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1.0
Introduction
1.1
Purpose
The purpose of this report is to provide a template for documenting FE Models for ARO4080 Homework & Projects.  An example problem is documented herein to illustrate what information is required.  
2.0
F.E.M. Documentation
2.1
Sketch of Model
The FEM is shown below.  This is a simple model requiring only a single sketch to shown its connectivity, loading, and constraint.  Additional sketches would have been included if needed for clarity.


.
Figure 2.1.1: FEM Sketch
2.2
Bulk Data File
The FEM bulk data file is shown below.  
Notes:  
· The font style & size is selected to show the bdf in a format similar to the text file it is stored in.  
· For bdf’s of 5 pages or less, the entire BDF should be placed here.  For larger FEMS, only place an excerpt of the critical cards here, and provide the complete bdf listing as a separate file and volume.  Hardcopies of the separate volume should have formatting similar to this report.  In ARO4080, a separate text file with no special formatting but with the same filename, volume III, can be used.
$---------------------------------------------------------------------------

$ Prepared by: Todd Coburn

$ Date: August 15, 2018

$ Revised: 08/15/18

$ Title: Example 01-01

$---------------------------------------------------------------------------

SOL STATIC

TIME 5

CEND                       $ Designates end of Executive Control

ECHO = SORT

TITLE = ARO4080: Example 01-01 - CROD

LABEL = By Todd Coburn, 08/14/18

SUBCASE 1

   SUBTITLE=Axial Force

   SPC = 1

   LOAD = 1

   DISPLACEMENT=ALL

   SPCFORCES=ALL   

   GPFORCE=ALL

   STRESS=ALL

   FORCE=ALL

BEGIN BULK                     $ Designates end of Case Control

GRID, 1,,0.,0.,0.              $ GRID,id,cord sys,x,y,z

GRID, 2,,10.,0.,0.             $ GRID,id,cord sys,x,y,z

CROD, 1,1,1,2                  $ CBAR,id,pid,grid 1, grid 2

PROD, 1,1,0.5,0.2,1.,0.1       $ PROD,pid,mid,A,J,C,NSM

MAT1,1,10.3E6,3.9e6            $ MAT1,id,E,G,v

FORCE,1,2,,10000.,1.,0.,0.     $ FORCE,id,grid id,cord sys,magnitude,i,j,k

SPC,1,1,123456,,2,2356         $ SPC,id,grid id,constraints,G1 disp,G2 id,G2 

ENDDATA                        $ Designates end of Bulk Data section    
2.3
Material Properties
This FEM is constructed on only aluminum elements.  This material is identified on a single MAT1 card, as follows:
MAT1,1,10.3E6,3.9e6            $ MAT1,id,E,G,v

The elastic & shear modulus for this material are shown.  Poisson’s ratio is computed by NASTRAN during runtime. Note: This section may appear overkill for simple FEM’s such as this one, but for larger models with more than 1 material, it is an important documentation step.
2.4
Applied Loads
There is a single 10 kip force applied at Grid Point 2 of this FEM, as shown on the FORCE card below.

FORCE,1,2,,10000.,1.,0.,0.     

Note: This section may appear overkill for simple FEM’s such as this one, but for larger models with more than 1 applied load it is an important documentation step.
2.5
Constraints
There is a rather simple FEM with a single element.  The loading is axial as discussed in Section 2.4.  The FBD only needs a single reaction along the element at node 1 to react the applied load from load 2.  Yet NASTRAN, and many other FE codes require complete constraining of the FEM in order to keep the FEM from developing spurious rigid body motion.  Therefore, node 1 is completely constrained in all 6 degrees of freedom (dof), as shown in Figure 2.1.1, which is repeated as Figure 2.5.1 below.  Also, NASTRAN and many other FEA codes may require constraining of all degrees of freedom at every node, and since the rod has no lateral shear or bending stiffness, the 23 and 56 degrees of freedom may need constrained, as is done for this model.
SPC,1,1,123456,,2,2356         
Note: This section may appear overkill for simple FEM’s such as this one, but for larger models with more than 1 applied load it is an important documentation step.

Figure 2.5.1: FEM Constraints
3.0
FEM Results
3.1
Nodal Displacements
Nodal displacements are summarized below.
Axial Force                                                         SUBCASE 1

                                               D I S P L A C E M E N T   V E C T O R

     GRID      COORDINATE        T1            T2            T3            R1            R2            R3

      ID           ID

        2            0      1.941748E-02  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

 MAXIMUM DISPLACEMENT MAGNITUDE =  1.941748E-02  AT GRID 2

 MAXIMUM ROTATION MAGNITUDE     =  0.000000E+00  AT GRID 2

 EPSILON       =  0.000000E+00

 STRAIN ENERGY =  9.708738E+01

3.2
SPC Forces
SPC forces are summarized below.

Axial Force                                                         SUBCASE 1

                                 F O R C E S   O F   S I N G L E - P O I N T   C O N S T R A I N T

     GRID      COORDINATE        T1            T2            T3            R1            R2            R3

      ID           ID

        1            0     -1.000000E+04  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

 MAXIMUM SINGLE POINT CONSTRAINT FORCE MAGNITUDE  =  1.000000E+04  AT GRID 1

 MAXIMUM SINGLE POINT CONSTRAINT MOMENT MAGNITUDE =  0.000000E+00  AT GRID 2
3.3
Grid Point Force Balance
The grid point force balances are are summarized below.

Axial Force                                                         SUBCASE 1

                                           G R I D   P O I N T   F O R C E   B A L A N C E

     GRID    COORDINATE   ELEMENT    SOURCE           T1            T2            T3            R1            R2            R3

      ID         ID         ID

        1          0          1            ROD   1.000000E+04  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

                                     SPC FORCE  -1.000000E+04  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

                                         TOTAL   0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

        2          0          1            ROD  -1.000000E+04  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

                                  APPLIED LOAD   1.000000E+04  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

                                         TOTAL   0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 

3.4
Rod Element Forces & Stresses
Rod element forces & stresses are summarized below.

Axial Force                                                         SUBCASE 1

                                            F O R C E S   I N   R O D   E L E M E N T S

    ELEMENT        AXIAL          TORQUE

      ID           FORCE

        1       1.000000E+04   0.000000E+00

 Axial Force                                                         SUBCASE 1

                                          S T R E S S E S   I N   R O D   E L E M E N T S

    ELEMENT        AXIAL         TORSIONAL

      ID           STRESS         STRESS

        1       2.000000E+04   0.000000E+00

4.0
Evaluation
4.1
Evaluation of FE Results to Hand Analysis
It is good practice to perform a hand analysis before any FEM is attempted.  After developing the FEM, the results of both should be compared.  Note differences, and try to explain them.  Note similarities, and gloat.  Document what you find here.
A
FEM Lumping, Property & Material Hand Calculations
When preparing a FEM, there are often calculations to determine section properties and other aspects of the model.  This can be hand sketched and lettered, and should be placed here.  Sometimes it is useful to place these in section 2 as the properties & materials are introduced instead.
B
Hand Analysis Support
Before preparing a FEM, it is usually best to perform some rough cursory analysis of the structure and elements.  This should be done neatly, but can be hand sketched and lettered.  The result should be placed here.
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