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K.S. INSTITUTE OF TECHNOLOGY 

 

DEPARTMENT OF MECHANICAL ENGINEERING 
SKILL DEVELOPMENT REPORT  - 2022 

 
As part of skill development program, 3rd semester students  were given training  in  solid 

modeling  , finite element analysis and Ansys in a 5 day program. The program schedule  

is a follows.  

 

Schedule for Training 
 
 
Before starting with the training , need of  CAD and CAE technologies were discussed 

and the  discussed matter is as follows.  



Skill Development Report 

 

 Mechanical Department                                                                                                        
 

2

 

 
About Training: 
 Technology has advanced at an ever increasing, almost exponential rate. In fact, 

technology development moves faster than the consumers understanding of the resulting 

product enhancements. When an activity of the product development cycle is carried out 

in a virtual or soft environment, the primary benefit is the time saving and hence cost 

saving 

 Computer Aided Engineering is a technology concerned with the use of computer 

systems to analyze CAD geometry, allowing the designer to simulate and study how the 

product will behave so that design can be refined and optimized. 

  

History of FEA: 

Finite Element Analysis (FEA) was first developed in 1943 by R. Courant, who 

utilized the Ritz method of numerical analysis and minimization of variational calculus to 

obtain approximate solutions to vibration systems. Shortly thereafter, a paper published 

in 1956 by Turner, Clough, Martin, & Top established a broader definition of numerical 

analysis. This paper centered on the "stiffness and deflection of  complex structures".  

           By the early 70's, FEA was limited to expensive mainframe computers generally 

owned by the aeronautics, automotive, defense, and nuclear industries, and the scope of 

analyses were considerably limited. Such people as Zeinkiewich & Cheung further 

enhanced finite Element technology during the 70’s, when they applied the technology to 

general problems described by Laplace & Poisson's equations. Mathematicians were 

developing better solution algorithms, the Galerkin, Ritz & Rayleigh-Ritz methods 

emerged as the optimum solutions for certain categories of general type problems. Later, 

considerable research was carried out into the modeling & solution of non-linear 

problems, Hinton & Crisfield being major contributors. While considerable strides were 

made in the development of the finite element method, other areas did not remain static. 

Very powerful mesh generation algorithms have been developed. Commercial generators 

have the capability of meshing all but the most difficult geometry. Superior CAE 

concepts have also emerged; it is not unusual to have a single CAD model for producing 

engineering drawings, carrying out kinematics & assembly analysis, as well as being used 
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for finite element modeling.  Due to the rapid decline in the cost of computers and the 

phenomenal increase in  computing power, present day desktop computers are capable of 

producing accurate results for all kinds of parameters (standard PC's are over 10 times 

more powerful than the best supercomputers of the early 90’s) 

     The finite element method now has its roots in many disciplines, the end result 

is a technology that is so advanced that it is almost indistinguishable from magic. The 

vast catalog of capability that comprises FEA will no doubt grow considerably larger in 

the future. CAE is here to stay, but in order to harness its true power, the user must be 

familiar with many concepts, including the mechanics of the problem being modeled. All 

analyses require time, experience & most importantly, careful planning.                                                                                                                                     

The finite element method is being used in virtually every engineering discipline. 

Aerospace, automotive, biomedical, geotechnical, electrical, hydraulic, and nuclear 

engineering applications have become standard objects for finite element analysis. In 

addition, it is not only used for analyzing classical static structural problems, but also for 

such diverse areas as mass transport, heat transfer, dynamics, stability, and radiation 

problems. Like any other approximate numerical method, the solution produced by finite 

element analysis contains a certain amount of error. The magnitude of the error is highly 

dependent on the type, size, and fineness of the model used for the analysis. That's why 

not all finite element models are created equal. Indeed, the educational and industrial 

experiences of the analyst as well as the sophistication of the software are the most 

critical factors in obtaining reliable results. 

 

Finite Element Analysis: 

Is the simulation of a physical system (geometry and loading environment) by a 

mathematical approximation of the real system. Using simple, interrelated building 

blocks called elements; a real system with infinite unknowns is approximated with a 

finite number of unknowns. A FEA Model is the mathematical idealization of the real 

system. 
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 A Typical Analysis Procedure: 

In the real world, no analysis is typical, as there are usually facets that cause it to 

differ from others. There is however a main procedure that most FE investigations take. 

