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Fit a binomial distribution for the following data and compare the 06 |32 4

theoretical frequencies with the actual ones:

X| 0 1 2 13]41°35
fl 2 [14]20[34[22] 8
QIb) | An urn contains 4 white and 3 red balls. Three balls are drawn with 06 (212 4
replacement, from this urn. Find p,c6° and o for the number of red
balls drawn. ‘

Qle) | Obtain laplace transform of f(t) = sinvt 08 |11 |1

Q2 a) | A & B throw alternately with a pair of ordinary dice. ‘A’ wins if he 06 [3({2 |3
throw ‘6’ before ‘B’ throw *7° and B wins if he throws ‘7’ and B wins
before ‘A’ throws ‘6’. If A begins. Find their respective chances of
winning.

) | Acertaln drug is claimed to be effective in curing cold. in an experiment on | (6 312 6
500 persons with cold, half of them were given the drug and half of them
were given sugar pills. The patients’ reactions to the treatment are recorded
in the following table.

Helped Harmed No effect
Drug 150 30 70
Sugar Pills 130 40 80

On the basis of this data, can it be concluded that the drug and sugar
pills differ significantly in curing cold?

Q) | Evaluate £ {sin2t sin4t sinh ) 08 [1]3 |1
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Q3a Evaluate.ﬁ{t 1+sim} 06 |3

Q3 b) | In an examination marks obtained by students in mathematics, physics |06 |2 {4 5
and chemistry are normally disiributed with means 51,53 and 46 with
| standard deviations 15,12.16 respectively. Find the probability of
securing total marks (1) 180 or more (ii) 90 or below

Q3c) | Find the Laplacertransfmﬁé of f(t), where 08 114 i

sin2r.0<t<m
70 | 0.t>n

Q4 a) | The length of time a lady speaks on telephone is found to be a random 06 23 5
' variable with

Ae ", xz0

Find A and the probability that she will speak
O, x<0 ‘

‘ PDF,{(x):{

far {1} more

than 10 minutes (ii)less than 5 minytes{lii) between 5 & 10 minutes,

- sin®t 06 12 2

Q4by | . 7 1
Using laplace transforms Prove that Ie dt= Z]og 5
D

Q4c) | Of the three men, the chances that a politician, a businessman and an 08 211 4
academician will be appointed as a vice chancellor of a university are
0.50,0.30 & 0.20 respectively. Probability that research is promoted by
these people if they are appointed as vice chancellor are 0.3,0.7 7 0.8
respectively. Determine the probability that research is promoted in
the university. Also find if research is promoted in the university what
is the probability that the VC is an academician.

Q5 a) | Inan examination it is laid down that a student passes if he secures 30%or |06 [ 2 |2 5
more marks. He is piaced in Ist,lind or lird division according as he secures

60% or more marks, between 45% & 60% and between 30% & 45%

respectively. He gets distinction in case he secures 80% or more marks. It is

noticed from the result that 10% of the students failed in the examination -
where as 5% of them obtained distinction. Calculate the percentage of

students placed in the second division,
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95 b) s 06 12
Evaluate: £1! s
. (s+ l)(s + 4)
Q5¢ ' 08 [3[3 |3
) Evaluate: £ {tan™ (-27
5 Jj
Q6a) | Samples of two types of bulbs were tested for length of life and follewing | 06 3|3 7
data ware obtained.
Size Mean
Sample g 1234 hours
Sample 7 1036 hours

Is the difference in the means sufficient to warrant that type | bulbs are
superior to type il bulbs?

Q6b) | In a precision bombing attack there is a 50% chance that anyonebombwill (06 [2 13 4
‘ strike the target. Two direct hits are required to destroy the target
completely.How many bombs must be dropped to give atleast 99% chance
of destroying the target?

Q) iUsin_g convolution theorem 08 11 2

1
(s2 +a2):

Prove that: £

= 21 , (sinat - atcos at)
a

Q7a) | For a random sample of 10 pigs fed diet A, the increases in weight in pounds | 06 | 3 3 6
in a certain period were 10, 6, 16, 17, 13,12, 8, 14, 15,9,
For another random sampie of 12 pigs, fed on diet B, the increase in the same

[ A& Bdiffer significantly as regards their effect on Increase in weight

t

|

?

l periodwere 7, 13, 22, 15, 12, 14, 18, 8, 21, 23, 10, 17. Test whether the diets
!

f
) s? +b?
2, .0

Evaluate; £ {log
s*+a

} 06 (212 1|4

Q) 08 (111 13

B t
| Solve using Laplace transforms % +2y+ f y dt =sint
. 4

|

| Given, y(0) =1
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Qla) | The experiment is repeated 128 times and following distribution is 06 [3|2!4
obtained.
e ee—————
Noof [0 |1 ﬁf ] 5 Total
heads
Freque |7 |61}19 |35 [30 [23 |7 1 128
ney
Fit a Binomial distribution if the nature of coins is unknown.
QlIb) | Two cards are drawn simultaneously from a well - shuffled deckofS52cards. |06 |22 |4
Compute the variance for the number of aces
Qlc) | Obtain laplace transform of f(t) = sin*t 08 |1]111
A’ and ‘B’ throw alternately with a single die, A having the first throw. [06 [3 ]2 ]3
The person whose first throws ace is to win. What are their respective
chances of winning?
Q2b) {1000 students are graded according to their 1.Q. & their economic condlt:ons 06 (3216
Use chi-square test to find out whether there is any assoclation between
economic conditions and the level of 1.Q.
Economic L.Q.
Conditions High Medium Low
Rich 160 300 140
Poor 140 100 160
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2c i
@ Evaluate £ {__?-u} 08
e
3a : 06
Q Evaluate £ {-@-(i‘“—tJ}
dt t

Q3 b) | Inan examination marks obtained by students in mathematics, physics 06
and chemistry are normally distributed with means 51,53 and 46 with
standard deviations 15,12,16 respectively. Find the probability of
securing total marks (i) 180 or more (ii) 90 or below

Q3c) Find the Laplace transforms of f{t), where 08

0,0<t<rx

10= {sin2 (t—a)t>m

Q4a) | Verify whether the following functions can be looked upon as probability | 06

density function? £ (x) ; e, —w<x <o

Evaluate I
]

Q4 b) o foos6t_cosdt |06
using Laplace transforms.

Q4c) | Of the three men, the chances that a politician, a businessman and an | 08
academiclan will be appolinted as a vice chancellor of a university are 0.50,0.30
& 0.20 respectively. Probability that research is promoted by these people if
they are appointed as vice chancellor are 0.3,0.7 7 0.8 respectively. Determine
the probability that research is promoted in the university. Also find if research |
is promoted in the university what is the probability that the VC is an
academician

Q5a) | Inanexamination itis laid down that a student passes if he secures 30% or more | 06
marks. He is placed in Ist,lind or llird division according as he secures 60% or
more marks, between 45% & 60% and between 30% & 45% respectively. He gets
distinction in case he secures 80% or more marks. It is noticed from the resuit
that 10% of the students failed in the examination where as 5% of them
obtained distinction. Calculate the percentage of students piaced in the sécond
division,

Q5b)

Find £ { 2" 4 } v

(s+1){(s 2)(s 3)
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5S¢ 08 {3133
Q5e) Evaluate: £ {tan”] (—25-)}
)
Q6 a) The heights of six randomly chosen sailors are in Inches; 63,65,68,69,71 & (06 1313 (7

72.The heights of ten randomly chosen soldiers
are;61,62,65,66,69,69,70,71,72&73.Discuss in the light of this data that the
soldiers on an average are taller than sailors

Q6b) Ina precision bombing attack there is a 50% chance that any ane bomb will 06 (2(3|4
strike the target.Two direct hits are required to destroy the target '
completely.How many bombs must be dropped to give atleast 99% chance of
destroying the target?

08 1112
s

Evaluate: £
(s + 4)(3 + 1) . .
using convolution theorem.

Q7a) Prices of shares of a company on different days in a month were found to be66, [ 06 [3]3:i6
65, 69, 70, 69, 71, 70, 63, 64 and 68.
Discuss whether the price of shares to be 65.

Q7b) | Adieis tossed thrice. A success is getting | or 6 on a toss. Find themean | 06 12 |2 | 4
and the variance of the number of successes.

Q7¢) | Solve using Laplace transforms y"(t)+y(t)=8cost 08 [1/1]3
Given y({)) =
y'(0)=-
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oI TESPRCUVE YUeston
Points CO/BT
A How do changes in flow area affect pressure and velocity in compressible 6 1,2/2

flow? Discuss and illustrate with examples.
B Whatare the main features of turbulent flow? Briefly explain the significance 7

of the RANS equations.

C Explain boundary layer development over a bluff body and its role in flow 7
separation,

A Discuss following terms with illustration: 10 2/3

a) Mach number and its applications

b} Hydraulic gradient and energy gradient line
c) Laminar and turbulent flow characteristics
d) Lift and Drag

B Derive an expression for the torque required to overcome the viscous
resistance when a circular shaft of diameter D rotating at N rpm in a bearing 10 3/4
with the clearance t varying uniformly from t; m at one end to tz mat the
other end. The distance between the ends is L m. The oil has a viscosity of .

A Derive differential form of continuity equation. Write the differential form of 10 3/3
the x-momentum equation for incompressible flow in Cartesian coordinates.
Explain the physical meaning of each term in the equation.

