Spring Models
With

Real Time Dynamic Motion
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The addition of Flexible Component capability to Pro/Engineer a few years ago was an excellent advance, and has allowed springs in particular to be shown in various stages of compression or extension within a single model.  What this does not allow, however, is the “real-time” dragging of mechanisms to show the springs compressing and extending on the screen.  Here is a technique to allow this sort of “movie” depiction of springs in action.  For example, in the model shown above the two springs are actually two assembly instances of  the same model, and if you perform a Drag Packaged Component action on either end of the dumbbell rocker you see the springs flex up and down in good real-time simulation, one stretching while the other compresses.  Immediate disclaimer: these spring models are not “real” single-part helical springs.  Rather, they are assemblies of several 180 degree round-section arcuate segments created and assembled for the express purpose of motion simulation.  Experienced users will immediately see how this can be done, but there are some key subtleties to the assembly process detailed below.  Also, based on processing limits of  hardware, this technique will begin to “bog down” if the number of turns in the spring is too great.
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Above is a picture of several 10-turn spring models created using this technique (closed-end, ground-end, extension; right and left-hand).    Each spring has at its core 20 half-turn arc-shaped LINK parts joined end to end.  Then appropriate end turns are added for the various spring types.  [It is even possible to create non-straight springs which compress and flex along an arc, even a spline.] The key to motion simulation is to properly associate one LINK with the next in such a way that a telescoping linkage assembly is created.  There are various ways this can be accomplished.

One can create an assembly controlled by two perpendicular longitudinal datum planes which are used to confine the position and degrees of freedom of the links in the chain.  Successive half-turn links can be joined axis-to-axis at their ends with the end faces all in one plane and a center edge or point confined to the other plane to establish a shared pivot plane.  One end of the chain is anchored to a third base plane.  This technique was described in an earlier article published under Tips & Tricks in ConnectPress online in December, 2009.

The author has subsequently determined that a MUCH easier technique involves the use of a Skeleton Assembly.  [You can create such a skeleton even if you don’t have Advanced Assembly capability; the software just won’t recognize it as such.]
To get started, create a simple Skeleton Part as illustrated below.  A straight line is sketched on a Default Datum Plane (here renamed SCISSOR).  Place a Datum Point in the center and at each end of the resulting Datum Curve.  Finally, place a Datum Coordinate System at the center with its Z-axis perpendicular to the SCISSOR plane.
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Now, using this Skeleton Part, build an end-to-end Skeleton Assembly in such a way that it can stretch and compress in a scissors or accordion fashion.  Assemble the first part with its SCISSOR plane aligned with the SCISSOR plane of the assembly, one end of the straight-line Curve anchored to the base plane ANCHOR (Pnt on Surf) and the center Point aligned with  the third default plane called PIVOT.  Now if you select Drag Packaged Component and pick on the non-anchored end of the line, the established constraints  result in confinement of the center of the line to a virtual axis at the intersection of the two vertical planes while the non-moving end of the line remains fixed in the base plane.  The angular inclination of the line changes as it pivots around its center (and the Z-axis of the Coordinate System).
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Next assemble additional instances of the straight-line Skeleton Part.  Each time, align or mate the SCISSOR planes, and the center point with the PIVOT plane.  Align the appropriate end point or vertex of each new part with the unattached end of the preceding part.  To make the quick assembly “trick” work, alternate Align and Mate with respect to the SCISSOR plane so that the Z-axis alternately points one way than the opposite as you assemble each part.
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The resulting skeleton assembly will look something like the following.
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Now create a new Assembly for the spring itself and assemble the Skeleton Assembly as its first component.  Then assemble spring LINK parts to each of the straight-line Skeleton Parts using the Coordinate System constraint.  Since only one constraint is required for each half-turn of the spring, assembly is much faster than with the earlier method which required three constraints for each link.  This can be further accelerated with a mapkey.  Creation of the LINK part itself is fairly obvious.  It can be created as a solid, but it’s a little more “lightweight” to create it as an open-end surface model.  First link:
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Second link:
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When all the primary links have been assemble, assemble the appropriate plain, ground, or extension hook ends, as desired:
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Now you can assemble the spring into a mechanism using its central Axis and its two appropriate end planes for compression springs.  For extension springs use an Axis, Point, or Surface for each of the end attachment constraints.
********************************

In the “Gilding-the-Lily” department other enhancements are possible:
1. A parameter driven model with an arbitrary number of turns can be created using Pro/PROGRAM (arbitrary up to some embedded limit), but this is probably more cumbersome than valuable.  It is probably easier to maintain a starter library of  left and right-handed compression and extension springs which may be copied and changed to produce specific new springs.  This is best governed by appropriate Parameters and Relations.
2. These dynamic motion springs can be swapped with the real springs in an Assembly using a Simplify Interchange Group so that dynamic motion can be simulated while maintaining a true Bill of Material.

3. In an effort to more closely simulate a helical shape, each LINK can be modeled as an elliptical segment or a “true” helical segment, as opposed to the planar arc segment described.  However, this will only show a smooth helical shape at one particular length.  There will be distortion as the spring is exercised, so there is little point in doing this. 

******************************

The author has found this technique useful for illustration purposes and to evaluate spring motion for proper action, and excessive compression or extension, especially motion below solid height.  It is described here in the hopes that someone else may find it useful too.
Following are some other examples, short movies of which have already been posted on the PTC Forum.

Swinging Pressure Mechanism:
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Die Stripper:
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Extension Spring:
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Curved Spring:
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