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1.
Introduction

The FEM48 library is a so-called Finite Elements Method application for the Hewlett Packard 48G series calculators
. It is designed to be used for the structural analysis of 2D frames, trusses and beams. 

FEM48 uses the displacement method for primary analysis. This means that, after the necessary preparation, the first thing to be calculated is the displacement of every node in the structure. All other calculated values are derived from these displacements.

FEM48 is available in two versions, the standard and the professional version:

· The standard version of FEM48 can calculate nodal displacements, support reactions, member end forces and member end displacements of 2D frames and trusses. A plotter is provided with which you can plot the (deformed) frame or truss. The standard version of FEM48 will only give output at the nodes. So, if you want some data at a certain point, place a node there.

· The professional version of FEM48 has all the features of the standard version but can also perform a secondary analysis in order to analyze separate members of the structure. Because of this there is no need to place extra nodes on members of the structure to obtain output along these members. With this secondary analysis you can calculate displacements, rotation, axial force, shear force and bending moment at any point along a member. It is also possible to make a plot of this. Due to its size the professional version of the FEM48 library can only be used on the HP48 G+ and GX calculators.

FEM48 provides all of this through an easy to use interface. Integrity of your data is assured through the use of a Library Data object for the storage of the input data and the calculation results. FEM48 is completely written in SysRPL, the only exceptions are a few small subroutines, which are written in assembly language.

2.
About this manual

This manual describes both the standard version and the professional version of the FEM48 library. Where differences between both versions occur this will be mentioned and these differences will be explained.

First a general description of the used methods, coordinate systems and interface will be given. After this the available commands will be described in depth. Finally some technical details of the FEM48 library are mentioned. To enable a better understanding a lot of screenshots of the HP48 with FEM48 active have been included in the manual.

Example problems are provided in a separate document called “FEM48 Example Problems”.

Note:

A general understanding of the HP48G series calculator is assumed. The pictures of the HP48 display shown in this manual can look different from your own HP48. The pictures were created on a HP48GX with the Java stack replacement library active. However, none of this affects the proper use of FEM48 or the described procedures in this manual.

3.
Coordinate systems

FEM48 uses a right hand rule X-Y-Z coordinate system where the positive X-direction is to the right and the positive Z-direction is downwards. Note that there are actually two coordinate systems. The global coordinate system and the local coordinate system.

The global coordinate system is used to enter the nodal coordinates. It is also used to enter nodal loads and to calculate nodal displacements. The local coordinate system of a member is defined by the location of the first (Ni) and last (Nj) node of the member. It is used to enter member loads and to calculate member end forces and member end displacements.

Global coordinate system:


Local member coordinate system:



4.
Units

Since the HP48 does not support units within arrays you have to be careful about the implied units you use. They must be compatible for meaningful results. So, if you use meter as the unit for length and kilonewton as the unit for force you have to use square meter as the unit for area and kilonewtonmeter as the unit for moment and so on.

5.
The FEM48 interface

The FEM48 library interface is completely menu-based. The big advantage of this is that you have access to the stack at all times. All the commands are available through the use of menus. Some of the menulabels have a "directory" bar on them. This means that pressing this menulabel will take you to another menu. Some menukeys have more than one action. This is described by US (unshifted), LS (left-shifted) and RS (right-shifted).

The FEM48 menu

This menu is accessible from the Library Menu (press the [2] key right-shifted) on the HP48 and provides access to three commands:

· FEM
Display the FEM menu
[image: image1.png]




· ERASEFEM
Erase FEM48 configuration after confirmation


· ABOUTFEM
Display a simple about message


The FEM menu

This menu is accessible from the FEM48 menu and provides access to all other sub-menus and configuration commands. The first menu-row looks like this:

· FILE
Display the FILE menu
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· INPUT
Display the INPUT menu


· CALC
Calculate the current structure
· 

· RSULT
Display the RSULT menu
· 

· PLOT
Display the PLOT menu
· 

· SINFO
Display information about the current structure
· 

The second menu-row looks like this:

· RND
Toggle rounding of calculation results
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· 8
US:
Enter integer used for rounding with inputline


· 
LS:
Store integer used for rounding


· 
RS:
Recall integer used for rounding


· MVWR
Toggle auto loading of matrix-writer
· 

· FAST
Toggle FAST calculation
· 

Notes:

· Intermediate calculation results are never rounded, except for the MFORC and MDISP routines. These use the MEFOR and MEDIS results as a basis for further calculations.

· The second menu-label displays the rounding integer. The number used for rounding conforms to the standard HP48 behavior; 0<n<11: round results to n decimal places, -11<n<-1: round results to n significant digits,  n=12: round to current display format.

· When MVWR is toggled on the recalled input or output is automatically loaded into the built-in matrix writer or, when present, into the replacement matrix writer MATRIX.

