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Introduction


�
This document describes the operation of flexbeam, a new script which assists the user in approximating the behavior of flexible bodies.  Flexbeam replaces a selected rectangular body with a set of smaller rectangular elements.  Flexbeam attaches these elements to each other with  rotational springs.  By choosing values for the spring constants, which depend on the material and geometry of the selected rectangular beam, flexbeam creates an assembly which accurately represents the flexibility of that beam.  Figure 1 shows a sample document before and after running  flexbeam .  This figure shows that flexbeam works on beams with an arbitrary orientation and that it reattaches all of the constraints which were attached to the original beam.  An undo script, called unflex accompanies flexbeam. Unflex restores beams to their original rigid form.�
�
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Figure 1:  Operation of the Script Flexbeam





(a) Sample document before running flexbeam�
�
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(b) Sample document after running flexbeam�
��
�
Installation


�
The files flexbeam.wbs, unflex.wbs, and flexbeam.hlp� are located on the installation disk.  Copy these files  to the directory krdemos located on your hard drive.  krdemos is a subdirectory of scripts, which itself is a subdirectory of the Working Model directory.  The full path to the krdemos directory is usually WM303\scripts\krdemos.


�
�
Unit Systems


�
This script works with the SI and English unit systems only.  The script automatically selects the mass and distance units to be consistent with the current force unit.  If the user selects the force unit to be  Newtons, the script selects meters for the distance unit and kilograms for the mass unit.  If the user selects the force unit to be pounds, the script selects inches for the distance unit and Earth pounds for the mass unit.  If the user selects another unit for force, dynes for example, the script notifies the user that this system of units is unavailable and the program terminates.�
�
�
Operation of Flexbeam


�
Before running flexbeam, select the rectangular body within your Working Model document which is to be modeled as a flexible beam.  Invoke flexbeam by selecting the script menu from Working Model’s menu bar and clicking run.  Respond to the request for a script file by choosing flexbeam.wbs which should be located in the directory WM303\scripts\krdemos.  The dialog box shown below will appear.  Enter the values for the structural stiffness of the beam (� EMBED Equation.2  ���) and the number of elements (� EMBED Equation.2  ���) with which to model the beam.  The structural stiffness can be chosen through either the highly stiff, minimally stiff, or custom option.  The highly stiff and minimally stiff options provide a specified deflection for a load  based on the weight of the beam.  The highly stiff option specifies roughly a 3 % deflection, while the minimally stiff option specifies roughly a 10 % deflection.


�
�
Figure 2  Dialogue Box Provided by flexbeam�
��
�



�
The first input quantity, the structural stiffness, is the product of � EMBED Equation.2  ���, Young’s modulus of elasticity, and � EMBED Equation.2  ���, the area moment of inertia � EQ �.  � EMBED Equation.2  ���is a geometric property of the cross section of the beam and it is given by the equation.
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                   � EMBED Equation.2  ���,


�
��
�
�
where � EMBED Equation.2  ��� is a differential element of area and � EMBED Equation.2  ���is the distance of � EMBED Equation.2  ��� from the centroid axis.  Working Model is unable to calculate � EMBED Equation.2  ��� because it is a planar program and the beam cross section has a dimension that is not in the Working Model plane.�
�
�



�
The second input quantity is � EMBED Equation.2  ���, the number of rectangular elements with which to approximate the flexible body.  The larger the value of � EMBED Equation.2  ���, the more accurate this approximation is.  However, as the warning message in Figure 2 indicates, the user should be careful to avoid using more elements than necessary.�
�
Assigning Values for the Rotational Spring Constants


�
Flexbeam replaces the selected rigid rectangular body with a set of smaller rectangular elements attached by rotational springs.  The spring constants, � EMBED Equation.2  ���, are given by the formula provided in Knowledge Revolution’s document Modeling Uniform Flexible Bodies in Working Model, by Keith Reckdahl.  For all springs, other than those which are modeling cantilever supports, the value of � EMBED Equation.2  ��� is given by:





  � EMBED Equation.2  ���


where � EMBED Equation.2  ��� is the length of the smaller rectangular element.�
�
Beam Constraints 


�
The constraints one can impose on a beam are termed fixed, pinned, roller and free.  The fixed constraint confines a point on the beam to no translational movement in any direction, and it restricts the beam from rotating about that point.  The pinned constraint imposes the same translational confinement but allows the body to rotate about the constrained point.  The roller constraint confines a point to translational movement in only one direction.  The roller can have either a fixed or a pinned attachment which would determine whether or not rotation of the beam about that point could occur.  The free constraint, which really is no constraint at all, allows a point to move in any direction and there are no restrictions to the rotation of the body about that point.  In the rest of this section, the construction of two of the more standard beam types is discussed.�
�
�
The Pinned Roller Beam


�
The left end of the pinned-roller beam shown in Figure 3 is pinned and the right end is attached to a pin-roller.  To model the pinned-roller beam, use the circular pin for the pinned constraint and the slot joint to represent the end attached to the roller. 








.�
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Figure-3


(a)  A Pinned-Roller Beam�
�


�
�
(b)  A representation of the pinned-roller beam in Working Model before running  flexbeam�
�


�
�
(c)  A representation of the pinned-roller beam in Working Model after running flexbeam�
��
�
�
The Fixed-Free (Cantilever) Beam


�



The left end of the cantilever beam shown in Figure 4 is fixed and the right end is free.  To model a cantilever beam, use a square pin to attach the beam to the background or to another body. As Figure 4 indicates, flexbeam replaces the square-pin cantilever constraint with a rotational spring whose spring constant is defined by the equation:





  � EMBED Equation.2  ���





This replacement accommodates the transition from the zero rotation constraint imposed by the square pin at the left end of the first element to the finite rotation at the right end.





�
�
Figure-4  


(a)  A Cantilever Beam�
�


�
�
(b)  A representation of the Cantilever beam in Working Model before running flexbeam�
�


�
�
(c)  A representation of the Cantilever beam in Working Model after running flexbeam.  Notice that the square pin has been replaced with a rotational spring.�
��
�
�
Restoring Flexible Bodies to Their Original Rigid Form


�
Because the flexible body approximation can significantly slow down the performance of Working Model or simply because flexbeam can be accidentally used, an undo option exists.  The script unflex undoes the alterations that flexbeam made to the original document.  To use unflex on a single beam, select one or more of the elements of the beam and invoke unflex to restore the beam to its original rigid form.  If no beams are selected, unflex will ask you whether you wish to simultaneously restore all the beams in your document.�
�
Name Convention For Beam Elements within the Working Model Document


�
Unflex is able to identify those bodies which have been operated upon by flexbeam by examining the name of each body in the workspace.  Flexbeam, assigns a name to each of the rectangular elements of the following form:





  name = flexbeam[3 digit number][3 digit number].





The first 3 digit number refers to the identification number of the flexible body.  The second 3 digit number expresses the identification number of a particular element in a particular flexible body.  The fourth element of the second flexible body, therefore, would have the name flexbeam002004.�
�
Sample Scripts and Documents


Working Model Scripts�
1. flexbeam.wbs


2. unflex.wbs


2. flexbeam.hlp�
The Script which creates flexible representations of beams


The script which undoes the effect of flexbeam


The help file for flexbeam


�
�
Working Model Sample Documents�
1. bridge.wm


2. fixfree.wm


3. fixroll.wm


4. pinroll.wm�
Truck driving over a flexible bridge


Accuracy of  fixed-free (cantilever) beam


Accuracy of fixed-roller beam


Accuracy of pinned-roller beam�
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