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This manual contains a brief description of FINEL v6, installation instructions, step-by-step instructions for a demonstration, using the data files included, and a tutorial with 6 examples illustrating data preparation for many of the features of the package.

The technical manual describes FINEL's features in full, with descriptions of element types, problem types, and every data section. A summary of the format of these data sections and general information about data entry is given in the Help facility of the program.

1.
Description

2.
Installation

3.
Demonstration

4.
Tutorial on data preparation

A set of lecture notes on the Finite Element method for continuum and framework problems, with exercises and examples for use with FINEL, is also available.

INTRODUCTION 

FINEL is an integrated finite-element package for microcomputers. It is easy to use, and capable of solving fairly large problems of static stress analysis (2D and axisymmetric), frame structures (2D and 3D) and field problems such as heat conduction and potential flow (2D and axisymmetric). FINEL was designed for the teaching of large classes, but is suitable for practical use on a range of problems, offering multiple load cases (not yet fully implemented) and additional features such as orthotropic materials and sliding constraints.

FINEL comprises the main executable file FINEL6.EXE, a datafile FEMATS.DAT (a table of standard materials), a help-file FINEL6.HLP, and a number of example data files called ***.IN.

The sequence of operation is as follows: Firstly, a data file is created or modified, then checked (also defaults inserted and mesh interpolation or replication performed). If errors are detected, the editor is called again; if not, the mesh is plotted. Once the mesh is acceptable, the finite element analysis is done, and finally the results are plotted and/or inspected.

An editing facility is incorporated, for creating or modifying data files, and this gives the appropriate format and some data checking.  Your own editor can be used to create or modify files, but the format must be correct.  The safest way to do this is to create a simple file with the package, then modify it.  (The most obvious reason to do this is if the mesh is drawn using Autocad or a similar package to create the list of coordinates.)  It contains facilities to interpolate sequences of nodes and elements, and to replicate blocks, enabling the input of quite large meshes with few lines of data (and hence, less time and fewer errors!).

The calculation module implements four types of continuum element (three and six node triangles, four and eight node quadrilaterals) and three frame elements (two node rods and beams (with shear)). Reduced or full-order integration is available for the continuum elements.

The graphics module plots both the mesh and the results. Facilities include zoom, move, angled views for three-dimensional problems, contouring, principal stresses, displaced shapes, and nodal values.  The screen image can be printed to a bitmap file for later insertion into a document etc.

Installing FINEL6  on your system 

FINEL will run on any PC, and takes little space on the hard disk.  The program files and data files are provided as a zipped file.  Tutorial documents are also zipped and on the same webpage.  The program files are installed by double-clicking the file after downloading to your own PC, choosing the destination folder (usually C:\FINEL6 or H:\FINEL6), then selecting ‘OK’.  The program group created will be found subsequently under Start ( Programs ( FINEL6, and an icon can be created by right-clicking then dragged to the desktop.

FINEL will work satisfactorily on a network, with all files installed on the fileserver, but to run any of the examples, it will be necessary to copy or save the input file to the user's own (unprotected) file space, since otherwise the programs will be unable to store the output files.

Printing

Text files can be printed using any suitable text editor or word-processor.

Screen images from the graphics module can be saved to a bitmap by selecting File/Print.  If only black/white printing is available, then de-select ‘Coloured’ on the image and re-plot before saving the print image.

Data preparation

If you create a file using another editor, you must then give the file extension also, e.g. your file may be called myfile1.in, whereas the integrated editor will assume the '.in' without you giving it.  However, the best procedure is to create a file using the integrated editor, then modify it using another editor if desired, or paste in data from another source (e.g. if a CAD package is used to list coordinates).

Accessing FINEL6 from the Newcastle University clusters

The current version on the clusters is an old one, so you must install on your own filespace from my webpage http://www.staff.ncl.ac.uk/john.appleby/software.htm 

This link is also given on Blackboard pages for relevant modules ENG3002 and MEC2005.