· When FAST is toggled on the display is turned off during calculations in order to reduce execution time by +/- 10%.

The FILE menu

This menu is accessible from the FEM menu. The FILE menu is used to manage FEM48 files in the current directory. FEM48 always uses the working file FEMpar. The first menu-row looks like this:

· NEW
Start a new file
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· OPEN
Start the open file browser


· SAVE
Save a file with a provided name
· 

· BZ
Toggle BZ compression for saved files
· 

· SINFO
Display information about the structure
· 

· PGRES
Purge results from FEMpar file after confirmation
· 

The second menu-row looks like this:

· FEM
Display the FEM menu
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Notes:

· The NEW and OPEN commands automatically give a save prompt if the current file is not "empty". Opening a file or starting a new file overwrites the contents of the FEMpar file.

· You can SAVE the contents of FEMpar to a file with a name, which you can open at a later time. If you do this you can delete the FEMpar file after using FEM48 in order to save memory. When saving a file the program adds the .FEM extension. "Illegal" names are allowed. By illegal the use of spaces and normally illegal characters or order of characters is meant.

· The BZ compressor must be present as a library command (rompointer) in order to work properly. A BZ program in the current or parent directory is not supported.

· The PGRES command can (just like the use of BZ) be used to reduce the saved file size. Just execute PGRES before you save a file.

The INPUT menu

This menu is accessible from the FEM menu. The INPUT menu is used to enter the structure. This can be done in two ways. By using the built-in inputline prompts, which clearly show the desired data, or by using the matrix writer. The first menu-row looks like this:

· NODES
US:
Enter the nodal coordinates with inputline
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· 
LS:
Store the nodal coordinates


· 
RS:
Recall the nodal coordinates


· MEMBS
US:
Enter the member incidences with inputline


· 
LS:
Store the member incidences


· 
RS:
Recall the member incidences


· PROPS
US:
Enter the member properties with inputline
· 

· 
LS:
Store the member properties
· 

· 
RS:
Recall the member properties
· 

· CONST
US:
Enter the constraints with inputline
· 

· 
LS:
Store the constraints
· 

· 
RS:
Recall the constraints
· 

· MEREL
US:
Enter the member end releases with inputline
· 

· 
LS:
Store the member end releases
· 

· 
RS:
Recall the member end releases
· 

· STYPE
US:
Toggle structure type: Frame or Truss
· 

· 
RS:
Recall structure type: Frame or Truss
· 

The second menu-row looks like this:

· NL
US:
Enter the nodal loads with inputline
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· 
LS:
Store the nodal loads


· 
RS:
Recall the nodal loads


· MLCON
US:
Enter the concentrated member loads with inputline


· 
LS:
Store the concentrated member loads


· 
RS:
Recall the concentrated member loads


· MLUNI
US:
Enter the uniform member loads with inputline


· 
LS:
Store the uniform member loads


· 
RS:
Recall the uniform member loads


· MLTRP
US:
Enter the trapezoid member loads with inputline


· 
LS:
Store the trapezoid member loads


· 
RS:
Recall the trapezoid member loads


· SINFO
Display information about the structure
· 

· FEM
Display the FEM menu
· 

Notes:

· Pressing the menukeys right-shifted recalls the desired data type (nodes, members etc.) array to level 1 of the stack unless MVWR is toggled on. The data array is then automatically loaded into the built-in matrix writer or, when present, into the replacement matrix writer MATRIX.

· The precise format of the input is explained in depth in chapter 6 of this manual.

WARNING:
When using the member end releases (MEREL) option there are a few restrictions:

· Members with end releases should not be loaded by member loads except in local X-direction.

· The member end rotations obtained with MEDIS are not correct for the end(s) of members with a release.

· When the first node (incidence) of the member is released the displacement in local Z-direction and rotation around the Y-axis calculated with XDISP and MDISP are not correct.

The RSULT menu

This menu is accessible from the FEM48 menu. The RSULT menu is used to view the results of the calculation. The RSULT menu is different for both versions of FEM48. The professional version has got an extra sub-menu called QUERY, which can be used to query a selected member of the structure.

The RSULT menu for the standard version looks like this:

· NDISP
Recall the nodal displacements
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· SUPPR
Recall the support reactions


· MEFOR
Recall the member end forces
· 

· MEDIS
Recall the member end displacements and rotation
· 

· SINFO
Display information about the structure
· 

· FEM
Display the FEM menu
· 

The RSULT menu for the professional version looks like this:

· NDISP
Recall the nodal displacements
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· SUPPR
Recall the support reactions


· MEFOR
Recall the member end forces
· 

· MEDIS
Recall the member end displacements and rotation
· 

· QUERY
US:
Display the QUERY menu
· 

· 
LS:
Display info about the structure (SINFO)
· 

· 
RS:
Display info about the queried member (MINFO)
· 

· FEM
Display the FEM menu
· 

Note:

When MVWR is toggled on the recalled results are automatically loaded into the built-in matrix writer or, when present, into the replacement matrix writer MATRIX.

