polarity in GTAW (Gas-tungsten

arc welding).

(b) Briefly narrate the shielding gases used in GTAW.

8. (a) Explain the weld symbol in fig 3 (a) and 3 (b) and sketch the desired welds.

(b) Write a short note ob Lap seam welding.

9. (a) Discuss the molten metal transfer mode to weld pool for overhead-position welding

by Gas-metal arc weldiJg (GMAW). .

(b) Compare and contrJt submerged arc welding and electro slag welding ..

10. (a) Explain the temperature variation of oxyacetylene flame along its length.

(b) Discuss the basic oplrations in flame cutting.

11. (a) In diffusion welding, explain the roles of key parameters like temperature, time and

pressure. Which one am6ng these three parameters are the most important and why?

(b) Discuss the unique fiatures of Explosion Welding.

12. In a consultancy firm, your job responsibilities include design of welding processes for

different types of joinin~ of metallic alloys. For welding of dissimilar steel plates, you

were asked to schedule J welding procedure. Considering the following facts:

(a) High-energy-dlnsity beam welding is preferred by the client.
I

(b) Single pass welding is preferred.

(c) Client agrees tJ provide high initial investment for quality welding.

(d) Client does nbt want to put extra cost in surface modification of metallic

alloys surface prio} to welding.

(e) Also, client is Jot interested in investment in any type of shielding gas.

Considering the facts mlntioned above, choose a suitable welding process and explain

the reasons of your seleclion.

(10)

(7.5)

(12)

(5.5)

(8.S)
.,'

(9)

(10)

(7.5)

(10)

(7.5)

(17.5)
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Table of Modified Bessel Function of Second Kind Zero Order (For Q. No. la)

x Kv(x)
0 00

0.01 4.721245
0.02 4.028457
0.03 3.62353
0.04 3.336541
0.05 3.114234
0.06 2.93288
0.07 2.779818
0.08 2.647489
0.09 2.531017
0.1 2.427069
0.11 2.333268
0.12 2.247857
0.13 "2.169503

0.14 2.097168
0.15 2.030028
0.16 - 1.967419
0.17 1.908798 "
0.18 1.853714
0.19 1.801789
0.2 i.752704
0.21 1.706185
0.22 1.661998
0.23 1.619937
0.24 1.579826
0.25 i.541507
0.26 1.504842
0.27 1.469709
0.28 1.435998
0.29 1.403611
0.3 1.37246
0.31 1.342466
0.32 1.313556
0.33 1.285665
0.34 1.258734
0.35 1.232707
0.36 i,207535
0.37 1.183172
0.38 1.159576
0.39 1.136707
0.4 1.114529
0.41 1.093009
0.42 1.072116
0.43 11.05182

0.44 1.032095
0.45 1.012915
0.46 0.994256
0.47 0.976098
0.48 0.958418
0.49 0.941198

x Kv(x)
0.5 0.924419 -
0.51 0.908064
0.52 0.892116
0.53 0.87656
0.54 0.861382
0.55 0.846568
0.56 0.832105
0.57 0.81798
0.58 0.804182
0.59 0.7907
0.6 0.777522
0.61 0.76464
0.62 0.752042
0.63 0.739721
0.64 0.727668
0.65 0.715873
0.66 0.70433
0.67 0.69303
0.68 0.681966
0.69 0.671132
0.7 0.66052
0.71 0.650124
0.72 0.639938
0.73 0.629956
0.74 0.620173
0.75 0.610582
0.76 0.60118
0.77 0.591959
0.78 0.582917
0.79 0.574048
0.8 0.565347
0.81 0.556811
0.82 0.548434
0.83 0.540214
0.84 0.532146
0.85 0.524226
0.86 0.516451
0.87 0.508818
0.88 0.501322
0.89 0.49396
0.9 0.48673
0.91 0.479629
0.92 0.472652
0.93 0.465798

0.94 0.459064
0.95 0.452447
0.96 0.445944
0.97 0.439552
0.98 0.43327
0.99 0.427095
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1m
I SECTION -A

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

(a) Briefly discuss the vLiOUSmechanisms for permanent stress development in glass..

(b) For a sOda-lime-sililcate glass with a = 90 x 10 - 7/ °C, E = 70 GPa, K = 0.0084

cm2/s, v = 0.2 and d = ~.3 cm, calculate the cooling rate for what surface compression

will rise to 4 MPa? Assume any missing data. All the symbols have their usual

(10)

2.

3.

4.

5.

meaning.

(c) What is the difference between fully tempered glass and heat-strengthened glass?