This procedure is detailed below: 

 

Planning the Analysis: 

This is arguably the most important part of any analysis, as it helps ensure the 

success of the simulation. Oddly enough, it is usually the one analysts leave out. The 

purpose of an FE analysis is to model the behavior of a structure under a system of loads. 

In order to do so, all influencing factors must be considered & determined whether their 

effects are considerable or negligible on the final result. The degree of accuracy to which 

any system can be modeled is very much dependant on the level of planning that has been 

carried out. 

 

 Pre-Processor 

 The preprocessor stage in general FE packages involves the following:  

1. Specifying the title that is the name of the problem. This is optional but very useful, 

2. Setting the type of analysis to be used, e.g. structural, fluid, thermal or 

electromagnetic, etc. (sometimes this can only be done by selecting a particular      

element type). Especially if a number of design iterations are to be completed on the 

same base model.  

3. Creating the model. The model is drawn in 1D, 2D or 3D space in the appropriate units 

(M, mm, in, etc..). The model may be created in the pre-processor, or it can be imported 

from another CAD drafting package via a neutral file format (IGES, STEP, ACIS, 

Parasolid, DXF, etc.). If a model is drawn in mm for example and the material properties 

are defined in SI units, then the results will be out of scale by factors of 106. The same 

units should be applied in all directions, otherwise results will be difficult to interpret, or 

in extreme cases the results will not show up mistakes made during the loading and 

restraining of the model.  
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4. Defining the element type, this may be 1D, 2D or 3D, and specific to the analysis type 

being carried out (you need thermal elements to do thermal analyses).  

 5. Applying a Mesh. Mesh generation is the process of dividing the analysis continuum 

into a number of discrete parts or finite elements. The finer the mesh, the better the result, 

but the longer the analysis time. Therefore, a compromise between accuracy & solution 

speed is usually made.  

6. Assigning properties. Material properties (Young’s modulus, Poisson’s ratio, the 

density, & if applicable, coefficients of expansion, friction, thermal conductivity, 

damping effect, specific heat etc.) will have to be defined. In addition element properties 

may need to be set. If 2D elements are being used, the thickness property is required. 1D 

beam elements require area, Ixx, Iyy, Ixy, J, & a direction cosine property, which defines 

the direction of the beam axis in 3D space. Shell elements, which are 2½D in nature (2D 

elements in 3D space), require orientation & neutral surface offset parameters to be 

defined. Special elements (mass, contact, spring, gap, coupling, damper etc.) require 

properties (specific to the element type) to be defined for their use.  

7. Apply Loads. Some type of load is usually applied to the analysis model. The loading 

may be in the form of a point load, a pressure or a displacement in a stress (displacement) 

analysis, a temperature or a heat flux in a thermal analysis & a fluid pressure or velocity 

in a fluid analysis. The loads may be applied to a point, an edge, a surface or a even a 

complete body. The loads should be in the same units as the model geometry & material 

properties specified. In the cases of modal (vibration) & buckling analyses, a load does 

not have to be specified for the analysis to run.  

8.   Applying Boundary Conditions. If you apply a load to the model, then in order to stop 

it accelerating infinitely through the computer's virtual ether (mathematically known as a 

zero pivot), at least one constraint or boundary condition must be applied. Structural 

boundary conditions are usually in the form of zero displacements, thermal BCs are 

usually specified temperatures, fluid BCs are usually specified pressures. A boundary 

condition may be specified to act in all directions (x, y, z), or in certain directions only. 

They can be placed on nodes, key points, areas or on lines. BC's on lines can be in the 

form of symmetric or anti-symmetric type boundary conditions, one allowing in plane 

rotations and out of plane translations, the other allowing in plane translations and out of 
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plane rotations for a given line. The applications of correct boundary conditions are a 

critical to the accurate solution of the design problem. At least one BC has to be applied 

to every model, even modal & buckling analyses with no loads applied.  