The QUERY menu

This menu is available in the professional version of FEM48 only. With this menu you can examine (query) one member of the structure at a time. This is done by means of a secondary analysis, which does not use finite elements analysis but uses differential relationships between external loads, internal forces, rotations and displacements.

The first menu-row looks like this:

· MEMBR
US:
Enter the queried member with inputline
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· 
LS:
Store the queried member


· 
RS:
Recall the queried member


· KEYP
US:
Enter the number of keypoints with inputline


· 
LS:
Store the number of keypoints


· 
RS:
Recall the number of keypoints


· MINFO
US:
Display info about the queried member
· 

· 
LS:
Display info about the structure (SINFO)
· 

· XFORC
US:
Calculate internal forces at X-coordinate
· 

· 
LS:
Calculate internal forces along member
· 

· XDISP
US:
Calculate displacements and rotation at X-coordinate 
· 

· 
LS:
Calculate displacements and rotation along member
· 

The second menu-row looks like this:

· NPLT
US:
Plot axial force along the member
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· 
LS:
Batchplot axial forces of structure members


· VPLT
US:
Plot shear force along the member


· 
LS:
Batchplot shear forces of structure members


· MPLT
US:
Plot bending moments along the member
· 

· 
LS:
Batchplot bending moments of structure members
· 

· UXPLT
US:
Plot displacement in X-direction along the member
· 

· 
LS:
Batchplot displacement of structure members
· 

· UZPLT
US:
Plot displacement in Z-direction along the member
· 

· 
LS:
Batchplot displacement of structure members
· 

· RYPLT
US:
Plot rotation around the Y-axis along the member
· 

· 
LS:
Batchplot rotation of structure members
· 

The third menu-row looks like this:

· TSIGN
Toggle plot direction (+/-) for MPLT and UZPLT
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· AXIS
Toggle the plotting of the X-axis


· (PICT
Toggle the export of the plot to PICT
· 

· 

· 

· 

· 

· RSULT
Display the RSULT menu
· 

Notes:

· The X-coordinate needed by XFORC and XDISP is the local X-coordinate. This equals zero at the start-node and equals the length of the member at the end-node.

· Pressing the XFORC and XDISP menukeys left-shifted executes the MFORC and MDISP commands respectively. MFORC and MDISP calculate the internal forces and displacements/rotation along the member for the selected number of keypoints and place the resulting array on level 1 of the stack. When MVWR is toggled on the resulting array is loaded into the built-in matrix writer or, when present, into the replacement matrix writer MATRIX.

· Pressing the NPLT, VPLT, MPLT, UXPLT, UZPLT and RYPLT menu-keys left-shifted will perform a batchplot of the chosen plot-type for all members in the structure. Starting by member 1 and ending with the last member in the structure. The batchplot can be cancelled by pressing the [ON] key during the calculations, which are performed between the plots. 

The PLOT menu

This menu can be used to plot the structure and to plot both the undeformed and deformed structure at once. Several configuration options are available. The PLOT menu looks like this:

· PLOT
Plot the (un)deformed structure
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· NOCO
Toggle the plotting of nodes and constraints


· DFOR
Toggle the plotting of the deformed structure
· 

· 10000
US:
Enter the DFOR magnification factor with inputline
· 

· 
LS:
Store the DFOR magnification factor
· 

· 
RS:
Recall the DFOR magnification factor
· 

· (PICT
Toggle the export of the plot to PICT
· 

· FEM
Display the FEM menu
· 

Notes:

· The undeformed structure is always plotted, when DFOR is toggled on both the undeformed and deformed structures are plotted.

· Adjusting the DFOR magnification factor can scale the deformed structure. The current magnification factor is shown on the fourth menulabel.

· The structure has to be calculated in order to plot the deformed structure. When this has not been done yet the calculation is automatically performed after which the plot routine resumes.

· The plot is always made on the stack grob. When (PICT is toggled on the plot is exported to the PICT environment.

· The plot is automatically scaled and centered on the display.

· To be able to plot the undeformed structure you need to enter (a) load(s). This because the inputcheck routine used by the PLOT command is also used by the CALC command.

6.
Entering a structure

A structure can be entered with the use of the INPUT menu, which has already been described in chapter 5. The entering of data through the use of the menu-keys conforms as much as possible to the standard HP48 behavior.

· By pressing the menukeys unshifted you start an inputline interface which clearly shows the necessary input. After entering the desired amount of data you can press the ON key to signal the end of the input. Argument checking is provided. Already defined data will be overwritten, unless the ON key is pressed before pressing the ENTER key for the first time.

· It is also possible to enter data by pushing the menukeys left-shifted. Already defined data will be overwritten. Argument checking is provided.

