
Briefly explain the node
Use Rayleigh-Ritz
E:70GPa,A
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Finite Element ffiefiffiodsFinite Element ffifffiodsp-. TN

State the principle of minimum potential energy. Using principle of minimum potentiai
energy, determine the nodal displacements for the spring system shown in the Fig.Q.1(b).
Take Fr : 75 N and Fz : 100 N. ' (12 Marks)
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Time: 3 hrs. Max. Marks: 100

Note: Answer any FIVE full qaestions, ONE full questio n frfugach m o dule.

Explain different steps involved in Finite Element Analysis. (08 Marks)

(06 Marks)

Module-2

-

Derive the shape functions for{onstant Strain Triangular (CS'l) element in global
COOrdinateS.:: :,,,,. u\*dd (08 Marks)
Fig.Q.3(b) shgws a one dimensional bar subjected to an axial load. Taking it as a two bar

1 t r,*-S -:,r - 1 1 a&-- 1. . - ,---,r- m-r -F ^nn^n-,-,r 
a tn4------2

coordinates.:: :',,,.

elemint, deteimine the nodal displacements. iake E :200 GPa and A: l0{mm2. (12 Marks)
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4a.

b.

5a.
b

Derive the shape functions for an isoparametric linear bar%lement in natural coordinate
system. (06 Marks)
Determine the nodal displacements and stresses in each element for the two bar truss shown

/r/f,r- r-\

OR

Fig.Q.6(b)
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ion under the given load. Take
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Module-4
Explain the rate equations for three modes of heat transfer.
Find the temperature distribution in the one dimensional fin shown in Fig.Q.7(b).

f, --9A

18ME61

(06 Marks)la.
b.

8a.

b.

t6b"e

Derive element co
for a two noded
Solve for t
penalty

j.:

h*6 'ti"x

Fig.Q.7(b)
(14 Marks)

matrix and element heat flux vector
(08 Marks)

10

.....,r i, ]@rl
a. Derive the stiffness matrix for an axisymmetric element using potential energy approach.

,,, , 
,' (10 Marks)

b. Derive lumped mass matflx and consistenmass matrix for a bar element. (10 Marks)

rix lAl: [8 1l (ro Marks)a. Calculate the eigen values and eigen vectors for the mat f 'J Lr 2)

b. Derive the shape function for an axisymmetric triangular element. (10 Marks)

rre distribution in the composite wall shown in the Fig.Q,S(b). Use
handling boundary conditions" (12 Marks)

Fie.Q.8(b)

$ *:*P * * * *,t
"\i.

@W

3 of3

r$ :'

1t
h, T;

fi'Lo'c

k,
.:. :

t
K3

a*<,

W\



USN

GBG$ $GHEME
18ME62

Max. Marks: 100

Sixth Semester B.E. Degree Examination, Dec.2024/Jan.2025
Design of Machine Elertrents - Il

Time: 3 hrs.
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llote: l. Answ,er any FIVE full questions, choosing O\YE futt question from each module.

2. Use of design data hand book is permitted.
3. Assume suitable missing datn.

\{odule- I
I a. A helical spring is made from a 8 mm diameter wire and has an outer diameter of 100 mm. if

the permissible shear stress is 420 MPa and modulus of rigidity is 84 GPa. Find the axial
load the spring can carry and the deflection per active turn :

(i) Neglecting curvature eff'ect.

(ii) Considering curvature effect. (10 Marks)

b. A semi elliptical laminated leaf spring with two full length leaves and ten graduated leaves

are to be designed to support a central load of 6 KN over two points 1000 mm apart. The

central band width is 100 rnm. The ratio of total depth of the spring to its width is 2.5. The

design normal stress (pre-stress) of the material of the leaves is 400 MPa and the modulus of
elastlcity is 208 GPa. Determine,

(r) Width and thickness of the leaves.

(ii) The inltial gap between full length and graduated leaves-
(10 Marks)(iii) The central bolt load

OR
a. A belt 125 mm wide and l0 mm thick is transmiting power at 900 m/min. The net driving

tension is 2 times the tension on slack side. lf satb permissible stress on the belt is 1.5 MPa.

Calculate the power that can be transmitted at this speed. Take density of belt material as

1000 kg/m3. Also find the maximum power that oan be transmitted by this belt and the

velocity at which this can be transmitted. (10 Marks)

b. A 8xlgsteel wire rope is to hoist 50 KN of load lrom a depth of 1000 m. Determine the

number of ropes required if the maximum speed is 2.5 m/s and acceleration is 1.25 rnlsecz

assuming the rope is made of 25 mm drameter. Neglect the weight of the tackle. (10 Marks)

a.DerivetheLewisequation*b,,hffi.engthofaspurgeartooth'Alsolistthe
assumptions made. (04 Marks)

b. Specify the details of a spur gear to transmit 20 kW at 120 rpm. The teeth are of 20 " fulI
depth involute system having 16 teeth on pinion and a speed ratio of 3 : 1. Assume that the

starting torque ts 20Y" more than the mean torque. Both gears are made of steel C45,

untreated with o'u =233.4 MPa and BI{N 200.