B Apipelineof 0.6 m diameter is 1.5 km long. To increase the discharge, 10 4/4
another line of the same diameter is introduced parallel to the first in second
half of the length. Neglecting minor losses, find the increase in discharge if
Darcy factor f =0.04, Head at inlet is 0.3 m.

A Define choked flow in compressible fluids, What parameters influence it? 10 23/15
Derive the condition for its occurrence in a variable-area duct.

B A wooden pole of 45 cm? section and 3 m length is hinged at 1.2 m above 10 4/3
the water surface and floats in water at an angle of 8 with vertical Determine
the value of the angle. The pole weighs 90 N.

Hinge:.

-

m
12m




Provide concise explanations for the following key concepts:

(i} Classification and characteristics of Non-Newtonian fluids

(ii) Nature of drag and lift forces on bluff bodies

(iii) Distinction betweén static, dynamic, and stagnation pressures

(iv) Difference between convective and local acceleration in unsteady flows

Using Navier Stokes equation for frictionless fluid flow along a streamline,
derive Bernoulli equation and discuss significance of equation with its
limitations.

Identify two fluid machines that operate as power-consuming devices and
two that function as power-generating devices. For each machine, briefly
describe its working principle and list its key companents.

Find the acceleration and vorticity components at (1,1,1) for the flow field
give below.

u 2x*+3y, v =2xy+3y’+3zy,
3 :
W 22 +2xz 9y’z
Assume a standard parabolic velocity profile existing in boundary layer.

Derive an expression for displacement thickness and momentum thickness.

A conical spray head as shown below produces uniform exit stream. Evaluate
(a) the thickness of the spray sheet at 400mm radius and (b} the axial force
exerted by the spray head on the supply pipe. Use Reynolds transport
equation and list all assumption made in calculation.

o
AT

Al
IL Ao
Q:0.0Bmls-—pD I‘D=300mm ,
’ pat 1 .;'
p1 150 kPa (abs)e 7S /{- - 30°
Vz 16 mis

*********lz 2222*#*&#**#**

10

10

10

10

10

10

1,2/1,2

3/2

3,4/2

4/3

2/4

3/4




Bharatiya Vidya Bhavan's
. ? SARDAR PATEL COLLEGE OF ENGINEERING, MUMBAI
DEPARTMENT OF MECHANICAL ENGINEERING

Previous Semester Examination, JUNE 2025

(R18 = R22)

PROGRAM: SY B.Tech. (Mechanical), Semester-IV

-
o b)Y
COURSE: PE-BTM403 - Fluid Mechanics

- Total points: 100
Duration: 3 HOURS

Note:

» Answerany 5 questions. Each question carries 20 points
Answer should be question specific and to the point.
All component of a question must be answered togather.
Data in the [ast column represents course outcome and
Blooms Taxonomy of respective question

Co/Bl

Q1. (A) Explain the concept of the boundary layer. Show a schematic representation of the 10 6/2
boundary layer development over a thine flat plate indicating laminar and turbulent
zone both.
(B} Consider a 45° bent reducing elbow on a horizontal plane carrying water with the 10  4/4
flow rate of 50 kg/s. The elbow discharges water into the atmosphere. The cross-
sectional area of the elbow is 150 cm? at the inlet and 25 cm2 at the exit. Calculate the
component of force that acts on the bend.

Q2. (A) Define following properties of the fluid. 10 2/3
(1) Specific gravity, (ii) Viscosity, (iii) Surface Tension, and {iv) Compressibility
(B) Consider a shaft revolving in a journal bearing where shaft diameter, D ~ 80 mm, 10 2/4

gap between shat and journal, h — 0.1 mm and journal bearing length, L. 0.3 m. The
lubricating oil of viscosity 0.1 kg/ms and SG. 0.9 is used.

(i) determine the resistive force offered by lubricants if shaft is moved axially at 0.8 m/s.
(ii) 1f shaft is rotated at 1800 rpm, estimate the resistive torque and power required to
rotate the shaft.,

Q3. (A)Explain the following terms (any five) 10 4/1
{I) Absolute pressure
(if) Gauge pressure
(iii) Atmospheric pressure
(iv) Barometer
(v) Piezometer
(vi) Manometer
(B) Convert following pressure units to N/mz, 10 4/3
(i) 1.5 bar
(ii) 2 atm.
(iii) 30 cm of mercury

Q4. (A)Write the following equations and explain the term involved. 10 4/21
(i) Continuity Equation in differential form
(ii) Momentum equation in differential form
(iii) Bernoulli Equation
(B) Water flows at the rate of 1000 /s through a horizontal venture-meter with
diameter 0.5 m and 0.5 m. The pressure gauge fitted at the entry to the venture-meter 10
reads 2 bar. Barometric pressure is 1,05 bar. Calculate
(i) Static throat pressure
(ii) Stagnation pressure at inlet and throat
(iii) Total energy at inlet and throat

4/3



Q5. (A) List all assumptions of the Bernoulli's equation and derive it.
(B) Derive an expression for the resultant force acting on an inclined plane submerged in
a liquid. Also develop an expression to estimate its point of application,

Q6. (A) Explain following terms.

a. Darcy friction factor
b. Developing length of a pipe
¢. Moody chart
d.Major losses
e. Minor losses

(B) A 1.5 km long pipeline (£= 0.04) of diameter 0.6m is used to transport drinking
water to a city. In order to augment the discharge, another parallel line of same
diameter is introduced in the second half of the length. Neglecting minor losses, find
% increase / decrease in the discharge. Assume the head atinlet is 30 mover that at
the cutlet.

Q7. (&) Listdown the characteristic features of a compressible flow compared to an
incompressible flow. What is the significance of speed of sound in compressible fluid
flow? Derive an expression for it.

(B) A nozzle is designed to expand air isentropically to atmospheric pressure froma
large tank in which properties are held constant at 5°C and 304 kPa(abs). The
desired mass flowrate is 1 kg/s. Determine following-

(i) Stagnation temperature, pressure and density.
(ii) Exit pressure, temperature and Mach number
(iii) Exit area of the nozzle

10
10

10

10

10

10

5/4
6/3

4/2

6/4

7/1

7/3
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Make suitable assumption if necessary.
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Points CO/BT

A. Briefly discuss the following points: 10 2/12

(i) Types of Non-Newtonian fluids and their characteristics
(ii) Drag and lift of bluff body

(iif) Static, Dynamic and Stagnation pressure,

(iv) Convective and local acceleration,

(v) Minor losses in pipe flow.

R Foragiven flow field Y xyi -0.5y° ] 10 2/3
(i) Find equation of streamline and sketch it in first and second quadrant.
(il) Find position of a particleatt 6 s, if it is located in flow at (2, 8).

A Derive differential form of continuity equation. Write the differential form of 10 2/4
the x-momentum equation for incompressible flow in Cartesian coordinates.
Explain the physical meaning of each term in the equation.

B. A Newtonian fluid (t 0.9 Pa's, p = 850 kg/m?) is confined between two 10 3/34
large horizontal plates spaced h=2.0 mm apart. The bottom plate is /3
stationary; the top moves at U=0.5 m/s. Assume steady, incompressible,
laminar flow with no pressure gradient and no-slip at both plates. Answer
following questions.

a) Derive and sketch the velocity profile u(y).

‘b)Calculate the shear stress on both plates.

¢) Compute the Reynolds number and identify the flow regime.

d)If the top plate area is 0.2 m?, find the power required to malntain motion.

A, Derive an expression for the forces on a thin plate of given arbitrary shape 10 3/4
immersed in a liquid at an angle a to the free surface. Obtain simplified
expressions for the centre of pressure of vertical planes. (i) square and (ii)
circle.

B. A conical spray head as shown below produces uniform exit stream. Evaluate 10 34/34
(a) the thickness of the spray sheet at 400mm radius and (b) the axial force
exerted by the spray head on the supply pipe. Use Reynolds transport
equation and list all assumption made in calculation.

=003 my m-D JB = 300 mm

RN

7 = 150 kPa (abs)x?j

V=10 mis




4 A Discuss following terms with illustration: 10 1,2/1.2
(i) Characteristics of a compressible flow
(ii) Moody chart
(iii) Hagen Poiseuille flow
(iv) Boundary layer

B Using Navier Stokes equation for frictionless fluid flow along a streamline, 10 2,3/4
derive Bernoulli equation and discuss significance of equation with its
limitations.
3. A [dentify two fluid machines that operate as power-consuming devices and 10 e

two that function as power-generating devices. For each machine, briefly
describe its working principle and list its key components.

B. Two reservoirs 5.2 km apart are connected by a pipeline which consists ofa 10 3473
225 mm diameter pipe for the first 2.6 km, sloping at 5.7 m per km. For the
remaining distance, the pipe diameter Is 150 mm laid at the slope of 1.9 m
per km. The level of water above the Pipe opening are 6 m in the upper
reservoir and 3.7 in the lower reservoir. Taking the friction factor f =0.024
for both the pipes and contraction coefficient, C.=0.6, calculate the rate of
discharge through pipeline.