 

Solution 

  Thankfully, this part is fully automatic. The FE solver can be logically divided 

into three main parts, the pre-solver, the mathematical-engine & the post-solver. The pre-

solver reads in the model created by the pre-processor and formulates the mathematical 

representation of the model. All parameters defined in the pre-processing stage are used 

to do this, so if you left something out, chances are the pre-solver will complain & cancel 

the call to the mathematical-engine. If the model is correct the solver proceeds to form 

the element-stiffness matrix for the problem & calls the mathematical-engine, which 

calculates the result (displacement, temperatures, pressures, etc.). The results are returned 

to the solver & the post-solver is used to calculate strains, stresses, heat fluxes, velocities, 

etc.) for each node within the component or continuum. All these results are sent to a 

results file, which may be read by the post-processor.  

 

Post-Processor 

  Here the results of the analysis are read & interpreted. They can be presented in 

the form of a table, a contour plot, deformed shape of the component or the mode shapes 

and natural frequencies if frequency analysis is involved. Other results are available for 

fluids, thermal and electrical analysis types. Most post-processors provide an animation 

service, which produces an animation & brings your model to life.  

  Contour plots are usually the most effective way of viewing results for structural 

type problems. Slices can be made through 3D models to facilitate the viewing of internal 

stress patterns.  

All post-processors now include the calculation of stress & strains in any of the x, 

y or z directions, or indeed in a direction at an angle to the coordinate axes. The principal 

stresses and strains may also be plotted, or if required the yield stresses and strains 

according to the main theories of failure (Von mises, St. Venant, Tresca etc.). Other 
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information such as the strain energy, plastic strain and creep strain may be obtained for 

certain types of analyses. 

A Final Word The finite element method is extremely powerful. However, with 

comforting contour plots, one can be easily fooled into thinking that a superior result has 

been achieved. The quality of the result is totally dependent on the quality of the analysis 

model & how accurately it represents the physical problem being investigated.  Careful 

planning is the key to a successful analysis. Sometimes an analysis is not required, as 

some problems have analytical or empirical solutions; others may be determined using 

spreadsheets. 

General finite element process is illustrated as below: 

 

IMPORTING AND EXPORTING DATA 
 The cad models in step and sat file format creation  is important for  importing into 

analysis softwares for further analysis.  

 

As part of training , the following problems were given training to the students.  
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 CASE STUDY 1: RECTANGULAR PLATE WITH ELLIPTICAL 
HOLE    
Objectives: 
 

   Manually create the geometry using the given dimensions 
then apply finite elements. 

 
   Manually define material and element properties. 

 
   Apply symmetric boundary constraints. 

 
   Apply edge load to model. 

 
 Run the analysis in ansys 

 
  
MODEL DISCRIPTION: 
 
 
Below is a schematic of a plate with a elliptical hole at the center. The dimensions and                  

loads are indicated. The finite element model will be simplified by creating the 1/4 

tension model with two simple surfaces as shown in Fig. The plate is 10mm thick; 

therefore it will be modeled with shell elements. The resulting finite element model will 

have x- and y-symmetry constraints. The uniform load of 30 kg will be applied to the 

right edge. 

 

 

 
Fig: Geometry details 

 
 

All dimensions are in mm 
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Material=Aluminium 
Thickness: t = 10mm  

Applied Load: F= 30mm 

Youngs 

modulus=7100kg/mm2 

Poisson Ratio = 0.33 

Thickness=10.0mm 

max = K  nom 

             = 1.64*0.047=0.077kg/mm 

Nominal stress ( nom )   =F/A 

                                        =30/628.4=0.047 kg/mm2  

Stress Concentration Factor (K) =1+2(a/b) 

 For Elliptical a=25mm,b=8mm 

                K=1+2(8/25) 

                                                 K=1.64 

 

Fig: Vonmises stress plot 

 

From ansys :  
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K=0.0635/0.047=1.35 

   

Biaxial Loading:  

      Maximum stress (max ) =2.66 kg/mm2 

       Nominal stress (nom )    =1.381 kg/mm2 

       Stress Concentration Factor (K) =max /nom 

                                                          =2.66/1.381 

                                                       K=1.92 

 CASE STUDY 2: FRAME OF A PUNCH PRESS. 
 
