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PRESIDENCY UNIVERSITY
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SCHOOL OF ENGINEERING

TEST 1
Sem & AY: Odd Sem. 2018-20 Date: 01.10.2018
Course Code: MEC 220 Time: 2. 30PM 1o 3.30PN
Course Name: FINITE ELEMENT ANALYSIS Max Marks: 40
Program & Sem: B Tech (MEC) & V Weightage: 20%

instructions:
(. Answer all the Quesiions.

Part A [Memory Recall Questions]

Answer all the Questions. Each Question carries five marks. {30x5M=15M}
i Enumeraie the steps invoived in FEA. (C.ONO.1) (Knowleoge)

2. Defing Plane Siress with a neat sketch, and wriie the constitutive egquation for a
plane stress condition (C.G.NC.1) (Comprehension)

3. Explain briefly the varicus types of elements used in FEA aiong with their degrees

of freedom. (C.O.NC.1T) (Knowledge)

Part B [Thought Provoking Questions]

Answer the Question. The Question carries fifleen marks. {(10Ox13M=15 M)
4. As a part of the smart city project, it is necessary to build the indoor stadium at

Tumkur with a seating capacity of 3000 people. The frames used for the sealing
arrangement will be suspended freely at one end whereas the other end will be
fixed to the walis, so that the each frame represenis a cantilever beam. As a FEA
engineer determine the maximum deflection that the cantilever beam may under rge
using Hayleigh Ritz method | the load al the tip of the beam is 2. Assume the
span of the beam be as "L”, £ = Young's moduius of the beam, | = moment of
inertia of the beam. (C.O.NO.1) [Application]



Part C [Problem Solving Qusstions]

Answer the Question. The Question carries ten marks. (1Qx100=10M)

i

Solve for the nodal displacement in the following soring system. Where K =
S0N/mim, ko = 50N/mm, ks = B0N/mm, ks = 80N/mm, Fy= 100N, F2=0, F3 SON,
84, 8, 85, and s, are the defiections of the springs with stiffness Ky, ke, ks and ks

T

respectively shown in the diagram beiow. {C.O.NG.1) (Application)
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GAlk MORE KHOWLEDGE
REACH LR ATER HIIGHTS

Semester: V
Course Code: MEC220

Course Name: FINITE ELEMENT ANALYSIS

SCHOOL OF ENGINEERING

Date: 01-10-2019

Time: 2.30PM to 3.30PM
Max Marks: 40
Weightage: 20%

Extract of question distribution [outcome wise & level wise]

Q.NO. [C.O.NO | Unit/Module | Memory recall Thought Problem | Total Marks
Number/Unit type provoking type | Solving type
/Module Title | [Marks allotted]| [Marks allotted] [Marks
Bloom’s Levels Bloom’s Levels allotted] -
K C A
1 1 1 1 ms. \A i 5
2 1 1 s O - 5 ]
e Sy R I g
4 1 1 15 15
5 1 1 o , , 15 15
6 1 1 10 10
Total 40 15 , N 25 - 40
Marks

K =Knowledge Level C = Comprehension Level, A = Application Level







Note: While setting all types of questions the general guideline is that about 60%Of the questions must be such thateven a
below average students must be able to attempt, About 20% of the questions must be such that only above average students

must be able to attempt and finally 20% of the questions must be such that only the bright students must be able to attempt.

[ hereby certify that All the questions are set as per the above guide lines. Mr. Shylesh K S ]

Reviewers' Comments






Annexure- [I: Format of Answer Scheme

SCHOOL OF ENGINEERING

Semester V
Course Code: MEC220
Course Name: FINITE ELEMENT ANALYSIS

Date: 01-10-2019

Time: 2.30PM to 3.30PM
Max Marks: 40
Weightage: 20%

Part A (3 x SM = 15 Marks)
Max. |
Time
0 No Solution Scheme of required
Solutio
Marking for each
1, o e B Question
Step-1 Modeling
i. Mathematical modelling
ii. Geometric Modelling e
Only listing is !
Step-2 Discretization of the Model sufficient |
i Step-3 Selection of Displacement Model or Formulation of Elemental Displacement Model totally 7 steps 5 Mi V
ins
Step 4: Derivation of Llemental Stiffness Matrix should be
Step 5: Assembly Elemental Stiffness Matrix or Formation of Global Stiffness Matrix mentioned
. . : o 5 Marks
Step 6: Applying the Boundary Conditions
Step 7: Obtaining the Stress and Strain