 EXAMPLES PROVIDED – more to be added in due course
(element type or types shown in brackets)
(i) Plane stress, plane strain:


beam2

(2)      Cantilevered beam with 6-node triangular elements


hole

(1)      Plate with hole in tension


dam 

(2)      Plane strain


ortho 

(4)      Plane stress with orthotropic material – hole in plate

 (ii) Frameworks:


truss1         
(5)      Simple bridge, pin-jointed rods


truss2         
(6)         "      "    2D beam elements


beanpole
(5)      3D rods in simple ‘beanpole’ arrangement

 (iii) Field problems:


heat           
(1)      Heat conduction around hot and cold points


corners    
(4,2)   Flow around corner,            
streamfunction


cornerp     
(4,2)      "   "      "      "    "              
potential


plates      
(1)      Flow past inclined plate,      
streamfunction

DEMONSTRATION

Full instructions are given in this section for demonstrations of the following problems, using data files provided.

(i)
Plane stress

(ii)
2D Potential problems (heat, fluid, electrostatics)

(iii)
3D Frameworks
Ten example files are currently included with FINEL, covering these problem types and also plane strain, axisymmetric stress and potential, and rods and beams in 2D. Some of the examples are intended to show the features of the package and how it works; they should not be taken as a guide to good mesh design.  Further examples will be added once other features are finalised in this version.

(If FINEL has been installed on a network, together with the example data files, make sure your current directory is not that containing the package on the fileserver, since this will be protected, and the programs will be unable to save the output files. In this case you must copy or save the example file to some unprotected drive before using it. )

A Plane stress problem – a hole in a plate (one quarter shown)

1. Start FINEL6 and click ‘Open old file’, then choose ‘HOLE’ from the DATA folder.  Click ‘Edit input file’ to see the data already entered for this problem.

2. There is data in sections ‘coordinates’, ‘elements’, ‘constraints’, ‘dimensions’ and ‘forces’.  Look at the format of these, which are similar to the data listed in the examples in the course notes.

3. Try putting something incorrect in a cell.  For example, replace a number by a letter in one cell, then click ‘check data’ to see what happens.  Replace the original value afterwards.

4. Once you have inspected the data (or created or edited it for a real problem), choose ‘File/Quit’ or ‘File/Save’.  You can save under a new name if you want to keep the original (or if you have opened the file on the server, where the program will be unable to write the output file containing results).

5. Now click ‘Check data and Plot mesh’ to see a graphical plot of the mesh.

6. You see the Finite Element mesh, with constraints shown as O and forces as X.  To view node or element numbers, select options in the menu.  To zoom in or out, or move left or right, use the ‘Scaling options’ tab.

7. Once you are happy with the mesh, or you have noted problems you wish to edit, click ‘File/Exit’ (or ‘File/Print’ will save the picture as a bitmap that you can put into a document or a graphics editor).  (You can view the complete data file at this point if you wish; default values and an expanded version of the initial data is given here.)
8. Click ‘Perform Analysis and Plot’, and you’ll see the mesh again, but with more options to display the results.  If the FE calculation reveals some error, you should get a message instead.

9. Options for display include ‘Displaced shape’, ‘Principal stresses’ at element centroids, ‘X,Y displacements’, then values of principal stresses within elements.  

10. To produce contours of principal stresses, click both a choice of stress component and a number of contours.  Note that for these elements, the stress is constant within the element, so the ‘contour’ is just a block of colour.

11. You can zoom in or move as before.  You can print the picture with ‘File/Print’.

12. Exit with ‘File/Exit’ and either stop the program, edit the data, or try another example.

.

TUTORIAL

In this section, five simple problems are described with complete instructions for data entry. Many, although not all, of the facilities of the package are illustrated in one of them, so it is worth looking at other types even if your interest is primarily in, for example, plane stress analysis. Example 1 has the most detailed instructions and comments on the operation of the editor, the data format, and the operation of the package as a whole, so it is advisable to work through this first whatever your interest. Note also that most of the example data files provided include comment lines to help explain the data formats used.