(d) Mention the limitatJns of thermal tempering.

I
. (a) What are the key re:quirements for lighting glass? What sort of commercial glass
composition is used Ifor making lighting glass? And also mention the key

characteristics of this spbcific glass composition.

(b) Discuss a sheet glasslmaking process that would give excellent surface properties.

(c) Describe the process of removal of bubbles of 0.2 mm diameter or less from the

molten glass. I

(a) Describe the hardenJg mechanism of Portland cement.
I

(b) What is the probleln associated with high alumina cement in warm and wet

conditions?

(c) Using schematic diagram discuss the crack propagation behavior m ceramic
. 1 d' . I d . 1 d'matena s unng tensIOn an compressIOn oa mg.

(d) "Most ceramics are iAtrinsically hard" - explain.

(a) I,ist the important Ph~sical requirements for a glaze slip.

(b) Explain the term "glai?:efit".
I(c) Compare and contrast between brazing and diffusion bonding for joining of

ceramics.

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

(a) What are the general characteristics of ceramics?

Contd P/2

(10)
(8)
(7)

(11)
(13)

(11)

(10)

(7)

(9)
(9)

(6)
(12)

(17)

(8)
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(b) Identify the structural difference among the sheet, double and single chain silicate
I

structures. Give example in each cases. (10)

(c) Mention the factors betermine the crystal structure of ceramics. (5)
(d) Classify ceramic ral materials according to their functional requirements. (12)

6.

7.

8.

(a) Indicate the importance of silica as filler in the fabrication of traditional ceramics.

(b) A ceramic body haslthe following target composition (by parts):

KNaO = 0.10, Ab03 = 0.15, Si02 = 2.0, CaO = 0.27, ZnO = 0.63
The compositions ofthJ raw materials to be used to prepare the body are as follows:

I,
MgO ZnORaw materials Si@l AhO] K10 Na10 CaO

I,
Feldspar 71.84 16.29 0.48 9.48 0.87 - -,

I

0.19Clay 64.80 22.99 4.77 0.07 - -,
I

Flint 99.30 0.24 0.09 0.04 0.03 - -,
Limestone

,
0.47 0.05 54.17 0.950.8

1
0 - -

Zinc oxide -I - - - - - 100

I
Prepare the segar formula (i.e. body raw materials composition).
(c) What do you underJtand by triaxial composition of a white ware system? Draw a

typical triaxial composiJion of wall tile product.

(aJ What are the advanlges og jiggering and also mention the factors that control this

process.

(b) Show with necessary figures that lowering of particle size ratio m a two
. I I" d k'components ceramIC system resu ts m Improve pac mg.

(c) What are the probleJ1s associated with uniaxial pressing? Explain their causes and

suggest suitable remedia~ measures. .

(a) Why does ceramic Pf\Oductundergo sintering process?

(b) Explain the mechanism of sintering process.

(c) Calculate the enthJlpy change for an oxide as the average particle diameter

increases from 0.5 to 10 ~m. Assume the molar volume of the oxide to be 10 cm3/mol

and a surface energy lof 1 J/m2
• Recalculate the enthalpy change if instead of

coarsening, the 0.5 ~m spheres are sintered together as cubes, given that the dihedral

angle for this system waJ measured to be 100°.

(7)
(18)

(10)

(10)

(12)

(13)

(10)

(13)
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I SECTION-A
There are FOUR questions in this section. Answer any THREE.

2.

1. (a) "Materials, shape and processmg interact with each other while selecting a

manufacturing process!, - Explain using suitable examples.

(b) Write down the mechanisms of clay-water bonding in green sand aggregates.

(c) A hollow steel coJponent was cast using a core prepared from natural sand. Fused
I

sand was found at the inner side of the hole surface of the cast component. Explain the

causes and possible re~edies for the fusion ,of the sand at steel surface.

(a) List the factors thJt control the green s~d properties. Discuss the effect of slmd

ingredients on the greeh sand mould properties.

(b) Differentiate criticJllY green sand mold, core sand mold and shell mold.

(c) Deduce an expression for the determination of core print length X of a core having

diameter D and LengtJ L. A hollow steel component of having 20 rom inner dia and 40

mm length to be cast. betermine the length of the core print. Given: St~eI density 7.8

g/ cm3, core density 1.~7 g/ cm3, core compressive strength 2.5 g/ cm2
• ,"

3. (a) During the cooling of a casting from molten state down to shop temperature, the

mechanical properties can be related to four stages of behavior. Explain these four

stages with related defects that may occur during cooling.