. i]\rliiltr, ',:,

,,::, r-irnllu!.

'::,::::,,
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OR
4 a. Define formative number of teeth in helical gears and derive the expression for the same.

(04 Marks)

b. A compressor running at 350 rpm is driven by a 120 kW motor running at 1400 rpm. The

center distance is 400 mm and helix angle is 25'. The rnotor pinion is made of forged steel

and the driven gear is cast steel. Design the gear pair using 20' FDI system. The pinion has

20 teeth. (16 Marks)

\,lodule-3
A pair of 20 pressure angle bevel gears is used to transmit power between two
perpendicular shafts. The pinion rotates at 600 rpm with a module of 8 mm and has 30 teeth
while gear has 60 teeth. lf both gears are made of steel having design strength of 200 MPa,
determine the power that can be transmitted based on,

(i) Bending strength.
(ii) Surfbce endurance strength if Fen: 1.25 Fd. 

A

Assume 8 to l0 hours service per day with medium shocks ancl en :350 MPa. (20 Marks)

OR
Design a worm gear drive for a speed reduction ratio of 25. The pinion rotates at 600 rpm
and transmits 35 kW. Worm is made olC30 heat treated steel (ou =220.6MPa) and gear

of phosphor bronze (ou. : 82.a MPa) (20 Marks)

Module-4
a. A multiple disc clutch o1'steel on bronze category is to tranmlt 4 kN atl50 rpm. The inner

diameter of contact is 80 mm and the outer diameter of contact is 140 mm. The clutch
operates in oil with a co-efficient of friction of 0.1. The average allowable maximum
pressure is 0.35 MPa. Assume uniform wear theory and determine,

(i) Number of steel and bronze discs.
(ii) Axial lbrce requLred. (10 Marks)

b. A cone clutch transmits 180 N-rn of torque at 1200 rpm. The Iarger diameter of the clutch is
300 mm and face angle of the cone is 12.5" with a face width of 60 mm and p: 0.2.
Determine

(t) Axial force required to transmit the torque.
(ii) Axial force required to engage the clutch.
(iii) Average normal pressure when maximum torque is transmitted.
(iv) Maximurn and minimum normal pressures. (10 Marks)

OR
a. A cast iron disc of 0.9 m in diameter and 200 mm tliick is used as a t1y wheel which rotates

at 400 rpm. It is brought to rest in 2.2 sec by means of a brake. Calculate
(D Energy absorbed by the brake.
(ii) Torque capacity of the brake.
(iii) Number of turns. Take density of CI as 7200 kg/m3 and radius of gyration: 0.125 m.

.,, 
+rggi,.i',iii

I ...,r
.itllt,,iliirirli,lt,l,'' 2 of3

(10 Marks)
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A simple band brake as shown in Fig.Q8 (b) is to be designed to absorb a power of 30 kN at
a rated speed of 750 rpm. Determine
(D The effort required to stop clockwise rotation of the brake drum.
(ii) The effort required to stop counter clockwise rotatton of the brake drum.
(iii) The dimensions of the rectangular cross-section of the brake lever assuming its depth

to be twice the width.
(i") The dimensions of the cross scction of the band assuming its width to be tentimes the

9a.

b.

thickness,

rl ,,,,1l1t1irri11

.....

(10 Marks)

(06 Marks)

(04 Marks)

(06 Marks)

Module-5
Derive Petroff s equation ro. u ughttffiu-a.a t.aring.

Explain the formation of continuous oil fihn in Journal bearing.

c. A full Journal bearing of diameter 80 mm and 120 mm long supports a radial load of
6000 N. The shaft rotates at 600 rpm and rlc: 1000. The room temperature is 30"C and the

surface of the bearing is limited to 60"C. Detennine the viscosity of the oil to satis$, the
above requirements if the bearing rs wcll ventilated and if no artificial cooling is required.
Also determine the tempcrature of the oil. (10 Marks)

OR
l0 a. Define the lbllowing :

(i) Static load
(ii) Dynarnic load
(iii) Bearing life
(iv) Rating life

b. What change in the loading of Rolling contact bearing will cause the expected life to be
doubled? Derive the condition. (04 Marks)

c. A bell bearir-rg is operating on a work cycle consisting of three parts namely Radial load of
2500 N at 1420 rpm for one quafier cycle, radial load of 1000 N at llO rpm for one half
cycle, radial load of 5000 N al 1420 rpm for remaining cycle. The expected bearing life is
10,000 hrs. Calctllate the dynamic load capacity of the bearing.