· By pressing the menukeys right-shifted you can recall the data to the stack
 and thus you are able to edit the data and store it again by pressing the menukey left-shifted. If data has not been defined a 0 (real number zero) will be recalled.

Already defined input can be deleted. To do this you have to store a 0 (real number zero) in the data (for instance nodal loads) by using the menukeys left-shifted.

The simplified stack diagrams looks like this:

Keypress
Action
Argument
Result

unshifted
starts inputline prompt
none
none

left-shifted
stores input
real array or real number zero
none

right-shifted
recalls input
none
real array or real number zero

Below the format of the input will be described.

NODES

This command is used to enter or recall the nodes. Nodes are entered using the global coordinate system. Note that negative coordinates are supported.

Format:
{ n 2 } real array
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n:
Number of nodes (n(2)


col 1:
X-coordinate
· 

col 2:
Z-coordinate
· 

MEMBS

This command is used to enter or recall the members.

Format:
{ n 3 } real array
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n:
Number of members (n(1)


col 1:
Start node of member (Ni)
· 

col 2:
End node of member (Nj)
· 

col 3:
Member property (see next command)
· 

PROPS

This command is used to enter or recall the member properties.

Format:
{ n 3 } real array
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n:
Number of member properties (n(1)


col 1:
Area of cross-section (A)
· 

col 2:
Moment of inertia (Iy)
· 

col 3:
Modulus of elasticity (Emod)
· 

CONST

This command is used to enter or recall the constraints. Constraints are entered using the global coordinate system. It is possible to enter a spring support by entering the stiffness of the spring.

Format:
{ n 4 } real array
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n:
Number of constrained nodes (n(1)


col 1:
Constrained node
· 

col 2:
0:
Movement in X-direction is free

-1:
Movement in X-direction is completely constrained

other:
Stiffness of spring support for X-direction
· 

col 3:
0:
Movement in Z-direction is free

-1:
Movement in Z-direction is completely constrained

other:
Stiffness of spring support for Z-direction
· 

col 4:
0: 
Rotation around Y-axis is free

-1: 
Rotation around Y-axis is completely constrained

other:
Stiffness of rotation spring support around Y-axis
· 

Notes:

· Displacement springs have the implied unit force per length.

· Rotation springs have the implied unit moment per radian.

MEREL

This command is used to enter or recall the member end releases. Member end releases work for bending moments only. You can choose to release either one or both ends of the member. When both ends are released the member is transformed from a Frame element to a Truss element.

Format:
{ n 3 } real array
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n:
Number of members with end releases


col 1:
Member number
· 

col 2:
0:
Moment at start node (Ni) is released

-1:
Moment at start node (Ni) is constrained
· 

col 3:
0:
Moment at end node (Nj) is released

-1:
Moment at end node (Nj) is constrained
· 

WARNING:
When using the member end releases (MEREL) option there are a few restrictions:

· Members with end releases should not be loaded by member loads except in local X-direction.

· The member end rotations obtained with MEDIS are not correct for the end(s) of members with a release.

· When the first node (incidence) of the member is released the displacement in local Z-direction and rotation around the Y-axis calculated with XDISP and MDISP are not correct.

If you have a member with only one end release you should choose the start and end node of the member in such a way that the end node has got the release. This way you will be able to get correct displacements and rotation with the commands available in the QUERY menu.

A second point of attention is the following. When a node is attached to members which all have end releases at this node the calculation can not be performed. The reason for this is that the node is able to rotate freely. In this case you should remove one member end release so that the node is attached to only one member. A second solution is to constrain the rotation of this node by means of the CONST command.

STYPE

When pressed unshifted this command is used to change the type of the structure, from Frame to Truss or vice-versa. The newly chosen structure type is displayed. When pressed right-shifted the current structure type is displayed in the status area. The Default State of the structure is Frame. When a structure is changed to a Truss the members will only have stiffness along their axis. Thus only axial forces will be transmitted. This is accomplished by modifying the element stiffness matrix and giving each node a constraint against rotation.

[image: image19.png]i
S —







[image: image20.png]i
S —





Note:

When you designate a structure to be a Truss you should not load it with member loads or nodal loads with moments. If you perform a calculation with such loads it will not be meaningful.

NL

This command is used to enter or recall the nodal loads. Nodal loads are entered using the global coordinate system.

Multiple occurrences of a node in the array are supported.

Format:
{ n 4 } real array
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n:
Number of loaded nodes


col 1:
Loaded node
· 

col 2:
Value of force in global X-direction (FX)
· 

col 3:
Value of force in global Z-direction (FZ)
· 

col 4:
Value of moment around Y-axis (MY)
· 

Below a figure is shown with the directions of the nodal loads. Note that nodal loads in opposite directions should be made negative.


MLCON

This command is used to enter or recall the concentrated member loads. Concentrated member loads are entered using the local (member) coordinate system. Multiple occurrences of a member in the array are supported.