When you create a data file using the FINEL editor, it will be placed in the current directory unless you specify another drive or directory. (If FINEL has been installed on a network, together with the example data files, make sure your current directory is not that containing the package on the fileserver, since this will be protected, and you will be unable to save your file. Similarly, to run one of the examples you must in this case copy it, or Save the file under a suitable name from the editor, to some unprotected drive before you try to run FINEL.)

Contents

1.
Plane stress, 3-node linear triangular elements, materials and element thickness.

2.
Plane stress, 8-node elements, use of interpolation and replication of data.

3.
Heat conduction, 4-node elements, material definition, source terms.

4.
Axisymmetric heat conduction, 6-node elements.

5.
Pin-jointed rods, Euler loads.

1.
Plane stress, 3-node linear triangular elements, materials and element thickness.
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In this section, a simple problem is described with complete instructions for data entry. Some, but not all, of the facilities of the package are illustrated.

A triangular bracket is analysed as an assembly of four 3-node linear triangular elements. Node 6 is fully constrained; node 1 only in the x-direction. Nodes for each element are given anticlockwise, starting at any corner.

The problem type, plane stress must be specified and a problem title.  The element type defaults to type 1. All elements have size code 1 by default, so it is necessary to define only the thickness of 'size 1'. The material defaults to 'number 1' (mild steel). 

1. To run this example, start FINEL6 then click ‘Create new data file’.  Choose a title, such as ‘simple bracket’ and  choose problem type ‘plane stress’.  Now click ‘Edit input file’.

2. For each data section, enter the data indicated in the boxes below:

	Coordinates
	Notes

	1
	0.0
	0.0
	
	Node number, x, y

	2
	0.1
	0.0
	
	(units are SI)

	3
	0.2
	0.0
	
	

	4
	0.0
	0.1
	
	

	5
	0.1
	0.1
	
	

	6
	0.0
	0.2
	
	

	Elements
	

	1
	1
	2
	4
	Element number, nodes

	2
	2
	5
	4
	numbered anticlockwise

	3
	2
	3
	5
	

	4
	4
	5
	6
	

	Dimensions
	

	1
	0.01
	
	
	Size code 1, thickness 0.01

	Constraints
	

	1
	1
	0.0
	
	Node, direction, value

	6
	1
	0.0
	
	

	6
	2
	0.0
	
	

	Forces
	

	3
	2
	-1.0e3
	
	Node, direction, value


Check your typing carefully, but you may also click ‘check data’ to see if there are any obvious formatting errors.  

3. Once you have done this, use ‘File/Save’ and choose a filename and folder (e.g. ‘bracket’ in the DATA folder).  Then use ‘File/Exit’ to leave the editor.  Your file ‘ bracket.in’ (if you chose that name) now exists in your folder and you can inspect it by clicking the next button (or using Notepad or any similar program).

4. Now click ‘Check data and plot mesh’ to get a visual check on your data entry.  The mesh should look right, but also should have constraints and forces marked with O or X.  If you see any problems, return to the editor on leaving the graphics, otherwise continue with the analysis.

5. When you view the results, the contours will be solid blocks of colour as the stress is constant within each element.

6. You can inspect the numerical output by looking at the output file (or inspect the file ‘bracket.out’ using Notepad after exiting).

Modifications

Constraints section: where all d.o.f. are restrained at a node (encastre), the use of d.o.f. 0 (zero) is taken to mean all d.o.f. So in this case, we could enter one line for node 6 (instead of the two lines used before):

	constraints

	1
	1
	0.0

	6
	0
	0.0


Materials: If all elements were made of aluminium (material number 4), instead of mild steel, we could include a section

	materials

	1
	4

	2
	4

	3
	4

	4
	4


or, better

	materials

	1
	4
	

	4
	4
	1


where the final '1' causes interpolation of every element (step 1) from the previous line to the current line, with the same property.

Gravity loads: To include gravity (parallel to the y-axis), pick ‘options’ and tick the box next to ‘gravity included’.  (Don’t enter a value for gravity unless you want to use non SI units.)