65 A u y [y 2 10 2/4
Assume a parabolic velocity profile in boundary layer u 2—0;--(?;-) .
Y,
Derive an expression for its 1) displacement thickness and i) momentum
thickness.
B 10 345

dA dp 3
Deriving following relation -——{1-M"), and discuss the effect of
g g A oV (1-M?)
area variation on properties of isentropic.
A Briefly explain the development of the boundary layer over a bluff body and 6 .
its impact on flow separation. ‘
B Outline the characteristics of turbulent flow and write the RANS equations
and explain its significance.
C. Define choked flow and derive the condition for its occurrence.

ro
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1. Question number 1 is compulsory

2. Solve any 4 questions from question number 2 to 7
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3. Draw neat labeled sketches wherever required.
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Following table list the measuring instruments (left hand side column of the
table) for measuring mechanical properties (right hand side column of the
table) of the system. Students shall match the measuring instrument with
the corresponding mechanical property.
Measuring Instruments Measurand 05
Radiation pyrometer Temperature
. T . lto | 4
1 Pirani gauge Liouid Level 4 2 to7
Rotameter Pressure
Float Gauges Flow rate
Thermistor Acceleration
Further student shall depict working priciple of the measurement | 15
instrument listed on left hand side column of the table with only neat
labelled sketch. (Note: Credits will be given only if match is perfect)
A single strain gauge having resistance of 130 £ is mounted on a steel
cantilever beam at a distance 0.12 m from the free end. The beam
dimensions are 25 cm (length) x 2.0 cm (width) x 0.3 cm (depth). An
2 | unknown force ¥ applied at the free end produces a deflection of 11.8 mm 10 123 5 4
(@) | of the free end. If the change in gauge resistance is found to be 0.145 €, ’
calculate the gauge factor. Deflection of the free end &= FL*/3El Take
Young's modulus for steel as 200x10° N/m’
A temperature probe is transferred from air at 25°C to air at 35°C, then to | 10 23 |5 |5
water at 70°C, and back to air at 35%C, Assume that in each case the
transfer is “instantaneous”. The effective time constants and the timing
2 | sequence are as follows:
{(b) | In air, probe dry, =35 s;
In water, 7 =2 s;
In air, probe wet, =15 s;
For

O\[og
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0 <t<7, T=35°C (dry probe in air)
7<1<15, T=70°C (probe in water),
15<t<30, T=35"C (wet probe in air).
Calculate the indicated temperature at the end of each time interval and
sketch the rough appropriate indicated temperature (time relationship
between t=0 and t=30 s).
Explain step by step approach with labeled sketch to measure the flow rate
3 of water coming at your home with valve full open using the
(a) | devices/equipments/utilities available at home and found in daily usages. | 10 |4 6
(Answer must be supported with neat labeled sketches)
A small cantilever beam is constructed for measurement of force F. It is
made of spring steel having modulus of elasticity E=200 X 10° N/m* The
beam is 4.75 mm wide and 0.9 mm thick, with a length of 25+0.025 mm.
An LVDT is used for displacement sensing.
It is estimated that the limiting error in displacement is £0.025 mm.
Calculate the value of force and the limiting error if the displacement of
3 |LVDTis 2.5 mm. . 10 |3 2
(b) | The limiting error in bar dimensions (in width and thickness) is +0.0075
mm,
Given force 3E!
F o x
L3
where I= MOI of beam, m*  L=Length of beam, m; and x= displacement
of LVDT, m
A system is given by differential equation
d’y  dy
4 dt2+4d_t+8y 8x 10 1
(&) where y=output and x=Input. Determine all time domain specifications
for unit step input.
A diaphragm pressure gauge is constructed of spring steel to measure
differential of 7 MN/m®. The diameter of diaphragm is 12.5 mm, Calculate
4 | the thickness of diaphragm, if the maximum deflection is 0.333 of | 10 2,3 56
(b) | thickness. Also calculate the natural frequency of diaphragm. Given: ’
Young’s modulus=200 GN/m’, Poisson’s ratio-0.28 and density of
steel=7800 kg/m’
With scientific justification explain desirable properties for liquid for liquid
5 in glass thermometer. Also explain significance of time constant in
@) thermometer. Explain with scientific justification how response of the | 10 |3,4 5
thermometer can be improved?

> [q2
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Following is the calibration data of a pressure transducer:

qi(Mpa) g, (increasing) ( Mpa) q, (decreasing) (Mpa)
0 2 2
10 8 12
20 17 23
30 26 34
40 39 41
50 49 49
Find out: (i) The equation for the best-linear fit. (ii) The standard deviation
of input qi, output q0, slope and intercept. (ii) gi if the instrument reads
q0=30 after calibration.

10

3.4

1,2

(a)

It is proposed to develop measurement and control system for maintaining
flow rate and pressure of water in reaction type hydraulic turbine for
operating to its best efficiency point. Proposed design aimed to retrieved
data from system and controlled it remotely using internet network system.
Students are instructed to present architecture of such network integrated
measurement and control system (explain with neat schematic diagram).

10

3,4

4,5,6

The transfer function of a measurement system is given as
361

(52 +16S+361]

Find the following for a unit step input:
Undamped natural frequency, damping ratio, damped natural frequency,
settling time, peak time, rise time, percentage overshoot.

10

@

A bubbler or purge method is used to measure the water level. Air
compressor having pressure range of 0-5 bar is used for the measurement of
the water level. Air tube with opening at the bottom of the tank is used to
purge the air in the water tank. Operator initially purge the 3 bar pressure in
the air tube and no air bubbles are observed. The pressure is varied 1o
maximum rating of 5 bar although no air bubble is observed. In fact at the
setting of 5 bar pressure the water rises into the air tube up to 5 meters
measured from bottom of the tank. Estimate the water level in the tank
from the different observations provided.

10

1,2,3

The speed of a shaft rotating at 5400 rpm is measured using stroboscope.
The stroboscope dial is slowly turned within flashing rates of 220 to 24 per
second. Indicate the flash rate setting which give single, double steady
images.

10

1,3

3,4

on a7




Program: S.Y.B. Tech. (Mechanical Engineering)
Course Code: PC-BTM403

Course Name: Mechanical Measurement and Control

Notes:
1. Question number 1 is compulsory

Bharatiya Vidya Bhavan’s

SARDAR PATEL COLLEGE OF ENGINEERING

(Government Aided Autononious Institute)
Munshi Nagar, Andheri (W) Mumbai 400053

Epd-Semuster /Re-examinations MaxrJune 2025 SET 2

2. Soive any 4 questions from question number 2 to 7
2. If necessary assume suitable data with justification
3. Draw neat labeled sketches wherever required.

ol
%uration: 3 Hrs
Maximum Points: 100

Semester: IV

V,MW’/

I?(; - Questions Points | CO | BL | M.N
Following table list the measuring instruments (left hand side column of the
table) for measuring mechanical properties (right hand side column of the
table) of the system. Students shall match the measuring instrument with
the corresponding mechanical property.
Measuring Instruments Measurand 05
Radiation pyrometer Temperature 1to | 4
1 Pirani gauge Liguid Level a 2 to?
Rotameter Pressure
Float Gauges Flow rate
Hot Wire Anemometer Acceleration
Further student shall depict working principle of the mecasurement| s
instrument listed on left hand side column of the table with only neat
labelled sketch. (Note: Credits will be given only if match is perfect)
A single strain gauge having resistance of 130 Q is mounted on a steel
cantilever beam at a distance 0.12 m from the free end. The beam
dimensions are 25 cm (length) x 2.0 cm (width) x 0.3 cm (depth). An
2 | unknown force F applied at the free end produces a deflection of 11.8 mm 10 |23 5 4
(3) | of the free end. If the change in gauge resistance is found to be 0.145 Q, ’
calculate the gauge factor. Deflection of the free end 5= FL*/3EL Take
Young's modulus for steel as 200x10° N/m?
A temperature probe is transferred from air at 25°C to air at 35°C, then to | 10 23 |15 |5
water at 70°C, and back to air at 35°C. Assume that in each case the
transfer is “instantaneous”. The effective time constants and the timing
2 | sequence are as follows:
(b) | In air, probe dry, t=35's;

In water, T =2 s;
In air, probe wet, T=15s;
For

QYN
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t <0, T=25"C (initial temperature)

0 <t <7, T=35°C (dry probe in air)

7 <t< 15, T=70°C (probe in water),

15 <t <30, T=35"C (wet probe in air).

Calculate the indicated temperature at the end of each time interval and
sketch the rough appropriate indicated temperature (time relationship

between t=0 and t=30 s)

Explain step by step approach with labeled sketch to measure the flow rate
of water coming at your home with valve full open using the

3
(a) | devices/equipments/utilities available at home and found in daily usages. | 10 |4 6
(Answer must be supported with neat labeled sketches)
The discharge coefficient C4 of an orifice can be found by collecting the "
water that flows through during a time interval when it is under a constant
3 head h. The formula is |74
Cd=—p/— 10 |3 2
(®) tpA+2gh
Find Cq and its possible error ift W=390+0,25 kg, t=600+2 s, d=12+0.03
mm, p=1050+0.1% kg/m’; A= nd%4, h=3.6£0.03 m, g=9.81:0.1% m/s’
A system is given by differential equation
d’y  ,dy
o jar i o= 10 | 1 2
2) where y=output and  x=Input. Determine all time domain specifications
for unit step input.
An accelerometer has a seismic mass of 0.05 Kg and a spring constant of
4 3x10° N/m. Maximum mass displacement is £0.02 m (before mass hits the
(b) stop). Calculate (a) maximum measurable acceleration and (b) natural 10 2,3 3.4
- i frequency.
With scientific justification explain desirable properties for liquid for liquid
5 in glass thermometer. Also explain significance of time constant in
(a) | thermometer. Explain with scientific justification how response of the 10 134 5
thermometer can be improved?
Following is the calibration data of a pressure transducer: 10 3,4 1,2
qi( Mpa) | q, (increasing) { Mpa) | q, (decreasing) (Mpa)
0 2 2
(f,) 10 8 12
20 17 23
30 26 34
40 39 41

QU a2
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50 49 49
Find out: (i) The equation for the best-linear fit. (ii) The standard deviation
of input gi, output q0, slope and intercept. (ii) qi if the instrument reads
q0=30 after calibration.

