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[4163] - 202
T.E. (Civil)

INFRASTRUCTURAL ENGINEERING &
CONSTRUCTION TECHNIQUES

(2008 Pattern) (Sem. - I)
Time : 3 Hours]          [Max. Marks :100
Instructions to the candidates:

1) Answers to the two sections should be written in separate books.
2) Neat diagrams must be drawn wherever necessary.
3) Figures to the right indicate full marks.
4) Use of logarithmic tables slide rule, Mollier charts, electronic pocket

calculator and   steam tables is allowed.
5) Assume suitable data, if necessary.

�����

SECTION - I

Q1) a) Explain the ideal requirements of the permanent way. [6]
b) Give the classification of railway lines based on speed as adopted by

Indian Railways. [6]
c) Write a short note on minimum depth of ballast cushion. [4]

OR

Q2) a) State the comparison of wooden Sleepers & concrete sleepers. [6]
b) What is creep? What are its effects? State the maximum permissible

values of the same on Indian Railways. [6]
c) State the reasons for the preference of flat-footed rails. [4]

Q3) a) Define following terms : [5]
i) Turnout. ii) Tongue rail
iii) Stock rail iv) Crossing
v) Switch

b) Define gradient. State the various types of gradient. [5]
c) A 6° curve branches off from a 3° main curve in opposite direction in

the layout of a B.G. yard. If the speed on the branch line is restricted to
35 kmph, determine the speed restriction on the main line. Assume

permissible deficiency in cant as 75 mm. [8]
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OR

Q4) a) Write short note on : [8]
i) Directed Track Maintenance (DTM).
ii) Modernization in Indian Railways.

b) Workout the maximum speed of a train on a B.G. Track having a
curvature of 3° and cant of 10 cm. assume allowable cant deficiency as
75 mm. [6]

c) Explain the following terms : [4]
i) Cant excess.
ii) Cant deficiency.

Q5) a) Compare the advantages & disadvantages of tunnels with open cut.[6]
b) Explain in brief NATM method of tunneling. [6]
c) State the general sequence of operation for driving tunnels through

hard rock. [4]

OR

Q6) a) Define breakwater wall. What is the necessity of it? [4]
b) Write a short note on TBM. [4]
c) Define dock. Differentiate between wet dock and dry dock. [4]
d) State various methods of tunnel ventilation and explain any one in

detail. [4]

SECTION - II

Q7) a) Explain the importance of construction sector in the economic
development of a country. [6]

b) Explain the Production techniques of precast elements. [4]
c) Explain with Detailed sketch the working mechanism of Overhead

crane. [6]

OR

Q8) a) Draw neat labelled sketches showing various columns to beam
connection used in the precast/prefabricated construction. [6]

b) What is the need of mechanization in construction industry with merits
and demerits of mechanization? [6]

c) Write a comment on the difference in the construction techniques of

high rise building and regular construction. [4]
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Q9) a) Explain the methods of finding out productivity of equipment. [6]

b) What are the factors affecting for the selection of machinery for any

earth work? [4]

c) Explain any two terms from the following : [6]

i) Repair cost

ii) Economic life

iii) Labour Cost

OR

Q10)a) What is mean by Depreciation cost, find book value of an equipment

after 5 years having cost of purchase as 430000, useful life of 7 years

& the cost of the equipment after its useful life is 48000, solve by any

one method? [6]

b) What is work cycle? Explain the work cycle of a Dumper. [6]

c) Write a short note on trenching machinery. [4]

Q11)a) Enlist the methods of underwater concreting & Explain anyone method

of underwater concreting in detail. [6]

b) Enlist the methods of dredging & explain any one type of dredger?[6]

c) Explain with the sketch the production of crushed sand? [6]

OR

Q12)a) Write a short note on Industrial Flooring? [6]

b) What are the factors affecting the efficiency of concrete pumps? [6]

c) Which are the methods of underwater concreting? Explain any one.[6]
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SECTION - I

Q1) a) Define drag and lift. Give expressions for them. Explain briefly the
various types of drag. [10]

b) A kite 0.8 × 0.8m weighing 3.9N assumes an angle of 12° to the
horizontal. The string attached to the kite makes an angle of 45° to
horizontal. The pull on the string is 24.5N when the wind is flowing
at a speed of 30 km/hr. Find the corresponding coefficients of drag &
lift. Take ρ

air
 = 1.25 kg/m3. [6]

OR

Q2) a) A 60 cm diameter steel pipe of 1.0cm thickness and 300m length
carrying water is connected to a needle valve at the d/s end and to the
reservoir at the u/s end, has a head of 50m. Determine the rise in pressure
if the valve is closed in 0.3 second and 1 second respectively. [10]
Take Esteel = 2.47 × 1011 N/m2

E
water

 = 2.075 × 109 N/m2

b) What is water hammer phenomenon? Show that the rise in pressure

Δp due to sudden closure of a valve in a pipe is ρ ⊂ V. [6]
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Q3) a) Derive an expression for force exerted by a jet on a flat moving plate

held indined to the jet. Also calculate work done. [8]
b) Explain working of a centrifugal pump. Derive expression for work

done by a centrifugal pump. [8]

OR

Q4) a) A centrifugal pump running at 1500 rpm against a head of 25m carries

125 l/s discharge of water. Impeller diameter at the outlet is 0.25m,
width is 5cm and vane angle at outlet is 42°. Determine manometric

efficiency. [8]
b) Write short notes on : [8]

i) Selection of pumps.
ii) Cavitation in pumps.

Q5) a) With the help of a diagram, explain the function of each element of

hydroelectric plant. [5]
b) Define unit speed and specific speed of turbine. Obtain an expression

for specific speed. [5]
c) Write short notes on : [8]

i) Governing of Pelton Wheel.
ii) Characteristic Curve of turbines.

OR

Q6) a) A Petlon Wheel having semicircular buckets and working under a

head of 150m runs at a speed of 600 rpm. If the discharge through the
nozzle is 45 l/s. Find the power available at the nozzle and the hydraulic

efficiency. Take wheel diameter as 0.5m and C
v
 for the nozzle as 0.98.

[6]
b) Explain the hydraulic function of [6]

i) draft tube

ii) spiral casing
iii) guide vanes

in case of Francis Turbine.
c) A Pelton wheel develops 5500 kw under a head of 250m at an overall

efficiency of 85% and speed 200 rpm. If the head decreases to 150m

find the discharge, power & the speed. [6]
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SECTION - II

Q7) a) Explain the terms-Normal depth, conveyance, section factor, hydraulic

exponent, hydraulic radius, wetted perimeter. [6]

b) A trapezoidal channel is 10m wide & has slope of 1.25H: 1V. The bed

slope is 0.0004. The channel is lined with concrete with n = 0.011.

Compute the average velocity and discharge for a depth of flow = 3.6m.

[10]

OR

Q8) a) Water flows at a velocity of 1 m/s in a rectangular channel 1.0m wide

the bed slope is 2 × 10-3 and n = 0.011. Find depth of flow under

uniform flow condition. [8]

b) Derive the condition for the most efficient trapezoidal channel section.

[8]

Q9) a) A uniform flow occurs in a 4.9m wide rectangular channel at a depth

of 1.9m. The is lined with concrete (n = 0.015) and laid at a bed slope

of 0.0008. Calculate how much rise must be provided in the channel

bed in order to obtain critical flow. [8]

b) A 5m wide rectangular channel carries 12 m3/s discharge at a depth of

1.4m. [8]

i) What is the critical depth?

ii) What is specific energy?

iii) Is the flow subcritical or super critical?

iv) What is depth alternate to 1.4m?

OR

Q10)a) Starting from the first principle, derive the expression for loss of energy

in a hydraulic jump. [8]

b) Write short notes on : [8]

i) Venturiflume.

ii) Hydraulic jump-classification, uses.
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Q11)a) Derive an expression for gradually varied flow. [6]

b) List the various methods of GVF computations. Explain any one in

detail. [6]

c) Explain with neat sketches M1, and C1 water surface profiles. [6]

OR

Q12)a) A rectangular channel is 20m wide, carries a discharge of 65 m3/s. It is

laid at a slope of 0.0001. At a certain section along the channel length,

the depth of flow is 2m. How far upstream (or downstream) will the

depth be 2.6m? n = 0.02. [10]

b) Explain the profiles on the steep slope & give examples. [8]
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P1049

SECTION - I
Q1) a) How hydrology is interdisciplinary science. [4]

b) Explain working of infiltrometers. [6]
c) The rain gauge station X did not function for a part a month during

which a storm occurred. The storm produced rainfalls of 84, 70 and 96
mm at three surrounding stations A, B and C respectively. The normal
annual rainfalls at the stations X, A,B and C are respectively 770, 882,
736 and 944mm. Estimate the missing storm at station X. [8]

OR
Q2) a) Define hydrology and discuss its importance in the planning of water

resources projects. [4]
b) Explain in brief different forms of precipitation. [6]
c) A rain gauge recorded the following accumulated rainfall during the storm.

Draw the mass rainfall curve and the hyetograph. [8]

Time (A.M.) 8 : 00 8 :05 8 :10 8 : 15 8 : 20 8 : 25 8 : 30

Accumulated 0 1 2 6 13 18 19
rainfall (mm)

Q3) a) What is Unit hydrograph? Discuss the assumptions involved in unit
hydrograph theory. [4]

b) Give steps in deriving unit hydrograph from given flood hydrograph.[4]

SEAT No. :
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c) Flood hydrograph was recorded in a catchment area 33.48 km2 had a
base flow of 10 cumecs. Calculate ordinate of Unit hydrograph. [8]

Time (hr) 0 3 6 9 12 15 18 21
Ord. Storm hydrograph 10 14 18 22 26 24 18 10

OR
Q4) a) Explain infiltation indices with a suitable sketch. [4]

b) State and explain Run off and factor affecting runoff. [4]
c) Ordinates of 1cm, 1hr. Unit hydrograph are given as below. Average

precipitation over catchment area is 3cm/hr for 2hr, followed by 5cm/hr
for 1hr, rate of infiltration is 1cm/hr find flood hydrograph ord. [8]

Time (hr) 1 2 3 4 5 6 7 8 9 10
Ord. of 1hr. UH. (cumec) 3 10 30 56 31 15 7 3 1 0

Q5) a) Define reservoir and explain different pool levels with a help of suitable
diagram. [4]

b) What are the factors affecting on site selection of reservoir. [4]
c) Explain how sedimentation in a reservoir can be controlled. [4]
d) Write a note on flood routing. [4]

OR
Q6) a) Explain the various investigation carried out in case of reservoir planning.[4]

b) Explain [4]
i) Mass curve
ii) Demand curve

c) The details of cost, annual benefits etc. of various proposals are given
as below. Suggest the best alternative and justify your answer. [8]

Proposal Capital Annual Annual life Rate
No. Cost maintenance benefits  (years) of

(million cost (million (million Rs)    interest
Rs.) Rs)  (%)

I 70 1.40 8.5 75 6

II 100 2.00 10.0 80 6

III 60 1.20 6.5 50 6



SECTION - II
Q7) a) Define [3]

i) Base period
ii) Duty
iii) Delta

b) Explain different factors affecting duty. [6]
c) Find out the capacity of reservoir from the following data. The CCA is

80,000 hectares. Assume canal and reservoir losses as 5% and 10%
respectively. [9]

Crop Base period Duty intensity of
(Days) (hect./cumec) irrigation (%)

Rice 120 1800 25
Wheat 120 2000 30

Sugarcane 320 2500 20
OR

Q8) a) Define  [3]
i) Crop ratio.
ii) Crop period
iii) Cumecday

b) Explain with the help of example. Time factor and Capacity factor. [6]
c) Determine the frequency of irrigation from the following data. [9]

i) Field capacity of soil = 35%
ii) Permanent wilting point = 18%
iii) Density of soil = 1.5 gm/cm3

iv) Depth of root zone = 70cm
v) Daily consumptive use of water = 17mm
vi) Readily available moisture is 75% of the available moisture.

Q9) a) What are the different methods of assessment of water charges? Explain
any one. [4]

b) Explain recuperation test of determining yield of open well. [4]
c) Explain Warabandi system of distribution of irrigation water. [4]
d) Calculate specific capacity of an open well from the following data : [4]

i) Initial depression head = 5m
ii) Final depression head  = 2m
iii) Time of recuperation = 2hrs.
iv) Diameter of well = 3m.
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OR
Q10) a) Define [4]

i) Aquifer.
ii) Aquiclude
iii) Aquifuge
iv) Aquatard.

b) What are the assumptions made in the analysis of radial flow towards a
well. [4]

c) A 30 cm diam. Well fully penetrates a confined aquifer 30 m deep. After
long time of pumping at rate of 1200 lit./min, drawdowns in the well at 20
m and 45 m from the pumping well were found to be 2.2 m and 1.8 m
resp. determine the transmissibility coefficient of aquifer. [4]

d) Write down merits and demerits of Sprinkler irrigation system. [4]

Q11) a) Describe component part of Lift Irrigation scheme with the help of
schematic diag. [8]

b) State and explain the causes of water logging. What safety measures
would you adopt to prevent water logging. [8]

OR
Q12) a) Write a explanatory note on reclamation of waterlogged land. [4]

b) What are the merits and demerits of Tile drains? [4]
c) State different methods of application of irrigation water and explain any

two methods with the help of suitable diag. [8]
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SECTION - I
Q1) a) Define the term “Project Life Cycle”. Draw and describe the project life

cycle for construction of a road showing various phases. [2 + 4]
b) Briefly explain six functions of Project Management. [6]
c) What is Matrix Organisation? State the advantages and disadvantages of

such type of organisation. [2 + 4]
OR

Q2) Listed below are the activities of a small construction project along with their
durations in weeks.

(i – j) Duration in weeks (tij)
Activity

1 - 2 5
1 - 3 10
2 - 4 0
2 - 7 10
3 - 5 5
3 - 6 4
4 - 7 5
5 - 7 8
6 - 7 9

SEAT No. :
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a) Draw a network and calculate total project duration. Show the critical path. [6]
b) Calculate EST, EFT, LST, LFT total floats and free floats for the activities. [8]
c) Briefly explain “Independent float’ and “Interferring float”. [4]

Q3) Following table gives the cost duration data for various activities of a
construction project.

Activity Normal Crash
Duration Cost Duration Cost
(days) (Rs) (Days) (Rs)

1-2 5 2000 4 2400
1-3 7 4200 5 4600
2-4 3 3000 2 3400
3-4 2 2600 2 2600
3-5 6 2400 4 2800
4-6 5 4000 4 6000
5-6 3 3000 2 4400

The overhead cost is Rs. 3000/day.
a) Draw the network, find the project duration and show the critical path based

on the normal durations. Also, find corresponding total project cost. [5]
b) Carry out step by step crashing and find out optimum project duration

and optimum cost of the project. [10]
c) Draw the graph of total cost Vs time. [1]

OR
Q4) A project has 7 activities. The duration and labour requirement for the activities

is as under.
Activity Duration (Weeks) Labour Requirement

1 - 2 1 2
1 - 3 2 1
1 - 4 2 1
2 - 5 1 1
3 - 6 3 1
4 - 6 2 1
5 - 6 1 1

a) Draw the squared network and man power loading diagram for EST
solution. Find EFR & IFR. [6]

b) Carry out resource levelling, if only three men are available for the project
execution. Find EFR & IFR. [10]

OR



Q5) a) What are the objectives of materials management? [6]
b) Define “Inventory” and “Inventory Management”. What are the different

methods of inventory control? [2 + 2]
c) A construction company purchases 10,000 bags of cement annually.

Each bag of cement cost Rs. 300/- and the cost incurred in procurring
each lot is Rs. 150/-. The cost of carrying is 25%. What is the most
Economic order Quantity? What is the average inventory level? [6]

OR
Q6) a) Define “Break - Even Analysis”. Explain the principles and uses of Break

- Even Analysis. [2 + 4]
b) Carry out ABC analysis for the following items and plot ABC curve. [10]

Item No. Item Annual Expenditure
(Rs)

1 Cement 5,00,000
2 Sand 3,00,000
3 Bricks 1,00,000
4 Siporex Blocks 2,50,000
5 Paint 60,000
6 Steel 4,50,000
7 Tiles 70,000
8 Oil 2,000
9 Course Aggregate 95,000
10 Electrical fitting 50,000
11 Nails 1,500
12 Timber 42,000

SECTION - II
Q7) a) A bridge is to be constructed over a river. Span of the bridge is 30 m and

it has to cross 0.5 km length of the river. Draw a site layout to facilitate
various operations. [9]

b) Explain various precautions required to be adopted for scaffolding, ladders
and formwork. [3 + 3 + 3]

OR
Q8) a) Why is safety training required? Write a safety programme for a National

Highway project. [2 + 4]
b) Explain the important points to be considered before finalising any site

layout. [6]
c) What are the different causes of accidents at a tunnel site? [6]
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Q9) a) Give three definitions of Economics quoted by different Economists.
Explain the importance of Economics in construction industry. [3 +3]

b) Define “Demand Schedule”. Explain law of Demand with an example.
Draw demand curve. [2 + 2 + 2]

c) What is “Market Equilibrium”? Explain in short “Equilibrium Price” and
“Equilibrium Quantity” with an example. [1 +3]

OR
Q10) a) Differentiate between cost, Price and value by giving suitable example. [6]

b) State “Law of supply”. Give one example of supply schedule and draw
supply curve. [2 + 4]

c) Explain “Law of Diminishing Marginal utility” with an example. [4]

Q11) a) A company is thinking about investing Rs. 10 lakhs in a new project.
According to budget analysis the company will generate the following
cash flows. The rate of interest is 12% should the company invest in the
new project? [8]

Year Cash flow in Rs.
1 2 lakhs
2 6 lakhs
3 8 lakhs
4 2 lakhs

b) What is the present value of a 4 years annuity, if the annual interest is 5%
and the annual payment is Rs. 1000/-? [4]

c) State the advantages of N.P.V. method over I.R.R. method. [4]
OR

Q12) a) What is time value of money? Explain with an example. [3]
b) A company wishes to invest in a new project. It has two alternatives A &

B. Following data pertains to the two alternatives. [10]
Particulars Project A Project B

Initial investment 1,00,000 1,50,000
Cash inflows

year    1 70,000 90,000
          2 50,000 85,000

Interest Rate 10% 10%
Which project will the company select based on N.P.V. and I.R.R.?

c) Differentiate between “Working Capital” and “Fixed Capital”. [3]
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SECTION - I
Q1) a) Answer the following [9]

i) The term ‘balanced section’ is used in both WSM and LSM. Discuss
the difference in meaning.

ii) Justify the code specification for the limiting neutral axis depth in
LSM.

iii) Why is it uneconomical to use high strength steel as compression
reinforcement in design by WSM?

b) A reinforced concrete beam section of size 300 mm × 700 mm effective
depth is reinforced with 3 bars of 20 mm diameter in tension.
The concrete mix and HYSD steel reinforcement used are of grades
M20 and Fe415 respectively.
Find [8]
i) Depth of neutral axis.
ii) Type of reinforced section.
iii) Moment of resistance.
iv) Maximum stresses induced in the materials W.S.M. is recommanded.

SEAT No. :
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c) A reinforced concrete rectangular section of size 300 × 600 mm effective
depth is reinforced by 3 bars of 20 mm diameter. The effective span of
the beam is 6 m. Find
i) Depth of neutral axis.
ii) Type of the section.
iii) Moment of resistance.
iv) Uniformly distributed ultimate load.
Materials : M20 concrete Mix. and Fe415 grade reinforcement
Method of Design :- L.S.M. [8]

OR
Q2) a) Derive the equation for neutral axis constant  by drawing strain

diagram of balanced R.C. section and then show that the limiting depth
of neutral axis for rectangular balanced section reinforced with Fe250,
Fe415 and Fe500 grade of steel is given as 0.53d , 0.48 d and 0.46 d
respectively. [9]

b) A rectangular section of size (230 mm × 450 mm) effective depth is
reinforced with 2 bar 20 mm diameter as compression steel and 3bar 25
mm diameter as tension steel. The compression steel has effective cover
of 40 mm.
Find
i) Depth of neutral axis.
ii) Type of section.
iii) Moment of resistance.
Materials :- M20 grade of concrete.

         Fe415 grade of steel.
W.S.M. is recommanded. [8]

c) Calculate the moment of resistance by LSM for flanged beam section
detailed as below
i) Effective flange width = 1200 mm.
ii) Width of rib = 300 mm
iii) Thickness of flange = 100 mm.
iv) Effective depth = 560 mm.
v) Tension steel = 4 No. 25 mm diameters
Materials :- M20 grade of concrete.

          Fe415 grade of reinforcement. [8]



Q3) The central line plan of building is as shown in figure. 1 Classify the slabs
structurally and design the slab S1 and S2 only for flexure by L.S.M.
Draw neat sketches showing details of reinforcement.
Take live load = 4 kN/m2.
Floor finish = 1.5 kN/m2.
Materials :-  M25 grade of concrete

     Fe415 grade of reinforcement
Assume suitable data if required. [25]

OR
Q4) Design flight I and II of the stair case as shown in fig. 1 for the following data :

a) Floor to floor height = 3.2 m.
b) Rise = 160 mm, Tread = 250 mm.
c) Width of landing = 1.115 m.
d) Width of stair = 1m
e) Gap between flights = 100 mm.
Show detailed load calculation and reinforcement details in sectional elevation
for both flights. At ground floor, plinth beam is provided below 1st step.
Assume suitable data if required. [25]

SECTION - II
Q5) A structural part plan showing centre line of the beams and positions of

columns as shown in fig. 1. Design beam ‘AB’ of a continuous floor beam
ABCD supporting the slab for the following data.
a) Live load = 4 kN/m2

b) Floor finish = 1 kN/m2

c) Thickness of slab = 130 mm
[4163]-208 3



d) Width of support = 230 mm
e) Thickness of wall = 230 mm
f) Height of wall = 3 m
g) Unit wt. of masonry = 20 kN/m3

h) Fsc = 350 N/mm2  [25]
OR

Q6) A reinforced concrete beam ABC of rectangular section is simply supported
at ‘A’ and ‘C’ and continuous over support ‘B’. Span AB = 5m and span
BC = 4 m. The beam carries a load of 20 kN/m (inclusive of self wt) and live
load of 12 kN/m. Design continuous beam ABC by limit state method with
10% redistribution of moment use M20 and Fe415 materials.
Sketch the bending moment envelop and the reinforcement details. [25]

Q7) Design an axially loaded short column at ‘C’ as shown in Fig. 1 in ground
floor and below plinth along with isolated footing for   + 2 building with
following details.
a) Floor to floor height = 3.2 m
b) Depth of foundation below ground level = 1.2 m
c) Height of plinth above ground level = 0.6 m
d) Live load on all slab = 3.5 kN/m2

e) Floor finish load = 1.0 kN/m2

f) Water proofing load on roof slab = 2 kN/m2

g) Thickness of wall on all floor beams = 230 mm
h) Size of all beams = (230 × 450)mm
i) Safe bearing capacity (SB.C) = 200 kN/m2

Materials  - M20 grade of concrete
    Fe415 grade of steel

Show detailed load and design calculations and reinforcement details in plan
and sectional elevation. [25]

OR
Q8) Design a rectangular column subjected to an axial load of 600 kN along with

a working moment of 75 kN/m about an axis bisecting the depth. The
unsupported length of column is 3.2 m. Assuming column effectively held in
position and restrained against rotation.
Also design its footing considering above moment and axial load.
Take S.B.C. of soil  = 225 kN/m2

Show detailed design calculation and reinforcement details of column and
footing
Use Materials : M20 grade of concrete

         Fe415 grade of steel.
Use charts for column design. [25]
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Chart 31 COMPRESSION WITH BENDING – Rectangular
Section – Reinforcement Distributed Equally on Two Sides

DESIGN AIDS FOR REINFORCED CONCRETE
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Chart 32 COMPRESSION WITH BENDING – Rectangular
Section – Reinforcement Distributed Equally on Two Sides
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Chart 33 COMPRESSION WITH BENDING – Rectangular
Section – Reinforcement Distributed Equally on Two Sides

` DESIGN AIDS FOR REINFORCED CONCRETE
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SECTION - I
Q1) a) What is Demand of water? Elucidate various demands of a town. [8]

b) Furnish types of pipes available for use in water supply? Discuss their
merits and demerits. [6]

c) State the HDL and MPL limits as per IS10500 for drinking water. [4]
i) Sulphate.
ii) Nitrates.
iii) Turbidity.
iv) Fluorides.

OR
Q2) a) Estimate the population of the town by incremental increase method and

Geometric increase method, for the year 2021 and 2041, if following is
the census data. [8]

Year 1961 1971 1981 1991 2001 2011
Population 48500 57850 66700 78450 88000 98950

b) Enlist various valves used in rising mains. Also state their location and
functions. [6]

c) What is turbidity? How it occur in water? Also mention its unit. [4]

SEAT No. :
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Q3) a) Design a mechanical clariflocculator to treat water for a town having
population 1.5 lakh and rate of water supply 150 lpcd. Detention period
is 30 minutes and paddle speed is 3 rpm. Use depth of basin = 3.0 m,
horizontal velocity = 1.0 m/min. Assume CD = 1.8 for planks, kinematic
viscosity = 0.8039 × 10–6 m2/sec and centre to centre distance between
the shafts and paddle = 3.0 m. [8]

b) Enlist various units employed in a water treatment plant. Furnish functions
fulfilled by each of these units. [5]

c) Give reasons for the following  [3]
i) Residual chlorine should be maintained in water after complete

disinfection.
ii) Lime is added along with Alum in jar test.
iii) Slow mixing is very important in flocculation process.