Format:
{ n 5 } real array
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n:
Number of loaded members


col 1:
Loaded member
· 

col 2:
Value of force in local X-direction (FX)
· 

col 3:
Value of force in local Z-direction (FZ)
· 

col 4:
Value of moment around Y-axis (MY)
· 

col 5:
Distance from the start node (Ni) of the member to the concentrated load (d)
· 

Below a figure is shown with the directions of the concentrated member loads. Note that loads in opposite directions should be made negative.


MLUNI

This command is used to enter or recall the uniform member loads. Uniform member loads are entered using the local (member) coordinate system. Multiple occurrences of a member in the array are supported.

Format:
{ n 5 } real array
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n:
Number of loaded members


col 1:
Loaded member
· 

col 2:
Value of uniform force in local X-direction (wX)
· 

col 3:
Value of uniform force in local Z-direction (wZ)
· 

col 4:
Distance from the start node (Ni) of the member to the start of the uniform load (d1) 
· 

col 5:
Distance from the start node (Ni) of the member to the end of the uniform load (d2)
· 

As an extra feature it is possible to use the value of 0 (real number zero) for d2. It is then understood that the uniform load ends at Nj (d2 = length member). This to avoid having to calculate the length of non-horizontal or non-vertical members.

Below a figure is shown with the directions of the uniform member loads. Note that loads in opposite directions should be made negative.


MLTRP

This command is used to enter or recall the trapezoid member loads. Trapezoid member loads are entered using the local (member) coordinate system. Multiple occurrences of a member in the array are supported.

Format:
{ n 5 } real array
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n:
Number of loaded members


col 1:
Loaded member
· 

col 2:
Value of trapezoid force in local Z-direction at d1 (wZ1)
· 

col 3:
Value of trapezoid force in local Z-direction at d2 (wZ2)
· 

col 4:
Distance from the start node (Ni) of the member to the start of the trapezoid load (d1)
· 

col 5:
Distance from the start node (Ni) of the member to the end of the trapezoid load (d2)
· 

As an extra feature it is possible to use the value of 0 (real number zero) for d2. It is then understood that the trapezoid load ends at Nj (d2 = length member). This to avoid having to calculate the length of non-horizontal or non-vertical members. Trapezoid loads can only be defined in the local Z-direction.

Below a figure is shown with the directions of the trapezoid member loads. Note that loads in opposite directions should be made negative.


7.
Calculating the structure

After entering the structure you are ready to calculate it. When you press the CALC menukey in the FEM menu the calculation begins unless the structure has already been calculated. You will then be asked if you want to recalculate
 the structure. When this is the case you will see the following display.
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FEM48 first runs an inputcheck
 to see if the input data does not contain any mistakes. Please note that it only checks for some common mistakes. The inputcheck routine is by no means able to find all possible input faults. If the input is not ok you will see a screen with comments about the input. A “worst case scenario” is displayed below.
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If the input is ok the calculation starts and you will see the progress of the calculation displayed in the upper part (status area) of the display, unless the FAST option is toggled on. Depending upon the problemsize you will have to wait a while before the calculation finishes. The progress display is shown below.

[image: image27.png]



8.
Viewing the results

When the structure is calculated you can view the results with the RSULT menu, which has already been described. The calculation results will be described below. Note that when MVWR
 is toggled on the matrixwriter or MATRIX will be started automatically to view the results.

NDISP

This command is used to recall the calculated nodal displacements to the stack. The nodal displacements are presented as an array and describe displacements in the global coordinate system.

Format:
{ n 4 } real array

n:
Number of nodes

col 1:
Node number

col 2:
Displacement in global X-direction (UX)

col 3:
Displacement in global Z-direction (UZ)

col 4:
Rotation around the Y-axis in radians (RY)

Below a figure is shown with the directions of the nodal displacements. Note that negative displacements are in the opposite direction.


SUPPR

This command is used to recall the calculated support reactions to the stack. The support reactions are presented as an array and are described in the global coordinate system.

Format:
{ n 4 } real array

n:
Number of supports

col 1:
Constrained node

col 2:
Support reaction force in global X-direction (FX)

col 3:
Support reaction force in global Z-direction (FZ)

col 4:
Support reaction moment around Y-axis (MY)

Below a figure is shown with the directions of the support reactions. Note that negative support reactions are in the opposite direction.


MEFOR

This command is used to recall the calculated member end forces to the stack. The member end forces are presented as an array and are described in the local (member) coordinate system.

Format:
{ n 5 } real array

n:
Number of members * 2

col 1:
Member

col 2:
Start node of member of member (Ni) / End node of member of member (Nj)

col 3:
Member end force in local X-direction (FXi / FXj)

col 4:
Member end force in local Z-direction (FZi / FZj)

col 5:
Member end moment around Y-axis (MYi / MYj)

Below a figure is shown with the directions of the member end forces. Note that negative member end forces are in the opposite direction.