(b) Susceptibility to fear is closely associated with mode of freezing and alloy

composition. Explain this assertion.

(c) What are the effedts of C, Si, Cu, Ni, Mn, S, P, Al and Ti on the graphitization

process of cast iron?

4. (a) Discuss the magnesium treatments that are followed during production of nodular

cast iron.

(187j )

(15)

(13)

(187j )

(12)

(16)

(20)

(87j )

(18)

(15)
(b) What is austempered ductile iron (ADI)? Explain how you will obtain ADI from a

grade of ductile iron? (15)
(c) Give a comparison of common moulding variables that are followed in steel casting

and aluminum casting? (167j)

Contd P/2
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SECTION-B

There are FOUR questions in this section. Answer Q. No.5 and any TWO from the rest.

5.

6.

7.

Grey iron casting of 45r kg in weight is to be cast with a composition of C = 3.8, Si =
2.5 and P = 0.6 per cent The minimum wall thickness of the casting is 10 rom. With a

yield not less than 75 p~r cent and a flask height of 40 cm design an appropriate gating
and feeding systems fo~ this casting. Indicate clearly all the assumptions you need to

make to solve this desiJn problem. . (46.% )

I
(a) What do you mean jby homogeneous nucleation? How is heterogeneous nucleation .

different from homogeneous nucleation? (10+6.% )=16.%

(b) Obtain a relation bJtween the free energy changes required for homogeneous and

heterogeneous nucleatiJn and then, using the relation, analyse why oxides are not good

nuclei for nucleation of solids but nitrides are. (20+ 10=30)

(a) What do you mean, by the term "undercooling?" Examine how the depression of

undercooling influence, the solidified structure of pure metals and alloys. .(10+20=30)

(b) "Oxygen is responsible for the nucleation of gas porosity in casting while hydrogen

.is responsible for it gro1h" - Explain this assertion. (16.% )

8. (a) State and explain the seven rules of feeding design.

(b) A cylindrical feeder must be designed for a sand-casting mould. The casting itself is

a steel rectangular plate with dimensions 7.5 cm x 12.5 cm x 2.0 cm. Previous

observations have indic~ted that the total solidifications time (TST) for the casting = 16

min. The cylinder for the feeder will have a diameter - to - height ratio = 1.5.

Determine the dimensions of the riser so that its TST = 2.0 min.

(28)

(18.% )
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I SECTION-A
There are FOUR questions in this section. Answer any THREE.

1.

2.

3.

4.

(a) Development is the way of achieving growth with equity- Explain.

(b) Discuss the operati0n of four wheels of growth in the least development countries.

(c) Show that the groJrth rate of a country is directly related to its savings-ratio and
. I I d . I . I ..,mverse y re ate to Its rPlta -outputr~~o..:" ,

(a) What is meant by balanced growth? .

(b) If the doctrine of bklanced growth is to ,be fully implemented, then investment will

have to be made in codsumer goods industries, agriculture, capital goods industries and

social overhead capitJI - Explain th~ statement in the content of least developed

countries.

(c) Briefly discuss Professor Rostow's various stages of economic development.

Briefly discuss'ilie fouLing determmants of economic development:,. I .
(') C . I ...1 aplta output ratIO. . .

. (ii) Dynamic Ent~epreneurship.

(iii) Population J'owth. . ,

(iv) Social ov~rh~ad.
I

. (v) Non-economic factors.

<al Briefly discuss the ltrategy of unbalanced growtb with reference to Bangladesh.

(b) Briefly narrate the !riteria for making an investment decision.

(6X)

(7)

(10)

(10)

(10)

(23X)

(11 X)
(12)

5.

SECTION-B
There are FOUR q I estions in this section. Answer any THREE questions.

I
ymbols indicate their usual meaning,

(a) What do you understand by labour intensive techniques and capital intensive

techniques of productibn? (8)
(b) What are the arJuments for labour intensive techniques and capital intensive

techniques? (15 X)

Contd PI2
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6.

7.

8.

(a) Why do developing countries need planning for economic development?

(b) What are the pre requisites for successful planning? Explain them.

(al What do you undersLd by private foreign investment?

(b) Explain the role of Jrivate foreign investment in a developing country.
I

(c) What are the demerits of private foreign investment?

(a) Explain the merits and demerits of multinational corporations?

(b) Show that both th! countries will be benefited after trade in a two country two

commodity model.

(10)
(13 X)

(5)
(10)

(8X)

(8)
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I
There are FOUR questions in this section. Answer any THREE.

