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2 a. Find the maximum deflection using

Fie.Q1(b)

OR

Galerkin's method, Fig.Q2(a).

15ME61

(10 Marks)

(06 NIarks)

(10 NIarks)
I
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(06 N'larks)
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Sixth Semester B.E. Degree Examinati-on, Dec.2018 lJan.20l9

Tirne: 3 hrs.

Finite Element Analysis

Max. Marks: 80

Note: Answer any FIVE lull questions, choosing
ONE full question from each module.

Module-1
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a. Deflne Finite Element Method, explain basic steps involved in FEM (10 Nlarks)
b. A rectangr"rlar bar is subjected to an axial load "p" as shou,rr in Fig.Ql(b). cletemiine thc

exprcssion fbr P.E functional and hence determine valr-re olthc potcntial energy (PIr) lor thc
following data : E - 200GPa, P: 3kN, L - 100rnm, b - u,idth - 20mm. t : 1Onrm.

(06 N{arks)

b.

3a.

b

Fig.Q2(a)
Explain Simplcx, Complex and Multiplex E,lements with exarnples.

Module-2
Derive the shape function of a bar element in GlobalCo-Ordinate System.

Use two-point Gaussian quadrature formula to cvaluate the integral

i 
itt., l
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OR
1 a. 'I'hc structured mernber shown in F'ig.Q4(a) consists of two bars.

rs loaded as showrr. Detcrmine the fbllowing :

1) Element Stiffness Matrir
ii) Cilobal Stiflness Matrix
iii) Global Load Vector
iv) Modal Displaccment.

l5NtE6l

An axial load of P : 200ktr-

(06 Marks)

Fig.Q4(b), determine i) Nodal displacement ri) stlcss in
: i00mm; E:2 x 10sNrmm2. (lo Nrarks)

Fig,Qa@)

b A 4 bar truss element as shown in
each element. area oltruss element

5a.

b.

Module-3
Derive Hermite shape flrnctions of a beam element and show the variation of the shape

function over the element. (10 llarks)
Derive the potential energy fi-rnctional (r) fbr beam. (06 llarks)

OR
6 a. A cantilever bean-i subjected to point load of 250 kN as shorvn in Fig.Q6(a). Determiue the

clellection atthe flee end and the support reactions. Take E:200GPa, l:4x 106 rnrna.
(10 \Iarks)

*ru x''l

b. Derive the stiffuess matrix
Fig.Q6(a)

for a circular shaft subjccted to pure torsion.
2 of 3
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Module-4
Derive the one-dimensional fonrulation of fin (Heat transfer thin fins). (10 NIarks)
Dctermine the temperature distribution in the rectangular fin as shown in Fig.Q7(b). Assuntc
steady and only conductiolt proccss. Take heat generated insidc the tln as 400u,.rn'.10r, Nlarks)

n
lrloc. ,t, l.

Fig.Q7(b)

OR
8 a. For the smooth pipe shown in Fig.Q8(a) with unifonn cross section of lmr, detenrinc the

flow velocities at the centre and right end. knou,ing the velucity at the left is V, ... 2r'n,sec.
(10 i\Iarks)

\k,. g^;'.q

b.

9a.
b.

Module-5
Derive the stiffness matrix of axisymmetric bodies u,ith triangular e le rne nts. (l() lIarhs)
For the element of an axisymetric body rotating with a constant angular velociti'
w: 1000 rev/min as showrr in Fig.9(b). Determine the body fbrce vector. Inclr-rde the u,eight

Fig QB(a)
Derive the stiffness matrix for one dimensional fluicl element.

of the material, where tlie specific density is 7850 kg/m3

lt,..,,rilllilrri

(06 Marks)

(06 Marks)

( *,n)
2-(:r, s)

Fie.Qe(b)

l0 a. Derive the consistcnt mass matrix for t.,3rl"1",r.nt. (06 Nlarks)
b. Determine the natural frequency of longitutational vibration of'the bar shown in Fig.Q10(b).

Take E:200GPa ; p:7840 kgimr ; A:240mrn2. (10 Marks)

.3 ( r-4, rr)

6oo,ttn
Fig.Ql0(b)

7a.
b

lo,q
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Max. Marks: B0

in brief with suitable
(10 Marks)

(06 Marks)

(08 Marks)
(08 Marks)

mechanized environment.
(07 Marks)

the origin r,vith one of the edge at an

position of the square if it is rotated
(09 NIarks)

(08 NIarks)
(08 N'larks)

(08 Nlarks)
(08 NIarks)

(06 NIarks)

for a Nerv

Time:3 hrs.

"1, a. Define Automation. Explain

Note: Answer any FIVE futt questions, chogsing one full question from esch rnoclule.d
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3a.

b.

Iollolvmg data relers 1() the precedence relatlonshlp and element tllxes lor a

UCI.