It is proposed to develop measurement and control system for maintaining
flow rate and pressure of water in reaction type hydraulic turbine for
6 | operating to its best efficiency point. Proposed design aimed to retrieved
(a) | data from system and controlled it remotely using internet network system.
Students are instructed to present architecture of such network integrated
measurement and control system (explain with neat schematic diagram).

10 3,4 | 5 |45,

The transfer function of a measurement system is given as
361

3
6 (S +16S+361) P A N

Find the following for a unit step input:
Undamped natural frequency, damping ratio, damped natural frequency,
settling time, peak time, rise time, percentage overshoot,

Explain working principle of Mcleod gauge with neat diagram.,
A Mcleod pauge has volume of bulb and measuring capillary equal to
110x10"* m® and measuring capillary diameter of 1.1 mm. 10 | 233
@) (1} Calculate the pressure indicated when the reading of measuring 4,5
capillary is 28 mm in case approximate formula is used.
(i) What is the error if the exact formula is used for pressure
measurement?

The speed of a shaft rotating at 4800 rpm is measured using stroboscope. | 10 | 1,3 |4 | 3.4
7 | The stroboscope dial is slowly turned within flashing rates of 200 to 24 per
(b) | second. Indicate the flash rate setting which give single, double steady
images.

O3 la3
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1. Question number ONE is compulsory solve any four out of remaining
2. Question nos. 1,2,3 and 4 should be solved on drawing sheet.

3. Answers to each sub-questions are grouped together

4. Use of scientific calculator is allowed

5. Begin answer to each question on new page.

6. Candidates should write the answers legibly

Q Description Pts | Cos | BL | Md |
1 a) Define the terms tink, lower pair and higher pair illustrating with suitable | 4x5 23 11,24
sketches. 1 5,6
b)Describe with neat sketch a quick return motion mechanism (slotted lever- 2

crank) suitable for shaping machine. Define QRR related to sketche.
c}Name and sketch different types of followers which are used with disc
cam.
d)Draw neat sketch of toothed spur gear with at least two teeth and show the
| following terms on the sketch: circular pitch, addendum, dedendum,
flank, face, top and bottom land.

2 | a)A crank-rocker linkage has a 65 mm frame, a 28 mm crank, a 44 mm | 10 34 123
coupler and a 49 mm rocker. For the given links draw the minimum and 1,2,3
maximum transmission angle. Also draw both the toggle position and
measure corresponding crank angles and transmission angies. (Solve
graphically).

b)In a slider crank mechanism crank is 25 mm long and connecting rod is
110 mm long. Find velocity and acceleration of the slider by analytical
method (complex algebra) if crank is making an angle of 55° with
horizontal in ccw direction and rotating with the uniform angular velocity
of 10 rad/sec in cw direction.

3 a) Use following data in drawing the displacement, velocity, acceleration | 10 | 4 3 5

verses theta (0) diagram for a cam in which a knife-edge follower is raised

with SHM and is lowered with SHM: least radius of cam 20 mm, lift 60

10




mm, angle of ascent 90°, angle of descent 120°, dwell between ascent and
descent 30°, cam rotation 180 rpm. Determine the maximum velocity and
acceleration during ascent and descent.

b) Draw the cam profile for the above details.

10

Q4

In Fig., the angular velocity of the crank

OA is 600 rpm. The dimensions of various o
linksare: OA 28 mm; AB 44 mm;BC=

49 mm; and BD 46 mm; OC 65 mm. i
The path of travel of the slider is 11 mm

below the fixed point C. The slider moves

along a horizontal path and OC is vertical. o agdgs
(link number OC-1, OA-2, AB- 3, BC- 4,  wum c
BD- 3, Slider -6) - B
Determine the linear velocity of the slider

D and the angular velocity of the link BD, AB and BC. Using:

a) 1C method (take 1:1 scale and locate alt IC’s }
b) Relative velocity method

34

a) State the fundamental law of gearing, deduce the expression for the same.
b) A 4 mm module 24-tooth pinion is to drive a 36-tooth gear, The gears are
cut on the 20° full-depth involute system. Find and tabulate the addendum,
dedendum, clearance, circular pitch, base pitch, base circle radii, length
of paths of approach and recess, and contact ratio. '

oo oo

12

3,4

a) An' epicyclic gear train as shown in
fig., is composed of annular wheel A4
having 150 teeth. The wheel 4 is
meshing with wheel B which drives
wheel D through an idle wheel C,D {
being concentric with 4. The wheels B c ..~
and C are carried on an arm which D
revolves clockwise at 100r.p.m. about /ﬂ.
the axis of 4 and D, If the wheels B and S
D have 25 teeth and 40 teeth
respectively, find the number ofteeth on Cand the speed and sense
of rotation of C.

b) Deduce the expression for minimum number of teeth on gear wheel.

10

3.4

a) State the advantages of gear drive over the belt drive.

b) State and prove condition for correct steering.

¢) State the conditions for straight line generating mechanism. Sketch
the Peaucellier mechanism and prove that the tracing point ‘P’
describes the straight line.

1,2

23

24,6
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1. Question number ONE is conipulsory solve any four out of remaining
2 Question nos. 2,3 and 4 should be solved on drawing sheet.

3 Answers to cach sub-questions are grouped together

4 Use of scientific calculator is allowed

5 Begin answer to each question on new page.

6  Cuandidaies should write the answers legibly

Description Pts | Cos | BL J‘ Md
Explain the following . 20 1,2 [ 1,24
a) Kennedy's theorem l 5.6
b) Mobility of Mechanism 2
¢) Mechanism
d) Grashoff's law
¢) Types of Inversion of simple four bar chain (4R-0P)
f) The criteria of classification of kinematic pair
g) Interference in gear mesh
h) Pitch point on cam profile
i) Corollis component of acceleration
J) Contact ratio in gear
a) A crank-rocker linkage has a 65 mm frame, a 28 mm crank, a 49 mm | 10 3.4 | ij
coupler and a 44 mm rocker, For the given links draw the minimum and 1.3 |
maximum transmission angle. Also draw both the toggle position and
measure corresponding crank angles and transmission angles. (Solve
graphically).
b) In a slider crank mechanism crank is 25 mm long and connecting rod is 10
110 mm long. Find velocity and acceleration of the slider by analytical
method (complex algebra) if crank is making an angle of 35° with
horizontal in ccw direction and rotating with the uniform angular
velocity of 10 rad/sec in cw direction.




4) Use fullowiug datn in drawing tho dicplacement, velocity, acceleration
verses theta (0) diagram for a cam in which a roller follower is raised
with SHM and is lowered with SHM: least radius of cam 20 mm, lift 50
mm, angle of ascent 120°, angle of descent 120°%, dwell between ascent
and descent 50°, cam rotation 180 rpm. Determine the maximum
velocity and acceleration during ascent and descent.

If the maximum variation in the driven shaft is £5% of the mean speed,
determine the greatest permissible angle between the axes of the shafts.
What are the maximum and minimum speeds of the driven shaft?

b) Draw the cam profile for the above details. 10
Q4 | Locate all the instantaneous centers of the mechanism as shown in Fig. The
lengths of various links are: AB

150 mm; BC 300 mm; CD |, a8

225 mm; and CE 500 mm. i

When the crank AB rotates in the A T

anticlockwise  direction at a

uniform speed of 240 rpm. 300

Find: Velocity of the slider E, and ™ -

angular velocity of the links BC

and CE. Using:

a) IC method (take 1:10 scale 12

and locate all IC's )

b) Relative velocity method 8

> a) State the fundamental law of gearing,  deduce the expression for the | 8
samc.

b) A 5 mm module 19 teeth pinion is to drive a 23 teeth gear. The gears 12
are cut on the 20° full-depth involute system. Find and tabulate the
addendum. dedendum, clearance. circular pitch. base pitch, base circle
radii, length of paths of approach and recess, and contact ratio,

6 a) A spur gears with 9 and 36 teeth are to be cut with 20° full-depth cutter | 10
with module of 8 mm.
. Determine the amount that the addendum of the gear must be
decreased in order to avoid the interference.
ii.  If the addendum of the pinion is increased by the same amount,
determine the contact ratio.
) Deduce the expression for minimum number of teeth on gear wheel. 10
7 a) State the conditions for straight line generating mechanism. Sketch the | 10
Peaucellier mechanism and prove that the tracing point ‘P’ describes the
straight line.
b) A driving shaft of a Hooke's joint rotates at a uniform speed of 400 rpm. 10
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1 Question number ONE is compulsory solve any four out of remaining
2. Question nos. 12,3 and 4 should be solved on drawing sheet.