OR
Q4) a) Differentiate between Coagulation and Flocculation with respect to various

points. [6]
b) State the factors affecting the efficiency of sedimentation. With the help

of neat sketch describe the fill and draw type of sedimentation tank. [6]
c) Define the following terms : [4]

i) Detention period.
ii) Discrete particle.
iii) Surface loading.
iv) Mean velocity Gradient (G)

Q5) a) Enlist and explain various operational troubles associated with rapid sand
gravity filter. [6]

b) Answer the following with respect to rapid sand filter. [6]
i) Initial and final head loss.
ii) Effective size of filter media.

c) Enlist various methods of disinfection of water. State their suitability.[4]
OR

Q6) a) A filter unit of size 4 m × 8 m. After filtering 8000 m3/day in 24 hours of
period, the filter is backed washed at the rate of 10 lit/m2/sec for 10
minutes. Compute the average filtration rate, quantity and percentage of
treated water used in washing and the rate of wash water flow in each
trough. The unit has four troughs. [8]

b) Explain break point chlorination with neat sketch. [4]
c) Write note on mixed media filters [4]



SECTION - II
Q7) a) A water sample contains the following impurities. Compute the annual

requirements of slaked lime and soda ash for treating 0.1 MLD water.
The purity of slaked lime is 85% and that of soda ash is 90%. [10]
Ca(HCO3)2 = 220 mg/l,   MgCl2 = 160 mg/l,
Mg(HCO3)2 = 140 mg/l,  MgSO4 = 110 mg/l,
CaSO4 = 120 mg/l,      NaCl = 25 mg/l,
Na2SO4 = 45 mg/l.

b) Describe various methods of defluoridation. [4]
c) Enlist various methods of colour and odour removal and explain any

one. [4]
OR

Q8) a) Enlist various methods of demineralization of water. Explain Reverse
Osmosis in detail. [7]

b) Write a short note on water treatment for swimming pools. [4]
c) Explain the ion exchange method of water softening. [7]

Q9) a) Write a short note on various methods for detection of water wastage.
Explain how this wastage can be prevented. [6]

b) Compare continuous and intermittent systems of water supply. [4]
c) Draw a line sketch of a RCC Elevated service Reservoir and give the list

of accessories provided for ESR. [6]
OR

Q10) a) Determine the balancing capacity of an ESR for a town having a population
of 2 million and water supply rate of 280 lit/cap/d. The water is pumped
continuously for 24 hours. The break up of demand is as follows : [9]

Time demand in lit/cap/d

3 am - 9 am 80

9 am - 1 pm 50

1 pm - 7 pm 85

7 pm - 11 pm 30

11 pm - 3 am 35

b) Explain benefits of rain water harvesting and discuss the various methods
of rain water harvesting. [7]

[4163]-209 3



Q11) a) Write a short note on [6]
i) ESP
ii) Bag Filter House.

b) Determine the cumulative SPL for a factory having 4 machines with 70
dB, 63 dB, 75 dB and 76 dB SPLs respectively. [5]

c) Explain various methods to control noise pollution. [5]
OR

Q12) a) Explain the following : [6]
i) Green house effect.
ii) Stratospheric ozone depletion.

b) Explain the effect of various atmospheric stability conditions on dispersion
of air pollutants. [5]

c) Determine equivalent noise level for the following noise level measurements
in a shopping mall. [5]

Time in hrs. Sound level (dBA)

5.00 - 7.00 43

7.00 - 9.00 56

9.00 - 11.00 64

11.00 - 13.00 70

13.00 - 15.00 69

15.00 - 17.00 55
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SECTION - I

Unit - I

Q1) a) How does the thermal conductivity of an insulating material vary with
temperature? Explain with the help of suitable examples and sketches.

[4]

b) Define Thermal Diffusivity & explain its significance. [4]

c) A square plate heater measuring 16 cm × 16 cm and of rating 1 kW is
inserted between two slabs. Slab A is 2 cm thick [k = 60W/m°C] and
slab B is 1 cm thick [k = 0.25 W/m°C]. The outside heat transfer
coefficients on side A and side B are 200 W/ m2 oC and 50 W/m2°C
respectively. If the surrounding air is at 20°C, make calculations for
the maximum temperature in the system and outer surface temperature
of two slabs. Also calculate the heat transfer through each slab. [8]

OR

Q2) a) Explain in brief following : [8]

i) Newton’s Law of Cooling.

ii) Isotropic & Anisotropic Materials.

������
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iii) Logarithmic Mean Area [LMA] for hollow cylinder.

iv) Comparison between Steady State & Unsteady State.

b) A plane wall is 15 cm thick of surface area 4.5 m2. Thermal conductivity
of the wall is 9.5 W/m°K. The inner and outer surface temperatures of
the wall are maintained at 150°C and 45°C respectively.

Determine. [8]

i) Heat flow rate across the wall.

ii) Temperature gradient in the heat flow direction.

iii) Temperature of the surfaces at 5 cm and 10 cm away from the
inner surface.

Unit - II

Q3) a) Derive an expression for heat transfer through composite cylinder with
conduction & convection. [5]

b) A solid sphere of radius R, thermal conductivity k, has the uniform
heat generation of g[W/m3]. Show that [6]

         g                    gR

T = -----[R2 – r2] + -------+ T∞

6k                    3h

c) An exterior wall of a house may be approximated by a 100 mm layer
of common brick [k

1
 = 0.7 W/m°K] followed by a 40 mm layer of

gypsum plaster [k
2
 = 0.065 W/m°K]. What thickness of loosely packed

Rockwool insulation [k
3
 = 0.065 W/m°K] should be added to reduce

the heat loss [or gain] through the wall by 80%. [5]

OR

Q4) a) Explain in brief following : [8]

i) Overall Heat Transfer Coefficient.

ii)  Thermal Contact Resistance.

iii) Desirable Properties of Thermal Insulating Materials.

iv) Critical Thickness of Insulation
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b) A long hollow cylinder has an outer radius of 5cm and 15cm
respectively. It generates heat at the rate of 1 kW/m3, the thermal
conductivity of the material is 0.5W/m°K. If the maximum temperature
occurs at radius of 10 cm and the temperature at the outer surface is
50°C, find [8]

i) Temperature at the inner surface.

ii)  Maximum temperature at the cylinder.

Derive the formula you may use.

Unit - III

Q5) a) Starting from boundary conditions, derive the expressions for temp
distribution along the length and heat flow rate for a very long fin
using standard notations. [9]

b) Steel ball of 12 mm in diameter are annealed by heating to 1150 K and
then slowly cooling to 400 K in an environment where temperature is
325K and heat transfer coefficient is 20 W/m2-K. Calculate the time
required by the balls to reach the desired temperature. If this time is to
be reduced to 10 minutes, how much improvement in heat transfer
coefficient is needed? Justify the formula used. Use following properties
of steel. Density = 7800 kg/m3, specific heat  = 600 J/kg-K, Thermal
conductivity = 40W/m-K. [9]

OR

Q6) a) Derive an expression for temperature variation during quenching of a
billet by “Lumped heat capacity method”. State the assumptions made.

[9]

b) The end of a very long cylindrical stainless steel rod is attached to a
heated wall and its surface is in contact with a cold fluid. Determine by
what percentage the heat removal rate would change. [9]

i) if the rod diameter were doubled.

ii) if the rod is made up of aluminium.

Use k for Al = 204.7 W/mK.    K for S.S. = 16.17 W/mK.
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SECTION - II
Unit - IV

Q7) a) Explain significance of Shape Factor. Explain any 4 properties / rules
of shape factor. [6]

b) Assuming the Sun to be a black body emitting radiation with maximum
intensity atλ = 0.49 μm, calculate the surface temperature of the Sun
and the heat flux at the surface of the Sun. [4]

c) Write a note on Radiation shield. State its applications. [6]

OR

Q8) a) A pipe carrying steam having an outside diameter of 20 cm runs in a
large room and is exposed to air at a temperature of 30°C. The pipe
surface temperature is 400°C. Calculate loss of heat to the surroundings
per metre length of pipe, due to thermal radiation. The emissivity of
pipe surface is 0.8. What would be loss of heat due to radiation, if the
pipe is enclosed in a 40 cm diameter brick conduit of emissivity 0.91.
Find percentage change in heat transfer. [8]

b) The net radiation from the surfaces of two parallel plates maintained at
T1 and T2 is to be reduced by 99%. Calculate the number of radiation
shields to be placed between the two surfaces to achieve this reduction
in heat exchange assuming the emissivity of the shields as 0.05 and
that of the surfaces as 0.8. [8]

Unit - V

Q9) a) Explain Thermal and Velocity Boundary layer. [6]

b) Find rate of heat loss from a cubical furnace kept on a concrete floor, if
the outside surface temperature of the furnace is 80°C and the surrounding
air is at 20°C. Sides of furnace are 1m each. Neglect loss due to convection
from the base. Also neglect radiation mode of heat transfer.

Use :

i) Nu = 0.13 (GrPr)1/3 for vertical surface.

ii) Nu = 0.14 (GrPr)1/3 for horizontal surface

At 50°C, the properties of air are :

ρ  = 1.013 kg/m3, v = 17.95 × 10–6 m2/s, μ = 19.6 × 10–6 Ns/m2,

Cp = 1005 J/kgK, k = 0.0283 W/mK, Pr = 0.698. [12]
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OR

Q10)a) Assuming man as a cylinder 350 mm diameter and 1.65m height with
surface temperature of 28°C, find the heat he would lose while standing
in a 30 km/hr wind at 12°C. Use : Nu = 0.027 (Re)0.805 (Pr)1/3.

Properties of air at 20°C are

k = 0.0259 W/m°C, v = 15 × 10–6 m2/s, Pr = 0.707 [6]

b) Write formulae and explain significance of Reynolds number, Grashoff

number, Prandtl number and Nusselt number. [8]

c) Explain difference between local and average heat transfer coefficient.[4]

Unit - VI

Q11)a) Explain Regimes of Pool Boiling. [8]

b) A counter flow double pipe heat exchanger is used to heat water from

20°C to 80°C at a rate of 1.2 kg/s. The heating is to be accomplished

by geothermal water available at 160°C at a mass flow rate of 2 kg/s.

The inner tube is thin walled and has a diameter of 1.5 cm. If the

overall heat transfer coefficient of the heat exchanger is 640 W/m20C,

determine the length of heat exchanger required to achieve the desired

heating. Also comment on the magnitude of the length of heat

exchanger achieved in this problem.

Take Cp
water

 = 4.18 kJ/kg°C, Cp
Geothermal water

 = 4.31 kJ/kg°C. [8]

OR

Q12)a) Derive an expression for LMTD for parallel flow heat exchanger with

usual notations. [8]

b) Write a note on : [8]

i) Heat Transfer Augmentation Techniques.

ii) Heat Pipe.
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SECTION - I

Q1) a) Explain the Frederick Taylor’s contribution towards scientific

management. [6]

b) Explain Vroom’s expectancy theory. [4]

c) List different functions of management and explain in detail planning.

[6]

OR

Q2) a) Explain in detail with figures the types of plant layout. [8]

b) Explain the objectives of material handling and material handling

equipments. [8]

Q3) a) Explain productivity improvement methods for organization. [6]

b) Write a note on SIMO chart. [4]

c) Explain the benefits and objective of Merit Rating. [6]

OR
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�������	�� 	

Q4) a) Explain objective of Job evaluation. [6]
b) Show and describes method study symbols for recording the facts. [6]
c) State the limitations of time study. [4]

Q5) a) Explain the objective of production forecasting. [6]
b) Give the purpose of inventory control. [6]
c) A manufacturing company requires 9500 units per year. Ordering cost

is Rs. 125 per order and carrying cost is 20%. Purchase price per unit
is Rs. 45. Determine : [6]
i) EOQ
ii) Optimum number of orders
iii) Total cost including acquisition of material.

OR

Q6) a) What are the uses of breakeven analysis? [6]
b) Explain in details what are the different elements of costs. [6]
c) Differentiate between CPM and PERT with its uses. [6]

SECTION - II

Q7) a) Define ‘Technology Management’ and explain its significance. [6]
b) Explain the role of Government in the development of Technology.[6]
c) Differentiate between ‘Product Technology’ and ‘Process Technology’.

[4]
OR

Q8) a) Explain the importance of Technology Management in present scenario.
[6]

b) Explain the relationship between Technology development &
Competition. [6]

c) Write a short note on Forms of Technology. [4]

Q9) a) Explain the various techniques used in Technology Forecasting. [6]
b) Explain with example ‘Technology Leadership & Followership’. [6]

c) Discuss the Morphological Analysis. [4]

OR
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Q10)a) Explain the scope of Innovation Management. [6]

b) What is Technology Assessment? [4]

c) Explain in brief the following : [6]

i) Technology monitoring.

ii) Mission Flow diagram.

Q11)a) What do you understand ‘Technology diffusion and Technology

Absorption? [6]

b) Explain the challenges of globalization. [6]

c) Write a short note on : [6]

i) ‘SWOT’ analysis.

ii) IPR (Intellectual Property Rights).

OR

Q12)a) State and explain the various levels of Technology Transfer. [6]

b) Write a short note on : [6]

i) Innovation cost.

ii) Rate of Diffusion of Technology.

c) Draw and explain the ‘S-curve’ of Technology Adoption. [6]
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SECTION - I

Q1) a) Evaluate ∫ +
1

0
21

1

x
dx. Use 3 point Gauss Legendre method. [8]

b) Draw flowchart for successive iteration method. [8]

OR

Q2) a) Find a real root of the equation, ex cos(x) – 1.2 = 0 by the Newton
Raphson method correct to three decimal places. State how do you
select initial value of x. [8]

b) Draw flowchart for integration by 3/8th Simpson rule. [8]

Q3) a) The following data gives the values of y corresponding to certain values
of x. Find the value of x when y = 167.59789 by applying Lagrange’s
method. [8]

x 1 2 5 7

y 1 12 117 317

b) Draw a flowchart for calculation and printing of backward difference
table. [8]

OR
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Q4) a) The velocity ‘v’ of a body during the time ‘t’ is given in a following
table. Find the acceleration at t = 1.1. [8]

t 1.1 1.2 1.3 1.4

v 47.7 52.1 56.4 60.8

b) Draw a Flowchart for Lagrange’s interpolation. [8]

Q5) a) Using Gauss Seidal method, solve the following set of simultaneous
equations up to 03 decimal places. [10]

x + 2y + z = 0
     3x + y – z = 0
       x – y + 4z = 3

b) Draw a Flowchart for Thomas algorithm. [8]

OR

Q6) a) Using Gauss Elimination Method, solve the following set of
simultaneous equations. [10]

2x + 4y – 6z = – 4
  x + 5y + 3z = 10
  x + 3y + 2z = 5

b) Draw a Flowchart for Gauss Seidal method with relaxation (RF). [8]

SECTION - II

Q7) a) Explain Least Square Method. [4]
b) For the data given in following table find the equation to best fitting

curve of the form x ya = b. [8]

x 200 150 100 60 40 10

y 1 1.5 1.8 2.4 4.1 6.5

c) Explain : [4]
i) Error Propagations
ii) Round off errors

OR

Q8) a) If u = 3v7 – 6v, find the percentage of error in ‘u’ and v = 1, if error in

‘v’ is 0.05. [8]

b) Draw a Flowchart for Q7 b. [8]
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Q9) a) Use Runge Kutta 4th order method to solve y' – sin(y) = 1, from x = 0 to
0.5 in steps of h = 0.1. [8]

b) Draw a Flowchart for modified Euler’s method. [8]

OR

Q10)a) Obtain the solution of 23 yx
dx

dy +=  using Taylor’s series method.

Given : y(0) = 1. Determine y(0.1) [8]
b) Draw a Flowchart for Milne’s Predictor corrector method. Assume

suitable notations. [8]

Q11)a) Solve the equation 
yxdy

ud

dx

ud

.
1

2 2

2

2

2

=+  corresponding to grid shown

in following figure 1. [10]

b) Draw a Flowchart for solution of Poisson’s equation. [8]

OR

Q12)a) Second order differential equation is [10]

xy
dx

dy
x

dx

yd
103)2(x 2

2
2 =−−  subject to consideration y(0) = 0,

y(0.3) = 10, h = 0.1. Solve by Finite difference method.

b) Draw a Flowchart for solution of Wave equation. [8]
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SECTION - I
Unit - I

Q1) a) Write procedure to select ball bearing from manufacturing catalogue.[6]
b) A shaft with centrally mounted left hand helical pinion is supported on two

deep groove ball bearings at both ends. Centre distance between two bearings
is 200 mm. Pinion is rotating in anticlockwise direction when viewed from right
side pinion is transmitting 15 kW power at 1440 rpm in horizontal direction.
Pitch circle diameter of pinion is 80 mm. Normal pressure angle and helix angle
are 20° and 22° respectively. The required reliability of bearing is 95% with life
12,000 hours. Find dynamic load carry capacity of bearing to select it from
manufacturer’s Catalogue which is based on 90% reliability. Take,
Shock factor  Ka = 1.3
Radial load factor X = 0.56
Thrust factor Y = 1.25 [12]

OR
Q2) a) A single row deep groove ball bearing is used to support shaft of four

speed automobile gear box. It is subjected to following cycles.
Gear Axial Radial Radial Axial %Time

load load load factor load factor engaged
‘N’ ‘N’ X Y

First 3250 4000 0.56 1.176 1%
Second 500 2750 1 0 3%
Third 50 2750 1 0 21%
Fourth Nil Nil 1 0 75%

SEAT No. :
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The shaft is connected to engine shaft & rotate at 1750 rpm. Calculate
dynamic load carrying capacity, If expected life of bearing is 4000 hours.

[10]
b) Sketch face to face and back to back arrangements for taper roller bearing.

[4]
c) Explain terms ‘rated life’ and median life of bearing. [4]

Unit - II
Q3) a) Following data is given for 360° hydrodynamic bearing Radial load = 30 kN.

Journal diameter = 75 mm
bearing length = 75 mm
Journal speed = 3600 rpm.
radial clearance = 0.15 mm
inlet temperature = 40°
Temperature viscocity relationship is

T(°C) 40 41 42 43 44 45 46 47 48
Z (Cp) 52.5 50 47.5 45 43 41 39 37.5 36

Assume that total heat produced in bearing is carried by total oil flow. Specific
gravity and specific heat of lubricant are 0.86 and 1.76 kJ/kg°C respectively.
Calculate power lost in friction and requirement of oil flow. [10]

l/d E ⎟
⎠
⎞

⎜
⎝
⎛

c
ho

S φ F
c
r
⎟
⎠
⎞

⎜
⎝
⎛

lrCn
Q

s Q
Qs

maxP
P

0.1 0.9 1.33 79.5 26.4 3.37 0.150 0.540

0.2 0.8 0.631 74.02 12.8 3.59 0.280 0.529

1.0 0.4 0.6 0.264 63.1 5.79 3.99 0.497 0.484

0.6 0.4 0.121 50.58 3.22 4.33 0.68 0.415

0.8 0.2 0.0446 36.24 1.70 4.62 0.842 0.313

0.9 0.1 0.0188 26.45 1.05 4.74 0.919 0.247

0.97 0.03 0.00474 15.47 0.514 4.82 0.973 0.152

1.0 0 0 0 0 0 1.0 0
b) Write desirable properties of bearing material. [6]



OR
Q4) a) State assumptions made in petroffs equation and derive it. [8]

b) State assumptions made in deriving ‘Reynold’s equation’. [4]
c) Sketch pressure distribution in infinitely short hydrodynamic journal

bearing. [4]
Unit - III

Q5) a) A transmission shaft carries pulley midway between two bearings. Bending
moment at the pulley varies 200 N-m to 600 N-m. And torsional moment
in shaft varies from 70 N-m to 200 N-m. The frequencies of variation of
bending and torsional moments are equal to shaft speed. The shaft is
made of steel having Sut = 540 N/mm2 & Syt = 400 N/mm2. Corrected
endurance limit of shaft is 200 N/mm2. Determine diameter of shaft using
‘Distorsion energy theory’. Take factor of safety 2. Use modified
goodman diagram for design. [12]

b) Explain terms notch sensitivity and endurance limit. [4]
OR

Q6) a) With neat sketches explain methods of reduction of stress concentration.[6]
b) The section of steel shaft is shown in fig.1 the shaft is  machined by

turning process. The section at X - X is subjected to constant bending
moment of 500 kN - M. The shaft material has ultimate tensile strength of
500 MN/m2 and yield strength 350 MN/m2. Endurance limit for standard
specimen in bending is 210 MN/m2. The notch sensitivity factor can be
taken as 0.8. The theoretical stress concentration factor may be calculated
from following values : [10]

⎥⎦
⎤

⎢⎣
⎡

d
rF 0.025 0.05 0.1

Kt 2.6 2.05 1.66

Where rF is fillet radius and ‘d’ diameter of shaft. The reliability is 90%.
Determine life of shaft.
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SECTION - II
Unit - IV

Q7) a) A Centrifugal clutch consists of four shoes each having a mass of 2 kg.
The inner radius of the drum is 140 mm. In the engaged position, the
distance of the center of gravity of the shoe from the axis of rotation of
the spider is 115 mm. The coefficient of friction is 0.25. The spring
force at the beginning of the engagement is 1400 N. Calculate. [8]
i) The speed at which the engagement begins.
ii) The power transmitted by the clutch at 1200 r.p.m.

b) A single plate clutch is designed to transmit 10 kW power at 2000 r.p.m.
The equivalent mass and radius of gyration of the input shaft are 20 kg
and 75 mm respectively. The equivalent mass and radius of gyration of
the output shaft are 35 kg and 125 mm respectively. Calculate : [8]
i) The time required to bring the output shaft to the rated speed from

rest.
ii) The heat generated during the clutching operation.

OR
Q8) a) A hoisting system of crane consists of a cable drum of mass 60 kg, the

radius of gyration 0.2 m and radius 0.35 m fitted to a cast iron brake
drum of mass 20 kg, the radius of gyration 0.25 m and radius 0.425 m.
The hoisting capacity of the crane is 20 kN at a speed of 3.2 m/s. The
braking is effected by a double block brake with each shoe subtending
an arc of 40° on the brake drum. The brake has a capacity to bring the
moving load to rest in 4 m of height. The coefficient of friction between
the brake drum surface and the shoe is 0.30. Calculate : [12]
i) The amount of heat generated in bringing the load to rest.
ii) The temperature rise of the brake drum, if the specific heat of the

brake drum material is 400 J/kg °C
iii) The dimensions of brake shoe, if an alloyable pressure intensity is

1.0 N/mm2

b) Explain Simple and differential band brake with the help of figures. [4]

[4163]-216 4



Unit - V
Q9) a) A spur pinion having 20 teeth to be made of plain carbon steel 40C8

(Sut= 580 N/mm2) is to be mesh with a gear having 85 teeth to be made of
grey cast iron FG260. The gear pair is required to transmit 15 kW power
from an Electric motor running at 1440 r.p.m. to a machine. The starting
torque required is 200% of rated torque while the load distribution factor
is 1.4. The face width is 12 times the module and the tooth system is 20°
full depth involute. The gears are to be machined to meet the specifications
of  Grade 7. The deformation factor C for gear pair is 240 N/mm.
i) If the factor of safety against the bending failure is 1.5, Design the gear

pair by using the dynamic factor Cv = 6/(6 + V), (assume V = 10 m/s
for initial stages) and Buckingham’s equation for dynamic load.

ii) If the factor of safety against the pitting failure is 2.0, Specify the
surface hardness.

Use following data :
Lewis form factor Y = 0.484 – 2.87/Z

Load - stress factor, K = 2
2

N/mm
100

BHN18.0 ⎟
⎠
⎞

⎜
⎝
⎛

For grade – 7, m)D0.250.9(m11.00e μ++=

Pd = 21V(bC + Ptmax)/ )Pt(bCV21( max++ )
First preference module (mm) – 1, 1.25, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 16.[12]

b) State and explain different types of gear tooth failures, their causes and
remedies. [4]

OR
Q10) a) The following data is given for the steel helical pair transmitting 150 kW

power from a shaft rotating at 1440 r.p.m. to another parallel shaft rotating
at 360 r.p.m.
• Center distance = 435 mm approximately.
• Helix angle = 24°
• Face width = 14 mn
• Z pinion = 20
• Per. Bending stress for pinion material = 152 N/mm2

• Per. Bending stress for gear material = 125 N/mm2

• Tooth System = 20° full Depth Involute.
• Service factor = 1.53
• Combined teeth error = 0.0406 mm
• Deformation factor  = 11600 eN/mm
Assuming the dynamic load is accounted by Buckingham’s equation.
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Calculate : [12]
i) The factor of safety against bending failure.
ii) The surface hardness if the factor of safety against pitting failure is 1.5.
Use following data :

Z 23 24 25 26 27 75 100 150 200

Y 0.333 0.3362 0.3393 0.3456 0.3487 0.4335 0.4461 0.4587 0.4712

• Where Y - Lewis form factor and Z - no. of teeth.

• ))Ptcos(V21/(cos)Ptcos(V21P max
22

max
2

d +ψ+ψ+ψ= bCbC .

• First preference module (mm) – 1, 1.25, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 16.

b) What is formative number of teeth in helical gears? Derive the expression
for formative number of teeth in helical gears. [4]

Unit - VI
Q11) a) The dimensions of pair of bevel gears are given in Figure No.2.The Gear

G delivers 5 kW power at 500 r.p.m. to the output shaft. The bearings A
and B are mounted on the output shaft in such a way that the bearing B can
take radial as well as entire thrust load., while bearing A can take only radial
load. Determine reactions at the two bearings. [Assume α = 20°] [12]

b) Derive an expression for beam strength of straight bevel gears. [6]
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OR
Q12) a) A worm gear drive is to be used to obtain a speed reduction of 20.5

from an input speed of 1450 r.p.m. and to transmit 20 kW. The material
of worm gear is bronze with per. wear load factor K = 2.4 MPa when
center distance is more than 200 mm and worm has hardness of 600
BHN and is ground. Use the data given below.
• Diameter factor = 10
• Service factor = 2
• No. of starts on the worm = 2
• Per. Beam strength for worm gear material = 275MPa
• Coefficient of friction = 0.026
• Vel. Factor = 6/(6 + VG) where VG in m/s (assume 2.5 m/s initially)
• Form factor Y for normal pressure angle of 14.5° = 0.314
• Worm gear width = 0.73 × worm P.C.D.
• Standard first preference values of module are = 1,1025, 1.6, 2,

2.5, 3.15, 4, 5, 6, 8, 10, 12, 16, 20
• Factor of safety = 1

Design the worm & worm gear drive, Find also Heat losses, would you
recommend blower for the gear box. If it is not possible to fit the blower
then what will be the new value of module for worm gear will you suggest?

[12]

b) Derive an expression for efficiency of worm gear drive. [6]
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3) Figures to the right indicate full marks.
4) Assume suitable data, if necessary.
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SECTION - I

Q1) a) Draw the block diagram of generalized measurement system and explain
the function of each element. [6]

b) What do you understand by active and passive transducers? Explain
with suitable example. [6]

c) Sensitivity of a thermocouple is 0.01V/°C. Find the output voltage if
the temperature is 200°C. Also find temperature for 3.5V output. [4]

OR

Q2) a) Explain thin film RTD with its diagram. [4]
b) Explain capacitive type level measuring transducer. [6]
c) An electrical resistance strain gauge of resistance 120Ω and gauge factor

2 is bonded to a specimen of steel. Calculate the resistance change of
the gauge due to stress of 50MN/m2 (tensile) in the specimen. Modulus
of elasticity E = 200GN/m2. [6]

Q3) a) Explain principle and working of LVDT with circuit diagram. [8]
b) An optical encoder of 1500 ppr is rotating with a speed of 300rpm.