MEDIS

This command is used to recall the calculated member end displacements and rotation to the stack. The member end displacements and rotation are presented as an array and are described in the local (member) coordinate system.

Format:
{ n 5 } real array

n:
Number of members * 2

col 1:
Member

col 2:
Start node of member of member (Ni) / End node of member of member (Nj)

col 3:
Member end displacement in local X-direction (UXi / UXj)

col 4:
Member end displacement in local Z-direction (UZi / UZj)

col 5:
Member end rotation around Y-axis (RYi / RYj) in radians

On the next page a figure is shown with the directions of the member end displacements and rotation. Note that negative member end displacements and rotation are in the opposite direction.


WARNING:
The member end rotation around the Y-axis obtained with MEDIS is not correct for the end of a member with a release.

9.
Member query

This is a feature available in the professional version only. With the QUERY menu, which has already been described, you can perform a secondary analysis of a selected member of the structure. It is called secondary analysis since this does not use the finite element method but uses the differential equation relationships between external loads and internal forces and displacements.

MEMBR

When pressed unshifted starts an inputline prompt for the number of the member you want to query. Pressed left-shifted this stores the number of the member you want to query. Pressed right-shifted this recalls the number of the queried member. Any number equal or larger than 1 is valid. If there are fewer members in the structure than the selected member number the other commands in the query menu will display an error message.

KEYP

With this command you set the number of keypoints to be used by the MFORC and MDISP commands. When pressed unshifted starts an inputline prompt for the number of keypoints. Pressed left-shifted this stores the number of keypoints. Pressed right-shifted this recalls the number of keypoints. Valid values are: 3 ( #_of_keypoints ( 50. Note that the default value is 11, which is a good choice. You might want to choose a larger number of keypoints when there are many discontinuities. However, this means that the calculation takes longer too.

MINFO

When pressed unshifted gives information about the selected member like start and end node, length, area, loads etceteras. When pressed left-shifted gives information about the structure (SINFO command).

Below screenshots of the MINFO and SINFO displays are shown.
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XFORC

This command calculates the internal axial force, shear force and bending moment at the given local X-coordinate
. The results are tagged. Errors if the given value of X is smaller than 0 or larger than the length of the member. Executes the MFORC command when pressed left-shifted.

The stack diagram looks like this:

Level 1
(
Level 3
Level 2
Level 1

X

N
V
M

Below a screenshot of the stack after executing the XFORC command is shown.
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Below the positive directions of the internal forces are shown. Note that negative internal forces are in the opposite direction.


XDISP

This command calculates the displacement in the X- and Z-direction and the rotation around the Y-axis at the given local X-coordinate. The results are given in the local coordinate system of the member. The results are tagged. Errors if the given value of X is smaller than 0 or larger than the length of the member. Executes the MDISP command when pressed left-shifted.

The stack diagram looks like this:

Level 1
(
Level 3
Level 2
Level 1

X

UX
UZ
RY

Below a screenshot of the stack after executing the XDISP command is shown.
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Below the positive directions of the displacements and rotation are shown. Note that negative displacements and rotation are in the opposite direction.


WARNING:
When the first node (incidence) of the member is released the displacement in local Z direction and rotation calculated with XDISP are not correct.

MFORC

This command is available through the left-shifted XFORC menu-key and calculates the internal axial force, shear force and bending moment along the length of the member at the given number of keypoints. The number of keypoints can be set with the KEYP command.

When executed the MFORC command starts the calculation and, when finished, displays a matrix with the results on level 1 of the stack or, when MVWR is toggled on, starts the matrixwriter
 with the matrix. The resulting matrix is saved in the FEMpar variable to be of later use. When executed again (without selecting a different member, another number of keypoints, changing the structure or changing the loads) there is no need to calculate again and the previous results are recalled from FEMpar. The NPLT, VPLT and MPLT commands (explained later on) also use this feature.

Format:
{ n 4 } real array

n:
Number of keypoints

col 1:
Local X-coordinate on member

col 2:
Axial force at local X-coordinate

col 3:
Shear force at local X-coordinate

col 4:
Bending moment at local X-coordinate

The positive directions are equal to those of the XFORC command.

MDISP

This command is available through the left-shifted XDISP menu-key and calculates the displacements in local X and local Z direction and the rotation around the Y-axis along the length of the member at the given number of keypoints. The number of keypoints can be set with the KEYP command.

When executed the MDISP command starts the calculation and, when finished, displays a matrix with the results on level 1 of the stack or, when MVWR is toggled on, starts the matrixwriter with the matrix. The resulting matrix is saved in the FEMpar variable to be of later use. When executed again (without selecting a different member, another number of keypoints, changing the structure or changing the loads) there is no need to calculate again and the previous results are recalled from FEMpar. The UXPLT, UZPLT and RYPLT commands (explained later on) also use this feature.

