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10.

Answer ALI; qﬁestions
- PART A — (10 x 2= 20 marks)

The general Welghted Resxdual Techmque is expressed as j R(x)w (x)dx = ()

G = 1 2 , i, Identify the weighting funetlon assomated W1th each of the

WRMS

Dlstmgulsh between Eseentlal and Natural Boundary COI‘ldlthllS Wlth sultable :
examples ’

_What are the differences bet‘ween a beam element and a bar element? :
Derive the shape functions for a 1D three noded element.

Distinguish betv&?een CST and LST elements.

- Write the stlffness matﬂx used for the torsion problem of a square shaft .
.assumlng thr ee noded triangular elements of area A. '

“What 1s meant by Constltutlve Matrix?- erte the same for Plane Stress

Analysm

"~ Brief the type of element that is best suited for analyzmg a thin dome shaped

structure subjected to out of plane load.
Sketch,and write the advantages of Serendipity elements. -

What is the significance of Jacobian of transformation?
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PART B — (5 X 13 = 65 marks)

A 50 mm long Aluminium pin fin of diameter 1 mm is.attached to a wall
that is maintained at 300°C.. It is subjected to both. conduction and
convection heat transfer. The thermal ?’c"onductivity k of Aluminium is
200 W/m°C and the convective heat transfer coefficient h is 20, W/m2°C,
The free end of the fin is mnsulated. Determine using any Weighted )
Residual technique or the Ritz-technique the temperature distribution
along the fin and hence the temperature st the tip. The Governing’

- differential equation for the fin is given by

d{ . dT e
| —RA=—— |+ hp(T - T V=0
dx( edr)er( °°).
Boundary Co.nditi‘ons': .
@  T(0) = 300°C
(if) (EJ ~ =o0.
dx )5
| Or |
Determine the variation of displaqement along arba‘r'of Vérying Cross
section of length 90 c¢m. The bar 15 attached to a wall and suspended

vertically. It carries ' a load of 20 kN at the tip. & = 210 GPa,
y =.0.0785 Nfem®  The bar. is of rectangular cross section of side -

5 em x -3 ¢m at the fixed end: and '3 cm X-3 em at the free end. The
. displacement at' the tip of the bar due to the point load and ‘its own -
self weight is to be determined. | : T T

(1) How will you maﬁhematically model this préblém? R (2)

- (iD) What is the difference b_e:i:_ween the use of weighted residuai_ ‘

technique, Ritz technique and the finite element technique for
solving the above problem? : : ' (2)

© (i) ‘Take ab least 9 elements of equal length and solve for the

displacement. What is the displacement at the tip of the 'bar?.t. (9) . |

Determine the maximumni deflection 'ana slope for the '\simply supported

eam subjected to uniformly supported load ‘q’ as shown in Fig. 12 (a). . L

q

P
i S 3 _
| Fig. 12 () |
| Or |
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by Determine the fnst two natural flequenmes of' longltudmal vibration of
. the stepped steel bar shown in Fig. 12 (b). Use the mesh shown. ‘All
dlanIlSlOl’lS are in mm. % = 200 GPa and p =078 kg/cc

1ﬁg12@ﬁ

(a). A member of rectanguIar cross section 1 cm x 05 cm as shown in’
R Flg 13 (a), is to be analysed for deternunmg the stress distribution.
Conmdenng geometric and boundary condition symmetry, 1/4% of the _
" Crogs’ sectmn was modeled using equisided tuangular elements. The
. element’ matnces for a tllangle whose nodal coordinates are (0, ), (0.25,0)
and (0 25, 0.25) are given below. Explain why 1/4% of the cross ‘section
has to be conmdeled and give. the finite - element mesh if the stiffness
matrix given below is to be used. Carry out the assembly and solve for'
~the unknown stiess function values and explain how the shear strees_
dlstrlbutmn 1s to be determmed Where will the stress be the h1ghest’7

1 ';_1 0] 29.1)
:[K]=é_-.—1_- 2 -1l {}=1291

0 -1 1] |29
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b)) @ Detelmme the temperature at the location (2, 1) in a square plate

‘with the data shown in Fig. 13 (b). D1 aw the 125°C isotherm using

at least three points. _ . (8)
o 68 |
6occ (¢ 3[19seC
o
1 . 21 -
(0,0) " G,0
112°C 160°C
Fig. 13 (b) .

(ii) Derlve the conduction matrix for a 3 noded triangular element
whose nodal coordinates are known. The element is to be used for
two dimensional heat transfer in a plate fin: ' (5)

14. (a) It is required to determine the transverse dlsplacement and the stresses

induced in the plate shown in Fig. 14 (a) using a one- element'_
idealization. ‘Determine the constitutive matrix and = the strain

displacement matrix and hence the stiffness matrix and the load vector.
Assunie ¥ = 205G a, # =0.33, and £ = 10 mnm. :

P=1000N

. *____ 'Eﬂmm._;-—_o*l
Fi’g.'14'('a) '
' Or

(b) @ - Give the Stram dlsplacement relations for axisymmetric analys1s
- and hence derive the Strain dlqplacement matrix for a linear
- triangular element. L (4}

(ii) Explain how you will go about analysmg the Belleville (Disk) spring

~shown in Fig 14 (b). How will you model the Sprmg and what .
element would you choose? RN ()

Fig. 14 (b)
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(b)

(ii)

)

(i1)

" Using Gauss Quadratuze evaluate the follo.\'zving ‘integral and
' compare with the exact value. : l ™ .

Evaluate the shape functions for one corner node and one mid side

node of a quadratic quadrilateral Serendipity element, (6)

- Ol'- ‘ V . -
Why do we use natural coordinates? Differentiate between
subparametri_'c,. 1soparametric and Superparametric elements. 5) -
-For..-the_ four noded_'élem’ent Shown ‘in Iig. 15(b) determine the
Jacobian and evaluate its value at the point (1/3, 1/3). (8

Fig. 15 (b)

 PART C— (1 X 15 = 15 marks)

16, (a) - A beam with dimensions shown in Fig. 16 (é)'.is attached to a machine..
If resonance occurs what will be the first mode of vibration? Why is this

mode oceurring first? Determine the fundamental frequency of the beam.

. (15)




t) A shaft of length 2000 mm and dlametel 8 mm carries a pulley welghmg
' © 100 N at the center. If the shaft is mounted on both ends in self aligning -
ball bearings, determine the first natural frequency and plot the ‘mode
‘shape E =200 GPa and p =078 x 108 kg/ms3.
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