2.
Plane stress, 8-node elements, use of interpolation of data.
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A shearing force is applied to a plate, modelled as four 8-noded quadrilateral elements. Elements 1 and 3 are 1cm thick; 2 and 4 are 0.8cm thick. 1 and 2 are mild steel, 3 and 4 are aluminium. Interpolation is used here to  illustrate how it can be used for larger structures. 

Suppose we call our file block.in. We give the filename as block, the problem type as ‘plane stress’, and then start typing.

	Coordinates
	Notes

	1
	0.0
	0.0
	
	Node 1 has x,y coords 0.0

	5
	0.1
	0.0
	1
	Nodes 1-5 are equally spaced, so the ‘1’ means define at equal intervals from previous line to this line, in steps of ‘1’.

	9
	0.0
	0.05
	
	Nodes 9-13 and 17-21 are

	13
	0.1
	0.05
	1
	also equally spaced.

	17
	0.0
	0.1
	
	Nodes 6-8 and 14-16 are left to default to the mid-point of 

	21
	0.1
	0.1
	1
	the element side

	Types
	

	1
	4
	
	
	Element 1 is of type 4 (8 node quadrilateral)

	4
	4
	1
	
	Elements 2,3 interpolated to same value

	Elements
	

	1
	1
	2
	3
	7
	11
	10
	9
	6
	
	
	Element 1 has 8 nodes, specified anticlockwise.

	2
	0
	0
	0
	0
	0
	0
	0
	0
	1
	2
	Element 2 is interpolated from 1, using an element increment of 1 and a node increment of 2 (change in corner node numbers)

	3
	9
	10
	11
	15
	19
	18
	17
	14
	
	
	Elements 3,4 similarly

	4
	0
	0
	0
	0
	0
	0
	0
	0
	1
	2
	

	Note: previous two lines could be replaced by the single line: 9999 1 2 2 8 1
	Replicates the block of elements 1 to 2, using element increment of 2, node number increment of 8 and does this 1 time only.

	Sizes
	

	1
	1
	
	
	Elements 1,3 of size code 1 

	3
	1
	
	
	(actually the default)

	2
	2
	
	
	Elements 2,4 of size code 2 - 

	4
	2
	
	
	defined in ‘dimentions’

	Materials
	

	3
	4
	
	
	Elements 1,2 default to material 1 (mild steel)

	4
	4
	
	
	Elements 3,4 are material 4 (aluminium)

	Dimensions
	

	1
	0.01
	
	
	Size code 1, thickness 0.01

	2
	0.008
	
	
	Size code 2, thickness 0.008

	Constraints
	

	1
	0
	0.0
	
	Encastre at Node 1 (d.o.f. ‘0’ fixed as value 0.0)

	5
	0
	0.0
	1
	Interpolated to nodes 2,3,4

	Forces
	

	17
	1
	1.5e3
	
	1500 N in x-direction at node 17


All units are SI.  All dimensions default to 1m, 1m2, etc. unless specified in ‘dimensions’.

Also note that since nodes 2,4,6-8,10,12,14-16 are exactly at the mid-points of the element sides, their coordinates will be generated automatically, and need not be specified. (In this example it was convenient to specify 2,4,10,12.) Only midside nodes not at the mid-point need be specified.

When this example is run, it is instructive to inspect the output file after checking and interpolation to see how the extra data has been generated.

3.
Heat conduction, 4-node elements, material definition, source terms.

Although this example is one of heat conduction, the same equation (Laplace or Poisson) applies to problems of fluid flow, electrostatics, torsion etc. The data therefore also takes the same form, but some of the section headings (eg 'fluxes') need to be interpreted differently. For a streamfunction formulation of a fluids problem, the graphics option f is not illuminating, as it points down the gradient, whereas for a potential formulation it indicates the velocity.
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A simple heat conduction problem, using bilinear 4-node elements. The thickness is taken to be the default, namely 1m, since the temperature distribution is independent of this. However, the heat fluxes are not; to see these you must inspect the results file directly. You can use the file name heatcond for this example, and the problem type is Laplace/Poisson

coordinates


1
0
0


4
1
0


7
3
0


2
0
1


5
1
1


8
3
1


3
0
2


6
1
2

types


1
3


3
3
1

elements


1
1
4
5
2


2
2
5
6
3


3
4
7
8
5

constraints


1
10


3
10
1


7
30


8
30

Each node has two coordinates, x and y. The order in which nodes are given does not matter.