<alWhat is meant hy flilY? Discuss the global practices of family system.

(b) Briefly discuss the r~cent trends of modem nuclear family.

. . I .
(a) What is social stratification? Explain different systems of social stratification in the

context of Bangladesh. I
(b) 'The history of all hitherto existing society is the history of class struggles' - explain.

this statement highlight~ng Marx's view of class differences.

(10)
(13}j )

(10)

(13}j )

3. (a) What do you understand by ethnocentrism? Critically explain the normative roles

of culture in a society. (10)
(b) How does Marxian philosophy 'historical materialism' explained the relationship

4.

5.

6.

between technology and!ideology?

I
(a) Discuss the factors that contribute to the emergence of sociology as an independent

discipline.

(b) Critically discuss the structural functionalist perspective of sociology.

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

<al What do you mean bl natural greeu house and man-made greeu house?

(b) What are the main s06rces of global warming? .

(c) Define with examPlel 'green' category industry and 'red' category industry.

I
(a) How do you define industrialization and deindustrialization? What impact did the
'd'l l' hi "?In ustna revo utlOn ave on socIetIes.

(b) 'Private property is ihe terra ferma of capitalism'- Explain this statement on the
I

basis of the nature of capitalism.

(c) Illustrate the negative impacts of capitalism on a society.

Contd P12

(13}j )

(10)
(13}j )

(8)
(8)

(7}j )

(10)

(8)
(5}j )
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7.

8.

(a) How do you define demography, crude birth-rate and crude death-rate? Describe

the stages of demograp~ic transition theory.

(b) Define human mihation. What is meant by 'pull factor' and 'push' factor in

migration? Cite examPlr from Bangladesh.

(c) What are the major effects of rural to urban migration?

Write short notes on any Three of the following:

(a) Globalization. I
(b) Sources of social change
(c) The growth of citiesl
(d) The potential conseduences of global warming.

(10)

(8)

(5X)

(23X)
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3.

4.

1.

2.

(15)

(15)

(5)

(18)

(10)

(7)

(15)

(20)

(10)

(16)

(9)
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I SECTION -A
There are FOUR questions in this section. Answer any THREE.

(a) Compare and contrL regular co-deposition with irregular co-deposition.

(b) Briefly describe how bath composition and current density do affect

eletrodeposition of allo~s.

I
(a) Electrode potential is important in electroplating- explain.

(b) Describe four purpJses of electroplating. .

(c) Define hydrogen 0lervoltage and polarization.

(a) Differentiate between physical vapour deposition and chemical vapour deposition.

(b) List the functions ot ingredients of an electroplating bath.

(c) Why does corrosioJ provide a major source of failure of metallic structures?

(a) Select and descriL a coating deposition technique suitahle for using ceramic
. I

powder as starting coating material.

(b) How does laser sJface alloying overcome the difficulties that are associated with

laser surfac~ melting?

(c) Mention the usefulness of electro less plating over electroplating.

5.

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

(a) What is Coulomb !frictiOn? For a conical asperity in contact with a softer body,

derive an equation for J10ughing component of the co-efficient of friction.

(b) A hard ball is Slidihg against a soft and flat surface at two different loads. At one

load, the co-efficient ot friction is 0.20 and the groove width is 0.5 mm and at another
I

load, the co-efficient of friction is 0.25 and the groove width is 1 mm. Calculate radius

of the ball and the adh~sive component of the co-efficient of friction. Assume that the

dominant sources of fri1ctionare adhesion and ploughing and these are additive.

(20)

(15)

6. (a) Discuss the chemical tests that are carried out in testing of coated products. (20) .

Contd : .. P/2
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(b) Mention which coatings are applied on the following applications. Give reasons to

your answer.

(i) Food cans,

(ii) Electrical contacts for switch,

(iii) Cutlery.

(15)

7. (a) Describe the chemical, structural and grain boundary effects on the co-efficient of

sliding friction. (18)
(b) Draw and explain tHe diagram showing the influence of normal load on the friction

behavior of Cu-Cu slidibg in air. (7)
I

(c) Name the basic mechanisms of wear. Explain, with suitable diagram, the effect of

relative hardness of abrdsive medium to work piece. (10)

8. (a) Draw and explain tHe schematics of abrasive wear processes as a result of plastic
I

deformation by three deformation modes. (18)
(b) Discuss how wear rale changes as a function of sliding velocity and the particle size

of an abrasive paper. (8)
(c) State and explain the conditions under which abrasive wear takes place by means of

fracture. (9)

•
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