Historical Steamship Engine with Virtual Reality
TU Dresden under Full Steam
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Since the founding of the Technical University of Dresden, steam engines have played a particularly important role.  Recently a historical steamship engine has been the center of attention.  Students of design engineering/CAD have built with SolidWorks a model of a steam engine and used virtual-reality software to present it.

The TU Dresden is tied closely with steam engines.  The Technical Education Institute, grounded in 1828, was able to hire excellent instructors from its very beginning, among them Andreas Schubert, who developed the “Saxonia”, the first operational German steam locomotive.  Since 2001, the Mechanics department of the TU Dresden has used the 3D CAD software SolidWorks.  Also in their first semester students in this department learn the fundamentals of computer-based analysis tools such as Mathcad, databases, and CAD.  The CAD portion with SolidWorks amounts to 70% of the CAD work done.  The goal is a well-founded know-how in using the software, so that the students can work with their own design documents (individual parts, assemblies of parts, and design drawings).  
“The thorough training in CAD systems has been only beneficial for us.  One can go deep within the teaching and mustn’t always return to the fundamentals of operating the system,”  explains Dr. Wolfgang Steger, scientific engineer in the area of design engineering/CAD at the Institute for Machine Elements and Design at the TU Dresden.  The design of separation planes in the design of molds is, according to Steger, only possible with experience and the ability to visualize these planes.  The hybrid volume and surface models require knowledge and a certain facility with the CAD system.  “Problems arise not because of the software but rather because of the inability of people to visualize 3D spaces and the accompanying planning of the procedure for the modeling.
Practice makes perfect

One project was the virtual reality presentation of a historical steamship engine for the Dresden Transportation Museum.  Since the operation of the engine is not possible in the museum, its function is to be shown using animation and text and graphical representations.  The compound steam engine with two cylinders was built in 1927 by the  Dresden Machine and Ship Works Übigau AG, had a cleverly arranged forward/reverse mechanism, and an output of 35 hp.  
Since the technical documentation of the steam engine is no longer available, the necessary 3D geometry had to be compiled through reverse engineering and modeling in SolidWorks.  For this purpose the engine was taken apart and measured.  In parallel a product structure in the form of parts lists was developed.  The parts lists served also to log the work and to store the parts in an orderly fashion.  It helped in the planning and testing of the organization of the model and the later reassembly of the engine.
Teams of second-semester students modeled the steam engine in SolidWorks.  The CAD model had 232 different parts and 31 sub-assemblies.  It was loaded onto a powerful PC, which made manipulating the model easier.  The individual parts took up 112 megabytes of disk storage.  The sub-assemblies required 115 megabytes of storage.  This did not present a large demand on the modeling.  An exception to this were five complicated cast housings and pedestal pieces.
As was to be expected, mistakes cropped up.  The assembly of parts made errors evident on a regular basis.  At first problems arose when part interfaces developed by two different groups that were under-specified or not taken into account.  This was made worse in the steam engine because inches were used in its original dimensioning.  Then problems led to data transformation mistakes because of inconspicuous carelessness in the modeling.  For example the boss of a cylindrical grease nipple, which was extruded incorrectly from a tangent to a plane on a large cast piece led to the decomposition of the assembly into two single pieces.  From this arose a visualization error in the way the edges looked and the way edges were hidden or a false representation of the surfaces.  Furthermore interferences between pieces could have led to transformation program lock-ups or crashes or the failure of filters for import and export of files.
Also inconvenient were coordinate origins in sub-assemblies or in the sketches used to create features.  Some were not placed on centerlines of holes or pins.  For the later creation of the animation, the fundamentals were placed in the CAD model.  In this modelers had to be aware of the parts that moved in unison in a sub-assembly and that the origin of the sub-assembly lay on the axis around which everything turned.  In dealing with these problems, students became very aware of the special requirements that arise when working in teams on large sub-assemblies.
From SolidWorks to virtual reality animation

The virtual reality scenes were created with an authoring system, which used the solid model created with the CAD system.  The main point of the virtual reality authoring system was the preparation of the visualization.  This program used the geometry and sub-assembly hierarchy from the CAD system.  What was lost was the mechanical and functional interdependencies defined in SolidWorks.  It was necessary to see what colors, textures, and optical characteristics transferred from SolidWorks into the authoring system.
Parallel to the disassembly and modeling of the steam engine was the development of the kinematics of the slider-crank mechanism.  In this the position and orientation of the moving parts were tied to the crankshaft angle.  Functions that captured the kinematics were written in C and integrated into the virtual reality system.

The animation shows a working cycle of the steam engine with flowing, symbolically represented steam particles.  With transparent housings the viewer can see the movement of the pistons and the movement of the steam from inlet through low- and high-pressure cylinders to exhaust.  Further scenes allow the step-by-step “disassembly” of the housing parts or the virtual operation of the engine at various speeds.  In total it was very time-intensive, according to Dr. Steger, to create the virtual reality presentation.  About 70% of the total project time was taken up by the CAD modeling.  Thanks to SolidWorks, a well-structured CAD model was made with few errors.  This minimized geometrical errors.
SolidWorks in research and teaching
“SolidWorks is well suited for use in teaching.  It needs no special hardware.  It can be installed by non-experts.  Thanks to its short start-up time, students are quickly in the position to work self-sufficiently.  A further argument is the Student Design Kit from SolidWorks.  With multiple-month validity and a low price it is ideal, since each student can have a copy of the program at home,” said Prof. Dr. Ralph Stelzer, leader of the Design Engineering/CAD concentration at the TU Dresden.  Particularly valuable is the software structure of the SolidWorks system, according to Stelzer.  It allows the problem-free expansion for programming or integration into other software systems.
	[image: image1.jpg]



	Such riverboats were built by the Dresden Machine and Ship Works Übigau AG (in the background).  Picture:  Dresden Transporation Museum.

	This steamship engine from 1927 with 27 hp was reverse engineered by students to make a virtual reality animation.
	[image: image2.jpg]




	[image: image3.jpg]



	In the Dresden Transportation Museum the newly constructed, virtual ship’s engine runs.