Objective: 
 
To find the stresses at the inner and outer surface at section of a punch press with load 
W=5000N  
 
 
 
 
 
 
 w 
 25 
 x x 50 
 O 
 
 w 
 
 
 
 
             100 
6 18 
 
 
                        40 
 

Fig:  Dimensional  Details 
 
 
 
Given: W=5000N,bi  =18mm, b0  = 6mm, h=40mm, Ri = 25mm, Ro = 25+40=65mm. 
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Wkt area of sextion X-X, 
 
A = ½(18+6) = 480mm2  

 

Radius of curvature of the neutral axis , 
 
 
                               (bi + b0/2)h 
Rn   =          
                 ( bi  Ro - b0 Ri /h) log(Ro/ Ri)( bi -b0) 
 
 
                                 (18+6/2)*40 
Rn    =                
                      (18*65-6*25/40) log(65/ 25)( 18 -6) 
 
Rn    =     38.83mm. 
 
 
Radius of curvature of the centroidal axis, 
 
 
                          h(bi +2b0)                                    40(18+2*6) 
R    =   Ri  +  =    25 +  
                          3(bi + b0)                                       3(18+6)         
 
 
R = 41.67mm. 
 
Distance between the centriodal and neutral axis, 
 
            E    =  R  - Rn     = 41.67 -  38.83 = 2.84mm 
 
And the distance between the load and centriodal axis, 
 
          X  =  100  +  R  = 100 + 41.67 = 141.67mm. 
 
Therefore  bending  moment about the centriodal axis , 
           
         M  =  W.x  =  5000 * 141.67 = 708350 N-mm. 
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Fig: Sectional details 
 
The direct tensile stress  at section X-X. 
 
σt = W/A = 5000/480 = 10.42 N/mm2 

 

Distance from the neutral axis to the inner surface, 
 
       yi  =  Rn    - Ri  = 38.83 – 25 = 13.83mm 
 
Distance from the neutral axis to the outer surface, 
 
            yo  =  Ro    - Rn  = 65- 38.83 = 26.17mm.   
Wkt maximum bending stress at the inner surface, 
 
                 M. yi                                      708350*13.83 
σ bi  =                               =                                         = 287.4 N/mm2 

               A.e. Ri                                      480*2.84*25 
 
                = 287.4 Mpa (tensile) 
 
Maximum bending stress at the outer surface, 
 
                 M. yo                                     708350*26.17 
σ bi  =                               =                                         = 209.2 N/mm2 

               A.e. Ro                                      480*2.84*65 
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           =  209.2 Mpa (compressive) 
Therefore resultant stress on the inner surface 
 
                      =  σt  + σ bi   = 10.42 + 287.4 = 297.82 Mpa (tensile) 
 
Resultant stress on the outer surface, 
 
                      =  σt  - σ bo   = 10.42 – 209.2  = -198.78 Mpa (compressive) 
 
 

FROM FEA METHOD: 
 
FE Model of a punch press. 
 
 

 
 

Fig:  Mesh model 
 
Due to half symmetry, half model with symmetrical  boundary conditions were analysed.  
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Results from FEA 
 
Stress – Von Mises 
 
Resultant stress on the inner surface, 
 
                      =  286.4 Mpa (tensile). 
 
Resultant stress on the outer surface, 
 
                      =  191.0 Mpa (compressive) 
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CASE 3 : L-Frame Stress analysis subjected to 1000N Cabin load  
 

 
Fig: L Frame Element Plot 

 
 
The above picture shows element representation of the problem. 
 
 

 
Fig : Zoomed view of Frame 

 
The above picture shows zoomed view of the problem. L sections are used for creating 

the model 
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Fig : Boundary Conditions of the problem 

  
The above picture shows applied boundary conditions of the problem. RBE elements are 

used to apply the cabin weight load of 1000N.  The RBE linking is shown with red color. 

 

 
Fig : Vonmises Stress in the problem 

 
The above picture shows vonmises stress in the problem. Maximum vonmises is around 

1.269 Mpa due to the loading. The variation of stresses are represented in the status bar. 
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Fig : Vonmises Stress in the problem 

 
 
The vonmises stress distribution is shown in the picture. Maximum vonmises stress  is 

around 1.269 Mpa for the given loads.  

 
 
Autocad Training :  

 
Fig: New sheet representation 
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Fig: Drawing a profile section  for axisymmetry problem 

 
Fig: Dimensional representation of cam shaft assembly 

 

 
 
 
 
 
 
 
 
 
 
 
 