.ri. rr,. 
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Note: 1. Answer any FIVE full questions,
2. Use of heat trunsfer data hutd steiln, tubles ure permitted.

sheets of 3 mm thick (K : 46.5 Wlm'C) and with 50 rnm of glass wall insulation

(K:0 046 W/m"C) between them. If the average heat transfer coefflcient at the outer and

inner sur{aces are 11.6 W/m2'C and 14.5 W/rnr"C respectively. Calcurlate

(i) The rate at which heat must be removed from the interior to maintain ttre

specified temperature in the kitchen at 25'C.

Explairr briefly : (i) Thermal conductivity (ii) I'hermal diftlsivity. (05 Marks)

Write down three-dimensional heat conduclion equation fbr Cartesian co-ordinates, write the

lrolsson's, L,aplace, lourler equatlons ano one-olmenslonal equallon IOr tlr€ sallls. (ur lvrarK$,

fhe interior of a refrigerator having inside dimension 0,5mx0.5rr, base area and 1 m height,

is to be maintained at 6'C. The walls ol'the refiigerator are constructed with two mild steel

(ii) Temperature on the outer surface ol'the metal sheet. (10 Marks)

OR
2 a. What is meant by Bourndary condition? Explain. (05 Marks)

b. Discr.rss the clesign aspects fbr providing insr.rlation scheme for cable wire and steam pipes.

c. A wall ola hrrnacc is madc up of insidc layer of silica brick 120 mm thick coveJ:;'Ii,:X'l
layer of magnesite brick 240 mm thick. The temperatures at the inside surface of silica brick

u,all and outside sr-rrlace of rnagnesite brick wall are 725"C and ll0"C respectively. The

contact thermal resistance between the two walls ar the interface is 0.0035"C/W per unit

wall area. lf the thermal conductivities of silica ancl tnagnesite bricks are 1.7 W/m"C and

5.8 Wm"C. Calculate
(i) The rate of heat loss per unit area of walls.
(ii) The temperature drop at the interfbce. (10 Marks)

Module-2
3 a. Derive the differential equation governing the temperature distribution fbr a fin of auniform

cross section by assuming thennal conductivity, the heat transter co-efficient and ambir:nt

temperature being constant. (10 Marks;

b. [n athern"ral concluctivity measuring experirnents two identical rods are used. One of the rod

is base aluminium (K: 200 WmK). l'he other rod is a specimen. One end of both the rO<1 is

fired to a wall at 100"C. While other encl is suspended in air at 25"C. The stea.rl'7

temperature at the same distance along the rods were measured and tound to be 75"C on

aluminium and 60"C on specimen rod. Find the thermal condr-rctivity of specimen rod, iitlre
lin tip is insulated. (10 Marlts)

OR
4 a. What is lLrrnped parameter analysis? Prove that the temperature distribution in a body at iime

"t' dr,rring Newtonian heating or cooling is given tv * = s-r)'r,'' , where Ti is temperatrtte,T-T,

at time f.<,O.
..tt:. a: .-..1...1

'':ia::, 
.. .,

I of2
(10 N{arke)
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b. An apple which can be considered as sphere of 8 cm diameter is initially at a uttiform

temperature of 25"C is put into a freezer at -15"C. The heat transfer co-eflicient between

the surface of the apple and surrounding in the freezer is 15 ro/m''C. The thenno-physical

propefties of apple are given to be,

density = 840 kg/m3, Specifrc heat : 3.6 kJ/kg'C

Thermal conductivity: 0.513 W/m"C and Thermal diffusivity : l'3 xl0 ' tn2ls

Determine (i) Centre ten'lperature of apple after I hour.
(ii) Surface temperature of apple at that time.
(iii) Amount ol'heat translerred from the apple. (10 Marks)

Module-3
a. Explain the lollowing : (i) Solid angle (ii) Shape tactor (iii) lrradition

(iv) Absorptivity (v) Emissive power (10 Nlarhs)

b. Consider two large parallel plates one at 100 K with emissivity 0.8 and other is at 300 I(
having err-rissivity 0.6, A radiation shield is piaced between them. The shield lias emissivity

as 0.1 on the sicle {-acing hot plate and 0.3 on the side lbcing cold plate. Calculate percentage

reduction in radiation heat transler. (10l'Iarks)

OR
a. Explain lorrnulation oldifferential equation 1D steady heat conduction. (10 Nlarks)

b. Explain application and computational error of numerical analysis heat conduction.
(10 Nlarks)

Module-4
(10 Marhs)a. Explain velocity and thermal boundary layer.

b. Consider the body ol a mass has vertical cylinder with 300 ntm dia and 170 crn height.