Find out resolution of encoder and frequency of signals. [4]

c) Write short note on inductive proximity sensor. [4]

OR

������
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Q4) a) A rotary potentiometer is used for angle measurement. Potentiometer

is supplied with 10V and is set at 28°. The range of this single turn pot

is 350° calculate the o/p voltage. [6]
b) Explain the principle and working of 3 bit absolute optical encoder.[6]
c) Write short note on limit switches. [4]

Q5) a) A thermocouple gives an output of 0.5mV/°C. What will be the

required number of bit when its output passes through an ADC if

temperatures from 0 to 200°C are to be measured with a resolution of

0.5°C. [6]
b) Explain weighted resistance type digital to analogue converter and

also Write its limitations. [8]
c) Write down the basic building blocks of Mechanical system. [4]

OR

Q6) a) Explain successive approximation type analogue to digital converter.[8]
b) Write down the basic building blocks of thermal system. [4]
c) Explain SCADA with block diagram. [6]

SECTION - II

Q7) a) Explain following terms : [6]
i) Process lag

ii) Control lag

iii) Dead time

b) Draw the block diagram of a system having transfer function of forward

element is 
)1(2

1
+s

 and transfer function of negative feedback element

is 
s

1
. Also find the overall transfer function of control system. [6]

c) Differentiate between feedback and feed forward control system. [4]

OR
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Q8) a) Explain following terms : [6]

i) Controlled variable

ii) Process Load

iii) Process equation

b) Find the overall transfer function of a system which consists two

elements in series having transfer function 
s2

1
 and 

2
1
+s

 and one

positive feedback element of transfer function 10. Also draw the block

diagram of system. [6]
c) Explain the difference between analogue control and digital control.[4]

Q9) a) What are the major disadvantages of two position controller? [4]
b) Write down the advantages and limitation of proportional control

system. [4]
c) A proportional controller is used to control temperature within 50°C

to 130°C with a set point of 73.5°C. The set point is maintained with

50% controller output. The offset error is corresponding to load change

which causes 55% controller output. If the proportional gain is 2 find

the % controller output if the temperature is 61°C. [8]

OR

Q10)a) Write a short note on stability of control system. [4]
b) Explain why PID control system is most widely used control system.[6]
c) Write short note P+I control system. [6]

Q11)a) Write a short note on : [8]
i) Ladder diagram element.

ii) Relay logic controller.

b) Draw a PLC ladder diagram for a motor with : [10]
NO start button

NC stop button

Thermal overload limit switch opens on high temperature

Green light while running

Red light for thermal overload.
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OR

Q12)a) Explain working of 555 timer with its pin diagram. [6]

b) Construct the ladder logic diagrams for [12]

i) OR gate

ii) AND gate

iii) NOT gate
Also develop a truth table for all three logics.
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T.E. (Chemical)

MASS TRANSFER - I
(2008 Pattern) (Sem. - I)

Time :3 Hours] [Max. Marks :100
Instructions to the candidates:

1) Answer 3 questions from section - I and 3 questions from section - II.
2) Answers to the two sections should be written in separate answer books.
3) Neat diagrams must be drawn wherever necessary.
4) Use of logarithmic tables slide rule, Mollier charts, electronic pocket

calculator and steam tables is allowed.
5) Assume suitable data, if necessary.

P1116

SECTION - I
Q1) a) Derive the expression to calculate the flux of steady state diffusion of A

through non diffusing B. [4]
b) What is mass transfer? Define moleculor diffusion and Fick’s law of

diffusion. [4]
c) A glass tube of 1mm bore was filled with acetone to within 2.3 cm of the

top and maintained at temperature of 18.8°C in a gentle current of air.
The position of liquid surface was measured with travelling microscope.
After eighty minute the level had fallen by 0.148 cm. Calculate the
diffusivity of acetone in air.
Data : Vapor pressure of acetone at 18.8°C = 170 mmHg Barometric
pressure  = 765.5 mmHg & M = 58.1. [8]

OR
Q2) a) Explain Maxwell’s law of diffusion.  [6]

b) Ammonia is diffusing through an inert air film 2 mm thick at a temperature of
20°C and pressure 1 atm. The concentration of ammonia is 10% by volume
on one side and zero on another side of film. Determine the mass flux.
Estimate the effect on rate of diffusion if pressure is increased to 10 atm.
The diffusivity of ammonia in air at 20°C and 1 atm 0.185 cm2/s. [10]

SEAT No. :
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Q3) a) Explain two film theory and penetration theory. [8]
b) In a transfer operation operating at 1 atm. the individual mass transfer

coefficients have the following values, Kx = 22 kgmol/m2h Ky = 1.07 kg
mol/m2h. The equilibrium composition of gaseous and liquid phases are
characterized by Henry’s law p* = 0.08 × 106 x mm Hg. [8]
i) Determine the overall mass transfer coefficients.
ii) Determine the resistance of liquid and gas phase.

OR
Q4) a) Define mass transfer coefficient. Derive the relation between overall mass

transfer coefficient and individual mass transfer coefficient for each phase.[8]
b) Ammonia is absorbed by water in a wetted wall column using operating

temperature 20°C and 1 atm. pressure. The overall gas coefficient is 1
kmol/m3. atm. At one point in the column the gas contains 10 mole%
NH3 and the liquid phase contains 0.155 mole NH3/m

3 of solution. 96%
of total resistance is in the gas phase. Assume Henry’s law constant at
293°K = 4.247 × 10–3 atm/mol/m3. Determine individual film coefficients
and the molar flux. [8]

Q5) a) Derive an equation for height of packed bed absorption column in terms
of NTU & HTU. [8]

b) A packed column is to be designed to absorb sulphur dioxide from air
by scrubbing the gas with water. The entering gas is 20% SO2 by volume
and leaving gas is to contain 0.5% SO2 by volume the entering water SO2
free. The water flow is to be twice the minimum. The So2 free air flow
rate is 975 kg/hrm2. The temperature is 30°C and total pressure is 2 atm.

The equilibrium data is governed by x
x

y
y

+
=

+ 1
8.21

1  where y and x are

mole fraction units. Calculate the  number of overall gas - phase transfer
units. [10]

OR
Q6) a) Give comparison between packed and plate column. [5]

b) Explain in brief equilibrium in gas absorption. [5]
c) What are various types of packing used in absorption column? Explain

construction and working of packed bed absorption column and define
the concept of HETP. [8]



SECTION - II
Q7) a) Define the following terms. [8]

i) Absolute humidity.
ii) Humid heat.
iii) Humid volume.
iv) Saturation humidity.

b) The air in a room is at 26.7°C and a pressure of 101.325 Kpa and contains
water vapor with a partial pressure 2.76 kpa. Calculate the following
i) Humidity,
ii) % saturation humidity,
iii) % relative humidity, if PÅ = 3.50 Kpa. [8]

OR
Q8) a) Write short note on : [8]

i) Wet bulb temperature.
ii) Humidification and dehumidification operation.

b) A mixture of nitrogen - acetone vapor at 800 mmHg and 25°C has
percentage saturation of 80%. Calculate [8]
i) Absolute humidity,
ii) Partial pressure of acetone,
iii) Absolute molal humidity.

Q9) a) Explain construction and working of following equipments with neat
sketch. [12]
i) Tray towers.
ii) Mechanically agitated vessels.

b) Write short note on pressure drop in packed column. [4]

OR

Q10) Write short note on : [16]

a) Materials of packing and their characteristics.

b) Venturi srubber.

c) Flooding and loading.

d) Different type of trays used in plate column.

[4163]-302 3



Q11) a) Explain theories of movement of moisture within the solid. [4]
b) Define following terms : [4]

i) Equilibrium moisture content,
ii) Free moisture content,
iii) Critical moisture content,
iv) Unbound moisture

c) A slab of paper pulp 1.5 m × 1.5 m × 5 mm is to be dried under constant
drying conditions from 65 to 30% moisture (wet basis) and the critical
moisture is 1.67 kg free water / kg dry pulp. The drying rate at the critical
point has been estimated to be 1.40 kg/m2. hr. The dry weight of each
slab is 2.5 kg. Assuming drying to takes place from two large faces only,
Calculate the drying time to be provided. [10]

OR

Q12) a) What are various type of dryers? Explain any one in brief. [6]
b) A batch of solid for which the following table of data applies is to be

dried from 25% to 6% moisture. The initial weight of the wet solid is 300
kg and the drying surface is 1m2/ 8 kg dry weight Determine the time for
drying. [12]

X :- 0.35 0.25 0.20 0.18 0.16 0.14 0.12 0.10 0.09

N :- 0.3 0.3 0.3 0.266 0.239 0.208 0.18 0.15 0.097

X :- 0.08 0.064

N :- 0.07 0.025

Where 
.hr.m

evaporates moisture KgN,
soliddryKg

moistureKgX
2

==
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T.E. (Chemical)

MASS TRANSFER - II
(2008 Pattern) (Semester - II)

Time :3 Hours] [Max. Marks :100
Instructions to the candidates:-

1) Answer Q.1 or 2, 3 or 4, 5 or 6, 7 or 8, 9 or 10, 11 or 12.
2) Answers to the two sections should be written in seperate books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Use of logarithmic tables slide rule Mollier charts electronic pocket

calculator and steamp tables is allowed.
6) Assume suitable data, if necessary.

P1123

SECTION - I
Q1) a) Explain positive deviation from ideality? [6]

b) A feed liquid consisting of 1200 g.moles of a mixture containing 30 mole
percent napthalene (1) and 70 mole % dipropulene glucol (2) is differentially
distilled at 100 mm Hg until the final distillate contains 55 mole %
napthalene (1). The VLE data at 100 mm Hg are [12]

X1 8.4 11.6 28 50.6 68.7 80.6 88
Y1 22.3 41.1 62.9 74.8 80.2 84.4 88

i) Determine the amount of distillate.
ii) Determine the concentration of napthalene in the residue still liquid.

OR
Q2) a) State and explain principle of low pressure distillation. [6]

b) A liquid mixture containing 50 mole % heptane (A) and 50 mole % octane
(B) is to be continuously flash vaporised at 1.0 standard atm. Pressure
to vaporise 60 mol % of the feed. What will be the composition of the
vapour and liquid in the separator for an equilibrium stage? Data. [12]

T°,C 98.5 105 110 115 120 125.5
V.P. of A, MM Hg 760 940 1050 1200 1350 1540
V.P. of B, MM Hg 333 417 484 561 650 760

SEAT No. :
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Q3) a) Explain the use of open steam in distillation column. [4]
b) A mixture of 60% n - heptane (C7H16) and rest n - octane (C8H8) is

fractionated in a continuous fractionating column to get products of 99
mole % purity.
The column is operated at a pressure 101.325 kN/m2 with a vapour
velocity of 0.62 m/s.
The feed is all liquid at its boiling point and is supplied to the column at
the rate 5t/h.
The boiling point of the liquid at the top of the column is 372°K and the
equilibrium data are

y 0.960 0.911 0.829 0.739 0.650 0.50 0.369 0.24
x 0.92 0.821 0.690 0.569 0.459 0.321 0.219 0.129

Estimate : [12]
i) The minimum reflux ratio.
ii) The column diameter if the reflux used were twice the minimum

possible.
OR

Q4) a) What do you mean by reflux ratio? Explain optimum reflux ratio? [4]
b) A fractionating column operating at 1.0 atm. Pressure is supplied at the

optimum location with a saturated liquid feed containing 40 mole %
ethanol and 60 mole % water. The column produces a saturated liquid
overhead product containing 80 mole % ethanol and a saturated liquid
bottom product containing 20 mole % ethanol the reflux ratio is 2.0
Find. [12]
i) The number of theoretical stages required to give the separation.
ii) The optimum feed plate location assuming 100% plate efficiency.

Data :
x - 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
y - 0.196 0.355 0.485 0.600 0.688 0.767 0.837 0.898 0.952 1.0

Q5) A 2500 kg batch of pyridine - water solution 50% pyridine is to be extracted
with chlorobenzene three times and each time 2200 kg of solvent is used.
Determine the concentration of pyridine in the final raffinate.
Equilibrium tie - line data for the system water - chlorobenzene - pyridine at
25°C are given below.  [16]



Pyridine Chlorobenzene Water Pyridine Chlorobenzene Water
0 99.95 0.05 0 0.08 99.92

11.05 88.28 0.67 5.02 0.16 94.82
18.95 79.90 1.15 11.05 0.24 88.71
24.10 74.28 1.62 18.90 0.38 80.72
28.60 69.15 2.25 25.50 0.58 73.92
31.55 65.58 2.87 36.10 1.85 62.02
35.05 61.00 3.95 44.95 4.18 50.87
40.60 53.00 6.40 53.20 8.90 37.90
49.00 37.8 13.2 49.00 37.80 13.20

OR
Q6) Nicotine (A) in a water (B) solution containing 1% nicotine is to be extracted

with kerosene (C) at 20°C water and kerosene are essentially insoluble
a) Determine percentage extraction of nicotine if 100 kg of feed solution is

to extracted once with 150 kg solvent.
b) Repeat for three stages using 50 kg solvent each
Data :
X′ kg nicotine 0.001011 0.00246 0.00502 0.00751 0.00998 0.0204

kg water
Y′kg nicotine 0.000801 0.001961 0.00456 0.00686 0.00913 0.00187

kg kerosene [16]
SECTION - II

Q7) a) 60 t/day of oil sand (25% by mass of oil and 75%) is to be extracted
with 40 t/day of naphtha in a continuous counter current extraction battery.
The final extract from the battery is to contain 45 mass % oil and 55
mass % naphtha. The under flow from each unit contains 35 mass %
solution and 65 mass % sand. If the overall efficiency of the battery is
40%, how many stages will be required. [8]

b) Explain constant and variable underflow with diagram. [8]
OR

Q8) 500 kg/h of feed containing oil is feel to a counter current cascade to
extract oil. The ether which has been partially purified contains 2% oil.
The fresh feed contains 20% oil which has to be reduced to 2%. 250 kg/
h of solvent is used. What is the percentage recovery of oil and what is
the number of stages required. The entrainment data is as follows : [16]

[4163]-309 3



Concentration 0 0.1 0.2 0.3 0.4 0.5
kg oil / kg soln

kg solution / kg 0.288 0.368 0.44 0.51 0.6 0.71
exhausted solid

Q9) a) Explain the breakthrough curve. [10]
b) Equilibrium adsorption of colour on activated carbon is given by

y = 0.5 x0.5 where
y = gm of colour removed /gm of adsorbent.
x = gm of colour / 1000 gm of colour free - oil.
100 kg oil contains 30% colour. It is treated with 30 kg of adsorbent.
Calculate the percentage of colour removed if all the solid is added in
one step. Also calculate the percentage colour removed when the solid is
added in two steps of 15 kg each. [8]

OR
Q10) a) What are the desirable properties of an adsorbent? [6]

b) Explain pressure swing adsorption. [6]
c) Derive a correlation between LUB and time required for breakthrough

point. [6]

Q11) a) Describe the working of Oslo evaporative crystallizer. [8]
b) A solution containing 500 kg Na2CO3 and water has a concentration of

25% by wt. of salt. It is cooled from 335 K to 285 K in an agitated mild
steel vessel wt. of the vessel is 750 kg. 2% water is lost by evaporation.
Crystals of Na2CO3. 10 H2O are formed. Calculate the yield of crystals
and the heat to be removed.
The data for the process :
Solubility at 285 K : 8.9 kg/100 kg water.
Heat capacity of solution : 3.6 kJ/kg K
Heat capacity of M.S. : 0.5 kJ/kg K
Heat of solution :  – 78.5 MJ/K mol
Latent heat of vaporization : 2395 kJ/ kg [8]

OR
Q12) a) Explain the process of reverse osmosis. Give applications. [6]

b) Give flux equation for a pressure driven process. [4]
c) Explain the process of dialysis with applications. [6]
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Instructions to the candidates:-

1) Answer 03 questions from section I and 03 questions from section II.
2) Neat diagrams must be drawn wherever necessary.
3) Figures to the right indicate full marks.
4) Use of logarithmic tables, slide rule, Mollier charts, electronic pocket

calculator and steam tables is allowed.
5) Assume suitable data if necessary.

P1124

SECTION - I
Q1) a) With the help of block diagram explain the basic components and

functional elements of a measurement system. [6]
b) How can a personal computer (pc) be used as instrumentation system?[6]
c) A first - order measurement system has time constant of 1 second and

sensitivity 3. If input of this system is given unit impulse change, find the
output response at the interval of 0.5 second up to 5 seconds sketch the
response curve. [6]

OR
Q2) a) With the help of block diagram explain data acquisition and conversion

system. [6]
b) Explain use of MP’s  & MC’s in instrumentation. [6]
c) A thermometer has a first - order response characteristics with time

constant of 2 sec. Initially thermometer is showing room temperature
reading of 27°C. The bulb of the thermometer is suddenly immersed in
hot liquid maintained at 80°C.
Find  :- [6]
i) Temperature reading after 1 sec.
ii) Time required for achieving 75% output response.

SEAT No. :
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Q3) a) Explain construction, working, advantages and limitations of solid - state
temperature sensors. [8]

b) Explain construction and working of strain measuring instruments. [8]
OR

Q4) a) Explain construction and working of liquid - filled pressure thermometers.
Explain how ambient temperature compensation is achieved. [8]

b) Explain construction and working of variable capacitance type pressure
transducer. [8]

Q5) a) Explain differential pressure method used for measurement of water level
inside the boiler drum. [6]

b) Explain construction and working of electromagnetic flowmeter. State
its advantages over head flowmeters. [6]

c) Explain the difference between a variable - head flowmeter and variable
area flow meters (give suitable examples). [4]

OR
Q6) a) Explain the ultrasonic method used for measurement of liquid level. [6]

b) Explain construction and working of hot wire anemometers used for
flow measurement. [6]

c) Justify the statement : Coefficient of discharge of venturimeter is higher
than that of orifice meter. [4]

SECTION - II
Q7) a) State applications of chemical composition measurement. Also classify

the methods used for composition analysis based on the atomic/molecular
and physical characteristics of matter to be analyzed. [8]

b) Explain the basic principle of spectroscopic methods of composition analysis.
Explain the working of X-ray absorption spectrometers in detail. [8]

OR
Q8) a) Distinguish between absorption and emission spectroscopic methods of

composition analysis. Explain the electrical, thermal, and fluorescence
methods of emission spectroscopy methods of analysis. [8]

b) Explain principle, construction and working of thermal conductivity
analyzer used for analyzing gas mixtures. [8]



Q9) a) Find the output response of a first order system with Tp = 1 min & Kp = 2 to
i) a step change of magnitude 2 units.
ii) a unit impulse change.
iii) a unit pulse change of duration 5 sec.
iv) a unit ramp change.
In each case, calculate the response at an interval of 0.5 min upto 4 min
and sketch the response curve. [12]

b) What is process identification? Explain steps involved in process
identification. [6]

OR
Q10) a) A rectangular cross - section tank 15cm × 15 cm is initially at steady -

state with inlet liquid flow rate 250 LPH & liquid level 5 cm. If input flow
rate is suddenly increased to 350 LPH, find [12]
i) The transfer function of the tank.
ii) New steady - state level of liquid at the flow rate of 350 LPH.
iii) Find the time required for 80% response.
iv) Find the time required to reach level of 50 cm.

b) In the above example, if inlet flow rate is gradually increased to 350 LPH
in 10 sec. find actual level reached after 30 sec. from start of change in
input  flow rate. [6]

Q11) a) With the help of block diagram, explain working of feedback control
system. [8]

b) Explain the control system for temperature inside the jacketed CSTR
based on manipulation of flow rate of coolant liquid. (assume that
exothermic reaction occurs in the (STR) [8]

OR
Q12) a) What are servo and regulator operations? Derive the servo response of a

first - order process having transfer function 
1s

K
)s(G

p

p

+τ
=p  using a p -

controller having transfer function Gc(s) = Kc. Find the closed - loop
parameters pT&pK ′′   and find the offset sketch the open and
closed  - loop response curves. [10]

b) Describe the control loop for controlling level of liquid inside a surge
vessel by manipulation of
i) input flow rate
ii) outlet flow rate. [6]
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HUMAN COMPUTER INTERACTION AND USABILITY
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Instructions to the candidates:-

1) Answer question 1 or 2, 3 or 4 and 5 or 6 from section - I and question 7 or 8,
9 or 10, and 11 or 12 from section - II.

2) Answers to the two sections should be written in separate books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Assume suitable data, if necessary.
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SECTION - I
Q1) a) Explain a model of the structure of memory. What are the types of long

- term memory? Explain with example. [8]
b) What is reasoning? Explain the different types of reasoning with examples.

[8]
OR

Q2) a) Explain the stages in Norman’s model of interaction. What is gulf of
execution and gulf of evaluation? [8]

b) The human eye has number of limitations. Give three examples. For one
of the limitations identified, describe how this should be taken into account
in the design of a visual interface. [8]

Q3) a) Explain the interaction design process in detail with suitable diagram.[8]
b) Explain basic activities of interaction design in detail. [8]

OR
Q4) a) How menus and pointers are helpful as interaction styles? Explain

advantages and disadvantages of these interaction styles. [8]
b) What are the different life cycle models in HCI? Explain the star lifecycle

model in detail. [8]
Q5) a) Explain the eight golden rules of user interface design in detail. Evaluate

microsoft word editor using above eight golden rules. [10]
b) What are the activities involved in usability engineering life cycle? Explain

each activity in brief. [8]

SEAT No. :
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OR
Q6) a) How can HCI Pattern help for an effective interface design? Explain the

characteristics of patterns. [10]
b) Explain the principles to support usability. [8]

SECTION - II
Q7) a) Explain the DECIDE evaluation frame work in detail. [8]

b) Write useful ideas and guidelines for good web page design. [10]
OR

Q8) a) List the different evaluation approaches. Explain different evaluation
paradigms. [10]

b) Write a note on Hutch - world case study evaluation framework. [8]

Q9) a) Explain GOMS description of task hierarchy for ‘copy and paste a line’
in microsoft word. Identify goals, sub - goals, methods, operators and
selection rules. [8]

b) Explain different dialog design notations. [8]
OR

Q10) a) Perform a detailed task analysis to design an interface for ‘student
admission system’. Identify task domain objects and actions. [8]

b) Explain status - event analysis in brief. Describe status - event analysis
for email delivery from sender to receiver. [8]

Q11) a) Explain following applications for computer - mediated communication :[8]
i) Email
ii) Video and virtual environment.

b) Explain differences between virtual reality and augmented reality. [8]
OR

Q12) Write short notes on : [16]
a) Information and data visualization.
b) Framework for groupware
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Instructions to the candidates:-

1) Answer 3 questions from Section I and 3 questions from Section II.

2) Answers to the two sections should be written in separate books.

3) Neat diagrams must be drawn wherever necessary.

4) Figures to the right indicat full marks.

5) Use of logarithmic tables slide rule, Mollier charts, electronic pocket
calculator and steam tables is allowed.

6) Assume suitable data if necessary.
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SECTION - I

Q1) a) A steel solid shaft transmitting 15 kW at 200 r.p.m. is supported on two
bearings 750 mm a part and has two gears keyed to it. The pinion having
30 teeth of 5 mm module is located 100 mm to the left of the right hand
bearing and delivers power horizontally to the right the gear having teeth.
100 of 5 mm module is located 150 mm to the right of the left hand
bearing and receives power in vertical direction from below. Using an
allowable stress of 54 MPa in shear. Determine the diameter of shaft.[12]
Assume kb & kt = 1

b) Prove that the compressive stress induced in a square key due to
transmitted torque is twice of shear stress. [4]

OR
Q2) a) A solid shaft of diameter ‘d’ is used in power transmission. Due to

modification of existing transmission system, it is required to replace the
solid shaft by a hollow shaft of the same material and equally strong intorsion,
further, the weight of hollow shaft per meter length should be half of the solid
shaft. Determine the outer diameter of hollow shaft interms of ‘d’. [10]

SEAT No. :
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b) A rigid coupling is used to transmit 20 kW power at 720 rpm. There are
four bolts and the pitch circle diameter of the bolts is 125 mm. The bolts
are made of steel 45 C8(Syt = 380 N/mm2) & factor of safety is
3.Determine  the diameters of bolts.
Assume that the bolts are fight finer in reamed and ground holes. [6]

Q3) a) In a machine tool application, the tool holder is pulled by means of an
operating nut mounted on the screw. The tool holder travels at a speed
of 5m / min. The screw has single - start square threads of 48 mm
nominal diameter and 8 mm pitch. The operating nut exerts a force of
500 N to drive the tool holder.
The mean radius of the friction collar is 40 mm and coefficient of friction
at thread & collar surfaces is 0.15.

Calculate : [10]

i) Power required to drive the screw.

ii) The efficiency of the mechanism.

b) A wall bracket is attached to a wall by means of four identicals bolts.
Two at A and two at B. as shown in fig 3b. Assuming that the bracket is
need against the wall and prevented from tipping about point ‘C’ by all
four bolts and using an allowable tensile stress in the bolts as 35 N/mm2.
Determine the size of bolts on the basis of maximum principal stress
theory. [8]



OR
Q4) a) Explain with neat sketch the different methods of converting an ordinary

bolt into bolt of uniform strength. [6]
b) A welded connection as shown in fig. 4B. is subjected to an ecentric

force of 60 kN in the plane of the welds. Determine the size of the welds,
if the permissible shear stress for the weld is 100 N/mm2, Assume static
condition. [12]

Q5) a) What are the causes of stress concentration, and the various methods of
reducing stress concentration effect. [6]

b) A cantilever beam made of cold drawn steel 40 C8 (sut = 600 N/mm2)
and syt = 380 N/mm2 is as shown in fig 5 B the force ‘p’ acting at the
free end varies from - 50 N to +150 N. The expected reliability is 90%
and the factor of safety is 2. The notch sensitivity factor at the fillet is
0.9. Determine the diameter ‘d’ of the beam at the fillet cross - section
using Gerber curve as failure criterion. [10]

[4163]-371 3



• Surface finish factor = 0.77
• Size factor = 0.85

• Reliability factor = 0.897

• Stress concentration factor. = 1.44

OR
Q6) a) A polished steel bar is subjected to axial tensile force that varies from

zero to pmax. It has a groove 2 mm deep & having a radius of 3 mm. The
theoretical stress concentration factor  & notch sensitivity factor at the
groove are 1.8 & 0.95 respectively. The outer dia of bar is 30 mm the
ultimate tensile stress of bar is 1250 MPa the endurance limit in reversed
bending is 600 MPa. Find the maximum force that the bar can carry for
105 cycles with 90% reliability. [12]
Take :- Surface finish factor = 1

Size factor               =  0.85
Reliability factor       =  0.897

b) Explain Gerber and Goodman equations in brief. [4]
[4163]-371 4
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 SECTION - II
Q7) a) Derive formula for resultant stress induced in helical compression spring.[6]

b) Design a closed coil helical compression spring with following data,

Service load range = 2250 N to 2750 N.

Axial deflection for this load range = 6mm.

Spring index = 5

Permissible shear stress = 420 N/mm2

Modulus of rigidity = 84 kN/mm2

Neglect the effect of stress concentration.

Assume squared and ground ends. Assume total clearance to be 15% of
maximum deflection. [10]

OR
Q8) a) Explain with sketch, the construction of multi leaf spring. [6]

b) A helical tension spring is used in a spring balance to measure weights.
One end is attached to a rigid support, while the other end which is free,
carries the weights to be measured. Maximum weight attached is 1500 N
and length of scale should be approximately 100 mm. Spring index is 6.
For spring material, ultimate tensile strength is 1360 N/mm2 and modulus
of rigidity 81370 N/mm2. The permissible shear stress can be taken as
50% of ultimate tensile strength Design the spring and determine, [10]

i) Wire diameter.

ii) Mean coil diameter.

iii) Number of active coils.

iv) Required spring rate.

v) Actual spring rate.

