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III-B.Tech. I-Semester Supplementary Examinations, May-2004

FINITE ELEMENT ANALYSIS

(Mechatronics)

Time: 3 Hours






Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

- - -

1.
With the help of a neat diagram, describe the various components of stress and strains.











2.
Derive the shape function for a Quadratic one dimensional line element in Natural Co-ordinate system.









3.a) 
Compare the characteristics of beam element with the truss element?


b) 
Derive the load vector for the specified uniform distributed load over the plane truss element?










4.
Calculate the deflection at the center of the fixed beam as shown in the figure.

E = 220 Gpa,  
I1 = 1000 mm4
       20 kN
 I2 = 2000 mm4  






    



     750 mm
       1000 mm

5.
An axisymmetric ring element is shown in figure. Derive the matrices, [B] and [D]. Take E = 2 X 105 N / mm2 and μ = 0.33.
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6.
One side of the brick wall of width 5 m, height 4 m and thickness 0.5 m is exposed to a temperature of - 250C while the other surface is maintained at 320C. If the thermal conductivity is 0.75 W/m K and the heat transfer coefficient on the colder side is 50 W/m2 K. Determine (1) the temperature distribution in the wall and (2) heat loss from the wall.
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7.
Determine the natural frequencies and mode shapes of a stepped bar as shown in figure using the characteristic polynomial technique. Assume E = 250 Gpa and density is 7850 kg/m3.












10 kN
                       





0.3 m  


0.3 m

8. 
What are the advantages and limitations of NISA Package over ANSYS, 
CAEFEM and NASTRAN?
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1.
Derive the various equations for static equilibrium of an elastic body.


2.
Derive the shape functions for a one dimensional linear line element in global Co-ordinate system.









3.
For the pin jointed truss  shown in figure. If E = 200 Gpa,  determine 

           a)
Element stiffness  matrices

(b)   Global stiffness matrix 

           c)
Stress in the element 1

(d)  Strain in the element 2



















       






A1 = 1000 mm2

   500mm





15 kN









A2 = 1250 mm2

10 kN







         750mm


4.
Calculate the deflection at the end of the stepped beam as shown in the figure.

E = 200 Gpa,  I1 = 4200 mm4;  I2 = 4200 mm4  









25 kN 






    



     750 mm
       1000 mm

5.
Establish the Jacobian operator [J] of the two dimensional element shown in figure also find the Jacobian determinant. 
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(2, 4)
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(1,1)
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6.
Derive the conductivity matrix and vector for the 2-D element when one of the faces is exposed to a heat transfer coefficient of h at T( and with internal heat generation of q W/m3.

7.
Consider axial vibrations of the steel stepped bar as shown in figure: 
(a) develop global stiffness matrix and mass matrix, (b) natural frequencies and (c) mode shapes.














                       





0.275 m  

0.275 m

8.a)
What are the limitations of NASTRAN in stress analysis?

   b) 
What are the drawbacks of ANSYS in modeling?
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1.
Using the general approach of displacement function, derive the force-displacement relationship and element stiffness matrix.




2.
Find the displacement at the free end and the reaction force for the following problem.  Assume E = 2 x 105 N/mm2.
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3.
Starting from the first principles derive the stiffness matrix for a 1- d bar element and extend it for the plane truss element?






4.
Consider a cantilever beam with uniform distributed load as shown in the figure. Estimate the deflection at the end of the beam.





E = 200 Gpa ; A = 25 mm X 25 mm.

10 kN/m














    1 m

 
1 m

5.
Calculate the nodal forces of the four node axisymmetric finite element shown in figure when the element is subjected to centrifugal loading.




      z






       4

       3







  η








  ξ
1  cm






    1








      R1
    

         2







      R2





   ω
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6.
A composite wall consists of 4 cm thick wood, 10 cm glass fiber insulation, and   1 cm thick plaster. If the temperature on wood and plaster faces are 200C and -200C respectively. Determine the temperature distribution in the wall. Assume the thermal conductivity of wood, glass fiber and plaster are 0.17,0.035and 0.5W/m K respectively and colder side heat transfer coefficient is 25 W/m2 K.


7.
Determine the natural frequencies of a simply supported beam of length 800 mm with the cross sectional area of 75 cm X 25 cm. Take E= 200 Gpa and density of 7850 kg/m3.











   75cmX25cm

800 mm
8.
Explain and compare the different features of the following FEM software  packages. NISA, ANSYS, NASTRON.
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1.
Derive a Property matrix (D)6 x 6 for isotropic materials, using Hook's relations.
2.
Derive the finite element equations from the one dimensional second order equation by variational approach.







3.
Estimate the stresses and reactions in truss structure shown in the following figure:




     15 kN






     (3)

       (2)

E = 200 GPa




300 mm





A = 1000 mm2

(1)

      20 kN






  400 mm


4.
Calculate the deflection at the center of the beam as shown in figure. 

Take E = 220 Gpa; A = 40 mm X 40 mm
30 kN








    300





    1 m

 
1 m

5.a)
27. a)
Calculate the nodal load vector due to surface traction for the four nodded rectangular element shown in Figure















        Py4









Py3



          4

         3




         Y
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  2a


        b)
Using Gaussian three point formula evaluate
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6.
Consider a brick wall thickness 0.3m with the thermal conductivity of 0.7 W/mK. The inner surface is at 280C and the outer surface is exposed to cold air with the heat transfer coefficient of 40 W/m2 K at -150C. Determine the steady state temperature distribution and also the heat flux through the wall. Use two elements and obtain the solution.

7.
Find the natural frequencies of a stepped bar as shown in the figure.           


         E = 2 x105 N/mm2
           Density

    
7850 kg/m3 

                       





    12 cm

    24 cm

8.
Explain the terms (i) conformal element, (ii) Complete element, (iii) C continuity, 
(iv) p and r refinements.
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A2 = 400 mm2





 A1 = 200 mm2





A2 = 400 mm2





 A1 = 200 mm2
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	400 mm2








300 mm2











	600 mm2








          10 kN


 350 mm2








5 cm X 5 cm





        10 kN





3.5 X 3.5 cm
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