2rrythe plaas ape pest

Dby eno by

e

Pt

i oend sl

Definition of
plane stress
2Marks

Constitutive
Equation
3 Marks

Part B

5 Marks

7 Mins

{1 Qx15M =15 Marks)







Scheme

Max.

time
Q No Solution of required
' Marking | for each
Question
Writing down the beam diagram with all the loading arrangements 1 Mark
Equation for potential energy functional 7 = Strain Energy + Work Potential
2
Strain Energy (SE) = = [ EI (52) dx
éoqwgvoﬁsﬂ%ﬂ (WP) = - PYmax 3 Marks
= Mma El Amwwm dx +(- PYmax)}-----mmmmmmemmm e !
Assumed Polynomial Function
Y =a, + a;x + apx? + Q3 X omeeemo e 2
Boundary Conditions at N
i X=0: Y=0. D 89 = 0-mmmmmmmmmmmmmemmmo e 3 > Marks
i, X=0; dv/dx=0 2 @] =0 =-mo-mmmmmrmcmcmmm e 4
i, X=L.Y = Ynax
20 Mins
4 Y 0
V. = =
: Ax?
3 Marks
ar = B Y e 5
therefore
ike :
: w\ = 0az (X-L)
Jdx* .
g 36a,E1L3
S 6
_ 36asEIL’? £ P oo 6 3 Marks
m afeadh]
minimize the potential energy equation with respect to a; thereby
~p
T e o e 7
6E]

Substituting the values of ap. ai. a2, and a; in equation ™27 we get







pPL3
= S

M\SQ\R 3E1

Equation gives the final answer, i.e. maximum deflection at the free end in cantilever
beam.

3 Marks

94}

§:~::chx:<zﬁsowmaazd:m:~s:mwm:ﬁ:m_caa:dum:ﬁnmﬁdwsﬁ
l-quation for @083:.& energy functional m = Strain Energy + Work Potential
Strain Energy (SE) = % EA mmxmvw dx:
Work Potential (WP) = - 21,
= .L m\:mmv dx -2U1)}
Assumed Polynomial FFuncuon
U=a, + a;x + azx* + az x3
Boundary Conditions at
i.  X=0;U=0,=»a, = o
it X=2;U=0. <> a; = -2a>
ii.  X=1, U=U;. = C_ = -4
T rrs Value of ™ will become:
7 = 1.33a2% +2a7?
Minimizing the potential energy functional. we get
a2 = -0.75 units
Therefore displacement at the loading point is given by Uy = -a»
Li=0.75 units

3 Marks

6 Marks

6 Marks

20 Mins







Part C

(1Q x 10M = 10 Marks)

Solution

Scheme of
Marking

Max.
Time
required
for each
Question

6

Ve

Expressing
the
relationship
between
Uy, Ua. and
Us and
9. 0> 0
5.8 3.
3 Marks

Arriving at
Equation 3

2 Marks

Arriving at
LLquation 3.
7 and 8
2 Marks
Solving for
U U and

Ui T mark
cach

15 mins
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Roll No.

~7
-
A g
daslfen.  PRESIDENCY UNIVERSITY
REALH GREATER HEIGHTS BENGALURU
SCHOOL OF ENGINEERING
TEST -2
Sem & AY: Odd Sem 2019-20 Date: 19.11.2019
Course Code: MEC 220 Time: 2.30 PM {o 3.30 PM
Course Name: FINITE ELEMENT ANALYSIS Max Marks: 40
Program & Sem: B.Tech. (MEC) & V Weightage: 20%

Instructions:
() All the questions compulsory.