(This section must precede 'elements'
)
The '1' means step 1 from previous line to this.

Numbered anticlockwise, starting from any corner. The element number is followed by four node numbers.

Step 1 from previous line to this one.

Source terms If elements 1-2 were to have source terms of value 50.0 per unit area (in suitable units), this could be specified by adding a section:


sources



1
50.0



2
50.0

4.
Axisymmetric heat conduction, 6-node elements.
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This diagram represents half of the cross-section of an axisymmetric heat conduction problem. Nodes 1,4,7 are placed just off the axis, to avoid division by zero in some of the calculations. 6-node triangles are used (type 2); as with the 8-node quadrilaterals, the sides can be curved if the mid-side nodes are positioned suitably. If, however, these nodes are to be exactly at the mid-point of the side, then their coordinates will be calculated automatically if not specified.  The filename can be ‘axiheat’ and the problem type is ‘Laplace/Poisson’.

*axisymmetric

types


1
2


2
2

elements

    1    1    2    3    5    7    4

    2    3    6    9    8    7    5

coordinates


1
0.001
0.0


3
0.1
0.0


7
0.001
0.1


9
0.1
0.1

constraints


1
35


7
35
3


3
71


9
71
3

Specify in ‘Options’ section

Type 2 is the 6-node triangle

Six nodes, anticlockwise, for each element

Nodes placed just off axis

Mid-side nodes not specified - coordinates calculated automatically

Step 3 in node number from previous line to this, ie nodes 1,4,7 are set to 
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5.
Pin-jointed rods, Euler loads.


[image: image6.wmf]1

2

3

4

5

(1)

(2)

(3)

(4)

(5)

(6)

(7)


A simple truss structure is made from seven pin-jointed rods, fixed at nodes 1 and 5. A downwards force is applied at node 3. Two dimensions are specified for the rods (all size code 1): a cross-sectional area (essential, default 1.0m2), and a second moment I, which, if specified, permits calculation of Euler loads that can be seen in the output text file.  The filename can be ‘bridge’ and the problem type is ‘Rods 2D’.

coordinates


1
0.0
0.0


2
0.5
1.0


3
1.0
0.0


4
1.5
1.0


5
2.0
0.0

elements


1
1
2


2
1
3


3
3
2


4
2
4


5
3
4


6
3
5


7
4
5

dimensions


1
5.0e-4
     1.0e-6

constraints


1
0
0.0


5
0
0.0

forces


3
2
-100.0

Node number, x and y coordinates for each. Units are

m (SI units).

Element number, nodes at each end.

Order of elements, and of nodes for each, unimportant

First dimension is A, second is I
Node number, then d.o.f. Here '0' means all d.o.f. ie both x and y directions, or encastre for a beam problem.

Node number, d.o.f. (ie y direction), value (-ve means

downwards).

When viewing this mesh and the results, the options available are different from those for continuum elements. Only displaced shape and axial forces can be displayed. Euler loads, if calculated, are shown in the output file. For 3D problems (*3rod), angled viewing is possible, specified by a longitude and latitude angle.

2D beam elements

The same example can be used to demonstrate the use of 2D beam elements. The data takes exactly the same form (though the second moment of area, I, must be specified, whereas it’s optional for rod elements).  The only change that is needed is to give the problem type as ‘Beams 2D’.  If constraints are specified explicitly, rather than using d.o.f. ‘0’ to mean all degrees of freedom, then there are three at each node, and similarly three components of force.
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