3. Answers to each sub-questions are grouped together

4 Use of scientific calculator is allowed

5 Begin answer to each question on new page.

6. Candidates should write the answers legibly
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Description Pts | Cos |BL | Md
Explain the following . 20 L2 1,24
a) Kennedy’s theorem 1 3,6
b) Mobility of Mechanism 2

¢) Mechanism

d) Grashoff’s law

e) Types of [nversion of simple four bar chain (4R-0P)
f) The criteria of classification of kinematic pair

g) Interference in gear mesh

h) Pitch point on cam profile

i) Coriollis component of acceleration

j) Contact ratio in gear

a) A crank-rocker linkage has a 65 mm frame, a 28 mm crank, a 49 mm | 10 34 |23
coupler and a 44 mm rocker. For the given links draw the minimum and 1.3
maximum transmission angle. Alsc draw both the toggle pusiiion and
measure corresponding crank angles and transmission angles. (Solve
graphically).

b)In a slider crank mechanism crank is 25 mm long and connecting rod is
110 mm long. Find velocity and acceleration of the slider by analytical
method (complex algebra) if crank is making an angle of 35 with
horizontal in ccw direction and rotating with the uniform aggular velocity
of 10 rad/sec in cw direction.

10




If the maximum variation in the driven shaft is +5% of the mean speed,
determine the greatest permissible angle between the axes of the shafis.
What are the maximum and minimum speeds of the driven shaft?

3 a) Use following data in drawing the displacement, velocity, acceleration | 10
verses theta (8) diagram for a cam in which a reller follower is raised with
SHM and is lowered with SHM: least radius of cam 20 mm, lift 50 mm,
angle of ascent 1209, angle of descent 120° dwell between ascent and
descent 50°, cam rotation 180 rpm. Determine the maximum velocity and
acceleration during ascent and descent.
b) Draw the cam profile for the above details. 10
Q4 | Locate all the instantaneous centers of the mechanism as shown in Fig. The
lengths of various links are: AB
150 mm; BC 300 mm;CD 225 ™~
mm; and CE 500 mm. When the
crank AB rotates in the ! I
anticlockwise  direction at a 3
uniform speed of 240 rpm. ,m,\n—-} %0 mm
Find: Velocity of the slider E, and 1 5
angular velocity of the links BC T
and CE. Using: ’ %
a) 1C method (take 1:10 scale and 12
locate all IC’s )
b) Relative velocity method 8
) a) State the fundamental law of gearing, deduce the expression for the same. | 8
b} A 5 mm module 19 teeth pinion is to drive a 23 teeth gear, The gears are
cut on the 20° full-depth involute system. Find and tabulate the addendum, | 12
dedendum, clearance, circular pitch, base pitch, base circle radii, length
of paths of approach and recess, and contact ratio.
6 a) An epicyclic gear train as shown in - 10
fig., is composed of annular wheel A4
having 144 teeth. The wheel 4 is
meshing with wheel B which drives
wheel D through an idle wheel C.D
being concentric with 4. The wheels B ¢
and C are carried on an arm which D
revolves clockwise at 100r.p.m. about
the axis of 4 and D. If the wheels B and
D have 24 teeth and 36 teeth
respectively. find the number ofteeth on Cand the speed and sense
of rotation of C.
b) Deduce the expression for minimum number of teeth on gear wheel. 10
7 a) State the conditions for straight line generating mechanism. Sketch the | 10
Peaucellier mechanism and prove that the tracing point ‘P’ describes the
straight line.
b) A driving shaft of a Hooke’s joint rotates at a uniform speed of 400 rpm. 1o
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Q.No. Questions Points | CO | BL No.
I (2) | Derive the expression for Energy stored in Flywheel. 10 1 1 1

The essential features of a transmission dynamometer are shown

in Figure. A is the T Driven

driving pulley which ey

runs at 600 r.p.m. B

and C are jockey f ?

pulleys mounted on a

horizontal beam

pivoted at D, about

which  point  the N

complete beam is

balanced when at rest, F

E is the driven pulley

and all portions of the #h W*F;:miﬂ;n__.fw

belt between the Al dimengions in mm.

puileys are vertical. A, B and C are each 300 mm diameter and

the thickness and weight of the belt are neglected. The length

DF is 750 mm. Find: 1. the value of the weight W to maintain

the beam in a horizontal position when 4.5 kW is being

transmitted, and 2. the value of W, when the belt just begins to

slip on puiley A. The coefficient of friction being 0.2 and
1(b) | maximum tension in the belt [.5 kN. 10 i 1 1

A four wheeled motor car of mass 2000 kg has a wheel base 2.5

m, track width 1.5 m and height of centre of gravity 500 mm

above the ground level and lies at 1 metre from the front axle.

Each wheel has an effective diameter of 0.8 m and a moment of
inertia of 0.8 kg-m% The drive shaft, engine fiywheel and

2(a) | transmission are rotating at 4 times the speed of road wheel, in 10 1 2 2
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a8 clockwise direction when viewed from the front, and s

€0 sivalent to a mass of 75 kg having a radins of gyration of 100
Iam. If the car is taking a ri i

— _find the load on each wheel.

l Tixplain the effect of gyrogapic couple and centrifugal coupie
12(6) 1 Stability of a two wheel vehicle taking a right turn.
A goveror of the Proell type has each arm 250 mm long. The
pivots of the upper and lower arms are 25 mm from the axis.
The central load acting on the sleeve has a mass of 25 kg and
the each rotating ball has a mass of 3.2 kg, When the governor
sleeve is in mid-position, the extension lnk of the lower arm is
vertical and the radius o f the path of rotation of the masses is
175 mm. The vertica! ‘neight of the governor is 200 mm. If the
govemor speed is §50 r.p.m. when i mid-position, find : 1.
3 (a) | length of the exiension link; and 2. tension in the upper arm, 10 1 3 3
3 (b) | Explain Wilson Fartnell Governor. 10 1
A double shoe brake, as shown in Fig,,
is capable of absorbing a torque of 140
N-m. The diameter of the brake druru is
350 mm and the angle of contact for
each shoe is 100°. If the coefticient of
friction between the brake drum and
lining is 0.4 ; find 1. the spring force \.
necessary fo set the ‘srake ; and 2. the 4 o 40
width of the brake shoes, if the bearing 4y dimensions in ram,
4(a) | pressure on the Fing material is not to exceed 0.3 N/mm?2, 10
Explain and Derive the expression for Frictiona} torque in
4(b) | Centrifugal clutch. 10 1
Derive an expression for the natural frequency of free transverse
5(a) | and iongitudinal vibrations by equilibrium method. 10 3 2 5
Discuss briefly with neat sketches the longitudinal, transverse
5 (b) | and torsional free vibrations, 10 3 13 D)
A mass suspended from a helical spring vibrates in a viscous
fluid medium whose resistancz varies directly with the speed. It
is observed that the frequency of damped vibration is 90 per
minute and that the amplitude decreases to 20 % of its initial
value in one complete vibration, Find the frequency of the free
6 (a) | undamped vibration of the system. 10 4 3 6

i0 1 2 2

-3 &
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Explain the terms ‘under damping, critical damping’ and ‘over
6(b) | damping’. 10 4 3

7(a) | Discuss the balancing of V-engines. 10 2 3

A shaft with 3 metres span between two bearings carries two
masses of 10 kg and 20 kg acting at the extremities of the arms
0.45 m and 0.6 m long respectively. The planes in which these
masses rofate are [.2 mand 2.4 m respectively from the left end
bearing supporting the shaft. The angle between the arms is 60°.
The speed of rotation of the shaft is 200 r.p.m. If the masses are
balanced by two counter-masses rotating with the shaft acting at
radii of 0.3 m and placed at 0.3 m from cach bearing centres,
estimate the magnitude of the two balance masses and their
orientation with respect to the X-axis, i.¢. mass of 10 kg. 10 2 4
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2. Each question carries equal marks.
3. Assume suitable data wherever necessary and justify the same.

Q.No.

' Module

CO | BL No.

Questions Points

1(a)

Explain Torsion Dynamometer. 05 1 1 1

Differentiate between absorption and transmission dynamometers, 05 1 1 1

I{c)

The flywheel of a steam engine has a radius of gyration of 1 m and
mass 2500 kg. The starting torque of the steam engine is 1500 N-
m and may be assumed constant. Determine: 1. the angular
acceleration of the flywheel, and 2. the kinetic energy of the
flywheel after 10 seconds from the start, 10 1 1 1

2(a)

Explain the effect of gyroscopic couple and centrifugal couple in
case of Four wheel drive moving in a curved path while taking left
turn, 10 1 2 2

2(b)

The mass of a turbine rotor of a ship is 8 tonnes and has a radius
of gyration 0.6 m. It rotates at 1800 r.p.m. clockwise when Jooking
from the stern. Determine the gyroscopic effects in the following
cases: 1. If the ship travelling at 100 km / h steers to the left in a
curve of 75 m radius, 2. If the ship is pitching and the bow is
descending with maximum velocity. The pitching is simple
harmonic, the periodic time being 20 seconds and the total angular
movement between the extreme positions is 10°, and 3. If the ship
is rolling and at a certain instant has an angular velocity of 0.03
rad/s clockwise when looking from stern. In each case, explain
clearly how you determine the direction in which the ship tends to -
move as a result of the gyroscopic action. 10 1 2 2

3(a)