Part A [Memory Recall Questions]
Answer all the Questions. Each Question carries five marks. (3Qx5M=15M)

1. Write down the expression for shape functions for 2-D four noded (linear)
quadrilateral element with usual notations. Sketch the element diagram
(C.0.NO.3) [Knowledge]

2. Define Shape functions and briefly explain the characteristics of shape functions in
FEM. (C.0O.NO.3) [Knowledge]

3. Define Truss and write down the equilibrium equation for truss element in the
expanded form. (C.0.NO.4) [Knowledge]

Part B [Thought Provoking Questions]
Answer the Question. The Question carry ten marks. (1Qx10M=10M)

4. Determine the nodal displacement, stresses and reaction forces for the one-
dimensional bar. element made up of mild steel with Young’s modulus 200GPa and
cross sectional area of 200mm? shown in the below figure. (Consider the given bar as

a two element). (C.O.NO.3) [Application]
= P = S0kN
—1 ! e e
- 2
e L= 1000mm [



Part C [Problem Solving Questions]
Answer the Question. The Question carry fifteen marks. (1Qx15M=15M)

5. Determine the nodal displacements of the truss member made up of mild steel with
Young’s modulus 200GPa and cross sectional area of A1=1000mm? Az= 1250mm? as
shown in the below figure. (C.0.NO.4) [Application]

\[\ N

4

500mm
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SCHOOL OF ENGINEERING

Date: 19-11-20192
Time: 2.30PM to 3.30 PM
WMax Marks: 40
Weighiage: 20%

Course N

ame: Finite Element Analysis

Extract of question distribution [outcome wise & level wise]

Memory recall Thought
Unit/Module iype §3¥‘€)VO§(§ﬁg ivpe | Problem Solving | Total
Q.NO | C.ONO| Number/Unit | [M &z’“kS atioited]] [Marks allctted] type Marks
/Module Title | Bloom’s Levels b%wm s Levels | [Marks allotiad]
K1 C Il A ITK|]C A K C A
i CGC-3 | MODULE- 5 5
2 1 C0-3 | MODULE-3 5 5
3 C0-4 | MODULEH4 5 5
4 |CO-3 | MODULE-3 10 10
5 |CO-3 | MODULE-2 15 115
6 |CO-3 | MODULE-3
7 | CO-3 | MODULE-3
;zgi 15 10 i) @
i

K =Knowledge Level C = Comprehension Level, A = Application Level
MNote: While setting all types of questions the general guideline is that about 60%

Of the questions must be such that aven a below average students must be able io
attempt, About 20% of the guestions must be such that only above average students must
ne able to attempt and Qﬁ aily 20% of the questions must be such that only the bright
students musi be able {o attempt.




Annexure- [I: Format of Answer Scheme

SCHOOL OF ENGINEERING

Semester. V
Course Code: MECZ207

Course Name: Finite Element Analysis

Proaram & Sem: B.TECH, MECH ENGINEERING

SOLUTION

Date: 19-11-2019

Time: 2.30 PM to 3.30PM
Max Marks: 40 MARKS
Weightage: 20%

Part A (30 x 5M = 15Marks)
Max. Time
Scheme of
Q No Solution reguired for
Marking
each Question
Diagram with usual notations IMarks 2 Mins
£ ‘;— 5%
. 4 Marks for 2 Mins
| o the expression
l'—"«":} - «;Ig“r‘) _'3?:7‘3”" -;—41
% ;—;_keiwg ﬂ ke §A Y L e : e N,
2 Definition of the Shape Function 1Marks 1 Mins
4 Marks for
4 Characteristics of the shape functions shape 1 Mins
function

characteristics




Definition of the Truss Element

Stiffhess equation of a truss element:

4 Marks

[
2
o
o
==
@

i Mins

Part B {1Q x 10M = 10Miarks)
L. Writing down the finite element model of the given IMarks i Mins
continuum with two element discretization,
2. Determination of elemental stiffness matrix for two
elements and global stiffness matrix.
rg -8 e les
i1 1nal 8 {,} 1Marks
kil =10
5."1} §_‘-—8 8
iMarks 4 Mins
l,] = 10%] 8 “8§
z -8 8
g -8 0]
- A g g A LT
{!{‘g — 'E{}L §w8 16 “8i ZMS&E"RS H ?‘Vgiﬁé
| ~ lo -8 sl
‘ 3. Writing down the giobal displacement vector and global
. force vector.
4. Solving the equilibrium equation with the boundary 1Marks
conditions {elimination approach or penalty approach).
18 -8 0] 0} (0
§ H
10*{-8 16 -8| q2§:i 0 ; o
log -8 8l Lq3 50 103 ZMarks 3 Mins
5. Arriving at the values for (o = 0.625mm and (5 =
1.25mm A
ZMarks 2 Mins