Q9) a) With respect to hydrodynamic bearing. Explain [6]
i) Desirable properties of lubricants.
ii) Selection of lubricant.

b) A hydraulic 360° short journal bearing with l/d = 0.4, is to be designed to
support radial load of 5 kN. The journal rotates at 5100 r.p.m. The
eccentricity ratio is 0.6. If the central lubrication system supplies
lubricating oil of viscosity 46.7 c.p. at flow rate of 0.5 lit./min.



Calculate, [10]
i) Diameter of journal.
ii) Radial clearance.
iii) Dimensions of bearings.
iv) Minimum oil film thickness.

OR

Q10) a) Explain the procedure to select deep groove ball bearing from
manufacturer’s catalogue. [6]

b) A transmission shaft is supported by two deep groove ball bearings at
two ends. The centre distance between the bearings is 160 mm. A load
of 300 N acts vertically downwards at a distance of 60 mm from left side
bearing and a load of 550 N. acts horizontally at a distance of 50 mm
from right side bearing shaft speed is 3000 r.p.m. and expected rating
life is 7000 hrs. It is intended to use same sized bearings at both ends.
Calculate dynamic load rating of bearing. [10]

Q11) a) Write a note :- Gear Tooth Failures. [6]
b) A pair of spur gears with 20° full depth involute teeth consists of 21 teeth

pinion, connected to a 7.355 kW, 1440 r.p.m., electric motor, meshes
with 60 teeth internal gear. The gear shaft supplies power to a machine.
The application factor is 1.5. The pinion as well as gear are made of
alloy steel with ultimate tensile strength of 1500 N/mm2. The module and
face width are 3mm and 35 mm respectively. The gears are machined to

specifications of grade 8, (for which, )25.0(25.116 dme ++= ), and
heat treated to 400 BHN. The deformation factor is 11500 e, N/mm.
Assuming dynamic load to be accounted by buckinghams equation,
determine
i) Factor of safety against bending failure.
ii) Factor of safety against wear failure.
Assume Km = 1. Use Buckingham’s equation for dynamic load,

max

max
d 21

)(21F
t

t

Fbcv
Fbcv
++

+
= [12]

OR
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Q12) a) Derive formula for virtual number of teeth for helical gear. [4]
b) A helical pinion having 14 teeth, to be mode of alloy steel

( 2/800 mmNut =σ ), is to mesh with a gear to be made of carbon steel

(

2/720 mmNut =σ

). The gear pair is required to transmit 30 kW from an
electric motor running at 720 r.p.m to a machine running at 225 r.p.m.
The application factor and load factor are 1.3 and 1.1 respectively.
The required factor of safety is 2. Face width is 10 times the normal
module and tooth system is 20° full depth involute. Helix angle is
25°.  The gears are machined to meet specifications of grade
7(

)25.0m(9.011 n de ++=

). Deformation factor is 11000 e, N/mm.

Design the gear pair by considering velocity factor, )6.5/(6.5 v+  and
bucking hams equation for dynamic load. [14]

max
2

max
2

d cos21
cos]Fcos[21F

t

t

Fbcv
bcv

+ψ+
ψ+ψ

=
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SECTION - I
Q1) a) Explain working principle of resistive transducer with two examples.[6]

b) Define and explain concept of precision and accuracy. [4]
c) Explain principle of working of Anti Lock Brake system. [6]

OR
Q2) a) Explain working principle of thermoelectric transducer with two examples.[6]

b) Define and explain concept of linearity and hysterisis. [4]
c) Explain principle of working of Air Bag system. [6]

Q3) a) Explain construction, working and application of electromagnetic sensors.[8]
b) Explain classification of Manifold Absolute Pressure (MAP) sensors;

explain construction & working of any one of them. [8]
OR

Q4) a) Explain construction and classification of combustion knock sensor.[6]
b) Explain working principle of temperature sensor. [4]
c) Explain principle of working and classification of exaust gas sensor.[6]

Q5) a) Explain construction, working and applications of programmable logic
controllers. [8]

b) Explain working of internal relays and timers in PLC. [6]
c) Explain working of power windows. [4]

SEAT No. :
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OR
Q6) Write short note on following : [3 × 6 = 18]

a) Sequential and combinational locic.
b) Counters in PLC.
c) Analog to digital converter.

SECTION - II
Q7) a) Explain the sequential fuel injection technique with the detail line diagram.

[9]
b) Discuss the ignition module functions for current limit, dwell and coil

life. [9]
OR

Q8) a) Discuss in detail electronic ignition system. [6]
b) Spark timing control method, devices and trouble shooting. [6]
c) Explain injection management and list fuel system components. [6]

Q9) a) Draw layout of ABS system and explain working. [8]
b) List various vehicle management systems, their components, and

subcomponents. Explain any one. [8]
OR

Q10) a) Draw layout of electric power steering and explain working. [8]
b) Explain sensors used in vehicle management systems for crash and for

security system. [8]

Q11) a) Explain operation of electronic stability system. [8]
b) Explain operation of rollover mitigation system. [8]

OR
Q12) a) Discuss latest vehicle safety features in modern car. [8]

b) Explain stability, rollover and other essential vehicle running safety features
for automobiles. [8]
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[4163] - 370
T.E. (Biotechnology)

BIOINFORMATICS AND MANAGEMENT
(2008 Pattern) (Sem. - II)

Time : 3 Hours]          [Max. Marks :100
Instructions to the candidates:

1) Answer three questions from Section - I and three questions from Section - II.
2) Answers to the two sections should be written in separate answer books.
3) Draw neat diagrams wherever necessary.
4) Figures to the right indicate full marks.
5) Assume suitable data, wherever necessary.

�����

SECTION - I

Q1) Describe the concept of database and database management system. What is

NCBI? What are protein and nucleotide databases? [18]

OR

Q2) What is the central dogma of Molecular biology? Enlist the goals and explain

the applications of bioinformatics. [18]

Q3) Write short notes on : (four marks each) [16]
a) Genbank b) EMBL

c) SRS d) Entrez

OR

Q4) Describe in detail the Sangers dideoxy method of sequencing. What is

concept of base calling? [16]

Q5) Describe protein structural organization hierarchy. Write a note on structural

classification database PDB. [16]

������
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OR

Q6) Write short notes on :

a) PFAM database. [8]
b) SCOP database. [8]

SECTION - II

Q7) Write short notes on :

a) Needleman-Wunsch algorithm. [9]
b) Smith Waterman algorithm. [9]

OR

Q8) Define local alignment. Write briefly about BLAST and enlist its variants

and their use. [18]

Q9) Draw a Phylogenetic tree depicting orthologs, paralogs and homologs, write

a note on each of them. [16]

OR

Q10)Describe concept of phylogeny. What are the steps involved in construction

of a phylogenetic tree, describe briefly. Write a note on the distance method

of Phylogenetic analysis. [16]

Q11)What is industrial management? Which are the different disciplines of

management who come together for the smooth functioning of an industry,

describe each discipline. [16]

OR

Q12)a) Comment on the concept of “Technology Transfer”. [8]
b) Write a note on role of a manager in the biotechnology industry. [8]
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T.E. (Production S/W)

MANUFACTURING TECHNOLOGY
(2008 Pattern) (Sem. - I)

Time : 3 Hours]          [Max. Marks :100
Instructions to the candidates:

1) Answers to the two sections should be written in separate books.
2) Neat diagrams must be drawn wherever necessary.
3) Use of logarithmic tables slide rule, Mollier charts, electronic pocket

calculator and steam tables is allowed.
4) Assume suitable data, if necessary.

�����

SECTION - I

Q1) a) Estimate the material removal rate in AJM of a brittle material with
flow strength of 4 GPa. The abrasive flow rate is 2 gm/min, velocity is
200 m/s and density of the abrasive is 3 gm/cc. [8]

b) Glass is being machined at a MRR of 6 mm3/min by Al
2
O

3
 abrasive

grits having a grit dia of 150 μm. If 100 μm grits were used, what
would be the MRR in this USM process. [8]

OR

a) Answer following (First attempted question in answer sheet will be
evaluated). [8]
i) Mechanism of material removal in Electron Beam Machining is

due to
1) Mechanical erosion due to impact of high of energy electrons.
2) Chemical etching by the high energy electron.
3) Sputtering due to high energy electrons.
4) Melting and vaporisation due to thermal effect of

impingement of high energy electron.
ii) Mechanism of material removal in Laser Beam Machining is due to

1) Mechanical erosion due to impact of high of energy photons.
2) Electro-chemical etching.
3) Melting and vaporisation due to thermal effect of

impingement of high energy laser beam.
4) Fatigue failure.

������
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iii) Generally Electron Beam Gun is operated at
1) Atmospheric pressure.
2) At 1.2 bar pressure above atmosphere.
3) At 10-100 mTorr pressure.
4) At 0.01-0.001 mTorr pressure.

iv) Laser Beam is produced due to
1) Spontaneous emission.
2) Stimulated emission followed by spontaneous emission.
3) Spontaneous emission followed by Spontaneous absorption.
4) Spontaneous absorption leading to “population inversion”

and followed by stimulated emission.
b) In electrochemical machining of pure iron a material removal rate of

600 mm3/min is required. Estimate current requirement. [8]

Q2) a) Following table shows the requirements of plastics along with its
applications. List type of plastics you will prefer for all design
requirements. (Any four out of five) [12]

Design requirement Applications

Mechanical strength Gears, cams, rollers, valves, fan
blades, impellers, pistons

Functional and decorative Handles, knobs, camera and battery
cases, trim moldings, pipe fittings

Housings and hollow shapes Power tools, pumps, housings, sport
helmets, telephone cases

Functional and transparent Lenses, goggles, safety glazing, signs,
food-processing equipment,
laboratory hardware

Wear resistance Gears, wear strips and liners, bearings,
bushings, roller-skate wheels

b) Explain following limitations of thermoforming (Any Two) [4]
i) Non-uniform wall thickness.
ii) Sheet Cost.
iii) Triming

OR

Explain following molding processes for reinforced plastics (any two) :[16]
a) Compression Molding.
b) Vacuum Bag Molding.
c) Contact Molding.
d) Resin Transfer Molding.
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Q3) Why is the study of modeling and simulation important for system design,
particularly for MEMS design? What are the specifications of requirement
as far as modeling is concerned? Give an example of how a parallel plate
actuator system can be modeled. Represent the above system in pictorial
form and describe each element. [18]

OR

a) Find out the desired viscosity to density ratio of a photoresist solution
to be prepared for the spin coating by using a vacuum chunk. The
allowed time of rotation of the chunk within a production process is 2
minutes and the desired height of photoresist is 50 microns. The rotor
rotates at 10,000 rpm. Assume that the original height is 500 microns.[6]

b) Discuss the following lithography methods : [12]
i) X-ray lithography.
ii) E-beam lithography.
iii) Soft lithography.

SECTION - II

Q4) a) Differentiate between comparing and measuring. Further, Discuss the
desirable characteristics of comparator. [10]

b) Explain working mechanism of dial indicator. [6]

OR

For measurement by light wave interference explain following (any two)[16]
a) Fringe patterns and their interference.
b) Michelson interferometer.
c) NPL Flatness interferometer.

Q5) Explain following (any two) : [16]
a) Sine Bar.
b) Autocollimator.
c) Angle Dekkor.

OR

Explain principle and applications of measuring instruments of optical and

bevel protractor. [16]
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Q6) Explain Objectives and functions of cost estimating and principle factors in

estimating, along with estimating procedure. [18]

OR

Write short notes on following (any three) : [18]

a) Estimation of volume and weight of material.

b) Provision for scrap and its necessity in estimating.

c) Methods of Depreciation.

d) Replacement Techniques.

e) Time Value for money.

����
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Total No. of Questions : 8]

[Total No. of Pages : 4

[4163] - 317
T.E. (Petroleum Engineering)

  RESERVOIR ENGINEERING - I
(2008 Pattern) (Sem. - II)

Time :3 Hours] [Max. Marks :100
Instructions to the candidates:-

1) Answers to the two sections must be written in separate answer books.
2) Questions No. 4 (four) and No 6(six) are compulsory.
3) Attempt three questions from each section.
4) Figures to the right indicate full marks.
5) Neat diagrams should be drawn wherever necessary.
6) Use of a non - programmable calculator is allowed.
7) Assume suitable data if necessary.

P1793

SECTION - I
Q1) a) Find the porosity of the most compact arrangement of spherical balls of

radius ‘r’ in a cube. [4]
b) Draw the capillary pressure graph versus saturation graph and explain.[4]
c) Draw the relative permeability graph and explain. [4]
d) Explain the concept of wettability with examples. [4]

Q2) Draw phase diagrams of single, two, three and multiphase fluids and explain.[16]

Q3) a) What is flash and differential Liberation Process. [4]
b) Derive the equation for radial laminar flow of gas in porous media. [8]
c) A gas reservoir drains 130 acres and is partially pressured by a water

aquifer. The reservoir permeability is 10 md, porosity is 12% and average
pressure is 3500 psia. Temperature is 140 F and formation thickness is
127ft. Gas viscosity is 0.012cp, z = 0.9. If the well is flowing at 3150
psia and rw = 0.4 ft, calculate. [4]
i) Flow rate,
ii) BHP if rate is increased to 9.5 MMSCF/D

Q4) a) Give one example of a slightly compressible fluid and an incompressible
fluid and draw an appropriate graph to distinguish the two. [2]

b) Derive an expression for flow rate of a slightly compressible fluid flowing
inside a porous media. [10]

SEAT No. :
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c) A fluid of viscosity 2.5 cp and compressibility 65 × 10-6/psi, flows through
a porous media of 450 ft length and cross sectional area of 45 sq ft of
permeability 250 md. Find the flow rate through the system in bbl/day.[6]
i) If the fluid is incompressible.
ii) If the fluid is slightly compressible.

SECTION - II

Q5) Explain, compare and contrast drive mechanisms and drive indices for
different reservoirs by showing various graphs. Do drive indices change for
a reservoir? Explain. [16]

Q6) a) Derive material balance equation for undersaturated oil reservoir. [6]
b) Calculate oil in place if

i) compressibilities are included.
ii) compressibilities are not included
Initial reservoir pressure 5000 psia

Initial Two phase FVF = 1.354 bbl/STB

Two phase FVF at 3600 = 1.375 bbl/STB

Connate water saturation = 0.2

cw = 3.6 × 10-6/psi

Bw at 3600 = 1.04 bbl/stb

cf = 5 × 10-6/psi

Np = 1.25 mm STB

Current reservoir pressure = 3600 psia

Wp = 32000 stb

We = 0 [12]

Q7) Given an undersaturated reservoir with properties shown in Figure 1, find
Initial Oil in Place. At 2500 psia, find the recovery factor. If different volumes
of gas are returned to the reservoir at 2500 psia, find the recovery factors.
Plot a graph of RF versus gas injected. Cumulative GOR at 2500 psia =
3300 SCF/STB. Cumulative produced oil = 25 mmstb. Reservoir
Temperature = 190 F. The initial reservoir pressure is 4400 psia. Use data
from Figure 1.What is the maximum recovery factor you can extrapolate to?
What is the ideal recovery factor? [16]
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Q8) The initial volume of gas in place in a certain reservoir is calculated from
electric log and core data to be 200 MMM SCF (14.7 and 60 F) underlying
2250 productive acres, at an initial pressure of 3500 psia and 140 F. The
pressure production history is [16]

Pressure Production MMMSCF Gas deviation factor at 140F

3500(initial) 0.0 0.85

2500 75.0 0.82

a) What is the initial volume of gas in place as calculated from the pressure
production history assuming no water influx.

b) Assuming uniform sand thickness, porosity, and connate water, if the
volume of gas in place from pressure - production data is believed to be
correct, how many acres of extension is the reservoir.

c) If, the gas in place is calculated from log and core data is correct, how
much water influx must have occurred during the 75 MMMSCF of
production to make the two figures agree.
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Total No. of Questions : 12]

[Total No. of Pages : 4

[4163] - 318
T.E. (Petroleum)

  PETROLEUM PRODUCTION ENGINEERING - I
(2008 Pattern) (Sem. - II)

Time :3 Hours] [Max. Marks :100
Instructions to the candidates:

1) Answer Q.No. 1 or Q.No. 2, Q. No. 3 or Q.No. 4, Q.No. 5 or Q.No. 6, from
Section - I and Q.No. 7 or Q.No. 8, Q.No. 9 or Q. No. 10, Q.No. 11 or Q.No. 12
from Section - II.

2) Answers to the two sections should be written in separate books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Use of logarithmic tables, Slide rule, Mollier charts, electronic pocket

calculator and steam tables is allowed.
6) Assume suitable data, if necessary.
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SECTION - I
Q1) a) Which method or methods of artificial lifting you will propose for the

following field information and why? [12]
i) Offshore oil production from deviated, high GOR wells with sand

production problems.
ii) Onshore, deviated, high PI, high production rate wells.
iii) Onshore heavy oil production from unconsolidated formation along

with free gas.
iv) Water loaded gas wells.
v) Deviated wells with low dogleg severity to lift around 300 bbls/day

from 11,000 ft depth, medium viscous oil with very low GOR.
b) Draw the neat schematic sketch of any one type of gas lift valve. Show

all the components of it. [6]
OR

Q2) a) Draw the neat schematic sketch and explain the unloading operation to
be used in wells with high P.I. and a reasonably high bottom hole pressure
relative to well depth. [9]

b) List the types of gas lift valves and show that the casing pressure at
depth must be reduced to the dome pressure at depth for the valve to
close in case of a casing pressure operated valve. [9]

SEAT No. :
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Q3) a) For a continuous flow injection, use the following data and graphically
decide depth for point of gas injection.
Depth = 9000 ft. Expected rate = 1070 bbls/day. (100% oil) Tubing
size = 8

32  inch. Flowing well head pressure  = 150 psig, SBHP = 2900
psig. P.I. = 3.0, Formation GLR = 300, SCF/STB, Sp. Gravity of injection
gas = 0.7, S/C operating pressure = 1000 psig, °API = 41, S/C
Temp. = 122 °F B.H.Temp. = 222 °F. 300 psi/1000 ft = flowing gradient
of FBHP. 22 psi/1000 ft = casing pressure gradient. Subtract 100 psi
from point of balance. Also calculate the daily gas injection rate necessary
if, optimum GLR = 650 SCF/STB. [10]

b) State true or false with relevant mathematical explanation, graphical
relationship between surface pressure and pressure at depth.
‘In gas lift installation, all valve locations must be known so that dome
pressure settings can be made in the shop that will give desired down
hole performance’. [6]

OR
Q4) Assume suitable data, prepare a pressure depth scale on a graph paper.

Describe design procedure for a typical Intermittent gas lift well using multi -
point injection.
Use pressure operated valves and time cycle control or choke control at the
surface. Indicate important features such as lines of various pressure gradient,
depth of every valve, surface pressure etc; on the graph paper. Write the
steps along with concern formulas for this design in brief. [16]

Q5) a) Write, how the following well parameters can affect working and
operational efficiency of ESP pump. [6]
i) Pump setting depth, intake pressure and bubble point Pressure.
ii) Viscosity of oil, presence of water.

b) Calculate TDH and total HP, if pump with 0.4 HP/stage is available and
each stage gives a head of 28 feet.
Given data : Sp. Gravity of fluid = 1.07 (No gas)
Desired production rate of 1200 bbls/day.
Well Depth = 5850 ft.
The static liquid level = 2200 ft. Casing = 5½ inch O.D. Tubing = 

8
32

inch
O.D. T = 164 °F. During the test on this water well it was seen that, it is
producing 800 bbls/day with liquid level at 3100 ft in the csg., which
then stabilized to above 2300 ft. Use 100 ft safety in setting pump, Tubing
friction is given as 30 ft/1000ft. At the surface there is 2100 ft of 2.0 inch
flow line with an increase in elevation = 40 ft., with friction = 30 ft/
1000ft. [10]
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OR
Q6) Explain the purpose / function of following components in case of ESP.[16]

a) Transformer bank.
b) Bleeder valve.
c) Impeller and diffuser of a pump.
d) Blocking fluid and motor oil of protector.
e) Gas separators.

SECTION - II
Q7) a) Refer the Table 04 given below and suggest the largest possible pump size to

be installed if, pump is to be set in a well at the working fluid level of 4000 ft.,
and 200 bbl/day of fluid rate is desired at the surface. If the pumping speed is
20 spm and the effective plunger stroke is 55 inch., calculate the volumetric
efficiency of the pump. Comment on pump size and plunger size. [10]

b) What is cyclic load factor? Explain the relationship of the RMS current
to the average current for various torque loading conditions in beam
pumping applications. [8]

OR
Q8) a) What is dynagraph? Draw typical dynagraph sketch to show the problem

of fluid leakage from a valve, gas pound and excessive friction conditions
in a SRP installed well. [8]

b) What is the purpose of following in SRP? Explain. [10]
i) Stuffing box.
ii) Tapered sucker rod.
iii) Polished rod.
iv) Gas anchor.
v) Sub surface pump.
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Q9) Draw the graphs to demonstrate the following : [16]
a) Reservoir inflow Vs tubing outflow for increasing tubing diameters. Show

three tubing sizes. : Natural Flow conditions.
b) No flow conditions. Need of ALT in above case.
c) Effect of no. of perforations on production rate
d) Production rate Vs tubing diameter to demonstrate liquid loading

conditions.
e) Choke performance curves.

OR
Q10) Given data :

Qsc Mscfd Pwfs. Psia

Δ

P psi (d = 2.441)
25,000 5680 470
20,000 5500 1380
15,000 5400 2100
10,000 5300 3000
5,000 5200 3600

Ts = 100 °F, γg = 0.83 C= 0.0006 inch., H = 11,900 ft, TR = 258°F μg = 0.011
Cp, re = 1138 ft, rw = 0.50 ft., S = 0, h = 25 ft., Perforation diameter = 0.65
inch., z = 0.94, Gravel permeability = 38 darcys., Screen O.D. = 3.06 inch.,
Hole diameter = 12.25 inch., 4, 8 and 12 perforations per foot are to be evaluated.
Use the above data of bottom hole flowing pressure Vs gas flow rate and
pressure drop for 2.441 inch tubing. Decide the feasible perforation sizing,
flow capacity for possible pressure loss across the sandface. [16]

Q11) a) Discuss in brief the candidate well selection criteria’s for well stimulation job.[8]
b) Write the reaction of 15% HCL solution with Calcite. Calculate the volumetric

dissolving power of acid solution and describe the necessary steps if specific
gravity of acid is 1.06 and Calcite density is 167 lbm/ft3. [8]

OR
Q12) a) State and explain the various equations and the meaning of necessary

parameters along with their units, that you use to calculate surface injection
pressure for a fracturing job. [6]

b) Explain in brief the role of following elements in successful completion
of a fracturing job. [10]
i) Viscosity of a fracturing fluid.
ii) Fluid - loss / leak - off coefficient.
iii) Fracture conductivity and fracture geometry.
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Total No. of Questions : 12]
SEAT No. :

[Total No. of Pages : 7

[4163] - 201
T.E. (Civil)

STRUCTURAL ANALYSIS - II
(2008 Pattern) (Sem. - I)

Time : 3 Hours]          [Max. Marks :100
Instructions to the candidates:

1) Answer Q.1 or Q.2, Q.3 or Q.4, Q.5 or Q.6 from Section - I & Q.7 or Q.8,
Q.9 or Q.10, Q.11 or Q.12  from Section - II.

2) Answers to the two sections should be written in separate books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Use of electronic pocket calculator is allowed.
6) Assume suitable data, if necessary.
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SECTION - I

Q1) The continious beam loaded & supported as shown in figure 1. The support
B sink by 10mm. Analyse the beam & plot BMD. Take

I = 1600 × 104 mm4, E = 2 × 105 N/mm2. Use Slope Deflection method.[16]

OR

Q2) Analyse the frame as shown in figure - 2 and draw BMD. Use Slope-
Deflection method. [16]

������
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Q3) The frame is loaded & supported as shown in figure -3. Analyse the frame
& plot shear force & bending moment diagram. Use moment distribution
method. [16]

OR

Q4) Analyse the frame Shone in figure - 4 by moment Distribution method.
Plot SF & BM diagrams. [16]
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Q5) a) A uniformly distributed load of 4000 N/m covers left hand half of
span of three hinge parabolic arch of span 36m & central rise of 8m.
Determine the horizontal thrust. Also find S.F. & B.M. at loaded quarter
span. Take two hinge support at bottom & third hinge at crown. [10]

b) A two hinge parabolic arch of span ‘L’ & rise ‘h’ carries udl of ‘w’ per
metre run over the whole span. Assuming I = IO secα, find expression
for horizontal thrust developed. [8]

OR
Q6) a) A symmetrical three hinge circular arch has span of 16m & rise to

central hinge is 4m. It carries a vertical load of 16 kN at 4m from left
hand end. Find [10]

i) Magnitude of thrust at springings.

ii) Reactions at supports.

iii) BM at 6m from left hand hinge &

iv) Maximum BM.

b) Show that the horizontal thrust developed in parabolic arch of span
‘L’ & rise ‘h’ subjected concentrated load ‘W’ at distance ‘a’ from

springing is given by H = 3L

W
8
5

h
 a(L – a) (L2 + La – a2). [8]

SECTION - II

Q7) Analysis the truss supported and loaded as shown in fig. Q7. The cross
sectional areas of vertical members are 3000 mm2 each and those of all
other members are 2200 mm2. Take E = 2 × 105 N/mm2. [16]
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OR

Q8) Analysis the rigid jointed plane frame supported and loaded as shown in
fig. Q.8 by flexibility method. Draw B.M.D and elastic curve. [16]

Q9) Analysis the beam as shown in fig. Q9 by stiffness method. Draw B.M.D
and elastic curve. Take EI = constant. [16]
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OR

Q10)Analysis the rigid jointed plane frame supported and loaded as shown in
fig. Q.10 by stiffness method. Draw B.M.D and elastic curve. [16]

Take EI = constant

Q11)a) The beam is supported and loaded as shown in fig. Q.11(a). Determine
the deflection at centre in terms of its EI. Use finite difference method.
Use five nodes. [6]

b) Determine the approximate values of moments, shear and axial force

in each member of frame loaded and supported as shown in fig. 11 (b).

Draw B.M.D. Use portal Method. [12]
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OR

Q12)a) The beam is loaded and supported as shown in fig. Q.12 (a). Determine

the deflection under the loads. Take EI = 2.4 × 105 kNm2. Use finite

difference method and use five nodes. [6]
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b) Determine the approximate values of bending moment, shear force,

and axial force in the plane frame loaded as shown in fig. Q.12 (b)

using cantilever method. The areas of cross-section of an interior column

is 1.25 the area of outer column. [12]

����



Total No. of Questions : 12]
SEAT No. :

[Total No. of Pages : 4

[4163] - 210
T.E. (Civil)

FOUNDATION ENGINEERING
(2008 Pattern) (Sem. - II)

Time : 3 Hours]          [Max. Marks :100
Instructions to the candidates:

1) Answer 3 questions from Section - I and 3 questions from Section - II.
2) Answers to the two sections should be written in separate books.
3) Neat diagrams must be drawn wherever necessary.
4) Your answers will be valued as a whole.
5) Use of electronic pocket calculator is allowed.
6) Assume suitable data, if necessary.