Calculate heat generated by the body in 1 day. Take body temperature as 36'C and antbient

tenrperature as 14'C. (10 Marks)

a. Using dimensional analysis, obtain funflt.r,ol relation between dimensionless parameter

in {brced convection . .:;,,, .. . (10 Marks)

b. A long 10 cm dia steam pipe whose exlernal surface temperature is 110'C passes through

sonle oDen area. Determine the rate of heat loss fiom pipe per r-rnit of its lengtli when air is atsome open area. Determine the rate of heat loss fiom pipe per unit of its length when air is at

I atm pressure and 10'C. The wind is blowing across the pipe at velocity 8 rn/s. (10 Nlarks)

,<**r<,f

2 of 2

Mqdule-5
a. Obtain expression lor LMTD 1br paraltel flow heat exchanger. (10 Marlis)

b. The flow rate o1'hot and cold llux strearn running through a parallel heat exchanger are

0.2 kgls and 0.2 kg/s respectiveiy. The inlet temperature of hot and coltl sides are 75"C and

20'C respectively. The Exit temperature of hot water is 45'C. 1f Individual heat transfer

coelficient on both sides are 650 W/m2C. Calculate area of heat transfer. (10 Nlarks)

OR
10 a. Sketch and explain boiling curve. (10 Marks)

b. Saturated steam at 80"C condenses as fllm on a vertical plate at a tetnperature of 70"C.

Calculate Heat transfer coefllcient and rate of condensation. Assutne Latent heat of
vapourization at 80'C as 2309 kJ/kg. (10 Marks)



GtsG$ $GHEME

rtrrrrrrrr 
eswf,

Sixth Semester B.E. Degree ExaminuffihD ec.2[24lJan.2025
Non Traditional ll,kilffflning

\\w{|id
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Note: l. Answer on1, FIVE full questions, cltoosing ONE full question from each module.

2. Use neat sketch wherever necessary.

Module-I

I a. Define Nontraditional Machining. Discuss the physical parameters of NTM nto..tloo 
Marks)

b. What is the difference between conventionaI and nonconventional machining process.
(08 Marks)

c. Explain the need of NTM process in modern industry. (06 Marks)

OROR
2 a. What are the advantages, limitations and applications of nontraditional machining process?

(12 Marks)

b. How modern machining plocess are classified? (08 Marks)

Iodule-2
and working offi pr3 a. Explain with neat sketch constffigion and working_offipprocess. (10 Marks)

OR
4 a. Explain with neat sketch AJM process. (10 Marks)

b. Explain the following parameters with respect to usm process.

i) Effect of amplitude and frequency of vibration
ii) Effect of grain diameter
iii) Effect of applied static load
iv) Effect of slurry (10 Marks)

Module-3
5 a. Draw schematic rsketdh of Electro Chemical Machining process and discuss the elements of

ECM process. (10 Marks)

b. Explain the elements of process :

D Maskants or resists in CHM(Chemical Machining)
ii) Etchants (10 Marks)

OR
6 a. Discuss the Economics of ECM Process (04 Marks)

18ME641
USN

b. What are advantages. limitations and applicationt
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Calculate the metal removal rate and electrode feed rate w iron is electro chemically
machined using copper electrode and sodium chloride ion (Specific resistance :

used are :5.0 ohm.cm), the power supply data of electro chemica
Supply voltage : 18 V-DC

,ir..i......i...

c. What are the advantages, disadvantages and applications of Chemical Machining Process
(CHM). (10 Marks)

Module-4
7 a. Explain the mechanism of metal removal in EDM with a neat sketch. (06 Marks)

b. List the application of Plasma Arc Machining (PAM). (04 Marks)

c. Mention the properties of dielectric fluid and explain various methods of circulating the
dielectric fluid. (10 Marks)

OR
8 a. What are the various types of torches used in plasma arc machining? Explain their operation.

(08 Marks)

b. Explain the word "Plasma". Explain how it is used for material removal process with neat

,,, ',,i, (08 Marks)

- Current: 5000 Amps , r'rr

- Tool gap: 0.5mm
- Atornic weight of iron is 56 ,::, ,:

ir rl 
li-Yalency:Z 'i rr"

- Density :7 .87 x 106 gm/m3 (06 Marks)
,ir..i......i.

c. Discuss the parameter tq choOse electrode material in EDM proces$.
.'o'ui*;-},,,lt,,lr"'

Modute-5
9 a. Explain the generation and control of electron beam with a neat sketch. Also discuss the

material removal process. (08 Marks)

r Mach

erial in EDM proces$. (04 Marks)

b. List the advantages of Laser Beam Machining (LBM) (06 Marks)

c. Compare thermal and non-theimal metal removal process in electron beam machining.
(06 Marks)

OR
10 a. List the limitation of Electron Beam Machining. (04 Marks)

b. Explain the ptinciple and operation of Laser beam machining with a neat sketch. (08 Marks)

c. Explain the different theories associated with electron beam machining. (08 Marks)

**r.r<{<
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