Part C (10 x 15M = 15Marks)
Q No Scheme | Max.
Solution of Time
Marking m;::;fd
each
Ques
tion
Writing down the finite element model of the given continuum with two
element discretization.
. Tabulating the node data and determination of elemental data
Node Number | X {mm} | Y(mm)
! 0 0
2 750 500
3 0 500
Klement | Initial | Final Length |1} m{mm)
Number | node | node of the  (mm)
element
1 i 2 901.39 0.832 0.555
2 2 3 750 Ny 0 5
4 Marks | Mins
. Determination of elemental stiffness matrix for two elements and
global stiffness matrix.
{1,53 1.02 —~1.53 w-LOZ}2
51 1.02 0.681 ~1.02 -0.681
Uad =107 165 02 183 102
< 1~1.02 -0.681 1.02 0.681 |
{A 32 0 =32 O
si O 0 0 0
[ie2] = 10 l~3.2 0 32 O
0 0 0 0
1.53 1.02 —-1.53 -~1.02 0 07
1.02 0.681 102 -—-0.681 0 0
(1] = 105 ~1.53 -1.02 473 1.02 -3.Z 0
k=10 ) . ,
-1.0Z2 —0.681 1.02 0.681 0 0
0 0 -3.2 0 32 0
0 0 0 0 0 0
8 Marks | 15
Mins




4. Writing down the global displacement vector and clobal force vector,
g 3 2
5. Solving the equilibrium equation with the b(}?jﬁd?ﬂ“‘y’ conditions
& e} J

{elimination approach or penalty approach).

- 1.53 .02  -153 -102 0 O
1.02 0.681 -1.02 ~0.681 0 0
105 ~1.53 ~1.02 473 .62 =32 0
~1.0Z2 ~0.681 102 0.681 0
0 0 —3.2 0 3.2
0 0 0 0 U

Arriving at the values for displacements at node 2 as

g = 0.25mm and Q4= ~1.09mm

oo o

Do

02
N V]

(e RVl T

3 Marks

16
Mins
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PRESIDENCY UNIVERSITY
REACH GREATER HEIGHYS BENGALURU
SCHOOL OF ENGINEERING
END TERM FINAL EXAMINATION
Semester: Odd Semester: 2019 - 20 Date: 28 December 2019
Course Code: MEC 220 Time: 9.30 AM to 12.30 PM
Course Name: FINITE ELEMENT ANALYSIS Max Marks: 80
Program & Sem: B.Tech (MEC) & V Weightage: 40%

Instructions:
(i) Read the all questions carefully and answer accordingly.
(i) Scientific and non-programmabile calculators are permitted.

Part A [Memory Recall Questions]
Answer all the Questions. Each Question carries 2 marks. (5Qx2M=10M)

1. Mention any four softwares used for Finite Element Analysis. (C.0O.No.1) [Knowledge]
2. Write down the shape functions for 1-D two noded bar element. (C.0.No.2) [Knowledge]
3. Write down the stiffness matrix for 1D linear bar element. (C.O.No.3) [Knowledge]
4. Write down the equilibrium equation for truss element in the expanded form.
(C.0.No.4) [Knowledge]
5. Write down the finite element equation for 1-D heat conduction with free end convection.
(C.O.No.5) [Knowledge]
Part B [Thought Provoking Questions]

Answer both Questions. Each Question carries 15 marks. (2Qx15M=30M)

6. Determine nodal displacements in stepped bar given below which is constrained on both
ends.

1 t:
Py "~
s ™.
f; Ay = 600mm*, “~
Al E;= 200GPa 2 P=sokN 3
N Y
Ay = 300mm”, -
’_; ST
\
- L=1000mm < 500mm = a

(C.0O.No.3) [Comprehension]

“"Page 1 of 2



7. Determine the nodal displacements for the following two member truss element given below.
(E=2 X 102 N/mm?, A = 200mm?)

12KkIN
L

'?/l 500mm

300mm

(C.0O.No.4) [Application]

Part C [Problem Solving Questions]
Answer both Questions. Each Question carries 20 marks. (2Qx20M=40M)

8. For the beam shown below, obtain the maximum deflection due to the uniformly distributed
load. Take young's modulus E=200GPa, and Moment of Inertia | = 2x10% mm*.

12kN/m

/| Im

(C.O.No.4) [Application]

9. An induction furnace wall is made up of three layers, inside, middle and outer layer with
thermal conductivity ki, k2 and ks respectively as shown in figure below. Determine the nodal
temperature. Given k1 = 8. 5W/m-K, k2 = 0.25 W/m K and ks = 0.08 W/im-K, T1 = 600°C
Tw=300°C, h= 45W/m?K.