�����

SECTION - I

Q1) a) Explain the following : [5]

i) Significant depth.

ii) RQD.

b) How will you decide the depth of exploration & the number of barings?

Discuss in the light of guide rules. [6]

c) Enlist the different methods for site investigation. Explain ‘Seismic

refraction’ method in detail. [6]

OR

Q2) a) Explain the following : [6]

i) Area Ratio.

ii) Inside clearance.

iii) Chunk sampling.

b) Explain the steps for ‘SPI’ and correlations of ‘N’ for cohesive soils.[6]

c) Discuss ‘Menard’s pressure meter test’. [5]
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Q3) a) Compare different modes of shear failures. [5]
b) A rectangular footing 2m × 3m rests on a c - φ soil, with its base at

1.5m below the ground surface. Calculate i) SBC ii) Net ultimate
BC. Using following data,
FOS = 03, γ = 18 kN/m3, C = 10 kN/m2, φ = 30°
Jerzaghi’s BC factors,

φ Nc Nq Nr

25° 25.1 12.7 9.7

30° 37.2 22.5 19.7 [6]

c) Describe stepwise ‘Plate Load Test’. [6]

OR

Q4) a) Compare the effect of water table on BC of soil, for a footing 2m
wide, located at a depth of 1.2m in sand with following data, [6]
γ = 16.8 kN/m3, γ

sat
 = 19.5 kN/m3, φ = 35°, N

q
 = 41.4, N

r
 = 42.4

i) Water table is 4m below GL.
ii) Water table is 1.2m below GL.

b) Explain the following : [6]
i) Limitations of plate load test.
ii) Effect of eccentricity on BC of soil.

c) Discuss ‘Floating foundation’. [5]

Q5) a) Explain the following : [6]
i) Pressure bulb.
ii) Contact pressure distribution.
iii) Immediate elastic settlement.

b) A rectangular footing 2m × 3m carries a column load of 600 kN at a
depth of 1m. The footing rests on a c - φ strata 6m thick, with
μ = 0.25, E

s
 = 20,000 kN/m2. Calculate the immediate elastic settlement

of the rigid rectangular footing, assuming influence factor. [5]
c) Differentiate clearly between, [5]

i) Total settlement.
ii) Differential settlement.
iii) Talerable settlement.
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OR

Q6) a) A strip footing 1.2m wide is located at a depth of 1.5m in a non-

cohesine soil deposit for which the corrected ‘N’ of SPT is 20. Water

table is located at a depth of 2m below GL. Find the allowable soil

bearing pressure. [6]

b) Explain any one method for determination of coefficient of

consolidation. [5]

c) An undisturbed sample of clay, 24 mm thick, consolidated 50% in 20

minutes, when tested in the laboratory with drainage allowed at top &

bottom. The clay layer, from where the sample was obtained is 4m

thick in the field. How much time will it take to consolidate 50%, with

double drainage? Assume uniform distribution of consolidation

pressure. [5]

SECTION - II

Q7) a) Explain pile classification, based on function. [5]

b) An RC pile weighing 30 kN is driven by a drop hammer weight 40

kN & having an effective fall of 0.8m. The average set per blow is 1.4

cm. The total temparary elastic compression is 1.8cm. Assuming the

co-efficient of restitution as 0.25 & FOS = 2, determine the ultimate

bearing capacity & the allowable load for the pile. [6]

c) Explain the ‘cyclic pile load test’. [6]

OR

Q8) a) Explain the following, [6]

i) Negative skin friction.

ii) Feld’s Rule.

�� In a 16 pile group, with 45 cm diameter & c/c spacing of the square

group is 1.5M. If c = 50 kN/m2, determine whether the failure would

occur with the pile acting individually or as a group? Neglect end bearing

& assume m = 0.7 for shear mobilisation. All piles are 10 m long.  [6]

c) Explain ‘Sinking of Caissons’. [5]
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Q9) a) Explain the following. [6]
i) Pressure distribution for strutted excavations.
ii) Common types of cofferdams.

b) Compute the embedment depth & the pull in the anchor rod for a
sheet pile, retaining back fill 6m high, with anchor rod 1m below the
top & gwt 3m below the top. The soil of backfill & below the dredge
line is the same, having the following properties, [6]
φ = φ' = 30°, c = 0, γ

sat
 = 20 kN/m3 & γ = 18 kN/m3. Use ‘free earth

support’ method.
c) Discuss ‘RC Diaphragm wall method’, for cofferdam. [5]

OR

Q10)a) State the characteristics of BC soil and explain the role of
‘Montmorillonite’. [6]

b) Explain the following, stating the method for its determination, [6]
i) Free swell.
ii) Differential swell.
iii) Swelling pressure.

c) Explain the steps for ‘Vibro-floatation’ method. [5]

Q11)a) Draw the sketech of ‘Reinforced earth wall’ & explain the following,[6]
i) Wall facing elements.
ii) Reinforcement.
iii) Compacted backfill.

b) Discuss the following : [5]
i) Different types of geosynthetics.
ii) Functional properties & requirements of geosynthetics.

c) Discuss ‘geosynthetics applications in civil engg’. [5]

OR

Q12)a) Explain different types of earthquakes. [6]
b) What do you mean by ‘Lique faction’? What are its effects on built

environment? [5]
c) Discuss the methods applied for mitigation of lique faction Razard.[5]
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SECTION - I

Unit - I

Q1) A steel shaft made of 40C8 is used to drive a machine. The pulleys X, Y

and bearing A, B are located as shown in fig.1. Belt tensions are also shown

in fig.1. Determine the diameter of the shaft using A.S.M.E. code. Yield

strength of short material is 330 MPa and ultimate tensile strength is 600

MPa take K
b
 = 1.5 and K

t
 = 1.2. If rectangular key is made of the same

material, design the key. [16]
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OR

Q2) a) An automobile gear box uses a splined shaft to transmit power of

10kW at 1500 rpm. The spline used is designated 6 × 28 × 34. The

bearing pressure is limited to 5 MPa. Calculate the length of splines in

hub, based on bearing pressure criterion. Also determine force required

to shift the gear if coefficient of friction is 0.05. [4]

b) A protected type rigid flange coupling used to transmit 25 kW power

at 500 rpm from an engine to a machine. Design a coupling for an

overload capacity of 25%. Assuming following permissible stresses

for the components of a coupling. [12]
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Unit - II

Q3) a) What does one mean by self-locking screws? Explain the condition

for self-locking. Also give applications of self locking screw. [4]

b) A lead screw of a lathe has ACME threads of 50mm outer diameter

and a pitch of 8mm the axial load on the lead screw is 3000N the

thrust is carried by a collar of 120mm outer diameter and 60mm inner

diameter. The lead screw rotates at 40 rpm. Find the power required to

drive the screw and the efficiency of the screw. Assume friction in

threads as 0.15 and that at the collar as 0.12. Evaluate the results based

on uniform pressure theory and uniform wear theory. [12]

OR
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Q4) A 26 × 5 square threaded, single start power screw is used to support a load

of 12 kN. The effective diameter of collar is 46mm and the coefficient of

friction is 0.15. The nut is made of phosphor bronze having 0.12 as

coefficient of friction and 6 MPa as allowable bearing pressure the length of

the handle is 300mm calculate. [16]

a) The force required to raise the load.

b) The force required to lower the load.

c) The yield strength of material for a factor of safety of 4.

d) The overall efficiency of the screw and

e) The number of threads in nut.

Unit - III

Q5) a) Write a note on ‘Bolts of uniform strength’. [4]

b) A bracket 13 bolted to a column by 6 bolts of equal size as shown in fig 2.

It carries a load of 50 kN at the distance of 150mm. from the centre of

column. If the maximum stress in the bolt is to be limited to 150 N/mm2

determine the diameter of the bolt. [14]

OR
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Q6) Fig. 3 shows a welded joint subjected to an eccentric load of 25 kN. The

welding is only on one side. If the permissible shear stress for the weld

material is 55 MPa determine the weld size. [18]

SECTION - II

Unit - IV

Q7) a) What are the applications of flywheel? [3]

b) What is the coefficient of fluctuation of energy? [3]

c) The torque developed by an engine is given by the following equation:

T = 14250 + 2200sin 2θ – 1800 cos2θ
Where T is the torque in N-m and θ is the crank angle from the IDC

position. The resisting torque of the machine is constant throughout

the work cycle. The coefficient of speed fluctuations is 0.01. The engine

speed is 150 rpm. A solid circular steel disk, 50 mm thick is used as a

flywheel. The mass density of steel is 7800 kg/m3. Calculate the radius

of the flywheel disk. [12]

OR



�������	�� 


Q8) a) Explain the different types of stresses induced in [6]

i) Flywheel Rim

ii) Flywheel Arm

b) A rimmed flywheel made of gray cast iron FG 200 (ρ = 7100 kg/m3)

is required to keep down fluctuations in speed from 200 to 220 rpm.

The cyclic fluctuations in energy is 30000 N-m, while the maximum

torque during the cycle is 75000 N-m. The outside diameter of the

flywheel should not exceed 2m. It can be assumed that there are six

spokes and the rim contributes 90% of the required moment of inertia.

The cross-section of the rim is rectangular and the ratio of width to

thickness is 2. Determine the dimensions of the rim. Assuming suitable

cross-section for spokes, calculate the stresses in the rim. [12]

Unit - V

Q9) a) Draw a neat sketch of a multi-leaf spring and show its essential parts.[4]

b) A helical compression spring is used to absorb the shock. The initial

compression of the spring is 30 mm and it is further compressed by 50

mm while absorbing the shock. The spring is to absorb 250J of energy

during the process. The spring index can be taken as 6. The spring is

made of cold-drawn steel wire with an ultimate tensile strength of 1500

N/mm2 and modulus of rigidity of 81370 N/mm2. The permissible

shear stress for the spring wire should be taken as 30% of the ultimate

tensile strength. Design the spring and determine : [12]

i) Wire diameter

ii) No. of active turns

iii) Free length

iv) Pitch of the turns

OR
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Q10)a) What is nipping of leaf spring? Why it is provided? [4]

b) A helical torsion spring for a window shade is made of patented and

cold drawn steel wire of Grade-4. The yield strength of the material is

60% of the ultimate tensile strength and the factor of safety is 2. From

space considerations, the mean coil diameter is kept as 18mm. The

maximum bending moment acting on the spring is 250 N-mm. The

modulus of elasticity of the spring material is 207000 N/mm2. The

stiffness of the spring should be 3 N-mm/rad. Determine the wire

diameter and the number of active coils. [12]

(Sut1 = 2290 N/mm2) & (Sut2 = 2250 N/mm2)

Unit - VI

Q11)a) Derive the condition for maximum power transmitting capacity of belt

drive based on belt strength and friction capacity. [6]

b) The following data is given for an open-type ‘v’ belt drive : [10]

diameter of driving pulley = 150 mm

diameter of driven pulley = 300 mm

centre distance = 1m

groove angle = 40°

mass of belt = 0.25 kg/m

maximum permissible tension = 750N

coefficient of friction = 0.2

Determine the maximum power transmitted by the belt and the

corresponding belt velocity. Neglect power losses.

OR

Q12)a) How wire ropes are designated? State their applications. [4]
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b) A fibre core wire rope of 6 × 19 class tensile designation 1230 N/mm2

is to be used in the mine hoist to raise the load of 500 kg. The maximum

acceleration of the load is 1 m/s2. The modulus of elasticity of the rope

is 83 kN/mm2. If the factor of safety required against static failure is 5.

Select the size of the wire rope and the sheave. [12]
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SECTION - I
Unit - I

Q1) a) A cone clutch transmits 20 kW at 1600 rpm. The following data apply
cone angle = 30°; maximum intensity of pressure = 0.8 × 105 N/m2

the mean radius is twice the width of the friction surface. Co-efficient
of friction is 0.3. Determine [8]
i) The dimensions of the contact surfaces.
ii) The axial load or force to keep the clutch engaged when

transmitting power.
iii) The width of the friction surface. Assume uniform wear.

b) Derive an expression for frictional torque of a collar thrust bearing assuming
i) uniform pressure ii) uniform wear [8]

OR

Q2) a) Describe the construction and working of Bevis-Gibson Torsion
dynamometer [6]

b) A simple band brake applied on a drum of diameter 600 mm is shown
in fig 1. The drum is rotating at 250 rpm. The angle of lap of the band
on the drum is 270°. The co-efficient of friction between the drum &
the steel band line with frictional material is 0.25.one end of the band
is fastened to a fixed pin (fulcrum) and the other end to the brake lever
arm at a distance of 150 mm from the fulcrum. The length of lever arm
is 700 mm. the lever arm is so placed that the diameter that bisects the
angle of lap is perpendicular to the lever arm. Determine: [10]
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i) The effort needed and its direction at the end of the lever to stop
the drum, if a power of 35 kW has to be absorbed.

ii) Width of the steel band if maximum tensile stress in the band is
not to exceed 40 N/mm2. Assume band thickness as 2 mm.

Unit - II

Q3) Draw the cam profile for cam with roller reciprocating follower. The axis of

the follower passes through the axis of the cam. Particulars of the cam and

the follower motion are the following : [16]
Roller diameter = 5mm, Minimum radius of cam = 20mm and Total

lift = 25mm. The cam has to lift the follower with SHM during 180o of cam

rotation, then allow the follower to drop suddenly half way and further return

the follower with uniform velocity during the remaining 180o of cam rotation.

Determine the maximum velocity and maximum acceleration on the outstroke,

if cam rotates at a uniform speed of 100 rpm.

OR

Q4) a) What is cam jump phenomenon? What are possible ways to avoid that?[6]
b) Derive an expression for displacement ,velocity and acceleration for a

circular arc cam operating a flat faced follower: [10]
i) When the contact is on the circular flank and

ii) When the contact is on the circular nose.

Further find maximum velocity and maximum acceleration of the

follower during cam rotation.
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Unit - III

Q5) a) Explain the following terms : [8]
i) Height of governor.
ii) Radius of rotation of governor.
iii) Equilibrium speed of governor.
iv) Hunting of governor.

b) The wheels of a motor cycle have a moment of inertia of 3 kg-m2 and
the engine parts, a moment of inertia of 0.25 kg-m2. The wheel axles
and crank shaft of the engine are all parallel to each other. If the ratio of
reduction gears is 5:1, the wheel diameter is 700mm, determine in
magnitude and direction the gyroscopic couple when the motor cycle
is negotiating a curve of 30 meters radius at a speed of 40 kilometers
per hour. If the mass of motor cycle with rider is 205 kg with centre of
gravity at 70 cm above the grand in vertical position, determine the
speed of motor cycle rounding a curve of 60 m if the road condition
and tyre permit a heel of 45°. [10]

OR

Q6) a) Explain by means of controlling force curves the following : [8]
i) Stable governor,
ii) Unstable governor,
iii) Isochronous governor

b) Give the comparison between flywheel and governor [2]
c) What is yawing, pitching and rolling with respect to naval ships?

Explain with neat sketch. [8]

SECTION - II
Unit - IV

Q7) a) State and explain the terminology used for spur gear with neat sketch.[8]

b) Derive the equation for the minimum number of teeth for involute
gears to avoid the interference as given [8]

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−+
=

13sin1

2
T

2min

Where ψ - pressure angle

OR
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Q8) a) Compare between involute and cycloidal tooth profiles. [4]
b) The pressure angle of two gears in mesh is 20° and have a module of

10mm. The number of teeth on pinion are 24 and on gear 60. The
addendum of pinion and gear is same and equal to one module.
Determine [12]
i) the number of pairs of teeth in contact,
ii) the angle of action of pinion and gear, and
iii) the ratio of sliding to rolling velocity at the beginning of contact,

at pitch point and at the end of contact.

Unit - V

Q9) a) Derive the relation for virtual number of teeth of helical gear. [6]
b) Draw neat sketch of bevel gear arrangement. [6]
c) A pair of single helical gears is required to give a speed reduction of

4.2:1. The gears are to have a normal module of 3mm, a pressure
angle of 20° and a helix angle of 30°. If the shaft centre-lines are to be
approximately 400mm apart, determine the number of teeth on each
wheel and the exact centre distance. [4]

OR

Q10)a) Differentiate between worm and worm gear & bevel gears. [4]
b) Two shafts inclined at 70° are to be connected by spiral gears with a

normal pitch of 12mm and to have a 2 to 1 velocity ratio. Determine
the pitch diameters of the wheels and the spiral angles if the distance
apart of the shafts is fixed at 125mm. Sliding of the teeth is to be a
minimum as far as is practicable.
If the pinion rotates at 240 rev/min, what is the speed of sliding between
the teeth. [12]

Unit - VI

Q11)Classify different types of gear trains with neat sketch, explanation with
merit, demerits and application. [18]

OR

Q12)a) Explain Inertia of gear systems. [6]
b) In an epicyclic gear train, an arm carries two gears 1 and 2 having 40

and 50 teeth, respectively. The arm rotates at 160 rpm counter clockwise
about the centre of gear 1, which is fixed. Determine the speed of the

gear 2. sketch the arrangement. [12]
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SECTION - I

Q1) a) Describe use of four balls and height gauge for finding diameter of
bore. [6]

b) Define roundness, errors in roundness and explain method of
measurement of roundness. [6]

c) State Abbe principle of alignment. Explain it with suitable example.[4]

OR

Q2) a) Write a short note on Angle Dekkor. [6]
b) Write a short note on L.V.D.T. and it’s application in metrology. [6]
c) What is difference between accuracy & precision. [4]

Q3) a) Calculate dimensions of ring gauge to control production of shaft of
diameter 45 mm of type ‘d8’ following assumptions may be made.
i) φ 45 mm lies in diameter steps of 30-50mm.
ii) Upper deviation of a shaft is given by (–16 D0.44).

iii) i = 0.45 3 D  + 0.001 D.
iv) IT8 = 25 i. [10]

b) Explain concept of RMS value for surface roughness. [4]
c) Differentiate between primary & secondary texture. [4]

OR
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�������	�
 	

Q4) a) Design GO and NOGO limit plug gauge for checking a hole having

size 
06.0
00.050

+
−

Assume gauge maker’s tolerance equal to 10% of work tolerance and
wear allowance equal to 10% of gauge maker’s tolerance. [8]

b) Explain working of LASER interferometer with neat sketch.  [5]
c) Explain application of optical flat to check surface contours with suitable

example. [5]

Q5) a) Describe Parkinson’s gear tester with neat sketch. [6]
b) Explain working of profile projector with suitable example. [6]
c) Calculate chord length and its distance below the tooth tip for a gear of

module 4mm and pressure angle 20°. [4]

OR

Q6) a) For M16 × 2mm external thread, calculate the best wire size diameter
and difference between size under wire and effective diameter. [6]

b) Describe working of universal measuring machine. [5]
c) Write a short note on Automatic Inspection system. [5]

SECTION - II

Q7) a) What is cost of Quality? Explain cost of failure, cost of appraisal &
cost of prevention. [6]

b) Explain the concept of Quality Circle & their structure, advantage &
limitation. [5]

c) Explain Juran’s Trilogy Approach with diagram. [5]

OR

Q8) a) Explain the seven problem solving tools of quality. [7]
b) Distinguish between Quality of design and Quality of conformance.[5]
c) What are the steps used to implement the Quality Policy. [4]

Q9) a) Explain Quality function Development & its benefits in TQM. [6]
b) Explain ISO 9000 Quality system standards. [5]
c) Discuss the concepts & uses of 5‘S’ & TPM. [5]

OR
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Q10)a) Explain following terms : [12]
i) Kanban.
ii) JIT.
iii) FMECA.

b) Explain purpose of Quality Audit. [4]

Q11)a) Draw & Explain operating characteristics curve. [6]

b) Control chart for X  is to be prepared for a certain dimension of
component. The sub group size is 4. After 20 sub-groups it is found

that Σ X  = 825.60 & ΣR = 5.60 mm.
The specification limit of the part is 41.0 ± 0.40mm & above process
is in control and it is normally distributed can it meet the specification
requirement? d

2
 for subgroup size 4 is equal to 2.059. [8]

c) Calculate sample size & AOQ for single sampling plan using following
data : [4]
i) Probability of acceptance of 0.5% defectives in a lot is 0.525.
ii) Lot size = 10,000 units.
iii) Acceptance number C = 1.
iv) np = 1.5
v) Defectives found in the sample are not to be replaced.

OR

Q12)a) Explain different types of sampling plans & state relative merits &
demerits. [6]

b) Explain DMAEC uses in six Sigma. [4]
c) Following given table shows the no. of defectives found in inspection

of 9 lot of 100 items each. [8]

Lot Number 1 2 3 4 5 6 7 8 9

Number of
6 3 1 4 3 11 5 2 3

defectives

Determine the controlled limit for fraction defective chart.
i) State Whether the process is in control.
ii) If not by eliminating outside control limit point, what will be the

new control limit.
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SECTION - I

Unit - I

Q1) a) Derive the fundamental equation of fluid machines? How it is applied

for turbines and pumps. [6]

b) A 1220 meters long pipe line with frictional coefficient 0.005 supplies

three single jet Pelton wheels. The top water level of the reservoir

being 370 meters above the nozzles. The coefficient of velocity for

each nozzle is 0.98. The efficiency of each turbine based on head at

nozzle is 85%. The head lost in pipe friction is 12.20 meters. The

specific speed of each wheel is 15 and the working speed is 560 RPM.

Find

i) The total power developed.

ii) The discharge.

iii) The diameter of each nozzle.

iv) Diameter of pipe line. [10]
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OR

Q2) a) Derive an expression for the specific speed of a hydraulic machine and
explain how it is useful in practice. [6]

b) A jet discharges 0.15 m3/sec of water with a velocity of 70 m/sec
impinges without shock on a series of curved vanes which move in
the same direction as the jet. The shape of each vane is such that it
would deflect the jet through an angle of 150°. Surface friction reduces

the relative velocity by 8 percent as the water passes across the vanes

and there is further windage loss equivalent to ⎥
⎦

⎤
⎢
⎣

⎡
g

u

2
5.0 2

 N.m per N of

water, u being the vane velocity. [10]

Find

i) The velocity on vanes corresponding to maximum efficiency.

ii) The value of this efficiency.

iii) Corresponding force on the vanes in and at right angles to the

direction of their motion.

iv) The power of this arrangement

Unit - II

Q3) a) What do you understand by Thomas factor of cavitation and what it

signifies for water turbines. [4]

b) An experimental inward flow reaction turbine rotates at 370 rpm. The

wheel vanes are radial at inlet and outlet. The inner diameter of wheel

is half of the outer diameter. The constant velocity of flow in the wheel

is 2 m/sec. Water enters the wheel at an angle of 30° to the tangent to

the wheel at inlet. The breadth of the wheel at inlet is 75 mm & area of

flow blocked by vanes is 5% of gross area of flow at inlet. Draw inlet

and outlet velocity triangles for the turbine and [12]
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Find

i) The Net available head at inlet.

ii) The wheel vane angle at outlet.

iii) Outer and inner wheel diameter.

iv) Theoretical Power developed by the turbine also find overall

efficiency if the mechanical efficiency is 87%.

OR

Q4) a) Two inward flow turbine runners A & B, having the same diameter of
0.5 meter have the same efficiency and work under the same head.
Both the turbine have same velocity of flow of 5.6 m/sec. If one of the
runners ‘A’ runs at 525 RPM and has inlet blade angle of 65° and
other runner ‘B’ having inlet blade angle of 110° what should be the
speed of the runner ‘B’? Assume radial discharge for both the turbine
at outlet. [6]

b) A propeller turbine has an outer diameter of 4.5 meter and inner diameter
of 2.5 meters. It is developing 20 MW when working under a head of
20 meters. The turbine is directly coupled to an alternator having 22
pairs of poles. The hydraulic efficiency is 94% & the overall efficiency
is 88%. Find the discharge through turbine. Find the runner vane angles
at inlet and outlet at the hub and at the edge of the blade. [10]

Unit - III

Q5) a) Derive an expression for maximum Utilization factor (diagram
efficiency) of Parson’s reaction turbine in terms of nozzle angle. [6]

b) The total tangential force on one ring of Parson’s turbine is 1200
N.when the blade speed is 100 m/s. The mass flow rate is 8 kg/s.The
blade outlet angle is 20°. Determine blade velocity at outlet from the
blade. If friction losses which would occur with pure impulse are 25%
of the kinetic energy corresponding to the relative velocity at entry to
each ring of blades, and expansion losses are 10% of the heat drop in
blade, Determine the heat drop per stage, Stage efficiency, Blade
efficiency and Maximum utilization factor. [12]

OR

Q6) a) Explain the essential differences in the manner of expansion of steam
in impulse and reaction turbines. Illustrate your answer by sketches of
pressure, velocity and specific volume changes which occur as the
steam passes over successive blades. [6]
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b) In a simple impulse turbine, the nozzles are inclined at 20° to the
direction of motion of moving blades. The steam leaves the nozzle at
375 m/s .The blade speed is 165 m/s .Find suitable inlet and outlet
angles for the blades in order that axial thrust is zero. The relative
velocity of steam as it flows over the blade is reduced by 15% by
friction. Determine also the power developed for steam flow rate of

10 kg/s and diagram efficiency. [12]

SECTION - II
Unit - IV

Q7) a) Prove that output of a simple gas turbine plant is positive only when
the product of compressor and turbine efficiency is grater than

⎟
⎠
⎞⎜

⎝
⎛ −

⎟⎟⎠

⎞
⎜⎜⎝

⎛
γ

γ 1

3

1
pR

T

T
. Where R

p
 is pressure ratio,T

1
 and T

3
 are compressor

and turbine inlet temperature. [6]
b) In a jet-propulsion unit air is compressed by means of uncooled rotary

compressor, the pressure at the delivery being 3.5 times at the entrance,
and the temperature rise during compression is 1.15 times that for
frictionless adiabatic compression. The air is then led to combustion
chamber where fuel is burned under constant pressure condition .The
product of combustion at 480°C pass through a turbine which drives
the compressor. The exhaust gases from the turbine are expanded in
nozzle down to atmospheric pressure. The atmospheric temperature
and pressure is 10°C and 1 bar. Assuming that values of R and Y after
combustion same as that for air.
Estimate :
i) the power required to drive the compressor per kg/sec of air

ii)  the air fuel ratio if calorific value of fuel is 43300 kJ/kg.

iii) static thrust developed per kg of air per second.