Element,NO. I 2 3 '4 5 6 7 8 9 10 11 t2
T.(min) 0.2 0.4 .,0.1 0.1 0.3 0.1 1 0:32 0.6 0.27 0.3 8 0.5 0.12
Precedence -f1 't ') 2 J J 3,4 6,7, g SR 9, 10 11

Using Largest candidate rule rnethod,
(i) Construct the precedence diagrarn.
(ii) If the idealcycle tirne is I.0 min find the number of work stations reqr-rired.
(iii) Balance delay and Balancy efficiency. (10 Nlarks)

1 of 2

1::
types ot automatlon

.::::l .

\i."

la,'1,,,,.t',.''"
'+.'

2a.
b.

(ii) Production Rate
(iii) Availability

4a.
b.

5a.
b

With a neat sketch explain Retrieval CAPP systern.
Explain the stmcture of MRP system with the help of block diagram.

'. Module-3
of Flexible

List out the advantages of Group Tecltrology,

oRI

examples.
Explain the following
(i) Manufacturing

@R-"
a. Explain in brief the different types of AS/RS systerns.



'l a.

b.

1sME62

system and highlight iis
(10 Marks)

With the help of block
advantages.
Write a part program for the following :

- figure (drawing) - Peck drilling opera [Rpfer Fig.Q7(b)]

l-- 2r; 
r€5o --Vli-loo I

rte : All dihenr

t0

,rr ,:::..1

OR
a. Define Industrial Robot. Explain the different configurations of a robot with neat sketches.

, .i . (10 Marks)
b" Explain the following Terminology related to robot. :

(i) Accuracy (ii) Resolution (iii) Repeatability. (06 Nlarks)

p[odule-S ' , ,'

a. What is additive manufacturing? Explain the different steps involved in preparing a

component. (08 Nlarks)

b. Explain the different powder Bed Fusion technique developed. (08 Nlarks)
',

,::

a. Explain in brief the various components of Industry 4.0. (10 Marks)
b. Write a short note on Cloud computing. ,,., 

,,',, ' (06 Marks)

::,, *r<**r<

,,.:,,, " Note : All diLensions are in mm
Fig.Q7(b) (06 Marks)

.j
- 

:: rt'i:it"'

Moctule-4,,.,1..r."it"'
diagram explain the eleriiehfs of CNC

,'!

- Take drill dia 8 mm.
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inside a hallow space of sphere is 0.2 m' and its mass 32
gm/cc. Calculate the temperature

(08 Marks)

ffiffiffi
Sixth Semester B.E. Degree Examinaffi, Dec.2018/Jan.20l9

Heat Transfef*i
Time: 3 hrs. 

_ 
u Max. Marks: 80

Note: 1. Answer FIVE full questions, cho o,pjng."iie full question fro m,,each m odule,

2. Use of heat transfer Aan hand ffi1ihd steam tables *".,!Wrn

Module-1
Explain three modes of heat transfer with their basic laws. 106 Marks)

The inner wallof the furnace is made of fire brick of thickness 115 mrn and the outer wall is

made of recl brick of thickness 230 mm. The temperature of the inside furnace is 685'C and

the temperature of outside surface of red brick is 121"C under steady state condition to
reduce the heat loss a layer of Magnesia insulation of thickness 50 rnm is added on the outcr
surface of red brick after steady state condition is reached. The various temperature are

measured as flame side of furnace 712'C junction between the fire brick and red brick is

655'C, junction between the red brick and Magnesia is 490"C outer surface Magnesia

temperature is71'C. Calculate the heat loss in first and second cases and find the percentage

of heat loss reduction. Assume thermal conductivity of Magnesia is 0.085 Wi m"C. (10 Nlarks)

3a.Deriveanexpressionforthet.-p..u-t,,.d,,t,,butionandheatflowforapinfin,whenthetip
olthe fin is insulated. lUtt llarksl

b. A thin rod of copper K = 100 W/m"C, 12.5 mm in diameter spans between two parallel

plates 150 mm apart. Air flows over the rod providing a heat transfer co-effrcient of
50 Wm2"C. The surface temperature of the plate exceeds the air by 40"C. Determine (i) The

excess temperature at the centre of the rod over that of air and (ii) Heat lost from the rod in
watts. (08 Nlarl<s)

OR
a. Show that the temperature distribution under lumped analysis is given by,

T-T, 
=g 

BrFo

T _T,

Where Ti = Initial temperature

T_ : Ambient temperature (08 Marks)
b. A 15 mm diameter mild steel sphere \K: 42 Wm'C) is exposed to coding air flow at 20'C

resulting in the convective co-efficient h =720W1m2'C. Determine the following:
(i) Time required to cool the sphere from 550'C to 90'C.
(ii) Instantaneous heat transfer rate for 2 mins after start of cooling.