A Porter governor has ail four arms 250 mm long. The upper arms
are attached on the axis of rotation and the lower arms are attached
to the sleeve at a distance of 30 mm from the axis. The mass of
cach ball is 5 kg and the sleeve has a mass of 50 kg. The extreme
radii of rotation are 150 mm and 200 mm, Determine the range of
speed of the governor. 10 1 3 3
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3 (b) Explain Hartnell Governor. 10 1
The simple band brake, as shown in k120 300
Fig., is applied to a shaft carrying a A ©
flywheel of mass 400 kg. The radius of 7 _1

gyration of the flywheel is 450 mm and 100N

runs at 300 r.p.m. If the coefficient of

friction is 0.2 and the brake drum

diameter is 240 mm, find : 1. the torque i__ 240 =]

applied due to a hand load of 100N, 2. All dimensions in mm,

the number of turns of the wheel before it is brought to rest, and 3.
the time required to bring it to rest, from the moment of the

4 (a) application of the brake. 10 1 3
Derive the expression for cone clutch by using uniform pressure

4 (b) theory and uniform wear theory. 10 1 2
Derive an expression for the natural frequency of free transverse

5(a) and longitudinal vibrations by equilibrium method. 10 3 2
Discuss briefly with neat sketches the longitudinal, transverse and

5(b) torsional free vibrations, 10 3 3

The measurements on a mechanical vibrating system show that it
has a mass of 8 kg and that the springs can be combined to give an
equivalent spring of stiffness 5.4 N/mm. If the vibrating system
have a dashpot attached which exerts a force of 40 N when the
mass has a velocity of 1 m/s, find : 1. critical damping coefficient,
2, damping factor, 3. logarithmic decrement, and 4. ratio of two
6(a) consecutive amplitudes. 10 4 3

Detive the differential equation characterising the motion of an
oscillation system subject to viscous damping and no periodic
external force. Assuming the solution to the equation, find the
6 (b) frequency of oscillation of the system. 10 4

7 (a) Write a short note on primary and secondary balancing. 10 2

A shaft carries five masses A, B, C, D and E which revolve at the
same radius in planes which are equidistant from one another. The
magnitude of the masses in planes A, C and D are 50 kg, 40 kg and
80 kg respectively. The angle between A and C is 90° and that
between C and D is 135°, Determine the magnitude of the masses
in planes B and E and their positions to put the shaft in complete
7 (b) rotating balance, 10 2 4

(ﬁ




Bharativa Vidya Bhavan’s
SARDAR PATEL COLLEGE OF ENGINEERING )

(Government Aided Autonomous lnstitute)

T Munshi Nagar, Andheri (W) Mumbai ~ 400058
ENS SEM /RE-EXAM IONI’M‘/J’UNE2025 eSET-4)
Program: BTECH (MECH.ENGG. ] ra%}@\
Course Code: MI-BT021 Maxi um Points: 100
Course Name: internet of Things {IOT) Semester: [V
« All questions are compulsory . /%/-
 Figures to the right indicate full marks '10/)5", _

s Provide figures wherever necessary

Q.KNo. Questions Points | CO BL Pl

a) Explain I0T-Blsck  ¢kain  integration (10]

ecosystem with neat figure 3
1 b) Explain the following sensors with figures 1,23 2 5
1) Pressure sensor [10]
2) Temperature sensor

a) Explain the following two enabling
technologies of IOT with figures? [10]
s Embedded Systems

¢ Cloud computing
2 ib) Explain the following 1,23| 2
1) Role of smart material in multi modal sensing
2) Advantages & disadvantages of IOT [10]

o @
— N
b -

Write short notes on (any threej
« ZIGBEE
» ZWAVE
3 e SIGFOX [20] 2,3 2 5.1.2
¢ NB-IOT

s LORA & LORAWAN

a) Consider a smart city traffic monitoring system with
cameras and sensors installed at multiple junctions.
kExplain how an IOT gateway helps manage data traffic, | [[10]
ensure local processing, and maintain reliable
communication with cloud servers. Include a figure to
show the data flow architecture
b) As an IoT system architect for a smart agriculture
4 project, you are tasked with designing a system that
integrates sensors across vast farmlands to monitor soil
moisture, temperature, and weather conditions in real-
time.
(1) Propose a hybrid architecture using Edge, Fog, and
Cloud computing for this application.
(2) Justify where and why each computing layer (Edge, | {10]
Fog, Cloud) should be placed in your architecture.
(3) Draw a neat diagram of your proposed architecture

2,3 2 | 512
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and highlight how latency, bandwidth, and power
consumption are optimized across the layers.

a) What is the significance of an 1IOT platform?
What is the difference between an 10T & IIOT |  [15]
platform? List the various types of IIOT
platform? Explain any one IIOT platform in
detail along with neat figure of its framework?

b) Explain the disadvantages of microcontrollers
& microprocessors as compared to an 10T | [05]
ecosystem?

2,3

5.1.2

a) Explain the following IOT protocols with neat
figure [15]
e MQTT” - -
« AMQP
s COAP
« HTTP
b) Explain new business & revenue models [05]
emerging in the realm of an IOT ecosystem

3,4

5.1.2

a) Explain the following in an IOT ecosystem
e Data acquisition & storage
7 ¢ Data processing & analytics
e Data visualization & reporting [05]
b) Write a note on emerging 10T technologies

[15])

3.4

5.1.2

sefeode ok e e dolkdede e ek ok All tlle Best derke el deodedede e e Ao dede ok e sk e dkededede e
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a) Expiain the following microcontrollers &
MiCroprocessors
¢ Arduino Board
Raspb i
. spberry Pi (10}

along with neat figure. Also explain all their
1 components. 1,2,3 9 32.1

b) Explain the following
¢ Data acquisition & storage [10]
¢ Data processing & analytics
¢ Data visualization & reporting

in realm of an IQT ecosystem with figures

a) Explain any two with neat sketches
s Optical level sensor
* Tuning fork level sensor

e Capacitance level sensor (10

b) In a smart farming system, sensors collect data
such as soil moisture, temperature, and humidity.
Explain the role of an IoT gateway in connecting
these sensors to the cloud. Also, draw & neat labeled | [10]
diagram showing the flow of data from sensors to
the cloud through an IoT gateway

1,231 2 5.1.2

a) Enlist the following two enabling technologies of

10T with figures?

* Big data analytics
o » MEMS
3 ) Write short notes on (any two

s (any two) 124{ 2 |[5.12

LORA & LORAWAN
Z-WAVE (10]
Wi-Fi

[10]




Bharativa Vidva Bhavan’s

SARDAR PATEL COLLEGE OF ENGINEERING

{Government Aided Autonomous Institute)
Munshi Nagar, Andheri (W) Mumbai - 400058

END SEM/RE-EXAM EXAMINATION MAY / JUNE 2025

Ii Write short notes on {Any three)

» Edge, fog & cloud computing

¢ Technological challenges faced by IOT
Devices

e Consideration of the mounting requirements (201 12,3 512
for sensors
» Vibration sensor
¢ Ultrasonic sensor
a) Explain the working of smart sensors along with
figure of their architecture and also discuss their [15]
key following features
¢ Multi sensing
¢+ Multi modal sensing 1,2,3 512
o Al based signal processing for enhancing
multi modal detection [05]
b E lain the components of an IOT ecosystem?
a) What is an Industrial Internet of Things (IIoT)
platform, and how can it be used in a smart | [15]
factory/smart grid computing to perform tasks
like real-time monitoring, predictive 3.4 519
maintenance, and secure communication ’ o
between? Describe its key features with neat
labelied framework? [05]
b Explain Tinkercad Lab in brief
a) Explain the following IOT protocols with neat
figure [15]
¢ MQTT
« AMQP -
e COAP 3,4 5.1.2
e HTTP
b) IOT Biock Chain Integration with neat labelled fos]
f re

e e ek e v e e e kR de ok e vk e ke All the Best S e o o sk ok e R o ke e e e ek sk ke
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¢ Attempt any five out of seven questions

e Use of scientific caleulator is allowed.

QNO - QUESTION PO C B Mo |
IN |O: L dul
s | | e
no.
11} The experiment is repeated 128 times and following distribution is 06 '31214
| obtained.
"No.of 2 13 5 le {7 Total
\heads l !
Freque '7 |6]19 {35 |30 |23 |7 128
ncy I

Fit a Binomial distribution if the nature of coins is unknown.

y | Ten contestants in a beauty contest are judged by three judges in the following {06 |2 |2 |4
order.