Format:
{ n 4 } real array

n:
Number of keypoints

col 1:
Local X-coordinate on member

col 2:
Displacement in local X direction at local X-coordinate

col 3:
Displacement in local Z direction at local X-coordinate

col 4:
Rotation around Y-axis at local X-coordinate in radians

The positive directions are equal to those of the XDISP command.

WARNING:
When the first node (incidence) of the member is released the displacement in local Z-direction and rotation calculated with MDISP are not correct.

NPLT

With this command you can plot the axial force along the selected member. The member number is displayed underneath the plot along with the calculated minimum and maximum. The forces along the member have to be calculated with MFORC. When this is not the case the MFORC calculation will be performed by the NPLT command.

When the NPLT menu-key is pressed left-shifted it performs a batchplot of NPLT for all members in the structure.
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VPLT

With this command you can plot the shear force along the selected member. The member number is displayed underneath the plot along with the calculated minimum and maximum. The forces along the member have to be calculated with MFORC. When this is not the case the MFORC calculation will be performed by the VPLT command.

When the VPLT menu-key is pressed left-shifted it performs a batchplot of VPLT for all members in the structure.
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MPLT

With this command you can plot the bending moment along the selected member. The member number is displayed underneath the plot along with the calculated minimum and maximum. The forces along the member have to be calculated with MFORC. When this is not the case the MFORC calculation will be performed by the MPLT command. Note that positive directions for the plot depend upon the state of the TSIGN menulabel.

When the MPLT menu-key is pressed left-shifted it performs a batchplot of MPLT for all members in the structure.
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UXPLT

With this command you can plot the displacement in local X-direction along the selected member. The member number is displayed underneath the plot along with the calculated minima and maxima. The displacements along the member have to be calculated with MDISP. When this is not the case the MDISP calculation will be performed by the UXPLT command.

When the UXPLT menu-key is pressed left-shifted it performs a batchplot of UXPLT for all members in the structure.
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UZPLT

With this command you can plot the displacement in local Z-direction along the selected member. The member number is displayed underneath the plot along with the calculated minimum and maximum. The displacements along the member have to be calculated with MDISP. When this is not the case the MDISP calculation will be performed by the UZPLT command. Note that positive directions for the plot depend upon the state of the TSIGN menulabel.

When the UZPLT menu-key is pressed left-shifted it performs a batchplot of UZPLT for all members in the structure.
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WARNING:
When the first node (incidence) of the member is released the plotted displacement in local Z-direction is not correct.

RYPLT

With this command you can plot the rotation around the Y-axis along the selected member. The member number is displayed underneath the plot along with the calculated minimum and maximum. The displacements along the member have to be calculated with MDISP. When this is not the case the MDISP calculation will be performed by the RYPLT command.

When the RYPLT menu-key is pressed left-shifted it performs a batchplot of RYPLT for all members in the structure.
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WARNING:
When the first node (incidence) of the member is released the plotted rotation around the Y-axis is not correct.

TSIGN

This menulabel toggles the plot-direction of MPLT and UZPLT. Note that positive directions for these two plots are "normally" plotted downwards instead of upwards, for better visibility. When toggled on positive directions are upwards ("true sign"), when toggled off positive directions are downwards.

You can easily determine the positive direction of the MPLT and UZPLT by looking at the “-” and “+” labels at the bottom of the plot. When the positive direction is upwards the “+” label is displayed above the “-” label and vice-versa.
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AXIS

This menulabel toggles the plotting of the zero-axis. When toggled on the axis is plotted as a line of dots. When toggled off it means that if the plot does not cross the zero value you will "zoom in" on the plot (due to autoscaling of the plot).
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(PICT

By toggling this menulabel on you can export the created plot to the PICT environment. This enables you to edit the plot.

10.
Plotting the structure

It is possible to plot the structure by using the PLOT command in the PLOT menu (which has already been described). The default plot will plot members only. However, you can plot the nodes and constraints by toggling the NOCO menulabel on. The nodes and constraints are represented by the following graphic objects:

Frame joint:


Truss joint:


UX constrained:

UZ constrained:

RY constrained:


Note that all three types of constraints can occur at the same time and still be correctly displayed.

You can also plot the deformed structure. This is done by toggling DFOR on and then executing the PLOT command. Obviously you have to have calculated the structure before this is possible. If you have not done this then FEM48 will automatically start the calculation and, if everything went all right, the structure and the deformed structure are plotted.

When the deformed structure is plotted only nodal displacements in X and Z direction are taken into account. This means that any member deformations are not plotted. So, for a truss it plots the exact situation, but for a frame this is almost never the case. If you want a better deformation plot you will have to add some more nodes or, if you have installed the professional version of FEM48, you can plot the member deformations with the QUERY menu.

