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Introduction


Dental researchers have long been hampered by lack of information concerning forces generated by the mouth.  Until recently, the only way to obtain data on a particular dental implant was to actually insert the implant into a human and monitor the patient for a number of years.  This is time consuming and laborious, and lacks hard numbers that researchers need to make significant improvements.  It can also be painful to the patient, as the dental prototype may have unforeseen design flaws that cause it to malfunction in some way.  In response to this, dental researchers, along with the University of Maryland, have created a device that closely approximates the forces generated in the action of chewing.  This device, called the Mouth Motion Simulator, has the potential to revolutionize the industry by allowing data to be collected in a few weeks instead of a few years.

Our team was involved in designing a portion of this Simulator, specifically the base and supporting frame.  This supporting frame provides a foundation for the simulator, along with a way to enclose its various moving parts.  Pro/ENGINEER (Pro/E) played a large role in accomplishing the goals of this project.  Measurements were taken from a similar enclosure, and Pro/E was used to generate drawings for each of the components belonging to the support frame.  During the manufacture of the components, these drawings were used as a reference.  In addition, Pro/E was used to assemble the components as well as create animations designed to assist in the assembly process. 

Components and Assembly


The packaging device of the mouth motion simulator is comprised of thirteen individual components.  These components include one base plate, two front plates, two side plates, two support frames, two L-beams, and four triangular connecting brackets.  All these components are pictured in the appendix starting on page 5.  

In addition to the thirteen components, there are many screws of various types in the packaging device.  There are eight flat head screws, 52 Philips-head screws, and 16 hex nut screws.  The flat head screws are mounted with lock and standard washers while the hex nut screws are secured with lock washers and hex nuts.  The full assembly of all thirteen components along with all of the screws is also included in the appendix.  In addition, an exploded view of the entire assembly is also pictured in the appendix.  

The first component is the Simulator base.  This base is a three-inch thick aluminum slab that serves as an anchoring point for the other parts.  The large mass of the slab is useful to dampen the vibrations that the Simulator generates during operation.  Various holes are drilled vertically into it, which are tapped for the flat head screws.  These are used to hold the support brackets in place.


The two support brackets are ¾ x ¾ inch aluminum angle beams that are bent into the proper shape.  These brackets are held in place by the flat head screws mentioned previously.  These brackets are anchor points for the front and side plates, as well as for the L-beams.


The L-beams are made from the same ¾ x ¾ inch aluminum angle beams that the support brackets are fashioned from.  They are used to support the top edge of the side plates that form the enclosure of the Simulator.  They bridge the support brackets, and are affixed by bolting the triangular connecting brackets to them using the hex nut screws.


The front and side plates are bolted to the outside of the Simulator, using holes located in the base, support brackets, and L-beams.  The matching holes in the plates are countersunk to match the Philips-head screws profile.  This produces a flush, professional exterior for the Simulator. 

The assembly process of the Simulator base was hampered by difficulties that were largely unforeseen.  During this project, most team members worked independently on different components.  However, a common approach to the problem was not stated beforehand.  For example, the overall dimensions were available to each team member, but the location of the bolt holes was not.  As a result, many of the holes were found to be slightly off from each other when assembling the individual components.  This required the holes to be realigned independently, wasting much time.  The references used for each component were often not compatible with connecting components, making the realignment process a tedious job.  In future projects, a common approach to the problem before starting on the project should be determined to increase the efficiency of the team.


The independent approach of drawing each component was designed to maximize the number of parts drawn in the shortest time.  One drawback, however, was discovered when assembling the pieces: if one of the components was not completed, the entire assembly could not be processes.  This resulting bottleneck affected the length of time necessary to complete the project.  Better communication among team members could have contributed to a faster completion time.

Animation


The following steps were used to assemble the Simulator base.  First, one of the support brackets is positioned so that its four holes line up with the vertical holes on one side of the base.  A flat washer, lock washer, and flat head screw (in that order) are then placed into each hole and tightened.  The flat washers prevent the aluminum brackets from being marred by the lock washers, and the lock washers keep the flat head screws from vibrating loose when the Simulator is in operation.  This entire procedure is then repeated for the remaining support bracket.  


The L-brackets are then assembled.  Two triangular connection brackets are aligned (one at each end) with the two holes at each end of the L-bracket; small hex screws, in conjunction with lock washers and hex nuts, are used to hold them in place.  The L-beams are then placed between the outermost edges of the support brackets so that the triangular holes align with holes on the brackets.  Two more hex screws are used to fix the L-beams in place.


At this point the side plates are bolted on, using the 8-32 Phillips-head screws.  The front and back plates are then applied in the same manner.  Note that the front/back plate combination overlaps the side plates to present a seamless appearance to the viewer.

Conclusion

In designing and assembling the base of the Mouth Motion Simulator, valuable experience with the design process was learned.  Successful completion of a large design project involves, first and foremost, good communication skills within the team.  A common approach to details of the design should be arranged before individual components are created to avoid later problems.  Delays in one component can affect the entire team, and steps should be taken to eliminate this possibility.  This team gained much experience in designing the components on Pro/ENGINEER, and in finding the most professional and clear way to present these components.

Appendix

[image: image2.png]



Figure 1: Simulator Baseplate
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Figure 2: Support Bracket
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Figure 3: L-beam
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Figure 4: Triangle Connecting Bracket
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Figure 5: Side Plate




Figure 6: Front Plate
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Figure 7: Completed Assembly of Simulator Base
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Figure 8: Exploded View of Simulator Assembly
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