(iii) Total energy transferred from the sphere during first 2 mins.

Take for mild steel S - 7850 kg/m3, ,r: *ltJrul'C, cx = 0.045 m2lhr (08 Marks)

difference between the inner and outer sufface.



1sME63
Module-3

5 a. Explain three types of boundary conditions applied in Finite difference representation;rrrr)

b. Consider steady-state heat conduction in a square region of side 2b, in which energy is

generated at a constant rate of g w/m3. The boundary conditions for the problem are shown

in Fig. Q5 (b). Write the finite difference equations for nodes l. 3 and 5 in this Fig. Q5 (b)
(07 Marks)

er.,trar-Ix1
/"-yqoCI,,(G

,:, 
'"'.,, 

,,,,,,,

,"q*,*'-':'

,d

Fig. Qs (b)

OR
6 a. State and explain : (i) Kirchoff s law (ii.1 Plank's law (iii) Wein's displacement larv

(iu) Lambert's cosine law. (08 Marks)

b. Two large parallel plots with emissivity 0.5 each are maintained at different temperatures

and are exchanging heat only by radiation. Two equally large radiation shields with surface

emissivity 0.05 are introduced in parallel to the plates. Find the percentage reduction in net

radiative heat transfer. (08 Nlarks)

Module-4
7 a. With a diagram, explain velocity Uou?u-ry tuy* and thermal boundary layer. (08 Marks)

b. Lubricating oil at a temperature of 60"C enters a I cm diameter tube with a velocity 3.5 nVs.

The tube surface is maintained at 30"C. Calculate the tube length required to cool the oil to
45'C. Assume that the oil has the following average properlies for the temperature range of
this problem S:865 kg/m3, K:0.14 Wim'K, Cp: 1.78 kJ/kgK and y = 9x l0 6,",Ji.rr"rur,

OR
a. Explain the significance o1, (i) Reynold's number (ii) Prandtl number

b carcurate the convecti"" nJl',l"xt'"'i:'.Tf,:l". r'!* T#",xl1*li,*n *"JTH|']
temperature of B4"C in a room at20'C. Treat the radiator as a verticalplate. (08 Marks)

Module-5
a. With assumptions, determine LMTD for counter flow heat exchanger. (08 Marks)

b. A parallel flow heat exchanger uses 1500 kg/hr ofcold water entering at 25"C to cool
600 kg/hr of hot water entering at 70"C. The exit temperature on the hot side is required to
be 50'C. Neglecting the effects of fouling make calculations for the area of heat exchanger.

It may be assumed that the individual heat transform co-efficient on both sides are

1600 W/m2K. Use LMTD and NTU approaches. (08 Marks)

OR
10 a. With a neat sketch, explain the different regimes of pool boiling. (08 Marks)

b. A vertical square plate 300m x 300m is exposed to steam at atmospheric pressure. The plate

temperature is 98'C. Calculate the heat transfer and the nrass of steam condensed per hour.
(08 N{arks)

*{<{<**
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OR
2 a. A cast iron cylindrical pipe of oulside diameter 300mm and inside diameter 200mm is

subjected to an internal pressure of 20 MPa and external pressure of 5 MPa. Determine the
tangential and radial stresses at inner, rniddle and outer surface. AIso sketch the stresses
distribution across the thickness. (08 Marks)

b. A 440 mln outer diameter, 250mrn inner diameter and 300rnrn long steel hub is to be shrink
on to a 250rnm diameter steel shaft. If the torque is to be transmitted is 300 kNm andon to a 250rnm diameter steel shaft. If the torque is to be transmitted is 300 kNm and

p = 0.1 8, determine the amount of interference required. (08 Marks)

Module-2
3 a. A belt is required to transmit 18.5 kW from a pullel, of l.2m diameter r unning at 250 rpm to

another ptrlley which run at 500 rpm. The clistance between the cer)tres ol'pulley is 2.7m.
The following data refers to open belt drive p = 0.25. Sale rvorking stress for leather is
1.75 MPa. Thickness of belt l0 mm. Detennine the rvidth and length of belt taking
centrifugal tension into account. Also find the initial tension in belt ancl speed at rvhich this
can be transsritted. (08 Marks)

b. A V-belt is to transmit 20 kW fi'om a 250 mm pitch diameter operating at 1500 rpm to a

900 mm dianteter flat pulley. The centre distance between input ancl output shaft 1 m. The
groove angle is 40o and p:0.2 for bothpulleys and shears combination. The cross section
"of belt is 38mm wide at the top and 19mm at bottom by 25mm deep. Each belt weighs
1l kN/m3 and allowable tension per belt is 1000 N. Horv many belts are required? (08 Marks)

OR
.l a. A loaded narrow gauge car weighs 18 kN and moving at a velocity'of 80 nVmin is brought

to rest by a butTer spring of tr.vo helical springs. In bringing the car to rest the spring
undergoes a compression of 200nrrn. The allorvable shear stress is 0.3 GPa and spring index
is 8. Solve fbr the dirnensions of spring. Take G = 84 GPa. (08 Marks)

b. A semi-elJiptical leaf spring is used fbr the suspension of the rear axle of a truck. It consists

of 2 extra full length leaves and IS graduated leaves rvith a band of 100 mm. The centre to
centre distance betueen spring e1'es is 1 l m. All leaves are pre-stressed to 400 N'lPa.