The scale of the undeformed plot is automatically adjusted and the plot is always centered on the screen. You can influence the scale of the deformed plot by adjusting the deformation magnification factor (see PLOT menu). The created plot can be exported to the PICT environment by toggling the (PICT menulabel on (the plot is always in ABUFF, the stack display).

Below some examples of the plot capabilities of FEM48 are shown.
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Notes:

· Spring supports are plotted the same as normal supports.

· Member end releases are not displayed.

· Loads are not displayed.

A.
Installation

The FEM48 library can be installed in any available port on the calculator. However, it works fastest from a non-covered port, that is port 0 or 1. To install the FEM48 library on your calculator do the following:

· Transfer the library to your calculator and place the library on the stack.

· Place the port number you wish to store the library in on the stack and press the STO button.

· Warmstart the calculator (press ON and C simultaneously) or turn it off and on again.

· Purge the variable which still contains the library.

When in doubt, refer to chapter 28 of the HP User’s Guide.

B.
Troubleshooting

A few notes about some problems you may encounter when calculating a structure. When the calculation aborts with the error "Singular [[Stiffness]]" the global stiffness matrix of the structure can not be inverted. This can be caused by a number of things, most notably by badly configured constraints or because the stiffness of certain members is much bigger (1020 or so) than others.

A second probable error message may be "Insufficient Memory". Note that by the nature of the calculations FEM48 uses a lot of memory for large structures. The global stiffness matrix of a structure has #_of_nodes*3 rows and columns (each node has three degrees of freedom). So, a structure with 20 nodes would lead to a global stiffness matrix with 602 = 3600 elements. The object size of a matrix is defined by 15 + 8 * number of elements. Thus the resulting size of the matrix would be 15 + 8 * 3600 = 28815 bytes. To be able to calculate and invert the resulting stiffness array the HP48 needs an amount of free memory that is more than double the size of the array.

Note that FEM48 overwrites the variable 'FEMpar' (and 'FEM_cfg' in the hidden directory) when it contains something else than the appropriate Library Data object, unless it contains Library Data from another library. Then it aborts with an "Invalid FEMpar" error.

C.
Limitations

Although FEM48 is very capable it does have its limitations:

· FEM48 should only be used for the calculation of structures which have relatively small displacements.

· It is understood that the members of a frame are about five times (or more) longer than they are in height. This because deformation due to shear force is not taken into account.

D.
Characteristics

Version:


3.1 standard / professional

Size:



19121.5 / 28092.5 bytes

Checksum:


# 7117d / # 52100d

System flags used:

-20, -21, -22 (all cleared)

User flags used:

none

Variables used:


FEMpar for structure data (in current directory)





FEM_cfg for configuration data (in hidden directory)

Language used:


SystemRPL (99%) / Assembly (1%)

Supported external programs:
MATRIX by A. Moy





BZ
 by M. Heiskanen

E.
File format

FEM48 uses two variables, 'FEMpar' and 'FEM_cfg'. Both contain a Library Data object. The FEMpar variable is used for all structure data and is stored in the current directory. The FEM_cfg variable is used for all configuration data and is stored in the hidden
 directory. Since normally you do not have access to the hidden directory the ERASEFEM command is provided to erase this file (in case of it being corrupt or when you wish to de-install FEM48).

F.
Credits

The development of FEM48 was made possible by:

· Jazz by Mika Heiskanen and Jan Brittenson

· UFL by Andre Schoorl

· Emu48 by Sebastien Carlier and Christoph Gießelink

Credits also go to Alexander Reif who has been a beta-tester and gave a lot of suggestions for improving FEM48. Finally the author wishes to thank Eric Rechlin for adding FEM48 to his wonderful site: www.hpcalc.org



G.
Author

For more information contact the author of FEM48 at:

home:


work:

Caspar Lugtmeier

Schotersingel 117B

2023 AB  Haarlem

The Netherlands

c.lugtmeier@hccnet.nl
Caspar Lugtmeier

Ballast Nedam Engineering

Laan van Kronenburg 2

1183 AS  Amstelveen

The Netherlands

c.lugtmeier@bne.ballast-nedam.nl




More Structural Engineering applications for the HP48 series by the author can be found at:

http://home.hccnet.nl/c.lugtmeier
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� Please note that the FEM48 library is not designed for the HP48S(X) or HP49 calculators. Using FEM48 on such a calculator will cause a Memory Lost event. You have been warned!


� When MVWR is toggled on it will automatically start the matrixwriter or MATRIX when present.


� This might be necessary if you want to use a different rounding value.


� This inputcheck is (out of necessity) performed by a lot of commands.


� Available at the second menu-row of the FEM menu.


� At start node X equals 0, at end node X equals length of member.


� Or MATRIX when present.


� Address is not hard-coded. This means that BZ can be part of any library. However, note that it has to be a rompointer, so a BZ program in a (parent) directory is not supported.


� This is a null-named subdirectory of HOME.
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