The velocity of approach may be neglected and the gases are expanded
isentropically in both turbine and nozzle. [10]

OR

Q8) a) Prove that overall efficiency of a propulsion device is product of its
thermal efficiency, Froude’s efficiency (Propulsive efficiency) and
transmission efficiency. [6]
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�� An open cycle gas turbine plant operates with pressure ratio of 4.5
while using 82 kg/min. of air and 1.4 kg/min of fuel. The net output
of plant is 200 kW when 230 kW is needed to drive the compressor.
Air enters the compressor at 1 bar and 15°C and combustion gases
enters the turbine at 765°C. Assuming specific heats of air and
combustion gases as 1.005 and 1.128 respectively, the index of
compression 1.4, the index of expansion 1.34 and mechanical efficiency
for both compressor and turbine 0.98 each, [10]
Estimate;
i) Isentropic compressor efficiency.
ii) Isentropic turbine efficiency.
iii) Heat supplied in kW.

iv) Overall thermal efficiency of the plant.

Unit - V

Q9) a) Show that the rise of pressure in impeller of a centrifugal pump when
frictional & other losses in the impeller are neglected is given

)(
2
1 22

2
2
2

2
1 φcosecvfuvf

g
−+  where all the symbols have their usual

meaning. [6]
b) A centrifugal pump in which water enters radially delivers water to a

height of 165 meters. The impeller has a diameter of 360 mm and
width of 180 mm at inlet and corresponding dimensions at outlet are
720 mm and 90 mm respectively. Its rotational speed is 1200 rpm.
The blades are curved back at an angle of 30° to the tangent at exit and
discharge of the pump is 0.389 m3/sec. [12]
Find :
i) The theoretical head developed.

ii) Manometric efficiency.

iii) Pressure rise across the impeller assuming losses to be 12% of
exit velocity head.

iv) Pressure rise and loss of head in volute casing.

v) Inlet Vane angle

vi) Power required to drive the pump assuming overall efficiency of
70%. What would be corresponding mechanical efficiency?

OR
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Q10)a) Discuss the influence of blade angles on performance of the centrifugal
pump. [6]

b) The difference between the water levels in the sump and overhead
tank is H. What additional head the pump should generate? [4]

c) A centrifugal pump impeller has an external diameter of 500 mm and
a discharge area of 0.15 m2. The vanes are set back at an angle of 30°
to the tangent at exit. The diameters of suction and delivery pipe are
300 mm and 250 mm respectively. Pressure gauge at points on suction
and delivery pipe fitted close to pump & at a height of 1.75 meters
above the level in supply sump showed gauge pressure heads of 3.6
meter below and 20 meters above the atmospheric pressure head
respectively when the pump is delivering 225 liters of water per second
at 820 rpm. If it requires 73.58 KW to drive the pump [8]
Find
i) The loss of head in suction pipe.
ii) Manometric efficiency.

iii) Overall efficiency

Unit - VI

Q11)a) A centrifugal compressor delivers 10 m3/s of air when running at 10,000
rpm. The air is drawn in at 1 bar and 300K and delivered at 4 bar. The
isentropic efficiency is 80 %. Blades are radial at outlet and constant
flow velocity is 64 m/s .The outer diameter of impeller is twice the
inner and slip factor may be taken as 0.9. [10]
Calculate:

i) Temperature of air at outlet.
ii) Power required to drive the compressor.
iii) Impeller diameter at inlet and outlet.
iv) Impeller blade angle at inlet.
v) Diffuser blade angle at inlet ( α

2
 ).

b) Compare axial flow compressor and centrifugal compressor on the
following points

i) range of operation within surging and chocking limits

ii) effect on performance when working with contaminated fluids

iii) isentropic efficiency

iv) pressure ratio per stage

v) Delivery pressure possible

vi) multistaging limits. [6]
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OR

Q12)a) An axial flow compressor is required to deliver 50 kg/s of air at a
stagnation pressure of 5 bar. At inlet to first stage the stagnation pressure
is 1 bar and stagnation temperature is 300 K. The hub and tip diameters
at this location are 0.436m and 0.728m .At mean radius,which is
constant through all stages of the compressor, the reaction is 0.5 and
absolute air angles at stator exit is 28.8° for all stages. The speed of
rotor is 8000 rpm. [10]
Determine the number of similar stages needed, assuming polytrophic
efficiency is 0.89 and that the axial velocity at the mean radius is constant
through the stages equal to 1.05 times the average axial velocity.

b) Discuss the dimensionless parameters used to predict the performance
characteristics of centrifugal and axial flow compressor. State the

importance of same. [6]
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SECTION - I
Unit - I

Q1) a) A Bell Coleman Refrigerator working between 100kPa and 700kPa,
maintains cold chamber at - 13°C. Air is compressed according to
PV1.3 = C. It gets cooled to 37°C before expansion. The index of
expansion is 1.35. [8]
Calculate :
i) Theoretical C.O.P.
ii) Mass flow rate of air to manufacture ice at 0°C from water at

30°C, at the rate of 5000kg per day
iii) Power required to run the plant
For air, take Cp = 1kJ/kgK, γ = 1.4
Latent heat of fusion of ice = 336kJ/kg.
Specific heat of water = 4.187kJ/kgK.

b) Define the following : [8]
i) EER
ii) SEER

iii) IPLV or APLV

OR

������
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Q2) a) What are the reasons for employing air cycle systems to aircraft and

missiles. [6]

b) Explain with neat diagram construction and working of thermoelectric

refrigeration. [10]

Unit - II

Q3) a) Describe the effect of superheat, undercooling, suction temperature and

condensing temperature on the performance of working of VCC. [6]

b) A food storage lockers requires a refrigeration system of 2400kJ/min

capacity at an evaporate temperature of 263K and a condenser

temperature of 303K. The refrigerant used is Freon - 12 and subcooled

by 6°C before entering the expansion valve and vapour is superheated

by 7°C before leaving the evaporator coil. The compression of

refrigerant is reversible adiabatic. The refrigeration compressor is two

cylinder single acting with stroke equal to 1.25 times the bore and

operates at 100r.p.m. [12]

Properties of Freon - 12

Saturation Absolute Specific       Enthalpy      Entropy

temp. pressure volume

K bar vapour Liquid Vapour Liquid Vapour

m3/kg kJ/kg kJ/kg kJ/kgK kJ/kgK

263 2.19 0.0767 26.9 183.2 0.1080 0.7020

303 7.45 0.0235 64.6 199.6 0.2399 0.6854

Take Liquid specific heat = 1.235kJ/kgK, vapour specific heat =

0.733kJ/kgK.

Determine :
i) Refrigerating effect per kg.
ii) mass of refrigerant to be circulated per minute,
iii) theoretical piston displacement per minute,
iv) theoretical power required to run the compressor, in kW,
v) heat removed through condenser per min., and
vi) theoretical bore and stroke of compressor.

OR
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Q4) a) In an aqua ammonia vapour absorption plant, heat is supplied to
generate by condensing steam at 2 bar and 0.9 dry. The evaporator is
maintained at 5°C. [8]
Assuming the ambient temperature as 30°C, calculate maximum
possible C.O.P. Condensate leaves the generator at 30°C.
If actual C.O.P. is 70% of the maximum COP, calculate the mass of
steam required per day for a plant capacity of 20TR.
Take saturation temperature at 2 bar as 120°C and enthalpy of
evaporation as 2200kJ/kg.

b) Explain practical vapour absorption with a neat diagram. [5]
c) List the different properties of ideal refrigerant, absorbent and refrigerant

absorbent combination which are used in vapour absorption
refrigeration system for its efficient working. [5]

Unit - III

Q5) a) What do you mean by RRR? Explain. [4]
b) What are the advantages of compound compression with intercooler

over single stage compression? [4]
c) Explain : GWP, ODP, TEWI. [8]

OR

Q6) a) In a Cascade system of 40TR capacity is having evaporator temperature
of 50°C and condenser temperature of 25°C. [10]
The load at - 50°C is absorbed by R - 22 unit and is rejected to cascade
condenser at - 20°C. The cascade condenser is cooled by a unit R - 12
is subcooled to 20°C and no subcooling of R - 22. The vapours leaving
both evaporators is dry and saturated. Compression is isentropic.
Determine
i) Compression ratio for each unit
ii) Theoretical power required to run the system
iii) COP of each unit
iv) COP of the total system.

b) Explain a two stage compression system with liquid intercooler. [6]
Properties of R-22 :

Sat. Temp. Sat. Pr. Specific enthalpy kJ/kg

(°C) bar hf hfg hg

– 50 0.66 – 234.5 225

– 20 2.49 21  – 256
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SECTION - II

Unit - IV

Q7) a) Define and explain significance of WBT and Bypass Factor. [4]

b) Without using Psychrometric chart, calculate Humidity ratio, Relative

humidity and Enthalpy of Moist air sample having DBT = 38°C and

DPT = 15°C. Take Total Pressure of the sample = 1 bar. [6]

c) Outdoor air at 24°C DBT and 15°C WBT passes through a washer in

which water is recirculated. The washer has humidifying efficiency of

70%. It is then heated by a coil with coil surface temperature of 27°C

and bypass factor of 0.3. Find the DBT and RH. of the air leaving the

heater. Also determine the capacities of humidifier and heating coil if

the circulation of outdoor air is 50 cmm. [8]

OR

Q8) a) Write a note on Air Washer. [6]

�� Write a note on Chemical (Desiccant) dehumidification. List some solid

and liquid desiccants. [6]

c) 40 cmm of air at 31°C DBT and 19°C WBT is passed over the cooling

coil whose surface temperature is 5°C. The coil cooling capacity is 4

TR under the given conditions of air. Determine DBT and WBT of

the air leaving the cooling coil. Also calculate Bypass factor of cooling

coil. [6]
Unit - V

Q9) a) Explain working of capillary tube and list its advantages and

disadvantages. [6]

b) Write a note on Variable Refrigerant Flow system. [6]

c) Explain charging procedure of refrigeration system. [4]

OR

Q10)a) Write a note on Types of Condensers and specify application of each

type. [6]

b) Write a note on All Year Air Conditioning system. [6]

c) List precautions to be taken for trouble free operation of Domestic

refrigerator. [4]
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Unit - VI

Q11)a) Explain Equal Friction Method of Duct Design. List its advantages

and disadvantages. [6]

b) Explain methods of Food Preservation. [6]

c) Write a note on Individual Quick Freezing (IQF). [4]

OR

Q12)a) Using Equal Friction Method, determine the Duct Diameter and Velocity

for Section AB, BD and BC. Assume Velocity in the main duct

AB = 600 m/min. Also calculate maximum pressure drop in the duct

system. Distance AB = 30m. Distance BC = 30m. Distance BD = 10 m.

[6]

b) A rectangular duct 0.15m × 0.12m is 20m long and carries standard

air at the rate of 0.3 m3/s. Calculate the total pressure required at the

inlet of the duct in order to maintain this flow and the air power required.

Take friction factor, f = 0.005. [6]

c) Write a note on Fan Laws. [4]
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SECTION - I
UNIT - I

Q1) a) Explain precision points for function generation. [6]
b) Design a four bar mechanism with input link l

2
, coupler link l

3
 and

output link l
4
. Angles θ and φ for three successive positions are given

in table below :

Position 1 2 3

θ 40° 55° 70°

φ 50° 60° 75°

If the grounded link l
1 = 30 mm, using frudenstein’s equation, find

out lengths of other links to satisfy the given positional conditions.
Also draw the synthesized mechanism in its first position. [10]

OR

������
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Q2) The roller following a cam moves with S.H.M during ascent and with
uniformly accelerated & deaccelerated motion during descent. The cam
rotates at 370 rpm. Draw the cam profile for the following data.

a) Least radius of cam = 60 mm

b) Angle of ascent = 54°

c) Angle of dwell between ascent & descent = 48°

d) Angle of descent = 66°

e) Lift of the follower = 50 mm

f) Roller diameter = 30 mm

g) Offset of follower axis = 20 mm towards right.

Determine the maximum velocity & acceleration of follower during ascent
and descent. [16]

UNIT - II

Q3) a) Two involute gears in mesh have a module of 8 mm and a pressure

angle of 20°. The larger gear has 57 while the pinion has 23 teeth. If

the addendum on pinion and gear wheels are equal to one module,

find the, [10]

i) Contact ratio (the no. of pairs of teeth in contact).

ii) Angle of action of the pinion and the gear wheel.

iii) Ratio of the sliding to rolling velocity at the

1) Beginning of contact.

2) end of contact.

b) With neat sketch discuss force analysis and torque transmitted by helical

gears. [6]
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OR

Q4) a) An epicyclic gear train is arranged as shown in fig. How many
revolutions does the arm, to which the pinions B & C are attached
make : [10]
i) When A makes one revolution clockwise and D makes half a

revolution anti clockwise. And
ii) When A makes one revolution clockwise & D is stationary.

The number of teeth on gears A & D are 40 & 90 respectively.

b) Derive an expression for virtual number of teeth for helical gears. [6]

UNIT - III

Q5) a) Explain working of cone clutch with neat sketch. [4]

b) Explain the working of Rope brake dynamometer, with neat sketch.[4]

c) A band and block brake having 12 blocks each of which subtends an
angle of 16° at the centre, is applied to a rotating drum with a diameter
of 600 mm. The blocks are 75 mm thick. The drum & the flywheel
mounted on the same shaft have a mass of 1800 kg & have a combined
radius of gyration of 600 mm. The two ends of the band are attached
to pins on the opposite sides of the brake fulcrum at distances of
40 mm & 150 mm from it. If a force of 250 N is applied on the lever at
a distance of 900 mm from the fulcrum find the,

i) maximum braking torque.

ii) Angular retardation of the drum.

iii) time taken by the system to be stationary from the rated speed of
300 rpm.

Take co-efficient of friction between blocks & the drum as 0.3.[10]
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OR

Q6) a) An engine developing 45 kW at 1000 rpm is fitted with a cone clutch
built inside the flywheel. The cone has a face angle of 12.5° and a
maximum mean diameter of 500 mm. The co-efficient of friction is 0.2.
The normal pressure on the clutch face is not to exceed 0.1 N/mm2.
Determine, [8]

i) The axial spring force necessary to engage the clutch.

ii) The face width required.

b) Explain the terms : [6]

i) Precessional angular motion.

ii) Gyro scopic couple.

c) What is stabilization of ship? Why is it necessary? How it is achieved? [4]

SECTION - II
UNIT - IV

Q7) a) ��������	
��������������������������
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b) Discuss types of gear teeth failures. [4]

OR

Q8) a) Define the following terms in case of a worm gear with neat sketch. [6]
i) axial pitch.
ii) lead and lead angle.

#+ 1 kW power at 720 rpm is supplied to the worm shaft. The number of
starts for threads of the worm is four with a 50 mm pitch circle diameter.
The worm wheel has 30 teeth with 5 mm module. The normal pressure
angle is 20°. Calculate the efficiency of worm gear drive and the power
lost in friction. [10]
Assume co-efficient of friction is 0.035.
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UNIT - V

Q9) a) A dry single plate clutch is to be designed for an automotive vehicle
whose engine is rated to give 100 kW at 2400 rpm and maximum
torque 500 N.m. The outer radius of the friction plate is 25%more
than the inner radius. The intensity of pressure between the plate is not
to exceed 0.07 N/mm2. The co-efficient of friction may be assumed
equal to 0.3. The helical springs required by this clutch to provide
axial force necessary to engage the clutch are eight. If each spring has
stiffness equal to 40 N/mm. Determine the dimensions of the friction
plate & initial compression in the springs. Assume uniform wear
condition. [12]

b) Discuss in detail design considerations of a friction clutch. [6]

OR

Q10)a) Write a short note on “Bearing failure - causes & Remedies”. [6]

b) For a 360° hydrodynamic Bearing, consider following data : [12]

i) Radial load = 3.2 kN

ii) Journal diameter = 50 mm

iii) Bearing length = 50 mm

iv) Journal speed = 1490 rpm

v) Radial clearance = 50 μm

vi) Viscosity of lubricant = 25 Cp

vii) Density of lubricant = 860 kg/m3

viii) Specific heat of lubricant = 1.76 kJ/kg°C.

Assuming that the total heat generated in the bearing is carried by the
total oil flow in the bearing, calculate,

1) minimum oil film thickness.

2) co-efficient of friction.

3) power lost in friction

4) the total flow rate of lubricant in μ min,

5) side leakage.
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l/d ∈ h°/c s φ (r/c)f α/r Cns.l φ/αs

0.4 0.6 0.264  63.10 5.79 3.99 0.497

1.0 0.6 0.4 0.121 50.58 3.22 4.33 0.680

0.8 0.2 0.0446 36.24 1.70 4.62 0.842

UNIT - VI

Q11)a) Explain the terms with neat sketches : [8]

i) Soderberg diagram.

ii) Goodman diagram

iii) Modified Goodman diagram.

b) A cantilever beam made of cold drawn carbon steel of circular cross-
section as shown in fig. is subjected to a load which varies from – f to
3f. Determine the maximum load that this member can withstand for
an in definite life using a factor of safety as 2. The theoretical stress
concentration factor is 1.42 & notch sensitivity is 0.9. Assume the
following valves : [8]
Ultimate stress = 550 MPa

Yield stress = 470 MPa

Endurance limit = 275 MPa

Size factor = 0.85

Surface finish factor = 0.89

OR
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Q12)a) Explain the effect of following modifying factors on endurance strength.
i) Surface finish factor.
ii) Size factor.
iii) Reliability factor.
iv) Modifying factor to account stress concentration. [8]

b) A simply supported beam has a concentrated load at the centre which
fluctuates from a value of P to 4P. The span of the beam is 500 mm.
And its cross-section is circular with a diameter of 60 mm. Taking for
the beam material an ultimate stress of 700 MPa, a yield stress of 500
MPa, endurance limit of 330 MPa for reversed bending. And a factor
of safety of 1.3, calculate the maximum value of P. Take a size factor

of 0.85 and a surface finish factor of 0.9. [8]
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SECTION - I
Unit - I

Q1) a) Define the following static performance characteristics of instruments:[6]
i) Range and span ii) Hysteresis
iii) Precision iv) Sensitivity
v) Resolution vi) Zero drift

b) What is transduction principle? Classify transducers based on
transduction principle. [4]

c) A Chromel-Alumel thermocouple is assumed to have nearly linear
operating range  upto 1100ºC with emf 45.14 mV (Reference temp. 0ºC)
at this temperature. The thermocouple is exposed to a temperature of
840ºC. The potentiometer is used as cold junction and its temperature is
estimated to be 25ºC. Calculate the emf indicated on the potentiometer.[6]

OR
Q2) a) What is meant by temperature compensation in strain gauges? How it is

done. [6]
b) Explain various types of filters used in electronic circuits. [6]
c) Write a short note on Bimetallic strip used in temperature measurement.[4]

Unit - II
Q3) a) Explain with neat sketch construction and working of LVDT. [6]

b) Explain capacitive and inductive principles used in position sensing. [6]

P.T.O.
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c) A rotary potentiometer is used for angle measurement. Potentiometer is
supplied with 10 V and is set at 82º. The range of this single turn
potentiometer is 350º. Calculate the output voltage. [4]

OR
Q4) a) Explain with neat sketch absolute encoder. [6]

b) Compare LVDT with potentiometer. [4]
c) The output of LVDT is connected to a 5V voltmeter through an amplifier

of amplification factor 250. The voltmeter scale has 100 divisions and
the scale can be read to 1/5th of a division & output of 2 mV appears
across the terminals of the LVDT when the core is displaced through a
distance of 0.5mm. Calculate [6]
i) The sensitivity of LVDT
ii) The sensitivity of whole setup
iii) The resolution of the instrument in mm.

Unit - III
Q5) a) What is Nyquist frequency? Explain sample and hold circuit with neat

sketch. [6]
b) Deduce the equation for torque, involved in rotational  mechanical system

with spring, mass and damper. [6]
c) Consider a thermocouple which has a transfer function, linking its voltage

output and temperature input, of [6]

1  10s
10  30G(s)

6

+
×

= ; V/ºC

Determine the response of the system when subject to a step input of size
100ºC and hence the time taken to reach 95% of the steady state value.

OR
Q6) a) Explain in detail any digital to analog conversion method. [6]

b) Explain SCADA with neat block diagram. List the applications of SCADA.
[6]

c) Define transfer function. Show that the overall transfer function for the
system given below in fig .1 is [6]

H(s)G(s)1
G(s)T(s)

−
=
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SECTION - II
Unit - IV

Q7) a) Explain open loop control system with suitable example. [5]
b) Write a short note on:- [6]

i) Self regulation ii) Process Lag
c) Derive the expression of transfer function for closed loop control system.[5]

OR
Q8) a) A controller outputs a 4 to 20mA signal to control motor speed from 140

rpm to 600 rpm with a linear dependence. Calculate: [6]
i) Current corresponding to 310 rpm &
ii) the value of above mentional current expressed as the percentage

of control output.
b) Compare open loop control system and closed loop control system.[5]
c) Explain the following terms: [5]

i) Dead time ii) Error

Unit - V
Q9) a) Explain Derivative control mode and state its characteristics. [5]

b) Write a short note on:- [6]
i) proportional band
ii) repeats per minute
iii) Rate gain

c) A liquid level control system linearly converts a displacement of 2 to 3m
into 4-20 mA control signal. A relay serves as the two position controller
to open or close an inlet valve. The relay closes at 12mA and opens at
10mA. Find: [5]
i) the relation between displacement level and current.
ii) the neutral zone or displacement gap in meters.

[4163]-226 3



OR
Q10)a) Explain proportional control mode and state its characteristics. [6]

b) An integral controller is used for speed control with a setpoint of 12
r.p.m. within a range of 10 to 15 rpm. The controller output is 22%
initially. The constant KI = –0.15% controller output per second per
percentage error. If the speed jumps to 13.5 rpm. Calculate the controller
output after 2s for a constant ep.  [6]

c) Sketch the responses of P+I+D controller for [4]
i) step ii) pulse
iii) ramp and iv) sinusoidal inputs.

Unit - VI
Q11)a) Explain the application of PLC used in [12]

i) Washing machine ii) Dish washer
b) State various factors to be considered for the selection of PLC. [6]

OR
Q12)a) Explain any one application of PLC with a neat sketch and also draw its

ladder diagram. [12]
b) Write a short notes on:-  [6]

i) Internal relays and counters.
ii) Timers.

( ( (
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SECTION - I
Q1) a) Explain with neat sketches different types of errors in measurement. [8]

b) Explain in detail manufacturing and care of slip gauges. [8]
OR

Q2) a) Differentiate in Accuracy and Precision of measurement. [8]
b) Explain with neat sketch principle of working of Autocollimator. [8]

Q3) a) Sketch and explain construction and working of Johanson Mikrocator.[8]
b) Design general purpose type GO and NO-GO gauge for checking the

shaft Φ 70 f7
Given:
i) FD = –5.5D0.41

ii) IT 7 = 16i
iii) i = 0.45 × 

3 D

 + 0.001D
iv) 70mm lies in diameter range 50-80mm. [10]

OR
Q4) a) What is circularity? Explain the method of measurement of circularity

with neat sketch. [8]
b) Design general purpose type Go and NOGO gauge for measurement of

hole 

Φ

60 H6
Given: [10]
i) IT 6 = 10i
ii) i = 0.45 × 

3 D

 + 0.001D
iii) 60 mm lies in diameter range 50-80 mm.

P.T.O.
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Q5) a) Describe with neat sketch Taylor-Hobson Surface meter. [8]
b) Explain with neat sketch two wire method of measurement of Effective

Diameter of thread. [8]
OR

Q6) a) Describe with neat sketch Constant chord method of Gear tooth thickness
Measurement. What are the advantages of this method over other
methods. [8]

b) Explain with neat sketch Machine vision system. [8]
SECTION - II

Q7) a) What is measuring system? Explain with neat sketch generalized measuring
system. [8]

b) What is sensor? Describe selection criteria for the different types of
sensors. [8]

OR
Q8) a) What are types of transducers? Explain with neat sketch electrical

transducer. [8]
b) What is input-output configuration of measuring system? Explain with

any one example. [8]

Q9) a) Describe with neat sketches Bourdon tube type pressure gauge. Write
advantages and disadvantages. [10]

b) Explain with neat sketch construction and working of Mclead gauge.[8]
OR

Q10)a) What is thermocouple? Describe the Law’s of thermocouple. [10]
b) Describe with neat sketch construction and working of Rotameter. [8]

Q11)a) What are the methods of force measurement? Explain any one in detail.[8]
b) Explain with neat sketch construction and working of Pony break. [8]

OR
Q12)a) What are types of strain gauges? Explain electric resistance strain gauge.[8]

b) Describe with neat sketch Dead Weight tester. [8]

( ( (
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2) Attempt question 7 or 8; question 9 or 10, and question 11 or 12 from Section II.
3) Assume suitable data, if required.
4) State assumptions clearly.
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SECTION - I
Unit - I

Q1) a) Illustrate the elementary and complex mechanism in view to machine
tool structure with examples. [6]

b) Design a four-link mechanism to co-ordinate three positions of the input
and output links as follow: [10]
θ 1 = 20º, 

φ

1 = 35º

θ

2 = 35º, 

φ

2 = 45º

θ

3 = 50º, 

φ

3 = 60º

Q2) a) Discuss coupler curve for slider crank mechanism. [5]
b) Explain the kinematic structure for hobbing machine. [5]
c) Discuss Block synthesis. [6]

Unit - II
Q3) a) Discuss law of gearing. Derive necessary equation. [8]

b) An epicyclic gear train consists of an arm and two gears A and B having 30
and 40 teeth respectively. The Gear A is at one end of arm and gear B is at
other end of the arm. The arm rotates about the center of the gear A at a
speed of 80 rpm counterclockwise. Determine the speed of gear B if:
i) The gear A is fixed., and [4]
ii) The gear A revolves at 240 rpm clockwise instead of being free.[4]

P.T.O.
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Q4) a) Discuss any ONE: [6]
i) Torques in Epicyclical Gear Train.
ii) Automotive Differential.

b) Two gear wheels mesh externally and are to give a velocity ratio of 3 to
1. The teeth are involute form; module = 6mm, addendum = one module,
pressure angle = 20º. The pinion rotates at 90 r.p.m.
Determine:
i) Number of teeth on pinion to avoid interference. [3]
ii) Radius of addendum circle for pinion and wheel. [2]
iii) Path of approach, recess and length of path of contact. [2]
iv) Length of arc of contact. [1]
v) Number of pair of teeth in contact. [1]
vi) Maximum velocity of sliding. [1]

Unit - III

Q5) a) Discuss Turning Moment diagram for I.C. engines. [4]
b) TM diagram for multi-cylinder engine has been drawn to scale of 1 mm

to 500 N.m torque and 1 mm to 6º of crank displacement. The intercepted
areas between output torque curve and mean resisting torque taken in
order from one end, in square mm are:
–30, + 410, –280, + 320, –330, + 250, –360, + 280,  –260 mm2 when the
engine is running at 800 r.p.m. Fluctuation of the speed is not to exceed
2% of the mean speed. Assume safe centrifugal stress as 7 MPa; The
density of flywheel material as 7200 kg/m3 and the width of flywheel rim
as 5 times the thickness. Find:
i) Mean angular speed. [2]
ii) The value of 1 mm2 area in work units. [1]
iii) Sketch TM diagram. [2]
iv) Fluctuation of energy. [3]
v) Mean diameter of the rim. [3]
vi) Width and thickness of rim. [3]
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Q6) a) Derive the expression for limiting velocity in flywheel rim. [4]
b) The torque delivered by the two stroke engine is represented by

T = (1200 + 1400 sin

θ

 + 210 sin 2

θ

 + 21 sin 3

θ

) N.m.