E : 200 GPa. The max. fbrce on spring is 75 kN. Take total depth to width ratio as 2.

a,,.*,.

Time: 3 hrs. Max. Marks: B0

Note: l. Answer any FIVE full questions, clroosing one futt question from each moelule.
2. Use of hand book is permitted. ,, 

, 
,'

IlIotl u le- I
I a. List the assumptions made in ottuir-,i,Iffiffiuation in curvecl beam. (06 Marks)

b. Compute the combined stresses.at the inner and outer fiber in the critical cross-section of a
crane hook which is required to lift loads upto 25 kN. The hook has trapezoiclal cross section
with the parallel sides 60mm arrd 30mm. The distance between them being 90mm. The inner

.,,".,.., 15ME64

^&YSixth Semester B.E. Degree ExaminaffifiG c.2}l$lJan,2ll9
Design of Machine Etqffients - ll

wlln tne parallel sloes OUmm arld JUmm. lhe dlstance tretween them bemg 9umm. Ihe mner
radius of hook is 100 mm. The load line is nearer to the inner surlace of the hook by 25 mm
than the centre of curvature at the critical section. What will be the stresses at inner and
outer fiber, if the beam is treated as straight beam for given load? (10 Marks)
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Determine (i) Cross section olleaf (ii) Initialnip (iii) Load on band
1 of2

(08 Marks)
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10 a.

b.

OR
Explain the principle of Hyiiio Dynamic h-rbricatiort. (06 ivlarks)

A spindle of a wood-ivorlting machine runs at 1000 rprr. It is trtounted on tw'o single-rorv
ball bearings. One of rvhich is required to carry radial load of 2250 N and thrust load of
1900N. The machine runs 8 hrs/day. Assuming a life of 4 years a spindle diameter equal to

30 mrn. Select a suitable bearing. (10 Marks)

2of2

a. Derive Petroff s equation,for lightly loaded bearing. (06 Marks)

b.:,..A lightly loacled journal bearing has a load of I kN. The oil used is SAE60 and mean

" effective temperature of operation is 40'C. The journal has a diameter of 50 mm and the

bearing has a diimeter of 50.5rnm. The speed of .journal is 15000 rpm. The L/d ratio is
limited to 1.2. Determine CoF and porver loss in friction. (10 Marks)

15ME64

Module-3
Design a pair of spur gear 20o involute to of power at 600 rpm of pinion.

Number on teeth on pinion is 15, transmission 1. Material of the pinion is cast steel

(c : 137.34 MPa) and that of gear is high iron (o = 103 MPa.). (16 Marks)

8 a. Dgsign a clutch to transmit 25 kW at 300 rpm. The plates have friction surfaces

of steel bronze run onoil. Design clutch for 25Yo over load. (08 Marks)

6a.
b.

is 400 trm, p : 0.25. Find thereffort required to obtain braking in clock-wise directiou.

Design the band and the lever. Take e :210". [Refer Fig.Q8(b)] (08 Marks)

,*!h
\a-q t&

,* -E

OR
Derive an equation for formative numbdr cifteeth on bevel gear. (06 Marks)

Determine the module for a pair of helical gear to transmit 15 kW of power at 4000 rpm of
oinion with i:5:1. Pinion is made dt'}.4% carbon steeluntreated (o:69.6 MPa) and gearpinion with i:5:1. Pinion is made Of 0.4o/o carbon steeluntreated (o:69.6 MPa) and gear

is made of cast iron (o:31 MPa). FIelix angle is 20". NumQer of gear teeth on. Pinion is 24'

(Gear system 20' FDI). ''., ' (10 Marks)

.':,i1:r:,,. Module-4 : ::

ff;,fllr;"rm 
drive to,irbnsmit a power of 2 kW at t000 rpnr. i :20 l and centre 

ii.,iff:_'

OR
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List the stages of FMEA.

*****

(08 Marks)
ii) KAZEN. (0s Marks)

(08 Marks)
(08 Marks)

(08 Marks)
(08 Marks)

(08 N{arks)
(08 N{arks)

process.

OR
of Quality by Design and list the benefits of Quality by design.10 a.

b.
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