RanksbyIs | 6 10 |2 9 1 |5 3
judge

IInd judge 5 4 10 1 9 3 |8 7

lirdjudge 14 |8 12 110 17 |5 19

Using rank coorelation coeeficient find which pair of judges has the nearest
approach to common tastes in beauty

"Qlc) | Obtain laplace transform of £(¢)  sin*t 08 1t
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Q2 a) ‘A’ and ‘B’ throw alternately with a single die, A having the first throw. |06 |3
The person whose first throws ace is to win. What are their respective
chances of winning?
Q2b) | 1000 students are graded according to their .Q. & their economic conditions. |06 |3
Use chi-square test to find out whether there is any association between
economic conditions and the level of L.Q.
Economic Q.
Conditions High Medium Low
| Rich 160 300 140
Poor 140 100 160
2 cos 2tsint 08 |1
Q Evaluate £ {L—l—-
e
Q3a int 06 3
Evaluate £ —d—( =
div ¢ J

Q3 b) [ Ina partially destroyed laboratory record OF an analysis ol corr
data. the following results only are legible:
Variance of X 9
Regression equations: Ba
40x ~18y =214  Whatare
1.Mean, value of x and y
{i.Standard deviation ot y.
iii.Coefficient of correlation between x and y
Q3c) [ 00<t<n 08 |1
" | Find the Laplace transforms of f(t). where f(/ ={
1 P . F0 |sin*(r=7)t>7
Q4 a) | Verify whether the following functions can be looked upon as probability | 06 |2
density function” £ (x) 1 e —00 < x <00
4b °° s 4 06 |1
Q4b) Evaluate f—————c056t cos At dt
0 t using Laplace transforms.
Q4dc) | Of the three men, the chances that a politician, a businessman and an | 08 2
academician will be appointed as a vice chancellor of a university are 0.50,0.30
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& 0.20 respectively. Probability that research is promoted by these peopie if
they are appointed as vice chancellor are 0.3,0.770.8 respectively. Determine
the probability that research is promoted in the university. Also find if research
is promoted in the university what is the probability that the VC is an
academician ‘

Q5a) | Inanexamination itis laid down that a student passes if he secures 30% or more 06 (225
marks. He is placed in Ist,lind or itird division according as he secures 60% or
more marks, between 45% & 60% and between 30% & 45% respectively. He gets
distinction In case he secures 80% or more marks. It is noticed from the result
that 10% of the students failed in the examination where as 5% of them
obtained distinction, Calculate the percentage of students placed in the second
division.

"Q5h) 2 4 06 |1]2]2
i 1
l Find £ {(Sn)(s (s 3)}
' ]QSc) Evaluate: £ {tan" (%J} 08 131343
x

Q6 2) The heights of six randomly chosen sailors are in inches;63,65,68,69,71 & [06 |33 |7
72.The heights of ten randomiy chosen soldiers
are;61,62,65,66,69,69,70,71,72&73.Discuss in the light of this data that the
soldiers on an average are taller than sailors

Q6b) In a precision bombing attack there is a 50% chance that any one bomb will 06 21314
strike the target.Two direct hits are required to destroy the target
completely.How many bombs must be dropped to give atleast 99% chance of

destroying the target?
08 1112
Evaluate: £ >
( s° + 4)(5 + 1) X )
1 using convolution theorem.
| Q7a) Find the coefficient of correlation and lines of regression for the 06 131316
following
I X 62 64 65 69 70
Y 126 125 139 145 165

Q7b) | A die is tossed thrice. A success is getting | or 6 on a toss. Find the mean 06 224
and the variance of the number of successes.

Q7¢) | Solve using Laplace transforms y"(t)+y(t)=8cost 08 | 1|13
Given y(0)=1, y'(0) -I
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Following table list the measuring instruments (left hand side column of the
table) for measuring mechanical properties (right hand side column of the
table) of the system. Students shall match the measuring instrument with
the corresponding mechanical property.

Measuring Instruments Measurand
Orificemeter Temperature
Vortex meter Displacement
Anemometer Pressure
Thermistor Flow rate

Further student shall explain only the working principle of the

measurement instrument listed on left hand side column of the tahle with
neat sketch. (Note: Credits will be given only if match is perfect)

04

16

1.2.3

It is proposed to develop measurement and control system for maintaining
temperature and pressure of a reactor chamber in pharmaceutical
applications. Proposed design aimed to retrieved data from system and
controlled it remotely using intermet network system. Students are
instructed to present architecture of such network integrated measurement
and control system (explain with neat schematic diagram).

10

Explain generalized measurement system with neat schematic diagram,

10

1.2.2

2 | 161

(A)

A single strain gauge having resistance of 130 Q is mounted on a steel
cantilever beam at a distance 0.12 m from the free end. The beam
dimensions are 25 cm (length) x 2.0 em (width) x 0.3 e¢m (depth). An
unknown force F applied at the free end produces a deflection of 11.8 mm
of the free end. If the changes in gauge resistance is found to be 0.145 Q,
calculate the gauge factor. Deflection of the free end 5= FL*/3EI, where
F Force, [=Length, E= Youngs modulus, [=Moment of Inertia, Take

10

4.6.1

Py \fo-
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LT

VX
=)

Young's modulus for steel as 200x10° N/m*

Write short note on strain gauges (explain working principle and
applications)

10

(V]

(o8}

3.1.]

(A)

Write short note on Bourdon Pressure Gauge (explain working principle
and applications)

10

2.1

Following are the different applications/systems/processes wherein the
temperature measurement is essential; (i) temperature of forged parts (ii)
Temperature of human beings entering institute campus under COVID-19
pandemic situation. Students shall select the appropriate temperature
measuring system for the above applications with justification and also
explain their working principle with neat labelied sketches. (Note: Points
will be assigned to explanation only if selection of system is appropriate).

10

3.8.1

Explain working principle of (i) LVDT (ii) Potentiometer (iii) Viscosity
measurement technique (iv) Humidity measurement techniques with neat
sketches

20

With neat labeled diagram explain working of (i) optical encoder (ii)
stroboscope (iii) eddy current drag-cup tachometer (iv) peizo-electric
accelerometer

20

T(A)

The transfer function of a system is given as
361
(52 +16S+361)

Find the following for a unit step input: Undamped natural frequency,
damping ratio, damped natural frequency, settling time (tolerance within
2%), peak time, rise time, percentage overshoot.

10

4.1.z

7(B)

Explain with neat sketches the two different techniques to measure liquid
level in tank

10

2.1.2

Pge2{o
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2. Attempt any four questions from the remaining six questions. 7
3. If necessary assume suitable data with justification
4. Draw neatly labeled sketches wherever required.
I\?' Questions Points | CO | BL | Mod
o ule
No.
1A Why does diamond stay stable at room temperature and not| 06 2 3 3

transform to graphite although it is an unstable phase of carbon at
room temperature? Explain with a suitable diagram. .

IB ([Explain different types of grain structure form at the end of | 06 3 2 2
solidification process when eutectoid steel is cool from above 727°
C, explain using TTT diagram.

1C  [Explainthe given all points in the phase diagraim containing an alloy] 08 3 3 2
of composition 35wt% Ni—65 wt% Cu as it is cooled from|
1300°C.consider equilibrium cooling condition. (use graph paper)

1300 [~

—
®
L]

Temperatun (¢}

1200

- e ——

1100
0 30 Al 4

Compemition {wit Ni}
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2A | Discuss why it is important to consider the entire life cycle rather | 06 14 | 6 7
than just the first stage of materials.

2B [You are appointed as a material engineer in the medical implant | 06 1,2 6 1
industry. Suggest material for total hip replacement. Select suitable
material and explain it. Also explain why a particular material is
only selected.

2C Draw Fe-C equilibrium diagram and label the temperature, 08 3 4 2

composition, and phases. Explain the phases existing in it.

Determine the Miller indices for the directions and the planes

3 A | shown in the following unit cell:[Note: provide the stepwise | 10 3 5 3
calculations for the given problem]
+2
¥y
+x 2

B
i~

e Y

rd

+r
3B | Name the material which changes its optical properties. Write an 05 1 2 1
application where such material is used. Explain the working of
material with anyone application.
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3C

Explain quenching medium. Explain the quenching mechanism
when heated components are put in any quenching medium,

05

4,3

4A

Discuss each case of the heat treatment process of Fe-0.77% C

eutectoid steel rapidly cooled from a preheated temperature of

860°C (>727°C) as follows [NOTE: explain, write properties of

the final product, use graph paper]

1. Rapidly cool to 650° C, hold for 10* s and quench to room
temperature

2. Rapidly cool to 310°C, hold for 70 s and quench to room
temperature;

3. Rapidly cool to 650 °C, hold for 20 s, rapidly cool to 400 °C,
hold for 10? s and quench to room temperature;

800

Y Eutectoid Temperature =727 °¢

b
=]
=

600 3 P

Temperature {°C)
b

500
\\\
400 *

300

I
10 1 10 102 107 104 108
Time (sec)

10

4B

Explain twinning phenomenon and slipping with suitable
diagrams.

05

(¥5]

4C

A FCC crystal yield under a normal stress of 2MPa applied in the

[13 2] system. The slip system is (111) [T 0 1]. Determine critical
resolved shear stress. Also draw cubic crystals showing, slip plane
and slip direction.

06
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5A

Write the effect of alloying elements on the properties of
materials when they are added to the material composition.
l. Cobalt

2. Tungsten

3. Titanium

4. lead

06

5B

Explain metallurgical classes of stainless steel. Explain which
stainless steel are not heat treatable and the reason behind it.

05

5C

Which heat treatment process used to improve the machinability of
the annealed hypereutectoid steel? This heat treatment process used
cyclic heating around the eutectoid point. Explain it with a
schematic diagram. Explain properties of materials before and after
the heat treatment process.

08

2,6

6A

Classify composite based on the type of matrix material. Explain
MMC and carbon matrix composite. Differentiate between
composite materials and alloy materials.

08

6B

Write a composition of the following materials and their
application.

yellow metal

Nickel gun-metal

Deoxidized copper

Dow metal

bl e

06

34

6C

Explain the reason behind the Properties changes when engineering
Materials are in Bulk and Fiber Forms. [Note: explain by taking
some properties and materials]

06

TA

Explain in detail about nucleation, growth rate, and overall
transformation. give the proper reason of the following with
suitable diagram(consider solidification process):

] .low transformation rate at initial period

2. At the end of the transformation rate is slow.

08

2,3

7B

Discuss the recycling issue in the materials. Suggest other
consumer action for minimal environmental impact than just
recycling.