Where 

θ

 is the angle turned by crank from the inner dead center. The
engine speed is 210 r.p.m. Assume radius of gyration for flywheel as 800
mm and maximum fluctuation of the speed not to exceed + 1.5% of the
mean speed.
Determine:
i) Power of the engine [4]
ii) Maximum fluctuation of energy. [5]
iii) Mass of the flywheel required. [5]

SECTION - II
Unit - IV

Q7) a) Discuss classification of cams according to shape. [6]
b) Draw the profile of the cam operating a roller reciprocating follower and

with the following data. [12]
Minimum radius of the cam = 25 mm

     Lift = 30 mm
The cam lifts the follower for 120º with SHM followed by a dwell
period of 30º. Then the follower lowers down during 150º of the cam
rotation with uniform acceleration and deceleration followed by a
dwell period. Design the cam. If the cam rotates at a uniform speed of
150 rpm, calculate the maximum velocity and acceleration of the follower
during the decent period.

Q8) a) Explain constant acceleration motion of followers with neat sketches.[4]
b) Draw the profile of a cam operating a knife-edge follower having the lift

of 30mm. The cam raises the follower with SHM for 150º of the rotation
followed by a period of dwell for 60º. The follower descends for the
next 100º rotation of the cam with uniform velocity, again followed by a
dwell period. The cam rotates at a uniform velocity of 120  rpm and a
least radius of 20 mm. Design the cam. What will be the maximum velocity
and acceleration of the follower during the lift and return? [14]
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Unit - V
Q9) a) Discuss tractive force and derive the necessary expression for maximum

variation in tractive force. [6]
b) Four masses A, B, C and D are completely balanced. Masses C and D

make angles of 90º and 195º respectively with that of the mass B in
CCW. The rotating masses have following property: [10]
Mb = 25 kg, Mc = 4025 kg, Md = 325 kg,
Ra = 150 mm, Rb = 200 mm, Rc = 100 mm, Rd = 180 mm.
Plane B and C are 250 mm apart. Determine:
i) The mass A and its angular position with respect to mass B.
ii) The position of all the planes relative to plane of mass A.

Q10)a) Discuss Static and Dynamic balancing. [5]
b) Is it possible to balance a reciprocating mass completely? Discuss. [5]
c) Explain how balancing of several masses in different planes is done. [6]

Unit - VI

Q11)a) Derive the expression for motion of longitudinal free vibration (by any
one method) [6]

b) Spring stiffness is 15 kN/m. A mass of 25 kg vibrates with a damper.
The damping provided is only 15% of critical value. Determine:
i) The critical damping coefficient. [2]
ii) The damping factor. [2]
iii) The natural frequency of damped vibrations. [2]
iv) The logarithmic decrement. [2]
v) The ratio of two consecutive amplitudes. [2]

Q12)a) Discuss: whirling of shafts. [5]
b) What are transverse vibrations? Derive empirical formula of Dunkerley.[5]
c) How moment of inertia of unsymmetrical castings is determined? [6]

( ( (
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1) Answer any 3 questions from each section.
2) Answers to the two sections should be written in separate answer books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Use of logarithmic tables, slide rule, Mollier charts, electronic pocket

calculator and steam tables is allowed.
6) Assume suitable data, if necessary.
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SECTION - I
Q1) a) Explain various factors affecting plastic deformation. [8]

b) Derive and state the relationship between: [8]
i) Linear Strain and natural strain.
ii) Nominal stress and true stress.

OR
Q2) a) A bar of 100 mm initial length is elongated to a length of 200mm by the

forming process in three stages. The increase in length in each stage is
given below: [8]
Stage 1 : 100mm length increased to 150 mm.
Stage 2 : 150mm length increased to 180 mm.
Stage 3 : 180mm length increased to 200 mm.
i) Calculate engineering strain (e) and true strain (E) for each stage.

Also calculate overall engineering strain and overall true strain.
ii) Show why true strains are more convenient than that of engineering

strain.
b) What is formability? How to draw forming limit diagram. (FLD)? [8]

P.T.O.
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Q3) a) Explain the working, construction and applications of forging machines
with neat sketch. [8]

b) Discuss various design considerations in Forging. [8]
OR

Q4) a) Compare press forging over drop forging. [6]
b) A 200mm wide, 500mm long and 20mm thick strip is compressed

between two flat dies in plain strain such that the dimension 500 remains
constant. The coefficient of friction between the dies and the strip is 0.1,
and yield strength of the material in compression is 200 N/mm2. Determine
the mean die pressure and maximum die pressure. Also determine the
change in mean and maximum pressure when coefficient of friction is
changed to its half. [10]

Q5) a) In wire drawing operation, show that the drawing stress is given by the
equation, [12]

σ d = 

σ

o 

( )
B

B1+

[1 – (1–RA)B]

where, B = 

μ

. cot 

α

,   

μ

 = coeff of friction, and

      α= semi-die angle.
RA = Reduction in Area

σ

o = Yield stress

σ

d = drawing stress.
b) Explain lubrication process used in tube drawing operation. [6]

OR
Q6) a) Explain stepped cone and multistage wire drawing machine with neat

sketch. State their relative merits and demerits. [9]
b) Discuss stresses acting while drawing a tube with fixed plug, floating

plug and moving mandrel, with neat sketch. [9]
SECTION - II

Q7) a) What is the effect of following factors on roll separating force? [8]
i) The coefficient of Friction, ii) Reduction
iii) Roll diameter iv) Front and Back tension.

b) Discuss various problems in Rolling. [8]
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OR
Q8) a) How Roll flattening can be avoided? Explain. [8]

b) For cold rolling; show that [8]

R.L. = 

σ

o × Wm × 

hR.Δ

,

mention the assumptions made.

Q9) a) Explain flow patterns of direct, indirect and hydrostatic extrusion. [8]
b) Explain, how seamless tubes are produced by extrusion process. [8]

OR
Q10)a) Explain the variation of extrusion pressure with ram travel in direct and

indirects extrusion with proper graphs. [8]
b) What are the advantages and limitations of extrusion process over other

metal forming processes? [8]

Q11)a) Discuss various methods of flow forming. [6]
b) Explain electromagnetic forming with neat sketch. [6]
c) Write a note on microforming. [6]

OR
Q12)a) Write a note on petro-forge forming. [6]

b) Compare high velocity forming with conventional forming. [6]
c) Discuss tribological aspects in microforming. [6]

( ( (
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1) Answer any 3 questions from each section.
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3) Neat diagrams must be drawn wherever necessary.
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calculator and steam tables is allowed.
5) Assume suitable data, if necessary.
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SECTION - I
Unit - I

Q1) a) Define Production, Production Management and state the objectives of
Production Management. [10]

b) Explain the relationship of production with other functional department.
[6]

OR
Q2) a) Production Management is concerned with the planning, organising,

directing and controlling the activities of production. Comment. [10]
b) Explain the types of Production system. [6]

Unit - II
Q3) a) Compare Production Planning and Production Control. [8]

b) Discuss planning the production is the pre-operation activity. [8]

OR
Q4) a) Define PPC and state the objectives of PPC. [8]

b) With the help of figure explain the stages in Product Life Cycle. [8]

P.T.O.
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Unit - III
Q5) a) Define Plant Layout. Explain the objectives of good plant layout. [10]

b) Consider a following assembly network relationship of a product. The
number of shift per day is one and the number of the working hours per
shift is 8.M/s. Techno company aims to produce 40 units of product per
shift.

Operation Immediate Duration (Min)
No Preceding Task

1 - 8
2 1 3
3 1 2
4 1 4
5 1 7
6 3, 7 4
7 2 5
8 4, 5 6
9 6 8
10 7, 8, 9 8

i) Draw the precedence diagram. [2]
ii) What is the desired cycle time? [2]
iii) What is the theoretical number of workstation? [2]
iv) What are the efficiency and balance delay of the solution obtained.[2]

OR
Q6) a) Define Material Handling System. What is the relationship between good

plant Layout and Material Handling system? [10]
b) Explain different types of Material handling equipments with its

applications. [8]
SECTION - II

Unit - IV
Q7) a) Define Sales forecasting. Why there is a need for sales forecasting. [9]

b) The demand for a product X is 1000 units & 1500 units for the month of
April and May respectively. Using 2000 units as a demand for the month
of April, forecast the demand for the month of June taking the value of
α  = 0.2 [9]
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OR
Q8) a) Explain with the help of figure various demand patterns used in Sales

forecasting. [9]
b) There is a correlation between population of the city and Maruti Ritz

sold. This relation is shown in the following table. [9]
Population in 4 7 9 12 16 19
lakhs
No of Maruti
Ritz sold in 2 3 4 5 6 7
thousands

Estimate the sales of Maruti Ritz with population 22 and 26 lakhs.
Unit - V

Q9) a) Explain Critical Ratio scheduling in detail. [8]
b) There are seven jobs each of which has to go through the machines M1

and M2 in the order of M1 M2. Processing time in hours are given as:[8]
Jobs 1 2 3 4 5 6 7
Machine M1 4 13 16 7 11 12 10
Machine M2 9 11 11 7 13 2 4

Determine a sequence of these jobs that will minimize the total elapsed
time.

OR
Q10)a) Explain Forward and Backward Scheduling. [8]

b) The activity details and their predecessors are given below along with
their activity times. Construct the network diagram and compute the
critical path.  [8]

Activity Predecessors Activity Time
    (Weeks)

A -- 6
B -- 10
C -- 14
D C 6
E A, B 14
F E, D 6
G D 4
H F, G 4
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Unit - VI
Q11)a) Explain the basic concept of world Class Manufacturing. [8]

b) Explain any two advanced manufacturing philosophies. [8]

OR
Q12)a) Write a short note on Supply Chain Management. [8]

b) Explain in short Energy Conservation. [8]

( ( (
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3) Draw neat diagram wherever necessary.
4) Assume suitable data, if required.
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SECTION - I
Unit - I

Q1) a) Find chip reduction coefficient, shear force, Normal force, coefficient
of friction, resultant force, specific energy in friction for following data-
Rake angle on tool 12 degree, feed = 0.20mm/rev, Depth of cut = 1.5mm,
cutting speed 60 m/min, cutting force = 1200N, feed force = 350N, cut
chip thickness = 0.5mm. [10]

b) What is strain in chip? Show that in an orthogonal cutting process with
zero rake angle tool, shear strain is given by e = (1 + r2)/r where r = chip
thickness ratio. [10]

OR
Q2) a) A tubing of 50mm outside diameter is turned on a lathe at a cutting speed

of 25m/min and feed 0.4mm/rev, the rake angle of tool is 15 degree, The
cutting force is 900 N and feed force 300N, the length of continuous
chip in one revolution is 80 mm-calculate-chip thickness ratio, chip
thickness, shear plane angle, coefficient of friction, velocity of chip along
face, power for cutting. [10]

b) Write a note on orthogonal and oblique cutting. [5]
c) Explain why built up edge on a cutting tool is undesirable. What is the

use of a chip breaker? [5]

P.T.O.
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Unit - II
Q3) a) What are the requirements of cutting tool material? Explain different style

of carbide tips. [6]
b) Draw the tool geometry for the following cutting tool. Show the important

angles and other elements [9]
i) broach, ii) twist drill.

OR
Q4) a) Write note on: [8]

i) Clamping arrangement of insert,
ii) Types of coating and it’s necessity.

b) Explain with suitable sketch the process of manufacturing HSS tool by
Electro Slag Refining (ESR) process. [7]

Unit - III
Q5) a) For following data calculate the tool life if cutting speed, feed, depth of

cut are increased only by 20% individually and also collectively at a time
[8]

VT 0.15 F0.70 D0.40 = C, V = 25m/min, F = 0.3 mm/rev, D=2mm, T=60Min
Where V = Cutting speed (m/min), F = Feed (mm/rev), D = Depth of
cut (mm), T = Tool life (min)

b) Explain Taylor’s tool life equation. What are different indications of tool
failure. [7]

OR
Q6) a) What is Machinability and Machinability Index? State the factors affected

on it. [7]
b) Write a note on:

i) wear in tool, ii) Economics of machining. [8]

SECTION - II
Unit - IV

Q7) a) Design a circular form tool for following job [7]

α=Rake angle = 15º, 

γ

=Relief angle = 10º, K = Chip disposal thickness
= 5mm

[4163]-235 2



b) State the design aspect of a reamer tool. [8]

OR
Q8) a) Design and draw a sketch for a Key-Way broach for cutting a key way

of size 4mm wide and 5mm in depth a work piece having a hole prior to
broaching of size 30 mm in diameter and in length 50mm Determine
pitch of teeth, length of cutting portion, number of cutting teeth contact
at a time and force required to pull broach through work. Given Rise/
tooth = 0.015mm, Number of finishing teeth = 3, force to remove / mm2

of metal is 3000N. Also sketch the broach of your design and show
dimension on it. [9]

b) Calculate the cross section of a single point turning tool made of HSS.
Data given are as follows: Allowable stress HSS = 250 Mpa, Young’s
modulus of HSS = 2 × 106 MPa, Main cutting force = 1400N, Permissible
deflection of tool tip = 0.05mm. Also draw geometry of the tool by
assuming suitable angle. [6]

Unit - V
Q9) a) Compare with neat sketch leaf jig and box jig. [5]

b) Explain different method for indexing the job in Jig. [5]
c) Write note no different types of locating pin. [5]

OR
Q10)a) Differentiate between jig and fixture. [5]

b) Write a note on  [10]
i) quick acting clamping device,
ii) Economic of Jig and fixture.
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Unit - VI
Q11)Design a jig for drilling 

Φ

12 mm holes for a component shown in fig. no.2.[20]

OR
Q12)Design a boring fixture to counter bore of size 

Φ

 30mm × 6mm depth shown
in fig. no.2. Draw minimum two views of your design, show the component in
position, name all important elements in drawing, write a part list of your
design and draw detail view for locating, clamping, and bushing.

[20]
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SECTION - I
Unit - I

Q1) Design and draw cam profile for the component shown in figure below. Also
work out the following requirements. [20]

a) Sequence of Operation
b) Table for cam angle and cycle time
c) Cam profile for turret operation.
Data Given-Cutting speed - 35M/min, Feed 0.2 mm/rev, Work piece -
MS

OR
Q2) a) Explain in brief In-line transfer and Drum type transfer machine. [8]

b) Discuss steps for cam design. [6]
c) What are the different type of automatic machine? Write comparison

between turret and capstan with figure. [6]

P.T.O.
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Unit - II
Q3) a) What is a NC Machine tool system? What are its main elements? Describe

each element in brief. [8]
b) What is a machining center? Explain any on machining center and write

the characteristics of machining center. [7]

OR
Q4) a) What do you mean by “Direct Numerical Control” (DNC)? Explain

briefly. State its advantages and disadvantages also. [7]
b) Write down use of G and M code in CNC. Write down the meaning.[8]

N001 G00  X25 Z30 S3000  F0.5 T0102 M04
N002 G02 X–20 Z – 20 R5 S1100 F0.5 M30.

Unit - III
Q5) a) The system is capable of making 55 delivers/hr. The following specifies

the performance characteristics of the system. [7]
Average distance travelled/delivery = 150m
Vehicle velocity = 50 m/min
Pick up time = 50 Sec
Drop off time = 50 Sec
Average distance traveling empty = 100 m
Traffic factor = 0.85
Determine the number of vehicles required to satisfy the delivery demand.
Also determine the handling system efficiency.

b) Explain with neat sketch any one type of machine vision system. What
are its advantages. [8]

OR
Q6) a) What are the objectives of Automated storage system. [4]

b) Explain in briefly types of Automated storage/retrieval systems. [6]
c) Explain briefly how you can achieve vehicle guidance, routing and traffic

control in a manufacturing plant employing AGVs. [5]
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SECTION - II
Unit - IV

Q7) a) Explain different process parameters affect on MRR in USM. [8]
b) Write a short note on: [10]

i) Chemical machining ii) abrasive jet machining.

OR
Q8) a) What is laser beam machining? Explain its principle of operation. [6]

b) Explain with a neat sketch the working principle of Plasma arc machining.
[6]

c) Discuss with block diagram wire cut EDM. [6]

Unit - V
Q9) a) How control systems are classified? Explain adaptive control system

used in machine tool. [8]
b) Describe the operation involved in preparing a Machine tool foundation.[8]

OR
Q10)a) Discuss different types of coolant used in machine tool and their selection.[8]

b) Discuss about evaluating machine tool reliability.  [8]

Unit - VI
Q11)a) Explain schematically the set up of a hobbing machine for cutting a spur

gear. [8]
b) Explain in detail different gear cutting process. [8]

OR
Q12)a) Describe the method of Gear teeth forming with the help of an end mill

cutter. [6]
b) Give the comparison of gear hobbing and Gear shaping. [5]
c) How bevel gears cut? Explain briefly. [5]

( ( (
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SECTION - I
Unit - I

Q1) a) Define Industrial Engineering. Explain the history in the development of
Industrial Engineering. [8]

b) Define productivity. Explain various ways to increase the productivity of
manpower and material. [8]

OR
Q2) a) Explain briefly the following tools and techniques of Industrial

Engineering. [8]
i) Plant layout. ii) Value analysis.

b) Define productivity. “Increase in productivity leads to increase in standard
of living”. Justify. [8]

Unit - II
Q3) a) Define Micro motion studies. State the objectives. Explain Therbligs.[10]

b) Explain and construct Man-Machine chart for the operator working on
photo copy machine with suitable format. [8]

OR

P.T.O.
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Q4) a) Explain and construct Multiple activity chart with suitable example. [8]
b) Explain the following:

i) String diagram. [5]
ii) Travel chart. [5]

Unit - III
Q5) a) Explain the procedure to carry out work sampling study and to calculate

standard time for the job. [8]
b) The following elemental data is recorded in minutes for calculation of the

standard time of the job. [8]
Element Observed Frequency Rating
number time(min.) (%)

1 3 1 110
2 2.1 1 100
3 5 1/10 115
4 1.9 1 95
5 10 1/5 110
6 3.4 1 MACHINE ELEMENT
7 1.6 1 110

Calculate the basic time and the standard time for the job considering the
relaxation allowance as 10% and the contingency allowance as 2%.

OR
Q6) a) Explain the procedure to carry out stop watch time study to calculate

standard time for the job. [8]
b) Explain the following

i) Westing house system of rating. [4]
ii) Contingency allowance. [4]

SECTION - II
Unit - IV

Q7) a) State in brief characteristics of quality and explain Juran’s contribution
in quality control. [8]

b) Write short note on acceptance sampling. [10]
An analyst takes 20 samples of size 200 each from output of a final
assembly line. The items in each sample are inspected and no.of defectives
in each sample are recorded. The results are given in the table below:
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Sample No. 1 2 3 4 5 6 7 8 9 10
No. of
defectives9 9 7 14 15 8 7 9 11 16 12
Sample No. 11 12 13 14 15 16 17 18 19 20
No. of
defectives 26 18 11 8 10 10 15 13 9 12
Calculate average fraction defectives and control limits for fraction
defectives. Suppose that sometime after the chart has been established a
sample of 300 items is taken and found to contain 25 defectives. Does
time result will suggest a satisfactory population mean is being maintained?

OR
Q8) a) What is importance of OC curve? How it is useful in preparing various

sampling plans? [8]
b) A Sub Group of 5 items each are taken from a manufacturing process at

regular intervals. A certain Quality characteristics is measured and X bar
and R values are computed. After N = 25 subgroups, it is found that:
∑X bar = 357.50 and 

∑

R = 8.80. If the specification limits are
14.40 + 0.40, compute the process capability. [10]

Unit - V
Q9) a) Explain TQM process and PDCA cycle. [8]

b) Draw the failure rate curve for industrial product and explain its shape.
Assume that a product has a constant failure rate of 

λ

= 0.001 per hour.
Find out the reliability of the product at 1000 hours and 10,000 hours.[8]

OR
Q10)a) Explain with suitable example any one Statistical Quality control tool in

detail. [8]
b) Describe the various approaches available to increase the reliability of

i) Single component system
ii) Multiple component complex system.
It is desired to have a reliability of at least 0.990 for a specified service
period of 8,000 hours on the assumption of a uniform failure rate, what
is the least value of 

θ

’ that will yield this desired reliability?  [8]

[4163]-238 3



Unit - VI
Q11)a) Discuss the difference between ISO 9001:2000 and ISO9001:2008

standards. [8]
b) Design a system for a small scale industry manufacturing precision

automobile components. [8]
like shafts, pins etc. to meet the requirements as per ISO 9000.

OR
Q12)a) Discuss briefly: [8]

i) TS 16949 standards
ii) Deming Prize
iii) Rajiv Gandhi Quality Award.

b) Using the building where you study, determine the environmental aspects
and impacts. Establish hypothetical objectives and targets. [8]

( ( (
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2) Answers to the two sections should be written in separate books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Use of logarithmic tables slide rule, Mollier charts, electronic pocket

calculator and steam tables is allowed.
6) Assume suitable data, if necessary.

P1076

SECTION - I

Q1) a) Draw neat Fe-Fe3C equilibrium diagram. Mention all the phases, important
temperatures on it. Calculate amounts of phases that are obtainable at
room temperature if AISI 1060 steel is cooled under equilibrium cooling
condition. Also define phases present in AISI 1060 at room temperature.

[8]
b) Explain resolving power, total magnification, numerical aperture and bright

field illumination. [4]
c) Define:- δFerrite, Cementite, Ledeburite and Austenitee. [4]
d) Explain the advantages of Electrolytic polishing with suitable examples.[2]

OR
Q2) a) Explain with composition:- FeE270, AISI050, 60C10, En31, 80T11 and

T85W6Mo5Cr4V2 [6]
b) Widmanstatten structures is not preferred in hypoeutectoid justify &

suggest suitable remedies for the same and hypereutectoid steels. [4]
c) Explain Mounting and Etching. [4]
d) Explain in brief the classification of steels with suitable examples. [4]

P.T.O.
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Q3) a) Draw the TTT diagram for eutectoid steel or AISI 1080 steel. [4]
b) What is hardenability? Explain the factors influencing hardenability? [4]
c) What is Retained Austenite (R.A.) and How can it be eliminated? [4]
d) Define Bainite. Why bainite is not present in CCT diagram? [4]

OR
Q4) a) Show following heat treatments on Iron-Carbon equilibrium diagram:

Different types of Annealing and Normalising. [4]
b) Explain secondary hardening and temper embrittlement. [4]
c) Why tempering is done? With a suitable graph, explain the changes in

properties that take place during tempering. [6]
d) Draw microstructures of

i) C40
ii) Slowly cooled 1.2%C steel. [2]

Q5) a) Distinguish between [8]
i) Nitriding and Carbonitriding.
ii) Induction hardening and Flame hardening.

b) Explain Patenting in brief. [4]
c) Compare Pack carburizing with Liquid carburizing. [4]

OR
Q6) a) Distinguish between Austempering and Ausforming. [4]

b) Explain Martempering in brief. [4]
c) Is heat treatment required after nitriding. Explain. [4]
d) Why it is necessary to do heat treatment of carburized parts explain with

suitable example. [4]
SECTION - II

Q7) a) Which alloy steels would you suggest for the following applications and
justify: Milling cutters, Die casting dies for Aluminium alloys, Plastic
moulding dies, Master gauges, Surgical instruments, and Wrist watches.

[6]
b) What are the effects of Chromium (Cr), Tungsten (W), Vanadium (V)

and Manganese (Mn) on properties of steel. [4]
c) What is weld decay and sensitization and how is it eliminated? [4]
d) Draw microstructures of Malleable Cast Iron and Nodular S.G.Iron. [2]

OR
Q8) a) Explain heat treatment of HSS. [4]

b) Explain different types of stainless steels? [6]
c) Write short note on Grey Cast Iron and Alloy Cast Irons. [6]
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Q9) a) What is equivalent zinc? Explain with an example? [4]
b) Give typical composition and uses for the following:

Babbits, Gun metal, Invar, Y alloy, Alnico, Cartridge brass. [6]
c) What are the requirements of bearing materials? With a suitable example

explain hwo they are fulfilled? [6]
OR

Q10)a) What is season cracking of brasses? How is it eliminated? [4]
b) Give typical composition and uses for the following:

Monel, Muntz metal, Bell Metal, LM13, Tinman’s solder, Stellites. [6]
c) What is modification treatment in Al alloys? [4]
d) What is dezincification? [2]

Q11)a) Composite is one of the strengthening mechanism? [4]
b) How are reinforced composites produced? [4]
c) Explain hand lay-up and filament winding process. [6]
d) What are the types of Metal matrix composites? Give typical uses. [4]

OR
Q12)a) What are biocompatible materials? Give some examples. [4]

b) Write a short note on [6]
i) Applications of Nanomaterials
ii) Sports materials.

c) Write advantages & disadvantages of composite materials. [4]
d) Calculate the density of Cermet based on a titanium matrix if the

composite contains 50 weight % tungsten carbide, 22 weight % of tantalum
carbide and 14 weight % titanium carbide.
Given that density of tungsten carbide = 15.77gm/cc, density of
titanium carbide = 4.94gm/cc, density of tantalum carbide = 14.0gm/cc.

[4]
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T.E. (Production S/W)
KINEMATICS DESIGN OF MACHINES
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Instructions to the candidates:

1) Solve Que. No.1 or Que. No.2, Que. No.3 or Que. No.4, Que. No.5 or Que No.6
from Section - I and Que. No. 7 or Que. No.8, Que. No. 9 or Que. No. 10, Que
No. 11 or Que. No. 12. From Section - II.

2) Answers to the two sections should be written in separate books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Assume suitable data, if necessary.
6) Use of logarithmic tables, slide rule, Mollier charts, electronic pocket

calculator and steam tables is allowed.

P1077

SECTION - I

Unit - I

Q1) a) Write the kinematic balance equation for: [6]

i) Screw and nut mechanism.

ii) Rack & pinion.

iii) Worm & worm wheel.

b) Explain with neat sketch the kinematic analysis of gear shaping  machine.
[10]

OR

Q2) a) Synthesize a four bar mechanism to generate a function y = x3 + 3x for
1 < x < 5 at three precision points. Assume initial crank angle as 30º with
an interval of 90º and initial rocker arm angle 40º with an interval of 60º.
Assume length of fixed link as 50mm. [8]

P.T.O.
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b) Explain following kinematic chain representation with figure. [8]

i) E-22 ii) C-13

iii) K-25 iv) C-12

Unit - II

Q3) a) A machine component is subjected to two dimensional stresses. The
tensile stress in X-direction varies from 40 to 110 MPa while stress in Y-
direction varies from 30MPa compressive to 100 MPa tensile. The
corrected endurance limit of the component is 270 MPa. Determine the
factor of safety. [8]

b) A plate is made up of plain carbon steel 40C8 (Sut = 580N/mm2) as
shown in figure, subjected to variable load of 30 kN compressive to
50kN tensile. The theoretical stress concentration factor at the change in
cross section is 2.27 and notch sensitivity is 0.8. The expected reliability
is 90% If the required factor of safety is 2.0 Determine the plate thickness.