T
P r M o
i
;x T; Tg«lp Tj L ] ?‘51 ) T
~ ke ka | F
25em _ 5am 3om |

(C.O.No.5) [Application]

“Page 2 of 2



g SCHOOL OF ENGINEERING

END TERM FINAL EXAMINATION

Extract of question distribution [outcome wise & level wise]

Memory recall Thought
Q.NO | C.O.NO| Unit/Module type provoking type Problem Solving | Total
(% age Number/Unit [Marks allotted]| [Marks allotted] type Marks
of CO) | /Module Title | Bloom’s Levels| Bloom’s Levels | [Marks allotted]
K C A
1 1 1 2 2
2 2 2 2 2
3 3 3 2 2
4 4 4 2 2
5 5 5 2 2
6 3 3 15 15
7 4 4 15 15
8 4 4 20 20
9 5 5 20 20
Total Marks 10 15 55 80

K =Knowledge Level C = Comprehension Level, A = Application Level

Note: While setting all types of questions the general guideline is that about 60%

Of the questions must be such that even a below average students must be able to attempt, About 20% -
of the questions must be such that only above average students must be able to attempt and finally 20%
of the questions must be such that only the bright students must be able to attempt.

| hereby certify that all the questions are set as per the above guidelines.

Faculty Signature:

Reviewer Commend:




Format of Answer Scheme

SCHOOL OF ENGINEERING

e
=
B iy

SOLUTION

AN MDRE KROWLEGGE
REACH HREATIR HEIGRTS

Semester: Odd Sem. 2019-20

Course Code: MEC 220

Course Name: FINITE ELEMENT ANALYSIS
Program & Sem: BTECH-5"™"

Date: 28.12.2019
Time: 3 HRS
Max Marks: 80
Weightage: 40%

Part A (5Q x 2M = 10Marks)
Q No Max. Time
Solution Scheme of required fo
Marking each Question
1 Softwares 0.5 mark 5min
. L.S-Dyna for each
* Ansys software
. ABAQUS
. Openfoam
. Hyperworks
. Fusion 360
. Pam crash
. Nastran
2 N1=(1-€)/2, N2=(1+¢)/2 1mark for 5min
each
3 2M 5min
k= AE [ 1 -1 ]
R e
L =1 1
4 2M Smin
/- o =17 —Imn
FAUE I B 7T me —ilm —m-
[k 1=——1 | .
! Y A T I b li
- wme I n- |
5 2M 5min
<) 6 O T, 0
Al + hh _, = AhT, E 1%
de [ -1 1 o i 12




Part B (2Q x 15M = 30Marks)

Max.

Q Solution Scheme of Tirr_le
Marking required
No for each
Question

15M 35min

6




15M 40min

() Model condinals  dalis

Nowe ale rs d
{ Qoo s
b3 DO 300
2 o 300

G tlamed coneeduthy  duli
eh) R

\ \ 2. oo _og  0%h
3 500 -1 0
2 X
T ol —28Y -G 2.8y o .
“36Y B BEY 2k 6 & |
-5+ ]2 384 1312 -3sy -& O
\{
M"\D 3-84 —aks -3y 4B =
o % o O
o
o o O O B




Part C

(2Q x 20M = 40Marks)

Max.
Q Solution Scheme Time
of required
No . for each
Marking Question
20M 40min

(> ¢ -2 4

(K= w0l 6 y & =2
-2 4 2 -4

6 o —b Y

(Fj = { -5 -\ -6 \}’T
(87 = S\/‘ 6, Y, 6}
T
= {o 5 0 9;,}

0, = é-argio 1 vad .

AOUE LA LA A”{f {eoh'ovr

Vina = _{5_, Y, 8,

= 4 (4 )earis
\




T2=846K
T3=664K
T4=323K

- )

4 34 O
@QJ = J-aw 39 -5 © \\
© < 366 —266 |
6 o -—266 2‘66J
~
O (&) O O
@C\Jeﬂi’; o 6 o O
c © o )
0 0 o Yy
34y -3Y o =
(k)= 1y 39 = o
0 -5 16 —266
0] 0 —n-46 UL
(Fl= {° o o izeac|T

20M

40min
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