07

1,4

7C

Classify ceramics based on application. Explain magnetic ceramics
in detail.

06
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2. Attempt any four questions from the remaining six questions.
3. If necessary assume suitable data with justification
4. Draw neatly labeled sketches wherever required.

130' Questions Points | CO | BL | Module

1A Explain the formation of a TTT diagram using concepts like] 10 34 145 3
nucleation rate, growth rate, and overall transformation rate. Draw|
different cooling rates on a TTT diagram and find the grain size at
the end of each cooling curve (i.e., fast cooling, medium cooling,
land slow cooling).write their properties.

1B [Blucidate the mechanism by which heat is extracted from a 10 1,3 | 45 5
component when liquid quenching media are employed. With a
suitable schematic diagram, explain bainite. Analyze the differences
between upper and lower bainite.

2A  [Critically analyze what stainless steel is and write the different | 05 4 3 4
types of stainless steel. Identify which type of stainless steel is not
heat treatable and explain the reasons behind it.

2B \What determines the properties of materials? What are functionally 06 1.2 3 1

graded materials?

2C [From the data given below for the Cu-Ni system, plot the 08 3 4,5 3
equilibrium diagram to scale and label the diagram. The melting
point of Cu: 1,085 °C. the melting point of Ni:1,455 °C

Answer the following for 70%Ni alloy composition:
A. What is the composition of the first solid crystallizing out
from liquid?
B. What is the composition of the last liquid present at the end.
of the solidification process?
C. What is the amount of solid and liquid at 1240 °C?
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Weight |20 49 60 20
% Ni

Liquidus | 1200 1275 1345 1440
temp. °C

Solidus | 1163 1235|1310 1380
Temp
e

Determine the Miller indices for the directions and the planes

3 A | shown in the following unit cell:[Note: provide the stepwise |10(6
calculations for the given problem] | +4)
+%
1
2
1
+x 2
b
o
e
+.r/
3B | You have been designated as a material engineer in the medical | 05

implant sector, with the task of recommending a suitable material
for total hip replacement. Provide your choice of material and its
rationale in detail. Justify the reasons behind the selection of this

specific material.
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3C

Analyze the effect of different process parameters on
recrystallization. Draw a graph of annealing temperature versus
grain size, tensile strength, and ductility, considering the
recrystallization process. Analyze the relationships and
implications of these variables

05

4,3

4A

Discuss each case of the heat treatment process of Fe-0.65% C

eutectoid steel rapidly cooled from a preheated temperature of

860°C (>727°C) as follows [NOTE: explain, write properties of

the final product]

1. Rapidly cool to 630° C, hold for 10 s, rapidly cool to 590° C
hold for 10° s and quench to room temperature

2. Rapidly cool to 300°C, hold for 60s and quench to room
temperature;

3. Rapidly cool to 620 °C, hold for 10 s, rapidly cool to 350 °C,
hold for 10* s and quench to room temperature;

ago

it
M

N
~
Q
9!

! Eutectoid Temperdture 4
700 I -

690 |l | p.3

el

| Témplerature|(c

77

/|

Ai(sthre \ \

2doff | ~J
ALLS0%) — S v—
P

100

II —

l| ‘I" Ti::-1= ('?eChQ - T

10

4B

Explain the physics of atomization with a suitable diagram in
powder metallurgy. Explain the gas atomization process.

06

4C

Using a schematic diagram, elucidate the powder bed fusion
method of additive manufacturing. Discuss the concept of
material flowability in additive manufacturing.

05
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&%

5A

Write the effect of alloying elements on the properties of materials
when they are added to the material composition.

1. Nickel

2. Molybdenum

3. Vanadium

4. Cobalt

5. lead

06

4

04

5B

Define nanomaterials and elaborate on the top-down and bottom-
up approaches used in their synthesis. write any two applications
of nanomaterials.

06

5C

Draw Fe-C equilibrium diagram and label the temperature,
composition, and phases. Is cementite a compound or a solid
solution? Why? Why is the iron-carbon equilibrium diagram drawn
up to 6.67% of carbon? Write the peritectic reaction and Determine
the exact amount of 3-ferrite and liquid in it.

6A

Classify composites based on the form of reinforcement and
provide a detailed explanation of fibrous composite materials.
Additionally, discuss why mechanical properties are significantly
improved at the micro scale compared to the macro scale.

08

6B

Write a composition of the following materials and their application.
1 Cartridge Brass

2 Admiralty gun metal

3  Dow metal

06

3.4

6C

Discuss the reasons for the increasing demand of ceramic materials
in engineering applications. Classify ceramic materials and list
their properties.

06

TA

Calculate the equilibrium no of vacancies per cubic meter for copper]
at 1000°C. The energy for vacancies formation is 0.9ev/atom. The
atomic weight and density (at 1000°C) for copper are 63.5 g/mol and|
8.4g/cm3 respectively.

06

2,3

B

Explain the characterization of metal powders properties for the
following:

1 Particle size and size distribution

2 Particle shape

3 Apparent density

4  Flowability

07

1,4

7C

Critically analyze what a Burgers vector is and describe its
significance in materials science. [llustrate and explain the position
of the Burgers vector for both edge dislocations and screw

islocations.

07
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Question no. 1 is compulsory, solve any 4 out of the remaining 6 questions.
2 Assume suitable data if necessary.

l '?u Questions ‘ Points CO | BL |
a) Describe the three modes of fracture with necat sketch. Give two | 10
examples of each mode from real life situations.
QI b Describe the relation between the true and engineering | 10 2
stress/strain. Discuss the need of these concepts in engineering
analysis.
Given the stress matrix 7; 1 3 10 20
determince: Magnitude of the normal T, - [ 3 1 1 ]
Q2 | and shear suess on a plane which w1 1 2 | 2
has its normal which is inclined to
the x axis by 60 degrees and is inclined to the y axis also by 60
1 degrees. |
?a) Briefly explain the physical meaning of the compatibility equations | 10
Q3 ; and write all compatibility equations. Ll oa
© b) Explain the principle of superposition with two examples of its | 10
application.
. The rectangular components of stress at a point are given by the | 20
following matrix. Determine the principal stresses and the direction
! of the maximum principal stress.
| Q4 10 1 2
i [z,] = [ 1 3 1]
2 =1 5
Q5 | Derive the differential equations of equilibrium in 3-D. 20 2 |3
a) The displacement field for a body is given by: 10
u = [(yz? + 10xy* 27T + (2xy2)] + (°y° + 28)k]1075
Q6 What are the strain components at (1, -1, 1)? 23 | 23
b) Discuss the importance of the constitutive equations in solid | 10
mechanics, Explain how the nature of these equations change for

Prof.Nate: Fignature: J




the isotropic and anisotropic materials.

Q7 | A) A thick-walled pipe has internal radius ot (tUOU+a) mm. It is| (10)
subjected to internal pressure of 2.0 MPa and external pressure of
0.25MPa. IfE 200 GPaandv 0.3, delcrmine the thickness as
per the maximum principal stress theory of failure. Consider
tensile strength as 350 MPa and factor of safety as 3.5. Also
determine the changes in internal and external radii for the pipe
with the calculated thickness.

B) A rectangular bar with transverse hole is subjected to bending 10
moment. The geometry parameters and the stress concentration
factor for the bar are as shown in the figure.

30
| {
| P
‘ 2.6 — +f 5
Ml — M
. . ,‘ Li hl | | }

r ) T
! Rectangular bar with a
1.8 —_— ——F transverse hole in bending. —]

oy = Mc/f, where c=h/"2
I—(w 32

p—
o |

o o
0 02 0.4 0.3 06 0.7 0.8

diw
Calculate the maximurm stress induced around the hole if the bar
subjected to bending mom~nt of 100 Nm_ The dimensions of the
barinmmare: d 10, w 100 and A=10.




ANNEXURE: USEFUL FORMULAE

Stresses for two cylinders in contact with each other

a-vh (a-v)
FI E; * E;
i 1.1
otd

, — 2vpmm[ ’(1 +:—:) —%]

ay Pmasx [(2 - mém)\u + 22/b? 2-2-]

2F
pmax w bl

1
O; ™~ Pmax [«f_ﬁ-_zz_—/_b_z-
Stresses in thick pressurized cylinders

paat-pyb?  a%b?  pa—pp

ay b2 al 27 gl

_ paat—ppb? | a®b? 5 Pa~Pb
dg = hiepl e pe—a?

o, — O with both ends open

o, v(o, + gy) with both ends closed

Stresses in rotating solid disks Stresses in rotating disks with central hole

3+y 3+v a%p?
0~ pw?(b? - 1?) g, — —pw? (b2 +a?-— rz)

34v 959 M3V 2.2 3+v a?h?  143v
Ty pw b* — w'r 3+v 2( 24 .2 _ rz)

SIF for edge cracked plate subjected to axial load P/ bending moment M
P .
(KDp HVmaYs,

Yo 112 -0.23a +10.55a¢* 21.72a% +30.39a% a =a/h
oM
(Km — gzvmaYy

Yy — 1.122 — L4a + 7.33a% — 13.08a> + 14a*; a=a/h
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