Assume following data:

Surface finish factor = 0.75

Size factor = 0.85

Load factor = 0.923

Reliability factor = 0.897

Figure: [8]

OR

Q4) a) A transmission shaft supports a pulley midway between the two bearings.
The bending moment at the midpoint varies from 200Nm to 500Nm. The
torque on the shaft varies from 70Nm to 180Nm. The frequencies of
variation of bending and torque are equal to the shaft speed. The shaft
rotates at 1440 rpm. The shaft is made of alloy steel having ultimate
tensile strength  of 700N/mm2 &  yield strength of 550N/mm2. The
corrected endurance limit of the shaft is 220N/mm2 If the factor of safety
is 2.0. Determine the diameter of the shaft. [10]
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b) Define following terms: [6]

i) Fatigue. ii) Endurance limit.

iii) Stress concentration.

Unit - III

Q5) a) In which applications the spur gears are preferred over the helical gears?
Why? [4]

b) Explain the force analysis of helical gear with neat sketch. [3]

c) A spur pinion having 21 teeth to be made of alloy steel (Sut = 800N/
mm2) is to mesh with a gear to be made of plain carbon steel (Sut = 720
N/mm2) the gear pair is required to transmit 8 kw power from an electric
motor running at 1000 rpm to a machine running at 300 rpm. The starting
torque of the motor is 150% of the rated torque. The factor of safety
required is 2.0 The gear and pinion are to be case hardened to 300BHN
& 350BHN respectively. Design the gear pair. The gears are machined to
meet the specification of grade 7.

Use following data:

Face width = 10 module

V6.5
6.5K
+

=v , Lewis Factor Y = 0.484 
Z
87.2

−

For grade 7, e = 11.0 + 0.9 ⎣ ⎦dm 25.0+ ,

Dynamic Load Fd = φcos
2527

.....
22 rgrp

rgrpbzpnpe
+ [11]

OR

Q6) a) A pair of helical gears consists of 20 teeth pinion meshing with 100 teeth
gear. The pinion rotates at 720 rpm. The normal pressure angle is 20º
while the helix angle is 25º. The face width is 40mm and the normal
module is 4mm. The pinion as well as gear are made of steel having
ultimate tensile strength of 600Mpa & hear treated to a surface hardness
of 300BHN. The service factor & factor of safety are 1.5 & 2.0
respectively. Calculate;
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i) Beam strength.
ii) Wear strength.
iii) Dynamic load by spott’s equation.
iv) Maximum static load the gear can transmit &
v) Power transmitting capacity.

Lewis Equation Y' = 0.484 – Z ′
87.2

.

For grade 8, e = 16.0 + 1.25 ⎣ ⎦dmn 25.0+  [10]

b) State the difference between scoring & pitting of gear teeth? [4]
c) What is the significance of formative number of teeth in the design of

helical gear? [4]

SECTION - II

Unit - IV

Q7) a) A shaft rotating at constant speed of 1500 rpm is subjected to variable
load. The bearings supporting the shaft are subjected to a stationary
equivalent radial load of 4kN for 10% of time, 2kN for 30% of time, 3kN
for 40% of time and no load for remaining cycle. If the total life expected
for the bearings is 30 × 106 revolutions at 95% reliability. Calculate the
dynamic load rating of the ball bearings when the bearings are selected
from manufactuyrers catalogue which lists ‘C’ at 90% reliability. [7]

b) Give detailed classification of bearings? [3]
c) Explain the following bearings in short with neat sketches: [8]

i) Angulaar contact ball bearing.
ii) Spherical roller bearing.
iii) Self aligning radial bearing.
iv) Taper roller bearing.

OR

Q8) a) A single row deep groove ball bearing no.6002 is subjected to an axial
thrust of 1200N and radial load of 2300N. Find the expected life that
50% of the bearings will complete under this condition.
Use following data:
For 6002 Bearing Co = 2500N & C = 5590N
Values of X & Y for radial deep groove ball bearing.
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Fa/Co    Fa/Fr< e     Fa/Fr>e   e

X Y X Y

0.070 1 0 0.56 1.6 0.27

0.130 1 0 0.56 1.4 0.31

0.250 1 0 0.56 1.2 0.37

0.500 1 0 0.56 1.0 0.44

Interpolate for in between values. [6]

b) Explain the following terms as applied to journal bearings. [6]

i) Bearing characteristic number.

ii) Bearing modulus

c) What are the additives? Explain the different types of additives used in
lubricating oils. (any four) [6]

Unit - V

Q9) A cast iron flywheel used for a four stroke I.C. engine developing 180 kw at
240 rpm. The hoop stress developed in the flywheel is 5.2 Mpa. The total
fluctuation of speed is to be limites to 3% of the mean speed. The work done
during the power stroke is 1/3 more than the average work done during the
whole cycle. The maximum torque on the shaft is twice the mean torque. The
density of cast iron is 7220 kg/m3. Determine [16]

a) Diameter of flywheel rim.

b) Mass of the flywheel rim.

OR

Q10)a) Show that maximum fluctuation of energy in flywheel is given by

sCmRE 22 ω=Δ

(notations have usual meaning) [6]

b) Explain the working of flywheel in four stroke internal combustion engine.
[4]
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c) Explain the different types of stresses induced in. [6]
i) Flywheel rim.
ii) Flywheel arm.

Unit - VI

Q11)a) In a shaft and hole assembly of nominal diameter 56mm, the total tolerance
on shaft diameter is 0.001 3 d mm, while the tolerance on hole diameter

is 0.002 3 d mm, The shaft and hole diameters are normally distributed.
The minimum shaft and minimum hole diameters are equal. Determine
the percentage of assemblies where interference is likely to occur. The
areas below the standard normal distribution curve are as follows:

Z 1.0 1.1 1.2 1.3 1.4 1.5 1.6
Area 0.3413 0.3643 0.3849 0.4032 0.4192 0.4332 0.4462

Use linear interpolation for values in between. [10]
b) Explain the following terms used in Johnson’s method of optimum design:

[6]
i) Primary design equation.
ii) Subsidiary design equation.
iii) Material parameters.
iv) Geometrical parameters.

OR
Q12)a) The breaking capacities of the batch of two hundred wires are tabulated

as follows. [8]
Breaking Capacity N Number of wires

260-280 4
280-300 24
300-320 100
320-340 64
340-360 8

The designer has specified 270 N and 350N as lower and upper limits
respectively for the breaking capacity of wires. Determine the percentage
of wires likely to be rejected.
The areas below the standard normal distribution curve are as follows:
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Z 2.0 2.1 2.2 2.3 2.4 2.5
Area 0.4772 0.4821 0.4861 0.4893 0.4918 0.4938
Z 2.6 2.7 2.8 2.9 3.0 3.1
Area 0.4953 0.4965 0.4974 0.4981 0.4987 0.4990

Use linear interpolation for values in between.

b) Explain the difference between ‘design tolerance’ and ‘natural tolerance’.
How the designer would select the tolerances for the minimum rejection
of the components? [4]

c) What is the ‘adequate design’ and ‘optimum design’? Explain with
suitable example. [4]

( ( (
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1) Answer Q1 or Q2, Q3 or Q4, Q5 or Q6 from Section I, Q7 or Q8, Q9 or Q10,
Q11 or Q12 from Section II.

2) Answers to the two sections should be written in separate answer books.
3) Figures to the right indicate full marks.
4) Neat diagrams must be drawn wherever necessary.
5) Assume suitable data, if necessary.
6) Use of logarithmic tables, slide rule, Mollier charts, electronic pocket

calculator and steam tables is allowed.

P1078

SECTION - I
Unit - I

Q1) a) Explain theory of Supply and Demand. [6]
b) Explain the functions of Money. [8]
c) Explain the concept of equilibrium in supply and demand. [4]

OR
Q2) a) Explain the difference between Marketing and Selling concept. [8]

b) What are the objectives of Material Management? [6]
c) Explain ABC Analysis. [4]

Unit - II
Q3) a) Explain the phases of process planning. [8]

b) Explain the functions of process Engineering. [8]
OR

Q4) a) Discuss time estimate and time standard. [8]
b) What are the different factors affecting process design. [8]

Unit - III
Q5) a) What are the different methods use for measurement and compare the

surface roughness? [8]
b) Discuss Standard tooling and Special tooling. [8]

OR

P.T.O.
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Q6) a) Explain in brief Basic manufacturing processes. [10]
b) Define following with the help of diagram. [6]

i) Flatness ii) Roundness iii) Symmetry

SECTION - II
Unit - IV

Q7) a) Explain AOQ and LTPD. [8]
b) Explain single and double sampling plan. [8]

OR
Q8) a) What are the advantages and limitations of Statistical Quality Control?[8]

b) Ten pieces of cloth out of different rolls of equal length contained the
following numbers of defect: 1, 3, 5, 0, 6, 0, 9, 4, 4, 3
Draw a control chart for the number of defects and state whether the
process is in a state of statistical control. [8]

Unit - V
Q9) a) Explain Deming’s PDCS Cycle. [8]

b) What is Concurrent Engineering? [8]
OR

Q10)a) Explain 7QC Tools. [12]
b) Explain JIT. [4]

Unit - VI
Q11)a) Explain the concept of “Total Productive Maintenance”. [8]

b) Explain the terms “Product” and “Service” in context with ISO 9001
Standards. [8]

c) Define: Fault Tree Analysis (FTA) [2]

OR
Q12)a) Write down the short note on Design of Experiments. [8]

b) Explain FMEA. [8]
c) What is mean by Reliability? [2]

( ( (
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P1079

SECTION - I
Unit - I

Q1) Define organisation? Explain various types of Business ownerships with suitable
examples. [16]

OR
Q2) a) Explain the concept of Elasticity of demand and Elasticity of supply

with suitable examples. [8]
b) What is Demand forecasting? Explain various methods of demand

forecasting. [8]
Unit - II

Q3) Define Management. Explain Meaning, Scope, Importance & functions of
Management in detail. [16]

OR
Q4) a) Explain the concept of six sigma with example. [8]

b) Explain the concept of JIT in detail. [8]
Unit - III

Q5) a) Define Marketing. Explain ‘4p’ of Marketing. [9]
b) Explain meaning, Scope & importance of Online Marketing. [9]

OR
Q6) a) Define Cost. Explain various types of cost with suitable example. [9]

b) Explain the concept of Break Even Analysis with suitable example. [9]

P.T.O.
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SECTION - II
Unit - IV

Q7) a) Define motivation. Explain Maslow theory of Need Hierarchy. [8]
b) Compare and contrast ‘X & Y theory’ and ‘Herzberg theory’ of

motivation. [8]
OR

Q8) a) Define Leadership. Explain qualities of a good leader. [8]
b) Explain the concept of Entrepreneurship. State various qualities of

Entrepreneur. [8]
Unit - V

Q9) a) Define Training. Explain various methods for Training of Employees.[8]
b) Explain Recruitment process in detail. [8]

OR
Q10)Write short notes

a) Business Ethics. [4]
b) Job Satisfaction. [4]
c) Time Management. [4]
d) Personality development. [4]

Unit - VI
Q11)a) Explain meaning, scope & importance of Disaster management. [9]

b) Explain various types of Disaster. [9]

OR
Q12)a) Prepare a Disaster Management Plan for Fatal Road accident. [9]

b) What do you mean by Industrial Safety? Explain various safety measures.
[9]

( ( (
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MICROCONTROLLER AND ITS APPLICATIONS
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1) Answer any 3 questions from each section.
2) Answer 3 questions from section I and 3 questions from section II.
3) Answers to the two sections should be written in separate answer books.
4) Neat diagrams must be drawn wherever necessary.
5) Figures to the right indicate full marks.
6) Use of logarithmic tables, slide rule, Mollier charts, electronic pocket

calculator and steam tables is allowed.
7) Assume suitable data, if necessary.

P1080

SECTION - I
Q1) a) Explain internal RAM structure of μc 8051. [6]

b) Explain the use of PC, SP and DPTR. [6]
c) Write short notes on SFR’s. [4]

OR
Q2) a) Draw and explain the PSW of 8051μc. [6]

b) Explain in detail internal & external data & program memory structure of
8051 μ c. [6]

c) Compare microprocessor and microcontroller. [4]

Q3) a) Explain addressing modes of 8051μc. [6]
b) Write the sequence of instruction that sets carry flag. [6]
c) Write program to load 40H in R6 register of Bank 3. [4]

OR

P.T.O.
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Q4) a) Explain the following instruction. [6]
i) PUSH OO ii) MOVC A, @ A+DPTR
iii) JMP @ A + DPTR iv) JNB P1.3, radd
v) MOV @ Rp, # n vi) ANL A, @ Rp

b) Write a program to push R0, R1 & R2 of Bank 0 onto the stack and pop
them back into R5, R6 & R7 of Bank 3. [6]

c) State the two condition under which program opcodes are fetched from
external memory rather than internal memory. [4]

Q5) a) Explain the interrupt structure of 8051 μc. If both INT0 and INT1 in the
IP $ FR are set to High. What happen if both are activated at the same
time. [8]

b) Draw logic diagram of serial port in mode 1. [5]
c) Write a program to generate a square wave of 2kHz freq. Assume

XTAL = 11.0592 MMZ. [5]
OR

Q6) Write short notes on the following: [18]
a) Features of I2C modbus.
b) CAN message frame format.
c) Flex Ray protocol.

SECTION - II
Q7) a) Explain the procedure of interfacing 8051 with PC using RS232

communication protocol. [10]
b) Write a note on use of simulator and emulator. [8]

OR
Q8) a) Draw the diagram for interfacing 8 KB data ROM and 8KB of Program

ROM with 8051. Use starting address as 8000H. [10]
b) Draw and explain the block diagram of interfacing of 8051 with 8255.[8]

Q9) a) Explain the procedure of interfacing 8 bit ADC with 8051. Draw the
suitable diagram. [8]

b) Write a note on measurement of temperature using 8051. [8]
OR
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Q10)a) Draw the typical diagram of interfacing a stepper motor with 8051 and
write assembly language program to rotate the stepper motor in clockwise
direction. [8]

b) Write a note on measurement of pressure using 8051. [8]

Q11)a) Explain the procedure of measurement of voltage using 8051. Draw the
relevant block diagram. [8]

b) Explain the interfacing of 4 × 4 matrix keyboard with 8051. Draw the
suitable diagram. [8]

OR
Q12)a) Write a note on “DC motor control using 8051”. [8]

b) Explain the interfacing of LCD with 8051. Draw the suitable diagram.[8]

( ( (
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1) Answer any 3 questions from each section.
2) Answers to the two sections should be written in separate answer books.
3) Figures to the right indicate full marks.
4) Assume suitable data, if necessary.

P1081

SECTION - I

Q1) a) With a neat diagram explain constructional details of salient pole type
alternator. [6]

b) A 3 phase, 8 pole, 750 rpm star connected alternator has 72 slots on
armature. Each slot has 12 conductors and winding is shorted by 2
slots.Find the coil pitch factor and distribution factor for the winding.
Calculate induced emf in the lines if flux per pole is 0.06 weber. [6]

c) What is meant by short circuit ratio in case of alternator? Elaborate its
significance. [6]

OR
Q2) a) Compare - Direct method, emf method, MMF method of Finding

regulation of alternator. [6]
b) Calculate percentage voltage regulation (up) of a 3 phase, 230 volt, star

connected alternator operating at 0.8 p.f. lag supplying load current of
10 Amp. The opencircuit test and short circuit test data is as below. [6]

OC EMF      ISC Ra/ph
230 volt 12.5 Amp
     for      for 0.9Ω
If = 0.38Amp If = 0.38 Amp

c) Derive the mathematical expression for distribution factor (kd) for an
alternator. [6]

P.T.O.
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Q3) a) Describe any two methods of making the synchronous motor self start.[8]
b) A salient pole alternator is operated at 0.8 p.f. It is delivering rated current

at rated voltage. Resistance of armature per phase is 0.02 per unit (PU),
Xd = 1.2 PU, Xq = 0.8 PU. Find direct in a quadrature axis current, load
angle (

δ

), emf (E). [8]

OR

Q4) a) A 3 phase star connected, 6.6 kV synchronous motor takes 72 Amp at
0.8 p.f. leading. Resistance and reactance per phase of the motor are
0.1

Ω

 and 0.9

Ω

 respectively. Determine emf induced and total power
input. [8]

b) State and elaborate the conditions that must be fulfilled for satisfactory
parallel operation of two alternators. [8]

Q5) a) Compare three phase induction motor with threephase synchronous
induction motor. [8]

b) With a neat diagram explain construction and working of 3 phase induction
voltage regulator. [8]

OR
Q6) a) Why V/f ratio is to be maintained constant for speed control of induction

motor? With a suitable diagram explain speed control of induction motor
using rotor resistance control. [8]

b) Write a short note on 3phase induction generator. [8]

SECTION - II

Q7) a) For plain ac series motor explain - direct axis and quadrature axis fluxes
and different emfs induced due to these fluxes. [9]

b) A universal series motor has resistance of 30

Ω

 and inductance of 0.5H.
When connected to 250 volt DC supply, it takes 0.8 Amp and runs at
2000rpm. Determine the speed, torque and power factor when connected
to a 250 volt, 50 Hz AC supply and taking same current of 0.8 Amp.[9]

OR

Q8) a) With a suitable diagram explain inductively compensated and conductively
compensated series motor. [9]

b) Describe the procedure for drawing circle diagram of plain series motor.[9]
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Q9) a) With a suitable diagram explain construction and working of brushless
dc motor. [8]

b) What are the effects of harmonics on performance of induction motor.
State the remedies to reduce the harmonics. [8]

OR
Q10)a) Elaborate the concept of time and space harmonics incase of induction

motors. [8]
b) With a neat diagram explain construction and working of linear induction

motor. State its applications.  [8]

Q11)a) Explain double field revolving theory for single phase induction motor.[8]
b) Explain construction and working of capacitor start single phase induction

motor. Draw its torque - speed characteristics. State the applications of
this motor. [8]

OR
Q12)a) Explain cross field theory for single phase induction motors. [8]

b) Explain no load and blocked rotor test performed on single phase
induction motor to determine its performance characteristics. [8]

( ( (

[4163]-253 3



Total No. of Questions : 12]

[Total No. of Pages : 2

[4163] - 254

T.E. (Electrical)
POWER ELECTRONICS
(2008 Pattern) (Sem. - I)

Time :3 Hours] [Max. Marks :100
Instructions to the candidates:-

1) Answer any 3 questions from each section.
2) Answers to the two sections should be written in separate books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Use of logarithmic tables slide rule, Mollier charts, electronic pocket

calculator and steam tables is allowed.
6) Assume suitable data, if necessary.
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SECTION - I
Q1) a) Define and explain importance of following ratings of SCR. [8]

i) Holding current and Latching current.
ii) Forward and reverse blocking voltages.

iii) dt
dv

 and dt
di

 Rating.

iv) I2t rating.
b) Draw and explain static V-I characteristics of SCR. [8]

OR
Q2) a) Explain in detail Two transistor analogy of SCR. [8]

b) Explain and compare R & RC firing circuit of SCR. [8]

Q3) a) With a neat circuit diagram and necessary waveforms explain working of
single phase fully controlled bridge converter feeding RLE load. [8]

b) With a neat diagram and necessary waveforms explain working of single
phase semi-controlled bridge converter feeding RLE load. [8]

OR

P.T.O.
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Q4) a) With neat circuit diagram and all necessary waveforms explain the
working of three phase fully controlled bridge converter feeding RLE
load. [10]

b) Write a note on selection of transformers and semiconductor devices
for converters. [6]

Q5) a) Explain four mode operation of TRIAC. [10]
b) Draw neat circuit diagram and explain how TRIAC can be used as light

dimmer switch. [8]
OR

Q6) a) Explain static on load tap changing of transformer using a.c. regulators.
Draw output voltage waveform using two stages. [9]

b) Explain step by step procedure of design of snubber circuit. [9]

SECTION - II
Q7) a) With a neat diagram explain switching action of Power MOSFET. [8]

b) Compare BJT, MOSFET and IGBT. [8]
OR

Q8) a) Draw and explain transfer characteristics and output characteristic of
IGBT. What is SOA? [8]

b) Explain switching characteristic of MCT. [8]

Q9) a) Explain principle of operation of step down chopper. with neat diagrams
explain TRC and CLC techniques. [10]

b) A step up chopper has input voltage 220V and output voltage 660V. If
the off time of chopper is 100μ s, compute pulse width of output voltage.
In case pulse width is halved for constant frequency operation, find the
new output voltage. [6]

OR
Q10)a) Explain four quadrant chopper feeding RLE load. [8]

b) Derive expression for output voltage of step-up chopper. [8]

Q11)a) Explain sinusoidal pulse width modulation used in inverters. Show four
pulses per half cycle of O/P voltage. [10]

b) Explain operation of single phase CSI. [8]

OR
Q12)a) Explain working of 3-phase VSI in 180º mode. Draw all waveforms and

equivalent ckts. [10]
b) Explain working of single phase full bridge inverter. Draw all waveforms.[8]

( ( (
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1) Answer 3 questions from section - I and 3 questions from section - II.
2) Answers to the two sections should be written in separate books.
3) Neat diagrams must be drawn wherever necessary.
4) Figures to the right indicate full marks.
5) Use of electronic pocket calculator is allowed.
6) Assume suitable data, if necessary.
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SECTION - I
Q1) a) State and prove Kelvin’s law for feeder design with reference to supply

system. State limitations of Kelvin’s law. [8]
b) A single phase distributor has resistance of 0.2Ω and reactance of 0.3Ω.

At midpoint ‘a’ the current is 100A at 0.6 Lagging p.f. with respect to
voltage Va at ‘a’. At far end the voltage Vb is 240 V and the current is
100A at p.f. 0.8 lagging. Find the supply voltage and phase angle between
Vs and Vb. [8]

OR
Q2) a) Compare 3d 3wire system with 3d 4 wire overhead system for volume

by conductor material required. Clearly state the assumption made. [8]
b) The cost per km for each of the copper conductor of a section ‘a’ sqcm

for transmission line is Rs (2800 + 1300). The load factor of the load
current is 80% and the load factor for the losses is 65%. The rate of
interest and depreciation is 10% and the cost of energy is 5 paisa per
kwh. Find the most economical current density for transmission line by
use of Kelvin’s law. Given ρ= 1.78 × 10–8Ωm. [8]

Q3) a) Explain in detail the function of the equipments used in the substain.[10]
b) Explain the term: [6]

i) Touch potential ii) Step potential.
OR

P.T.O.
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Q4) a) Explain in detail design of earthing grid of substation with reference to
IEEE standard 80-2000. [8]

b) Classify and explain various types of substation. [8]

Q5) a) Explain the different maintenance strategies. [8]
b) Discuss planned and preventing maintenance of induction motor. [10]

OR
Q6) a) Explain D.C. test for measurement of insulation resistance. [8]

b) Define and explain w.r.t. condition monitoring. [10]
i) Polarization index ii) Dielectric absorption ratio

SECTION - II
Q7) a) Describe various failure modes of transformer. [8]

b) Explain the following in detail. [10]
i) Dissolved gas analysis.
ii) Degree of polymerization.

OR
Q8) a) Discuss in detail different failure modes of transformer. [8]

b) Explain transformer oil contamination process. Explain the filteration of
transformer oil with block diagram. [10]

Q9) a) Describe the various failure modes of power cables. Also explain various
tests conducted on power cables. [8]

b) Explain various abnormal conditions and causes of failure of induction
motor. [8]

OR
Q10)a) Write a short note on: [8]

i) Signature analysis. ii) Thermography.
b) Explain in detail tan delta measurement. [8]

Q11)Write notes on
(Covering construction, working and trouble shooting) [16]

a) Refrigerator b) Washing Machine.
OR

Q12)Write notes
(Covering construction, working and trouble shooting) [16]

a) Water pump b) electric oven

( ( (
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[4163] - 312

T.E. (Petroleum Engineering)
PETROLEUM GEOLOGY - I

(2008 Pattern) (Sem. - I)

Time :3 Hours] [Max. Marks :100
Instructions to the candidates:

1) Answers to the two sections should be written in separate books.
2) Neat diagrams should be drawn wherever necessary.
3) Attempt any three questions from Section - I and Section - II.
4) Figures to the right indicate full marks.

P1674

SECTION - I

Q1) a) Using a sketch, explain relative abundance of igneous, sedimentary and
metamorphic rocks in terms of weight and volume proportion. [8]

b) Distinguish between conglomerate and breccia, residual and transported
soil, oligomict and polymict conglomerate, clasts supported and matrix
supported conglomerate. [8]

OR

Q2) a) Draw flowchart to explain various processes involved in the formation
of sedimentary rocks. [8]

b) Explain in term ‘Rock Cycle’ with the help of a neat diagram. [8]

Q3) a) How hydrolysis and solution processes are responsible for
decomposition of rocks? Explain with suitable examples. [8]

b) Discuss with the help of neat diagrams, different types of convergent
plate boundaries. [8]

OR

Q4) a) Describe elastic rebound theory for earthquakes with the help of neat
sketches. [8]

b) How is mass movement classified on the basis of moisture content and
velocity? [8]

P.T.O.

SEAT No. :



Q5) a) What is a fault? How faults are interpreted in the absence of any visible
displacement? [10]

b) Explain flexure slip fold and shear slip fold with the help of suitable
examples. [8]

OR
Q6) a) Describe classification of folds based on interlimb angle. How is the

relationship of wavelength and amplitude useful in ascertaining the
persistence and penetration of folds? [10]

b) Discuss in brief “Quantitative Description of Discontinuity”. [8]

SECTION - II

Q7) a) What is a depositional sedimentary environment? Distinguish between
environment of erosion, equilibrium and deposition. [8]

b) Draw a cross-sectional view of a sedimentary basin to show the relationship
between facies, environment and time. [8]

OR
Q8) a) What are clay minerals? Distinguish between cohesive and in cohesive

clay minerals. How are these recognized in the field? Discuss their
signification in the sedimentary rocks. [8]

b) What are the digenetic changes taking place in sedimentary rocks with
increasing depth and temperature? [8]

Q9) Write notes on any two of the following : [16]
a) Statistical representation of sedimentary rocks.
b) Trace fossils as an indicator of environment of deposition.
c) Use of microfossils in the exploration of hydrocarbons.
d) Dolomite and dolomitization.
e) Marine depth zones.

Q10)a) Write “Geological Time Scale” in a tabular form with important events in
each era. [10]

b) What is a bedform? Explain in brief about generation of bedforms in
relation to velocity of flow of water. [8]

OR
Q11)a) Explain transgression and Regression with the help of suitable diagrams.

What is an onlap (Prograding) and offlap (Retrograding) sequence? [12]
b) Discuss in brief classification of Petroliferous basins in India as suggested

by ONGC. [6]
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